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FIRST EDITION PREFACE

This book was written as a practical reference for fats and oils processing and
formulation for effective fod processor, foodservice, and household applications.

It is designed to be an information source for personnel and students of fats and oils
processing, as well as for pensel of the user industries.

A number of books are available that cover various aspects of fats and oils
chemistry, technology, and processing; however, the author is not aware of a text
devoted to fats and oils processing and formulation from an applications and quality
control viewpoint. These are importantpasts for the success of a fats and oils
processor. Product application influences the design of the finished product. Quality
assurance provides consistent, uniform functionality.

Applications development and qualityanagement begin when the customer’s
requirements are identified and continumtigh product design, sales, manufactur-
ing, product costing, delivery, and service. This book was designed to delve into the
technical aspects that corittbe functional characteristics of fats and oils products,
how these characteristics can be modifeegerform as needednd the processing
control necessary to produtieese characteristics oncantinuing uniform basis at
the most economical cost. A thorough understanding of the functions and properties
of the various fats and oil products is the basic key to formulating for the desired
attributes. Chapters dealing with the rawt@nial or source oiland fats, performance
evaluations, formulation attributes, and application were designed to provide the
elements of formulation. Grol of these processes ré@s consideration of the
problems associated with the propertieghaf raw materials and each process, as
well as customer problems after the sdleerefore, a quality management chapter
was included to help establish when a sysi®in or out of control, and a trouble-
shooting chapter was included to identify solutions to problems or at least stimulate
the thought process for solving the problem.

Fats and oils user industries have alwalgswn a great dealf interest in the
development, processing, and quality control of shortening, margarine, and liquid
oil products. Tailored fats and oils prards for specific apptations, processes,
nutritional contributions, and other functionalities have been successful due to the
cooperative development efforts between &atd oils processors and users. There-
fore, this text was compiled with the intent of focusing on applications of fats and
oils products for both processors and users. The intent was to help better understand
the functionalities, limitations, and potertfats and oils modifications. As stated
before, understanding the functions and prtips of a shortening, oil, margarine,
or other fats-based product is a key element of proper usage and product formula-
tions. Likewise, understandinige requirements of the finished product is necessary
to develop fats and oils products that perform more than adequately.

Materials for this book have been gathered over the past 35 years from patents,
trade journals, scientific journals, persoeaperience, and exposure to many of the
industry’s recognized leaders and many other individuals who have taken a genuine
pride in their work and the product produced.
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SECOND EDITION PREFACE

The objective of the second edition of this book remains the same as the first:
to provide a practical reference for pragiag and formulation oéffective consumer,
foodservice, and food processor fats and wigredients. Eight major changes or
additions were made to improve to the second edition: (1) composition and physical
properties for the raw materials have bespanded to provide a more complete
information source, (2) inforation about and charactercsiof genetically modified
oils have been incorporated, (3) the itignal aspects of fa and oils are more
extensively reviewed, (4) extraction prdcees have been incorporated, (5) addi-
tional alternative processing procedures meviewed for several areas, (6) formu-
lation alternatives are explored more extensively, (7) source oil and product use
statistics have been updated, and (8) the troubleshooting chapter has been expanded.
The additions and modifications are designed not only to revise and update the
content of the original but also to expand the content to better identify the available
source oils, review alternative processes, explore various formulation techniques,
and stimulate the development of new and improved products and processes.

The findings of numerous nutritional studies have generated a fair amount of
activity since the first edition of thisobk was prepared. Diet and exercise have
been identified as factors thatlividuals can modify toeduce their risk for chronic
diseases such as coronary heart dis€dse. most important risk factors identified
for heart disease are saturhfatty acids, cholesterdkansisomers, and obesity. A
conscious effort to reduce cholesterol é¢desably reduced the use of animal fats
in the past. Now, recent concerns abtvahsisomers acting like saturated fatty
acids have encouraged the pursuit of reduced levels of hydrogenated basestocks in
many food products. These formulation changes affect source oil selection, process-
ing, and formulation efforts to produce functional fats and oils products. Fats and
oils processors must revifigeir basestock preparatitechniques and other process-
ing parameters to produce acceptabledpct characteristicsThese developments
indicate that fats and oils processing and formulation require continual attention to
adequately serve the needs of their consumers.

Understanding the functions and properties of the raw materials along with the
effects of the purification and modification processes is essential for the formulation
of functional fats and oils products; teésre, the continuing purpose of this book
is to serve as an information source for personnel and students of fats and oils
processors, as well as fdrose of the user industries.
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Because butter is more expensive tharstmagher fats, its use is restricted to
those products where the distinctive iamakes a significant contribution to accept-
ability or use of the product or has adventsor marketing value. As a raw material,
milk fat opportunities are limited for edible fats and oils processors, as most of the
processes would destroy or materially change the flavor attributes. The opportunities
that have been utilized in the United 8&tre in final blends with margarine and
in some cases with other prodsi@rimarily as a flavorant.

A process utilized in Europe and Japan can effect consistency changes in milk
fat without damaging the flavor. Unlike most conventional techniques to modify the
consistency of a fat, dry fractionation neither destroys the milk fat flavor nor alters
the fatty acid profile. The flavor an& polymorphic crystal form are maintained in
the stearine and olein fractiomsth this process. The itk fat stearine fraction has
application as a roll-in for puff pastry, Danish pastry, croissants, and other baked
products as well as coating products. The olein fractions have been used in cookies
and dairy products and have been blended with other edible oil products to prepare
a soft tub-type tablespreét.
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CHAPTER 2

Fats and Oils Processing

2.1 INTRODUCTION

The crude fats and oils recovered froitseeds, fruits, nufsand animal tissues
can vary from pleasant-smelling products that contain few impurities to quite offen-
sive-smelling, highly impure materials. Ondyfew of the crude fats and oils are
suitable for edible purposes until they have been processed in some manner. Fortu-
nately, researchers have developed processes for changing fats and oils to make them
increasingly more useful to the fooddimstry. Processing techniques allow us to
refine them, make them flavorless and ibelss, change the color, harden them,
soften them, make them melt more slowly or rapidly, change the crystal habit,
rearrange their molecular stiture, and literally take #ém apart and put them back
together again to suit our requirements of the moment. Advances in lipid processing
technology during the past century havsutted in dramatic increases in the con-
sumption of edible fats and oils. Innovations such as deodorization, hydrogenation,
fractionation, and interestécation, along with improvements in other processes,
have allowed the production of products that can satisfy demanding functional and
nutritional requirements.

Throughout the world, processing of fats and oils practically always includes
some type of purification to remove impurgtjesuch as gums, free fatty acids (FFAS),
pigments, metal complexes, and other undése materials. The choice of process-
ing equipment and techniques can depend upon (1) source oils handled, (2) quality
of raw materials, (3) available manpowét) maintenance capabilities, (5) daily
processed oil requirements, (6) available financial resources, (7) proximity of crude
fats and oils, (8) product marketing philosophy, (9) governmental regulations, and
(10) a number of other considerations. Two general product marketing philosophies
practiced in the United States aceusher/refinerand value-added The
crusher/refiner plant usually concentrates on a limited number of vegetable oils,
which are most likely extracted from thdsaied at the same facility. These plants
are usually equipped with continuous, automatic, high-volume systems. The value-
added processor usually processes fatsodladrom several different sources into

© 2004 by CRC Press LLC



a wide range of specialty or tailor-made finished products. The value-added varied
and specialized product mix mandates baticsemicontinuous systems with slower
throughputs and requiring more manpower.

Fats and oils extraction and processingsists of a series of unit processes in
which both physical and chécal changes are made to the raw materials. Figure 2.1
diagrams the typical flow for fats and oils processing in the United States. Changes
in the food industry requirements haatfected how these raw materials are pro-
cessed to provide fats and oils prodweith the functionality required for new and
improved prepared foods. Eaction and processi changes have also been moti-
vated by needs of the industry to (1) improve product quality, (2) improve process
efficiencies, (3) reduce capital expensasd (4) solve or eliminate environmental
problems. Consideration of the propertiéghe raw materials, measurement meth-
ods, and characteristics of each processpmration is required for process and
product control.

2.2 FATS AND OILS RECOVERY

Edible fats and oils have been separated from animal tissues, oilseeds, and oil-
bearing fruits for thousands of years.eThurpose of all fatend oils recovery
processes is to obtain triglycerides in hyggld and purity and to produce coproducts
of maximum value. The oilseeds are psgad by one of three types of processes:
(1) expeller or screw press extractiof2) prepress solvent extraction, and
(3) expander—solvent extraction. The preéd oilseed extraction process depends
upon the quantity of oil present in the oilseed, the quantity of oil that can remain
in the meal, how much meal protein denaturation is allowed, the investment capital
available, and how restrictive the envimental laws are regarding emissions of
organic compounds. Oil-bearing fruits greessed to obtain oil, sometimes after
drying (as with coconut copra) or steriligifas with palm fruit), or are cold pressed
to preserve flavor and odor (as with el$). Animal tissues may be wet- or dry-
rendered to separate the fats.

2.2.1 Oilseed Extraction

Most oilseeds require some degree efading and preparation before the oil is
separated from the solid portion of the seed. Foreign matter reduces oil and protein
yields, adversely affects oil quality, andinases wear and damage to the processing
equipment. Stems, pods, leaves, broken grain, dirt, small stones, and extraneous
seeds are the typical components of the foreign material found in soybeans, sun-
flower seeds, safflower seeds, canola sests peanuts. Higbapacity dry screeners
are used to remove all metds that are over- or undséze by utilizing a combination
of screens and aspiration. Permanentectedbmagnets are also used for the removal
of tramp iron objects. Cottonseed requiresdditional delinting process to remove
the white or fuzzy hters from the seed.

After cleaning, most of the seeds arédéed. The hulls have a low oil content
(usually less than 1%), will absorb andaia oil in the press cake, and reduce the

© 2004 by CRC Press LLC



| Oil Bearing Fruits & Nuts

T
[ Cleaning & Washing | |

| Animal Fatty Tissues |

I I
Dried | [ Cleaning, Dehulling, Flaking, Cooking | | Rendering |=
| | | |
| Press or Centrifuge | [ Sterilize & Strip [ | Expeller H | Expander |
] T T | T
] Solvent
H ” — ”Extractlon . ] ”
. Caustic . — Water Caustic
| Degumming | Refining | | Degumming | | Filtration | | Wash | | Refining |
I
Caustic H H ”
Refining [ [ Bleaching | Bleachin
Dewaxing Fractionation | Hydrogenation | Hﬁ Interesterification |
\I " I\
] Post -
[ Basestock || Bleaching Hardstock
| Blending [
Deodorization or Steam Refining
Liquid Oil Margarine Shortening Bulk Flaking Plasticization
Filling & Mixing, Chilling Plasticization Fats & Oils & Spray &
Packaging & Packaging & Packaging Shipments Chilling Packaging
Figure 2.1

© 2004 by CRC Press LLC

Typical fats and oils processing.




capacity of the extraction equipment. Additionally, some oilseed hulls contain high-
melting waxes that extract with the oil. The hulls are separated by an aspirator from
the kernels or meats, which are furtl@opcessed to separate the oil and meal.
Usually, only about half of the sunflower seed hulls are removed. Canola and
safflower seeds are not dehulled because their small size makes it difficult to remove
the hulls efficiently.

The oil extraction process is facilitated by the reduction of the seed to small
particles. Size reduction tdisrupt the oil-bearing tls can be accomplished by
grinding or rolling the seeds to produce flakglost extraction plass prefer to flake
the oilseeds, but it is necessary to rough grind some of the larger oilseeds before
sending the pieces thrgh the flaking rollers.

The next step in oilseed preparation is heating or cooking the ground or flaked
oilseed. Cooking temperatures can vary whih seed type and may range from 80 to
105°C (176 to 221°F). However, studies have shown that phospholipase D, an
enzyme that makes the phosphatides nonhydratable and more difficult to remove, is
highly active at 135 to 185°F (57 to 85°@)erefore, this codkg temperature range
should be avoide# Proper cooking results in the complete breakdown of the oil
cells, coagulation of the proteins to facilitate the oil and meal separation, insolubi-
lization of the phospholipiddncreased fluidity of theil at higher temperatures,
destruction of molds and bacteria, inaciivatof enzymes, and drying to a suitable
moisture content. The effeof the enzymes upon oilseathat (1) lipase causes an
increase in FFAs, (2) lipoxygenase causigher peroxide and secondary oxidation
products, (3) phosphalipase causes elevatethydratable phospholipids, and (4)
myrosinase causes the formation of sulfur compounds and meal flavor and digestive
problems. For cottonseed, cooking also st or deactivates gossypol, a complex
polyphenolic compound that is toxic to swine and podfry.

Before the expander was introduced, cooking was the final oilseed conditioning
step. The expander is a low-shear exdruthat heats, mogenizes, and shapes
oilseeds into porous collets or pellets with a high bulk density. Steam is injected
into the oilseed flakes or cake in the exger, under pressure, and then this mixture
is extruded through plates to the atmue@. The collets expand when released to
the atmosphere, hence the naarpander Some expanders have a drainage cage to
reduce the oil content of high-oil seeds &sléhan 30%, thus enabling the production
of intact collets for direct solvent eatttion, instead of the prepress extraction
process. Other advantages include atd30% capacity increase for the solvent
extraction equipment due to the highmrlk density of the collets and reduced
retention time, as well as a lower level of nonhydratable phosphatides in the extracted
oil.4

2.2.1.1 Expeller or Screw Press Extraction
Expeller pressing mechamilly squeezes the oildm the seed. Mechanical
pressing is normally applied to seed that is relatively high in extractable oil and is

limited to minor oilseeds or locations in which raw materials are not sufficient or
local regulations prohibit solvent extraction plants. In the screw press, the cooked
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flakes are separated into crude oil anelsprcake. The press cake, which can contain
3 to 10% oil, is usually ground into mesid sold as a protein source. After settling
and filtration to remove fine particles, the crude oil is then transferred to oil refiners
for further processing into finished proddormulations. Continuous screw presses
are used for the mechanical extractionsofybeans, flaxseed, peanuts, copra or
coconut, palm kernel, and other oilseed varieties in various parts of the world.

2.2.1.2 Prepress Solvent Extraction

Prepress solvent extraction removes aiporof the oil with expellers, and the
remainder of the oil is extracted with an organic solvent. During prepressing, the
expeller is choked so that less pressure develops and less oil is recovered. The oll
content of the prepress cake is typically 15 to 18%. The remaining oil in this partially
de-oiled cake is then solvent-extracted usirgsame procedure as for direct solvent
extraction. The prepressed and solvent-exgdhoils are usually mixed before refin-
ing. The advantages of thigstem are that the capacitytioé screw press is increased
and a smaller solvent extraction plant is ieggito recover the oil from the de-oiled
press cake.

2.2.1.3 Direct Solvent Extraction

Direct solvent extraction removes the oil directly from conditioned oilseeds with
an organic solvent. Solvent extractionsafybean flakes was a common practice in
the United States as eadg 1940, but it was problematic for oilseeds with high oil
contents, such as cottonseed, sunflonageseed, safflower, and peanut. The high
oil content of the oilseed flakes causedrnthto disintegrate into fines during the
extraction process. A low-shear extrusimethod, with equipment identified as
expanders, solved this problem. After this@éds have been properly prepared, the
extraction process can begirhe theory of extction is very simple: Leach the oil
out of the cake, flakes, or collets with a solvent, usually hexane. Even though elevated
temperatures reduce oil viscosity and enhance diffusion, the hexane vapor pressure
limits the practical operating temperatureshaf extractor and its contents to approx-
imately 50 to 55°C (122 to 131°F). Sepavatdf the oil and solvent is accomplished
by conventional distillation methods. The full miscella, which is the solvent and oil
mixture, is distilled to free the oil from the solvent. The recovered solvent is separated
from the accumulated moisture in a grawgparation tank and reused in the solvent-
extraction operation. The hexane-free oil is cooled and filtered before storage or
further processing-’

2.2.1.4 Oil-Bearing Fruit Extraction
Two oil-bearing fruits ofcommercial importance arolive and palm. The oils

from these fruits must be recovered processes different from those used for
oilseeds and animal tissues.
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2.2.1.5 Olive Qil Extraction

Olives must be harvested as soon &y tieach maturity and brought directly to
the extraction plant after collection. Beindrait, it cannot be stored as if it were
a seed nor can it be dried poeserve it. Olive oil hat be extracted as soon as
possible before the acidiipcreases and impairs qualiffjhe olives are ground or
milled to a course paste after separating the foreign material and washing. Milling
releases the oil from the oil-bearing cells and helps smaller droplets of oil merge
into larger drops. Three general proceduass utilized for oil extraction from the
paste: hydraulic presses, continuous carget, or adhesion filtering. The adhesion
filtration equipment has a series of steeldds that are dipped into the olive paste
and then withdrawn, after which the oil is allowed to drip off the blades. Three
fractions are separated from the olive pa$l) oil, (2) wastewater, and (3) husks
or residue. The husks are dried and thmeaiaing oil extracted with solvent; there-
fore, two oil types are obtained from olives: (1) olive oil, which is pressed without
further processing (other than washingcantation, centrifugatn, and filtration)
and contains less than 3.5% FFA; andg@nace oil, which isbtained by solvent
extraction of the husks and @®not qualify as olive o#f®

2.2.1.6 Palm Oil Extraction

In contrast to other oils, palm oil is expressed by cooking and pressing. First, it
is sterilized with steam at 266 to 293°F (130 to 145°C) for about 1 hour to inactivate
hydrolytic enzymes, loosen the indivalufruits, and prepare it for subsequent
processing steps. The sterdld fruits are stripped from the bunch stalks by vigorous
shaking and beating using drum-type stripp&rgen, the fruits are reheated to 95 to
100°C (203 to 212°F) for 20 to 30 minutesa digester to loosen the pericarp from
the nuts and to break the oil cells. The ltjahd semisolid phases are then separated
with a screw press similar to those u$edoilseed extraction. The liquid phase is
centrifuged and vacuum dried to remove moisture. The quality of the palm oil is
dependent upon the fruit bunches delivered to the oil mill. Overripe fruit bruises
easily, accelerating FFA rise through enzyimaydrolysis and adversely affecting
bleachability of the extracted dil.

2.2.2 Animal Fat Recovery

Animal fats are recovered from fattissues by cooking processes known as
rendering The two predominant rendering proses are wet and dry rendering. Wet
rendering produces the better quality oil while dry rendering produces the best
quality protein. The wet process is mekd for edible animal fats and the dry
process for inedible products. Regardlesshe process used, the materials from
the meatpacking plant to hendered are broken up insmall pieces (2 to 5 cm)
with a crusher or prebreaker. The pieees then cooked in batch or continuous
cookers with agitation to evaporate the moisture, break down the fat cells, and release
the fat. The procedure after this point defines the rendering process utilized.
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2.2.2.1 Wet Rendering

The two varieties of wet rendering dosv temperature, wibh is conducted at
temperatures up to the boiling point of water, and high temperature or steam ren-
dering, which is carried out under pressure in closed vessels. Most of the edible
animal fat produced in the United Staissrendered by the steam process. Lard
produced with this process is identifiedpasne steam lardThe typical equipment
used is a vertical cylindrical steel vebsiith a cone bottom, designed for a steam
pressure of 40 to 60 psi (2.7 to 4rband a corresponding high temperature. The
vessel is filled with the fatty material from the cooking operation plus a small amount
of water, and steam is injected to bihie water and displace the air. The vessel is
then closed, except for a athvent, and steam injection is continued until the
operating temperature and pressure atairgd. Under these conditions, the fat
separates from the solids and rises to the top of the vessel. The pressure is then
released and the fat is drawn off and purified by settling or with a centrifuge. Some
hydrolysis of the fat occurs during steaemdering to elevate the FFA content above
0.35%.

2.2.2.2 Dry Rendering

Dry rendering involves cooking the material at 115 to 120°C (239 to 248°F) in
agitated, steam-jacketed vessels until m@sture has evaporated, usually 1.5 to
4 hours. No steam is injected into the fatty material during processing as with the
wet process. The cooked material is tlsereened to drain off the free fat before
pressing the high-protein solids to separate the remaining 6 to 10% residual fat. The
fats accumulated are then centrifuged or filtéred.

2.3 REFINING SYSTEMS

All crude fats and oils obtained aftemdering, crushing, or solvent extraction
inevitably contain variablemounts of nontriglyceride components such as fatty
acids, mono- and diglycerides, phospthasi, sterols, tocopherols, hydrocarbons,
pigments (gossypol, chlorophyll), vitamifearotene), sterol glucosides, glycolipids,
protein fragments, traces of pesticidesd arace metals, as well as resinous and
mucilaginous materials. The quantities of the nontriglycerides vary with the oil
source, extraction process, season, gegufraphical source. Removal of the objec-
tionable nontriglyceride constituents in the fat or oil with the least possible damage
to the triglycerides and minimal loss of desirable constituents is the objective of the
refining process. The objtionable components interé with further processing
and cause the oil to darken, foam, smoke, precipitate, and develop off-ffavors.

The two major purification processing methods @remicalrefining andphys-
ical refining. In chemical refining, FFA, most of the phosphatides, and other impu-
rities are removed during neutralization with an alkaline solution, usually NaOH. In
physical refining, the FFA is removed bistillation during deodorization, and the
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phosphatides and other impurities must be removed prior to steam distillation.
Physical refining is still some distance awfagm being applicable to all fats and

oils. Currently, the refining method ohaice is determined by the characteristics

of the individual crude fats and oils: (fgts and oils that are normally physically
refined, (2) fats and oils that can be pghglly or chemicallyrefined, and (3) fats

and oils that can only be chemicallffined. Low-phosphatide crude oils such as
palm, palm kernel, and cocanare almost always physically refined. Tallow and
lard processing can also be identified deren of physical refining. Seed oils such

as canola, sunflower, and corn fall inttwe either/or category, the choice being
determined by process economics and local environmental requirements for handling
soapstock and wastewater generated by aamefining. Soybean oil can also be
physically refined depending upon the treatment of the bean before and during
extraction. To obtain good-quality fats and oils with physical refining, it is essential
to have a phosphorus content lower than 5 ppm before steam stripping. Some oails,
such as cottonseed, cannot be physically refined; an alkali treatment is required to
remove the gossypol pigment.

2.4 PHYSICAL REFINING

Physical refining was utilized as early as 1930 as a process for the preneutral-
ization of products with a high initial BFcontent. In this cas preneutralization
was followed by caustic refining. Later, it was found possible to physically refine
lauric oils and tallow if the proper pretreatment was applied before steam distillation.
Physical refining became a reality in th850s for processing palm oil, which
typically contains high FFAs and low gucontents. The palm oil process subjected
the crude feedstock first to pretreatmamd ¢hen to deacidification. The pretreatment
consisted of a degumming step and athelbleaching step, which together remove
certain nonvolatile impurities by filtration. Volatile and thermally labile components
are removed during the conditions of steam distillation under vacuum, which orig-
inally gave the process its hame of steam refitingowever, for vegetable oils,
such as soybeans, that contain relatively levels of FFAs and higher amounts of
phosphatides, physical refinidgecame a possibility only recently.

The traditional edible oil processingstgm consists of caustic neutralization,
bleaching, and deodorization. Caustic nalitation of vegetable oils with high
phosphatide contents delivers a soapstoakitha mixture of sodium salts of fatty
acids, neutral oil, water, unused caustic, and other compounds resulting from the
reactions of the caustic witlarious impurities in the oiDisposal of this soapstock
or the waste streams from soapstockcpssing systems has become increasingly
more expensive. A second problem associatgll chemical neuglization is the
loss of neutral oil, which reduces the aleyield from the crude oil. Elimination
of the caustic refining stels economically attractivdgut it means that degumming
or some other pretreatment process oresysinust assume all the functions of the
alkali refining process, except for FFA removal.
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Figure 2.2  Physical refining process flow diagram.

Physical refining can remove the FFA,\asll as the unsaponifiable and other
impurities, by steam stripping, thus eliminating the production of soapstock and
keeping neutral oil loss to a minimum. However, degumming and pretreatment of
the oil are still required to remove thasepurities that darken or otherwise cause
a poor-quality product wherehated to the temperaturesquired for steam distilla-
tion. Crude oil pretreatment is normally a two-step operation — the addition of a
chemical is required to remove any trageantities of gums remaining after water
degumming and bleaching. Following pesttment, all the FFA and any remaining
trace impurities are removed by steamntiliigion in a single unit. Soapstock acid-
ulation is eliminated with physical refining, and a higher grade distilled fatty acid
is recovered directly from the oil without major pollution problems. Figure 2.2
compares physical refining processesléw-and high-phospholipid fats and oils.

Vegetable-oil refining has to cope with many minor components. After water
degumming, a number of impurities musl & removed or converted: carotenoids,
chlorophyll, brown pigments, phosphatides, metals, free sugars, free fatty acids, and
oxidizing lipids. Steam stripping can convert the carotenoids and remove FFAs, most
off-flavors, and pesticides, but the other impurities must be handled before the
distillation step*? therefore, the pretraaent step is critical to the success of the
physical refining process. The major pregevariables in pretreatment are (1) pre-
treatment chemical, conceation, and level; (2) klching clay and level; and
(3) operating conditions. Normally, for a sieggource oil with a history of consistent
quality, the pretreatment process variableslmEpexpected to remain fairly constant,
but when more than one source oil isg@ssed, varying aalitions and chemical
treatments must be consideféd.

Pretreated and bleached oil can be hyenaged before steam refining to strip
the fatty acids, flavors, and odors. Theemiing temperaturesf the steam-refining
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deodorizer are the same as those useddodorization of chemically refined oils,
usually over 440°F (225°C). Deodorizerssigmed for steam refining of the higher
FFA oils should experience no reduction in production rates; however, a rate reduc-
tion should be expected with deodorizers designed to remove the lower free fatty
acid levels from caustic neutralized oils.

The principal advantagfor steam refining a low FF8il, such as soybean, corn,
peanut, sunflower, safflower, or canola, is the reduction of plant pollution commonly
caused by the acidulation of soapstock poadi with conventional caustic refining.
The economics for steam refining are usuédhorable for high-FFA products such
as palm and the lauric oils. Analyses tate that no operaiy cost advantages can
be gained by physically refining low-acidity ottsywhich make up the majority of
the oils processed in the United States. Additionally, flavor stability and potential
unsatisfactory bleached colorra®rns still exist. Flavagvaluation work at the U.S.
Department of Agriculture (USDA) Northe Regional Research Center indicated
that steam-refined soybean oil was eql@mato caustic-refined product; however,
some of the test results indicated a potential problem with oxidative stability, which
was not duplicated with further test wdfkAnother consideration is that certain
oils contain impurities that cannot be adequately removed by the pretreatment
process to enable them to be physicadlfined to the required quality standards.
Cottonseed oil falls into this category due to its gossypol content. This pigment is
sensitive to heat and oxidation and forms color compounds that are difficult to
remove from the oil except by reaction with caustic soda.

2.4.1 Physical Refining Pretreatment

A degumming process is crucial for physical refining but optional for chemical
refining. It consists of the treatment ofide oils, with water, salt solutions, enzymes,
caustic soda, or dilute acids such as phosphoric, citric, or maleic to remove phos-
phatides, waxes, prooxidants, and other impurities. The degumming processes con-
vert the phosphatides to hydrated gums, which are insoluble in oil and readily
separated as a sludge by settling, filterorgzentrifugal action. For physical refining,
phosphorus must be reduced to less 8@appm with degumming so that bleaching
or dry degumming can further reduce this level to less than 5 ppm and remove all
traces of iron and copper. Acid orzgmatic degumming pcesses are normally
employed to achieve these ritspespecially with seedlsi With chemical refining,
the phosphatides can either be recovered for their byproduct value through water
degumming or be treated asgurities that must be remaed from the crude oil. Most
of the vegetable oils processed in the EihiStates are chemically refined without
degumming. It has been estimated that less than one third of the processed soybean
oil will satisfy the demand for lecithif.Crusher/refiners can add the separated gums
back to the meal, but most stand-alone gssors lack a market or profitable outlet
for the gums and forgo degumming. The decision not to degum oil can be based both
on energy conservation and capital savings; a separate, combined degumming and
refining process can be carried out in step with the primary centrifuge for caustic
refining. However, vegetable oil degumming offers several potential advantages:
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e It is necessary for lecithin productiohhe hydrated gums are the raw materials
for lecithin processing.

« |t satisfies export oil requirements fopeoduct free of impuritie that could settle
out during shipment.

¢ It reduces the chemical fir@ing neutral oil loss. Gum removal prior to alkali
refining often improves yiel because the phospbsa can act as emulsifiers in a
caustic solution to increase the neutral oil entrained in the soapstock.

¢ It substantially reduces refery waste load due to the lower neutral oil losses and
the reduction of gums discharged.

< It improves acidulation pesfmance. The soapstock fraatkali refining is easier
to acidulate due to a lower emulsifier content, and the acid water has less impact
upon the wastewater treatment systems.

« It prepares the oil for physical orestm refining. Degummed oil is more suited
to physical refining techniques due tiee significant reduction in nonvolatile
impurities, such as phosphat&giand metalliprooxidants.

2.4.2 Water Degumming

The main purpose of the water degumming process is to produce an oil that does
not deposit a residue during transportation and storage. The batch water degumming
process most commonly pramd in the United States is diagrammed in Figure 2.3.
Approximately 2% water, by oil volume, is brought into contact with the crude oil
by mechanical agitation in a mix tank. &lproper amount ofvater is normally
about 75% of the phosphatide content of the oil. Too little water produces dark viscous
gums and a hazy oil, while too much watauses excess oil losgérough hydrolysis.
Complete hydration requires approximat8®/minutes of agitation at 140 to 160°F
(60 to 71°C) for batch processing. Tengtare is important because degumming is

Crude
Vegetable Oil
Heating to
140 to 160°F or
60 to 71°C
Water Mixing
ca.2.0 % ca. 30 Minutes
1
. Hydrated
Centrifuge Gums
I I
Vacuum Dryer Vacuum Dryer
50 mmHg ABS 50 mmHg ABS
180°F min. 180°F or 82.2°C min.
or 82.2°C min. 0.5 % Moisture
T T
Cooler
Cooler
120 to 130°F o o
or 48.9 to 54.4°C 120°F or 48.9°C max.
1 1
Degummed Lecithin
QOil Work Tank

Figure 2.3  Batch water degumming process flow.
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less complete at higher temperatures due to the increased solubility of the phos-
phatides in the oil; also, at lower temgierres the increased oil viscosity makes
separation of the phosphatides more difficult. For continuous systems, preheated oil
(80°C or 176°F) is treated with water and mixed in a holding tank for approximately
15 minutes (or for less than 1 minute with continuous in-line agitators). The water—aoil
mixture must be treated very gently to avoid developing an emulsion; high shear
stress in the feed pump and at the centrifuge inlet must be avoided. After hydration,
centrifuges separate the sludge and degadoil phases. The degummed oil can

be vacuum dried angumped to degummed oil storageit can proceed directly to

the refining process. The hydrated gums can be vacuum dried for crude lecithin
processing or added back into the nmiéal.

Water-degummed oil still contains phosphatides; only the hydratable phospha-
tides are removed with water degumming. Typically, oils will have an 80- to 200-ppm
phosphatide content after water degumming, depending upon the type and quality
of the crude oil. The nonhydratable phosphatides, which are the calcium and mag-
nesium salts of phosphatidic acid and phosphatidyl ethanolamine, remain in the oil
after water degumming. The amount of the nonhydratable phosphatides in the oil is
related to the general quality of the oil and, in particular, to the degree of action of
the enzyme phospholipase. This enzyme is responsible for the production of phos-
phatidic acid from hydratable phosphatides.

2.4.3 Acid Degumming

Acid degumming leads to a lower residual phosphorus content than water degum-
ming and is therefore a good alternative if dry degumming and physical refining are
to be the next refining steps. The acid degumming process might be considered as
a variant of the water degumming procesthat it uses a combination of water and
acid. The nonhydratable gums, consistinginly of the calium and magnesium
salts of phosphatidic acid and phosphatidyl ethanolamine, can be conditioned into
hydratable forms with a degumming acid. This acid liberates the phosphatidic acid
and phosphatidylethanolamine and forms a binding complex with the calcium and
magnesium divalent metal ions that can be removed with the aqueous phase. Phos-
phoric and citric acids are used because #reyfood grade, sufficiently strong, and
they bind divalent metal ions. Citric adisl usually preferable because it does not
increase the phosphorus contanthe oil. Because they do not dissolve in oil, the
degumming acids must be finely dispersed for maximum contact with the nonhy-
dratable phosphatide complexes. To faaiéttheir removal, the salts formed with
the degumming acid must not be oil ddku For this reason, acetic acid or its
anhydride, although strong enough and food grade, is not an appropriate degumming
acid. The gums isolated withn acid degumming process are not suitable for standard
lecithin because their phaisatide composition differffom those obtained with
water degumming (higher phosphatidic acid) and they contain the degummifg) acid.

Several acid degumming processes have been developed to attain a phosphorus
value lower than 5 ppm that is required for good-quality physically refined oils. In
the super-degumming process developed by Unifévaild temperatures are used
in a complicated multiple-holding steps process. First, the oil is heated to 70°C,
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modified lecithin is optionally mixed into the oil, and then a strong solution of citric
acid is added as a degumming acid to decompose the nonhydratable phosphatides.
After a reaction period, the mixture is cedlto below 40°C, and water is added to
promote the dissociation of the liberated free phosphatidic acid and phosphatidyl
ethanolamine. A further 3-hour holding time is provided to form liquid phosphatide
crystals at this reducedntperature. These crystaleahen removed by centrifuge,

and the oil mixture is heated again befoeéng fed to the centrifugal separator. The
residual phosphorus content is generallpWwe30 ppm, probably due to the increased
phosphate hydration; however, these leagtsquite dependent upon the starting oil
quality.

2.4.4 Dry Degumming

In dry degumming, the oil is treateslith an acid to decompose the metal
ion/phosphatide complexes and is tmeixed with bleachingarth. The earth con-
taining the degumming acid, phosphatides, pigments, and other impurities is then
removed by filtration. Its main advantage is that it does not generate an aqueous
effluent, apart from the water involvedtime vacuum systemypically, this process
is utilized for oils with low phosphatide contents such as palm oil, palm kernel,
coconut, and tallow. Seed oils that hdeen water- or acid-degummed may also
be dry degummed to ensure a low phosphorus oil to steam distillation.

The dry degumming process uses standidgdching equipment. Acid, usually
85% phosphoric, is dispersed in 80 to 10@ilCat 0.05 to 1.2% of the oil. After a
short reaction time, some water can tded to enhance bleaaki efficiency before
1 to 3% bleaching earth is added andvheuum applied. Thamount of bleaching
earth is dependent upon the phosphatide content of the oil. Normally, this process
requires about 115% of thevkd used to bleach chemically refined oils or fats. The
oil is then heated to bleaching temperat(ir20 to 140°C) for about 15 minutes and
then cooled below 100°Cinally, the bleachig earth is removed by filtration. An
increase in FFA of less than 0.2% shlibble expected, but the final phosphorus
content must be reduced to less than 5 ppm.

2.4.5 Enzymatic Degumming

The EnzyMax enzymatic degumming preséias been proven commercially in
Mannheim, Germany. Phospholipase A% tireferred enzyme for degumming, is
produced by microbial fermentation. The degumming enzyme changes the phospho-
lipids into lysophospholipids and free fatigids. The process advantages include:

Enzymatic reactions are usuadigrried out undemild conditions.

The enzymes are highly specific.

The process has aptable reaction rates.

Only small quantities of the enzynage required to carry out the chemical
reactions.

5. Degummed oils with a low phosphorus amh contents are produced even with
poor-quality starting oils.

PR
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The enzymatic process has three imporsagps: (1) adjustment of the pH with
a buffer, (2) enzymatic reaoti in the holding tanks, arf@) separation of the sludge
from the oil. The buffer, aveak solution of approximately 1.4 parts citric acid to
1 part NaOH, is added to oil at 70 to 75°C to adjust the pH to about 4.5. The oil
temperature is reduced to 40°C before adding the liquid enzyme phospholipase Al.
The enzyme is added at a level of 200,000 units in 7.5 liters of water per ton of oil.
A high-shear mixer is used to mix thezgme with the oil before the mixture is
pumped to a holding tank far period of less than 6 haurAfter the reaction has
been completed, the temperature is rateed5°C for more efficient separation of
the gums in a centrifuge. The phosphorus content of crude soybean, canola, and
sunflower has measured consistently below 10 mg/kg with an iron content below
0.5 mg/kg even with poor-quality crude oils. The gums recovered from this process
were found suitable for lecithin producti®hThe enzymatic degumming process
has been found to be applicable to most vegetable oils except for cottonseed and
corn oils.

2.4.6 Acid Refining

Acid refining is a physical refining pretreatment that incorporates the benefits
of caustic soda neutralization. This plogirefining preparatory process treats the
oil with a degumming acid and then partially neutralizes it with NaOH in solution.
The amount of NaOH used is limited to prevent soap formation. The metal-phos-
pholipid complexes are dissociated by the acid into insoluble metal salts and
phospholipids in their acid form, which are still soluble in oil. The NaOH addition
raises the pH and converts the phospholipids into sodium salts that are hydratable.
The hydrated salts can be centrifugeddeparation or dried to form agglomerates
for adsorption on silica, which can be removed with filtration.

The acid degumming treatment will generally reduce phosphorus to between
25 and 35 ppm. Neutralization with NaOH after the acid treatment should reduce
the phosphorus content to 15 to 25 ppm. These treatments followed by either a water
wash or the use of silica will further reduce the phosphorus to the 5-ppm maximum
required for physical refining. Silica adsorbents are added with a separate mixing
step before bleaching and can be removed avibparate filtration or with the spent
bleaching earth. Some considacid refining an intermediate between acid degum-
ming and chemical refining. This process dbdwe applicable to all types of oils,
either crude or previously degummgd?23

2.5 CHEMICAL REFINING

The conventional caustic soda process is the most widely used and best-known
refining system. The addition of an alkali solution to a crude oil brings about a
number of chemical and physical rean8o The alkali combines with the FFA
present to form soaps; the phosphatiailed gums absorb alkadind are coagulated
through hydration or degradation; much of the coloring is degraded, absorbed by
the gums, or made water soluble by the alkali; and the insoluble matter is entrained
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with the other coagulable rnaial. With heat and timeahe excess caustic can also
bring about the saponification of a portiontbé neutral oil; therefore, selection of

the NaOH strength, mixing time, mixing energy, temperature, and the quantity of
excess caustic all have an important part in making the alkali refining process operate
effectively and efficiently.

The current alkali refining practiceseaa result of the gradual application of
science to the basic art of batch refinimgginally performed in open-top, cone-
shaped kettles during the first part of the last century. Efficient separation of soap-
stock from neutralized oil is the significant factor in alkali refining; the technique
of using centrifugal separators was conceived before the last century but did not
become a commercial reality until 193the conventional catic-soda continuous
system that evolved has the flexibility tifi@ently refine all tre crude oils presently
utilized in the United States. Thsgstem may be outlined as follows.

Crude Receipts

Crude or degummed oils are received bicaa, truck, or barge or from on-site
extraction or degumming operations.

Sampling

Receipts are sampled, analyzed, and tremsferred to thappropriate storage
tanks. For optimum performance, degumrsegbean oil should have a phosphatide
content below 0.3%. If this level is exceed nondegummed oil should be blended
with the degummed oil to attain a 1.0% phosphatide content.

Crude Oil Conditioning

As needed, the oils are transferred ®adppropriate pretreatment or supply tank.
Crude oils with high levels of phosphatides such as soybean and canola oils are
usually treated with food-grade phosphoric acid for a minimum of 4 hours (8 hours
preferred) before refining — 300 to 1000 ppm for soybean and 1000 to 3000 ppm
for canola. The purpose of the acid peatment is to (1) precipitate phosphatidic
materials, (2) precipitate natural calcium and magnesium as insoluble phosphate
salts, (3) inactivate trace metals such as &od copper that may be present in the
oil, (4) reduce the neutral oil losses, (5) destabilize and improve the removal of
chlorophyll in bleachingand (6) improve the color anéflor stability of the finished
deodorized oil.

Caustic Treatment

The degummed or acid-conditioned crude oil is continuously mixed with a
proportioned stream of dilute caustic sedéution and heated to break the emulsion.
Selection of the caustic treatment is detesdihy the type of crude oil, FFA content,
past refining experience with similar oils, and the refining equipment available. In
general, the minimum amount of the wesk strength necessary to achieve the
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desired endpoint should be used to minimize saponification of neutral oil and prevent
“three phasing” or emulsions during sepamatiUsually, the best results are obtained
with relatively weak caustic solutions or lyes on low FFA oils and with stronger
lyes on high FFA oils. The strength of the caustic solution is measured in terms of
specific gravity, expressed in degrees BaufiBé). The caustic treat selected for
the crude oil will vary with the free fatty acid content, the amount of acid pretreat-
ment, and the level of caustic “excesn/er “theoretical” determined for each oil
type from previous experience. The theaatiquantity of caustic is based on the
ratio of molecular weights of sodium hydroxide to oleic fatty acid. This factor is
determined as follows:

Factor= NaOH molecular weight ~ _ 40 ~0.142

Oleic fatty acid molecular weighf 282

Thus, the formula for caustic treatment is:

(%FFAx 0.142) + %Excess Acid additior;(
%NaOH in caustic

% Treatment 100

The phosphorus reduction during refining is determined largely by the amount of
water present in the caustic solutionghier excess caustic treatments remove more
phosphorus, but the increase in removatli® more to the increased water than
NaOH. Comparative studies have shown that more dilute caustic solutions will
remove more phosphorus; therefore, craidewith high phosphorus levels are best
refined with dilute caustic solutions, but if they become too dilute then difficult
emulsion separation characteristics develap.this reason, dilute caustic solutions
or low Baumé concentrations are resoended for soybean, peanut, safflower,
sunflower, and canola oils.

The refining conditions for cottonseeill @e chosen more for the improvement
of color because of the presence of thesgpol. This pigmenis sensitive to heat
and oxidation and forms colored compounds that are difficult to remove from the
oil other than by reaction with caustic.&rafore, the caustic treatment has a greater
excess of a more concentrated NaOH tsariu Palm, palm kernel, and coconut oils
require a weaker caustic of approxintate2°Bé to optimize centrifugal separation,
reduce saponification of the neutral oil, and minimize emulsions. The diluted caustic
for use with the lauric and palm oils is usually preheated to 150°F (65°C) to minimize
emulsion formation in the separators. These oils also require only a minimum of
excess treatment as well (29), because they are m&did for FFA reduction only.

It should be remembered that the FFAsdoconut and palm keel oils are calcu-
lated on the basis of lauric fatty acid instead of oleic as for the other vegetable oils.
Suggested caustic concentrations antksg treatments for various crude vege-

table oils as a starting point before expede is gained are shown on Table 2.1. A
smooth reproducible flow of the caustic solution into the oil stream is important
because pulsating delivenyll carry through tle mixers and produce varying mixture
densities in the centrifuge.
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Table 2.1 Caustic Treat for Vegetable Oils

Concentration

Crude Oil °Bé NaOH (%) @  Excess Treat (%)
Cottonseed 19-21 13.52-15.23 0.16
Corn 16-20 11.06-14.36 0.13
Canola 16-18 11.06-12.68 0.07
Soybean:

Crude 12-16 8.0-11.06 0.12

Degummed or mixed 12-16 8.0-11.06 0.10
Safflower 14-18 9.5-12.68 0.12
Sunflower 14-18 9.5-12.68 0.12
Peanut 13-15 8.75-10.28 0.12
Coconut 11-12 7.29-8.00 0.02
Palm kernel 11-12 7.29-8.00 0.02
Palm 11-12 7.29-8.00 0.02

a At 15°C (59°F).

Caustic-Oil Mixing

After the caustic reagent has been prtipned into the crude oil, it must be
adequately blended to ensure sufficieomtact with the free fatty acids, phosphati-
des, and color pigments. The gums are hydrolyzed by the water in the caustic solution
and become oil insoluble. The caustic anfl sils are mixed at 30 to 35°C (86 to
95°F) in a dwell mixer with a 5- to 15-minute residence time. High oil temperatures
during the caustic addition must be avoided because they can increase the neutral
oil saponification and reduce the refined-oil yield. Many refineries will use an inline
shear mixer to obtain the intimate contticte between caustic and oil followed by
a delay period in the dwell mixer prior to centrifugation. After the caustic-mixing
phase is complete, the mixture should beveedid to the centrifues at a temperature
suitable for optimum separation. Most safs are heated to 165°F (74°C) to provide
the thermal shock necessdoybreak the emulsion.

Soap-0il Separation

Refining-yield efficiency is dependent on the primary separation step. From the
caustic-oil mixer, the resultant soap-in-oil suspension is fed to high-speed centrifuges
for separation into light- and heavy-dépphases. These separators are designed
to divide suspensions of insoluble liquids and solids in suspension with different
specific gravities. The lighthase discharge is the nmltoil containing traces of
moisture and soap. The heavy-phase, apstock, discharge is primarily insoluble
soap, meal, free caustic, phosphatides, and small quantities of neutral oil. Refined-
oil yield and quality depend upon a uniform feedstock and separation of the heavy
phase with the least amount of entrained oil; however, even under the most optimum
conditions, complete separation of the two phases cannot be achieved. Therefore,
the primary separation is accomplished Bgwaihg a small amount of the soapstock
phase to pass along with the refined oil for removal by the water wash centtifuge.
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Various types of centrifuges are used in vegetable-oil refining; however, most
centrifuges contain a bowl or hollow cylieadthat turns on its axis. The flow of
material enters the rotating bowl andasced outward to a dc stack. The heavier
density soapstock is forced to the outside of the bowl and flows over the top disc
and out the discharge port. The lighter neutral-oil phase moves to the center of the
bowl for discharge from the neck of thetdisc. The major factors to consider for
improvement of separation completeness include: (1) greater differences in the
specific gravity of each phase, (2)wer viscosities, (3) lgher temperatures,

(4) shorter travel distance for the heavytjtes, (5) increased centrifugal forces,
and (6) longer centrifugal dwell timés.

Water Washing

Refined oil from the primary centrifuge is washed with hot softened water or
recovered steam condensate proportioned into the oil at a rate of 10 to 20% of the
oil flow. Softened water must be used to avoid the formation of insoluble soaps.
Sodium soaps remaining from the primmaentrifugation phase are readily washable
and easily removed from the oil with either a single or double wash. A single wash
is usually sufficient; however, two washes may provide savings in bleaching earth
and hydrogenation catalyst usage, as wslla reduction in washwater volufe.

The water—oil mixture passes through a high-speed, inline mixer to obtain intimate
contact for maximum soapamsfer from the oil to the water phase. The soapy
water—oil mixture continues through to the washwater centrifuge. Similar in action
to the refining centrifuge, water-washed oil is discharged as the light phase and the
soapy water solution as the heavy phase. The water-washing operation will remove
about 90% of the soap content in the refined oil.

Washwater temperature is important &fficient separation in the centrifuge.

The water temperature should be 183.96°F (85 to 90°C), preferably 10 to 15°F

(5 to 8°C) warmer than the oil temperaufhe washwater flow rate controls soap
removal and affects the oil losses in the wash water. As with the primary centrifuge,
a pulsating flow of water must be avoided.

Two things that water washing will not do are remove phosphatides left in the
oil after the primary centnifge and remove unwashable soaps related to the calcium
and magnesium content of the crude oil. These metal complexes should have been
removed in either the degumming or refining steps. Iron soaps are prooxidants, while
calcium and magnesium result in nonwashable s¥apame processors add up to
400 ppm citric acid to wash watersdfiect the removal of these residu#ls.

Vacuum Drying

Water-washed oil is usually dried withvacuum dryer before storage or bleach-
ing. Washed oil at approximately 185°85¢C) is passed through nozzles into the
evacuated section of a continuous vacuum dryer that controls the moisture content
of the washed oil to below 0.1%, mostesf in the range of 0.05%. A typical dryer
operates at 70 cm of mercury (Hg) aisdequipped with a high-level alarm and
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automatic shutdown capability. After drying, the refined oil should be cooled to
120 to 130°F (49 to 55°C) before storager extended storage periods, a nitrogen
sparge or a nitrogen blanket applied to the surface of the oil will minimize oxidation
before use.

2.5.1 Short-Mix Caustic-Soda Refining

Refining practices vary between courgrend plants due to the number, quality,
and kind of source oils processed. Theniafj practices in Europe differ from those
used in the United States mainly becausthefeed to process all types of oils and
typically poorer-quality oils. The European oilseeds or crude oils must be imported,
and a typical refinery must be equipped to handle all kinds of oils, depending upon
availability and price. The quality of thélseeds of crude oils imported is variable,
but normally a higher FFA oil is processelhe short-mix process was adopted in
Europe after World War 1l because thdatiwely high FFA oils made it necessary
to avoid the long contact time and thegkr excess of caustic used with the
conventional caustic-soda refining system utilized in the United States. Figure 2.4
compares the differences between thegt and short-mix refining processes.

For the short-mix process, the oil temperature is raised to 80 to 90°C (175 to
195°F) before the addition of the caustic soda. A break between the neutral oil and

LONG MIX SHORT MIX
Crude Oll Crude Oil
Acid Mix Heat

4 to 8 Hours 175 to 195°F
I I
Heat Acid
85 to 95°F Mixer
I I
NaOH Na OH
Mixer Mixer
I I
Dwell Time Dwell Time
5 to 15 Minutes 30 Seconds
T I
160 ';'oe?};y,: Centrifuge [ Soapstock
I T
Centrifuge |—| Soapstock NaOH or
| 9 P Water Mixing
I

I
185 to 195°F
Soft(-)Water Wash Water

Mixer Centrifuge | or

T Soapstock
, as I
Centrifuge Water Vacuum Dryer

Vacuum Dryer 70 crln Hg
70 cm Hg Cool
I o
Cool 120 t0.130 F
120 to 130°F Refined
T ]
Refined Oil
Qil

Figure 2.4  Comparison of long-mix and short-mix chemical refining systems.
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soapstock takes place immediately, redgdhe losses due to emulsification. The
contact time between the caustic and orleduced to 30 seconds maximum, which
helps to reduce the saponifiat losses. Because it is standard in Europe to degum
solvent-extracted oils and to condition the oils with phosphoric acid before refining,
the excess caustic treat can be eliminategtduced substantially. In the case of an
oil such as cottonseed refined for colonmval, a second caustic treatment is used.
This additional phase is called-refining Because the bulk of the soapstock has
already been removed with degumming &mel initial caustidreatment, the addi-
tional losses with the second caustic treatnaeatrelatively low. The oil is finally
washed with demineralizedater to help remove the traces of soap remaining in
the oil and dried with processes similar to the systems used for the long-mix caustic
refining process.

An ultra-short-mix method is used for oils with high acidity to reduce the losses
more than the regular short-mix process. For palm and other oils with high acidity
levels, the caustic soda is introduced directly into the hollow centrifuge spindle
where a special mixing devise is locatede Mery short contact time allows the use
of stronger caustic concentrations without excessive saponification of the neutral
oil. Comparisons of palm oil refined with the ultra-short-mix process contributed
considerable yield improvements oveoguct refined with the short-mix process —

7.0 to 16.5% less loss for one evaluation.

2.5.2 Zenith Process

The Zenith process was developed in Seveth 1960 to enable better refining
of the only oilseed crop graowin that country: rapeseetihe stainless steel contin-
uous process consists of three main refirsteps, two of which are semicontinuous
to maintain the desired reaction times:

« Step oneThe oil is treated wh concentrated phosphoric acid to remove the
nonfatty impurities that ffuence emulsions. The amount of phosphoric acid
depends upon the oil qualitytmormally is about 0.2%y oil volume for rapeseed
oil. The reaction, performed under auam, requires 20 minutes. The acid sludge
formed with the pigments, phosphatigdealcium, magnesium, and other impuri-
ties is removed with a sludge separaWater is introduced in the form of live
steam to form liquid crystals of themaining phosphatideat the interface
between the water and the oil.

« Step two Neutralization is performed bytieducing the oil at 90°C (194°F) in
the form of droplets to the bottoaf a vessel almost filled with 0.384(2.0 °Bé)
alkaline solution. The 1- to 2-mm diareetdroplets rise by the difference in
specific gravity and are collected inetlupper conical part of the vessel, thus
forming an oil layer with a typical anaigsof 0.05% FFAs, 0.2 to 0.3% moisture,
and 100 ppm soap.

« Step threeThe neutralized oil is treated with citric acid to help separate the trace
quantities of soap for adsorption by thkeaching earth. The oil is dried and
bleaching earth added befdtres vacuum bleached f&0 minutes beforéltering.

Improved refined oil yields with excellegtiality are claimed fathe Zenith process.
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2.5.3 Miscella Refining

Facilities with an existing oilseed solvent extraction system may find miscella
refining to be advantageous because tieessolvent recovery unit can be used for
both purposes. Miscella is the solutionmixture that contains the extracted oil.
Both continuous and batch miscella refining processes are suitable for most fats and
oils. Miscella refining is especially bengfl for cottonseed bito provide an oil
with a lighter red color and a high neutral oil yield. This type of refining should be
done at a solvent extraction plant as soopassible, preferably within 6 hours after
the oil is extracted from the oil seedastimal. The advantagésr miscella refining,
as compared to conventional continuous caustic-soda refining, are (1) higher oil
yield, (2) lighter color oilithout bleaching, (3) elimingtn of the water-wash step,
and (4) extraction of the color pigments before solvent stripping has set thé color.

For this purification process, the crualscella source may be from (1) the pre-
evaporator of a direct-solvent extractiplant, (2) a blend of prepressed crude oll
and solvent extracted miscella from the press cake, or (3) a reconstituted blend of
crude oil with solvent. In the processméxture of approximately 40 to 58% oil in
solvent is heated or cooled to 104°F @pand filtered to rema@ meal, scale, and
other insoluble impurities. Two solventsat have been used commercially for
miscella refining are hexane and acetone.

Hydrolysis of phosphatides and pigments in the crude oil miscella requires an
acid pretreatment, which usually varies between 100 and 500 ppm by weight of the
oil, depending upon the quality of the crude oil. An acid such as phosphoric or
glacial acetic has been found effectivénmproving oil quality and reducing refining
losses. Phosphoric acid is used more comlgndue to its less corrosive properties
and availability. The acid is mixed with tieiscella in a static mixer to provide an
intimately dispersed acid phase, whichmediately reacts with the crude miscella.

The pretreated crude miscella is then laliedined using dilute caustic soda with
a 16 to 24 °Bé and a 0.2 to 0.5% NaOHtess over the theoretical required to
neutralize the free fatty acids. The reactibthe caustic soda with the FFAs proceeds
rapidly at 130 to 135°F (54 to 57°C), using homogenizers with a shear mixing intensity
capable of homogenizing milk and hydrolyzing the phosphatides and pigments with
the caustic soda to produce a two-phasedurex The miscella tengpature is adjusted
to 135°F (57°C) to obtain the best sefiaraof the heavy phase or soapstock from
the oil or the light phase with the cenige. The neutral oil is then filtered through
a diatomaceous earth, precoated, pressafefileer. At this point, the refined and
filtered miscella can be stripped of thdvent to produce a neutral yellow oil, or it
can be further processed as miscella twede fractionate, or hydrogenate the?®?

Obvious disadvantages for the miscella refining process that may have discour-
aged many processors from adogtihis processing system includie:

« Equipment — All equipmenand facilities must bexplosion proof for solvent
handling.

e Maintenance — The equipment and facilities must be well maintained to avoid
excessive solvent losses and accidents.

« Laboratory — More elaborate laboratdgcilities and staffing are necessary to
control this process.
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2.5.4 Batch Caustic-Soda Refining

Batch refining is still practiced for some specialty oils in developing countries
for small production lots and in most pilot-plant operations. Batch refining has some
basic advantages:

* Investment costs are low.

* Equipment is readily available.

¢ Itis practical for small lots.

¢ It is suitable for low capacities.

* A quality refined oilcan usually be produced.

At the same time, batch refining can have some serious drawbacks:

« Refining losses are high.

¢ Operational costs are high.

« A high load is imposed on wastewater plants.
e It is very time consuming.

Batch refining is most likely installed only for special conditions where the refined
oil requirements are very low.

Generally, two batch-refining procedurase utilized: the dry method and the
wet method. The dry method is preferred in the United States for most oils, while
the wet method is preferred in Europeir@adentally, the batch dry-method param-
eters resemble the long-mix caustic sodatinuous refiningrocedure preferred in
the United States, and the batch wet-method parameters resemble the short-mix
continuous procedure preferred in Europe.

2.5.4.1 Dry-Method Batch Refining

The equipment required for the batch dry-refining method is simple, consisting
of an open-top, conical-bottom tank or kettle equipped with a two-speed agitator
and steam coils for heating. The agitatafsis centered in the vessel and is either
suspended from the top or extended &tep bearing on thieottom. The agitator
shaft is equipped with sweep arms, eadth paddles canted to push the liquid
upward during agitation. The usual agitator rates are 30 to 35 rpm maximum and
8 to 10 rpm minimum. The batch dry method consists of the following %téps:

1. The first stage is carried out with the oil at ambient temperature or at a temperature
just high enough to keep the fat moltamd liquid. If the di contains occluded
air after pumping to the refining kettleé,must be settledbng enough to allow
the air to escape. The soapstock can engadugh air to float, which will prevent
it from settling to the bottom of the kettle as desired.

2. The caustic solution or lye is added to the top of the kettle while agitating it at
high speed. Agitation is continued tboroughly emulsify te alkali and oil
(usually 10 to 15 minutes), then the atjita is reduced to slow speed and the oil
is heated to 135 to 145°F (53 63°C) as rapidly as possible.
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3. A visible break in the emulsion withccur at about 140°F (60°C) where the
soapstock separates from the clear oithe form of small fbcculent particles
that tend to coalesce with agitation.

4. After the desired degree of break isaied, agitation is stopped, heating is
discontinued, and the soapstock or footsali@ved to settle to the bottom of the
kettle by gravity for 10 to 12 hours minimum.

5. After the soapstock has settled, the raudil can be drawn off the top, leaving
the soapstock at the bottom of the keffler many oils, such as soybean, canola,
sunflower, safflower, and peaut, treated with a dilutaustic (usually 12 to 16 °Bé
with about 0.25% excess), the settledmsiock should be fluid enough to allow
it to be drained from the bottom of the kettle, leaving the refined oil in the kettle.

6. Traces of moisture and soap remairthe refined oil andhould be removed if
the oil is going to storage before bleawhi The refined oil can be either filtered
through spent bleaching earth or wateshed. Kettle water washing consists of
adding approximately 15% hot, soft waterthe refined oil while agitating for
uniform dispersion and then allowing theater to settle for decanting. Water
washing may be repeated if warranted.

2.5.4.2 Wet-Method Batch Refining

The preferred European batch-refiningthoel heats the crudgl to a relatively
high temperature, 150°F (65°C), beforadimg) the caustic or lye. A high caustic
concentration, 20°Bé, is used for the usually high FFA oils processed with about a
0.10% excess treat. In many cases, thatiaddof salt equivalent to about 0.10%
sodium chloride per 1.0% free fatty acichiscessary to break the soapstock and oil
emulsion. The precipitated soapstock is washed down with a spray of hot water onto
the surface of the oil. Several successiater washes are required to completely
remove the soap from thel,oiith a settling time required between each wash. The
wet method has advantages over the dry method for refining oils with high FFA
contents such as some palm and olive oils. It has also been used for refining coconut
and other lauric oils. Refining equipment for the wet method is not essentially
different from that used fathe dry process, except thalbsed tanks that can also
be used for vacuum bleaching are usuabgd to refine and wash the crude oils
with the wet method:

2.5.5 Silica Refining

Silica processing utilizes a chemicallgisynthetic amotpus silica adsorbent
with an affinity for polar contaminantdhe surface area, porosity, and moisture
content of the silica adsorbents providerthwith the capability of removing soaps,
phospholipids, sulfur compods, and trace metals froedible oils. The function
of the moisture is to hold the pores oerd aid in the attrdéion of polar contam-
inants. Several different options are offg for the use of kta adsorbents. The
simplest option adds silica adsorbent witike bleaching earth prior to bleaching to
reduce the clay usage. A 40% reductiorbieaching-earth usage, less neutral-oil
loss, and longer filter cycles are claimed by W.R. Grace for their TrypSytiuct??

A second bleaching ¢ipn adds the silica separdtem the bleaching clay, which
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is precoated on the filtgaress. The silica collapsestime bleaching vessel, trapping
the contaminants to preserve the claydolor pigment removal. An 80% reduction
in bleaching earth is claimed for this enbad silica option. The modified caustic-
refining procedure eliminas the need for a water-wash centrifuge. The high soap
and gum adsorption capacity of the silregplaces the water-wash procedure. The
usual washing process produces a high biological oxygen demand effluent as well
as a loss of oil. About 0.05% of the eiiashed is lost in the wastewater. Also,
disposal of wastewater froeonventional washing of alkali-refined oils presents a
problem to processors becaugeancreasingly stringerdtws regarding oil-refinery
effluents. The water-washing step may be eliminated by using 0.05 to 0.4% silica
hydrogels to absorb residual soap amtdrmetals from the refined oil. The silica
material has a higher ability to absosbap, secondary oxidation products, and
phospholipids than do traditional bleachiclgys. The spent silica is removed by
filtration before the oil is bleached. Bleaabiwith clay is still required to remove
the color pigments and other impuritidspwever, the bleaching-earth usage has
been reduced 40 to 80% in some operatidns.

A process using sodium silicate to replaodium hydroxide in chemical refining
has been developed at Texas A&M. Sodgititate reacts witthe nontriglycerides
to form a silica hydrogel that is filterable but cannot be centrifuged with current
equipment. Conversely, the soaps produced with sodium hydroxide are not filterable
but can be centrifuged for separation. Degumming of the oil prior to refining is a
prerequisite for this modified processreduce the quantitgf gums absorbed by
the sodium silic&?

2.5.6 Refining Efficiency

Refining efficiency is generally considered to be the yield of dry neutral-refined
oil as a percentage of the available neutral-oil content of the crude oil. The dry
neutral oil is determined by actual weight in a scale tank or volumetric measurement
with adjustments as indicatéy the specific gravity or temperature of the product.
The crude neutral-oil content is supplieglthe laboratory analysis of the incoming
crude-oil samples or prefedgtanalysis of the feedstock to the refining system. The
refining efficiency is expressed as théaaf neutral oil produced over the analyzed
neutral oil in the crude oil, for example:

Refined-oil yield

Refining efficiency= : k
Crude neutral-oil analysis

The specified laboratory loss analysistiading rules varies with the source oil,
which affects the refining efficiency rdt1 Gum-containing crude oils, such as
soybean and canola, are usually evaluated by the chromatographic method for neutral
oil (American Oil Chemists’ Soety [AOCS] Method Ca 9f-57, and the refining
efficiency is expressed as the ratio otimal oil produced to the laboratory-deter-
mined neutral oil in the crude oil. Corn and cottonseed oils trading rules specify
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AOCS Method Ca 9a-5%,and the refining efficiency is expressed as savings over
cup and determined with the following equation:

% Cup los$ % Plant loss

Savings over cup % Cup loss<100

It is customary in Europe to monitor refining efficiency with tafning factor
which is the total loss divided by the fatty acid of the crude oil before refining. This
factor permits a direct comparison of théimeg efficiency ofoils with different
FFA starting levels. The refining factean present a false impression when the
amount of gums and other impurities is high in proportion to the FFA content.
Experience in European facilities with all types of properly filtered and degummed
oils shows that the refining factor varies between 1.4 an¢f Inthe United States,
lauric and palm oils are refined againgteifatty acid, and the efficiency control is
measured with the refining factor. The equation for determining the refining factor
is:3t

% Plant loss

Refining factor= —————
% Free fatty acid

2.5.7 Refining Byproducts

Crude oils contain a number of materials that must be removed to produce
neutral, light-colored oils. These impurities have been considered waste products
constituting a disposal problem; however, they can be valuable byproducts when
effectively recovered and processed. TWwe major byproducts from the refining
processes are soapstock from chemical refining and hydrated gums from the degum-
ming process prior to caustic refining or the physical refining pretreatment stage.

2.5.7.1 Soapstock Processing

Soapstock from alkali refining is a sourcefafty acids, but it also presents a
handling, storage, and disposal problgdriginally, many ars ago, the caustic
refining byproducts were merely discadd&hen, it became a valuable source of
fatty acids for the soapmaker and theyfaitid distiller. Soapstock was shipped
from the refiner in the raw form as it was separated from the neutral oil. The growth
of synthetic detergents over soaps redubési market for soapstock considerably,
and in the fatty acid field soapstock utilization was replaced with tall oil, a byproduct
of the paper industry. These changes turedittle-oil refinerso soapstock acidu-
lation to produceacid oil, which is used as a high-energy ingredient in feeds or
provides a more refineproduct for clemical use®

Batch acidulation of the raw soapstock discharged from the caustic refining
centrifuges consists dhree basic steps:
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1. Acidification with 66 °Bé sulfuric acidf the highly basic, diluted soapstock to
convert the soap into free fatty acids; the acid level required varies with the amount
of caustic used in refining tadjust the pH to 1.5 to 2.0.
2. Breaking the emulsion of fatty acids diodeign materials in water with heat at
~195°F or 90°C with agitation.
3. Separation of the three phases:
« Top layer — Fatty acid product isa@vered and transported to storage.
« Middle layer — This material, which cosss of an emulsion of the top- and
bottom-layer material, must brecycled for reprocessing.
« Bottom layer — The acidified wasteveatis removed, neutralized, and dis-
posed of in the wastewater system.

The problems associated with acidulatioihsoapstock are mainly the corrosive
nature of the process and the fact that the separation of the acid-oil phase from the
acid-water phase is often relatively poor, which leads to high fat losses and waste-
water contamination with fatty material. degal, state, and municipal legislation
enacted for pollution abatememandated more effectiy@ocesses for clarification

of acid water streams from acidulation. Continuous acidulation of soapstock and
washwater as it is discharged from the refinery has provided a byproduct of acid oil
with the required quality standards and an acid wastewater with fewer, more man-
ageable contaminants. Soapstock shoulgrbeessed as soon as possible after it is
produced to minimize fermentation and esifidation. Several different continuous
acidulation systems of varying designs are available.

The major reason for acidulating soapstock is to remove moisture so that a
smaller volume is obtained for handling or storage. Acid oil is essentially the fatty
portions of soapstock with the moisture content reduced to 1.0 or 2.0%. It is traded
on a total fatty acid (TFA) basis of 95%, and shipments can be rejected if the TFA
falls below 85%. The impurities originally in the crude oil, such as phosphatides,
carbohydrates, proteins, pigments, steroisheavy metals, are transferred in part
or in full to the soapstock during refining and then to the acid oil with acidulation.

Probably the greatest volume usage fodaleited soapstock is for animal feeds.
Acid oils have become one of the essential components in many animal feeds. They
are high-energy ingredients that providea&ories per gram when metabolized as
compared to 4 calories per grdram starch or protein. Ad oils act as carriers and
protectors for several fat-soluble vitamins and antioxidants and are an excellent
source of polyunsaturates in most cadése main competitio for the formulated
animal feeds is corn, which provides 3.50cEs per gram; therefore, acid oils cannot
cost more than 2.6 times the price ofrcdo be economicallgompetitive. Two
potential problems for this gfication of acid oil are (fLresidual sulfuric acid and
its reaction products decreatte palatability to mosanimals, and (2) deodorizer
distillates cannot be a compant of the acid oil becausé the pesticide contents.

An alternative to soapstock acidulatibas been used on a limited basis — a
neutralized dried soapstock process. Tditernative procesayhich converts the
soapstock to a neutral pH followed by drum drying, produces a product that has
performed well as a fat source in feedsdoickens and cattle, and the only effluent
is evaporated waté¥.This process reduces the loatla plant wastewater treatment
facility more than any of the alternatives except for shipping raw soapstock.
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2.5.7.2 Hydrated Gums Processing

Lecithin is the preferred outlet for the hydrated gums recovered from water
degumming. Commercial lecithin is one of the most important byproducts of the
edible-oil processingndustry because of its functiality and wide application in
food systems and industrial utility; however, the gums hydrated from soybean oil
alone far exceed the market requirementsldoithin. Estimates are that less than
one third of the soybean oil processed will satisfy the lecithin demands. Another
outlet available to the crusher/refiner isinoorporate the recovered gums back into
the meal produced. For some operatiaigs alternative solves a meal-dusting
problem, as well as addj value to the gums.

Lecithin is the commercial name farnaturally occurrig surface-active agent
made up of a mixture of phospholipids. It can be obtained from a number of vegetable
oils, but the major source is soybean oil phospholipids or gums, which provide
excellent emulsification propées with good flavor and color. Lecithin production
starts with degumming the crude oil with approximately 2% steam or water added
during slow agitation to hydrate the ledithThe hydrated gums are separated from
the crude oil and dried carefully to below 1.0% moisture to avoid damaging the
color. After cooling, ingredients are added to the lecithin to meet the desired spec-
ification limits. Soybean oéiand fatty acid additions are used to control acetone-
insoluble matter, acid value, and viscoditgcithin can be chemically bleached with
hydrogen peroxide, either before or aftieying, to control the color. The National
Soybean Processors Association rulesndefiix common grags of lecithin. In
addition, a variety of modified lecithéncan be produced for specialty u%es.

The crude-oil degumming process affebis quality and performance of lecithin
products. For example, most additives used to aid degumming are usually deleterious
to the lecithin, except for acetic anhydridnd enzymes. Other additives, such as
phosphoric acid, tend to burn and darken the lecithin on drying and pollute water
streams. Oxalic acid does not pollétéut it does render lecithin toxic, and inorganic
salts affect the physicand functional properti€s.The acid-degummed lecithins
have also exhibited poor functionality (i.e., inferior instantizing properties in cocoa
powders and milk product$).

2.6 PREBLEACHING

The purpose of bleaching is not onlypgmvide a lighter colored oil but also to
purify it in pregaration for further processing. Redid oil containgraces of a number
of undesirable impurities either in solution or as colloidal suspensions. These impu-
rities compete with the color pigments fpace on the adsorbent surface. In many
cases, the bleaching process is performede for the removal of the nonpigment
materials such as soap, gums, and prooxideatals, which hinder filtration, poison
hydrogenation catalyst, darken the oils, affdct finished oil flavor. Another func-
tion considered primary by many quality pessors is the removal of peroxides and
secondary oxidation products. The key parameters for the bleaching process are
(1) procedure, (2) adsorbent type and dosg@)demperature, (4) time, (5) moisture,
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and (6) filtration. Each variable must bensaered in light othe system used and
the oil to be bleacheld.#3-48

2.6.1 Procedure

The three most common types of contaleaching methods used for edible fats
and oils are batch atmuglseric, batch vacuum, and continuous vacuum. This
sequence is also the chronological ordewinich the different methods were devel-
oped. Figure 2.5 diagrams theocess flow for the three types of bleaching systems.

2.6.1.1 Batch Atmospheric

Oil at approximately 160°F (71°C) mumped into an open-top tank equipped
with steam coils, or a steajacket, and a paddle agitat®leaching earth is added
from the top of the tank with the agibatrunning; the temperature is raised to
bleaching temperature and maintained fehart time. Next, the oil is recirculated
through a filter press and back to theddhing vessel until the oil is clear, then it
is pumped to storage.

ATMOSPHERIC VACUUM
BATCH BATCH
Refined QOil ; Refined Qil
160°F Bleaching 160°F
I
- Bleachin 0.15t0 3.0%
BIeEa;crltwr;ng | Vessel g Earth B\I/:gg#irr?g
0.15 10 3.0% | | 16910 230°F Sy | |20 mmHg
: : :vls to 20 Tont 160 to 230°F
Filter Aid inutes 15 t0 20
Pre-Coat |— Minutes
and Filter Filter Aid
Body Feed Pre-Coat . Spent
Cooler and Earth
120 to 130°F Body Feed Cooler

Bleached
Qil

120 to 130°F

Bleached
Qil

CONTINUOUS
Refined Oil VACUUM
180°F Vacuum Heater
I Deaeration H R
Bleaching Bleaching Section | 1220 to 240°F Filter

Eath [ Eath [ 130°F | :

Feeder Mix Tank 7 Minutes Vacuum Cooler
Blseai_hlng 120 to 130°F

2%%2?:” Bleached
10 Minutes Oil
Figure 2.5 Typical bleaching process flow sequence.
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2.6.1.2 Batch Vacuum

Bleaching earth is added to an agitastdry tank containing a small portion of
the refined oil at 160°F (71°C). This siyris transferred to the vacuum bleacher,
which contains the balance of the oitddla The bleaching vessel is equipped with
coils or a steam jacket, an agitator, angacuum system. Afteghe prescribed time
at bleaching temperature under vacuune, tkeached-oil batch is cooled to 160°F
(71°C), the vacuum is broken, and the oil is filtered.

2.6.1.3 Continuous Vacuum

Bleaching clay is camuously fed into a stream ofl at 160°F (71°C), and this
mixture is sprayed into a vacuum chamber to remove both water and air from the
clay and the oil. The produtemperature is raised bdeaching temperature with a
heat exchanger and then sprayed intte@aond chamber for bleaching. After the
bleaching retention time, it is filtered & closed-type filter and cooled before the
vacuum is broken.

The use of activated clays and higherjpemature bleaching led to the need for
protection from anospheric oxidationyhich is provided bythe vacuum-bleaching
process. Oxidative reactiomiring atmospheric bleaicly cause a fading of some
color pigments to lighten the color but also the formation of new nonabsorbent colors
and fixation of other colors that darken the oil instead of lightening it. New color
formation is believed to be the result of oxidation of red chroman-5,6 quinones from
tocopherol, which does not respond to agdon. Vacuum bleaching is more effec-
tive than atmospheric bleaching becauseaih use less clay, operates at lower
bleaching temperatures, effects quicker muwes evacuation for less free fatty acid
development from hydrolysis, and does not expose the oil to oxidation at high
temperatures. Many versions of the bléaghprocess are in use; however, most
edible-oil processors wilprebleach with a continuougacuum type of system.
Continuous bleaching is pexfible because large volumes can be processed without
interruptions to empty ahrefill the bleacher, and the process conditions can be
adjusted as the operation progres8es.

2.6.2 Bleaching Agents

Chemical agents have been used or pseg for use, but practically all edible-
oil decoloration and purification is accomplesl with adsorptive clays, synthetic
silica, and carbons. The basic kinds of aldeats used in edible-oil bleaching are
neutral clays, activated earths, actdchtarbon, and synthetic amorphous silica.
2.6.2.1 Natural Bleaching Earth

Bentonite clays that exhibit absorptiveoperties in their natural state are clas-

sified as natural bleaching earths, Fuller’'s earth Molecular lattice structure,
macropore structure, and particle size d#etfthe capacity of earths to adsorb water,
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oil, phosphatides, soap, color bodies, and metals. The better natural earths can absorb
15% of their own weight in pigments and other impurities but also retain about 30%
neutral oil. Natural clays perform besith atmospheric bleaching and are employed

for easily bleachedils such as cocomulard, and tallow. The natural earths do not
elevate the free fatty acid content noongerize unsaturated fatty acid groups;
however, for dark or difficult-to-absorb pigments or impurities, prohibitive levels of

the natural earths are required, which mileeactivated materials more attractive.

2.6.2.2 Activated Bleaching Earth

Bentonite clays are also used to prodactvated bleaching earths, but the clays
are a type that contains a high proporttdémontmorillonite. This hydrous aluminum
silicate has considerable capacity for exalfing part of the aluminum for magnesium,
alkalies, and other bases. Interestinghost bentonites that exhibit high natural
bleaching power are not suitable for activation, and most clays used for activated clay
products have a poor natural bleachingvégti Treatment, to varying degrees, with
sulfuric or hydrochloric acid, washindtying, and milling alter the bleaching media’s
degree of acidity, adsorption capabiktieand particle size distributiéh.The acid
treatment of montmorillonite clay producasspecialty adsorbent from a naturally
occurring mineral. During thiprocess, the physical structure and chemical composi-
tion are altered in a controlled way to maximize specific properties. An efficient
bleaching earth is produced with a suefaxt the correct chemical composition and
pore distribution selectively attractive t@ttietrimental components of the refined oils.

Particle size is also a major physicatgraeter affecting bleaching-earth perfor-
mance, as all adsorption theory coesgladsorption as a surface phenomena. In
general, the finest particle size claysédahe best bleaching power, but particles
that are too small create severe filtration problems and oil retention is increased;
therefore, the adsorbent usdtbuld have as small a particle size as can be effectively
handled by the filter system. In practieegompromise particle size provides accept-
able filtration performance and minimized loss withoutdiminishing bleaching
performance?®

Activated bleaching earths normally contain 10 to 18% moisture, which supports
the montmorillonite layers in the clays. If the clay is completely dried prior to
bleaching, the layers collapse to decretheesurface area available to adsorb the
pigments and other impurities.

Apparent bulk density (weight per unit volume) is dependent upon the amount
of void space in the clay — the more vaipace, the lower the density. Activated
clays have a lower bulk density than do maltelays for increasedil retention. The
increased void space and total surface aa@a retain as much as 70% of the
bleaching earths, weight in oil; howeveawer activated clay usage level require-
ments normally result in a lower overalebthed oil loss with lower bleach color
and increased impurity removdl.

The activated bleaching earths are morelyike split soap residues to elevate
FFAs, destroy peroxides and secondary oxidation products, and promote isomeriza-
tion. The latter effect is more pronaied at temperatures above 300°F (150°C),
which is well above the optimum bleaey conditions. The modified bleaching
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earths are especially usefidr bleaching the nsi difficult oils, such as palm,
soybean, and canola, or as pEfrthe physical refiningretreatment process for the
removal of metals and phosphatides.

2.6.2.3 Activated Carbon

A wide variety of carbonaceous raw més can be used to form activated
carbon by carbonization at higemperatures, combined tivithe use of activating
materials such as phosphoric acid, metlksatc. The treated material is washed,
dried, and ground to produce activated carbons of various pore sizes, internal specific
surface areas, and alkalinity or acidity. At is determined byhe chemical state
and a large specific surface area. Carbamsed sparingly by most processors due
to problems with filtration, relatively high cost, and high oil retention; carbon can
retain up to 150% of its weight of Ioiwhen utilized, it is normally added in
combination with bleaching earths att® 10% of the earth volume. Carbon is
effective in adsorbing certaimpurities not affected bgarths; for example, some
aromatic materials that are not volatiid by deodorization can be satisfactorily
removed with activated carbdh.

2.6.2.4 Silica Adsorbent

Silica is a chemically inert synthetic anphous silica adsorbent with an affinity
for polar contaminantsThe surface area, porosity, amdisture content of the silica
adsorbents provide themetltapability of adsorbing secondary oxidation products
(aldehydes, ketones), phptsatidic compounds, sulf@ompounds, trace metals, and
soap. The function of the moisture is to hold the pores open and aid in the attraction
of the polar contaminants. Most of the synthetic silicas do not have significant direct
adsorption capabilities for carotenoid or chlorophyll compounds, but the removal of
the other impurities enhances tficiency of the bleaching earths.

2.6.3 Bleaching Earth Dosage

The amount of bleaching earth used depends upon the type of absorbent used
and the type of refined oil, as well #% adsorption of color bodies and other
impurities required. The percentage of clays used vary in a wide range from 0.15to
3.0%, and only in extreme casare higher quantities us€dJse of acid-treated or
-activated earths far exceeds that of natural clays due to the higher bleaching effi-
ciency, particularly with dark or high chlorophyll oils. On the basis of adsorbent
activity, the acid-activated clays arengeally 1.5 to 2 times more effective as
bleaching agents than are the natural earths. The efficiency of an absorbent is mea-
sured by the minimum dose required to rediheeconcentration of adsorbate to the
required level. Therefore, the kind and amooingéarth or carbon used need only be
enough to clean up the oil preparatéoyhydrogenation or deodorization and to
remove any undesirable impurities and pigments that will not be removed in later
processing. The minimum required bleachgsally best as overbleaching increases
oil losses and can lead to flavor, oxidative, and even color instability. The removal
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of color pigments is a common, simple visual guide, often used to gauge the overall
performance and adjust levels required of a bleaching earth; however, the ability to
remove other undesirable impurities is lesglily apparent. The choice of the correct
bleaching earth and the level to use in any specific application must take into
consideration the removal of all the impig$ as measured by peroxide value reduced

to zero, chlorophyll reduced to less than 1.0 ppm, phosphorus reduced to less than
1.0 ppm, negative soap, and the Lovibonddetdrmined for the specific source oil.

The bleaching step in fats and oils @ssing has benefited in recent years from
increased interest in physical refining due to the development of different ways to
improve the removal of the nontriglyceride materials. One such development has been
the introduction of the use of synthetic silies part of the adsorption process. It is
particularly recommended for use with, gméferably before, bleaching-earth treat-
ment. It has been found to have an affinity for the compounds that reduce the efficacy
of bleaching earths. Several different ops are offered for the use of silica adsor-
bents. The simplest option adds silica adsorbent (~0.2%) with the bleaching earth
prior to bleaching to reduce the clay usa@ 40% reduction in bleaching earth usage,
less neutral-oil loss, and longer filter cyctes claimed by W.R. Grace for their TrySyl
product. A second bleaching option addsdiiea separate from the bleaching clay,
which is precoated on the filter press.eTsilica collapses in the bleaching vessel,
thus trapping the contaminants to preserve the clay for color pigment removal. An
80% reduction in bleaching earth is ot&@d with this enhanced silica optithn.

2.6.4 Temperature

Both the synthetic silicas and bleachingtlesaishould be slurried with the oil at
relatively low temperatures (158°F or 70°C), and then the complete mixture is
increased to the final bleach temperatd@4(to 212°F or 9@ 100°C). Experience
has shown that final bleach colors are dankhen the adsorbenare added to hot
oil. Evidently, this effect is due to one or both of the following two factors:

1. Adding the adsorbent to hot oil reducesatisorptive capacity because the mois-
ture is driven off too rapidly, causingcllapse of the lattice structure, which
reduces the effective surface area to adsorb impurities and pigments.

2. The oil is unprotected against oxidation wheated before the adsorbent is added,
which can cause somelobfixation or set.

Bleaching-clay activity increases as thenperature is increas by reducing the
viscosity of the oil, but decoloration declines after the optimum temperature has been
reached and color fixationccurs. The optimum easthil contact temperature is
dependent upon the oil type and the tgpdleaching system. Temperature require-
ments for vacuum bleaitty systems are normally lowthan those for atmospheric
bleaching to reach optimumIloo removal. Temperature also affects other properties
of the oil, so it should be kept as low as possible to minimize product damage but
high enough for adequate adsorbance of the impurities and color pigfnents.
Production of an oil with acceptable oatd/e stability requies careful control
of the process temperatures. Few protdeare encountered when the bleaching
temperatures remain below 230°F (110°C) and steps are taken to control air oxida-
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tion. Anisidine values begin to rise@ith bleaching temperatures above 230°F
(110°C), indicating damage to the oxiglatstability. The optnum bleaching tem-
peratures of nearly all edible oils range between 160 and 230°F (70 to 110°C). The
activity of an absorbent ibleaching an edible fat or oil is at a maximum at some
particular temperature that varies withtgpe and process. Low temperatures favor

the retention of the adsorbed pigmentthe bleaching media surface, while higher
temperatures favor movement into the ggomwhere chemisorption is most likely,
which promotes structurahanges in the unsaturattdty acid groups. Extremely
high-temperature processing must be avoided to prevent isomerization of the unsat-
urated fatty acid groups and excessive FFA development.

2.6.5 Time

In theory, adsorption should be pracliganstantaneous; however, in practice
this is not the case. The rate of colacrkase is very rapid during the first few
minutes that the adsorbentiis contact with the oil and then decreases to a point
where equilibrium is reached and no moodor is removed. Tie is required for
the adsorbent to release all of the bonmuisture and take up the color pigments
and impurities to maximum capacity. Usually, a contact time of 15 to 20 minutes is
adequate at a bleaching temperature aktbee boiling point of water. The usual
error is to extend bleaching time beyond the optimum.

Contact time for bleadhg is made up of two timperiods: (1) the time in the
bleaching vessel or continuogeam, and (2) thcontact time irthe filter during
recirculation or final filtering. Continuedr progressive reduction in peroxides and
the other impurities as filtering continues is causedrbygs effecta benefit provided
by the earth buildup in the filter with cantied use. Some progsors take advantage
of this effect by decreasing the level of earth used in oils to be filtered with partly
filled filters.

When silica is used, it is recommendedttit be added to the oil first, with
strong agitation and vacuunrfb5 minutes, before theddching earth is introduced.
During this time the silica should adsorb soaps, secondary oxidation products,
phosphatides, and trace metals, which raflyncompete with the color pigments
for space on the bleaching earth surfacee @bsence of these impurities increases
the efficiency of the bleaching earthsadsorb the chlorophylloid and carotenoid
pigments. Experience has alsdicated that the press effect may be more effective
than the normal bleaching eaghd oil mixing with the us of the synthetic silicas.
W.R. Grace has advocated the use of padeetifiltration to take advantage of the
press effects

2.6.6 Moisture

The presence of some moisture seemiset@ssential for good adsorbance and
bleaching action. Bleaching earths that hbgen completely dried before use have
been found to be inactive. The adsorbents normally contain from 10 to 18% moisture,
which acts as a structural support to kétep montmorillonite layers apart. During
bleaching, it is necessary to remove thestuoe in the adsorbent to obtain optimum
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adsorption capacity; the color bodies and other impurities cannot be adsorbed to
maximum capacity until all the water has been removed. The bound moisture is not
released until the elevated bleachingperatures are attained. Refined oil can
contain moisture levels from less than 0.1 to as high as 1.0%, which must also be
removed for effective adsorption of theaces of soap remaining after refining.
Experience has indicated that a slightlytwwé may be beneficial for the removal

of color pigments and flavor precursors to provide a lighter, more stable oil. Max-
imum adsorption is achieved when thecsiti and bleaching earth are slurried with
the oil below the boiling point of water, then gradually increasing the mix to
bleaching temperature. Addirtge bleaching earth befoteeating the oil has also
been found to inhibit heat darkening.

2.6.7 Filtration

After an adsorbent has selectively captured the impurities, it must be removed
from the oil before it becomes a catalyst for color development or other undesirable
reactions. Filtration, theeparation method most often used for spent bleaching-
earth removal, is the process of passing a fluid through a permeable filter material
to separate particles from the fluid. Examples of the filtration materials utilized
include filter paper, filter cloth, filter seen, and membranes. Filter aids such as
diatomite, perlite, or cellulose are usually used in conjunction with the permeable
filters for surface protection.

The three steps of filtration are predogt filtering, and cleaning. The purpose
of the precoat is to protect the filter sens, provide immediatdarity, improve the
flow rate, and aid in filter cake removalrithg cleaning. It also helps to prevent
blinding, which stops the product flow. Prating is accomplished by slurring filter
aid with previously filtered oil and allowing the oil to carry the filter aid to the filter,
deposit it on the filter screen, and rettorthe precoat slurry tank to pick up more
filter aid. The amount of precoat istdeamined by the filter area, usually 5 to
11 kg/n?. The flow rate during precoating should be the same as during filtration
to obtain an even coating on the filter. Uae\coatings results in blinded filters and
short filtration cycles.

During filtration, body feedor the continuous addition of filter aid, can be used
to help prevent blinding of the suspended solids on the precoat. The body feed
surrounds the suspended solids to provide flow around them. The body feed slurry
of filter aid and oil is injected into &éhsystem prior to the filter. The suspended
solids are ridged or deformable and can elongate under pressure to extrude through
the filter cake and slow or block the protifiow. Body feed wi coat the deformed
solids, allowing them to be retained on the filter cake.

Several indicators are utilized to determine the point at which the filter space
has been filled with solids from the bleachoil: when the pressure drop across the
leaves reaches a predetermined levekrwh predeterminededrease in flow rate
occurs, or when a calculated load levetgached. Short cyclew premature filter
stoppages are usually the result of (1) inadequate body feed; (2) too high flow rate,
which can cause the solids to pack; (3) too low flow rate, which can allow the solids
to settle and block the flow rate; (4) blinded screens, which reduce the filter surface
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area,; or (5) solid load exceeding filteapacity. The perfect circumstance is when
the differential pressure is reached andfkbw rate is severely reduced at the same
time that the calculated filter capacity is edbied. Once the filter cycle is complete,
the filter cake must be removed and the process repeated all ovef®again.

Traditionally, eithemplate and frame filters or pressure leaf filters have been used
for bleach-clay removal. The sequencechfinge in usage was approximately as
follows: plate and frame filtergressure leaf filters, selteaning closed filters, and
automated filters. Pressure leaf filtdrsgan to replace plate and frame presses for
several reasons. One of the major reaseas that the leaf filters were easier to
clean than the plate and frampresses, and labor costs were less. Labor costs have
been the impetus for more complete auttiomaof the bleaching operations and all
the other processes. Currently, completif-cleaning closed filters that operate
on an automated cycle are availalSle.

2.6.8 Bleaching Byproduct

The spent bleaching earth removed from tireached oil with filters represents
a substantial amount of waste mateffdle most common halidg procedure is to
discard spent bleaching eartheditly from the filters t@ landfill. Thespent bleaching
earth oxides rapidly when exposed to the air to develop a strong odor, and spontaneous
combustion easily occurs, esglyi with oils high in polyunsaturates. Therefore, the
spent bleaching earth must be covered with soil or sand soon after dumping.

The oil content of the spent bleachingtkanay range from 25 to 75% of the
weight of the earth. Oil retention is affected by the type of filters, the type of refined
oil bleached, and the degree of color refurc It is important to recover as much
of this oil as possible, but methods that are too efficient may cause desorption of
the impurities adsorbed bydtbleaching earth from thefined oil. Because it is
possible to remove a substantial portion of the oil from the spent earth, it may
become a legal requirement in the future. Oil can be recovered by several methods,
some performed on the cake while it is still in the filter and others after it has been
removed from the filtet:5* Some of the procedures for oil recovery include:

« Cake steaming— Blowing steam through the cakethe filter can reduce the oll
content to as low as 20%; however, tiecontent should not be reduced below
25% because the steam wedtimay cause desorptiontbe impurities below this
point to lower the quality of the recovdreil. Also, spent earth with a low oil
content oxidizes more rapidly wh exposed to the atmosphere.

* Hot water extraction— Circulation of hot wateat 200°F (95°C) through the
filter cake while maintaining a pressure of 5 atm at a rapid flow rate can displace
as much as 55 to 70% of the oil for collection and separation. Washing time may
be extended to 30 minutes, but 90% of theoverable oil is obtained in the first
10 minutes. After water washing, the filter cake may be partially dried with steam.
Drying with air can cause the filter totch on fire, especially when oils high in
unsaturates are processed.

¢ Solvent extractior— Organic solvents can be used to extract the oil from the filter
cake in certain enclosed filters as aaate process. Hexa, a nonpolar solvent,
has performed well but strong polar solvesiteh as acetone or trichlorethylene
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may also recover the impurities separated from the refined oil. Solvent extraction
provides oil yields of over 95% with a quality comparable to the originally filtered
oil. Explosion-proof environments, idings, and equipment, which are quite
expensive, are required for solvent extraction. In most cases, the less efficient hot-
water extraction will be more practical than solvent extraction, and it may be
feasible only for very large processingiféies that generate large quantities of
spent earth.

¢ Solvent extraction with oilseeds Extraction of the bleadhg earths in a mixture
with oilseeds has beengamticed by some extractionagpits with processing capa-
bilities, but the potential problems forightype of recovery may outweigh the
savings; for example, the mineral contefithe meal may be increased beyond
the acceptable limits, and the recoveodidnay decrease the quality of the new
oil extracted. The oxidation productadapolymers from the recovered oil could
contaminate the fresh oil.

* Water/lye extraction— Oil can be extracted frorthe spent bleaching earth by
suspending it in double the amount of watad boiling with a concentrated lye.
The oil accumulates on the surface ofghery for recovery. The remaining slurry
can be centrifuged with separationshagh as 85% efficiency. The separated
bleaching clay has a light gray colas, almost odorless, and does not ignite
spontaneously. It can be used as a landifdterial to coveother refuse, instead
of requiring soil or sand teover it. The procedures simple and relatively
inexpensive, but a dark-colored, low-gtploil suitable only for technical pur-
poses or possibly cadtifeed is obtained.

2.7 HYDROGENATION

In the United States and Nbern Europe, animal fats in the form of butter, lard,
and tallow were the major source of edible fats until development of the hydroge-
nation process. This process made it possible for vegetable oils to be converted into
plastic fat forms that people were accustonto, with greater divor stability at a
lower cost. From the time that the British patent on liquid-phase hydrogenation was
issued to Norman in 1903 and its introduction in the United States in 1911, few
chemical processes made as great amauic impact on any industry. Hydroge-
nation opened new markets for vegetable-oils processing and provided the means
for the development of many specialty fats and oils products.

Oil is hydrogenated for two reasons. One reason is to change naturally occurring
fats and oils into physical forms withe consistency and handling characteristics
required for functionality. Mdrogenated edible fats and oils products can be prepared
with creaming properties,yfing stability, sharp meltim properties, and the other
functional characteristics desd for specific applicatins. The second reason for
hydrogenation is to increase oxidative dithb Flavor stability is necessary to
maintain product acceptabilifpr prolonged periods aft@rocessing athpackaging
and for use as an ingredient in a finished product. A wide range of fats and oils
products can be produced with the hydrogenation process depending upon the
conditions used, the starting oils, and tiegree of saturation or isomerization.

Liquid-phase, catalytic hydrogenation is one of the most important and complex
chemical reactions carried out in tpeocessing of edible fats and dits?® Most
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chemistry textbooks describe hydrogenatiowitd as a simple saturation of double
bonds in an unsaturated fat with hydrogen, using nickel as a catalyst. Actually, that
is only one of several very complex reactions during hydrogenation. The products
of hydrogenation are a very complex mixurecause of the simultaneous reactions
that occur: (1) saturation of double bonds; ¢&-/transisomerization of double
bonds; and (3) shifts of double-bond locations, usually to the lower energy conju-
gated state.

Chemically, fats and oils are a combina of glycerin and fatty acids called
triglycerides The portions of triglycerides that can be changed with hydrogenation
are classified as unsaturated fatty aciflaturated fatty acids contain only single
carbon-to-carbon bals and are the least reactivetically. Physically, they have
higher melting points and are solid raiom temperature. Unsaturated fatty acids
contain one or more carbon-to-carbon deubbnds and are liquid at room temper-
ature with substantially lower melting points than their saturated fatty acid counter-
parts. In the process of ipogenation, it is possibl® chemically react hydrogen
gas with the double bonds in the carbon clwdithe unsaturatdetty acid, converting
it to a more saturated fatty acid, shifting it to a new position, or twisting it to the
trans configuration, all of which increase its melting point. Table 2.2 illustrates the
chemical structure dhe natural 18 carbon fatty acidsd the changes possible with
hydrogenation.

Hydrogenation can take place only when the three reactants have been brought
together: unsaturated oil, catalyst, amgirogen gas. The hydrogen gas must be
dissolved in the liquid oil before it can diffuse through the liquid to the solid catalyst
surface. Each absorbed unsated fatty acid can theeact with a hydrogen atom
to complete the saturation of the double bond, shift it to a new position, or twist it
to a higher meltingrans form. Both positional and geometric wansisomers are
very important to the production of pailyahydrogenated fats. If the unsaturated
oil to hydrogenation contains mono-, di-damiunsaturates, there may be competi-
tion for the catalyst surface. The di- andinsaturates are peskentially absorbed
and partially isomerized or hydrogenateda monounsaturate until their concentra-
tion is very low, permithg the monounsaturate to be absorbed and reacted.

Achievement of the desired hydrogenatdidproduct is usually measured with
the solids fat index (SFI), which measuthe amount of sol&l present in a fat at
different temperatures from below roomperature to above body temperature.
Natural fats are not single compounds, and the hydrogenated products are even more
complex mixtures due to the simul&us reactions. Not only are double bonds
saturated with hydrogen, but some of the remaining bonds are isomerized: geometric
isomerization changes the low-meltioig form to a higher meltingransform, and
positional isomers shift the double bond away from its natural position in the carbon
chain. Extensivgeometrical otransisomerization tends to give products that are
hard at low temperatures but soft agthitemperatures, which results in steep SFI
curves. A lesser but significant effect on melting points is contributed by the posi-
tional isomerization, as the shift ofdouble bond in a carbon chain affects the
melting point of the hydrogenated oil. Atddnally, the bonds that are shifted can

© 2004 by CRC Press LLC



Table 2.2 Fatty Acid Structures

Linolenic fatty acid (C-18:3) melting point 9°F (-13°C)
HHHHHHHHHHHHHHHHHDO

H-C-C-C C-C-C C-C-C C-C-C-C-C-C-C-C-C-OH cis, cis, cis isomer
H H H H HHHHHHH triunsaturate
1817 16 1514 13121110 9 8 7 6 5 4 3 2 1

Linoleic fatty acid (C-18:2) melting point 19°F (-7°C)

HHHHHHHHHHHHHHHHHDO

H-C-C-C-C-C-C C-C-C c-C-C-Cc-C-C-C-C-C-OH cis, cis isomer
HHHHH H HHHHHHH diunsaturate
18 17161514 13121110 9 8 7 6 5 4 3 2

Oleic fatty acid (C-18:1) melting point 61°F (16°C)

HHHHHHHHHHHHHHHHHDO

H-C-C-C-C-C-C-C-C-C Cc-C-C-C-C-C-C-C-C-OH cis isomer
HHHHHHHH HHHHHHH monounsaturate
18 17 16 151413121110 9 8 7 6 5 4 3 2

Elaidic fatty acid (C-18:1) melting point 110.7°F (43.7°C)

HHHHHHHH HHHHHHHHDO
H-C-C-C-C-C-C-C-C-C C-C-C-C-C-C-C-C-C-OH trans isomer
HHHHHHHHH HHHHHHH monounsaturate
18 17 16 151413121110 9 8 7 6 5 4 3 2 1

Petroselinic fatty acid (C-18: 1) melting point 86°F (30°C)

HHHHHHHHHHHHHHHHHDO

H-C-C-C-C-C-C C-C-C-C-C-C-C-C-C-C-C-C-OH positional cis isomer
HHHHH HHHHHHHHHH monounsaturate
181716 1514 13121110 9 8 7 6 5 4 3 2 1

HHHHHHHHHHHHHHHHHO
H-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-OH  saturate

HHHHHHHHHHHHHHHHH

18 1716 151413121110 9 8 7 6 5 4 3 21

be in either theis or trans form, which further substantiates the complexity of the
hydrogenated oil process.

Selective hydrogenationtike tool by which partial hydrogenation can be accom-
plished in a controlled manner. Selectivisythe saturation with hydrogen of the
double bonds in the most unsaturated fatty acid before that of a less unsaturated
fatty acid. In a theoretical sense, an oildemed with perfect pferential selectivity
would first have all of its linolenic fatty acids (C-18:3) reduced to linoleic fatty acids
(C-18:2) before any linoleic was reduceddieic (C-18:1); thenall linoleic fatty
acids would be reduced to oleic before ateic was saturated to stearic (C-18:0).
Unfortunately, this does not happen in actual practice, but it is possible to vary the
hydrogenation rate of linoleic to that of oleic from the very selective conditions of
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50 to 1 to the less selective conditions of 4 linoleic to 1 oleic. The latter is generally
described as nonselective.

Formation of the high-melting unsatudtfats or isomerization accompanies
hydrogenation and appears to be inpmmion to the selectivity of the reaction.
Therefore, compromises muisé made between selectivity and isomer formation
when determining the best hydrogenation conditions for the various basestocks.
Control of the operating variables that affect the hydrogenation of fats and oils is
necessary to produce the desired product functionality.

2.7.1 Operating Variables

Hydrogenation is a reaction of three components: oil, hydrogen, and catalyst.
The reaction takes place on the surface of#ialyst where thellmnd gas molecules
are adsorbed and broughtdrclose contact. Thereforany condition which affects
the catalyst surface or controls the supplga$ to the catalysurface will, in turn,
affect the course and rate of the reactibime variables that can affect the results of
the hydrogenation are temperature, degreagitation, hydrogen pressure in the
reactor, catalyst amount, type of catalystirogen gas purity, feedstock source, and
feedstock quality. The effects tife variables include the following.

2.7.1.1 Temperature

Hydrogenation, like most chemica¢actions, proceeds at a faster rate with
increased temperatures. An increase in ematpre decreases the solubility of the
hydrogen gas in the liquidloihile increasing the reaction rate. This causes quicker
hydrogen removal from the catalyst to reduce the quantity of hydrogen on the catalyst
surface, resulting in a high selectivitydarsomer formationtherefore, increased
temperature increases selectivitgnsisomer development, and the reaction rate
that results in a steep SFI curve.

Because hydrogenation is an exotherrei@ction, it will create heat as long as
the reaction is active; a decrease of omni® value increases the reaction temper-
ature by 1.6 to 1.7°C (2.9 to 3.1°F).mMperature increases lincrease the reaction
rate until an optimum is reaetl. At this point, coolig of the reaction mixture is
required to continue hydrogenation. Theimpm temperature varies for different
products, but most oils probably reach their maximum temperature at 450 to 500°F
(230 to 260°C).

2.7.1.2 Pressure

Most edible fats and oils hydrogermts are performed at hydrogen pressures
ranging from 0.7 to 4.0 bar (10 to 60 psig). At low pressures, the hydrogen gas
dissolved in the oil doesot cover the catalyst surfacehile at high pressure
hydrogen is readily available for saturation of the double bonds. The increased
saturation rate results in a decreas&ransisomer development and selectivity to
produce a flatter SFI curve.
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2.7.1.3 Agitation

The main function of agitation is to [goly dissolved hydrogn to the catalyst
surface, but the reaction mass must alsaditated for the digbution of heat or
cooling for temperature control and suspension of the catalyst throughout the oil
mixture for uniformity of reaction. Agitatiohas a significant effect upon selectivity
and isomerization: Both adecreased because the catak/stipplied with sufficient
hydrogen to increase the reaction rate.

2.7.1.4 Catalyst Level

The hydrogenation reaction rate increases the catalyst concentration is
increased up to a point and then levefs The increase in rate is caused by an
increase in active catalyst surface; howeasemaximum is reached because at very
high levels hydrogen will not dissolve fast enough to adequately supply the higher
catalyst levels. Both selectivity aticinsisomer formation are increased with cat-
alyst concentration increes, but only slightly.

2.7.1.5 Catalyst Type

The choice of catalysts has a stronguefice on the reaction rate, preferential
selectivity, and geometric isomerizationckil catalysts are used almost exclusively
for edible fats and oils hydgenation. Catalysts are prepared by a variety of techniques,
some propriety to the catalyst supplierywewser, nickel catalyst is usually prepared
by the reduction of a nickel salt and supported on an inert solid or flaked in hardfat
or a combination of the two. The activity of a catalyst depends on the number of active
sites available for hydrogenation. Thesavacsites may be located on the surface of
the catalyst or deep inside the pores. Higlectivity catalysts allow the processor to
reduce the linolenic fatty acid without producing excessive amounts of stearic fatty
acid, thus producing a product with good oxidative stability and a low melting point.
The selectivity characteristiad a catalyst are unrelated ttoe ability of the catalyst
to form transfatty acids because the catalyst may have a very low or very high
selectivity, but all common nickel catalystppear to produce the same leveraifis
fatty acids at the same conditions. However, catalyst may be treated with other mate-
rials such as sulfur, which increases the amoutraogfatty acids unsaturation.

Sulfur-poisoned catalysts produce larger quantitidsaofsisomers in hydroge-
nated oils. Reaction with sulfur inhibitsetltapacity of nickel to adsorb and disso-
ciate hydrogen, reducing the total activitytiog catalyst. As the ability of the nickel
to hydrogenate is reduced, its tendengyrtomote isomerization is enhanced. Hydro-
genated oils with a relatively high melting point at a high iodine value, which results
in a very steep SFI slopes, are the result of the thigisisomer content. Commer-
cially, sulfur-treated catalysts have bdeund to provide more uniform performance
than products that are sulfur-poisoned during processing.

Copper-chromite catalyst has been used for selective hydrogenation of linolenic
fatty acid to linoleic fatty acid in soybean oil for a more flavorful, stable salad oil
with higher winterzation yields. The selectivity offered by these catalysts is excel-
lent, but the activity is poor and they are more sensitive to catalyst poisons.
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Precious metals have been investigaiad found effective as hydrogenation
catalysts. Evaluations have shown that basestocks hydrogenated with 0.0005% pal-
ladium modified with silver and bismutvere exceedingly more active and slightly
more selective with mongans-fatty acids development than were equivalent stocks
prepared with nickel catalyst. Subsequeveluations have shown that the precious
metals are more active at lower tempermguhan nickel. Oilhave been hydroge-
nated at 60°C (140°F) with precious metalbile temperatureabove 130 to 140°C
(265 to 285°F) are requiredith nickel catalyst.Transisomer development is
increased as the hydrogenation terapge is increasedherefore, lesgansisomer
development should be obtained with precious metal utilization at low tempera-
tures?® Palladium has been found to be soB@etimes as activas nickel, as only
6 ppm is required to replace 200 ppm nickeéde principal deterrent to the use of
palladium has been economics, both in the initial costs and recovery problems
associated with the minute quantities required.

2.7.1.6 Catalyst Poisons

Refined oils and the hydrogen gas can contain impurities that modify or poison
the catalyst. Catalyst poisoase a factor that can hasesignificant effect upon the
product. The poisons effectively reduce catalyst concentration with a consequent
change in the selectivity, isomerizatiand rate of reaction. Impurities present in
both the feedstock oil and hydrogen gas are known to have a deleterious effect upon
nickel catalyst. Hydrogen gas may contain carbon monoxide, hydrogen sulfide, or
ammonia. Refined oil can contain soapdfur compounds, phosphatides, moisture,
free fatty acids, mineral acids, and a hosbtifer materials that can change the
catalyst. Studies have determined that 1 ppm sulfur poisons 0.004% nickel, 1 ppm
phosphorus poisons 0.0008% nickel, Inppromine poisons 0.00125% nickel, and
1 ppm nitrogen poisons 0.0014% nickel. Sulfur primarily affects the activity to
promote isomerization by inhibiting the capg®f the nickel catlyst to absorb and
dissociate hydrogen. Phosphorus in the form of phosphatides and soaps affects
selectivity by residing at the catalyst porérance to hinder theiglyceride exit for
a higher degree of saturati8hNater or moisture and fréatty acids are deactivators
that decrease the hydrogenation rate bytimgchemically with the catalyst to form
nickel soaps.

2.7.1.7 Catalyst Reuse

Hydrogenation with usedatalyst offers economic advantages when sufficient
activity remains after the previous use; however, at some point diminishing returns
arise due to filtration problems, as well@snges in reaction rate and selectivity.
The filtration problems inclugt (1) free fatty acids ithe oils reacting with the
catalyst to form nickel soap which can blind filters(2) decreased particle size
from mechanical attrition resulting in colloidal nickel, which will pass through the
filter screens; and (3) excessive levels required to maintain the desired nickel content
and activity due to catalyst poisons and tilila with filter aid and oil. Selectivity
will decrease with each use, whitansisomerization increasesith each catalyst
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reuse. It has also been observed tratsisomers increase more rapidly when the
catalyst is exposed to air after use. Ulsudats and oils processors specify new
catalyst for the production of critical basmsts and reuse catalyst for those products
for which selectivity is not as importanh a catalyst reuse program, the once-used
catalysts are segregated tompi identification and are esl by lot, with care taken

to maintain the identity of each. The lote graded down on the basis of the activity
during the last use. Each succeeding giadgsed for products requiring a lower
degree of selectivity until finally it is used to harden low-iodine-value hardfat. In
the latter usage, selectivity is of honsequence because the hardstock is substan-
tially completely saturated, and it makes no difference if the catalyst is selective or
nonselective.

2.7.1.8 Source Oils

Hydrogenation selectivity depends upon the type of unsaturated fatty acids
available and the number of unsaturatdtyfacids per triglyceride. Those oils with
high linolenic or linoleic fatty acids levels hydrogenate more rapidly and to higher
melting points than oils with high oleic fatty acid levels. The relative hydrogenation
reactivity for the 18-cdnon fatty acids ar&:

Fatty Acid Relative Reactivity
Linolenic (C-18:3) 40
Linoleic (C-18:2) 20
Oleic (C-18:1) 1

2.7.2 Hydrogenation Systems

Batch hydrogenation is most commonly usethe edible-oil industry, primarily
because of its simplicity and flexibility faise with different@urce oils. Essentially
all that is required is a reactimessel, usually referred to asanverter that can
withstand 7 to 10 bar (105 to150 psig) pressure, with an agitator, heating and cooling
coils, a hydrogen gas inlet, piping and pumps to move the oil in and out, and a
sample port for process control of the t@at The converter must also be provided
with the means to control the three reatti@riables: pressure, temperature, and
rate of agitation.

Two different batch converter designs utilized for the partial hydrogenation of
edible fats and oils arescirculation and dead-end. the recirculation system,
hydrogen gas is introduced at the bottof the vessel, and nonreacted hydrogen
gas is withdrawn from the headspace, putifiand returned tthe converter. The
converter is almost always filled with hydrogen under pressure in the operation of
the recirculation system. ldyogenation begins immexdely when the catalyst is
added with the oil charge during the heating period and thereafter until the endpoint
is attained when recirculati is discontinued. Reacti®@@mperature is controlled by
circulating water through the cooling cotts carry away the heat of reaction. The
hydrogenated oil is pumped out of the converter through an external cooler to a filter
for catalyst removal.
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Figure 2.6  Dead-end batch hydrogenation process flow.

A dead-end hydrogenation system is imgitl in Figure 2.6. The converter is
loaded with oil from a scale tank or metering devise. Converter vacuum is utilized
to deaerate, dry, and prevent any hydregien while heating vih steam to reaction
temperature. Catalyst, slurried in a mm of the feedstock, is added during the
heating period. When the aaches reaction temperatuttee vacuum is discontin-
ued and hydrogen is added until the specifisgssure is attained. This pressure is
maintained during the hydrogenation. Agitator designed to provide efficient
hydrogen dispersion is necessary to @eatvortex to draw hydrogen from the
headspace back into the oil. When tletbermic reaction hasaised the oil tem-
perature close to the maximum speciftechperature, coolingvater is introduced
into the coils. Samples are drawn frahe converter via the sample port as the
reaction proceeds to measure the hydragien progress. Agitation is suspended
whenever awaiting a laboratory analysis to confirm that the endpoint has been
reached. When the endpoint has been attained, the hydrogen is vented to the atmo-
sphere through the vacuum system, and the oil is cooled in the converter, in a drop
tank, or with a heat exchanger. After cooling to 150°F (65°C), the oil is filtered
through a black press to separate the catalyst from the oil. Hydrogenation black
presses traditionally have been of thatpland frame or pressure leaf variety.

From an operations standpoint, the two types of converters do not differ very
much. In general, the dead-end typepisferred by many processors because it
(1) requires less energy, (2) offers more versatility, (3) requires less capital and
operating costs, and (4) is safer than ibarculation system. Quality and perfor-
mance-wise, the advantages for the deadisystem are (1) oxidation and hydrolysis
prevention through deaerati@and dehydration provided by the vacuum during heat
up and cooling, (2) more positive control of the reaction for product uniformity, and
(3) the ability to vary the hydrogesressure as well as temperature.

Most hydrogenations of edible fatadaoils are performed both in the United
States and in the rest of the worldhatch converters. Continuous hydrogenation
systems have been available for quitenedime, but their commercial usage has
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been limited for several reasons. The maximum value for any continuous operation
is realized when it is used to produce large quantities of the same product. Consid-
erable out-of-specification product can be produced during a change from one
product to another. Because most fatsl ais processors produce a variety of
products, several different basestocks raxgtinely required that can be produced
more uniformly with batch hydrogenation systems.

2.7.3 Hydrogenation Control

In any hydrogenation operah, except those carried out to make low-iodine-
value hardfats, the ultimate aim is pooduce a partially hydrogenated basestock
with a definite preconceived consistency or a basestock suitable for blending with
other basestocks or oils to produce thgirdel finished product functionality. Batch-
to-batch variation in consistency is encountered even when the same hydrogenation
conditions are maintained dute differences in the festbck oil, catalyst activity,
and selectivity, as well as the other minariables. It is therefore important to
identify controls that will perihthe reaction to be stoppatia point that will provide
the desired consistency. These contraie usually exercised at the end of the
hydrogenation but can be used throughout the reaction to follow the hydrogenation
progress. Physical consistency of mostsfied shortenings, margarines, and other
fats and oils products is identified by analytical methods such as solids fat index
(SFI), iodine value (IV), and/or melting points. However, time restraints during
hydrogenation require more rapid controls. Hydrogenation controls used to deter-
mine basestock endpoints include:

» Refractive index— Hydrogenation reduces both ibeine value and the refractive
index of oils. The relationship betweehe iodine value and refractive index
depends upon the molecular weights of gheerides, which is very nearly the
same for most oils. The exceptions are the oils high in either lauric or erucic fatty
acids. Correlation between iodi value and refractivadex is not precise but will
be within one or two units, which should adequate to monitor the hydrogenation
reaction and indicate when to interrdipé reaction for more precise evaluations.

« Mettler dropping point— The relationship of iodingalue to melting point can
be changed by varying hydrogenation condsiccatalyst typesnd levels; there-
fore, it is necessary to measure bothagtive index and melting characteristics
for most basestocks with iodine valuzdow 90. Mettledropping point analysis
can provide a reliable result in lesamh30 minutes for thesbasestocks. Usually,
the oil is hydrogenated to a refractivelex before determining the Mettler drop-
ping point, which is the cordlling analysis. If the m#éng point (dropping point)
is lower than desired, hydrogenatiorcemtinued and the process is repeated until
the specified melting point is obtained.

* Quick titer— Refractive indices are rarelyagsfor low-1V hardfat hydrogenation
control. The refractometers are gener&liypt at 40.0 £ 0.1°C, and the hardfats
would solidify on the prism at this ngperature. The hardfat is too hard for
dropping point determinations, and IV oficil titer determinations are too time
consuming. A nonstandared “quick titer” evaluatin is usually used for endpoint
control for the hardfats. In this evaluati a titer thermometer is dipped into a
hot sample directly from the converterdarotated in the air until the fat clouds
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on the thermometer bulb. The corradatibetween iodine e and quick-titer
results is different for each source dlilerefore, quick-titer limits must be prede-
termined for each product.

2.7.4 Hydrogenated Basestock System

Most prepared foods are formulated with ingredients designed for their applica-
tion or, in many cases, specdily for the particular product or processing technique
employed by the producer. These customer-tailored products have expanded the
product base for fats and oils processbisn a few basic products to literally
hundreds. Each of these products could be formulated to require a different hydro-
genated product for each different produittis practice with the ever-increasing
number of finished products would result in a scheduling nightmare with a large
number of product heels tying-up tankasp and inventory. Basestock systems with
a limited number of hydrogenated stock products for blending to meet the finished
product requirements are utilized by most fats and oils processors. The advantages
provided by a well-designed basestock systare basically control and efficierfé@y.

The control advantages include:

« Hydrogenated oil batch blending to average minor variations

¢ Increased uniformity by the produsti of the same product more often

* Reduced contamination afforded by thility to schedule compatible products
together

« Elimination of product dewtions generatefftom attempts taise product heels

« Elimination of rework generated bheel deterioration before use

The efficiency advantages contribd by a basestock system include:

« Hydrogenation scheduling tmaintain basestock inventories rather than reacting
to customer orders

« Hydrogenation of full batees instead of producing sorpertial batches to meet
demands

« Better reaction time to meet customer requirements

Basestock requirements will vary wiélach processor, dapging upon the customer
requirements, which dictatae finished products produced. The basestock systems
can include several source oils or can beétdithto almost a single oil type. In either
case, the basestock inventories usuallysisi of a few hydrogenated products that
cover a wide range for blending to the desired consistencies:

« Brush hydrogenated basestoeksFor many edible-fatigredient specifications,
a liquid oil is required. To guarantee acceptable shelf life, the level of polyun-
saturates should be low, with an abseoc severely reduced level of linolenic
fatty acids (C-18:3). This can be actedvby a light and highly selective hydro-
genation of an oil within the oleic/lineic fatty acid group such as soybean,
sunflower, or canola. During hydrogenatighe iodine value drop is kept to a
minimum to reduce the formation of saturated fatty acids, anttaheisomers
formation is largely suppressed. Thallogenation should be performed at a low
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temperature to reduce the formationt@nsisomers. A high pressure of 3 to

4 bar (45 to 60 psig), in combination with new catalyst with high activity, selec-
tivity, and poison resistance should lged. Optimum conditions will vary con-
siderably, depending upon the geometnttaf converter, agitator, hydrogen gas
purity, and the other hydrogenation variablafter hydrogenatin, this basestock
can be winterized or fraohated to produce a flavotable salad oil or a high-
stability liquid oil depending upon the extaitthe hydrogenation. This basestock
class is also very useful in margarineldénds, snack-frying biand in specialty
product formulations.

< Partially hydrogenated flat basestocks Many food products require fats and
oils products that have an extendedstic range with goodxidative stability.

The products must be safhd plastic at room tempure and still possess some
body at temperatures of 100°F (38°C)tlwimelting points only slightly above
body temperature. Stabilitis important because dhe probable exposure to
baking or frying temperatures and losbelf-life expectancy. These basestock
requirements can impose a darting set of operatinganditions. Highly selective
conditions are desirable to convert allolienic and as much linoleic fatty acids

as possible to oleic fatty acids for maximum stability. However, highly selective
conditions also favor the formation tBnsisomers, which are undesirable for
this application. Thearansisomers have higher milg points than the normal
oleic fatty acid without the stdlty improvement. Further, théransisomers
restrict the amount of saturated fatty acids that would increase the stability and
serve to extend the plis range while providig the high-temperature body
desired. Usually, moderately selective conditions are utilized to produce these flat
SFI basestocks — for examptelatively low temperatures of 300 to 350°F (150 to
175°C) with high pressures of 20 to 30 p&id to 2 bar) with a selective catalyst
that hadransisomer suppressant giteds. Reuse catalysshould be avoided, as
they enhancéransisomer formation.

< Partially hydrogenated steep basestoeksThe physical properties of these base-
stocks are characterized by steep SFI cuovesigh solids contents at the lower
measuring temperatures with an abseofteolids at temperatures higher than
body temperature. Hydrogenation of théssestocks should lmarried out with
highly selective conditions or high temparre and low pressure. Used catalyst,
sometimes enhanced with new, very selective catalyst, can be utilized to help
achieve the desireddt selectivity andransisomer formationThese basestocks
are beneficial in blends for margario#s, high-stability frying shortenings, non-
dairy products, fillings, rad other products requiringsharp melting point with
good flavor stability while providing the geired firmness at room temperature.

* Low-IV hardfats— These basestocks are often referred tiuls hydrogenated
hardfats or stearineshowever, regulations requirearo 1V for the fully saturated
designation. Becausetalyst activity is the only criterion with these hydrogena-
tions, used catalyst can be utilized. Imeel, high-pressure (4 bar or 60 psig, or
higher) and high-temperature (450°F 280°C) conditions are used for these
basestocks to make the reactpogress as rapidly as possible.

Table 2.3 outlines a soybean oil basdstegstem with seven hydrogenated stock
oils ranging from a lightly hydrogenated 109 IV to a saturated hardfat with a
maximum [V of 8. Utilization of a similar basestock system designed for the required
product mix should enable fats and oils processors to meet most shortening speci-
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Table 2.3 Soybean Qil Basestock System

Basestock Type Brush Flat Steep Saturated
lodine value 109 85 80 74 66 60 <8
Mettler dropping point — 302 33+2 35+1 43+2 465+15 —
(°C)
Solids fat index at:
50°F/10.0°C 40max 18+3 25+3 41+3 62+3 68+3 —
70°F/21.1°C 20max 8+2 12+3 24+3 50+3 59+3 —
80°F/26.7°C — 341 5+1 16+3 45+3 54+3
92°F/33.3°C — — — 35max 26+3 40+3 —
104°F/40.0°C — — — — 6+3 162 —
Quick titer (°C) — — — — — — 52+2
Fatty acid composition (%):
Palmitic (C-16:0) 10.8 10.2 10.1 10.9 10.7 10.7 10.5
Stearic (C-18:0) 4.4 6.4 7.0 8.2 15.2 20.8 86.9
Oleic (C-18:1) 44.3 68.2 72.0 75.0 70.7 66.3 17
Linoleic (C-18:2) 37.7 15.2 10.9 5.9 3.1 2.2 —
Linolenic (C-18:3) 2.8 — — — — — —
trans-Acids (%) 14.8 22.7 25.3 44.7 45.5 45.0 Nil
Hydrogenation
Conditions Nonselective Selective Nonselective
Gassing temperature 300 300 300 300 300 300 300
(°F)
Hydrogenation 325 350 350 440 440 440 450
temperature (°F)
Pressure (bar) 3-4 1.3 1.3 0.7 0.7 0.7 4
Catalyst (% nickel) 0.01 0.02 0.02 0.02-0.04 0.04-0.08
Agitation Fixed

fications by blending two or more basestocks, except for some specialty products
that can be made only with special hydrogenation conditions.

SFl is one of the most important consistency measurements, and it also indicates
the selectivity of the conditions used to prepare the individual basestocks. It measures
the amount of solids present in a fatdifferent temperatures from below room
temperature to above normabdy temperature. A fat cappear to be a solid but
really exist as a semisolid and does not have a distinct melting point. Natural and
hydrogenated fats and oils melt ovewale range of temperatures. SFI analysis
determines the solid or unmelted portioradat over a measured temperature range.
These results relate to the consistency of the fats and oils product in terms of its
softness, plasticity, organolepic, and atphysical properties important for its use
as an ingredient in prepat foods. The slope of tI&F| curve shows the effects of
hydrogenation selectivity as it affectsnsistency. The SFI curve slope becomes
steeper as the hydrogermati conditions are made more selective — that is, the
highest temperature, lowegtessure, and highest level afselective catalyst. The
slope of the SFI curve becomes flattettees hydrogenation reaction conditions are
made less selective with lower temperatuhégher pressure, and low catalyst levels.
These effects are illustratéar the soybean oil basestocks graphically on Figure 2.7.
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Figure 2.7  Soybean oil basestocks.

2.8 POSTBLEACHING

A separate bleaching operation, immeelia following the hydrogenation pro-
cess, has three general purposes: (ljetoove traces of nickel that escape the
catalyst recovery filtration; (2) to remowmdesirable colors, generally of greenish
hue; and (3) to remove peroxides and adapy oxidation prducts. This bleaching
process generally employs a bleaching earti a metal-chelating acid to reduce
the residual nickel content to the lowesskgible level. As much as 50 ppm nickel,
mostly in colloidal form, can remain ite hydrogenated odfter the black press
filtration. Trace amounts of nickel remainiimgthe oil adversely affect the stability
of the oil by accelerating thexidation process. After gtbleaching, the trace metal
levels in the oils should be reduced to <0.1 ppm nickel and <0.02 ppm copper for
oxidative stability.

Green colors can emerge in the hydrogenated oils because of the heat bleaching
of yellow and red masking pigments durimgdrogenation. In the course of hydro-
genation, the carotenoid pigments canréduced to a colorless form while the
chlorophyllic pigments merely have their absorption maxima shifted from 660 to
640 Rn. After the removal of the masking reddish pigments, the greenish pigments
predominate, resulting in oils that appgagen. The green pigimts can be removed
by adsorption on acid-activated clays with some difficulty, depending upon the
severity. Green colors are more easily oged in the prebleach process before the
color has been set by heating during hydrogenation.

Postbleach systems can é@eact duplicates of the gleach process; however,
most fats and oils processors prefer batch systems over continuous systems due to
the production of a wide variety of hydrogenated basestocks from several different
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source oils. Vacuum batchsgms are normally selecteder atmospheric processes
for the oxidative protection afforded tbés. The bleaching conditions are normally
0.1 to 0.2% activated bleadg earth with approximatel§0 ppm phosphoric acid
or 50 ppm citric ad added as a chelating agemtd bleached at 180°F under a
25-inHg minimum vacuum. Aftebleaching, the spent earhd adsorbed impurities
are removed with a pressure filter, ané il is cooled to 130°F before further
processing or is inventoried for basestock blending.

An alternative to postbleaching practidegl some processors is the addition of
activated carbon to the oil with the catalyst during hydrogenation. Activated carbon
is very effective in removing chlorophyll pigmts. After filtering, the oil is treated
with citric or phosphoric adiand polish-filtered to capte the colloidal trace metals
remaining in the oil and any traces of the carbon that have escaped the catalyst filter.

2.9 INTERESTERIFICATION

The terminteresterificationrefers to the fats and oils reaction in which fatty acid
esters react with other esters or fattydadio produce new esters by an interchange
of fatty acid groups. More simply statedtdaresterification can be visualized as a
breakup of a specific glyceride, removakdftty acid at random, shuffling it among
the rest of the fatty acid pool, and r@@ment at random by another fatty acid.
Because of the random rearrangementhef fatty acids of th natural oil, the
interesterification processadso commonly referred to emndomizationrearrange-
ment or modification

Natural fats and oils are mixtures of mixed triglycerides. Their functional prop-
erties as ingredients in praged foods are directly relat¢o the type of triglycerides
in the fats and oils. Triglyceride type is determined by the fatty acid composition
and the distribution of the fatty acids on the individual triglyceride molecules.
Distribution of the fatty acids on the individual triglyceride molecule and the quantity
of each triglyceride type depend on thegamdions of tle individual fatty acids, the
fat or oil source, and the processing higtof the product. Nature provides each fat
and oil with a selective fatty-acid distriboi among the glycerides that affects the
consistency of the product as either ¢idsor a liquid. Trigturated triglycerides
provide structure, disaturated monounsatenl triglycerides provide both structure
and lubricity, and the lower-melting unsaturated triglycerides provide lubricity only.
Table 4.4, in Chapter 4, shows the melting points of the common triglycerides found
in most oleic/linoleic fatty acid group fats and 6A3he interesterification processes
can alter the original order of distribution of the fatty acids in the triglyceride-
producing products with melting and crystallization characteristics different from
the original oil or fat. Unlike hydrogenati, interesterification neither affects the
degree of saturation nor causes isomerization of the fatty-acid double bond. It does
not change the fatty acid composition of gharting material butearranges the fatty
acids on the glycerol molecule. The processiteresterificatio can be considered
as the removal of fatty acids at randfnom the glyceride molecules, shuffling of
these acids, and replacement of themtenglyceride molecules at random. This
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change in the distrikiion of the fatty acids amongelyglycerides affects the physical
nature and behavior of the fats.

Commercially, the interesteightion process is utilizefibr processing edible fats
and oils to produce confectionery or coating fats, margarine oils, cooking oils, frying
fats, shortenings, and other special apfiiceproducts. Interesterification has not
been a preferred processtire United States exceptrfeome very specific appli-
cations: (1) modification of lard to fution as a plastic shortening, and (2) random
rearrangement of lauric-oil-based confeodoy or coating fats. Interesterification
of lard was used to obtain a different triglyceride composition for more desirable
physical properties than the original fat. Plasticized shortening made from random-
ized lard has a smoother appearancetartlire because the crystal structure has
been changed from betd&j(to beta-prime E)cwhich also helps it retain its appear-
ance during storage with bettcreaming properties. Cently, the markt for pre-
mium lard shortenings no longer exists daethe reduced use of animal fats and
the competitive pricing of vegetable oils. The primary, but limited, use of interest-
erification in the United States is forettprocessing of value-added specialty fats
such as confectionery or ating fats. These fats, callddrd butters are used as
substitutes for cocoa butter in coatingsl aother applicationsharacterized by a
relatively high solid fat content at room temperature with a sharp melting point. The
interesterified hard butters are typicatlymposed of rearranged, hydrogenated palm
kernel or coconut oils with lesser quantities of other vegetable oils to adjust the
melting point. Outside the United States, interesterification has much wider appli-
cation to process basestocks or finished products for margarine oils, cooking oils,
cocoa-butter equivalents (CBEgNd other specialty produéts.

Two general types of chemical intem#fication or rearrangement processes
practiced are random and directed. In randearrangement, the fatty acid radicals
freely move from one position to another in a single glyceride or from one glyceride
to another. As the fatty acids rearrantjey reach an equilibrium that is based on
the composition of the starting material and is predictable from the laws of proba-
bility. Directed rearrangement modifies the fatty acid randomization by upsetting
the equilibration mixture. Tik process is carried out Ew temperatures to allow
crystallization of a portion of the mixture while the interchange of fatty acids is
continuing in the liquid portion. This produces a different composition composed
of larger proportions of high-melting glgrides and a corresponding larger propor-
tion of very-low-melting glycerides. The degree of difference depends upon the
temperature, time, and otheonditions ofthe reaction.

A third rearrangement process, enzymatic interesterification, is now used in
Europe to produce high-value-added produsuch as structed triglycerides for
confectionery use. The majadvantages of the enzytitainteresterification over
chemical processes are the specificityilatde in lipase catalysts and the greater
degree of reaction control. Oil modifigat by lipases is performed under anhydrous
conditions at temperatures up to 160°B°Q@). Two types of exyme catalysts are
currently available commercially: a randdipase that produces products similar to
chemical randomization and1a3 fatty acid specificity lipase that allows the pro-
duction of specific triglgerides at high yields.
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2.9.1 Chemical Rearrangement Catalyst

Fatty acid rearrangement may occur withibigt use of a catalyst at a temperature
of 475°F (250°C) or higher, but most processors use alkali metal alkylates or alkali
metals to speed up the reaction. Ratacted at high temperatures without the
assistance of a catalyst proceed slowhetmilibrium and havether undesirable
changes as well (i.e., isomerization, ypokrization, and decomposition). Some of
the chemical rearrangement catalystsnmercially utilized includé#ss

¢ Sodium methylatan alkali metal (alkylate), iseimost widely used low-temperature
interesterification catalyst. It is activeatower temperature, epds up the reaction,
has a relatively low cost, does not require a vacuum during processing, and is easily
dispersed in fat. Sodium methylate is usétler as a powder or as a dispersion in
solvents such as xylene at very low lev@ld% if the starting material has a low
free fatty acid level and is dry; however, the average usage range is 0.2 to 0.4%.

« Sodium potassium allpwhich has been used as an interesterification catalyst at
0.05 to 0.1%, is liquid at ambient teerpture and does nw#quire dispersing in
a solvent for introduction to the reaction. It can catalyze low-temperature reactions
at faster rates than other catalystsrequires high sheer adiiian and is typically
more expensive even though it offers a wwihoss. The interestification reaction
starts almost instantaneously with the addition of the catalyst and is complete in
as short a time as 5 minut&he feedstock oil or fat must be very dry before the
addition of this catalyst. It will react with moisture to liberate hydrogen gas, which
can inactivate the catalyst. Additionaltijs creates an explosion potential from
the heat and hydrogen gasmgeated during deactivation.

¢ Sodiunmor potassium hydroxidare the lowest cost rearrangement catalysts, but they
must be used in combinatiavith glycerol and require a two-stage reaction under
vacuum at high temperaturés effect a reaction. Thiirst stage is conducted at
140°F (60°C) to neutralize any free fatty acidiy the oil, and disperse the catalyst.
The reaction mixture is heated to 285 to 320°F (140 to 160°F) during the second
stage to effect rearrangement. Glyceral isecessary component of this catalyst for
the reaction to occur and usually formsadiramounts of mono- and diglycerides.

The compounds described above are probabtythe real cheroal interesterifica-

tion catalysts but serve as initiators in the process of forming the true interesterifi-
cation catalyst. Most likely, intermediateach as sodium glycerate formed in the
fat are the active catalyst. When the catalygispersed in a previously dried oil
maintained at about 140 to 175°F (60 to 80°C), a white slurry develops. After heating,
a characteristic brown color developslizating that the reaicin has begun. The
color change is associated with the actiagalyst formation, which is probably an
intermediate glycerate anion.

Rearrangement catalyst must be inactivated removed at the end of the process
because interesterification is a reversitdaction. Most cheioal catalysts can be
removed by washing the reaction mixture with water to separate a salt- or soap-rich
aqueous phase. An alternative methotbiserminate the reaction with phosphoric
acid and remove the solid phosphate salts by filtration. Either technique results in
product loss:
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* Phosphoric acid termination losses

e Catalyst— One gram of sodium methylatetalgst yields the interesterified
product, 5.519 grams of methyl esters, 5.67 grams of sodium soap, and 2.13 grams
of diglycerides. The loss for the catsylevel used can be calculated as
11.2 pounds product loss forabapound of catalyst used.

¢ Bleaching-earth oil retentior— It may be assumed that the bleaching earth
will retain its weight in neutral oil oa 0.1% bleaching earth will remove the
phosphate salts and retdrl% neutral oil.

* Deodorizer losses— Deodorization to a 0.05%FA would necssitate a loss
of the FFA content above this level.

« Water termination losses— This neutralization prass adds the entrained oil
losses experienced with water washioghose for the phosphoric acid termina-
tion. The only savings for this proceduree the phosphoric acid costs; however,
the oil quality improvement with waterrtaination may justify the added expense.

2.9.2 Endpoint Control

A brown color develops when the cheutii reaction begins and deepens as the
reaction continues. In mosperations, the reaction idaked to proceed for a fixed
time period after the appearance of the r@elor before sampling to determine
if the reaction has been completed. Teaction is most oftenonfirmed by moni-
toring changes for a characteristic partscuio the source oil or mixture of oils
processed which usually involve evaluations for specific product changes. The effect
of interesterification of glyceride mixturekiffers in different cases, depending upon
the composition of the original fat, mixture of fats, or prior processing.

2.9.2.1 Melting Point

Interesterification may raise, lower, or have no effect upon the melting point,
depending upon the starting fat and oil glyceride composition. A high melting
mixture of completely hydrogenated fat with a large proportion of a liquid oil will
experience a decrease in the proportion obtiisited glycerides to effect a lower
melting point with interesterification. Applied to an oil such as cottonseed, with a
substantial proportion of solid fatty acidstmardly any trisaturated glycerides, the
randomization process willisee the melting point becauéncreases the proportion
of fully saturated triglycerides. These changes are illustrated by the melting point
results before and after the random rearrangements listed in TaBtééSghecific
melting point limits must be established to identify the expected change and the
suitability of this analytical method for endpoint control. In some cases, no melting
point change occurs, or it may be so slight that it will be within the range of normal
analytical error. Even though melting point is a rapid, reproducible method, it cannot
be used as an interestadtion endpoint in all cases.

2.9.2.2 Solids Fat Index

SFI analysis control requs measurement at several temperatures for definite
results to identify a change, and it is very time consuming; however, small changes

© 2004 by CRC Press LLC



Table 2.4 Melting Point Changes with
Random Rearrangement

Eats and Oils Original Rearranged

Products °F °C °F °C

Soybean oil 194 -7.0 41.9 55
Cottonseed oil 50.9 105 93.2 34.0
Lard 109.4 43.0 1094 43.0
Tallow 115.2 46.2 1123 446
Palm oil 1029 394 108.9 427
Palm kernel oil 829 283 80.4 26.9
Coconut oil 779 255 82.8 28.2
H-palm kernel oil  113.0 45.0 939 344
H-coconut oil 100.0 37.8 88.9 31.6

in melting point evaluations may be aogmanied by more ghificant changes in

the SFI content and slope for the curve throughout the range of functionality-
important temperatures. Thahanges in trisaturate and disaturate glycerides with
interesterification are reflected in the Sdntents before and after the reaction.
Figure 2.8 shows the effects of interesimmtion on two different fats and oils
sources: natural lard and hydrogenagpetin kernel oil. These SFI res§it& verify

that the rearrangement effects are dependent upon the composition of the original
fat or oil product. Rearranged lard has a flatter SFI slope caused by a higher
trisaturate level, which is a more dedile shortening basRearranged hydrogenated
palm kernel oil results in a steeper SFI slope with a lower melting point for improved
eating characteristics. SFI analyses arefuldor formulation and to confirm that

the predetermined results have beenirsthbut are probably too time consuming

for interesterification endpoint control.

Figure 2.8  Rearrangement effect on solids fat index.
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2.9.2.3 Differential Scanning Calorimetry

Differential scanning calorimetry (DSC) is most useful for studying the kinetics
of crystallization and melting of triglyceride mixtures under dynamic conditions.
The heating and cooling thermograms résglfrom DSC show distinct differences
between some nonrandomized and randomized fats and oils. The basis of the cooling
curve is that crystals of fat give off heat upon solidifying from liquid oils and absorb
heat upon melting. Large crystals give up heat so rapidly during formation that the
temperature of the fat may rise rapidlyring the chilling cycle. The endpoint of
lard interesterification is best determinieg a cooling curve analysis that indicates
the absence of the heat of crystallizatiesaxiated with untreadl lard. The endpoint
of interesterification for lauric hard butseor coating fats might be determined by
a loss of rapid solidification of the fully saturated glyceride component on cooling.

2.9.2.4 Glyceride Compositional Analysis

The basic change that occurs due toregterification is inthe glyceride com-
position; therefore, analysthat can identify the gteride composition should be
the most definitive endpoint possible. High-performance liquid chromatography
(HPLC) methods can separate triglyceridesording to their leveof saturation or
on the basis of molecular weights.

2.9.3 Random Chemical Interesterification Process

Random chemical rearrangement of fatsl oils can be accomplished using
either a batch or continuous process. Bmtorm the three iportant rearrangement
steps: (1) pretreatment ofettoil, (2) reaction with theatalyst, and (3) deactivation
of the catalyst. A typical batch rearrangent reaction vessel is equipped with an
agitator, coils for heating dncooling, nitrogen spangg, and vacuum capabilities.
The process steps for batch rearrangemerft&ré”

1. Heat the fat to 250 to 300°F (120 to 150°C) in the reaction vessel under a vacuum
to dry the oil. Drying is critical becaugaoisture deactivates the catalyst. Moisture
levels in excess of 0.01% will require extra catalyst to complete the reaction.
Additional catalyst usage results in higlpeoduct losses. A rule of thumb is that
each 0.1% of sodium methylate castlyesults in 1.1% neutral oil loss.

2. After drying, the fat is cooled to theaction temperature, which ranges from 160 to
210°F (70 to 100°C), depending upon pireduct and desired processing condi-
tions. Sodium methylate powder is suck&d the reaction vessel with the vacuum.
The amount of catalyst necessary is thewamhrequired to neutralize the free fatty
acid, plus a slight excess to catalyze the random rearrangement. Therefore, because
one part of sodium methylate will nediza 5.26 parts of stearic fatty acid and
0.06% excess is enough to catalyze riection, the catalysequirement can be
calculated as: (FFAI0.19) + 0.06 = the percerddium methylate catalyst required
for the reaction. This mixture is agitdtéo form a white slurry, which indicates
good dispersion, for 30 to 60 minutes otiluformation of the distinctive brown
color indicates randomization. At this pbithe mixture is sampled for laboratory
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analysis to determine if the reaction isngete or requires additional catalyst and
time to attain the predetermined endpoint.

3. When reaction completion is confirmed thye laboratory results, the catalyst is
neutralized in the reaction vessel. Utlalization may include the addition of
phosphoric acid or carbon dioxide (g@rior to water washing to deactivate the
catalyst. Water combines with sodium methylate to form sodium hydroxide and
methyl alcohol, which react i the neutral oil to form soap and methyl esters.
Product losses are kept to a minimiby neutralizing withphosphoric acid or
CQ, prior to water washing.

Continuous interesterification processtollow the same cycle as the batch
process but utilize differémquipment. The process flow for one continuous system
is as follows. The oil is heated witthaat exchanger and flash dried with a vacuum
oil dryer to bring the moisture level to 0.01% or less. The catalyst is introduced into
the hot oil stream and homogenized for dispersion. The homogenized mixture is
then passed through a tubutaactor. The reactor residence time can be adjusted
by changing the length of the tube. Tbatalyst is deactivated with water and
centrifuged to separate the soap and Aiter separation the product is vacuum
dried to remove the remaining traces of moisture.

2.9.4 Directed Chemical Interesterification Process

In directed rearrangemeptocesses, one or more of the triglyceride products of
the interesterification retéion are selectively removefdom the ongaig reaction.
Trisaturated glycerides crystallize aade separated from g¢hreaction when the
mixture is cooled below its melting point. This selective crystallization upsets the
equilibrium, and the reaction will produce marisaturated glycerides to reestablish
equilibrium. Theoretically, this process could continue until all the saturated fatty
acids are converted into trisaturategyoglrides and separated from the reaction.
Because this reaction is dated to produce a particulype of glyceride, it is
referred to aglirected interesterification

In directed interesterificatn, only catalysts active &w temperatures are effec-
tive, and the rate of random rearrangemisnimportant because the trisaturated
glycerides can precipate only as fast &y thre formed in the liquid phase. Sodium-
potassium alloy (NaK) is more suitable fdirected interesteiigation than either
sodium or sodium methylate because ofiitsre rapid activityat low temperatures.

Continuous process are normally uded directed interesterification because
the batch process is difficult to control and would require a number of extra tanks.
The process flow for caimuous directed reamgement is as follow&!:67.6

1. The oil is vacuum dried to 0.01% moisture or less.

2. After drying, the oil is cooled to angerature just above its melting point with
a heat exchanger.

3. A carefully metered streaof NaK catalyst is addetb the product stream and
mixed or homogenized to suspend the catalyst throughout the product.

4. The homogeneous mixturegaick-chilled with a scramewall heat exchanger to
a predetermined point to trate crystallization of the trisaturated glycerides.
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5. The cooled mixture is transferred to agitated vessel, where interesterification
proceeds under carefully coniteal agitation. At this stage, trisaturated glycerides
are crystallizing while interesterificatiaf the liquid phase is continuing to form
more trisaturated glycerides.

6. Crystallization of the trisaturated glycezalliberates a considerable amount of heat
due to fusion, which can increase the reaction temperature beyond the desired point,
which necessitates a second chilling stéth a scraped-wall heat exchanger.

7. After the second cooling, the producttiansferred to anothesessel with con-
trolled agitation, where therecipitation of trisaturatedlycerides and interester-
ification continues to the desired endpoitystallization slowss the trisaturates
diminish, so this stage requires more time for reaction completion. The level of
trisaturated glycerides in the final protlwan be adjusted byarying the time in
the crystallizer, the crystallization temperature, or a combination of the two.

8. After the desired endpoint has been reactiedcatalyst is “killed” by adding water.
The amount of water is calculated to pdevthe desired fluidly for centrifuging to
remove the soap phase. Saponificatiotheffat can be minimized somewhat by the
addition of carbon dioxide with the wat® buffer the caustic to a lower pH.

9. After neutralization of the catalyst, theoduct can be heatéd melt the trisatu-
rated glyceride crystals for ceritgation followed by vacuum drying.

2.9.5 Enzymatic Interesterification

Enzymes have been used for many yeamsodify the strueire and composition
of foods but only recently have been available on a large enough scale for industrial
applications. Enzymatic interesterification is now used to produce high-value-added
structured fats and oils produéts®7t Useful glyceride mitures that cannot be
obtained by chemical interesterification processes are possible by exploiting the
specificity of lipases. In all glycerideeactions, lipases cataly either the removal
or the exchange of fatty acid groups oa tltycerol backbone. Different lipases can
show preferences for both the positiontloé fatty acid group on the triglyceride
and the nature of the fatty acid. Two typédipase catalyst identified by application
specificity have been identified:

« Random lipases, which catalyze reactiah®ll three positions on the glyceride
randomly

« 1,3-Specific lipases, which catalyze réags only at the outer 1- and 3-positions
of glycerides

Random lipase interesterification has very little advantages over standard chem-
ical techniques. Nonspecific catalyzedctions with triglycerides produce products
similar to those obtained by chemical interesterification. However, with a 1,3-specific
lipase as a catalyst, fatty acid migration is confined to the 1- and 3-positions to
produce a mixture of triglycerides not pils with chemical interesterification.
These specific lipases allow the production of a limited range of glycerides to be
produced that can be separated using physical processes.

Lipases are manufactured by fermentatbselected microorganisms followed
by a purification process. The enzymatitenesterification catalysts are prepared
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by the addition of a solvent such as acet@tleanol, or methandb a slurry of an
inorganic particulate material in bufferéigase solution. The precipitated enzyme
coats the inorganic material, and the lipasated particles are recovered by filtration
and dried. A variety of support materials have been used to immobilize lipases.
Generally, porous particulate materialshwhigh surface areas are preferred. Typical
examples of the support materials @&a-exchange resins, silicas, macroporous
polymers, clays, etc. Ed€tive support functionality requirements include (1) the
lipase must adsorb irreversibly with a abie structure for functionality, (2) pore
sizes must not restrict reamti rates, (3) the lipase must not contaminate the finished
product, (4) the lipase must be thermally stable, and (5) the lipase must be econom-
ical. The dried particles are almost ingetias interesterification catalyst until
hydrated with up to 10% water prior to use.

Lipase-catalyzed interesterification faits and oils can be accomplished either
by using a stirred batch reactor or withntinuous processing using a fixed-bed
reactor. The latter is the preferred pregeoffering the advantage of minimized
reaction times due to the high catalyst swgistratio along with the other advantages
of (1) catalyst recovery, (2) reduced castldamage, and (3) improved operability.
The continuous fixed-bed interesterification process begins by dissolving the feed-
stock in a solvent followed by treatmettt remove enzyme catalyst inhibitors,
poisons, and particulate materials. This solution is then partially saturated with water
prior to pumping through a bed of hydratedalyst particlesThe reaction products
are a mixture of triglycerideand free fatty acids. After the reaction, the FFAs are
removed by evaporation and processeddoovery. The FFA-free oil is then solvent
fractionated to yield the desired triglyceride composition.

2.9.6 Interesterified Fats and Oils Applications

Interesterification processes can be used to produce fats and oils products with
different physical and nutritional propertié&earrangement of the fatty acids on the
glycerol backbone affects the structural properties or melting behavior of the fats
and oils products. Often, interesterificatits combined witlother specialized pro-
cessing techniques such as fractionation or hydrogenation. By combining interest-
erification with these and other morephisticated techniqueshe fatty acid and
glyceride composition can be manipulated to produce the desired physical and
functional properties. Theseqatucts may also be utilized as basestocks for blending
with other selected fats and oils products to produce the desired functional properties.

Chemical and enzymatic interesterification processes can affect physical prop-
erties by changing the migly properties and in sonmases the crystal behavior.
The use of these triglycerides in food protican allow the del@ment of specialty
fat and oil products more suitable for the desired application performance, nutritional
requirements, or both. Intesterification can be utilizetb formulate products with
less saturated or isomerized fatty acids for the production of products with low or
no trans-acids. Margarine and shortening finished products have been produced
using interesterified fats and oils ingdeaf the traditional hydrogenated basestocks.
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2.10 WINTERIZATION

The descriptive term afinterizationevolved from the observation that refined
cottonseed oil stored in outside tanks during the winter months physically separated
into a hard and clear fraction. Toppingdacanting the clear oil from the top of the
tanks provided an oil that remained liquid without clouding for long periods at cool
temperatures. In fact, some cottonseeddsals routinely had cold test results of
100 hours or more when topped from outside storage tanks. The clear oil portion
became known as winterized salad’®ilhe hard fraction from the bottom of the
tanks was identified as stearine, which is the solid portion of any fat.

A need for a liquid oil with these claateristics was created by the use of
refrigerators in the home and the requirements of the mayonnaise and salad dressing
industry. Mayonnaise could not be made from oils that would crystallize in the
refrigerator and cause tieenulsion to break. New terminology emerged because of
this association with mayonnais#interized oil became known aslad oil Sum-
mer oils, or oils that had not beenbgcted to winterization, became known as
cooking oils As the demand for salad oils iepassed, it became impossible to rely
on long-term storage of refined oils ftbre winterized oil requirement. Processors
recognized the obvious solution and created winter conditions indoors.

2.10.1 Classic Winterization Process

The indoor process developed to simulate the natural winter process consisted
of a chilled room held at 42°F (5.6°C) willeep, narrow, rectangular tanks to provide
the maximum surface exposui@ cooling. Warm, dryrefined, and bleached oil
pumped into the chill room tanks began to cool and crystallize-out stearine imme-
diately, but slowly. Convectioheat transfer simulateddloutside storage conditions.
Agitation was avoided because it fractutbd crystal, causintprmation of small,
soft crystals that were difficult to filter. Cooling with a 42°F room temperature
simulated winter conditions in the south&snited States closely and required two
to three days to produce the desired large crystals for filtering. After the oil temper-
ature equated with the room temperature, it was held for several hours to allow the
stearine or hard fraction to precipitate nmdully. The stearine was separated from
the liquid oil by filtering with plate and frame presses. Early installations relied on
gravity feed to the presses, but latempoessed air or posig displacement pumps
were utilized to exert a pressure of 5 to 20 psig to increase the filtration rate. Care
was exercised to avoid breaking up the tigsexcessively. A slow filtration rate
was necessary because of the high oil viscosity and excessive pressure pressed the
stearine into the filter cloths, causing a blockage that stopped the oil flow. A large
filter area on the order of 2 to 3 pounds of oil per hour per square foot was the
general guideline. The stearine cake was melted with hot fat for removal after the
filter press was full.

Winterization is still performed usingelclassic techniquesutlined above, but
many processors have made equipmeut grocess modifications to improve effi-
ciency. Jacketed enclosed tanks equippitd programmable cooling and agitation
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have evolved as crystallization cells rieplace the open-top, narrow, rectangular
tanks cooled by the chill room temperature. However, attempting to force crystalli-
zation by means of an excessively coldleat and rapid agitation results in small
crystals that are virtually unfilterabl®ecessed plate and frame or pressure leaf
filters have been used in winterizatibecause these filters have the cake-holding
capacity that the process requires. Obsipuwhen 15% or more of the feed is
removed in the form of stearine, a substantial solids retention capacity is needed.
Separation of the stearine finathe liquid oil by meansf a centrifuge has had some
success. The main problem encounterétth wentrifugal sepation is liquid oil

yield, as the stearine tendsttap excessive amounts of oil.

2.10.2 Winterization Principle

Winterization is a thermmechanical separation ess where component trig-
lycerides of fats and oilare crystallized from a melfhe two-component fractional
crystallization is accomplished with partglidification and separation of the higher
melting triglyceride components. The complex triglycerides may have one, two, or
all three fatty acids, either all the samedifferent in any of the possible configu-
rations depending upon the source oil and prior processing.

Fat crystallization occurs in two steps: fijcleation and (2)crystal growth
The rate of nucleation depends upon the triglyceride composition of the oil being
winterized, the cooling rate of the othe temperature of the nucleation, and the
mechanical power input or agitation. Growth rate is dependent on the crystallization
temperature, time, and mecleal input or agitationA careful selection of the
process variables for a particular oil is very important. The ideal is to produce a
small number of nuclei arodrwhich the crystals grow larger in size with cooling.

A large mass of small crystals that are difft to filter results when a large number
of nuclei are formed. Pomeparation and yield alsostdt when crystals group

together in clumps that trap large quaastiof the liquid phase. The effect of the
major processing variables upon winterization performance include the folléing.

2.10.2.1 Source Oil Composition

Nucleation and crystal growth depend upon the composition of the oil being
winterized. The various trigberides in a particular oill fractionate in the fol-
lowing order: (1) trisaturate,;S(2) disaturate monounsaturatgUS(3) monosatu-
rate diunsaturate, SPand (4) triunsaturate, JUA portion of the higher melting
glycerides will be found with the lower melting liquid oils as a result of eutectic
formation and equilibrium solubility. Because the mixture of triglycerides in an oil
is too complex to predict their phase bébg a given set of winterization conditions
are applicable only for the gicular feed oil. For partially hydrogenated oils, the
composition of the oil and the hydrogenation conditions affect the winterization
yield and quality. Hydrogenation conditions should be selected that produce the
lowest level of saturates atrdns-fatty acids but still effect the desired iodine value
endpoint.

© 2004 by CRC Press LLC



2.10.2.2 Cooling Rate

An essential requirement of the winterization process is a slow rate of chilling.
Rapid cooling of the oil results in (1) a mass of very snizdkystals, and (2) a
high nucleation rate that ireaises the viscosity, which in turn restricts crystal growth.
Slow controlled cooling rates produce stalieor E-crystals, depending upon the
dominant crystal habit for the source oilntérized, and the scosity remains low
enough to permit nucleii movement to allow crystal growth. Therefore, the cooling
rate is dependent upon the source oil and prior processing.

2.10.2.3 Crystallization Temperature

The crystal growth rate is affected by ttemperature of criallization. A high
viscosity resulting from too low a temperature reduces the crystal growth rate.
Control of the temperature after crystallization begins is important for transformation
from the Dto the stableE-@r Ecrystal habit. If the process is not properly controlled
at this stage, an unstable crystal widlvelop. A temperature differential between
the coolant and the oil must be maintained to avoid shock chilling. A 25°F (14°C)
differential has been found appropriate for oil at the beginning of the process. The
differential can be reduced to 10°F (5.61)the time the oil reaches 45°F (7.2°C).

If the coolant is allowed to become too cold in relation to the oil, a heavy layer of
stearine will build up on the surfacesdainsulate the oifrom the coolant.

2.10.2.4 Agitation Rate

Crystal formation is hastened by stirring to bring the first crystals into contact
with more of the liquid; however, iid agitation rates are recommended because
high shear rates fragment the crystaliniyithe growth stage, thus producing more
smaller crystals instead tfie desirable large crystal.

2.10.2.5 Crystallization Time

Crystallization is inseparably linked to two elements of time: (1) the time it takes
to lower the temperature of the materiathie point where cryallization will occur,
and (2) the time for the crystal to become fully grown. The rate of cooling is a
primary factor for determining the size, amount, and stability of the crystals formed.
In general, crystals assume their most highly developed and characteristic forms
when grown slowly from a melt or solution only slightly supercooled, in which the
liquid freely circulates around the crystaltypical time—temperature sequence for
winterization ofcottonseed oil i$*

1. Refined and bleached amtiseed oil is transferred to the chilling units at 70 to
89°F (21.1 to 26.7°C).

2. The oil is cooled to 55°F (12.8°C) in 618 hours, when the first crystals usually
appear.
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3. The oil is cooled to 45°F (7.2°C) i? to 18 hours with a reduced cooling rate.
At this point, a 2 to 4°F (1.1 to 2.2°Cgédt of crystallization temperature increase
should be observed.

4. After the oil temperature drops slighthelow the previousow, approximately
42°F (5.6°C), it is mainta@d at this temperature for approximately 12 hours. This
period is critical for the éctiveness of the procesBecause the oil is viscous
and molecular movement is slow, crystals continue to grow after the minimum
temperature is reached.

2.10.3 Solvent Winterization

Salad oil production with the traditional winterization procedure is a plow
cess.Two to three days’ chilling time is required for good filtration and yield. Most
vegetable oils that cloud agfrigerator temperatures cée solvent winterized for
better yields and to produce a salad oil of better quality in less time than by the
conventional process. Comparison of the pracedures indicates many similarities.
The major advantage of a solvent wiigation system include: (1) viscosity is
considerably lower, which allows a faster crystal growth for more rapid stearine
separation; (2) the salad oil produced has a better resistance to clouding at cool
temperatures for longer cold tests; and (3) less liquid oil trapped in the stearine
component for higher salad oil yields.

An operational continuous solvent process was described by CaVarsagh
later Neuman? for winterization of cottonseed oil. Miscella containing 30 to 60%
by weight of oil in hexane with a 50% solution preferred is cooled rapidly with a
heat exchanger to either 2026°F (-6.6 to —3.3°C) ort® 12°F (-13.3to -11.1°C).
After cooling, the miscella passes thgh a continuous winterizing column, which
cools with a series of agitated trays oge#0- to 60-minute period to temperatures
as low as —4°F (-20°C). A continuous sslitischarge centrifuge separates the solid
stearine from the liquid miscella. The solvent is removed from the liquid oil portion
with an evaporator system before deodorization. The solid discharge from the cen-
trifuge is filtered to remove any foreign material before the residual 10 to 15%
hexane solvent is removed with an evaporator system.

Controlled agitation of 1 to 10 rpm and a controlled temperature drop to 0°F
produces harder, firmer, more compact steadrystals in solvent, and less oil is
entrapped than with conventional wingtion systems. Table 2.5 provides a com-
parison of cottonseed salad oil stearine @il characteristics from a conventional
process and a solvent process.

2.10.4 Winterization Process Control Procedures

The acceptability of a winterized oil @most always determined by cold-test
analysis. This method measuitke ability of the oil to resist crystallization. The
cold-test result is the number of hours at 32°F (0°C) required for an oil to become
cloudy. AOCS Method Cc 11-53 indicates thatoil has passed the test if it is clear
and free of any cloud at 5.5 hodtdiowever, most processors and customers have
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Table 2.5 Cottonseed Salad Oil Stearin Analysis

Winterization

Process Conventional Solvent
lodine value 95.5 71.6
Solids fat index at:
10.0°C/50°F 21.6 52.3
21.1°C /70°F 1.3 33.7
26.7°C/80°F — 1.2
33.3°C/92°F — 0.1
Fatty acid composition (%):
Myristic (C-14:0) 0.7 0.6
Palmitic (C-16:0) 34.6 52.1
Palmitoleic (C-16:1) 0.6 0.8
Stearic (C-18:0) 2.1 1.9
Oleic (C-18:1) 15.8 9.1
Linoleic (C-18:2) 46.2 35.5

more stringent requirements for cold-test hours. Cottonseed and soybean winterized
oil products normally have a minimum cold-test limit of 10 hours, and some are as
high as 20 hours for special products.

Processors have investigated manyedéht potential process control evaluations,
procedures, and methods to determine tthetvinterization process is in control on
a timely basis; however, cold test is still the most definitive evaluation, even though
the results are not available until a lenggtigyiod after the oihas been winterized.
Usually, the winterized oil production is segregated in separate tanks until the cold-
test results are available. If the oil fatsmeet the specific miber of hours, it must
be rewinterized. Oils thaheet the requirements are tséarred to salad oil storage
for subsequent deodorization, packagiog,shipment as required. This after-the-
fact analysis to determiribe acceptability of the wintized oil places more empha-
sis on process control techniques to ensae all of the begpractices are contin-
ually observed.

2.10.5 Winterization Applications

Historically, winterization has always beassociated with caihseed oil. It and
other liquid oils that contain fractions that solidify when chilled must be winterized
or fractionated to remain clear at cool targiures. Oil that is to be refrigerated or
stored in cool warehouses must resistiding for a period of time to be acceptable
aesthetically or for perfornmae. Winterized cottonseeiil was the standard salad
oil used by retail-trade food processors to produce mayonnaise and other salad
dressing products because of itegding flavor and flavor stability.

Soybean oil was rejected as a salddboth at the retail level and by food
processors until the flavor stability problem was remedied with partial hydrogenation
to reduce the linolenic (C-18:3) fatty a@dntent. Hydrogenain to improve flavor
stability also produced a hafdction in the soybean oilyhich crystallized at cool
temperatures similar to cotteeed oil. Winterization wasmployed to separate the
hard and liquid fractions. Supply-and-demand economics and performance elevated
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Table 2.6 Typical Cottonseed Oil and Partia lly Hydrogenated Soybean Oil Winterized
Salad 0.1 Components

Source Oil Cottonseed Oil Hydrogenated Soybean Oil
Whole Salad Salad

Oil Component Oil Oil Stearin  Basestock Oil Stearin

Fraction (%) 100 84.6 15.4 100 82.9 17.1

lodine value 109 113.5 90.6 108.7 111.4 95.7

Fatty acid composition (%):
Myristic (C-14:0) 0.9 0.9 0.7 — — —
Palmitic (C-16:0) 24.8 21.3 38.2 11.2 10.2 15.0
Palmitoleic (C-16:1) 0.5 0.5 0.3 — — —
Stearic (C-18:0) 2.6 2.9 2.3 4.8 4.1 7.9
Oleic (C-18:1) 16.9 18.0 13.8 45.4 45.2 46.0
Linoleic (C-18:2) 53.7 55.8 44.2 35.4 37.5 29.1
Linolenic (C-18:3) 0.2 0.2 0.1 3.0 2.8 1.9
Arachidic (C-20:0) 0.2 0.2 0.2 — — —

Cold test (hours) — 24 — — 10.5 —

partially hydrogenated winterized soybean oil to the leading winterized salad oil
product in the United States. A comparison of the two winterized oil products is
presented in Table 2.6.

Winterization of hydrogenated soybean oil is very similar to that of cottonseed
oil, except that less time is required for crystallization and filtration. The inherent
crystallization tendencies for the two sourds are different; the stable crystal form
for soybean oil isE but it is E for cottonseed oil Ecrystals are large, coarse, and
self-occluding whereas thé&-crystals are small, needle-shaped crystals that pack
together to form dense, fine structures.

2.11 DEWAXING

An increased demand for salad oilgthiin unsaturates has resulted in the
marketing of source oils that must be dewaxed to maintain clarity during storage,
on the retail store shelf, and at refrigeraemperatures. Many vegetable oils have
small quantities of waxes that solidify and cause cloudy oil. Several vegetable oils
are solvent-extracted with the seed and together for operational efficiency. The
seed hulls can contain waxes that aretselin oil. Waxes are high-melting esters
of fatty alcohols and fatty acids with low solubility in oils. These waxes solidify
after a period of time to give the oil aoady appearance, an unsightly thread, or a
layer of solidified material. The quantity of wax in the various vegetable oils can
vary from a few hundred parts per million to over 2000 ppm. The wax content must
be reduced to less than 10 ppm to ensure that the oil will not cloud or develop a wisp.

The mechanisms for wax removal from agdifferent fromthose applicable to
winterization even thoughésame equipment can beiggld. The classical dewaxing
process usually performed after prebleaching and prior to deodorization consists of
carefully cooling the oil to crystallize the waxes for removal by filtration. The cooling
must be done slowly under controlled conditions. A body feed approximately equal
to the wax content of the oils is used to prevent blinding of the filter leaves. Without
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a body feed, the waxes slime over dishd the screens almost immediatéhA
continuous dewaxing process that operates efficiently with low-wax oils (500 ppm
or less) has the following process fléiv:

e The oil is continuously cooled with heakchangers and aystallizer to 43 to
46°F (6 to 8°C).

« A quantity of filter aid equal to the wacontent is added to the crystallizer to
facilitate crystallization and filtration.

e Crystallization time is 4 hours miniim, followed by a holding period of 6 hours
to develop the wax crystals.

e The oil is carefully heated to 64°F (18°Gefore filtering to separate the wax
crystals from the liquid oil.

The typical dewaxing process performs well with low-wax oils, but some vegetable
oils have higher wax contents. The filtration time is increased and higher product
losses are experienced with the higher wartent oils. Some of the procedures in
use to improve the dewaxing economics incltdé:

¢ Simultaneous dewaxing and degummirgThe crude oil is cooled to approxi-
mately 77°F (25°C) and held at thisrtperature for 24 hours before water degum-
ming. This process usually redudée wax content to 200 to 400 ppm.

* Wet dewaxing— The phosphatides are first removed from the oil by degumming.
The oil is then cooled to 46°F (8°C),caB% water with sodium lauryl sulfate is
added and agitated for 4 hours minimurarystallize the waxe The wax crystals
should disperse in the water phdseseparation with a centrifuge.

« Simultaneous dewaxing and chemical refiriad@ he oil is treated with phosphoric
acid and neutralized wittodium hydroxide and cerfuiged using normal refining
techniques. Before water washing, theisicooled to 46°F (8°C) and held for
4 to 5 hours with gentle agitation. Then, 4 to 6% water is added and the mixture
is heated to 64°F (18°C) with agitatidburing this mixing, the wax crystals are
wetted and suspended in the soapy wplerse. This mixturés centrifuged to
separate the water and oil phases. Uguallsecond water wash is required to
complete removal of the wax and soap traces from the oil.

« Solvent dewaxing— This procedure is performed after prebleaching and prior to
deodorization if it is not an integral pafta miscella refining process. Dewaxing
in solvent consists of mixing the oil with a fixed volume of solvent and, after
chilling, to promote crystaltation of the waxes for paration by either filtration
or with a centrifuge.

2.11.1 Dewaxing Process Control

Currently, the analytical method to determine if an oil is adequately dewaxed is
the same as for products winterized to remove large quantities of stearine: cold test
(AOCS Method Cc 11-53}% However, this evaluation may be very misleading.
Dewaxed oil, which remains clear and brilliant for 5.5 hours, generally remains so
for 24 hours in the ice bath, but the same oil can become opaque after only a few
hours at room temperature ditethe reappearance of waxas well as glycerides;
therefore, to determine that an oil hazb adequately dewaxed, a chill test and a
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cold test of 24 hours minimum should be required. The chill test consists of drying
and filtering the test sample before herigadly sealing it ina 4-ounce bottle. The
sample is held at 70°F (21.1°C) and exaediafter 24 hours falarity. Any indication

of a cloud or wisp indicates the preserof a wax or hard-oil contamination.

2.11.2 Dewaxing Applications
The highly unsaturated vegetable oils nedeld in the United States as salad
oils, which can cloud due to a wax content, are listed below with their typical wax

contents:

Source Oil Typical Wax Content (%)

Sunflower 0.2-3.0
Safflower ~0.5
Corn 0.5-1.0
Canola ~0.2

2.12 FRACTIONATION

Edible fats and oils are fractionated to provide new materials more useful than
the natural product. Edible fats and oils are complex multicomponent mixtures of
various triglycerides with different melting points. The melting behavior and the
clear point of fats are imp@nt properties for functiality in the various prepared
food products. Fractionation processes separate fats and oils into fractions with
different melting points. Fractionation may be practiced merely to remove an unde-
sirable component, which is the case widwaxing and winterization processes to
produce liquid oils that resist clouding at cool temperatures. Separation of a fat or
oil into fractions can also provide two orore functional products from the same
original product. The production of cocoatiem equivalents or substitutes is a well-
known application for this type of fractionation.

Separation of fats and oils fractionshimzsed on the solubility of the component
triglycerides. The solubility differences are directly related to the type of triglycerides
in the fat system. The triglycerides typme determined by #ir fatty acid compo-
sition and the distribution of the fatty acids on the individual triglyceride molecule.
Components of a fat or oil that differ considerably in melting point can be separated
by crystallization and subsequent filtration for removal of the higher melting por-
tions. In any practical process of fractionaystallization the pantial for efficient
separation of crystals from the liquiddependent upon the mechanics of separation
as well as the phase behavior of the exystThe successive stages of fractionation
can be distinguished as:

1. Cooling of the oil to supersaturatitm form the nuclefor crystallization

2. Progressive growth of theystalline ad liquid phases
3. Separation of the crigdline andliquid phases
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Separation efficiency of the liquid and solid fractions depend primarily upon the
cooling method, which determines the crystal form and size. Fats and oils can
crystallize in several polymorphic forms, specifically E-cand Ein that order of
stability, melting point, heat of fusion, amgnsity. The rate of crystallization for

the Dform is higher than for thé& form, which crystallizes quicker than thgorm.

Rapid cooling causes heavy supersatunatishich forms many small, shapeless,
soft crystals of mixed crystal types with poor filtration properties. Gradual cooling
of the oil results in stabld= and E-crystals that are easifittered from the liquid
phase.

Three distinct unit processes for the fractionation of triglycerides that couple
crystallization and separation process @acticed commerciallyo produce value-
added fractionated fats and oils: (1) drgctionation, (2) solvent fractionation, and
(3) aqueous detergent fractionati@mry fractionation processes include winteriza-
tion, dewaxing, hydraulic pressing, and ¢aydractionation. It is the most widely
practiced form of fractiorteon in which crystallization takes place without the aid
of a solvent. The winterizath process is effective foraglremoval of small quantities
of solid fat from a large quantify of liquid oil. Dewaxing can be a variation of the
winterization process to remove small quantities of waxes from certain vegetable
oils rich in unsaturates. Hydraulic pressing effectively removes small quantities of
liquid oil from a large quantity of solid fat. Some oils, such as palm oil, that contain
high levels of both liquid and solid fractions can be separated by dry fractionation
but not as efficiently as with other process®olvent or aqueous detergent fractionation
processes provide better separation of iipdactions of the feedstock materials.

2.12.1 Dry Crystal Fractionation

The advantages of fractionation were deaitally revealed to European compa-
nies with coconut oil imported fro®ri Lanka in long wooden barrels call€gylon
pipes The barrels were filled with warm conut oil, which cooled slowly during
the sea voyage to the cooler temperatirr&airope. The slow cooling, coupled with
agitation from movement of the ship, caused the coconut oil to crystallize and
separate into a hard and soft fracti@ustomers receiving ¢hfractionated product
evaluated the properties of the componeanis realized that éhfractions were more
useful for some applications than the whole or natural pro@ucts.

Dry crystal fractionation procedures are commonly used for separation of hard
stearine and soft olein fraotis from natural products that contain high levels of
each like palm oil and the lauric fats. Tpencipal of this factionation procedure
is based on slowly cooling the oil under controlled conditions without the aid of a
solvent. The stearine and aldractions can be separateyl various processes, such
as filtration, centrifugationhydraulic pressing, rotary drum, or one of the patented
processes. In the dry process, large tatgsare generally required for efficient
separation. The large crystals tend to grtmgether in clumps, which can trap part
of the liquid olein phase. This resultsarsoft stearine or law olein yield caused
by the poorer separation. A low olein yield can also be experienced from the
formation of mixed crystals. Controlled slow cooling of the natural oil will diminish
these problems to provide cleaner sefianaof the olein and stearine fractions.
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One unique labor-intensive dry crystiahctionation process still utilized to
fractionate lauric oils is to slowly cotie oil until it has a plastic consistency. This
product is poured into canvas bags and cooled further to the fractionation tempera-
ture, and the crystal is allowed to statslior mature. Then a hydraulic press is used
to squeeze the oil portion out of the stearcake. This procedure can produce a
very acceptable confectionery ¢iog fat from palm kernel ofl® Previously, this
process was utilized to fractionate lard and tallow to produce hard fractions for use
in stabilizing compound shortenings and a liquid oleo oil. High-viscosity-resistant
crystallizers and high-pressure membrane filter presses have been developed to
replace this labor-intensive procdes high-quality specialty fat.

2.12.2 Detergent Fractionation

The aqueous detergent fractionation pcage utilizes the same basic principals
of dry fractionation; that is, crystallidgan is induced by cooling the oil under
controlled conditions without the addition of a solV&@€ The difference is that an
aqueous detergent solution is added to the crystallized material to assist in the
separation of the liquid olein and the solid stearine. The aqueous solution contains
about 5% of a detergent such as sodiumyllasulfate, which preferentially wets the
surface of the crystals displacing the liqoitl About 2% of arelectrolyte such as
magnesium or aluminum sulfate is added to the solution to assist in uniting the liquid
olein droplets. Separation is then eféattwith a centrifuge. The heavier phase
containing the stearine is heated to ntledt stearine and separate the oil and water
phases. Complete separation of theses@dias accomplished with a second centri-
fuge. Aqueous detergent fractionation is more expensive than dry fractionation, but
more complete separation of the soft and hard fractions can be achieved, thus
producing a higher olein yield and a harder stearine fraction.

2.12.3 Solvent Fractionation

Solvent fractionation is an expensive process that can be justified only for prepa-
ration of value-added, high-quality products. The ultimate objective for the use of
solvent fractionation technology is commercial production of fat and oil products with
unique properties. Fractional crystallizativom dilute solution results in more effi-
cient separation with improved yields, reddiggocessing times, and increased purity
than can be achieved by fractionation carried out without a solvent. The attractive
benefits are partially, and for some products completely, offset by high capital costs
for the handling and recovery of the soltgras well as increased cooling capacity
requirements. Some of the product categories that have utilized solvent fractionation
technology to produce products with unique functional characteristics include:

« Cocoa-butter equivalents (CBEs) CBEs are fats with chemical compositions
similar to cocoa butter and capable gflezing it in any prportion in chocolates.

e Lauric cocoa-butter replacers (CBRs} These are products made from fraction-
ated coconut or palm kernel oils withysical properties obely resembling cocoa
butter.
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¢ Nonlauric CBRs— The most widely used produdtsthis classification are based
on solvent-fractionated, dyogenated liquid oils, such as soybean, cottonseed,
and palm oils.

« Confectionery products— Fat systems with a low melting point but a high SFI
content at room temperature can proyieducts with a gok melt at body tem-
perature, which results in a cooling sien when eaten. Highuality candy centers
and whipped toppings are two speciffipications for fractionated products.

* Medium-chain triglycerides— Lauric oil fractions ontaining C-6:0, C-8:0, and
C-10:0 saturated fatty acids, which auble in both oil ad water systems for
quick absorption by the body and transported via the portal system.

« High-stability liquid oils — Maodification of oils byutilization of hydrogenation
with fractionation has permitted the develaprhof liquid oils with high resistance
to oxidative degradation. Liquid oils with an AOM stability of 350 hours are
available commercially.

Commercially, solvent fractionation isarried out by a number of different
processes that may be batch, semicontinuous, or contiPRf§@systallizers, filters,
and solvent recovery systems can diffedésign, and one of several organic solvents
may be employed. Solvents that have hessd include acetone, hexane, and 2-nitro-
propane. Some of the processes are protdmtguhtent and are proprietary, but all
require control of certain process parameters:

« Feedstock selection, wiiican include natural oiend blends, hydrogenated oils
and blends, randomly aeranged oils and blends, anérudis of any or all of these

« Concentration of the fat in the solvent

« Fractionation temperature

« Cooling rate and residea time in the crystallizer

« Separation conditions

A typical solvent fractionation process flow usually begins with heating the
feedstock oil to a temperature above ¢benpleted melting point and blending with
warm solvent in the ratio of 1 part oil to between 3 and 5 parts solvent by weight.
The solution is then cooled to crystallize the hard fractions. Crystallization temper-
atures vary, depending on the nature @f sblvent, the conceumtiion of oil in the
solution, and the chacteristics needed in the finah@tions. For exapie, for lauric
oils in acetone solvent, tempdures of 28 to 68°F (< 20°C) have been used to
obtain stearine iodine values of 1.8 t8.8The crystallized slurry is separated by
filtration or by a settling technique. The solid material is then stripped of solvent
for one fraction. Removal of the solvenoifn the filtrate yiedls another fraction.
Further fractionation may then be achieved by redissolving either fraction and
repeating the process.

2.13 ESTERIFICATION OR ALCOHOLYSIS
Emulsifiers are usually made either by &lotysis or by direct esterification. In
direct esterification, fatty acids and palgohols are reacted together under con-

trolled conditions to form esters. In alalysis, fats are reacted with polyalcohols
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to make the surfactants. For examplee production of mono- and diglycerides
from fat is an alcoholysis reactiawith glycerine as the alcohol.

Mono- and diglycerides were the first fatty emulsifiers to be added to foods.
These emulsifiers were first used in ngexine for Danish pastry and puff pastry
shortening. The first U.S. patents for mono- and diglycerides granted in 1938 dis-
closed the usefulness of sutfaats in emulsios and margarin®. Monoglycerides
with only one fatty acid attached to a glycerol molecule and two free hydroxyl
groups on the glycerol take on the properties of both fats and water. The fatty acid
portion of the molecule acts like any other fat and readily mixes with the fatty
materials, whereas the two hydroxyl groups mix or dissolve in water; thus,
monoglycerides tend to hold fats and wdtayether. Cake shortenings that offered
increased aerating, creamirand moisture retention properties contributed by the
addition of mono- and diglycerides werdraduced in 1933, with patents granted
in 1938, as well. Shelf-life extension pegfies for yeast-raised products with the
addition of mono- and diglyceride were introduced soon after to bread Bakers.
Since that time, the uses and demanddod emulsifiers have grown dramatically,
and several other emulsifiers have been developed. Most of the fatty emulsifiers
produced are either monoglyceride derivatives or utilize an alcohol other than glyc-
erine, such as propylene glycol monoester (PGME) or polyglycerol ester (PGE).
Examples of the monoglyceride derivatives include ethoxylated monoglycerides,
acetylated monoglycerides, and succinylated monoglycerides.

Emulsifier production is generally performed in versatile batch equipment that
is used for a variety of different surfactants. Acid-resistant construction for the
tankage and reactors is one or another vadathe 300 series stainless steels. The
use of these alloys essentially eliminates the possibility of iron and other metal
contamination that may either degrade the product or catalyze undesirable oxidation
or other side reactions. Typically, type 3§tdinless steel is used for fatty chemical
processes where the temperature do¢sexeeed 300°F (150°C), and type 316 is
used for temperatures above this Iévéhternal reactor casl capable of handling
high-pressure steam and cooling watervall as a vacuum system with 0.1-mmHg
capabilities, are necessary for emulsifieactors. A condenser for the recovery of
the excess glycerine, glycol, or otheradlols should be sized for the largest volume
of the polyalcohol to be recovered.

2.13.1 Mono- and Diglycerides

Mono- and diglycerides are the most dominate food emulsifier both from the
standpoint of total use and breadth oé.ushe mono- and diglycerides consist of
glycerol esters of various edible fatty acids and fat blends. Three types of standard
mono- and diglycerides are manufactured: 40 to 4B8%onoglyceride content, 52 to
56% Dmonoglyceride content, and distilled monoglycerides with 9D%iono-
glyceride content. There are three bgdigsical forms of mono- and diglycerides:
hard, soft, and intermediate. The differencethe emulsifier consistency is deter-
mined by the physical characteristics of #dible fat or oil used in the reaction.

The consistency of the mono- and diglyceride, as indicated by the iodine value or
melting point, determines the functionality of the emulsifier. Generally, a higher
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melting point emulsifier is preferred whertight emulsion is desired, whereas the
lower melting or softer products provide better aeration qualities. Intermediate-
hardness mono- and diglycerides are compserproducts suitable, to a degree, for
both application ranges but not specific for either.

Most of the mono- and diglyceride requirements are produced by glycerolysis
of triglycerides or fats and oils. In thisgmess, fats and oils of the desired hardness
are mixed with an excess of glycerineetdvated temperatures in the presence of
an alkaline catalyst, usually eitherdsam or calcium hydroxide. The reaction mix-
ture is kept at an elevated temperatumgl the fatty acid radicals of the triglycerides
are redistributed at random among the available hydroxyl groups of the glycerine.
The reaction mixture is cooled after equilitm has been attained, and the catalyst
is “killed” or deactivated by the addith of a food acid, normally phosphoric acid.
The phosphate salts that result from the catalyst neutralization must be removed by
filtration. The excess glycerine will separate as a lower layer upon cooling and can
be partially removed by decanting. Theyagrine that remains dissolved in the
reaction mixture must be removed by wam distillation during steam stripping to
reduce the FFA content and remove the atiah materials that contribute to unde-
sirable flavors and odors.

This process vyields substantial amounts of monoglycerides in addition to dig-
lycerides and triglycerides with altered r@arranged structes and free glycerine.

The proportion of monoglyceride to diglyceride may be controlled, depending on
the relative proportion of reactants, tempearat time, catalyst, and use of stripping
steam or inert gas. The normal distributis 50% monoglycerides, 40% diglycer-
ides, and 10% triglycerides; approximat8h%o of the monoglycerides are esterified
on the Dposition of the glyceride, the balee being esterified on the center or
Ehydroxyl group. The composition of this mixture can be changed by reducing the
amount of glycerine added or by chamgireaction temperature and catalyst level.
Most of the mono- and diglyceride emulsifiers made contain about 50% monoglyc-
erides, but 60% monoglyceride levels danattained. Higher monoglyceride con-
tents can be obtained by distillation of the mono- and diglyceride products.

The amount of fat that will react withe specified amount of glycerine varies
with the molecular weight of the fat involved. A product with a high molecular
weight, such as soybean oil, requires more fat per pound of mono- and diglycerides
produced than does a lower molecular Weigroduct, such as tallow or cottonseed
oil. On the basis of typical fatty acid compositions, the average molecular weight for
hydrogenated soybean oil containing 3% oleic acid is 882.6, whereas the correspond-
ing molecular weight for hydrogenated talltriglyceride is 858.7. Theoretically, it
would require 89.37 pounds of hydrogenated soybean oil to produce 100 pounds of
glycerine-free mono- and diglycerides, whereas it would require only 88.15 pounds
of hydrogenated tallow to produce 100 pounds of mono- and diglycerides. Because
it is difficult to strip all the glycerindrom the finished emulsifier, the above fat
requirements become 88.9 pounds ofrbgénated soybean oil for a mono- and
diglyceride containing 0.5% free glycerine and 87.7 pounds of hydrogenated tallow
to yield 100 pounds of mono- and diglycerides again containing 0.5% free glycerine.

Mono- and diglycerides can be manufaetliwith either a batch or a continuous
process; however, a large proportion of the U.S. demand is still produced with batch
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Figure 2.9  Mono- and diglyceride batch process flow.

systems where the reaction time, tempegatand catalyst may be varied. A typical
batch process flow to produce a 40 to 4@monoglyceride emulger is detailed
in Figure 2.9. For continuous processing, the process time is considerably less than
that required for batch systems, probably less than 30 minutes total, which is
promoted in part by the higher reactiompeeratures employed; however, the total
pounds per man-hour may be equivalent to those produced by a batch system.
Concentrations of monogigrides to produce the 90#monoglyceride products
is achieved by distillation of the mono- adidlyceride emulsifiersPrior to the actual
concentration, the free glydee content has to be removed to preserve the monoglyc-
eride content. The reactiontlbween triglycerides and gigrine is reversible, espe-
cially in the presence of catalyst amd elevated tempatures. Additionally,
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monoglycerides are not heaalte and have only limited heat tolerance, so thermal
damage must be avoided. Molecular datibn is evaporative distillation where a
compound in the liquid state evaporatgghout boiling, because the high vacuum
removes the effect of atmospheric pressiMonoglycerides vaporize, leaving the
heavier di- and triglycerides behind in the distillation resiiu€he residue is
recycled to produce additional mono- adidglycerides for subsequent distillation
until the product color becomes too dark.

2.13.1.1 Monoglyceride Derivatives

Monoglycerides not only arused as surfactants as produced but also can be
further modified to produce other surfaceraeproducts suitable for use in prepared
foods. The multiplegactive groups of the monoglyabs allow the formation of
other functional emulsifiers. One or hatf the hydroxyl groups can be replaced by
different groups to form esters withespialized functionalitycharacteristics. Modi-
fied monoglyceride surfactants can be of#d by treating marsglycerides with an
acid, acid anhydrides, acid chloride, or another ester. Some of the monoglyceride
derivatives produced include the following.

2.13.1.2 Lactylated Monoglycerides

The lactoglycerides eoprise an important series eflible emulsifiers that are
derived from monoglycerides or mixture§ mono- and diglgerides. Lactostearin
can be made by subjecting low-iodine-vahyglrogenated soybean oil to glycerol-
ysis, using sodium or calcium hydroxide as a catalyst and then esterifying this
mixture directly with lactic acid, followed by water washing to remove the bitter-
tasting triglycerides of lactic acid. The réant product can be @htified as glyceryl
lactostearate and mono- and diglyceri#fekhe lactylated mavglyceride surfactants
are utilized primarily for aeration in cakes and whipped toppings.

2.13.1.3 Acetylated Monoglycerides

Acetylated monoglycerides are characterized by sharp melting points with a
waxy, rather than a greasy, feel. The pbgkand functional properties of a particular
acetylated monoglyceride depead the triglyceride from which it is made and the
degree of acetylation. Monoacetylatedpartially acetylated monoglyceride mole-
cules each contain one long-chain fattydgaus one acetyl group and one hydroxyl
group. Diacetylated or fully acetylatedonoglyceride molecules each contain one
long-chain fatty acid and two acetylogips. Acetylated mwoglycerides may be
produced by either of two procedures:

1. Direct acetylation of monoglyceridestlviacetic anhydride without a catalyst or
molecular distillation with the acetic acid, acetic anhydride, and triacetin removed
by vacuum distillation

2. Interesterification of edible fats and oils with triacetin in the presence of a catalyst,
followed by molecular didtation or seam stripping
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Acetylated monoglyceries are stable in th®crystal form. TheseDcrystalline-
tending emulsifiers promotthe agglomeration of the dispersed fat globules that
induce clumping of fat globules into clusters to form structural networks in whipped
toppings and other foams. Saturated moywglides can be stabilized in the active
Dcrystalline form with the adtion of acetylated monoglycerides.

2.13.1.4 Ethoxylated Mono- and Diglycerides

Ethoxylated mono- and diglyceridesdtded as “polyglycerate 60" are formed
when 20 moles of ethylene abd are reacted with a mo- and diglyceride. The
reaction is carried out at 265 to 3E5¢130 to 165°C) under pressure because
ethylene oxide is a gas catalyzed by a bmsgh as sodium hydroxide. The poly-
merized ethylene oxide chains combine viita mono- and diglycerides to produce
an effective emulsifier with strong hygyoilic characteristics. The presence of many
ether oxygen atoms in the polyoxyethylemains offers sites for hydrogen bonding
to water molecules and proteittsThe physical form contributed by the triglyceride
basestock has a direct affect upon functionality; that is, firm consistencies are
preferred for yeast-raised products, audt consistencies provide better aeration
properties for cakes and icings.

2.13.1.5 Succinylated Monoglycerides

Succinylation of monoglycerides changes the properties of the surfactant from
one with essentially only bread-softening properties to one with both softening and
dough-strengthening properties. This prddsicnanufactured by reacting monoglyc-
eride with succinic anhydride at temperas ranging from 175 to 350°F (80 to
180°C). At high temperatures, no catalisstequired but ateaction temperatures
below 200°F (95°C) a low level of an alikee catalyst may be needed to accelerate
the reactior¥’

2.13.2 Polyglycerol Esters

Polyglycerol esters have unique physiaal chemical propeds that provide a
broad range of functional properti®s?® Polyglycerols are polymers formed by the
dehydration of glycerine. For each molecolglycerine added to the polymer, there
is an increase of one hydroxyl group. The potential number of different possible
polyglycerol esters is almost limitless, depending upon the degree of glycerine
polymerization. U.S. Food and Drufdministration (FDA) regulations have
approved these surfactants, ranging uartd including écaglycerol esters of edible
fats and oils from corn, cottonseed, peasafflower, sesame, soybean, lard, palm,
and tallow. The polyglycerol esters aradtional in a very broad range of applica-
tions, either singly or blended with other @sifiers, to include crystal inhibitors;
aeration of batters, icings, fillings, and toppings; antispattering agents for cooking
oils and margarine; low-fat products; iceeam and mellorinesonfectionery anti-
bloom agent; viscosity control; nondairy creamers; cake mixes; lubricants; etc.
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The esters are made by reacting féthvglycerine that has been polymerized
into polyglycerols at high temperatureBo a degree, the polymerization can be
controlled to produce varying amountsdflycerol, triglycero] tetraglycerol, etc.

Two molecules of glycerol will combine to form diglycerol and a molecule of water.
The diglycerol is then transformed intagtycerol as another glycerol molecule is
added. The water released by the polymerization distills from the reaction mixture
at the high temperature used and is lost.

Similarly, tetraglycerol and the higher goters can be formefdom triglycerol.
During polymerization of glgerol, these reactions are adicurring at the same time
but at different rates. Thus, the polynzed product is a mixte of glycerol and
various polymers, with the actual composition depending on polymerizing conditions
and its extent. The average moleculaiglie of the polyglycerol mixture can be
either low or high, depending on the extent of the polymerization, with the number
of hydroxyl groups per molecule or sites &sterification with fatty acids increasing
as the molecular weight inresises. Variations in moleculaeight of the polyglycerol
or the fatty acids and in the fatty acid/polyglycerol ratio will change the solubility
characteristics and emulsificationoperties of the reaction product.

The following procedure has been utilizedpolymerize glycerine and esterify
the polyglycerol and triglyceride basestock in the same reaction vessel:

1. Charge the reactor with glycerine.

2. Add 1.0% sodium hydroxide (dry bgkito the glycerine while agitating.

3. Start heating and sparge nitrogen thraighmixture to provide a positive nitrogen
flow through the reactor det through a condenser. Care must be exercised to
exclude air from the system. Traces of/gen lead to the formation of acrolein
as well as a dark color that is difficult to bleach.

4. Heatto 480 to 500°F (250 to 260°C) anttihwhile continuing the nitrogen sparge
to carry off the water liberated.

5. Determine the polymeridah process endpoint using the refractive index or
measurement of the liteted water removed.

6. Cool the polyglycerol mixture.

7. Add the triglyceride baseock at equal proportions to the polyglycerol weight
while sparging with nitrogen.

8. Stop the nitrogen sparge and initiate a vacuum on the reactor.

9. Heat and maintain the mixture at 410 to 425°F (210 to 220°C) for 2 hours.
Approximately 20% of the glycerol shalibe removed and e¢evered during the
reaction.

10. Cool the polyglycerol ester before exmgsit to the atmosphere. From this point,
the polyglycerol esters can lbreated much the same as triglycerides. They can
be bleached and deodorizbyl the usual procedures used with fats and oils.

2.13.3 Propylene Glycol Monoester
Propylene glycol has the same carbon chain length as glycerine, but it has only
two hydroxyl groups. Commonly used propylene glycol monoesters are generally

more lipophilic than many glycerol moesters because they have fewer free
hydroxyl groups. Alcoholysis of triglycerides with propylene glycol leads to mixed
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partial glycol-glycerol esters or propykeglycol mono- and diesters and mono- and
diglycerides. Propylene glycol monoesters &erystalline-tending, surface-active
compounds that have proved to be esghceffective emulsifiers for cake baking
and whipped toppings. The emulsifier forms Borystalline film around entrapped
air bubbles to stabilize the food systems.

The process for the preparatiof PGME emulsifiers isimilar to that used for
the manufacture of mono- and diglycerideutsifiers, except that propylene glycol
is reacted with the fat base. Mono- and @iesof propylene glycol are formed and
glycerine is liberated fronthe triglyceride. Some of ¢éhliberated glycerine reacts
with some of the fat present, forming mono- and diglycerides following the same
reaction used for mono- and diglyceride preparation. The propylene glycol
monoester composition will madepending upon the mixte to reaction. A reaction
mixture of basefat and pure propylene glycol should yield approximately 70%
propylene glycol monoesters and 10% monoglyceride, with the balance consisting
of propylene glycol diesters, diglyceesl, and a small amount of triglyceride.

2.14 BLENDING

Basestocks are blended pooduce the specified cqusition, consistency, and
stability requirements for the various edifdé and oil products, such as shortenings,
frying fats, margarine oils, specialty protiticand even some salad oils. The base-
stocks may be composed of hydrogenatedifadoils; interesterified products, refined
and bleached oils; or fractions from wintation, dewaxing, or fractionation. The
products are blended to meet both the position and analytical consistency controls
identified by the product developers andlgyassurance. The consistency controls
frequently include analytical evaluations feolids fat index, iodine value, melting
points, fatty acid composition, etc. Basests should not be blended with a disregard
for either specified composition or analyticatjuirements. It is often possible to meet
the specified analytical requirements with several different basestock compositions;
however, only the specified composition will perform properly, have the required
oxidative stability, or conform to the nutritional and ingredient statements.

The blending process requires scale tamdmeters to proportion the basestocks
accurately for each different produdthe blend tanks should be equipped with
mechanical agitators and heating coilsettsure a uniform blend for consistency
control. Capacities of the blend tanks should be sized to accommodate the next
process, probably deodorization. Nitrogen protection should be provided for the long
holding times required to perform some of the analytical evaluations. A typical
blending process sequence is:

Determine the proportions for eactséstock for the product to be blended.

Add the basestocks to the iiietank at the identified proportions.

Heat the blend if necessary to the dttemperature anagitate for 20 minutes.
Sample and submit to the laboratory for the specified analysis.

Transfer to the next process if the analytical characteristics meet the specified
limits.

apwNPRE
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6. Adjust blends outside the specified limitsbring them into the allowed consis-
tency control ranges; however, use onlgdfied basestocks within the allowed
ranges for any adjustments.

7. Resample the adjusted blend afteradgig for 20 minutes to achieve a uniform
product and resubmit to the laltory for consistency analysis.

8. Transfer to the next process after the digelcanalytical objectives have been met.

2.15 DEODORIZATION

In the early stages of the developmeifitthe edible fats and oils industry,
offensive odors and flavors were not a problem. Lard and butter were consumed in
the same form as produced, and the naflaabrs were considered an asset. Olive
oil, one of the earliest known vegetable oils, was and still is used for its distinctive
flavor; however, the rapid expansion of cotton acreage at the end of the 19th century
resulted in large quantities of cottonseed oil, which presented an economic incentive
to use this vegetable oil. Caustic refirend bleached cottonseed oil was offered as
a cooking or salad oil and blended with tallow or olein stearine as a lard substitute.
These products enjoyed a price advantage over lard and olive oil, but the unpleasant
flavor was so strong that acceptance was.go@ddition, the hydrogenation process
developed to harden vegetable oils imparted a more disagreeable flavor and odor to
the oils. Attempts to remove the flavordaadors chemically oto mask them with
spices or flavors were unsuccessful. Tingt successful attempt at removing the
disagreeable odors and flavors from adatl oil consisted of injecting live steam
into an oil at high temperatures. It wdscovered in England, but this flavor-
improvement process was soon adapted by most American fat and oil processors.
The advantages of treating oils witleain to remove offensive flavors and odors
was recognized in the early 1890s by Henry Eckstein. David Wesson improved the
process by using higher temperatures and maintaining the oil under vacuum while
blowing with superheated stedf?!

Deodorization is a vacuum-steam distitba process of an oil at an elevated
temperature during which FFAs and minute levels of odoriferous materials are
removed to obtain a bland and odorles$'0if Most vegetable oils retain charac-
teristic undesirable flavors and odors atdiain others during processing. Bleaching
imparts an “earthy” flavor and odor, ahgdrogenation adds an odor and flavor that
can be described only as typical and certainly undesirable. The odoriferous sub-
stances are FFAs, aldehydes, ketones, peroxides, alcohols, and other organic com-
pounds. Additionally, certain carotenoid pigments are destroyed, resulting in a heat-
bleaching effect. Efficient removal ofdke substances dews upon their vapor
pressure, for a given constituent is a fimt of the temperature and increases with
the temperature. Deodorizatias the last major processing step during which the
flavor and odor and many of the stabilgyalities of an oil can be affected. From
this point forward, effort is directed towhretaining the quality that the deodorized
oil possesses; therefore, considerable carst brigiven to the selection, operation,
and maintenance of the deodorizer equipment and the operating conditions.
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2.15.1 Operating Variables

Deodorization conditions depend upon the particular oil type, the oil quality, and
the refining system used. A shift in refining technology toward physical refining
where the FFA is removed exclusively by steam distillation requires more severe
conditions than do chemically refined oils. With chemical refining, most of the FFA
content has been neutralized before deadticn. Physically refined oils have FFA
contents between 1.0 and 5.@%mpared to 0.05 to 0.1% for chemically refined
oils. The steam distillation requirements for both physical and chemically refined
oils can be achieved by altering one or more of the operating variables. The four
interrelated operating variables that influence deodorized oil quality are vacuum,
temperature, stripping-stearate, and holding time at deodorization temperatures.

2.15.1.1 Vacuum

If fatty acids and odoriferous substancestarbe distilled at as low a temperature
as possible, distillation must be carried atitow absolute pressures effected by the
vacuum system. The boiling point of the fatty acids and the vapor pressure of the
odoriferous materials decreaas the absolute pressures decreases. The required low
absolute pressure, usually between 2 and 4 mbar, is commonly generated by vacuum
systems consisting of a mdination of steam jet ejemts, vapor condensers, and
mechanical vacuum pumps. Special vaciaysiems have been developed to reach
lower pressures and operating costs and, at the same time, reduce emissions by a
more efficient condensing of the volatilésthe dry condensing systems, the sparge
steam is condensed on surface condensers working alternatively. The remaining
noncondensables are removed by mechanical pumps or by a vacuum ejector system.

2.15.1.2 Temperature

Deodorization temperatures must bgthenough to make the vapor pressure of
the volatile impurities in the oil conveniently high. The vapor pressure of the
odoriferous materials increases rapidlytlas temperature of the fat is increased.
For example, the vapor pressure of palorfiitty acid is 1.8 mm at 350°F (176.7°C),

7.4 mm at 400°F (204.4°C), 25.0 mm at 450°F (232.2°C), and 72 mm at 500° F
(260°C). Assuming that the vapor pressure—temperature relationship for all the
odoriferous materials ismilar to that of palmiticfatty acid, each 50°F (27.8°C)
deodorizer temperature increase wouldlérithe odoriferous material removal rate.

Or, stated another way, it would take nine times as long to deodorize an oil at 350°F
than at 450°F. Higher deodorizer temperatures definitely provide shorter deodoriza-
tion times; however, excessive temperature results in the development of the poly-
merization, isomerization to produt@ns-acids, thermal cradgkg with formation

of odoriferous and low boiling products, color reversion, and distillation of toco-
pherols. Generallytrans formation during deodorization is negligible below 428°F
(220°C), becomes significant between 428 and 464°F (220 and 240°C), and is nearly
exponential above 464°F (240°C). Thermajmdelation of the tocopherols becomes
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significant at deodorization temperatures above 500°F (2691Chas been deter-
mined that twice as many tocopherols atetols are stripped out at 525°F (275°C)

as at 465°F (240°C), and that pressungatians of 2 to 6 mbar had only a slight
effect upon tocopherol/sterol stripping. @®rizer operation at elevated tempera-
tures can also promote thermal decompasitif some constituents naturally present

in oils, such as pigments and somacé metal—-prooxidant complexes. The caro-
tenoid pigments can be decomposed and removed by deodorization beginning at
446°F (230°C); thereforea compromise must be determined between time and
temperature for deodorizing particular fats and oils.

Optimum deodorizer operating temperatures vary from product to product. In
general, animal fats require less stringeamditions than the vegetable oil products.
Chemically refined oils are easier to dedde than physically refined oils due to
lower FFA levels and more effective removal of polar components, oxidation prod-
ucts, and pigments. Among the vegetable oils, those containing relatively short-chain
fatty acids such as coconut and palm kernel oils require lower deodorization tem-
peratures than the domestic oils composed of longer chain fatty acids. Hydrogenated
oils are usually more difficult to deodmei because of higher FFA contents and the
distinctive odor imparted by the hydrogéna reaction. Corn oils usually require
a higher temperature or longer residernicetto achieve the desired heat bleach. In
general, deodorization temperatures waky from 400 to 475°F (204 to 246°C)
and in some cases as high as 525°F (274°C).

2.15.1.3 Stripping Steam

Adequate stripping steam, consistent viltle temperature and pressure in the
deodorizer, is required. The amount ofpgiing steam required is a function of both
the absolute operating pressure and thdngiefficiency of the equipment design.
Agitation of the oil, necessa to constantly expose new oil surfaces to the low
absolute pressure, is accomplished by tleeofisarefully distthuted stripping steam.
Therefore, oil depth is a primary factor for establishing both the stripping steam
requirement and the deodorizing or holding time. The quantity of fatty acids distilled
with each pound of steam dérectly proportional to theapor pressure of the fatty
acids. Effective steam stripping is dependent upon volume; for example, 1-mbar
operation will require a lower weight percentage of stripping steam than will 6-mbar
operation. Differences among the source also affect steam requirements; for
example, canola oil requires more stetttan soybean oil to remove the odor.
Excessive live steam may cause hydrslyand increased energy consumption for
the vacuum system. Typicstripping steam deodorization conditions for chemically
refined oils are 5 to 15 wt% of oil for batch systems and 0.5 to 2% for continuous
and semicontinuous deodorizer systems.

2.15.1.4 Holding Time
Deodorizer holding time is the period during which the fat or oil is at deodorizing
temperature and subjected strsipping steam. Stripping time for efficient deodor-

ization has to be long enough to reduce the odoriferous components of the fats and

© 2004 by CRC Press LLC



oils products to the required level. This time will vary with the equipment design.
For example, a batch deodorizer with an 8- to 10-foot depth of oil above the sparging
steam distributor will require a longer deodorization time than will a continuous or
semicontinuous system that treats shallow layers of oil. Typically, the holding time
at elevated temperatures for batch deodorsgystems is 3 to 8 hours, whereas the
holding time for continuous and semicontinuous systems vary from 15 to 120 minutes.
Additionally, certainreactions with the oils deodadd are not related to removal

of FFAs but instead help provide a stableafter deodorizion. These reactions

and the heat bleaching are time and teaipee dependent; thefore, deodorizing
systems provide a retention period at de@iltg temperatures to allow these reac-
tions and the heat bleaching to occur.

2.15.2 Deodorization Systems

Deodorization equipment iourrent use can be classified into three principal
groups: batch, continuous, and semicontinuous. The system choice depends upon
several factors, such as thember of feedstock changésat recovery, investment,
operating costs, ecology requirements, physicalhemical refining, and so forth.

2.15.2.1 Batch

This is basically the simplest type of deodorization system that can be installed.
The principal component parts consist of aset in the form of a vertical cylinder
with dished or cone heads. The vessel is fabricated from type 304 stainless steel to
avoid the deleterious catalytic activity of copper and iron on oils, welded to prevent
air leaks, and well insuladeto minimize heat loss. The usual range of capacity is
10,000 to 40,000 pounds, although the preference appears to be batch sizes of
15,000 to 30,000 pounds. Vessel diameters are usually chosen to give a depth of
8 to 10 feet of oil and have a similar aumt of headspace ab®whe surface of the
oil. It is necessary to allow sufficiettead space to avoid excessive entrainment
losses from the rolling and splashing & thil caused by the jiected steam. Stripping
steam is injected into the bottom of the vessel through a distributor. In addition to
the steam ejector system, medar heating, cooling, pumping, and filtering the oil
are required. The batch system contintdude a device fomidicating oil temper-
ature and a pressure gauge designeddicate accurately low pressures within the
deodorizer.

Equipment operating at a high temperature and 6- to 12-mbar pressure requires
about 8 hours for a complete deodorizatiyule of charging, heating, deodorizing,
cooling, and discharging the oil. Some systems operating at higher pressures or
lower deodorization temperatures may reqagéong as 10 to 12 hours for a deodor-
ization cycle. The total amount of stripping steam required may vary from approx-
imately 10 to 50 Ib per 100 Ib of oil, with the average usage probably about 25 Ib
per 100 Ib oil. The stripping steam is ordinarily injected at 3 Ib per 100 Ib of oil per
hour at 6-mbar pressure. Thiemust be cooled to aswoa temperature as practicable
after deodorization before it is discharged to atmospheric conditions to minimize
oxidation. A temperature of 100 to 120°RB(® 49°C) is preferred for liquid oils,
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with higher temperatures being necesganhigher melting prducts but still main-
tained as low as possible.

Batch deodorization has the advantage of simplicity of design, flexibility, and
ease of operation. It can be operated foltoag or as short a period as required,
with frequent product and even deodorization condition changes. Mechanically,
batch deodorizer systems require very little maintenance; however, the cost of
utilities for batch deodorization is considerably higher than for the continuous or
semicontinuous systems. Batch systems do not provide a convenient means of
recovering any substantial portion of the heat required, they have a high stripping
steam consumption, and they require éaxgicuum systems with high steam and
water requirements. But, the lower labor and capitalization costs for the original
installation may offset a portion of the higher utility costs.

2.15.2.2 Semicontinuous

These systems operate on the basis ofiliveg finite batches of oil in a timed
sequence of deaeration-heating, holdiregst stripping, and cooling such that each
guantum of oil is completelgubjected to each conditidbefore proceeding to the
next step. The semicontinuous deodorizer consists principally of a tall cylindrical
shell of carbon steel construction with fiee more type 304 stainless steel trays
stacked inside of, but not quite contacting, the outer shell. Each tray is fitted with
a steam sparge and is capable of holdingeasured batch of oil. By means of a
measuring tank, oil is charged to the top tray where it is deaerated while being heated
with steam to about 320 to 330°F (160 to 166°C). At the end of the heating period,
the charge is automatically dropped to sieeond tray, and the top tray is refilled.

In the second tray the oil Iseated to the operatingmperature and again after a
timed period is automaticallgiropped to the tray below. When the oil reaches the
bottom tray, it is cooled to 100 to 130(88 to 54°C) and discharged to a drop tank
from which it is pumped through a polishing filter to storage. Semicontinuous
deodorizers are usually automated and rodietd from a central panel with a time-
cycle controller and interlocksuch that the sequencess$ are interrupted in the
event of insufficient batch size, impropdnop-valve opening or closing, or the oil
not reaching the preset heating or lawp temperatures ithe allotted time.

One of the principal advantages of the semicontinuous deodorization system
derives from the fact that all of the teagre under the same relatively high vacuum.
All oil receives substantially identicalei@mtment, and the annular space between the
trays and the shell provides some insaeaagainst oxidation due to inward leakage
of air. The deodorizer arrangement avoidfluxing of once-distilled undesirable
materials back into the oil. This refluglus any mechanical carryover, is permitted
to drain from the bottom of the deodorizatiell. The abilityo accommodate frequent
stock changes with a minimum of lost production and practically no intermixing is
an important advantagior the semicontinuous systems over the continuous deodor-
ization systems; however, heat recoverless efficient thama continuous operation,
and 10 to 20% more sparge steam is required.
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2.15.2.3 Continuous

Continuous deodorizers provide unifoutility consumption by not being subject
to the peak loads attendant with batch type heating and cooling of semicontinuous
operations. This permits smaller heating and cooling auxiliaries and optimum heat
recovery through interchange between incoming and outgoing oils. Processors
requiring infrequent produathanges can benefit from continuous deodorization;
however, processors requiring multiple stock changes will not realize the benefits.
Continuous deodorization benefits are logtwvas few as three or four stock changes
in a 24-hour period due to loss ofoguction (30 to 60 miutes for each stock
change) and the likelihood of commingling product.

Continuous deodorization can involve tray or thin-film deodorizers. Tray deodor-
izers are based on a series of steam-agitirays or companents often stacked
vertically in a cylindrical shell. Stripping of FFA and other volatile compounds and
heat bleaching are carried out simultaneoulhe retention time per tray is usually
10 to 30 minutes. Typically, liquid levels of 0.3 to 0.8 meters are maintained by
overflow pipes or weirs. The trays atteined by separate discharge valves.

Physical refining, or the removal of fatty acids from oils by steam distillation
rather than by caustic refining, can be carried out in semicontinuous or continuous
deodorizers; however, continuous deodorizers containing packed columns are par-
ticularly suited to the removal of large amounts of free fatty acids. Thin-film deodor-
ization has structured packing to ceea maximum surface-teolume ratio. The
oil flows over the packing and meets thargjing steam counter-currently for FFA
stripping. Heat bleaching iaccomplished in a retenticsection after the packed
column. The counter-current principle introduces efficiencies through more effective
use of the injected steam to redute quantity required and smaller vacuum
requirements due to the small volume oti@ated at a time. Also, a large percentage
of the heat is recovered pyeheating the feedstock oil by passing it counter-currently
through a heat exchanger opposite the other oil F§v.

2.15.3 Deodorizer Heating Systems

Practical, as well as thedieal, considerations indicathat oils should be heated
in the range of 410 to 500°F (210 to(2€) for reasonably rapid and effective
deodorization. The Wesson syst utilized a direct heahethod that circulated the
oil through a direct-fired tubular heater. The disadvantages for this system were poor
temperature control and dalized overheating, which caused hot spots. A more
satisfactory system, known as the Merrils®m, was used for many years. It heated
mineral oil in a direct-fired furnace and aitated it through dts in the deodoriza-
tion vessel. Pump maintenance, care ofttliees in the directied furnace, and a
tendency of the mineral oil to decompose under the heating system conditions were
the major shortcomings of the Merrillsgm. Electrical heating has been used to
heat deodorizers either byiptheaters immersed in tid or by placing the elements
around the outside of the tank and heating tubes. Automatic control was achieved
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with electrical heating, but the dangel@talized overheating as well as high power
costs were problems. The use of condep#inermal heating fluids became the most
popular method of heating edible oils shortly after introduction in 1932.

All thermal heating fluidTHFs) became suspect cerogenic materials as a
result of several contamination incidents involving THFs containing polychlorinated
biphenyls (PCBs). As a result, the uséP@B-containing THFs that could contam-
inate foods were banned worldwide. F$iwith different chemical compositions
and low toxicity were adopted in the Uit States and other countries. Dowtherm
A® is a trade name of The Dow Chemi€ampany for a eutectic mixture of 26.5%
diphenyl and 73.5% diphenyl oxide; toxicity and safety data show a negligible health
risk for these compounds. This liquid boils with negligible fractionation at 495.8°F
(257.7°C) under atmospheric pressure. DowthA is referred to as a liquid because
it is used in liquid form, although it is a solid below 53.6°F (12°C). It is relatively
stable and has the advantage of low vapesgure when boilingt high temperature;
for example, at 522°F (272°C) the vapor pressure of Dowtherm A is less than 2 bar.
Dowtherm A has a pungent odor thatrismediately evident in case of a leak. A
typical THF heating system consists daler (vaporizer), durner complete with
safety controls required by insurance regulations, and a gravity return system for
the condensate from the deodorizer.

The European edible-oil communityeeted to phase-out THF systems and
replace them with hot water/steam heansfer systems. Conversions to these
systems have become the trend in thelediid industry worldwide for a variety of
reasons, including improved heat transd#ficiency, reduced energy costs, reduced
maintenance, and reductiam perceived safety risks.

2.15.4 Deodorization Process Control

Deodorization is the last major procegsstep where flavor, odor, and many of
the stability qualities of an edible faasd oils product can be affected. From this
point forward, all of the effids are directed toward retéig the quality of the freshly
deodorized product. In order to produce a quality deodorized product, attention must
be focused on all the factors involvedthwithe process. The various factors that
influence the quality of the finished deodorized oil include:

« Undeodorized oil preparation— Preparation of the oil before deodorization has
a significant effect upon the finished dedded product; therefore, the first process
control requirement is to ssre that the processing steps prior to deodorization
have been performed properly as spedifieor example, aelorization of high-
peroxide oils will thermally decompodke peroxides, but the rate of peroxide
formation in the oil duringsubsequent storage wilirobably increase and the
flavor stability will be compromisedProper handling of the oil would be to
rebleach it prior to deodorization.eam distillation doesot remove secondary
oxidation products, soap, or phosphatidelsich are adsorbenh bleaching.

« Air elimination — Oil must be scrupulously grected from contact with air
throughout the deodorization pess. At elevated tempeuags, oils react instantly
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with oxygen to form polynréc and oxidized triglycerides, which may be detrimental

to health. Some potential air sources are:

« Deaeration of the feedstoés essential becauseetbil may contain dissolved
oxygen from previous @osure to the atmosphere. Proper deaeration is
achieved by sparging the oil into akaunder reduced pressure. Usually, the
oil is heated to >175°FB0°C) and sprayed into a tank kept at a pressure of
<50 mba#®

« Air leaks can occur at deodorizer fittjs below the oil level and in external
pumps, heaters, and coolers; allthe oil to oxidize and polymerize.

« The stripping steam must generated from deaeratedter to be oxygen free.

« Deodorization constrction materials— Heavy metals, ptcularly those pos-
sessing two or more valency states, gdhenacrease the ta of oxidation. Of
all metal, copper is the most poteratalyst. A concentration high enough to
produce a noticeable oxidatiedfect lies in the proximity of analytical detection
limits, probably 0.00pm. The corresponding content for iron is 0.03 ppm. Other
metals have exhibited vang catalytic powers; for examglthe contents of metal
ions required to decrease the lardiiag time by 50% at 208°F (98°C) are 0.06
ppm manganese, 1.2 ppm chromiun® @pm nickel, 3.0 ppm vanadium, 19.6
ppm zinc, and 50. ppm aluminun® This comparison stresses the importance
of avoiding the use of copper, iron, some other alloy if the highest possible
flavor stability is required; thereforeleodorizers are fabricated from type 304
stainless steel at point®ntacted by the oil.

« Metal chelating— Fats and oils obtain metal cents from the soils where plants
are grown and later from contact duringhiing, processingnd storage. Many
of the metals promote axtidation, which results inff-flavors and odors accom-
panied by color development in the finished fat and oil products. Studies have
identified copper as the most harmful talefollowed by iron, manganese, chro-
mium, and nickel. The effezbf pro-oxidants can berdinished by using chelating
agents before and after deodorizatibhe most commonly used chelating agents
are citric acid, phosphoric acidnd lecithin. Citric acid is metered into the oil as
an aqueous or alcoholic solution at lewei50 to 100 ppm. Ciit acid decomposes
at 347°F (175°C), and the usual practicéoigdd it during the cooling stage in
deodorization. Citric aciddded prior to deodorizati decomposes at deodoriza-
tion temperatures but still affords a degrof protection fnm trace quantities of
oxygen present during preheating. Phosphadid, when used, is added to the
deodorizer in an aqueous solution atancentration of no more than 10 ppm
because a slight over-additioan lead to off-flavors in soe oils (e.g watermelon
flavor in soybean oil). Lecithin has é&e used to chelate metals at 5 ppm.

« Qil polishing— The final stage of deodorizati should be filtration of the oil.
The deodorized oil is normally pumpeddhgh an enclosed polishing filter to
remove any fine particles of soaps, métahlts, rust, filter aid, polymerized oil,
or any other solid impurities. Horizontalgpé filters have long been used as the
polishing filter of choice for deodorizeils. These filters are well adapted to this
service because oil clarity is excellentd the amount of solids to be removed
from the oil is minimal. The disadvantagef this type of filter are the labor
requirements to clean and redress therfiitas the space requirements; therefore,
small cartridge or bag filters havedoene popular for this purpose. These oil-
polishing filters are relatively inexpensivrequire a minimum space, and are much
less labor intensive; also, the bags are relatively inexpensive.
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¢ Operating conditions— Operating variables, such @snperature, pressure, strip-
ping steam rate, and time sfeaming affect the quality of the finished product.
The temperature of the stearequired is proportional to the absolute pressure.
The time required for efficient deodorizati depends upon the rate at which steam
can be passed through the oil and istlaliby the point at which appreciable
mechanical entrainment occurs. The lower the system pressure at a fixed vapor
pressure or temperature and spargaurst rate, the greater the FFA reduction.
Because the vapor pressure of the FFA thiedother volatiles islirectly propor-
tional to the temperature, an increase in both temperature and sparge steam rate
will increase FFA reduction; howevergtmaximum temperature that can be used
is limited because of the detrimental effects upon oil stability teants-acids
development.

Typical deodorizer conditions practicedtire United States are shown in Table 2.7
for the three types of deodorization systéimlost deodorizeail specifications
allow a 0.05% maximum FFA; however, most processors will deodorize to an 0.03%
maximum limit internally. The higher published limits allow for the addition of
antioxidants or other additives that raise the FFA level.

Table 2.7 Typical Deodorization Conditions

Deodorization Conditions Range
Vacuum, absolute pressure (mbar) 2-4
Deodorization temperature (°F) 410-500
Deodorization temperature (°C) 210-260
Holding time at deodorization temperature:
Batch deodorizers (hours) 3-8
Semicontinuous deodorizers (minutes) 15-120
Continuous deodorizers (minutes) 15-120
Stripping steam (wt % of oil):
Batch deodorizers 5-15
Semicontinuous deodorizers 1.0-2.0
Continuous deodorizers 0.5-2.0
Drop temperature:
Liquid oils
°F 100-130
°C 37.8-54.4
Higher melting products
°F above melting point 10-15
°C above melting point 5.5-8.5
Product free fatty acids (%):
Feedstock
Caustic refined 0.05-0.1
Physically refined 1.0-5.0
Deodorized product 0.02-0.03
Product peroxide value (meq/kg)
Feedstock 2.0 max.
Deodorized product Zero
Product flavor (minimum) Bland
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2.15.5 Deodorizer Distillate

Typically, deodorizers utilize a three- or four-stage steam ejector system with
direct-contact intercondensers to maintain a vacuum within the deodorization vessel
at 1 to 6 mbar absolute pressure, angpging steam is injected into the oil at a
temperature of 410 to 500°F (210 to 260°C). The odoriferous compounds, free fatty
acids, mono- and diglycerides, oxidation kygiuicts, tocopherols, sterols, pesticides,
other organic materials, and small quantitgd triglycerides are carried off by the
stripping steam through the primary stegjector of the vaaum-generating system
and are finally condensed along with the stripping and motive steam within the
barometric condenser. Scrabolers are often installdakefore the barometric con-
denser to remove as much of the distillate as possible to keep it out of the recircu-
lating cooling water. The distillate stripped from edible oils can be divided into three
component groups. The first group will condense between the deodorization and
their solidification temperates, the second group includésse that are condensed
and solidify when cooled to a lower tearpture by contact with the vacuum system
condensing water, and the final group consists of those that remain volatile even at
the lower temperaturé?

Initially, deodorizers used once-through cooling water systems that discharged
the wastewater into rivers, lakes, resersioor to a water treatment plant. Closed-
circuit water systems were introduced whika discharge of organic materials was
restricted by government agencies. Theystems recirculated the same water
through cooling towers and back to the condensers. A rapid build-up on all the
surfaces contacted, such as piping, pumalsies, cooling tower surfaces, spray noz-
zles, etc., fouled or plugged the equipimerhich led to high maintenance costs and
created an offensive odor that drewngtaints from the surrounding communities.

A direct contact cooling process was developed in the late 1950s in which the
deodorizer discharge vapor and vacuum booster steam flowed into a tower where
they were cooled by direct contact witeteeam of circulating distillate. The purpose
of the distillate recovery tower was to cool the deodorizer discharge to condense as
much of the distillate as possible. Thedtion of the scrub cooler within the vacuum
system and the operating conditions were selected to maximize distillate recovery,
maintain a pumpable liquid in the tower, and prevent condensing of the vacuum
system steam. The distillate recoverysteyns were very successful in reducing
maintenance and odor problems; however, some organic material still escaped and
ended up in the hot well, which contribdt® cooling tower problems. This problem
was solved with condenser-water reayglisystems. The basic concept of these
systems was to keep the cooling tower clenrcooling the dirty, hot well water in
a heat exchanger with tower water befi@eycling to the vacuum system barometric
condensers. In this system, there is medicontact between the two water streams,
so the cooling tower water remains cl&ar.

The odoriferous low-boiling compounds that remain volatile at low temperatures
continue in the vapor phase through the beetic condenser and exit with the final
vacuum stage discharge. The volatile compounds dissolve in the hot well water and
are either reintroduced intbe air in the cooling tower or build up in the hot well
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to cause odor emissions around the deadarirhree techniques that have been used
for odor control of the noncondensable materials are wet scrubbers, carbon bed
systems, and thermal incinéom. Carbon beds have rmten successful with edible
oil systems because of the heat load éndteam being discharged from the deodor-
izer vacuum system and the regeneration problems encountered with the carbon bed.
Thermal incineration has not been adopted for deodorization odor control because of
the low cost and availability of energy. Wet scrubbers offer the best solution for
eliminating noncondensable odor compounds. A wet scrubber is a device where a
liquid is brought into contact with the gas to absorb the soluble components or capture
any solid particles. Wet scrubbers normally consist of two components; the first
section is a contacting zone where the vapagparticle is captured, and the second
section is a disengaging zone where thaid is eliminated from the cleaned ¢és.
Deodorizer distillate is the material collected from the steam distillation of edible
oils. As a general rule 0.5% of the deodorizer feedstock would approximate the
amount of distillate produceldy a typical processor of edible fats and oils. The
composition of the distillate depends upon the source oil, the refining technique
utilized, and the deodorizer operating conditions. The distillate from physically
refined oils consists mainly of FFAs with low levels of unsaponifiable components.
Distillates from chemically refined oilsave higher economic value due to higher
sterol and tocopherol contents that are sources for natural vitamin E, natural anti-
oxidants, and other pharmaceuticl¥he use of deodorizer distillates in animal
feeds is forbidden by U.S. regulationschuse any insecticidés the source oils
are codistilled with the other organicrapounds. The distillatean be used as a
source of industrial fatty acids or mixedth the fuel oil used to fire the steam
boilers; up to 10% of the distillate has been successfully used in fuel oil. The
remaining disposal alternatives are depngitit in a refuse dump, if permitted, or
combustion in a fluidized bed incineraté#103

2.16 FINISHED FATS AND OILS HANDLING

The last major process that can control the odor and flavor stability of an edible
fats and oils product is ddorization. If the conditionsf the preceding processing
technique and raw material quality have beatisfactory, the result is a tasteless,
odorless, and light-colored fat and oil ingredient, free from peroxides and contam-
inants. Processes for handling and storagdleesfe products must protect the achieved
quality prior to packaging or use in a prepared food product. Deodorized fats and
oils products must be protected from contamination with foreign flavors, foreign
odors, impurities, other fats and oils products, and hydrolysis, as well as thermal
decomposition and oxidative deterioration.

2.16.1 Protection against Oxidative Deterioration
Fats and oils containing unsaturated fatty acids are subject to oxidation, a chem-
ical reaction that can occur with expostweair to make their flavor unacceptable

to consumers. The double bonds found in unsaturated fatty acids are the site of this
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chemical activity. The oxidation rate is roughly proportional to the degree of unsat-
uration; linolenic (C-18:3), with three double bonds, is more susceptible than oleic
(C-18:1), with only one. Linoleic (C-18:2) is intermediate but twice as susceptible
as oleic. Oxidative deterioration resuiltssthe formation of hydroperoxides, which
decompose into carbonylsyaierization, and polymerizedaterials. It is accelerated

by temperature increase, oxygen presgweease, a higher concentration of oxida-
tion products (peroxides and aldehydes)iaheatalyst, lipoxdases, hematin com-
pounds, antioxidant reductignabsence of metal deactivators, storage time, and
ultraviolet or visible light® Extensive oxidation would eventually destroy the car-
otenoids (vitamin A), the essential fatacids (linoleic and linolenic), and the
tocopherols (vitamin E) contained in most oils. Prevention of oxidation is a major
factor that must be designed into all edible fats and oils storage, handling, and
processes.

2.16.1.1 Nitrogen Blanketing

Many of the current edible fats and at®rage, handling, and stabilization prac-
tices stem from the results of flavor stabiliégearch. Determinations that a correlation
exists between peroxide value results aagldit determinations indicate that flavor
deterioration can be prevented by excludimgram fats and oils products. The usual
procedure involves replacing oxygen with oglen. Gas-free finished oil is delivered
from the deodorizer to a storage tank under a complete nitrogen blanket supplied by
a nitrogen gas generation unit or from liquid nitrogen. A nitrogen blanket is maintained
by a pressure system controlled by a regulator. As the tank is filled with oil, the
pressure builds and the gas is ventedht atmosphere. Conversely, as the oil is
pumped from the tank, the pressure draps @placement gas enters the tank. It is
good practice to install a relief valve or rugg disc for each tank to avoid collapsing
a tank with a vacuum. A typical system would be kept under nitrogen pressure of 1 to
15 psi (1 to 2 kg/cA). This pressure varies as tfamks are loaded or unloaded, and
the pressure relief valves are setdtieve pressures above 15 psi (2 kgem

Another nitrogen protective practice utilizedtes sparge oils at the exit of the
deodorizer or a nitrogen-blanketed vessel. The principle is to saturate the oil with
nitrogen while it is completelgeaerated. The spargersdtiiarge tiny bubbles of nitro-
gen directly into the oil stream. As the oil flows into the unprotected vessel, the effusing
gas sweeps the headspace, sweeping mts okygen from the vessel. This technique
is particularly useful for protecting bulk oil shipments in tank cars and tifcks.

Oxygen contact can be redudadkeeping the entire edible fats and oils handling
process protected with an ingas. In finished oil pressing, preferably the product
is protected by nitrogen gas in the storégeks and bulk transports as well as in
the packaging. Effective ptection against oxidation for packaged products requires
that the air in the oilrad the package headspace be evacuated and then replaced by
a protective gas such as nitrogen.
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2.16.1.2 Temperature Control

Fats and oils temperatures should rbaintained as low as possible during
handling because heat accates the oxidation reactioBefore exiting the deodorizer,
while still protected by vacuum, the product should be cooled to 100 to 130°F (37.8
to 54.4°C) for liquid oils and 10 to 15°F.%to 8.5°C) above the melting point of
higher melting products. After the polish filter, the liquid oils can be further cooled.
The speed of oxidation is doubled for e F (15°C) temperature increase in the
68 to 140°F (20 to 60°C) range. This means that an oil can be held four times as
long at 68°F than at 122°F, before the same degree of oxidation occurs.

Hydrogenated and higher melting fats and oils must be kept liquid for transfer
with pumps. It is necessary to control the product handling temperature to prevent
oxidation and because the pumping raa@sl volumetric metering systems are
dependent upon product viscosity, whistiemperature dependent. A good practice,
as outlined above, is to keep the prod no warmer than necessary to pump
conveniently or 10 to 15°F (5.5 to 8.5°C) above the melting point of the product.
Bulk handling systems should be desigrio accommodate low-temperature product
handling and minimize localized overheating with short insulated lines, tank agita-
tors, automatic temperature controllers,-tvater or low-pressure steam heating,
properly sized tanks, proper placementeshperature probes, and so on.

2.16.1.3 Light Control

Light exposure contributes to the flavor deterioration of all edible fat and oil
products. Even limited exposure of an obguct to sunlight or ultraviolet rays from
fluorescent lighting will increase peroxigtalue results and decrease flavor ratings.
Normally, light-induced deterioration is not a processing concern because all pro-
cessing, handling, and stoeagre accomplished in closed systems; however, two
areas of concern are (1) the samplemwdr and submitted to the laboratory for
analysis, and (2) the liquid oils packagedclear bottles for the retail market.
Transparent or open large-mouth containers should not be used to obtain samples
for laboratory testing of organoleptical pesfies and peroxide value determinations.
Oils stored in brown glass bottles have experienced only slightly more deterioration
than those stored in metal or otherwise kept away from light, but the U.S. consumer
has shown a preference for salad piggkaged in clear containers.

2.16.1.4 Storage Time

All fat or oil products experience detaration even when handled and stored
under ideal conditions. Oils that do not require heating to remain liquid resist
deterioration more so than the higher melting products. The higher melting products
should not be allowed to solidify and then be reheated for use unless for a downtime
of extended duration. Most shorteningslather similar products will maintain an
acceptable flavor and oxidative stability for 2 to 3 weeks in melted form with
adequate controls. Therefore, edible fatd oils storage systems should be designed
for turnovers of less than 2 to 3 weekswathin the established storage life of the
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product. Additionally, fresh product shoutet be added to heels of previous lots.
The older product will containoncentrations of oxidatn products that will accel-
erate oxidation of the fresh product.

2.16.1.5 Antioxidant Addition

Antioxidants are chemical compounds that provide greater oxidative stability
and longer shelf life for edible fats amils by delaying the onset of oxidative
rancidity. Oxidation occurs in a sesi of steps often referred to fse radical
oxidationbecause the initial step is the formation of a free radical on the fatty acid
portion of the fat molecule. The free radicahighly reactive and forms peroxides
and hydroperoxides by reaction with oxyg&hese free radicals also initiate further
oxidation by propagating other free radgaFinally, the hydroperoxides split into
smaller organic compounds such as aldehydes, ketones, alcohols, and acids. These
compounds provide the offensive odor dlador characteristiof oxidized oils!%®
Antioxidants function by inhibiting or interrupting the free-radical mechanism of
glyceride autoxidation. Their ability to do this is based on their phenolic structure
or the phenolic configuration within their molecular structure. Antioxidants or phe-
nolic substances function as a free-radmateptor, therebterminating oxidation
at the initial step. Fortunately, the antidant free radical that forms is stable and
does not split into other compounds that provide off-flavors and odors nor does it
propagate further oxidation of the glyceride.

Food products in interstate commercetlie United States are subject to the
regulations under the Food, Drug, and CeS8mAct; the Meat Inspection Act; and
the Poultry Inspection Act. These regulations establish limitations on the use of
antioxidants and other food additives in food products. Antioxidants cleared under
these regulations include the followiffj:11?

2.16.1.6 Tocopherols and Tocotrienols

Nature’s fat-soluble antioxidants exist in four homologs: alpha, beta, gamma, and
delta. The Disomer (vitamin E) is widely used as a nutritional supplement. The
Eisomers exist in concentrations too lowhi@ve any practical significance. Both the
Jisomer and thesomer are known primarily for their antioxidant properties and are
used where consumers require a natural adoi Interestingly, synthetic antioxidants
contain the same phenolic structure thakesahe tocopherols effective antioxidants.

In most applications, tocopherol addition levels of 0.02 to 0.06% are sufficient
to provide good antioxidant properties. The USDA limits the addition level to 0.03%
for lard or rendered pork and rendered poultry fat, but the FDA allows the amount
required for the intended technical effect for most products. The antioxidant prop-
erties of tocopherols can be enhancedhgyaddition of an acid synergist such as
citric or ascorbic acid. Tocopherol additions have the most application for stabilizing
edible fats of animal origibecause of the absence ofural antioxidants in these
products. Vegetable oils are the source of the tocopherols, and enough of the natural
antioxidant survives refining, bleachirgnd deodorization tprovide the optimum
stability available from tocopherols. A survival level of 500 ppm for soybean oil is
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considered adequate to protect the oil from oxidation. Performance testing has shown
that tocopherol levels above the normal survival level do not improve the oxidative
stability but in fact act as a prooxidant to enhance oxidation.

2.16.1.7 Propyl Gallate

Propyl gallate, on-propyl ester of 3,%:tri-hydroxybenzoic acid, is an effective
antioxidant for shelf-life improvement of vegetable oils at usage levels of 100 to
200 ppm, or the FDA and USDA permitted levels; however, its usage is hampered
by solubility problems, discoloration, ammbor heat stability. Propyl gallate has
significant water solubility and seeks thater phase in water—fat systems which
causes a reduction in antioxidant effeetiess and allows complexing with iron to
cause iron-gallate discoloration. Darkenfgscrambled eggs to a blue-black color
when prepared in an iron i8kt with an oil stabilized with propyl gallate is an
example of the deficiency. Additionally, edible oil products stabilized with propyl
gallate can darken while stored in blaickn vessels, when packaged in metal
containers, or when coming into contact with metal processing equipment. Finally,
propyl gallate may be inactivated readily alkaline systems&nd particularly at
elevated temperatures. These deficienbige limited the use of propyl gallate in
edible fats and oils in the United States, where tertiary butylhydroquinone (TBHG)
has been approved as an altermagifective vegetable oil antioxidant.

2.16.1.8 Butylated Hydroxyanisole (BHA)

BHA is outstanding among the antioxidants for its carry-through effect; that is,
it can substantially withstand food-procesgsitemperatures such as those experi-
enced in baking and frying. BHA is referred to as a hindered phenol because of the
tertiaybutyl grouportho- or meta-to the hydroxyl group. This steric hindrance is
probably responsible for the ineffectivene$8HA in vegetable oils; however, this
same steric hindrance is probably respalesior the carry-throgh effect for baked
or fried foods. BHA has a strong phenatidor that is particularly noticeable with
the initial heating of frying shortenings or oils stabilized with BHA and can be
described as a chemical odor. Another concern is the development of a pink color,
which can occur when BHA comes into cactt with fairly hgh concentrations of
alkaline metal ions, such as sodium or potassium.

2.16.1.9 Butylated Hydroxytoluene (BHT)

BHT is another hindered phenol with molecular structure similar to BHA.
BHT is also similar to BHA in performance with regard to its relatively weak
stabilization of vegetable oils and ability to survive baking and frying conditions to
carry through into the finished foodqutucts. Both BHT and BHA are extremely
soluble in edible fats and oils andvkapractically no water solubility. BHT can
experience some darkening in the presen@®of but the degree is not very serious.
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2.16.1.10 Tertiary Butylhydroquinone (TBHQ)

TBHQ is a relatively recent addition to tapproved antioxidant list in the United
States and has not gained approval imynather countries. TBHQ has been found
to be the most effective antioxidant for athgrated vegetable oils, and it has several
other advantages: (1) no discoloration when used in the presence of iron, (2) no
discernible odor or flavor imparted to fats and oils, (3) good solubility in fats and
oils, (4) effectiveness in poultry and aninfizls as well as veggble oils, (5) carry-
through protection in baked and fried products, and (6) stabilizing effect upon
tocopherols. The use of TBHQ to protect dalitats and oils from crude to deodor-
ized has been found effective for preventing secondary oxidation products as deter-
mined by anisidine value evaluations. This protection is completely removed during
steam distillation, and additional TBHQ stlwbe added to the deodorized products
for protection of the finished oils. TBHQ, BHA, and BHT are all volatilized at
approximately the same rate, but oils stabilized with TBHQ antioxidant consistently
have a higher oxidative stability and attbe carry-through into fried foods. One
concern with TBHQ utilization is the pintolor that can develop with an alkaline
pH, certain proteins, or sodium salts.

2.16.1.11 Synergistic Antioxidant Mixtures

Much of the success of antioxidants degeeupon their beinig chemical contact
with the product they are protecting; tefare, antioxidant fonulations containing
various combinations of défent antioxidant ahchelating agents are generally used
in most food applications, rather than individual antioxidant compounds. Not only
does the use of such formulations providmavenience, in that it is easier to handle
the diluted antioxidants, but it also permite processor to take advantage of the
synergistic properties of the differeahtioxidant compounds. For example, BHA
and BHT used in combination provide a gezantioxidant effecthan when either
is used alone. Propylene gblcand vegetable oils usually serve as solvents for the
antioxidant mixtures. Lecithin, citratanonoglyceride citrate, and mono- and
diglycerides are included inéhformulations agmulsifiers.

Synergism is a characteristic common to many antioxidant mixtures. A mixture
is designated as synergistic when the effédche mixture is grater than the effect
produced by the sum of the individual camngnts. A synergist, such as citric acid,
has two important functions in antioxidant formulations: (1) it increases the antiox-
idant effectiveness of the combinaticamd (2) it ties up or sequesters the trace
metals, which are fat-oxidizing catalysts, by forming complex, stable compounds
(chelates). Other compounds that function as synergists and chelating agents include
isopropyl citrate, stearyl citrate, orgplwosphoric acid, sodium monohydrogen phos-
phate, pyrophosphoric acid and its saltgtaphosphoric acid and its salts, calcium
disodium ethylenediaminetetraacefieDTA), and disodium EDTA.
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2.16.2 Protection against Contamination

A contaminant is any undesirable material that may taint, infect, corrupt, modify,
or degrade by contact or association. Edible fats and oils must be protected from
contamination at all stages of processamgl especially aftedeodorization because
that is the last opportunity to remove undesirable flavors, odors, colors, and other
compounds. The contaminants most likelyaféect the deodorized edible fat and
oil products to the degree that would require reprocessing or downgrading to a lesser
value product include:

¢ Moisture— Maintenance of a low moisture cent after deodorization will ensure
that hydrolysis does not occur. Hydrolysisthe reaction of water with a fat or
triglyceride to break it down into a digleride and a free fatty acid. This hydrolytic
reaction of fats and oils can be preveng maintaining a moisture-free environ-
ment for the product. Some potentiausces of moisture contamination during
storage and handling are ruptured heatingamling coils, leaking coolers, inad-
equate drying of washed tanks, cendation, steamingf lines, etc.

* Impurities— Foreign material in a finishgaroduct is usually caused by a mal-
functioning polish filter, precipitant of metal salts, polymerized oil from dead spaces
in lines, inadequate tank cleaning, etds k good policy to polish filter all finished
products during each transfer, preferablynaar to the destination as possible.

« Commingling— Inadvertent mixing of two diffemt fats and oils products together
is serious contaminatiofEvery finished fats and oils product has specific prop-
erties designed for thetended application. Commygling with another product
can change the compositiccpnsistency, performancand oxidative stability of
the contaminated product. &nesultant product in most cases requires reprocess-
ing to another product due to potentiahnpes in labeling, ligious constraints,
and performance. Comminglingusually the result of human error or malfunction
of a valve. Murphy’s Law dictates thtiite highest value product is always mixed
with the least-expensive product handled.

¢ Odors and flavors— Fats and oils easily alrioodors and flavors from other
foods, spices, solvents, gases, chefsicpaints, and any other odoriferous or
flavorful material; therefore, extreme care must be exercised to protect the fat and
oil products at all timesfter deodorization includingtorage, handling, and
transportation of bulk liquid or packaged products.

2.17 PLASTICIZATION

Considerably more is involved in gparing a shortening and margarine for
packaging and eventual use as an ingredie spread than simply lowering the
temperature to cause solidification. Fo@ample, a grainy, pasty, nonuniform mass
is produced when edible fats and oils altewed to cool slowly. The more saturated
triglycerides crystallize first and grow in size to produce an unsightly, difficult to
handle, mushy product that lacks many of the basic qualities necessary for shortening
or margarine performance. Developmentlef desired edibility, appearance, stabil-
ity, texture, functionality, uniformity, and reproducibility in solidified fat and oil
products is a function of controlled crystallization or plasticization.
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2.17.1 Plasticity of Edible Fats and Oils

Edible fat and oil products appear to be soft homogenous solids; however,
microscopic examination shows a mass af/\v@amnall interlocked crystals that trap
and hold by surface tension a high percentddiguid oil. The crystals are separate
discrete particles capable of moving ipdadently of each other when a sufficient
shearing force is applied to the mass. €fme, shortening, margarine, and other
solidified fat and oil products possess thareateristic structure of a plastic solid.

The distinguishing feature of a plastighstance is the property of behaving as
a solid by completely resisting small stresses but yielding at once and flowing like
a liquid when subjected to deforming stressabove a minimal value. A firm, plastic
material will not flow or deform from its own weight; however, it may be easily
molded by slight pressure into any desired form. Plastic solids derive their function-
ality from their unique plastic nature. Three conditions are essential for plaSficity:

1. It must consist of two phaseme a solid and the other a liquid.

2. The solid phase must be dispersealfi enough to hold the mass together by
internal cohesive forces.

3. The two phases must be in proper prtipns. The solid portion must be capable
of holding the liquid while enough liquid mube available to allow flow when
stress is applied.

Plasticity and consistency of an edible fats and oils product depend upon the amount,
size, shape, and distribution of the solid material, as well as the development of
crystal nuclei capable of surviving high-temperature abuse to serve as starting points
for new desirable crystal gralw The factors that influee these characteristics are

as follows!4115

2.17.1.1 Product Composition

The element most directly influencingeticonsistency of a plastic shortening is
the amount of material in the solid phaee product becomes firmer as the solids
contents increase. The solids contents determined by oil source and prior pro-
cessing, including the degree of hydrogenatinteresterification, fractionation, or
naturally solid source oils such as lardloi®, palm oil, or coconut oil. Solidified
fats and oils begin to have enough body to hold their shape well at a solids content
as low as 5% and become rigid, losingsgicity as the solids contents reach 40 to
50%. A typical all-purpose bakery shortegj formulated for creaming properties
and spreadability or workability, attempts to maintain a solids fat index of 15 to 25%
over the widest temperature range possiibsvever, each product has a satisfactory
plastic range, which is the temperaturaga in which the particular fats and oils
product may be used with the intended results.

2.17.1.2 Crystal Size

At elevated temperatures, fats retaimough molecular motion to preclude orga-
nization into stable crystal structures; however, edible fats and oils go through a
series of increasingly organized crystal phases with cooling until a final stable crystal
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form is achieved. All fats crystallize from the liquid phase in théorm and
transform more or less rapidly t& and subsequently to the intermediate or the
Emodifications if they are likely to exhitthese higher polymphs. This sequence

is irreversible; once transformation to the more stable forms has occurred, lower
polymorphs can be obtained only by melting the product and repeating the process.
This process can occur in fractions afsecond or in months. The crystal types
formed define the texture and functionabperties of most fat-based products. Each
crystal form possesses its own specific physical properties; for example, they differ
in melting point, solubility, specific heat, and dielectric constants. The crystal lattice
formed when the molecules solidify igelatively loose arrangement. As crystalli-
zation proceeds, the molecules tend to packe closely together. With time, the
molecules in the crystal lattice will paclgether as closely diseir structure permits;
therefore, the molecules in the most stalplestal lattice will rguire the least space.

The body and functionality of plastic fat and oil products are influenced signif-
icantly by the size of the crystals formddring solidification. A product becomes
progressively firmeas the average size of the cristdecreases and becomes softer
as the crystal size increases. A fat that haen melted and allowed to crystallize
slowly under static conditions will contain many large crystals plainly visible to the
eye. Crystals formed in the same fat by rapid chilling methods will be microscopic
in size. Quickly chilled product with very small crystals will be firmer and will have
a consistency range much wider than thfaa fat slowly crystallized. The slowly
crystallized product will also be softer than the rapidly chilled fat.

2.17.1.3 Supercooling

A very critical and complicating factor in plasticizing of edible fats and oils
products is the supercooling propertiedrigflycerides. Fats can remain liquid when
chilled below their melting point. Becausetbis fact and thaflats are polymorphic
and can crystallize in two or more forntise solidification angblasticization process
requires careful control. The degreesopercooling and the temperature at which
the supercooled product is allowed to reacystal equilibrium is directly related
to the temperature range over which theduoict will be workable. In practice, the
temperature to which the product is supeted, worked, and packaged is controlled
to produce the widest plastic range for the individual product formulation. The extent
to which a fat is supercooled can affect ooty the consistency, but also the melting
point of the solidified product.

2.17.1.4 Mechanical Working

Solidification of the supercooled product without working or agitation will
produce a firm consistency and a narroasfit range. The pduct will also lack
smoothness of texture and have a ndfioum appearance. Solidification without
working allows the fat crystals to grow together to form a crystal lattice with greater
strength than the same product with the crystals broken into smaller discrete particles.
Therefore, for optimum plasticity, theigercooled product must be mechanically
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worked during this crystal formation period until substantially all of the latent heat
of crystallization has been dissipated.

The degree of work applied to sharitreg and margarine differs due to the
finished product consistency desired. Traditional table-grade margarine, packaged
in quarter-pound sticks and one-pound solids, must be firm enough to be handled
with print-forming and wrapping equipnt. Shortening and soft-tub margarines
should be in a semifluid condition at the filling station. Traditional stick margarines
must be allowed to reach crystallizatiequilibrium witha minimum amount of
work for a homogenous mixte. An important precautn for both stick- and tub-
type margarine plasticization is to avoid too fine a dispersion of the aqueous phase
while inducing the larger crystal formation. This helps prevent a “waxy” mouth
sensation and hastens the liberation of the salty aqueous phase, which contributes
some of the flavors and complements others.

2.17.1.5 Gas Incorporation

Creaming gas, preferably an inert gas sashitrogen insteadf air, is incor-
porated into most standasthortenings at 13 £ 1%, regular soft tub margarines at
4 to 8%, whipped tub margarines at 30 to 35%, and precreamed household shorten-
ings at 18 to 25%. Creaming gas is added to these products to produce: (1) a white,
creamy appearance; (2) a bright surfaceesh (3) an easier handling, less dense
product; (4) texture improvement; (5) homogeneity; (6) increased volume;
(7) reduced calories per serving; and (8luced saturated fat grams per serving.
Stick, liquid, and most industrial margarines do not have creaming gas added during
crystallization. The aqueous phase of agagne emulsion has the same effect on
appearance as does gas incorporation.

2.17.2 Solidification Apparatus Evolution

Most of the first vegetable oil shortenings were grainy and nonuniform with an
appearance similar to rendetadd. These products eitheere filled into containers
in a molten state and allowed to cool asalidify or were chilled in tanks until
crystallization began and then pouredoircontainers wher crystallization and
solidification were completed. With this type of processing, the rate and degree of
chilling that affected the degree of dgitization before packaging were variable
and resulted in products with a nonuniform texture and consistetiey:18

Probably the earliest device in general use for achieving rapid cooling of fat and
oil products was the chill roll, which was a hollow cast-iron, closed-end cylinder,
mounted on bearings so it could be fged. The roll was chilled either by pumping
brine through it or by direct expansion of ammonia into its interior. In operation,
the roll was rotated, and during rotation it passed through or contacted a trough
containing molten fat. A film of fat adhered the roll surface, where it was chilled
to form a solid layer. Theolidified sheet of fat wascraped off the roll surface by
a doctor blade just prior tthe melted fat pickup pdirafter one revolution. The
solidified fat dropped from the roll into a horizontal trough or picker box with a
longitudinal shaft fitted with a number p&ddles or spikes. The purpose of the picker
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box was threefold: (1) beat air into the product, which improved the product appear-
ance and texture; (2) serve as a holdiagsel while crystallization continued; and

(3) dissipate the heat ofystallization. Although the fat sheet from the roll was
usually solid, it was in a supercooled condition, and much of the crystallization
remained to take place after it left thdl surface. From the pker box, the viscous

fat was pumped under pressure through a throttling valve to the container. The
pressure and throttling improved the texture and appearance of the shortening by
uniformly distributing the air bubbles within the fat and by breaking up any large
agglomerates of crystals. Use of the chilll allowed packaging of a reasonably
uniform product. By varying the speef the roll and the temperature of the
refrigerant, it was possible to control the rate of chilling and the degree to which
the fat was cooled.

In the early 1930s, work aimed at tbevelopment of improved heat-transfer
equipment for freezing ice cream led ttee perfection of acontinuous internal
chilling machine that was soon applied to the plasticization of shortenings. Liquid
fat to be chilled is pumped into a ri@ly small annular space between a large
mutator shaft and an outerfrigerated jacket. As thehortening contacts the cold
jacket wall, it congeals and is instantly gumzd off by scraper blades attached to the
rapidly rotating mutator. This repeatdifgh-speed congealj/scraping sequence
provides extremely high hetmansfer rates and a homogeneous product. The mutator
may be hollow and heated slightly with circulating warm water to prevent the
formation of adhering masses of crystallized fat.

As the molten shortening is pumped te ftraped-wall heat exchanger, nitrogen,
an inert gas, is injected into the streamhere it dissolves in the liquid fat under
normal pump pressures. As the product ésathe heat exchanger, it flows into a
working or tempering unit that simulates, to some extent, the picker box with the
chill-roll procedure. The wose unit is a closed cylinderith stationary pins attached
to the walls that intermesh with spirally located pins affixed to a helical rotating
shaft inside the unit. The purpose of therker unit is to dissipate the heat of
crystallization while working the shortening to develop fine crystals. The worked
shortening passes through an extrusiothrottling valve to make a homogeneous
product and is pumped to the filling statjovhere it again passes through another
extrusion valve and into the package.

Margarine processing has gone thrdowgpmewhat the same developments as
shortening processing, except that in the beginning it was chilled by continuously
pouring or spraying the molten emulsion into a vat of running cold water or brine.
The emulsion entered at one end of theavat solidified before it reached the other
end. The solidified material floated toetlsurface in the form of a flaky mass that
was skimmed off. The water was drained fribra solidified emulsion before it was
worked to give the desired texture andiricorporate flavorig ingredients. This
procedure gave way to chill-roll pros#sg, which was replaced with the scraped-
wall heat exchanger process in the Uniteatest. With this processing, it is customary
to make an emulsion containing the fat, moisture, salt, flavoring materials, emulsi-
fiers, color, etc., which is then chillday using the scraped-wall heat exchanger.
The other differences compared to shairig plasticization & lower chilling tem-
peratures, creaming gas or nitrogen is imgbrporated for most margarines, and
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utilization of a quiescent aging tube instead of the picking or working unit to provide
a firm body suitable for printing into quarters or 1-pound solids. Also, margarine
handling equipment has to be constructed¢mfosion-resistant metals due to the
presence of salt, moisture, and acids in the emulsions.

As the continuous closeslstem for plasticizing nigarine was developing in
the United States, an intermittent method was becoming popular in Europe. Crys-
tallization in this procss is accomplished by delivering the emulsion to internally
refrigerated rotating drums or rolls. After crystallization, the product is allowed to
temper before it is conveyed through a seofeworking rolls. It is then transferred
to a worker or compactor, tinto slabs, and conveyéd blending machines where
the moisture is adjusted. After blendingisitplaced in large troughs for chilling to
40°F (4.4°C). The chilled product is theninted and packaged. The advocates of
the European process maintain that it pies a preferred product consistency and
texture because it more closely approxiesebutter. Margarine crystallization struc-
ture with the continuous process preferirethe United States is finer with a tighter
emulsion that does not experience moisture weeping but probably masks flavor more
so than does the European process.

2.17.3 Shortening Plasticization Process

The ultimate polymorphic form of plastic shortening is determined by the tri-
glyceride composition, but the rate at which the most stable form is reached can be
influenced by mechanical and thermal enefidhus, it is customary to process plastic
shortenings through various heat-exchamngarking configurations to remove heat
of crystallization and &at of transformation.

A typical U.S. shortening plasticizatigmocess, depicted in Figure 2.10, begins
when the deodorized shortening blend hesrbtransferred to the packaging depart-
ment storage vessel, has had all the sgetiidditive materials incorporated, and
has met all of the process quality cohtequirements. The sequence of operations
for the plasticization of a shortening &féi4-120

I. The deodorized shortenirtgend is transferred frorthe packaging department
storage tank to a small float-controllsdpply tank adjacent to the chilling unit.

2. The product is picked up by a gear puthgt maintains pressures of 300 to 400 psi
(20 to 26.7 bar) for some systems andaf000 psi (66.7 bar) for others, on the
entire chilling system.

3. Nitrogen, an inert gas, is introduced ittte suction side of the gear pump, usually
at 13.0 + 1.0% for standard shorterinGreaming gas levels can range from 0 to
30.0%, depending on throduct requirements.

4. Pressure throughout the entire solidifioatsystem is maintained by the use of a
pressure-regulating valve placed in the product line between the pump and the
precooler.

5. The oil and nitrogen mixteris precooled to 10 to 15°F (5.5 to 8.3°C) above the
melting point of the product. It is portant that the lortening blend remain
completely melted to prevent precrystallization before rapid cooling is com-
menced, as this will result in the formation of large crystals that do not provide
a good homogeneous crystal structiiee purpose of the precooler is to:
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Figure 2.10 Typical process flow for shortening plasticization.

« Ensure that the shortening blend entetimg scraped-wall s exchange is at
a constant temperature.

* Reduce the load on the scraped-wall heat exchanger.

« Ensure the presence of a large numberrg$tal nuclei inthe product as it is
chilled in the scraped-wall heat exchanger .

6. The precooled shortening blend enteessbraped-wall heat exchanger, where it
is rapidly chilled (usually less than a 30-second residence time) to temperatures
ranging from 60 to 78°F (15.6 to 25.§Gepending upon the product type and
desired firmness.

7. The supercooled product then passesutin one or more worker tubes, where
the fat crystals are subjected to a shearing action while the heat of crystallization
dissipates. The shaft in the worker umvolves at approximately 125 rpm, and
the residence time of thehilled product in this units usually about 3 minutes.
During this time, the temperature thie product rises approximately 10 to 15°F
(5.6 to 8.3°C) due to thieeat of crystallization.
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8. The worked product is then forced throwghextrusion valve that contains a slot
or other form of consiction to aid in makingthe product homogeneous by
breaking up any remaining crystal aggregawith an intense shearing action.

9. A rotary pump delivers the substangiafiolidified product at pressures in the
range of 20 to 26.7 bar (300 to 400 psija second extrusion valve located near
the filling station.

10. The solidified shortening carow be filled. The tempenate rise in the container
should not be in excess of 1 or 2°F (6L.1°C). Increases above this level are
indicative of substantial gstallization undr static conditionand will cause the
consistency to be firmer than desired.

2.17.4 Liquid Shortening Crystallization

The major attribute of liquid shortenings is fluidity at room temperature. Liquid
shortenings are easily poured, pumpadd metered under normal atmospheric
conditions, which reduces handling problems for the consumer. Properly processed
liquid shortenings do not require agitation to ensure uniformity. Also, oxidative
stability is prolonged because no heat is meglfor fluidity attemperatures as low
as 50°F (10°C) for most liquid shortegs. The products are milky white in appear-
ance due to the dispersiontafrdfats in the form of microcrystalline particles, which
do not settle out becausetbe crystallization proces&luid shortenings are com-
posed of componentsahare stable in theé=crystalline form. Low-iodine-value,

Ecrystal-forming hardfats seed crystzdition for liquid shortenings. The hardfat
level that can be added is limited by the desired fluidity of the shortening and the
eating quality requirements dfie finished products. A alle fluid system in the
Ecrystalline form will not increase in viscosity or gel once it is properly processed.
Hardfats with E-crystal habits are unacceptalite liquid shortenings because the
tight-knit crystal lattice structure initiates a viscosity change with crystallization to
a nonfluid product. Aeration proférs normally associated witk small crystals

are achieved by the addition of appropriateulsifiers. Emulsifiers are also included

in some formulations to retard staling ygast-raised breads and rolls to increase
shelf life.

The rate at which a fat transforms into its stable crystal form is important in
liquid shortening processingbause it must be in the stable form before packaging
to avoid solidification in the packagéherefore, the transformation of a liquid
shortening into the stablerfa must be accomplished afew hours. The quickest
transformation of a fat to its stable crystal form can be attained by the following:

1. Heat the fat until completely melted.

2. Rapidly cool the fat to just below thBcrystal melting point. Theoretically, the
Dcrystal melting point is very nearly the lower limit to which fatty materials can
be cooled without forming angrystals. AOCS Method Cc 6-25etermines the
temperature at which a cloud is indudeda fat caused by the first stage of
crystallization.

3. Heat to just above th&-crystal melting point but below th&crystal melting
point. The Ecrystal melting point or the higist melting form can be estimated
with a capillary melting pait (AOCS Method Cc 1-25}.
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Many different processes have been proposed and patented for preparing liquid
shortenings. Most of the methods requigdahilling of the product with a scraped-
surface heat exchanger followed by a talfization period in an agitated vessel.
Two process procedures that havedoieed acceptable liquid shortenings are dia-
grammed in Figure 2.11. Process A hasrbfound acceptablerftiquid shortenings
with hardfat levels below 5%, and process B, which requires more process time, has
been found acceptable for products with ntbhes 5% hardfat or emulsifier additions.

Process “A” Liquid Process “B’
Low Hardfat Shortening High Hardfat
Single Chiller Supply Tank Double Chiller
Agitated Agitated
Supply Tank Supply Tank
145 to 151°F 155 to 165°F
I I

Quie

—

—
=

——

— |
:g:
]

Figure 2.11 Liquid shortening crystallization process flow.


















conditions have rtdeen successftl? Once transformation to the more stable crystal
form has occurred, lower polymorphs can be obtained again only by melting the
product, crystallizing theDform, and repeating the ggence of transformations.

2.17.6.1 Quick Tempering

The expense and logistical problems agsted with constartemperature rooms
for tempering have led several equgmh manufacturers to develop mechanical
systems in an attempt to eliminate tenmmgr Most of thesesystems do not claim
complete elimination but a 50% or more reduction in tempering time. Most of the
quick-tempering processes add a post-cooling and -kneading, or working, unit to
the conventional type of chilling and working systems utilized with tempering. The
theory behind these systems is that liquid fat is forced to crystallize individually and
rapidly, thus creating smaflemore stable crystals theer than crystallizing onto
existing crystals, causing an increase ystal size or agglomeration as happens in
normal tempering. Two basic systems utilizing additional chilling to reduce temper-
ing have been developed to more completely crystallize the product into a stable
polymorphic form mechanically. The twaystems are compared in Figure 2.13. In
both systems, the viscous crystalline material that has been supercooled and worked
is recooled to remove the heat of crystallization developed in the working unit. One
of the systems employs another workingt aifiier the second chilling cycle, whereas
the other is filled immediately after the second chilling unit. The best product quality
with post-chilling temper is achieved w the product discharge temperature from
the second set of chilling units is equivalent to or slightly lower than the exit
temperature from the first chilling units. Most shortening and margarine products
using a post-chilling temper process are filled within a temperature range of 65 to
85°F (18.3 to 29.4°C).

Performance characteristics equivalemtwell-tempered shortening with only
24 hours of conditioning have been claimed for the post-chilled, quick-temper
productst?! These systems have received accadrom many edible-oil proces-
sors, but the standard temipgr procedures are still @cticed by other processors
for plastic shortenings and mgarines. In many cases,rs@ns of both conventional
and quick-temper systemseabeing utilized to prodie the various specialized
shortening and margarine products — for example:

« Frying shortenings that do not requirplastic consistency arproduced with the
conventional process with a rapid throughpnd are tempered for solidification
purposes only.

« All-purpose shortenings requiring a wideaglic range either are plasticized con-
ventionally and tempered otilize a quick temper process.

e Pastry or high-solids products are plaggd with one of the two specialized
systems, and a short conventional quiastempering stage is also employed.

Another procedure developed to instantarsdy crystallize fat products to the
desired final form utilizes energystead of cooling. Endres et'&.found that
tempering of shortening with microwave energy produces a substantially improved
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Figure 2.13 Mechanical tempering alternatives.

product with 0.25 to 10 minutes’ exposure. U.S. Patent No. 3,469,996 indicates that
the microwave tempering could be performed before packaging continuously or after
packaging on a batch basis. The typicatrowave exposure time was 2 minutes
with a product exit temperature of 95 to 103°F (35.0 to 39.4°C).

2.18 FLAKING
Fat flakes describes the higher melting, edible-oil products solidified into a thin

flake form for ease of handling, for quicker remelting, or for a specific function in
a food product. Flaking rolls, utilized for the chilling of shortening and margarine
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prior to the introduction of scraped-wdikat exchangers, are still used for the
production of fat flakes. Chill rolls have been adapted to produce several different
flaked products used to provide distimetperformance charamistics in specialty
formulated foods as well dake traditional melting-point adjustment function. Con-
sumer demands have created the need @ir specialty fat prducts. Specialty high-
melting-fat flakes have been developed for specific applications with varied melting
points:

Melting Range

Product °F °C

Low-iodine-value hardfats  125-150 52-66
Hard emulsifiers 140-150 60-66
Icing stabilizers 110-130 43-54
Shortening chips 110-115 43-46
Confectioners’ fats 97-112 36-44

2.18.1 Chill Rolls

Chill rolls are available in differengizes, configurations, surface treatments,
feeding mechanisms, etc., but most utedlake fats are 4-foot-diameter hollow
metal cylinders either 9 or 12 feetntp with the surface machined and ground
smooth to true cylindrical form. Flaking rolls, internally refrigerated with either
flooded or spray systems, turn slowly on longitudinal and horizontal axes. Several
options exist for feeding the melted oil product to the chill roll: (1) a trough
arrangement positioned at varying locations on the top quarter section of the roll,
(2) a dip pan at the bottom of the roll) @verhead feeding bgeen the chill roll
and a smaller applicatorltoand (4) a double- or twin-drum arrangement operating
together with a very narrow space beéem them where the melted fat product is
sprayed for application to both rolls. A thin film of liquid fat is carried over the roll,
and as the revolution of the roll continues the fat is partially solidified. The solidified
fat is cleanly scraped from the roll bydactor blade positioned ahead of the feed
mechanism with all of the designs.

2.18.2 Flake Crystallization

During chilling, a portion of the fat is supercooled sufficiently to cause very rapid
crystallization. The latent heat releadeyl fat crystallization is absorbed by the
cooling medium in the roll. In the crystallization of hydrogenated edible-oil products,
the sensible heat of the liquid is remowadil the temperature dhe product is equal
to the melting point. At the melting point, heat must be removed to allow crystalli-
zation of the product. The quity of heat associated thi this phenomenon is called
the heat of crystallizationThe sensible heat or spiciheat of the most common
hardfat products is equal to 27.8 calories per gram (50 BTU/pound). The amount of
heat that must be removed to crystallize low-iodine-value hardened oil is 100 times
the amount of heat & must be removed to lower the product temperature. Typical
coolant temperature requirenerfor flaked products are:
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Coolant Temperature

Product °F °C

Low-iodine-value hardfats 70 max. 21.1 max.
Hard emulsifiers 70 max. 21.1 max.
Icing stabilizers 30 max. —1.1 max.
Shortening chips 5 max. -15.0 max.
Confectioners fats 30 max. -1.1 max.

2.18.3 Flaking Conditions

The desired flake product dictates tt@ll-roll operating conditions and addi-
tional treatment necessary before and gfdekaging; however, some generalizations
relative to chill-roll operations and product quality can be made:

¢ Crystal structure— Each flaked product has ctgllization requiements depend-
ing upon the source oil, rtmg point, degree of $aration, and the physical
characteristics desired.

* Flake thickness— Four controllable variableBelp determine flake thickness:

(1) oil temperature to the roll, (2) chill-roll temperature, (3) speed of the chill roll,
and (4) the feed mechanism. Normal flake thickness for most flaked products is
0.03 inches, but it increases for mahbrtening chips to 0.05 inches.

« In-package temperature- Crystallization of the fat flakes is not complete before
removal from the chill roll, and heat camies to be release#ileat of crystalli-
zation will cause the temperature of a product to rise after packaging if it is not
dissipated prior to packaging. The guat temperature can increase to the point
where partial melting coupled with pressdrom stacking will cause the product
to fuse together into a large lump.

« Flake condition— Glossy or wet flakes are caused by a film of liquid oil on the
flake surface due to incomplete solidifica. Chill-roll temperatures that are too
warm or too cool can cause this corutitiHigh-roll temperatures may not provide
sufficient cooling to completely solidify the flake. Low-roll temperatures may shock
the oil film, causing the flake to pull awdypm the surface before it is completely
solidified. Under either of these conditionget flakes will lump in the package.

2.19 POWDERED AND BEADED FATS

Powdered and beaded fats are specialzeducts developed for ease of incor-
poration, handling, melting efficiency, uniform delivery with vibrator addition sys-
tems, etc. These products may be produced using a hydrogenated fat only, a hard
emulsifier only, a blend of hydrogenated fats and emulsifiers, or fats or emulsifiers
incorporated with other ingredients suak skim milk, corn syrup solids, sodium
caseinate, powdered eggs, starch, arrotarriers. The blended products are
formulated for specializedunctions in dairy systems, fillings, prepared mixes,
candies, sauces, and other prepared food products. Powdered hard emulsifiers serve
the same function as flaked product but will melt more quickly and can be incor-
porated into some finished products asTise hard emulsifierdqyydrogenated fats,
or blends of the two serve as stabilizers for peanut butter and other products and act
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as crystallization promoterkjbricants for breading mise pan release agents, phar-
maceuticals, cosmetics, nialy point adjustment, etc.

Three principal methods of forming powdesr beaded fats are practiced in the
United States: (1) spray cooling, (2) grinding flaked product, or (3) spray flaking
and grinding. Formulated products with fats, emulsifiers, milk solids, etc. for spe-
cialized uses are usually spray-chilledvoers. Hardfats and hard emulsifiers are
also spray-chilled but may have a disahage for feeding or blending accuracy.
The spherical shape of therap-chilled powders may aes roller bearings to give
erratic feeding rates with vibratory feedisgstems or may stratify in blends of dry
materials. Beaded products produced by grinding flakes or spray flaking and grinding
have granular shapes that can be metatadiform rates with vibratory or screw
feeders and resist stratification or separation in mixes with other granular materials.

2.19.1 Spray Cooling

Generally, this process consists of atomizing a molten fat in a crystallization zone
maintained under temperature conditions where a very fine mist of the melted fat is
contacted with cooled air or gas to caugystallization of the fat without marked
supercooling. By controlling the temperature conditions and residence time in the
cooling chamber, all of the sensible heat and virtually all of the latent heat of crystal-
lization are removed with the formation ofany crystallization centers by rapid
nucleation, accompanied by aptimum of crystal growth of these nuclei. By con-
trolling the crystal growth with conditiorsf no appreciable supercooling and almost
complete dissipation of the heat of cryl&tation, the equilibrium condition is achieved
almost instantly. This equilibrium condition achieves homogeneity in both inter- and
intracrystal composition of the fat to produce free-flowing, tempered particles.

2.19.2 Flake Grinding

Flaked, low-iodine-value hardfatsié hard mono- and diglycerides can be
ground with attrition-type mills. This typef mill involves impact of the particles
both with each other in theraand against a plate. Air flow can be used to move
the ground fats through the equipment. The required air flow is less than involved
in spray cooling, but the ground flakesust be separated from the air stream.
Precooling of the flakes airy-ice addition must be used lower the temperature
of the product below 40°F (4.4°C) beforangling at a sustained rate is possible.
The grinding process causes a rise in teatpee, which results in material which
is too gummy to grind proplgr Flakes can be ground successfully if they are well
cooled before the grinding operation begins, with the addition of dry ice or air
circulation at low enougkemperatures to dissigathe heat generated.

2.19.3 Spray Flaking and Grinding

This patented continuous process allows the manufacture of powdered fats uti-
lizing a chill roll and permits the immediate grinding of the fat into powder without
excessive refrigeration in the flaking roll or further cooling of the product. This
process consists of the following stéps:

© 2004 by CRC Press LLC



1. Spray liquid droplets of molten fat enthe cool chill-roll surface, which then
solidify rapidly.

2. Remove the solidified droplets from the chill roll with a doctor blade.

3. Classify the solidified fat droplets ksize with a vibrating sizing screen. The
larger particles are diverted to the grinder, whereas the smaller acceptable-size
particles proceed directlp the packaging operation.

4. Return ground material to the vibratisgreen for resizingintil an acceptable
particle size is olained for packaging

5. Temper the product at an elevated temperature to transform the crystals to the
stable polymorphic form.

2.20 SALAD AND COOKING OILS PACKAGING

Clear salad and cooking oils do not require any further processing after deodor-
ization for packaging except for tempera&twontrol for flavor, consistency, and
weight control plus nitrogen protection for oxidative stability. Liquid oils are cur-
rently packaged in 8-, 16-, 24-, 32-,-4&nd 64-ounce clear plastic containers as
well as 1-gallon opaque plastic containfosthe retail market. The same oils and
some additional products with additivesclslas antifoamers and antioxidants, are
packaged in 35-pound or 5-gallon plastic jugs and 425-pound closed-head drums
for foodservice anddod processor customers. Plastimtainers have replaced glass
and metal containers due to improvecbnomics. Both lower package costs and
lighter weight packaging contribute to lower product costs.

Salad and cooking oils are sensitive to light, which catalyzes oxidation to produce
off-flavors. Sensitizers such as chlorophyll may promote photooxidation. Artificial
lighting, as well as sunlight, causes tHisterioration in oils. Industrial packaging
protects the oils, but the clear plastic retaittainer, like glass, offers little protection
after removal from the case at the store.

Oxygen contact contributes to the degtéoh of an oil and is the most critical
factor affecting flavor stabiy. It may gain access to packaged oil in several ways:

« Atmospheric oxygen may be entrad in the oil at packaging.
« Oxygen may be available ihe container headspace.

« Oxygen may permeate the watlf plastic containers.

e Impure nitrogen may contain oxygen.

Liquid oils should be protected from bdtlkat and refrigerate@mperatures. High
temperatures accelerate flawbegradation, and cold rtgperatures cause crystalli-
zation and clouding; therefore, salad and cooking oils should not be stored in
shortening-tempering rooms nor in maigarvaults. Storage and shipment should
be at 70 to 75°F (21.1 to 23.9°C).

2.21 BULK OIL SHIPMENTS

Food processors that use edible fats and oils in large quantities frequently
purchase their requirements in bulk. Alltbé packaged fat aral products can be
shipped as bulk liquids in tank cars or tank trucks, except complete margarines and
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spreads. In this case, the margarine loélsgan be shipped to the customers. These
products must be handled properly during loading, transit, unloading, and storage in
the customers’ tanks to emswacceptable quality at thene of use and consumption.

Bulk handling systems for shipping fat and oil products must be designed and
operated with three primary considerations for the maintenance of quality: (1) avoid
contamination, (2) avoid overheating, and (3) minimize exposure to air.

2.21.1 Contamination

A contaminant is any undesirable material that may taint, infect, corrupt, modify,
or degrade by contact or association. Thataminants most likely to affect bulk
shipments are:

« Moisture— Precautions must be taken to protect the fats and oils product from
hydrolysis and development of free fadiyids. Moisture sources may be wet tank
cars or trucks, steamed Igy@uptured tank car coileaking coolers, condensation,
rain during loading, etc.

¢ Impurities— The presence of foreign materiésbulk oil shipments is usually
caused by a malfunction in the inlinetbout filter, inadequate tank cleaning or
rinsing, open hattcovers, etc. Rail tank car ctéag is somewhat difficult because
of the black iron construction and heaticwjls that tend to become coated with
oxidized and polymerized oil.

« Commingling— Inadvertent mixing of two different fats and oils products is a
serious contamination. Evefats and oils product h@s own specific properties,
and depending upon its field application the tolerance for admixture of other
fats is usually very low. Product ming is usually the result of a mispumping,
failure to remove a returned heel itamk car before loading fresh product, or a
malfunctioning valve.

2.21.2 Overheating

Most bulk-shipped fats and oils mus¢ heated for pumping to tank cars and
trucks and again at the customer’s toma with rail cars. Product temperatures
should never be at a higher level than necessary. The oxidation rate for fats and oils
increases by a factor of 3 for each 202E.{°C); normally a temperature 10 to 15°F
(5.6 to 8.3°C) above the melting point is adequate to keep a fats and oils product
liquid for pumping. Productseceived at the custon®rlocation in a solid or
semisolid state should be heated slowly so that they are liquid and homogenous
before pumping. Rail tank car overheating can occur with high-pressure steam usage
or even with low-pressure steam handled improperly. Heating should start at a time
calculated to provide the required tengiare without exceeding the maximum rate
of 10°F (5.6°C) per 24 hours. When steam is used, the steam pressure should not
exceed 1.5 kg/sq cm to peu localized overheating.

2.21.3 Air Exposure

Oxidation results when fats and oils asosed to air, which decreases stability
and produces poor flavors. Air can be almost completely excluded by maintaining
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a nitrogen atmosphere at all stages afteddazation; however, most tank cars and
trucks cannot be pressurized to maintain a complete nitrogen blanket. Nitrogen
sparging into the stream of oil as it is loading will saturate the oil plus an excess.
This excess is released when the oil is émhthto the tanker tdisplace air in the
headspace. This practice requires abotutiic feet of nitrogen per 1000 pounds of

oil. Additionally, the loading lines should discharge near the bottom of the tanker
to minimize aeration of the pduct. Allowing heated fatand oils to cascade or fall
through the air into the tanker allowse product to splash and aerate.
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CHAPTER 3

Fats and Oils Analysis

3.1 INTRODUCTION

The use of fats and oils prior to the beginning of the 19th century was based on
practical knowledge that had been accunadalowly over many centuries. Today,
fats and oils products are developet] aubsequent production controlled with a
knowledge of their composition, structural and functional properties, and the
expected reactions obtainddough the application of mmtific research. Progress
in the utilization of fats and oils for ¢hproduction of useful products is dependent
upon a thorough knowledge of the characteristics of the raw materials, the changes
effected by each process, and the requéresh of the individally prepared food
product. Physical, chemical, and performam@nalyses are the tools available to fats
and oils processors for the purchase of raw materials, development of new products,
and evaluation of the products produced.

Analyses of fats and oils are requird a number of appations, beginning
with commodity trading. In every fat aradl processing plantthere are analytical
requirements for process quality controlrdfining, for example, evaluating the free
fatty acid (FFA) content of the oil is necessary to determine the caustic treat, to
determine if the oil has been properly dexzied, and to serve as a quality indicator
in other areas. Melting points, solids fat index (SFI), and other physical evaluations
indicate that the product will function as developed. For final edible-oil products,
organoleptic evaluations, peroxide value, FFA, and other analyses are utilized for
assurance that the product has the required bland flavor, with predictive analysis such
as active oxygen method (AOMjability being utilized to ensure proper shelf life.

Nutritional listings of saturates, polyuwtsrates, cholesterol, vitamins, and other
product characteristics on foguoduct labels require aacaie analysis to identify
the original values and to ensure coraptie with any claims. Also of importance
are analyses for trace constituents, sashpesticides or trace metals, to ensure
compliance with governmental regulations.

Investigative analyses are frequently required in fats and oils processing. lden-
tifying the oils and physical characteristiof a somewhat mysterious product that
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arises as a result of a mispumping or some other mishap is required to determine
the opportunities to salvage the productalses are also needed to determine the
cause of product failures identified by quality evaluations of finished products or as
a result of custmer complaints.

Specialty and tailored fats have indivadwanalytical requirements in terms of
chemical, physical, consistency, nutritionaérformance, and loér properties that
must be measured and maintained to enthatproducts function as designed. The
diversity of products and applications amplifies the need for analytical information
and the ability to interpret the meaning of the results.

The analytical methods employed shoh&lthose that are universally accepted
in the industry, both by the suppliers of the raw materials and by the purchasers of
the finished products. Historically, devploent of analyticamethods for fats and
oils has been undertakdy the processors, professibsacieties, end users, aca-
demic community, and government-sporgbresearch agencies. Development of
analytical procedures was®pof the main reasons forrfoing the Society of Cotton
Products Analysts, whichelsame the American Oil @mists’ Society (AOCS).
Methods standardization remains a major goal for AOCS, and procedures with wide
interest and application become a part of @ficial Methods and Recommended
Practices of the American Oil Chemists’ Soci&tye AOCS methods are continually
updated, with unused or less satisfactory methods being dropped and new procedures
being added. Other standardized methodk patential application are published by
the Association of OfficiaRnalytical Chemists’ (AOAC)American Society for Test-
ing and Materials (ASTM), and American gegiation of Cereal Chemists (AACC).

3.2 NONFATTY IMPURITIES

Impurities present in fats and oils arentaiminates that must be removed during
processing to prevent an adverse reactioanounndesirable appearance. Most of the
trading rules for edible oil products have specific limits for the various nonfatty
materials. Analysis for these materialsring processing is part of good process
control, and quality processors have stringent as-shipped requirements for finished
products to prevent these contaminanten reaching the customer. The nonfatty
impurities analyticainethods are identifiedy the predominate contaminant in most
cases.

3.2.1 Moisture Analysis

Moisture can contaminate a fat or @il many different ways: condensation,
broken coils, intentional addition dugnprocessing, etcContinued presence of
moisture will induce hydrolysis with a resultant FFA increase and off-flavors. Some
of the analytical methods to idefiytiand quantify moisture include:

* Hot-plate method— One of the most common methods of determining moisture
in a fat or oil is AOCS Method Ca A8 for Moisture and Volatile Mattér.
Approximately 10 grams of a representatsample is heated in a beaker with
gentle agitation on a hogtke until foaming stops dnincipient smoking begins.
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The loss in weight between the begimiand the ending sample represents the
moisture and volatile matter.

¢ Air oven method— The results of the air oven method (AOCS Ca 2¢-2[
more accurate and reliable but also more consuming than the hotplate method.
For the air oven methodpproximately 5 grams of eepresentative sample is
weighed into a dried, tared moisture dasfd dried in the oven for 30 minutes at
101 + 1°C. This procedure is repeated uatdonstant weigtis determined. The
loss in weight is calculated as the moisture and volatile matter.

¢ Vacuum oven methed- AOCS Ca 2d-25provides more accurate results than the
hotplate and air oven procedures anéspecially applicable where moisture is
deep seated and must diffuse largelytigh the capillariesThe same procedure
as for the air oven method is observext;ept that the vacuum should not exceed
100 mmHg at a temperature 20 to 25°C above the boiling point of water at the
operating pressure until a ceast weight is obtaineith successive 1-hour drying
periods. Again, the weight loss is calculated as the moisture and volatile matter.

¢ Karl Fisher method— This method is adaptable for determining moisture in a
wide variety of materials and has bestapted by many laboratories as a standard
test procedure for moisture. The Karsiér volumetric method for moisture may
be determined by ordinaryisual titration or by arelectrometricmethod. The
titration endpoint is a cotochange from yellow tdrown. The electrometric
method of titration for moisture is moaecurate when dark solutions are encoun-
tered and enables a less aexpeced technician to corrdégtidentify the endpoint.

An automatic titration speeds up theabysis with an even better degree of
accuracy. AOCS Method Ca 2el8ddicates that the priston for the Karl Fisher
moisture determination by the same operator is 0.6% relative.

e Skillet moisture— This simple, qualitative method determines very quickly if
moisture is present in a sample. katves pouring a smadimount of the sample
into a hot skillet previously heated urtile sample begins smoking. An absence
of moisture is indicated by a lack ofgion, and any popping spitting indicates
the presence of moisture. This qualitatvaluation, with redts usually reported
as simply wet or dry, can be used to determine if a more quantitative result is
required.

3.2.2 Impurities Analysis

Foreign material in incoming crude edildliés or incorporated during processing
must be removed by filtration or anothgocess to produce an acceptable finished
product. The following methods and procedures have been effective for identifying
the existence of a problem and confirmithagt the impurities have been removed
before subsequent processing or shipment:

¢ Insoluble impurities— Meal, dirt, seed fragmentand other substances insoluble
in kerosene or petroleum ether are the impurities identified by AOCS Method
3a-468 normally identified by trading rule®r crude vegetable oils. This method
utilizes the residue from the moisture adhtile matter determinations or another
sample prepared in the same mannes tissolved in 50 milliliters of kerosene
and then vacuum filtered through a Gooch crucible. After washing with warm
kerosene and petroleum ether, the crudghtiied and weighed. The gain in weight
of the crucible is noted and the percentafiésoluble impurities is calculated.
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¢ Filterable impurities(standard disc method)- During processing, small quanti-
ties of undissolved impurities may Ipicked up from polymerized oil deposits,
charred materials, salt formed after a reaction, filter aids, bleaching earths, or
some other foreign matati These materials shoubé removed by one or more
of the filtering systems in the procedmt an evaluation procedure will ensure
that the systems are operating properyg are properly sized to remove all of
the foreign materials before shipmentite consumer. A suggested procedure for
evaluating filterable impurities is to it a standard quantity (500 grams) of heated
(70 to 90°C) oil sample with a vacuum suction funnel through a Whatmann No. 2
filter disc. After filtering, wash the funnel and filtelisk with a suitable solvent.
Compare the filter disk to standard impurities discs previously prepared to identify
the degree of acceptability.

* Turbidimeter impurities— The amount of undissolved impurities in oil can be
rapidly determined with the use of atidimeter. Product samples are usually
heated to 70° + 1.0°C and allowed d¢tand 5 to 10 minutes in a controlled-
temperature oven after being poured into the prescribed sample bottles to eliminate
air bubbles. The turbidimeteeadings can be convettéo part-per-million (ppm)
impurities with a predetermeéd calibrated curve. Experience has shown that this
method cannot be used for atéats and products coméig emulsifiers, because
they contain turbid materials other thaoda effectively measured by this procedure.

3.2.3 Trace Metals Analysis

Throughout the processing of edible fats and oils, metals can be encountered,
many of which reduce the efficiency ofetlprocess or cause deterioration of the
product quality. The most notable of teesetals are copper, iron, calcium, mag-
nesium, sodium, lead, zinc, and nickel. Various procedures have been used for
determining minute quantitiesf the trace metals in éde-oil products. Several
qualitative methods for iron and nickel are available, but the sensitivity for these
methods is limited. These @uations perform adequately only when it is necessary
to confirm that a product contains lesseofrace metal than the established limits
of the procedure. Initially, #se wet chemical analysesr@¢he only quality control
analyses available, but improved tracetaheletermination procedures have been
introduced; flame atomic absorption spectroscopy was improved by replacing the
flame with a graphite furnace, and maezently plasma emission spectroscopy,
inductive coupled plasma (ICP) has bésnoduced. At one tim, these procedures
were initially performed only by technicedsearch laboratories or by a centralized
quality control laboreory; however, now it is recomemded that each refinery have
the capability to perform these sensitive trace metal analyses 24 hours a day, 7 days
a week. These procedures do require avaihed operators, but reliable trace metal
information is necessary to maintaifinery yields and improve quality.

3.2.4 Soap Analysis

In caustic refining, sodium hydroxide iistroduced to the oil to react with the
FFAs and produce soaps. Traces of soap remaining in the oil after refining and
bleaching poison hydrogenation catalysts and have a detrimental effect upon the
oxidative stability of deodorized oils at levels below 5 ppm. Two AOCS methods are
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available for determining soapCc 15-60, a conductivity procedure, and Ccl17-79, a
titration procedure. Soap agaés are also useful investiiye tools for evaluating the
cause of early breakdown of frying fats. Trace amounts of caustic cleaning materials
left in deep-fat fryers wilkeact with the FFAs present to produce soaps, which shorten
the frying life of the shortening as exhdad by foaming, off-thvor, high absorption,

etc.

3.3 MELTING, SOLIDIFICATION, AND CONSISTENCY

The data obtained from melting points, solids fat index methods, and other
solidification procedures are all used to predict the consistency of the finished
product. For edible fats and oils products, the liquid/solids levels at the various
temperatures in relation to body temperature can give good indications of the mouth
feel, gumminess, workability, and overall general behavior at cool, ambient, and
elevated temperatures. The melting and faation procedures are the most fre-
qguently and routinely performed evaluatidnsfats and oils laboratories, both for
quality control and for product development. They are useful to control production
and help identify unknown samples and are critical in new product formulation.

3.3.1 Melting Point Analysis

Melting point is usually defined as the point at which a material changes from
a solid to a liquid; however, natural fats do not have a true melting point. Pure
compounds have sharp and well-defined melting points, but fats and oils are complex
mixtures of compounds that pass through a gradual softening before becoming
completely liquid. This melting procedurefigther complicated by the fact that fat
crystals can exist in several polymorphic modifications, depending on the specific
triglycerides involved and the temperaliime pretreatment (tempering) of the
sample. The different crystal forms are often stable enough to exhibit distinctive
melting points; therefore, instead of melting point, melting range or melting interval
is more correct. For a melting point, one point within the melting range must be
selected with a defined method. Only with ridge and specific definition of the
conditions of the fat pretreatment and the test procedure can a melting point be
determined. Many methods have been devised to determine the melting point or a
point close to it, some by direct observation and some by indirect and objective
processe$.The advantage of most melting point methods is their relative simplicity,
but the dependence of the melting point on the sample pretreatment and on the
method used must be mgidered a disadvantage.

Several fats and oils melting point procedures have been standardized by AOCS
and other associations. The melting point methods vary considerably in the endpoint
determination, conditioning of the samm@&jount of automation, time requirements,
attention required, degree of melt, and so on.

e Capillary melting point— AOCS Method Cc 1-25s essentially the procedure
used by the organic chemist for detarimg the melting point of pure organic
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compounds. In this method, capillary tubes (1-millimeter inside diameter) are
filled to a height of 10 millimeters with melted fat; the end is sealed and tempered
16 h at 4 to 10°C. After tempering, thebes are heated in a bath at 0.5°C per
minute, starting 8 to 10°C below the egfm melting point, until the fat becomes
completely clear. It has ba difficult to reproduce refts with thismethod because

of the subjective interruption @he completely clear endpoint.

« Softening point— This open capillary tube rtimg point method (AOCS Method
Cc 3-253 follows the closed capillary tube pesture, except the tube is not sealed
and the endpoint is the physical movemarithe fat column under a standardized
hydrostatic pressure. This objective detimation is a definite advantage for better
reproducibility of results.

« Slipping point— AOCS Method Cc 4-25s based on the same principle as the
open capillary melting poinbr the softening point method, except that only
plasticized or solidified samples are placed in metal tubes that are heated at a rate
of 0.5°C per minute while imersed in a brine solutian a 600-milliliter beaker.

The endpoint for this method is the temperature when the fat rises from the
cylinder. This method is useful for fstied products, and trendpoint is deter-
mined objectively, but the sample lackbdeatory pretreatment, so the results can
be influenced by the nonstandaet history of the product.

* Wiley melting point— At one time, A@S Method Cc 2-38vas the most popular
method in North America for determinirrgmelting point. A solidified fat disc is
solidified and chilled in a metal forrfor 2 hours or more. The disc is then
suspended in an alcohol-water bath amsvll heated while being stirred with a
rotating thermometer. The Wiley melting pbbccurs when the fat disc becomes
completely spherical. Theibjective interpretation of éhendpoint is again a major
disadvantage, anslight variation in sample tempering or heating rate interferes
with reproducibility of the results. Anleér major disadvantage is the constant
attention required tdetermine the endpoint.

« Mettler dropping point— AOCS Method Cc 18-8Qutilizes a Mettler Instrument
Corporation, Princeton, NJ control itrand dropping furnace. A sample cup
designed for the furnace filed with approximatelyl7 drops of the melted fat
sample and tempered in a freezer for 15 minutes. The cold solidified sample is
warmed in the temperature-programnfechace until it becomes fluid enough to
flow. When the sample flosy it trips a photoelectricircuit, which records the
temperature on a digital readout. Thisgerdure has beconsestandard in most
fats and oils laboratoriedue to the advantages itfefs over the other melting
point methods: fully automatic endpointiélemination, good coetfation of results
with Wiley melting point results, lessah an hour elapsed time required for
complete results, and the ability toadyre products withow melting points.

3.3.2 Solids Liquids Contents Analysis

The proportion of solid to liquid fat i shortening, margarine, or specialty
product at a given temperature has an irtgra relationship to the performance of
the product at that temperature. This proportion cannot be determined from single-
point melting analysis or any other analysis of the physical properties. Estimates of
the solids and liquids contents in a fatdiferent temperatures over the melting
range can be made with calorimetric, dilatometric, or nuclear magnetic resonance
procedures. Over the past y€ars, the dilatometric procedure (solids fat index) has
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gained wide acceptance foretltharacterization of soliiquid contents of fats.
Methods have also been standardizedtifi® use of nuclear magnetic resonance
(NMR) imaging for this purpose, and difeertial scanning calonetry (DSC) tech-
nigues have been developed for determination of solid liquid coritents.

The usual temperatures at which the sdlidsndex/contents determinations are
made are 10.0, 21.1, 26.7, 33.3, and333r 40.0°C. Generally, the SFI may be
related to the physical characteristics of the fat or oil product over the temperature
range in uséFor example, SFl results for margarine-base oils are usually determined
at three temperatures tdicate properties for:

¢ 10.0°C (50°F) — An indicator of printdlly and product spreadability at refrig-
erator temperatures

e 21.1°C (70°F) — An indicator of product re&ince to oil-off at room temperature

¢ 33.3°C (92°F) — An indicator of eatiray melt-in-the-mouth characteristics

Solids fat index/contents determinations at different temperatures covering the
range over which a fat passes from a solid to a liquid can be plotted to produce a
curve that illustrates the changes. The solids curves will show:

« Plastic range— Fats and oils products geneyallave the best consistency for
mixing and working within a solids caait range of 15 to 25%, which is usually
identified as the plastic range.

¢ Melting point— The dilatometric melting point is the temperature at which the
solids curve meets the liquid line, that is, the lowest temperature at which the
solids content is zero. This melting pbia obtained by exapolating the solids
curve to zero either graphically or mathematically.

« Flat solids curve— Flatter solids slpes generally have a greater plastic range
because the solids remain within thagtic range for a wider temperature range.

« Steep solids curve- Sharp melting properties ansually accompanied by a high
oxidative stability and characterized bgtaep solids slope. ying, cookie filler,
and nondairy applicationseaexamples of products iefiting from a steep solids
slope. These products require a sharp ingelprofile with good flavor stability,
whereas workability and creang properties are not required.

Since its beginnings in the early 1930s, dilatometry, now referred to as solids
fatindex, has become the preeminent analysis performed in fats and oils laboratories.
It has become the single most importariterion for establishing specifications
regarding melting behavior and crystallsteucture. Despitestimportance, the SFI
method is time consuming and labor intensive and requires more maintenance than
the majority of the other atyses performed; thereforthe fats and oils industry
has long sought a less time-consuming, nar®mated, less expensive procedure
that would provide comparable resiitSFI remains the preferred method in the
United States, whereas the European anidmats and oils industries have adopted
NMR techniques to determenthe solids fat contents.
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3.3.2.1 Solids Fat Index

Dilatometry is the basis for the mostdely accepted method for solids fat mea-
surement in the United States. AOCS Method Cd 10&7the dilatometric solids
fat index has been used extensively for product development, process control, and
quality specifications for fats and oils protkiSolids fat index is an empirical measure
of the solids fat content. It is calculattdm the specific volumat various temper-
atures utilizing a dilatometric scale measured in units of milliliters times 1000. It
should be recognized that the SFI results are arbitrary because assumptions are made
and liberties are taken insofar as precisasurement is concerned, including (1) use
of volumetric instead of gravimetric measurements, (2) use of solutions other than
mercury as the confining liquid, (3) assumption that the slopes of the liquid and solids
lines are parallel, (4) assumption that the slope of the liquid line is the same for all
fats, and (5) assumption that the melting dilation is 0.1. Some of the assumptions are
made out of necessity anchets are made for convenience; however, even with the
assumptions and liberties taken, the results have relative significance and are related
to other fats and oils properties that areangint with respect to performance and use.

3.3.2.2 Solids Fat Content

AOCS Method Cd 16-81 determines the quantity of solid glycerides in a fat by
measuring the pulsed NMR signal of the liquid‘fathe hydrogen atom in a solid
crystal does not give a signal, but a hydrogen atom in a liquid environment does;
therefore, NMR measures the actual amafrliquid in a sample. SFI and NMR
analysis may be correlated, but the methods do not provide identical results. The
most significant differencdetween the two techniques is experienced with fats
containing high solids contents at 10.0 and 21.1°C (50 and 70°F). Solids fat content
(SFC) using either pulsed or wideline R\Vbpectrometers isdirect measurement,
whereas SFI is an empirical measure calculated from the specific volumes at various
temperatures using a dilatométeBolids fat content (SFC) using either pulsed or
wideline NMR spectrometers is a directasarement, while SFl is an empirical mea-
sure calculated from the specific volumesaious temperatures using a dilatometer.

3.3.2.3 Differential Scanning Calorimetry Fat Solids Content

Measurement of the heatfakion of fat rather thaits thermal expansion appeared
to offer promise as a means of determining fat solids content, so methods were
developed for measurement of the solidatents of vegetable and animal fats by
DSC in the search for a less time-consuming method for determining fat solids
content. Briefly, the methods develope@asured the heat &fision of a frozen,
completely solid sample of fat. The arealenthe melting curve (presented on a strip
chart) is measured, then seted partial areas are measlas a percentage of the
whole. The temperatures selected fortipharea measurement are normally those
used for the SFI by dilatometry.

Several advantages can be identified B&C fat solids methods as compared
to SFI: (1) the thermal history determined can provide clues to the tempering and
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storage conditions for the fat sample; (2) the fat melt curve can help distinguish
between two fat products with identical SFI values; (3) a fat solids range from —10°C
for soft oils to 70°C for hardfats would be possible; (4) no limit for hardness would
be necessary, as is required with SFI bgtdmetry; (5) results should be available
in approximately 1 hour of elapsed time; and (6) correlation with SFI results appear
good. The identified disadvantages wglg accurately weiglhig the small sample
size (5 to 10 milligrams) poses the problem of representative sampling, (2) variation
for fat solids is not constant dns greater at low temperatufeand (3) precision
has been found to be poorer than with the standard SFI dilatometric technique.
Fat solids analysis by DSC has neveelb accepted as a quality control tool to
replace SFI. Originally, it had appearedb® an ideal choice because it measured
the change in heat abstign vs. the temperature of the sample programmed from
one temperature to anothersézord a melting profile of sample as it passes through
various crystalline states from a solid tiigaiid. The primary points of dissatisfaction
with the DSC solids measuremeéachniques were the fatiat reanalysis of the same
sample is not as reproducible as SFI, the sample minute quantity requires significant
weighing accuracy, and DSC pides too muchnformation? It appears that DSC
can be a very useful research tool, butiitassuitable for quality control laboratories.

3.3.3 Solidification Analysis

Solidification of mixed fatty acids is the point at which a balance is attained
between the heat generated and the lesatwhich will vary according to the rate
of crystallization and the degree of suparing in the liquid. These evaluations are
some of the oldest fat characteristicedior fats and oils control purposes.

« Titer — The titer test (AOCS Method Cc B8) measures the solidification point
of the fatty acids. First, a fat sampteust be saponifiedna dried before deter-
mining titer. Then, a titer tube is filled to the 57-millimeter mark with dried fatty
acids and suspended in an air bath, Wwiécsurrounded by a water bath at 15 to
20°C below the expected titer result. T$ample is stirred until the temperature
begins to rise or remains constant30rseconds, after which the stirring is stopped
and the endpoint is recorded as theximaim temperature the fat reaches with
heat of crysallization?! Titer is an important characteristic for inedible fats used
for soapmaking or as a raw material for fatty acid manufacture. For edible fats
and oils, titer is commonly specifiedrftow-iodine-value hardfats, sometimes
referred to asiter stocks

e Quick titer — Hydrogenation control of hardste or titer stocks is normally
done with a quick ter determination because tbificial titer (AOCS Method Cc
12-59) is too time consumg for control purposes. A quick titer analysis is
performed by dipping the bulb of a glabgrmometer into the liquid fat sample
and then rotating the thermometer stem leetwthe fingers to cool the fat at room
temperature. The endpoint is the tengpere reading when the fat on the bulb
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clouds. Constants for each oil source hasen identified for addition to the quick
titer result that approximate the official titer determinations very cldsely:

Source Fat or Oil Quick Titer Constant, °C

Cottonseed oil 11.0
Soybean oil 13.0
Peanut oil 14.0
Palm oil 9.0
Lard 11.0
Tallow 12.0

e Congeal point— This solidification methodsometimes referred to awtting
point, is a measure of the fat itself rather than the separated fatty acids for titer.
The congeal point (AOCS Method Cc 14-58)etermined by cooling a melted
sample while stirring until #fat becomes cloudy. The sample is then allowed to
remain quietly in the air at 68°F. Undeesie conditions, a temperature rise occurs.
The highest temperature attained is the cahpgeint, which is an estimate of the
solidification temperature of the fat.

¢ Cloud point— This nonstandard method is aia#ion of the congeal procedure.

An empirical cloud point is obtained by stirgi a sample of fat while it is being
cooled until the oil has euded enough to block a ligheam of known intensity.
The cloud or congeal point values arerenclosely related to consistency than
melting points. A definiteelationship exists betwaeSFI at 92°F (33.3°C) and
the congeal or cloud poingspecially fo meat fats.

« Cold test— The ability of a salad oil to ithstand refrigerator storage is deter-
mined by the cold test, which measures the ability of an oil to resist crystallization
by determining the time (in hours) requiréor the oil to become cloudy at 0°C
(32°F). For the standardized AOCS MedhCc 11-53, dry-filtered oil is placed
in a sealed 4-ounce bottle and submeérggo an ice bath. The AOCS method
stipulates that the oil shalibe examined after 5.5 hours clarity to determine
if the oil passes or fails. An alternagivo the method allows continuation of the
cold test untila cloud developsThe alternative procedure is probably the norm,
as most salad oil specifigans require at least a T®ur minimum cold test. The
cold test was developed to evaluattt@useed oil for thproduction of mayonnaise
and salad dressing. An oilahwill solidify at the refrigerator temperatures used
for the preparation of these products waluse an emulsidsreak and separation.
Currently, the cold test is also utilized to ensure that bottled salad oils for retail
sale will not develop an unattractie@pearance on the grocery shelf.

e Chill test— Natural winter oils with soluble waxes can at times successfully pass
an extended cold test but develop a cloudy appearance on the grocery store shelf.
A nonstandard chill test has successfullgdicted this problem when the cold test
failed to do so. For the chill test, dry-filtered oil is placed in a sealed 4-ounce bottle
and held at 70°F (21.1°C) and examined after 24 hours for clarity. Any indication
of a cloud or wisp indicates the preserof a wax or hard oil contamination.
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3.3.4 Consistency Analysis

Consistency is generally assumed to be a combination of those effects that tend
to give the impression of resistance. Ptastirelates to the capacity of the product
to be molded. The factor most directly and obviously influencing the consistency
of a fat is the proportion of the material in the solid phase. It is well established that
a fat becomes firmer asetfsolids content increases.

Crystal size also has an @&t — the smaller the crystals, the firmer the fat. An
example is the fact that grainy lardse aofter than smooth lards that have been
interestified. Persistence of the crystal eucs also a factor. As a fat is exposed to
temperature fluctuations, a portion of it @ngoes melting and resolidification. The
ability of certain fats to retain their original crystal form, regardless of temperature
variation, is probably due to their capabilityleave behind crystal nuclei that serve
as starting points for the developmentnefv crystals when the fat is cooléd.

Some of the most criticalerformance factors of fagd oils products are related
to the properties commonly referred tocasisistencyandplasticity The quality of
butter, margarine, and spreads depends upon the consistency of the fat portion and
its ability to be spread on bread. A wiplastic range and a smooth consistency are
mandatory for roll-in shortenings and margarines used for thin-layer lamination at
refrigerator temperatures. Plasticity is also important for the workability and cream-
ing properties required for shortenings usethe preparationf icings and aerated
batters. Two measures are used:

¢ Consistency ratings— Undoubtedly, the first method used for evaluating the
consistency of a fats and oils prodweas to press a finger into the product
squeezing the product in the hand. Thesiag methods, although very subjective,
are still applicable and effective. An experienced evaluator can identify slight
differences or imperfectioris the finished product more readily than can available
instrumentation in regard to body, firngse softness, and inconsistencies in the
feel (e.g., sandineslimps, ribby texture), as wels problems with the appearance
(e.g., oiling, air pockets, grainy texturdjethods for applying a numerical value
to the finished product evaluations haween developed independently by most
edible-fats and -oils proseors or laboratories foomparison purposes. Suggested
methods for shortening and margarinesi@d product rating are presented in the
nonstandardized methods section.

« Penetrations— The most widely used method feasure consistency of a plas-
ticized shortening or margarine involvése ASTM grease penetrometer or an
adaptation of it. AOCS Method Cc 16-6@r penetration testing identifies the
penetrometer as a t@anical device with a suppdd grip and release the shaft
and cone, a support for the sample, ansidjent capability to level the device,
and a gauge graduated in 0.1-millimaieits that conforms to ASTM D5, D217,
and D937 designations. Mogriations of the method used by different labora-
tories involve the design of the neediecone. Penetration evaluations measure
the depth to which the cone penetrate® the surface of the shortening or
margarine after allowing the cone to kethto the product for 5 seconds, starting
from a position where the tip of the constjtiouches the surface of the sample.
The penetration result for each produdhis average of four readings performed
at each evaluation temperature.
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Penetration results are utilized interndtby the most part and are not normally
a part of customer specifications for fats and oils products. Nevertheless, uniform
procedures must be observed to obtaproducible results. To avoid overheating
or overcooling, evaluation samples miist carefully temperedntil the desired
product temperatures are achieved, ligu&4 hours for 1-pound containers. The
sample temperature should be stabilized to within 1.0°C before testing for repro-
ducible results. Temperature abuse at timg can change the penetration results
even if the sample temperature is returned to the desired level and especially if the
sample has experienced any actual melting.

Figure 3.1  Effect of varied chilling temperatures.

Consistency of a product must be measured at a number of different temperatures
to determine its plastic range, that i ttange of temperatures over which the fat
has the capability of being molded or wedk Normally, sampleare held at three
to five different temperatures, rangingtn 40 to 100°F (4.4 to 37.8°C), until each
sample has equilibrated at the desiradperature. The samples are evaluated to
determine the relative softness at low temgpure and firmness at high temperature.
Products with a wide plastic range are valde at both high and low temperatures.

A perfect plastic range, if it could exisould have the same penetration at all
temperatures. Evaluation of penetration datdained personally, indicated that the
penetration plastic range falls between 150 and 300 mm/10 g.

Although the elapsed time required for penetration results is too lengthy for
process control, it is a valuable tool for finished products control and product
development. A penetration curve can a@onfthat the desired plasticization and
tempering conditions have been achieved for an individual product when the SFI
and blend composition are controlled within specified limits. Figure 3.1 illustrates
the effect of varied chilling unit tempeures upon consistency of soybean oil
hydrogenated basestock as measured bytiagioes. The results illustrate the soft-
ening effect of cooler chilling unit operating temperatures and that the finished
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product consistency can be predicted fribra solids fat content when the plastici-
zation and tempering coitibns are controlled.

3.4 COMPOSITION ANALYSIS

Knowledge of the composition of fats and oils is very important in nearly every
phase of fats chemistry and technology, although often its importance is not fully
realized. In fact, progress ithe utilization ofcommercial fats and oils as raw
materials in the manufacture of useful products is dependent to a large degree on
knowledge of the composition of the starting material and the products derived from
it. Methods for determining the fats and oils composition are important not only
because of the fatty acid cents and the pattern of glgride distribution elaborated
by plants and animals, but also becausepthysical character and end-use perfor-
mance of fats and oils are €latly related to composition.

Analytical methods for determining compositions of fats and oils have evolved
from chemical separations to instrunanprocedures. Instrumental methods are
attractive to the analytical chemist becaof¢he time-saving, better accuracy, and
less tedious features; however, most instrumental analysis must rely upon a stan-
dardization or calibration procedure, ukbyahe original wet chemical analysis.

3.4.1 Saponification Value

Saponification value is a measure of Hikali-reactive groups in fats and oils
and is useful in predicting the type of/gérides in a sample. Glycerides containing
short-chain fatty acids have higher saponification values than those with longer chain
fatty acids. The saponification value, along with the iodine value determination, have
been useful screening tests both for quality control and for characterizing types of
fats and oils. The results overlap too much to identify individual fats or oils; for
example, both domestic vegetable oils and animal fats have saponification values in
the 180 to 200 range. Saponification value analysis has been replaced almost exclu-
sively in edible fats and oils procesgi by fatty acid composition analysis by
gas/liquid chromatography (GLC), except that some purchasers may specify it to
prevent lauric oil contamination of domestic oils. Lauric oils have saponification
values in the range of 240 to 265, which differ substantially from the 180 to 200
range for domestic vegetable oils.

3.4.2 lodine Value

The iodine value is a simple and rapidgtermined chemical constant for a fat
or oil. It is a valuable dracteristic in fat analysis ah measures unsaturation but
does not define the specific fatty acids. medivalue analyses are very accurate and
provide nearly theoretical values, except in the case of conjugated double bonds or
when the double bond is near a carboxyl group. However, unless the history of the
fat or the type of fat in the product is known, an iodine value may be somewhat
meaningless by itself. For example, a pradurepared with a meat fat with consis-
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tency and performance characteristics Emio a vegetable-oil-based product will
have a considerably different iodine value. Further, even vegetable oil products with
comparable functionality but different saeroils will not have like iodine values.
Even with these inadequacies, iodine vakia useful tool for process control and
product specification. lodine value is a maasof the unsaturation of fats and oils
and is expressed as the number of centigrams absorbed per gram of sample. Deter-
mination of the iodine value (AOCS Method Cd 1-25) is carried out by adding an
excess of Wijs reagent to the sample,vailhy the mixture to react for 30 minutes

at 25 + 5°C, treating the excess reagent with potassium iodide to convert it to
equivalent iodine, and titrating with thidfate reagent and aasth indicator until

the blue color disappeatsThe iodine-value procedure must be performed very
precisely and timed carefully to be reproducible.

3.4.3 Refractive Index

Hydrogenation process control requires a rapid method for the determination of
the product endpoint. Refractive index is used by most processors to measure the
change in unsaturation as the fat or oihyglrogenated. By refence to a predeter-
mined curve relating the refractive index to iodine value, a rapid estimation of the
iodine value may be made. One source of error in this method is@hatacids
formed during hydrogenatioaffect the refractive index but not iodine value. The
index of refraction is the degree of defleatof a beam of ligt that occurs when
it passes from one transparent mediurartother. A refractometer with temperature
control is used for fats and oils witheasurement usually at 25°C. High-melting
fats require temperature adjustments to 40 or 60°C depending upon the melting point
of the product. Temperature changes aftbet results obtained; refractive index
decreases as the temperature rises bueatame time increases with the length of
the carbon chains and with the numberdotible bonds present in the fatty acids.
AOCS Method Cc 7-25 identifies the procee used to measure the refractive index
for fats and oils.

3.4.4 Fatty Acid Composition

The classical method for identificatiaf fats and oils has been replaced by
fatty-acid composition analysis determméthby GLC patterns. The classic method
was based on the identification of a speddicor oil by a combination of its iodine
value, relative density, refractive indend saponification value. The advantages of
the GLC procedure are that it permits itifization of source oils that cannot be
identified by the classical methods, plus it offers the ability to identify the source
oil proportions in a blendkproduct. Further, becausige fatty acid composition
requires only one analysis, it can be made more rapidly and applies equally well to
refined and unrefined oils, thus requiring only one set of standards.

Gas chromatography includes those chromatograph techniques in which the
mobile phase is a moving gas. In general, the procedure involves passing the methyl
esters, or transesterified triglycerides,b® analyzed thrgh a heated column by
means of a carrier gas such as heliumittogen. The components of the mixture
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are eluted with the gas and detected aedsured at the ex@nd of the column by

a suitable means. The retention time is the time required for a given compound to
pass through the column. The fatty acid esters exit in the order of saturation. The
retention line is indicated on the horizongdis of the chart and is a qualitative
index of the substance, and the area utiercurve is in each case a quantitative
measure of the component.

The fatty acid analysis provides a @gind accurate means of determining the
fatty acid distribution of fats and oils products. This information is beneficial for all
aspects of product development, procesdgroy and marketing because the physical,
chemical, and nutritional characteristicsfats and oils are influenced by the kinds
and proportions of the component fatty acids and their position on the glycerol
radical. Fatty acids are classifi by their degree of saturation:

e Saturated fatty acids- Fatty acids in which all carbon atoms in the chain contain
two hydrogen atoms and therefore have no double bonds

« Monounsaturated fatty acids- Fatty acids that have only one double bond in the
carbon chain

« Polyunsaturated fatty acids- Fatty acids that have two or more double bonds in
the carbon chain

Each fatty acid has an individual melting point. The melting points of saturated
fatty acids increase with chain lengthdashecrease as the fatty acids become more
unsaturated; for a given fatgcid chain length, the saturated fatty acid will have a
higher melting point than the unsaturated fatty acid. Capric (C-10:0) and longer
chain saturated fatty acids are solids@im temperature. The unsaturated fatty
acids are chemically more active thae taturates becausé the double bonds,
and this reactivity increases as the nembf double bonds increase. The double
bonds are subject to oxidation, polymerization, hydrogenation, and isomerization.
The physical characteristics of a fat or oil are dependent upon the degree of unsat-
uration, the carbon chain length, the isoin fatty acid forms, and the molecular
configuration. Usually, fats are liquid edom temperature whehe level of unsat-
urates is high and solid when the leveluakaturates is low; however, this general-
ization can be complicated lgansisomers that have ffierent melting character-
istics than thecis-isomer of the unsaturated fatty acid.

3.4.5 Calculated lodine Value

lodine value measures unsaturates or the average number of double bonds in a
fat; therefore, it is logicahat an iodine value can leasily calculated from a fatty-
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acid composition analysig.he constants for the mosbmmon unsaturated fatty
acids required for calculation aftriglyceride iodine value are

Fatty Acid Constant
Palmitoleic (C-16:1) 0.950
Oleic (C-18:1) 0.860
Linoleic (C-18:2) 1.732
Linolenic (C-18:3) 2.616

The calculated iodine value is determined simply by multiplying the percentage of
each unsaturated fatty acid by its constadtaddition of the results. This procedure
has not replaced the regular iodine valliecan be utilized as an audit for the
chemical iodine value and does provide tapability of obtaining two results from
one analysis.

3.4.6 Glyceride Structure

The chemical, physical, and biological properties of fats and oils depend not
only on the kind and quantity of participating fatty acids, but also on the positions
of these fatty acids in thddtyceride molecule. In generdiats and oils are composed
of mixed glycerides rather than mixturelssimple glycerides. When all three fatty
acids are identical, the product is a dientriglyceride. A mixed triglyceride has
two or three different fatty acids joindd the glycerol. Thecharacteristics of a
triglyceride depend on the ptien that each fatty acidccupies on the glycerin
molecule. As a general rule, fats with uniform triglyceride molecules Eavgstals
in the most stable state.tBahat are stable in thE-crystal form contain mixtures
of types of triglycerides that preventda growth. For example, fully hydrogenated
soybean, corn, canola, and peaoilg are essentially all tristearin due to a low level
of palmitic fatty acid and form stablEcrystals. Cottonseed and palm oils with high
palmitic fatty acid levels have mixtures of stearic and palmitic fatty acids when fully
hydrogenated, which forng-crystals. Lard and cocoa bettthave high palmitic fatty
acid levels but crystallize in th&form due to the uniform triglyceride structure.
For lard, palmitic fatty acid is always found in the2 position of the glycerin
molecule, and cocoa butter always has oleic fatty acid isr#2epositiontt

Analysis of the complex mixtures of thgerides present in natural fats has been
carried out by many methods. Early aniglgl techniques employing crystallization
and counter-current distribution were not reproducible and required large samples
and long analysis times. Extensive evétuas of chromatography techniques have
led to high-performance liquid chromatography (HPLC), which partially fulfills the
ideal requirements of an accurate, quiekd easy analytical procedure. HPLC
procedures have provided rapid methods for the determination of relative amounts
of glycerides present in a fat. HPLC da@ used to monitor the modification of a
fat, as well as to detect adulterationdas a developmental tool for specialty fats
and oils. It appears thatiglyceride structure analysesin be very useful research
and development tools but are not piaadtfor quality control purposes.
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3.4.7 Emulsifier Analysis

A rapid, precise, and easily reprailie method for the determination of
monoglycerides in fats becaran essential requirement from a quality control
standpoint when the use of monoglycesdn shortening and margarine blends
became widespread. Hydroxyl number defaations, interfacial tension measure-
ment, and alcohol extractions, among other procedures, were investigated and found
not specific and sensitive enough or suitable for quality control purposes. The most
satisfactory method identified for determining monoglycerides and free glycerin was
based upon their quantitative oxidation with periodic acid. AOCS Method Cd 11-57
for Dmonoglycerides presents this titratemalysis, where thremount of monoglyc-
eride or glycerin is determined by measuring the amount of periodic acid consumed.
Free glycerin can also be determinedtitnation of theformic acid produced.

Several other analytical proceduresranoglycerides based dmin-layer chro-
matography (TLC), GLC, and HPLC have been developed as substitutes for the
periodic acid oxidation method. These ggdures provide repducible results com-
parable to or better than the perioditid oxidation method and are fast and easy
to perform; however, the total monoglyceride values usually average higher than the
titration method. Monoglycerides exist in two isomeric forms: the 2 form and the
1 form. Only the latter responds to periodic oxidation, which is the basic reaction
in the normally applié chemical reaction ofDmonoglyceride contentd!® The
chromatographic procedures are also @aplie for determination of other emulsifier
types, notably acetylated monoglyickr and propylene glycol esters.

3.4.8 Antioxidant Analysis

Antioxidants are widely used in fats and oils products to delay decomposition
processes that result in offensive flavors. Several phenolic compounds have been
identified that inhibit oxidation of fats and oils by interrupting the free-radical
mechanism of oxidation. The most notable synthetic antioxidants are propyl gallate
(PG), butylated hydroxyaniso@HA), butylated hydroxytoluene (BHT), and ter-
tiary butylhydroquinone (TBHQ). The U.S. Food and Drug Administration (FDA)
permits the use of the antioxidants at a maximum level of 200 ppm singly or in
combination by weight in the vegetable oil portion of the food except when prohib-
ited by a Standard of Identity. The U.S. Department of Agriculture (USDA) limits
the antioxidant use to 100 ppm singly but allows 200 ppm in combination with no
single antioxidant exceeding 100 ppm foeanh fat products. Both the USDA and
the FDA labeling requirements specify that the antioxidant utilized must be listed
in the ingredient statementhese requirements plus the beneficial effect of the
antioxidants necessitate good analytical camf their additions. Both qualitative
and quantitative analytical methods are ladé for evaluation of the fats and oils
products for the presence of the various phenolic antioxidants:

« Qualitative methods— Rapid color endpoint qualiiee process control proce-
dures are available for the detection of PG, BHA, BHT, and TBHQ. These eval-
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uations indicate only the absence or preseof the particular antioxidant in the
fat or oil product.

¢ Quantitative methods— HPLC and GLC methods are currently utilized to mea-
sure the amounts of PG, BHA, BHThca TBHQ antioxidants in a fats or oils
product. These proceduresquire less than an hour to provide accurate and
reproducible results.

3.4.9 Tocopherols Analysis

Vegetable oils contain tocopherols, which are natural antioxidants that retard
oxidative rancidity. The tocopherol contetecreases during each step of processing
and can be markedly reduced during deodorization, as these compounds are volatile
under these conditions. Studies have shtivat the deodorizéocopherol loss can
vary from 19.8 to 51.2% depending upon the deodorizer conditions ufitiZéu:
amount of tocopherols removed from the oil during deodorization depends on the
time, temperature, and stripg steam flow used. It is important that high proportions
of the tocopherols survive oil processing to purified optimum oxidation stability.
The alternative is the addition of synthetic antioxidants or tocopherols that have
been purified from deodorizer distillate of vegetable oils.

Several methods have been developed for tocopherol analysis of the vegetable oils
and in deodorizer distillates and soybedrslidge and residues. The instrumentation
and procedures evaluated have involeetbrimeters, paper chromatography (PC),
TLC, column chromatography (CC), GLGLC/mass spectrorry (GLC/MS), and
HPLC separation techniques, all of which are also sometimes used in combination.
Four different AOCS methods have bestandardized for tmpherol determina-
tions?

¢ Ce 3-74 — Tocopherols in ga sludge and residue by GLC

¢ Ce 7-87 — Total tocopherola deodorizer distillates

« Ce 8-89 — Tocopherols in vegetable oils and fats by HPLC
¢ Ja 13-91 — Tocopherols indi¢hin concentrates by HPLC

Oxidative stability, or lack of it, in thénished fats and oils product may be due to

an abnormal reduction of the tocopherols, which act as free-radical chain-breaking
antioxidants. Tocopherol analysis of deodorized vegetable oil products or deodorizer
distillate can indicate or provide a reason for a stability problem.

3.5 FLAVOR, RANCIDITY, AND STABILITY

Consumers use organoleptic evaluations to judge the quality of fats and oils.
Organoleptic evaluation of oil products has long been recognized as the most sen-
sitive method of assessing quality, but it is also recognized that these evaluations
generally lack precision and reproducibility. Rancidity is considered to be the objec-
tionable flavor that resudtfrom the accumulation adecomposition products of
either oxidation or hgrolysis reactions. In the deegiment, evaluation, and quality
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control of edible fats and oils, resistance of the products to oxidative and hydrolytic
deterioration is of prime importance. Maalgemical methods have been developed
to measure oxidative deterioration witle objective of correlating the data with
flavor characteristics. Various levels atceptability have resulted from these
endeavors, but researchers are still segkine ideal test; however, experience has
shown that when suitableflor testing methods are ptayed, the chemical methods
become more valuable in assessing the quality as an oil product.

3.5.1 Flavor Analysis

Flavor in foods is a combined result the senses of taste, smell, touch, and
hearing. Taste and smell sensations résuit contact stimuliwhere the stimulating
substances must be placed upon the recegtivsory cells. The taste-sensing organs,
calledtaste budsare grouped together on the tongue and to a lesser extent on the
palate, pharynx, and laryrnXTaste has four attributes: sweet, sour, salt, and bitter.

It has been determined that most taste receptors respond to most of these attributes.
Obviously, such complex taste stimuli canbetidentified with analyses that mea-

sure only one aspect; in addition, flavor identity is further complicated by the
presence of other substances that block some sensftions.

3.5.1.1 Sensory Evaluations

Taste assessment is the ultimate method of grading finished oil quality. To
determine oil flavor, 5 to 10 milliliters of oil is taken into the mouth, thoroughly
swished throughout the mouth with air drawn over the top, and expectorated into a
waste cup?® A panel of experienced tasters gthe flavor of the oil according to
an established intensity scale. A 10-paiobring system is usually used, and panel
members assign numbers representative of the flavor intensity, from which a mean
flavor score is determined. The flavor intéypscores of a trained flavor panel should
agree within plus or minus one unit. Off-flavors are described with descriptive names
such as green, grassy, weedy, fruity, yearatermelony, nutty, raw, painty, musty,
metallic, oxidized, buttery, reverted, fishy, rancid, tallowy, and so on. Agreement
among untrained flavorists regarding off-flavor descriptions is often poor due to
individual preferencesage, and backgrourid.

Organoleptic, or taste, evaluation will always be necessary and probably will
remain the most important technique in flavor evaluation. Taste panels for edible-
oil evaluations are utilized for several purpss(1) to serve as a research or devel-
opmental tool, (2) to deteine consumer acceptance, ai3) to evaluate process
quality. The selection of panel membdms each applicatiorcan be different.
Consumer panels are usually a random selection of people who constitute the targeted
market, whereas research and develogngsaluations require trained panelists
capable of finite discrimination among various oil flavors and intensities. Process
quality evaluators must be able to giguish between a bland or acceptable flavor
and an off-flavor. AOCS Method Cg 2-83 provides a standardized technique for the
sensory evaluation of edible fats and oils that encompasses standard sample prepa-
ration, presentation of samples)d reporting of sensory responges.
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3.5.1.2 \Volatile Flavor Analysis

Even though sensory evaluation is the most important and common way to
determine fats and oils quality, the methsdime consuming, tedious, expensive,
variable among panel members, and natagk available. Advancements in food
science analytical instruments have stiatedl researchers to work toward develop-
ment of methods for the evaluation of senysqualities of fats and oils. The AOCS
Flavor Nomenclature and Standard committee studied the objective methods that
could complement subjective organoleptic evaluations of oils and found good cor-
relation between actual sensory scores and predicted results by a GLC procedure.
The scientific validity of the correlan coefficients andvhether GLC analysis
performed by one laboratory would correlatigh sensory scores obtained at other
laboratories was questioned by some rdgsés. Further evaluations by 94 panel
members from eight different laboratories utilizing the same instrumental GLC
analysis produced results equivalenthose for panel members from one specific
laboratory:® The correlation of oil volatiles with flavor scores of edible oils became
an AOCS Recommended Practice, Cg 1a88] eventually a standardized method.

3.5.2 Rancidity Analysis

Detection of advanced stages of rancidity in a fat or fatty food has never been a
problem for people with normal olfactory senses. The sharp pungent odors mixed
with stale and musty odors provide the tell@l@ence of rancidity. The major causes
of these off-flavors are oxidation and hygiik. Factors such as temperature, light,
moisture, metals, and oxygen contribute to the formation of off-flavors. Preferences
for fats and oils products with freshabd flavors and odors require keeping qualities
and incipient rancidity evaluations balhring development and as processed.

3.5.2.1 Peroxide Value

Oxidation of lipids is a major cause of their deterioration, and hydroperoxides
formed by the reaction betweerygen and the waturated fatty acids are the primary
products of this reactiorHydroperoxides have no flav or odor but break down
rapidly to form aldehydes, which have a strong, disagreeable flavor and odor. The
peroxide concentration, usually expressepegiexide value, is a measure of oxidation
or rancidity in its early stages. Peroxidalue (PV) measurethe concentration of
substances (in terms of milliequivalents of peroxide per 1000 grams of sample) that
oxidize potassium iodide to iodine. lodometric AOCS Method Cd 8i5ighly
empirical, and any variation jorocedure may cause a vaoatof results. Therefore,
it is necessary to control temperaturenpke weight, and the amount, type, and grade
of reagents, as well as the time of contéchas also been observed that the stan-
dardized method has difficulties in identifying the titration endpoint for low PV levels
and is inadequate for products suctphesphatides that develop emulsiéhs.

Peroxide value is one of the most widelsed chemical tesfor the determina-
tion of fats and oils quality. PV has shown good correlation with organoleptic flavor
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scores. For soybean oil, a PV of 1.0 or less indicates freshness; 1 to 5 PV, low
oxidation; 5 to 10 PV, moderate oxidation; >10 PV, high oxidation; and >20 PV, poor
flavor. These quality estimates are spedificsoybean oil, and higher or lower PVs
may be acceptable for other oifsStill, a peroxide determination does not provide

a full and unqualified evaluatiasf fats and oils flavorécause of thednsitory nature

of peroxides and their breakdown to nonperoxide materials. Although a linear rela-
tionship has been observed between peroxide values and flavor scores during the
initial stages of lipid oxidation, this mett alone is not an fallible flavor indicator
because the peroxide value increases taximum and then decreases as storage
time increases. Therefore, high peroxidéuga usually mean poor flavor ratings,

but a low peroxide value is not always an indication of a good flavor.

3.5.2.2 Anisidine Value

The anisidine value meaes the amount oDand Eunsaturated aldehydes
present in the oil. The method is based on the fact that in the presence of acetic
acid,p-anisidine reacts with the aldehydic camapds in an oil, producing yellowish
reaction products. The color intensity deg@e not only on the apunt of aldehydic
compounds present but also on their strteetThus, it has been found that the double
bond in the carbon chain caigjated to the carbonyl dogdbond enhances the molar
absorbance at 350 nanometers by a factor of 42bAbisidine value is a measure
of secondary oxidation, or the history of@h and therefore is useful in determining
the quality of crude oilsral the efficiency of processing procedures, but it is not
suitable for the detection of fat oxidation. AOCS Method Cd 18-90 has been stan-
dardized for anisidine value analysis.

3.5.2.3 Free Fatty Acid and Acid Value

Hydrolytic rancidity occurs as a resolta splitting of the triglyceride molecule
at the ester linkage with the formatiorfife fatty acids (FFAS), which can contribute
objectionable odor, flavor, and other characteristics. The flavors resulting from FFA
development depend upon the composition of the fat. Release of short-chain fatty
acids such as butyric, caproic, and caigid cause particularly disagreeable odors
and flavors, whereas the long-chain fatty acids (C-12 and above) produce candlelike
or, at alkaline pH, soapy flavotsBoth acid value and FFAre measures of the free
fatty acid content of fats and oils. Acid value is the amount of potassium hydroxide
required for neutralization, whereas FFA utilizes sodium hydroxide for neutraliza-
tion. FFA results may be expressed in terms of acid value by multiplying the FFA
percent by 1.99. FFA is calculated as fodgic acid on a percentage basis for most
fats and oils sources, although for coconut and palm kernel oils it is usually calculated
as lauric acid and for palm oil as palmigicid. The standard AOCS method for free
fatty acid is Ca 5a-40, and for acid value it is Cd 3a-63.

Free fatty acid is an important fat qualibdicator during each stage of fats and
oils processing. It is a measure of deddr efficiency and a process control tool
for other processes. High FFA results for deodorized oils indicate a poor deodorizer
vacuum, inadequate steam sparging, oteaiks if the product color is high with an
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oxidized oil flavor. The deodorized oil FFA level that has become standard in the
United States is 0.05% maximum, bubst internal standards require a 0.03%
maximum.

Crude vegetable oils may have abnormally high FFA levels if the seed has been
field damaged or improperly stored. Seedl fruit enzyme lipa&s are activated by
moisture, and hydrolysis is initiated, which increases the FFA content. Higher crude
oil FFA levels equate to higher refining losses.

Free fatty acid content monitoring dugirand after all processes, including
storage, provides process control results that identify potential problems for which
corrective actions can be initiated on a timely basis. FFA is the result of hydrolysis
of the fat or oil. Moisturenust be present for hydrolysis to develop. This reaction
is accelerated with heat andepsure, as are most reactions.

Free fatty acid titrations identify all acidic materials in the oil, which includes
the acid added to chelate metals, acids lkeddtom the bleach@mearths, antioxidant
acidity, emulsifiers addednd other acidic material®eodorization, the final pro-
cess, must reduce the FFA content to allédvat will still meet the specification
requirements even when the requiggtlitives have high acidity levels.

During deep-fat frying, FFA analyseseaguality indicators that determine the
amount of hydrolysis. FFA delopment results from the reaction of water and fats
at frying temperature. The rate of hydrolysis development is due to the amount of
moisture in the foods being fried and the frying temperature.

3.5.2.4 Smoke Point

AOCS Method Cc 9a-48 measures theperature at which smoking is first
detected in a laboratory apparatus proteftenh drafts and equipped with special
lighting.! The temperature at which smokingl be observed with actual frying or
heating situations will be somewhat higher. Smoke point depends primarily on the
FFA content because the fatty acids are nvotatile than triglycerides. Also, lower
molecular weight fatty acids, as wellmsno- and diglycerides, have less resistance
to smoking. Initially, deodorized shortenings wiBimonoglyceride contents of 0.4%
or less and FFA contents of 0.05% or less should have about the same smoke point
in the range of 400 to 450°F ( 204 to 232°C).

3.5.3 Stability Analysis

Stability of a fat or oilis generally accepted as the storage life of the product
until rancidity becomes apparent. Oxidative rancidity is usually the principal con-
cern, although other types of deterioration can occur simultaneously and make the
problem more complex. For instance, hylgitic rancidity is sometimes mistaken
for oxidative flavor degradation, which cégad to ineffective preventive measures.

In general, the methods for measuring fats and oils stability combine the measure-
ment techniques for initial evaluationsthithe long-term eéfcts of temperature,
light, moisture, oxygen, and other abuses.

Most fats and oils products are tested for flavor stability as a part of quality-

control programs to ensure that the oostr specification limits are satisfied. The
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purpose of these evaluations is to conftirat the product will have a satisfactory
shelf life and will not develop an off-flavgorior to incorporation in a finished
product. A number of methods have betmaveloped for evaluating the long-range
stability of fats and oils products, the majority of which are based on subjecting the
sample to conditions that attempt to acrakethe normal oxidation process; however,

a direct correlation between the various evaluations is not possible because oxidation
of a fats and oils product is a complex mechanism. For each product, the test protocol
must be selected that most adegyaténulates the end-use performance.

3.5.3.1 Active Oxygen Method Stability

The active oxygen method (AOM) is the most commonly used method for
estimating the oxidative stability of fats and oils products. This method has been
used for routine quality control and as a research and development tool for new
products. AOM employs heat and aeratiom¢oelerate deterioration of the fat and
oil sample and shorten tliene required to reach thendpoint. AOCS Method Cd
12-57 (AOM for Fat Stability) is performed by placing a 20-milliliter sample in a
special aeration tube and thleeating it in an oil bath c& heat block controlled at
97.8 £ 0.2°C (208 £ 0.4°F) with an air flawdjusted to 2.33 milliliters per tube per
second. The sample is exposed to the elevated temperature and aeration until a
predetermined peroxide valus attained, usually 20 PV for meat fats and 70 or
100 PV for vegetable oil products.

The AOM stability analysis has several major disadvantages. First, the procedure
involved is highly empirical, requiring close attention to detail if reproducible results
are expected. The maximum expected V@main results between laboratories is
+25% for a 100-hour AOM sample. Secoride AOM evaluation is faster than
normal aging methods; however, a 100-haM sample will still require 4.2 days
to reach the expected endpoint.

3.5.3.2 Accelerated AOM Stability

Active oxygen method stability evaluations began to require greater elapsed time
to reach the endpoint after development tu@roduct changes that improved the
resistance of fats and oils products to oxidation. A comprehensive study of temper-
ature effects indicated thatsatisfactory correlation with existing AOM data could
be obtained by increasing the heating terafure to 110°C ith a time savings of
60%. The ratio of time required for theustlard AOM to the accelerated procedure
is 2.5 to 122

3.5.3.3 Oxygen Bomb

The petroleum industry has used an oxygen bomb method for many years as a
means of determining the reince of gasoline to oxidation or gum formation. This
method has been adapted for use in evaluating oxidative stability of edible fats and
oils and fat-containing foods. The materiabetested is placed in a glass container
that is inserted into a stainless steel boithe bomb is sealed and pressurized with
oxygen. The entire bomb isimersed in a bath of boiling water. A pressure recorder
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is used to plot a continuous curve of oxygen pressure vs. time. The length of time
(in minutes) between the point at whicle thressure reaches an initial plateau at
the temperature of the bath until a sharp dvopurs in the pressure is taken as a
measure of the oxidative sthly of the sample. Becausewas found that fats and

oils do not have a defined pressure droparuoitrary endpoint based on comparative
pressure drops is generally used.

This method offers several advantages over the standard AOM stability analysis
in that it (1) is 1.5 times faster becaube increased pressure of the reactive gas
speeds up the reaction, (2) is more repedua, (3) can be used to evaluate fats
and oils as well as fatty foods, and (4jjuges less techniciatime and attention
to perform. A disadvantage for the bomb stability is that only one sample can be
tested at a time, which could more thudfset the time savings gained by the reduced
elapsed time required.

3.5.3.4 Oil Stability Index

Because of the increased use of twavereconductivity instruments (Rancimat
and the Oxidative Stability Instrument) as AOM stability alternatives, AOCS initiated
a collaborative study to ingdgate these conductimetnicethods as official alter-
natives. As a result of the study, AOCS Method Cd 12b-92 (Oil Stability Index, or
OSIl) became an official method in 1996These instruments measure the increase
in deionized water conductivity resulting from trapped volatile oxidation products
produced when the oil product is heated under a stream of air. The conductivity
increase is related to the oxidative stability of the oil product. The evaluation
procedure is performed by placing 2 gramshef oil sample into a sample tube that
has been preheated to 120°C (248°F), ected on one side to the air source and
on the other side to a 50-milliliter cell of deionized water. The conductance of the
water is measured automatically over timighva strip chart recorder or data acqui-
sition software. Normally, the oxidation curve indicates the induction period
followed by a rapid rising response #w oxidation rate is acceleratdThe
endpoint for the regular AOM stability is specified as the time in hours required for
the sample to reach a peroxide valuel®D milliequivalents per kilogram. The
endpoint of this conductivity procedure is the time required for a sudden increase
in formic acid production to occur at the end of the induction péfigslood
correlation has been found to exist beén the Rancimat irrsiment and AOM and
the OSI instrument and AOM at various temperatures.

The conductimetric oxidative stability method can be used in applications tradi-
tionally utilizing AOM stability (refer to AOCS Method Cd 12-57, Trading Regulations
for Finished Fats and Oils Products or Quality Control During Processing). This
method automatically delivers rapid oxidation stability data that require less techni-
cian time and attention. Additionally,ihAOM alternative provides a more precise
and reproducible method. The condudyivAOM alternative has not solved the
unreliability problem for evaluating natural antioxidants. High-temperature oxidative
stability tests, including AOM stability, conductimetric methods, oxygen bomb, and
oxygen uptake, are unreliabdue to the lipid oxidan mechanism at elevated
temperatures. Oxidation stability evaluations based on oils oxidized at 100°C have
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peroxide values in excess of 50 millidgients per kilogram, while soybean oll
flavor is unacceptable at a PV of leakan 10 milliequivalents per kilograth.

3.5.3.5 Schaal Oven Test

The Schaal oven test was developed by the biscuit and cracker industry to provide
an age stability evaluationrf@hortenings. Because it is performed at temperatures
only moderately warmer than those founeidinary storage conditions, it provides
an index of stability that more neamgpresents a product under normal use condi-
tions. The Schaal oven test is normally performed in a forced-draft oven at 63°C
(145°F). The test sample is stored in lakcovered with a watch glass or in glass
jars with loose-fitting caps. The producabsility is measured atie number of days
before rancidity is detected. The peroxiddue can be used as an indicator of
rancidity but should supplement only organoleptic evaluations. A distinctive feature
of the Schaal oven tests of both fats and oils, plus fatty foods, is that flavors and
odors other than oxidative rancidity canrbeealed because it does not rely on very
high temperatures to accedée degradation. Also, a mimum of laboratory equip-
ment is required to perform the evaluation.

The relationship between product shiifié, Schaal oven, and AOM stability
results varies with each fats and oilsguct and the processing it has received. It
has been suggested that 1 AOM hour or 1 Schaal oven day is equivalent to 15 days
of shelf life; however, no overall corréilan can be applied in all situations. None
of the stability evaluations can be used as an index of shelf stability except when it
is applied to a given type of fat and oil formulation for which a specific relationship
has been establishéd.

3.5.3.6 Pastry Flavor Test

The effects of unsaturation, prooxidants, antioxidants, oxygen, light, moisture,
and temperature on lipid products can be measured with the foregoing analytical
methods established for fats and oils products. However, the oxidation and hydrolysis
resistance factors can change when thedatsoils productare incorporated into
a food product and processed. Shortening and margarine products are major ingre-
dients of bakery products. In this apptioa, the fats and oils products must with-
stand baking temperatures without flavor degradation while in contact with moisture
and other ingredients. The pastry flavor test evaluates a shortening or margarine
product in a high-fat baked product also containing flour, moisture, and salt for an
extended period at baking temperatures. @gnffavor and odor evaluations of the
baked product will identify oxidation, kyolysis, or other organoleptic problems or
changes. This evaluation, outlined ire thonstandardized methods section, can be
utilized for product development and to audit the products produced.
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3.6 COLOR AND APPEARANCE

Color and appearance of fats and @ife not monitored solely for aesthetic
gualities, although this is an importgrarameter. Color and appearance are impor-
tant for many reasons, but ultimately #laetors of color and appearance relate to
the cost of processing, the quality o&tfinished product, and what the products
look like to the end user. Most oils are yellowish-red or amber liquids. The color is
due to the presence of carotenoid pigments or chlorophyll pigments, the latter
imparting a greenish cast to the oil. Soorade oils can have unexpectedly high
pigmentation caused by field damage, improper storage, or faulty handling during
crushing, extraction, or rendering. Color measurement will determine the condition
of the product as received to identifyethecessary blending, processing, and han-
dling procedures; to suppartaims against vendors; @ro prevent contamination
of prime-quality oils with problem products. During processing, product appearance
may be an indicator of aglem. Improper ldaching, oxidation, ineffective filtra-
tion, and other problems can be indicated by color darkening or lack of color change.

Changes in the appearance of fats arnsl faolished products are perceived as
indicating poor-quality product, regardless of the reason or effect upon performance.
Consumers may not consciousliotice the color of a bo#tl oil unless it appears
different from other products on the shelf. Marketing has successfully promoted
lighter or whiter oil as being better for mastlad oils and shortenings. Food processors
usually have ingredient specifications thadéntify the allowable color parameters
because the fats and oils product may have the ability to enhance or diminish the
appearance of the preparfxbd product. Product colors of fats and oils must be
monitored as they are received to maintaath real and perceived product quality.

Wesson Color Method

AOCS Method Cc13b-45 determines théocmf a melted fat or oil product by
comparison with red and yellow Ldwnd glasses of known characteristicEhe
oil sample is placed in an optical glass tubth a path lengttof either1.0 or 5.25
inches and then viewed by the operator to begin the color match. This is done by
superimposing a mixture of red and yellstandards over the reference field, which
is adjacent to the oil sample. The 5.25habe is utilized for most samples except
for dark oils, which exceed a 40.0 red at 1eil. It is standard practice to indicate
when the 1.0-inch level has been utilized, but the 5.25-inch level is understood.
The Wesson method using Lovibond glasses is an abbreviated version of a method
originally developed in England for measuring the color of beer. Color has three
attributes, but the Wesson method ignores the brightness factor and is interested only
in the degree of redness. Yellow is necessa make colorsdok similarto allow
assessment of redness, but the amount of yellow is considered unimportant for this
method; therefore, the use of a fixed yellow value was adopted with only the red being
viewed as critical. The fixed yellow ratio is 10.0 yellow to 1.0 red for most oils with
red color readings under 3.5; higher yellow settings are specified for the darker oils.
The Wesson method is the principal color method for the U.S. edible-oil industry
and has been utilized for many years p@uitty because of its simplicity; however,
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some difficulties arise as a result of sustersimplification: (1) apparent red values
are reduced when chlorophyll is present in the oil, (2) brown pigments interfere with
red and yellow comparisons, and (8%ual comparisons must be madé/isual

color measurement is less acceptable bedhesgperator must kadept at matching
colors and also must have good color vision.

Lovibond (British Standard)

AOCS Method Cc 13e-92 utilizes a Lbend Tintometer which has become the
standard in most countries other thanlinéted States. The gea@tny and color scales
for the Wesson and Lovibond methods are different; consequently, the results are not
compatible. The vital parts of the Lovibond Tintometer are the series of red, yellow,
and blue permanently colatglass standards. These standards vary from water-white
colors to deep reds, yellows, and blugach standard color mumbered and subtly
different from the one precedjrand following it. The addition of the blue color field
provides a greater degree of brightnasd greenness than for the Wesson method.

Spectrophotometric Color Method for Oils

This method represents an attempt to measure the color of fats and oils with an
automatic instrument to eliminate theswal judgment requirement for operators. In
1950, AOCS Method Cc 13c-50 was teiviglly adopted for the spectrophotometric
determination of oil color to replace theanual Lovibond systems. A collaborative
study that included 30,000 color measurements determined the best wavelengths to
use to measure the color of oil. Thesevglangths were then used to develop an
equation to relate the spectrophotometéadings to Lovibond values. The calcu-
lations were designed to give values identical to Lovibond color values using the
Wesson metho#P. In general, the calculated values agree, but wide discrepancies
occur with some oils. The photometdolor method has not replaced the Wesson
method because of occasional disagre¢meonomics, and firm entrenchment of
the visual procedure. Nevertheless, AOCS8 13c-50 (Spectrophotometric Color
Method for Oils) is an official method.

Automatic Tintometers

Electronic color instruments with three filters have been introduced by several
equipment manufacturers to replace thenuaa color procedures. The automatic
instruments have been designed to conform to AOCS Method Cc 13b-45, as well
as the European procedure, or AOCStiMe Cc 13e-45. These instruments have
performed well with light-colored oils but have had poor agreement with darker oils
or products containing certaadditives such as emulsifiers.

Fatty Acid Committee (FAC) Color Method

Inedible tallow and grease colors are nfteo dark or too green to read on the
Lovibond tintometer, even with the 1.0-incblumn. An arbitray system of color
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standards was developed for identification of the dark colors. AOCS Method Cc
13a-43 employs standard color tubes for comparison of oils in a similar tube. The
FAC standards consist of 26 permanent color tubes numbered from 1 to 45 in odd
numbers, with three overlapping series: one normal, one green, and one red. The
spacing of the tubes is not uniform on pase. This method, far from precise, has
been used mainly for inedible oltecause of its eagd application.

Gardner Color

The Gardner scale is a single numberecaled mainly to categorize lecithin,
paint or drying oils, fatty acids, and some other oil derivatives. These standards are
patterned along the same lines as the FAC standard but bear no direct relationship.
The Gardner standards consist of glass standards numbered from 1 to 18, lightest
to darkest. Gardner color has been standardized with AOCS Method Td' 1a-64.

Chlorophyll

The presence of green pignteror chlorophyll is ofinterest not only because
of their impact on the color of the finished product but also because chlorophyll can
act as a sensitizer for fats and oils okima These pigments must be removed in the
prebleaching process. AOCS Method Cc 13d-55 is used to determine the chlorophyll
content (parts per million) of vegetable oils by spectrophotometric absorption mea-
surements at 630, 670, and 710 hithe method is not applicable to hydrogenated
and deodorized oils because the 670-nm absorption is missing in most processed oils.

Coloring Agents Determination

Yellow colors are often added to fatglasils products to siulate the appearance
of butter. Carotenes, annattos, and aputearls are the primyaicolorants utilized.
Yellow additives are extremely difficult, if not impossible, to control with the two-
dimensional Lovibond color measurements. Spectrophotometric measurements of
yellow density at wave lengths of 44465, or 460 millimicrons, depending upon
the product, provide better control for these additives.

3.6.1 Appearance

The first and most obvious product cheteristic evaluated by any consumer of
a finished fats and oils product has to be its appearance. Appearance is an important
attribute because the initiampression usually influeres subsequent judgments,
even though most of th@pearance properties have only an aesthetics value. These
characteristics usually have little effect upon performance; however, abnormal
appearance characteristics can indicatenaliveg or storage problem, poor process-
ing techniques, and stability or other quality problems.
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3.6.1.1 Product Appearance Ratings

Visual examinations are the best way to get a meaningful evaluation of product
appearance as a whole. Appearance ratingssubjective opinions based on expe-
rience to assign numericablues for comparison pposes. Product appearance
evaluations of solidified products imcle surface and internal appearance charac-
teristics. The uniformity of color, hue, @nextural qualities of a product are rated
both for the surface of the proct and internally after seahing, cutting, or scraping.

The textural ratings evaluate each productdeficiencies suchs mottles, streaks,

oil separation, and other problems that can be related to specific processing or
formulation problems. The apparent color cast and sheen ratings can be related to
bleaching deficiencies, color additions, masticization probles Procedures for
appearance evaluations and ratings ardlddta the nonstandardized method sec-
tion. Appearance evaluatioase useful measurement tools for product development
as well as process quality control.

3.7 REFINING AND BLEACHING

Specific refining and bleaching analyses aecessary for credoil receipts for
three distinct purposes: (1) as a basisdettlement of crude contracts under the
trading rules of the various oil trading associations, (2) as a yardstick for the
efficiency of the refining and bleachimgperations, and (3) asdicators for caustic
and bleaching earths types and levels facpssing. Most crude vegetable oils are
traded on the basis of refining loss owtmal oil, refined orbleached color, and
flavor. Trading rules for vegetable oils have been established in the United States
by three associations: Natial Cottonseed Producers Association, National Soybean
Processors Association, and National Inggitof Oilseed Products. All three of these
organizations accept the AOCS methodstes basis for trading. For most oils,
settlement is based on agreement between the buyer and seller of the results of
specified analytical methods within astablished variance performed on the same
sample. Results beyond the established differences are settled by an Official Referee
Chemist’s analysis.

3.7.1 Refining Loss

About 75 years ago, cottonseed crustaed oil producers agreed to a series of
specifications for crude cottseed oil. Agreement foripe concessions for products
less than prime were determined for refining loss, odor, taste, and color. The refining
loss penalty assessed was 0.75% for each percent in excess of 9.0% loss. This
agreement led to the development of the “cup loss” method for refining a sample
of crude oil in the laboratory in a manrthiat would simulate plant operations to
the extent of providing approximate rafig losses and refined color assessments.
Initially, this method was very subjective, allowing laboratory technicians to rely on
their best judgment as to how to perform the evaluation for the best loss result. In
1927, it was agreed that a premium would be paid by the buyer for crude cottonseed
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oils with a loss below 9.0%. This agreemt offered the crude mills an incentive to
produce better grades of oil but at theneaime made loss results suspect because
the method relied upon the judgment and expertise of laboratory technicians. Stan-
dardization of the laboratory cup refinipgocedure made the results less variable,
and the technicians performing the analymisonger had to be refining expetis.

AOCS Method Ca 9a-52 determines the lafdfsee fatty acids, oil, and impurities
when the sample is treated with alkali solutions under the specific conditions of the
test! The actual method simulates kettle refining on a laboratory basis with stan-
dardized levels and strengths of sodium hydroxide solution, temperatures, and hold-
ing periods to promote reproducible results within and between laboratories. The
refining loss is calculated by subtracting the refined oil sample weight from the
original crude oil sample weight.

3.7.2 Neutral Oil and Loss

The laboratory cup refining test wasceptable when open-kettle refining was
common practice but improvements in refigiprocesses providéaosses lower than
the laboratory estimates. Various methéalsestimating the neutral-oil content in
a crude oil were explored. These procedudestified the theoretical recoverable
oil in the crude oil sample for comparison to actual results to determine refining
efficiency. Of the methods and techniguevaluated, an International Chemical
Union chromatographic prodare appeared most apprigpe because it was found
to be reasonably accurate, the most répeible, easy, and quick to carry out, and
it required no special elaborate or expensive equipfdrtis procedure was the
basis for AOCS Method Ca 9f-57 (Neutral Oil and Loss). The neutral oil and loss
method extracts the oil or fatty materials a column of activaet alumina by ether-
methanol. The mixture extracted consists primarily of triglycerides and unsaponifi-
cable material. Reproducibility has been found to be good; that is, two single
determinations performed within a laboratory should not differ by more than
0.15% and not more than 0.30% between laboratbries.

3.7.3 Bleaching Analysis

Adsorption bleaching is used both in the plant and in the laboratory. The labo-
ratory technique involves the addition afbleaching earth ararbon, or both, to
refined oil, heating it to 120°C, and holding it at that temperature for 5 +
1 minutes while agitating at 250 + 10mp Afterward, the earth is removed by
filtration and the oil color is determineBleaching analyses are performed with oils
from the cup-loss evation or laboratory-refined sameg for the bleach evaluations.
Two AOCS methods are available for bleaching fats and oils; both utilize the same
procedure, but the specified amount of @® natural bleaching earth is different
and one has a provision for the useacfivated bleaching earth for high-green
soybean and sunflower oil. AOCS Method Cc 8a-52 is applicable to refined cotton-
seed oils, and AOCS Method Cc 8b-52 is applicable for soybean and sunflover oils.
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3.8 PERFORMANCE TESTING

Some essential attributes contributed by fats and oils cannot be directly measured
with chemical or physicadnalytical methods. In thescases, performance testing
is the only means for evaluating the ability of the fats or oils product to perform the
desired functions in a food product. Actual determinations of the performance
gualities of edible fats and oils produetge made with small-scale practical tests
that evaluate how the product will perfioiin a finished product. Successful perfor-
mance tests are designed with standardixedlitions and ingredients, with critical
formulations being chosen in regard to the property evaluated to highlight small
differences in performance.

Performance testing is essential for the development of new products, especially
for fats and oils products designed for a specific food product, formulation, or
process. After development, physical oegtical analysis can be related to perfor-
mance results in most situations; however, continuation of certain performance
evaluations is necessary for some prodtisnsure adequaperformance or more
timely results in some cases. Initiallmost performance testing was designed for
bakery products but has now been expanded to every specialty product situation —
baking, frying, candy, coatings, formulatiesds, nondairy products, and so forth —
wherever tailored shortenings, margasn oils, and other spialty products are
utilized. In many cases, the performancgtdeare developed to evaluate the fat or
oil ingredient as it would be used by a specific food processor.

Fats and oils performance testing is performed by most processors, but the pro-
cedures utilized have never been stanidaddfor the industryPerformance testing
is an analytical technigqusimilar to other laboratory evaluations. The procedures
must be designed to incorporate good fabwry techniques, with include standard-
ization of equipment, ingredients, procedures, results reporting, and control of the
environment. Performance results must beagycible to be of value for comparative
purposes. Reproducibility is achieved by controlling variables that can be controlled
only by the use of standardized methofise performance test procedures must be
written with adequate detail and followed closely. A review of some of the most
common performance evaluations followsd aomplete performance testing proce-
dures are presented in the nonstandadiimethods section of this chapter.

3.8.1 Creaming Volume

Cake batter aeration can be affectedplasticity, consistency, emulsification,
basestock formulation, and other fatglanils properties. Creaming-volume evalu-
ations measure the ability afshortening or margarine ifocorporate and retain air
in a cake batter. In most cases, batterts@r is an indicator of the baked cake
volume, grain, and texture and materiafjects the handling qualities of the cake
batter.

The creaming volume test formula consists of only three ingredients: (1) test
shortening or margarine, (gyranulated sugar, and (3) whole eggs. This procedure
is the first stage of an old-fashionpdund cake where the cake batter aeration
depends upon the creaming properties of the shortening with whole eggs. The
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specific gravity of a batter is determinafer mixing for 15 minutes and again after

20 minutes. Continued aeration, identifieg a decrease in batter-specific gravity,
indicates that the fats or oils producishea stable consistency that has not broken
down to allow the release of air fromethatter. Specific gravity (grams per cubic
centimeter) can be converted to specifitume (cubic centimeters per 100 grams)

by multiplying the reciprocabf the specific gravity by 100. Specific volume better
illustrates the amount or degree of aeratibinis performance test is applicable to
emulsified, as well as nonemulsified, products to measure aeration potential in a
cake batter.

3.8.2 Pound Cake Test

In some cases, shortening or margargreaming value is most accurately
measured by preparing a regular pound cake, omitting the chemical leavener, and
measuring the volume, grain, and tegtwf the baked cake. Creaming value, as
determined by this method, is affected by the batter-mixing temperature. Working
range, or creaming range, cae measured by adjusting the finished batter temper-
ature over the desired temperature range.rébults obtained in this manner provide
a good indication of the creaming range or shortening temperature tolerance. The
baked pound cake volume is determined by a seed displacement procedure, and the
cake appearance is rdtaumerically on a scdeimilar to that provided below:
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Score Rating Category Description

10 Perfect Fine, regular grain; no holes, cracks, or tunnels; very thin

cell walls; and perfect symmetry

9 Very Good Close, regular grain; free of holes, cracks, or tunnels; thin
cell walls

8 Good Grain very slightly open but regular; free of cracks or tunnels;
may have occasional hole; good cell wall thickness

7 Satisfactory Grain slightly open, mostly regular; a few small holes; no
tunnels or cracks; slightly thick cell walls

6 Poor Open or irregular grain or frequent holes; some cracks or
tunnels

5 Unsatisfactory ~ Very open or irregular grain or numerous holes, cracks, or
tunnels; thick, heavy cell walls; may have solid streaks or
gum line

4 and below — Increasing degrees of unsatisfactory performance

3.8.3 Icing Volume

Shortening and margarine formulation, consistency, and plasticity can affect the
ability of a product to produce light crenicings. This propéy can be measured
by making a standardized creme icing under controlled conditions. The evaluation
procedure is somewhat similar to the cremgyvolume evaluatiomwhere the aeration
potential and mixing tolerance of fats amits products are gasured with specific
gravity determinations. However, the resirdicate the ability of a product to aerate
and retain the incorporated @ a low-moisture icing. The icing ingredients are (1)
test shortening, (2) powdered sugar, (3) nonfat milk solids, (4) salt, and (5) slightly
less than 12% water, which are mixed forrhhutes at high sged, stopping after
7 and 12 minutes to measure the specifavity of the icing. These measurements
determine the aeration potential and the mitaigrance of the fats and oils product.
A fats and oils product with poor mixing tolerance will either aerate very little or
will give up a portion of the incorporatedr after the first specific gravity determi-
nation. This evaluation is applicable to emulsified and nonemulsified fats and oils
products to measure the aeration potential in a creme icing.

3.8.4 White Layer Cakes

Fats and oils perform several important functions in all cake products. These
functions include entrapment of air duritige creaming proceshibrication of the
gluten and starch particles to break up tontinuity of the gluten/starch structure
of the cell walls for a tender crumb, and emulsification or water-holding capabilities
that affect moistness and cake-keeping qualities. The emulsification value of a fats
and oils product may be defined as its ability to make a white layer cake in which
the flour content is low but the sugar andsthare contents are high. The best method
for determining emulsion value of a shaiiteg or margarine is to test the product
in a high-sugar, white layer cake undexrstard conditions, evaluating the finished
cake for volume, crust characteristics, graimg texture. Previous results have shown
that shortenings with poor emulsificatigmoperties produce curdled or separated
batters and cakes with low volumes, palekstcrusts, and a raw flour taste. Properly
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emulsified products will produce smooth cake batters and cakes with golden brown
crusts, somewhat dry to the touch without a liquid ring, with a fine grain and texture,
and with good eatip characteristic® Over-emulsified shortenings produce cakes
that dip or have a weak center with a very open grain and a coarse texture.

Three white layer cake performance $eare utilized for the evaluation of
general-purpose shortenings and margarines: (1) 140% sugar white cake, (2) 105%
sugar white cake, and (3) household wittger cake. The cake performance tests
are designed for the fat and oil type product to be evaluated:

« Emulsified product— The high-sugar, egg-white, and liquid cake measures the
ability of an emulsified shortening anargarine to produce a high-volume, moist
cake with a fine grain and texture.

« Nonemulsified product— A lower sugar, moisture, and egg cake formulation is
used for the evaluation of the emulsifica properties contributed solely by the
product consistency of the all-pugsshortening or margarine product.

* Household shortening— Shortenings produced for household use usually have a
low emulsifier content designed to inope baking performance but not enough
to drastically affect fryig performance; thereforbpusehold baking recipes are
designed for this level of emulsifier.

3.8.5 Creme Filling Test

The ability of a shortening or margarine to take up and hold water while aerating
to a low-filling specific gravity is an important attribute for creme fillings for snack
cakes. Equally important is the resistance of the filling to weep or disappear into the
base cake. Shortening plagty, heat resistance, and elsification can be measured
by creme-filling performance testing. Initially, the ability of the shortening product to
aerate the filling is measured during pregian, and subsequently the weep and heat
stability of the fillings are evaluated. iBhevaluation measures the emulsifier system
as well as the consistency of the shortening as provided by the basestock formulation.

3.8.6 Cake Mix Evaluation

Originally, cake mix formulations were very similar to bakery cakes and utilized
standard high-ratio cake shorteningsybwer, development of improved cake mixes
required rapid aerating shortenings to minimize mixing times for the housewife,
while at the same time increasing the products mixing and baking tolerances. The
competitive nature of the cake mix industry has continued to generate demands for
new and improved products of which shortening has always been a major contributor.
A basic white cake mix formulation and keaup procedure can serve to evaluate
new or revised emulsifier systems for atérn, eating qualitiesand cake shelf life
as well as the shortening carrfer lubrication and consistency.

3.8.7 Puff Pastry Testing

The characteristic features of a puff pasthortening are plasticity and firmness.
Plasticity is necessary to produce smooth, unbroken layers of fat between dough
layers during repeated folding and rollingeogtions performed at retarder temperatures
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to achieve over 1200 layensirmness is equallymportant, becaussoft or oily fat
products can be absorbed by the dough, ¢licgnating its role as a barrier between

the dough layers. The laminated puff-pastry dough rises in the oven when the fat
layers melt and expand, creating steam if the fat contains moisture, which causes
the layers to separate and the product to expand and rise without the benefit of a
leavening agent. Satisfactory performanca five- to sixfold increase in the height

of a test patty shell after baking.

3.8.8 Restaurant Deep-Fat Frying Evaluation

A number of factors are studied when evaluating frying shortenings and oils.
During deep-fat frying, the fat is exposed continuously to elevated temperatures in
the presence of air and moisture. A numisiechemical rea@ins, including oxida-
tion and hydrolysis, occur during this time, as well as changes due to thermal
decomposition. As theseactions proceed, the functibnsensory, and nutritional
quality of the frying fat chages and eventually reachepant where it is no longer
possible to prepare quality fried products, #melfat will have to be discarded. The
rate of frying-fat deterioration varies with the food fried, the frying fat utilized, the
fryer design, and the operating conditions.

Good testing procedure limits the variables to the product being evaluated. The
method should be designed to incorporathéques that are practiced in any good
laboratory, including the standardizationezfuipment, control of the environment,
and an explicit evaluation procedure. Fryiagts have been attempted in commercial
restaurant frying operations; however, cause and effect determinations for the results
obtained are difficult to assess due to the changing product mix, handling conditions,
and other unknown conditions and contaminants. A laboratory test procedure
employing the smallest available commercial fryers to continuously heat the frying
shortening and frying of French-cut potate¢gprescribed intenis has been found
to adequately evaluate frying fats. Thimcedure allows the frying-fat deterioration
to be monitored visually, organoleptically, and with chemical and physical analytical
testing for assessment of the cause and effect.

The deep-fat frying evaluation consistsohtrolled heating of the test shortening
or oils at 360 + 10°F (182.2 + 5.6°C) conmtgusly until the test is terminated. Fresh
French-cut potatoes (227 grams) friedeth times daily for 7 minutes at 3-hour
intervals are flavored once daily. Fryimpservations recorded after each frying
include smoking, odor, clarity, gum formation, and a determination of foam devel-
opment. Foam development (described asntrace, slight, defite, and persistent)
should also be measured with a foam test daily and each time a change in the
observed foam is recorded. Samples &atertafter each 24-hour period for analysis
of color, free fatty acid, and iodine valfor quantitative measurement of darkening,
hydrolysis, and polymerization. The frying test is terminated when persistent foam
has been observed and substantiated by foam height testing.

3.8.9 Ice Cream Bar Coating Evaluation

Ice cream novelties are udlyeenrobed with a confeaery coating that utilizes
a relatively high fat content. The functiof the fats utilizedare viscosity control,
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crystallization, gloss retention, and eataiwracteristics. These characteristics must
be measured to identifyne acceptability of the caag fat by actually dipping ice
cream bars into preparedatimgs. The qualities measuarto determine acceptability

are drying time, hardening time, brittleness or snap, bar coverage, flavor, eating
characteristics, angloss retention.

3.9 NONSTANDARDIZED METHODS

A number of nonstandardized methods have been reviewed for the evaluation of
fats and oils in this chapter. Complete test methods for these evaluations are presented
on the following pages. All these evaluatsohave been succesky employed for
product development, quality control, or auditing of current production products and
those of the competition. The methods presented are:

Method Description
3.1 Shortening consistency and plasticity rating
5.3 Pastry flavor test
6.2 Shortening appearance rating
6.3 Margarine appearance rating
8.1 Creaming volume test
8.2 Pound cake test
8.3 Icing volume
8.4 140% sugar white cake
8.5 105% sugar white cake
8.6 Household white layer cake test
8.7 Creme filling test
8.8 White, dry cake mix test
8.9 Puff pastry testing
8.10 Deep-fat frying test
8.11 Ice cream bar coating test
8.12 Sandwich cookie filler shortening evaluation
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Nonstandardized Method 3.1
Shortening Consistency and Plasticity Rating

« Description: A systematic, uniform means otirsg the consisterycand plasticity
of crystallized fats and oils products

« Scope:Applicable to all shortenings, margaes, and other plasticized fats and
oils products

« Equipment:

Constant 80°F-temperature storage room

lllumination of 50 to 100 foot-candles tie examination surface from cool white
fluorescent lamps

Thermometer with O to 120°fange and 1°F gradations

* Procedure:

1. Temper the samples to achieve the required 75 to 80°F examination temperature.

2. Determine and record the sample temperature.

3. Examine the consistencpdplasticity of the sani@ by pressing a finger into
the product or squeezing it in the hamd, both. This procedure identifies
imperfections in the sample.

4. Some of the most conun consistency problems foumdth plasticized prod-
ucts include:

Puffy, a soft product with largair cells or pockts that offer very little resis-
tance when pressed or squeezed

Sandysmall lumps about the size of grains of sand felt throughout the sample

Ribby alternating thin layers of hardéngoft product which has been described
as feeling like a coarse corduroy cloth surface

Brittle, a firm resistance that cracksafinger is pressed through the product

Mushy soft and greasy feeling with very little, if any, resistance

Lumpy sizable firm clumps within softer or plasc consistency

Chalky a dry putty-like feeling

5. Plasticity ratings evalta the workability of a crystallized product. A product
with perfect plasticity would retaia good body feel without releasing liquid
or remaining rigid when worked in the hand. A plastic material will not flow
or deform from its own weight but shaube easily molded with only slight

pressure.
6. Consistency and plasticity should edehrated overall using the following 10-
point scale:
10 — Perfect 5 — Defitely unsatisfactory
9 — Nearly perfect 4 — Bad
8 — Good or satisfactp 3 — Definitely bad
7 — Slightly unsatisfactory 2 — Very bad

6 — Moderately unsafactory 1 — Terrible

Note: All products should be rated objeely without reference to the type
of product, its age, asther qualifying factors.
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Nonstandardized Method 5.3
Pastry Flavor Test

« Description: Subjects the test fat or oil product to prolonged high-temperature
heat in the presence of moisture, salt, and flour for oxidative stability measurement
by sensory flavor and odor evaluations

« Scope:Applicable to all fats and oils produdise., shorteningnargarine, flakes,
chips, liquid shaenings, and oils)

* Equipment:

Mixing bowl
Pastry cutter
Pastry cloth
Dusting flour
Rolling pin














































































































































































Table 4.8 Mono- and Diglyceride Functionality

Emulsifier Form Functionality Food Products

Hard (5 IV maximum) Moisture retention All baked products
Crumb softener All baked products
Anti-staling All baked products
Volume improver All baked products
Tenderness Improver All baked products
Grain and texture improver Cakes
Batter aeration Cakes
Palatability improver Bread and rolls
Stickiness retardant Chewing gum and candy
Anti-sticking Pasta
Oil stabilization Peanut butter
Rehydration Dehydrated potatoes
Tight emulsion Margarine
Freeze/thaw stability Frozen desserts
Dispersant Coffee whiteners

Plastic-like (70 £ 10 IV)  Compromise of hard and soft forms  All products

Soft (90 IV) Aeration Icings and fillings
Water absorption Icings and fillings
Texture improvement Gravies and sauces
Loose emulsion Margarine
Fat dispersant Pet foods
Fat dispersant Cake donuts

Several mono- and diglyceride deviations are produced by using them as raw
materials in the production of esters oildd&] water-soluble congqunds such as lactic
acid, citric acid, acetic acid, diacetyl tartic acid anhydride, and succinic anh§fdtide:

« Diacetyl tartaric acid ¢srs of monoglyceride (DATEMare hydrophilic emulsi-
fying agents with excellent dough-conditing properties. By strengthening the
gluten in the dough, DATEM enhances getention, resulting in increased volume
in baked products, better dough tolerancenexhanical hanitlg, and improved
proofing stability. Gluten strengtheningsalimproves crumistructure and crust
characteristics. Even thou@ATEM is primarily utilized as a dough strengthener,
it also has application in extrudigroducts, icings, and margarines.

e Lactic acid esters of amoglycerides, or lactated tess, are a group of food
emulsifiers used primarily impplications where aerati is required, such as in
toppings, cakes, and icings. The lactatadreshave more surface activity and are
slightly more hydrophilic than regular morend diglycerides. Mst lactated esters
are processed from saturéter low-iodine-value mono- and diglycerides to give
optimum aeratig properties.

« Citric acid esters of monoglycerides monoglyceride citrate are hydrophilic
emulsifiers prepared for use as a margagntispattering agent, for metal chelat-
ing, and for use with ber surfactants as an alsion stabilizing agent.

* Acetylated monolycerides areDtending emulsifiers thatan be used to promote
aeration, volume, foam texture, andtslity against syneresis for imitation creams
and toppings. Also, acetylatedonoglycerides form prettive films that are effec-
tive against oxidation and moisture los&éep pie crusts and pizza shells crisp and
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fresh. Additionally, the liquiccetylated monoglycerideseegffective lubricants and
release agents for usetasugh grease or bakery product depanning agents.

« Succinylated monoglycerides perform @sugh conditioners and strengtheners
that are tolerant to mechanical handland flour variability for uniform good
volume, texture, flavor, and crumb softness.

4.8.2 Propylene Glycol Esters

Propylene glycol mono fatty-acid estenr® a group of moderately surface active
compounds which are effective emulsifiers for cakes and nondairy whipped products
such as imitation creams, whipped togys, and spray dried topping products. The

Dtending, propylene glycol monoester (PEMsurfactants aradded not for emul-
sion stability but rather to influence the whipping rate, stiffness, volume, and foam
stability. These emulsifiers are able to poienan agglomeratioof fat globules for

the formation of a good and stable foam while forming a protedbeeystalline
membrane on the liquid droplets that results in a high degree of aeration.

Cake batters aerate rapidly with PGME and produce baked cakes with high
volume but fleecy, elongated, even cell structures. Initially, cakes utilizing propylene
glycol monostearate (PGMS) had to be low-fat formulations with high PGMS levels,
but then it was determined that a conattion of PGMS and mono- and diglycerides
was more functional for cake baking. Thest effective PGME emulsifiers for cakes
are produced with a low-iodine-valdat base. For consumer cake mixes, PGME
shortenings provide the needed tolerance to mixing conditions at PGME levels of
8.0 to 16.0%, with total monoglyceride lévef 2.0 to 6.0%. Bakery cakes require
less functionality from the emulsifier sgm because the aeration is achieved by
more efficient mixing procedures and guuient. These shortenings typically range
from 2.8 to 8.5% PGME with @.to 5.5% total monoglyceride.

Whippable emulsions normally contain peiots that provide a great deal of the
stability needed by these products in a liquid form. In these emulsions, propylene
glycol monoesters function to provide volume, foam texture, and stability against
syneresis. Structure building consists aflagnerated fat globules forming a network
within the foam. The hard form of the 90% monoesters is typically used at 0.2 to
1.5% levels for these products.

Saturated-fat-based emulsifiers functionrenas defoamers than aerators in low-
moisture prepared foods such as icings and fillings; however, the softer based PGME
emulsifiers can function in these produdis intermediate-hardness PGME surfac-
tant made with a 50-1V hydrogenated lamda 70-1V hydrogenated soybean oil base
added to an all-purpose shortening base to obtain 2.5 to 3.5% PGME and 4.0 to
5.0% total monoglyceride emulsifier wilerform in icings, fillings, and low- as
well as high-sugar bakery cakes. The limtediate-hardness PGME emulsifier has
also been utilized for lean cakesokies, and other fat-reduced foods.

4.8.3 Sorbitan Esters

Sorbitan fatty-acid esteese sorbitol-derived analogs of mono- and diglycerides
that are slightly more water solubl8orbitan monostearatéhe most common of
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these surfactants, is a hard solid or beadatkrial that requires dispersion in water

or fat before use. Sorbitan fatty-acidezs are lipophilic emulsifiers that can be
used in emulsions where less water-bigdproperties and enhanced aeration prop-
erties are desired. Sorbitan monostearate can be used for icing, whipped topping,
and coffee whitener applications for aesati gloss, and stability characteristics;
however, the best known application iipably as a crystahodifier or promoter

for confectionery coatings. 8utan esters are especially effective additives for the
improvement and retention of gloss, plus they have a desirable effect upon the fat
solids content to improve mouth feel.

4.8.4 Polysorbate Fatty-Acid Esters

Polyoxyethylene sorbitan esters, commonly cghlelgsorbatesare formed from
the reaction of sorbitan esters with ethylene oxide. Three of the polysorbate types
permitted for food use in limited amourdse polysorbate 60, polysorbate 65, and
polysorbate 80. The level of usage of themulsifiers is restricted by food-additive
regulations; however, relatively small quantities of the polysorbates provide the
desired effect in most applications, and leiglevels impart a bittersweet taste. The
polysorbates are hydrophilic emulsifierathact as powerful surface-active agents
to drastically reduce the interfacial tensi@mong water, oil, and other ingredients;
to enhance interaction between ingredients; and to promote emulsion stability.
Polysorbate 60 is particulariffective in formulating diin-water emulsions. These
derivatives have found more acceptance tharsorbitan esters. Polysorbate 60 can
be used in applications similar to thagted for sorbitan esters or cakes, whipped
toppings, coffee whiteners, icings, anahfartioner’s coatings, plus nonstandardized
salad dressings. Polysorbate 65 is permitteide cream and frozen desserts, mel-
lorine or ice milk, and fruit sherbet, as las in bakery applications. Polysorbate
80 can be used in a wide range of applications, including use in special dietary foods
and gelatin desserts, as a solubilizimgl @lispersing agent in pickles and pickled
products, and in baking applications.

4.8.5 Polyglycerol Esters

These compounds are formed by a neacbf fatty acids with polymerized
glycerol consisting of 2 to 10 molecul&3areful control of the polymerization and
esterification processes produces emulsfibiat can be used to emulsify, thicken,
stabilize, defoam, release, plasticize, mfydrystallization, ehance gloss, and also
prevent sticking, weeping, lumping, and clouding. Some of the typical applications
include:
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* Peanut butter— Stabilizer and plasticizationdaito prevent oil separation and
weeping while improving spreadability and lubrication to prevent the peanut butter
from sticking to the roof of the mouth.

« Confectionery coatings- Incorporation of 0.5 to 8% of a specific polyglycerol
ester to enhance and maintain gloss properties while minimizing tempering and
handling problems.

« Margarine — Excellent as antispattering aedulsifying agents when used at
0.1 to 0.5% for margarines and at 0.1 to 2.0% for low-fat spreads.

« Crystal inhibitor— Retards crystal formation in salad oils to increase the length
of time before cloud development e levels of 0.02 to 0.04%.

¢ lIcings and filings— Rapid effective aerationnd weep stabilization for low-
moisture icing and fillingproducts at levels of 1® 2.0% of the shortening.

¢ Cakes— Layer and loaf cakes with volungrain, and texture equivalent to mono-
and diglyceride-emulsified, high-ratibartenings can be produced with lower
polyglycerol ester use levels df0 to 3.0% of the shortening.

4.8.6 Lactated Esters

Several forms of lactated esters are lisddods. Lactic acid esters of monoglyc-
erides, reviewed previouslywith mono-anddiglyceride, arereaction products of
glycerine, lactic acid, and fatty acids.€ltwo most prominent products are glycerol-
lacto palmitate (GLP) and ygerol-lacto stearate. Thedetending emulsifiers are
used primarily in applications where aéwatis required, such as cakes, cake mixes,
and whipped toppings to improve volume and texture. Most of these products have
almost fully saturated fat bases and exhibit some oil solubility but no water solubility.

Stearoyl-2-lactylates areaction products of stearic fatty acid and lactic acid
converted to the calcium @odium salts. Sodium steat@®¢lactylates, one of the
most hydrophilic emulsifiers in the food industry, is used principally as a dough
conditioner in baked products, pancakes, and waffles but is also effective in frozen
whipped dairy cream and toppings to improve aeration and stabilization of the foam
and to improve fat distribution to enhartbe whitening effect in coffee whiteners.
Calcium stearoyl-2-lactylate, also a dough conditioner, is used in both fresh and
prepared mixes for yeast-raised baked petgluas a whipping agent for egg whites,
and as a conditioning agent for dehydrapedatoes. Low levels, typically 0.25 to
0.5% of the flour, of the stearoyl lactydat complex with starctelays the staling
process in bread. The inaetion with the flour gluten results in a finer crumb
structure, increased volume, and éettrust in the baked bread loaf.

4.8.7 Lecithin

The processed-food industry in the United States utilizes over 350 million pounds
of surfactants a year, with 90% being clieatly derived and 10% natural. The most
prominent, functional, and commonly used natural surfactant is lecithin. This natural
emulsifier is found in egggairy products, vegetable oils, and many of the other
food products from nature. Lecithin is a phosphorus-containing, lipid phosphatide
found in all plant and animal organisms. Commercially, the chief source for lecithin
is the gums extracted from soybean oil. Lecithin may also be obtained from other
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oilseeds such as corn, cotton, peanut] aaonflower, but little is available for
commercial use.

Lecithin has wide use in food and nonfood products, which makes it a very important
byproduct of the soybean oil processing industry. The National Soybean
Processor Association established criteriahie early 1970s for defining plastic and
fluid lecithins, but these lecithin producise only about 15 to 20% of the current
products used. Many new types of lecithimave been introduced commercially over
the past few years. Sometbése new products include oil-free or de-oiled, fractionated,
and enzyme-modified lecithins, among others. Phospholipids isolated from soybean
lecithin have the following applications in food produtt¥:

* Protein complexing— The ability to complex with the protein in flour (gluten)
provides the basis for a good dough conditiobecithin can function as a natural
bread-dough conditioner at addition levgénerally between 25 and 0.6% based
on the weight of the flour.

e Starch complexing— An ability to complex with starch is the basis of some
antistaling agents. Certairciéhin phospholipids such as phosphatidylcholine and
phosphatidylethanolaminrm vesicles or liposomewith excellent antistaling
properties.

« Fat reducer— Hydrated lecithin can assunaespherical form that rolls on the
tongue to give a mouth feel similar tioat of fats. Reductions of 20 to 60% of
the fat content have been accomplishéth cocoa and fwocolate products. In
chocolate, about 0.25 to 0%5lecithin is used to dhice viscosity by coating the
sugar, to increase the “snap” by allagria reduction in cocoa butter content, and
to inhibit bloom by allowing a widerange of processing temperatures.

« Egg yolk replace— Commercial lecitim can duplicate the emulsification char-
acteristics of egg yolk in cakes, swemods, and other food products. Lecithin
or egg yolks provide caleatter fluidity duing baking which prevents a collapse
of the cake, or a “dip.”

¢ Antisticking properties— Lecithin is the antisticking agent used in most pan and
grill shortening, pan spraysnd baking-pan release prottuand is used in the
candy industry for hard candies and cotifewry. Lecithin mixtures in oil or
other solvents form a barrier lapating the equipment surfaces.

« Antispattering agent— Lecithin is used in margaes and spreads at 0.1 to 0.5%
to act as an antispattering agent. It also serves as an emulsifier to improve texture,
absorb moisture, prevent bleeding, angriove spreadabilityral acts as a brown-
ing agent. Spattering is caused by th@daxplosive evaporation of the moisture
present in margarine and develops whexfitely divided water coalesces to form
large drops. Lecithin envelops each waterticle with a protective membrane to
stop the coalescence of the water droplets.

* Wetting— Cocoa powders possess poor wetting properties, regardless of the fat
content, without the addition of lecithi€ocoa and other instant drink powders
are instantly wetted and drawn into cold water additions with lecithin levels of
1.0 to 1.5%.

» Antioxidant— Lecithin functions aantioxidants in some oils at levels of 0.01 to
0.25%. Low-level additions of lecithican also effectively retard off-flavors
caused by hydrolysis by the saaion that prevents spattering.

© 2004 by CRC Press LLC



The appearance and flavor requiremerftdats and oils can limit the use of
lecithin, especially for produs that must be heated. L#tn is quite heat sensitive
and can darken, smoke, and develop ameffe fishy odor and flavor at tempera-
tures above 120°F (49°C). Additionally, the level of lecithin added to a fat or oil
product may affect both the color of the ingredient and the finished product. Regular
fluid food-grade lecithin has a brown or amber color and a typical flavor. At the
normal low usage levels, the color, flavor, and odor imparted by lecithin do not
materially affect the appearance and flaebthe product; however, care must be
exercised with the formulation and use of lecithin products to avoid problems.

4.8.8 Emulsifier Selection Methods

The process of selecting an emulsifsgistem has been viewed as more of an
art than a science in that it requirepesience and performance testing. The syn-
ergistic effects observed with various canations of surfactants provide desirable
functional properties not possible with deg@mulsifiers and complicate the selec-
tion process; therefore, development of emulsified shortenings can require a complex
evaluation program with numerous surfactant blends of different ratios and use
levels. Researchers have concluded thatlgifier selection is not a simple task,
and a number of schemes have been developed to assist in identification of optimum
systems for individual applications. The ma&ll-known selection scheme is prob-
ably the hydrophilic/lipophilic balance (HLB).

4.8.8.1 Hydrophilic/Lipophilic Balance System

Emulsifiers can be classifidaly their affinity to water and oil. Surfactants with
an affinity to oil (the lipid phase) are classified as fat-loving or lipophilic emulsifiers.
Surfactants that have an affly to water (the agueous phase) are classified as water-
loving or hydrophilic emulsifiers. Oil-soluble or lipophilic emulsifiers will absorb
water or water-soluble materials into the oil or lipid phase. Hydrophilic emulsifiers
will absorb the oil phase into the water aqueous phase. The measure of an
emulsifier’s affinity for oil or water may be identified by its HB' HLB is an
expression of the relativetedction of an emulsifier fowater and for oil or for the
two phases of the emulsifier systemingeconsidered. In the HLB system, each
emulsifier is assigned a numerical value. An emulsifier that is lipophilic is assigned
a low HLB value below 9.0, and oneathis hydrophilic is assigned a high HLB
value above 11.0. Those in the 9.0 taOltange are intermediate. In general,
lipophilic emulsifiers such as mono- and diglycerides have HLBs in the 2 to 4 range
and tend to form water-in-oil emulsions. Hydrophilic emulsifiers, such as polysorbate
esters, have HLBs in the 13 to 17 range and tend to form oil-in-water emulsions.

© 2004 by CRC Press LLC



The following table indicates the relationship of HLB to water solubility at 70°F
(21.1°C):

Emulsifier Behavior When

Added to Water HLB Range
Insoluble 1-4
Poor solubility 3-6
Opaque with vigorous agitation 6-8
Stable opaque dispersion 8-10
Translucent 10-13
Clear solution 13 and Above

The best results are usually obtained with emulsifier systems or by blending two
or more emulsifiers to obtain a desired HLB value rather than using only one. A
blended emulsifier system, usually described as a synergistic emulsifier blend,
provides not only the funathal properties of each emsifier but also additional
functional properties due to interaction effects. The HLB of the blend is essentially
a straight-line relationship that can be determined by multiplying the HLB value of
each component in the blend, then addoygether these numeakvalues. The HLB
values of various surfactants are listed below:

Emulsifier HLB Value
Mono- and diglycerides
40% minimum Dmonoglyceride 2.8
52% minimum Dmonoglyceride 35
90% minimum Dmonoglyceride 4.3
Propylene glycol esters
Propylene glycol mono- and diesters 34
Propylene glycol mono- and diesters 3.5

and mono- and diglycerides
Sorbitan esters

Sorbitan monostearate 4.7

Sorbitan tristearate 21
Polyoxyethylene sorbitan esters

Polysorbate 60 14.9

Polysorbate 65 105

Polysorbate 80 15.0
Polyglycerol esters

Triglycerol mono shortening 6.0

Triglycerol monostearate 6.2

Hexaglycerol distearate 8.5
Lactated esters

Lactylated mono- and diglycerides 2.6
Lecithin

Standard fluid 35

De-oiled, 22% phosphatidylcholine 4.5

De-oiled, 45% phosphatidylcholine 6.5

The HLB selection system consists ofeth steps: (1) determining the optimum
HLB value for the intended product, (2) identifying the best emulsifier types, and
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(3) applying final HLB adjustments. In thisocedure, emulsifiers and blends with HLB
values outside the identified HLB rangeyrze eliminated to reduce the trial-and-
error evaluations. The detailed steps ttedaine the best HLB value are as follows:

1. Select a matched pair of emulsifigone lipophilic andne hydrophilic, with
known HLB values; for example, monand diglycerides wh a 2.8 HLB are
lipophilic surfactants, and pgorbate 60 with a 14.9 HLB is a hydrophilic sur-
factant.

2. Prepare a series of tesnulsions with the selectesinulsifiers blended to give
different HLB values ranging from all lgphilic to all hydrophilic surfactants.
This range would be from 2.8 to 14.9 foettwo surfactants suggested in the first
step. An excess of the emulsifier ideshould be used, or approximately 10 to
12% of the fat and oil level in the final product.

3. Evaluate the emulsifier's series ngiappropriate performaa methods based on
the product requirements. One or morehaf emulsifier blends should provide a
better emulsion than the others, but ifleMels appear good, repeat the series with
a lower use level. Conversely, if alleapoor, the use level should be increased
and the series repeated.

4. The final test results should indicatethin approximately 2 units the HLB range
that will perform the best for the application. A more accurate HLB value may
be determined by another series keded around this range if necessary.

The appropriate surfactant chemical typeassimportant as the HLB value. After
the HLB value has been established, it nbbestletermined if some other emulsifier
blend would perform better, would be moréaéént, or would be more cost effective
to produce that HLB valueThe evaluation object is to select several pairs of
emulsifiers covering a suitably wide areach&mical types. Performance evaluations
of these blends shouiddicate the ideal emsifier blend for the specific application.

The HLB method is an incomplete systéon selecting surface-active agents.
Surfactant selection for emulsions using the HLB system functions well in a pure
system when a formula is cowged of oil, water, and emulsifiers; however, its use
is limited in many food systems due to their complexity. The effect of surfactants
on starch complexing is an important function for some products, but HLB does not
measure this attribute. Emulsifiers wilte same HLB value may vary from excellent
to poor in their ability to produce an actape cake; emulsifier selection becomes
more complex with the addition of flour, starch, sugar, milk, salt, eggs, or other
similar ingredients, some @fhich contain natural emulsifiers that react and interact
with each other. Thus, the HLB approachn assist in the surfactant selection
process, but identification of the optimum wsifier system for the application still
requires experience and detailed experimental work.

4.8.8.2 Emulsifier Functionality Traits

Mono- and diglycerides are probably the most multifunctional emulsifiers. Other
emulsifiers generally fit a more specifar limited function. The specificity of
surfactant functions provides a selectgnde for emulsifiesystems development.

© 2004 by CRC Press LLC



Table 4.9 evaluates the functionality of emulsifier types most often used for food

Table 4.9 Emulsifier Functionality Degree

Emulsion Starch Dough Crystal
Emulsifier Stability = Complexing Conditioner Modifier Aeration
Mono- and diglycerides
Hard or saturated 2 1 4 3 1
Soft or unsaturated 2 3 4 3 2
Propylene glycol esters
Propylene glycol mono- 5 2 5 1 1
and diesters
Propylene glycol mono- and 3 1 4 1 1
diesters and mono- and
diglycerides
Sorbitan esters
Sorbitan monostearate 3 5 5 1 3
Sorbitan tristearate 3 5 5 1 5
Polyoxyethylene sorbitan esters
Polysorbate 60 3 2 1 3 1
Polysorbate 65 3 3 3 3 2
Polysorbate 80 2 3 3 2 2
Polyglycerol esters
Triglycerol mono shortening 2 3 3 3 1
Triglycerol monostearate 3 3 3 3 1
Hexaglycerol distearate 1 3 3 1 2
Lactated esters
Lactylated mono- and 2 4 5 1 1
diglycerides
Stearoyl-2-lactylates 1 2 1 5 2
Lecithin
Standard fluid grade 3 3 3 1 4
Note: Emulsifier functionality evaluation: 1 = excellent; 2 = good; 3 = slight; 4 = poor; 5 = none.

applications in fre different area$°

Emulsion stability— Emulsifiers create mixtures two liquids that are normally
immiscible. An emulsion cabe defined as a dispersiohdroplets of one immis-
cible liquid with another. Emulsifiers gmote formation of dispersed systems by
lowering the surface tension at the inted of two immiscible substances. The
ability of an emulsifier to act at the interface is due to molecular structure. The
polar group of an emulsifier has an affinity for water in which it dissolves. The
fatty acid part of the emulsifier has affiraty for oil and dissolves in this phase.
Starch complexing— Starch consists of two typ®f carbohydrates: amylose and
amylopectin. A gel is formed when these carbohydrates are mixed with water and
heated. The starch components recrystélama the gel, or retrograde, the process
that is responsible for the staling praees baked products,iskiness in pasta

and potato products, and hardening inddtgelly confections. Emulsifiers that
can form complexes with starchtaed the retrogradation process.
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Dough conditioning— Gluten, the protein in wheat flour, forms a network that
strengthens doughs. Certaémulsifiers can seéngthen the gluten, thereby pre-
venting rupture of the cell walls thatyeaentrapped the fermentation gases. This
allows the cells to form uniformly, provitg even grain in the finished loaf and
doughs that are not sticky or bucky for better machinability.

Crystal modification— Triglycerides are polymorphic, which means that they
can exist in more than one crystallingnfo Crystal reversion can be retarded by
the incorporation of emulsifiers withygtal modification capabilities. The pro-
pylene glycol monaogters, acetylated monoglyades, and lactgted monoglyc-
erides of Dtending surfactants can stabilizeno- and diglycerides in the more
active Dform for improved functionality. Sorbitan esters prevent the formation of
bloom on chocolate pducts by retardingecrystal development. Polyglycerol
esters also prevent chocolate bloom aredfective crystal inhibitors for salad
oils. Lecithin was the first crystal hibitor used in salad oil processing.
Aeration— Many food products are prepared in emulsion form and are aerated
to a foam. Aerating emulsifiers facilitatasration, provides &er whipping rates,
evens cell structures, and provides high@lumes in baked products and other
aerated products such as icinfitings, and wipped toppings.

4.8.8.3 Emulsifier Selection Procedure

The emulsifier system of a product mbst tailored to the specific application,
as its behavior will be influenced by the processing conditions and the presence of
other ingredients. Furthermore, a blend of two or more emulsifiers imparts syner-
gistic effects greater thanahpossible with a single emulsifier. Development of the
optimum system requires analyzing the Rlde surfactants in blends of different
ratios. The following guidelines summagia successful technique for the selection
of an emulsifier systerfor specific application&

1.

Consult the applicable regulations fostrection on the use agmulsifiers or for
specific requirements for standardizgdducts. Only approved emulsifiers should
be considered.

Identify the functional requirementstbk food system, the method of processing,
and the form of the finished product.

Identify the surfactants that contribtie functional properties required by the food
system. Table 4.9 summarizes the functioithe emulsifier types most often used
for food applications. Alsazonsult surfactant suppliefsr suggested usage levels,
incorporation methods, product functidityg and other available information.
Screen the approved emulsifiers with functional characteristics applicable to the
food product using the HLB system guiden&entify the most promising blends
and evaluate further to identifhe optimum emuifier system.

Optimize the emulsifier system usageele Emulsifiers have an optimum usage
range or plateau that provides the maxin functionality; levels over and under
this plateau level provide lesser degg of the preferred functionality.
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4.9 PRODUCT DEVELOPMENT

Fats and oils are key functional ingredgeirt a large variety of food products.
They have particular physical properties of importance in the processing and final
use of both natural and prepared foottse glyceride structerand composition of
the fats present in suchdds also differ widely. Thesfatty acid and triglyceride
compositions influence the functional projes of foods and food ingredients that
contain even modest fat levels. The relationships between triglyceride compaosition
and end-use characteristics are evidenewthe physical and chemical properties
are evaluated; therefore, fats and oilthvgimilar physical and chemical properties,
even with different triglyceride compitisns, can provide the desired functional
characteristics for the food product. Fat systems for foods and food ingredients may
be developed in several ways. Three product development methods used to formulate
fats and oils products to perform desired applications are:

1. Application development— Utilize qualitative knowédge regarding the effects
of source oils, basestocKst fractions, interesterifie products, emulsifiers, and
other additives on producbnsistency and behavior in the finished product.

2. Analytical developmenrt- Determine the componeriiased on their contributions
to satisfying predetermed analytical limits.

3. Triglyceride replication— Carefully blend selectddactions from various source
oils to duplicate the triglyceate structure of another product.

4.9.1 Application Product Development

Application development of fats and oils products begins with identification of
the key functional attributes the produceigected to provid® the end-use product
and the use of historical knowledge to identify and evaluate the physical and chemical
properties most likely to produce the intended functionality. Recognition of the
primary and secondary functional attribuéesl disregarding insignificant properties
is important for this product development. The results of these studies provide the
information necessary to ddep a product specification @h identifies the physical
and chemical requirements that must bé tmeensure compliance with the require-
ments of the application. Imost cases, the product igjuéred to meet the perfor-
mance standards of an existing productyéner, the product developed may perform
better than the original, or the product currently used may be overqualified for the
application.

Performance requirements can usually Beglated into anglical measurements
for the specification limitef the product in development. For example, the primary
performance requirements of a salad oil can be evaluated with the AOCS Cold Test
Method Cc 11-539 which determines the resistance of an oil to crystallization while
submerged in an ice bath. This analytical method was developed to evaluate the
acceptability of salad oil pducts for the production of mayonnaise and salad
dressing. An oil that clouds or solidifieg the cold temperatures used for salad
dressing preparation wikause the emulsion to break, which results in product
separation. Likewise, the solids fat ind@&1) and solids fat content (SFC) curves
are of great importance to achieving tesired consistency and performance of
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shortening, margarine, and other fatd ails products. The usual SFI measurements




































































































































































































































































































































Table 10.3 Tablegrade Margarine Oils Composition, SFI, and Nutritional Information

Margarine Type Stick Margarine Oils Tub Margarine Oils
All Soft High All High
Hydrogenated Printable  Liquid Oil Hydrogenated Liquid Oil

Basestock (%):

60-1V H-SBO — — — 18 18
66-1IV H-SBO 38 50 15 — —
74-1V H-SBO 20 — 25 — —
85-1V H-SBO — — — — —
109-1V H-SBO 42 — — 82 32
RB SBO — 50 60 — 50
Solids fat index (%) at:
50°F/10.0°C 28.5% 22.0+ 30.0+ 12.0% 11.0+
70°F/21.1°C 17.5+ 13.5+ 17.0+ 7.5+ 5.5+
92°F/33.3°C 3.0+ 2.0+ 1.5+ 3.0+ 0.7+
Saturates (%)?2 20.0 20.7 17.9 18.3 18.3
trans-Isomers (%)?2 32.4 22.8 18.0 20.2 12.8
a Calculated.

Note: IV = iodine value; H-SBO = hydrogenated soybean oil; RB = refined, bleached.

a steep SFI slope for good iegt characteristics. Two défent soft tub compositions
are shown in Table 10.3. The all-hydrogehproduct provides the oxidative sta-
bility and firmest margarine consisten@light consistency differences can mean
the difference between a soft tub marganiith a picture-perfect surface appearance
or excessive “lid slosh.” The all-hydrogeted margarine base has a better chance
of retaining a smooth surface because dusth set quicker than the product formu-
lated with liquid oil.

Liquid margarine has been marketed fjuite some time, but it has never
achieved significant consumer acceptaramd processors have accepted and uti-
lized this product for specialty applications more so than consumers. Liquid mar-
garine has been prepared using b&dnd E types of hardfats: 4 to 5% soybean or
cottonseed oil hardfatitth refined, bleached (RB) soybean oil. TRdoardfats have
been found to be more suitable for pradpackaged without eempering or crys-
tallization process stagProduct prepared witl=crystal-forming hardfats requires
tempering of the supercooled mixture aedevated temperature for a period of time
under agitation to develop and stabilize tBerystal. This liquid margarine process
resembles the liquid shortening process closely. Ebeystal formulation and pro-
cedure produces a more fluid, less viscous product with better suspension stability
than theE product but costs more to prodié€dhe E lsardfat direct process provides
a better mouth feel and flavor but requicesstant refrigeration to avoid separation.

10.4.1 Trans-Free Consumer Margarine Oil Formulation
Clinical nutritional studies showingn association between both diettgns

and saturated fatty acids have created formulation opportunities for processors rely-
ing on hydrogenated basestocks. During hydrogenation, some double bonds change
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Table 10.4 Industrial Margarine Types and Butter

Dairy Margarine
Product Butter Tablegrade Baker's Danish Roll-In  Liquid
Mettler dropping point, °C 35.0+ 33.0+ 49.0+ 40.2+ *
Solids Fat Index, % at:
50°F/10.0°C 33.0+ 30.0+ 25.0+ 43.5+ 3.0+
70°F/21.1°C 14.0+ 17.0+ 19.0+ 25.8+ 2.5+
80°F/26.7°C 10.0+ 18.0+ 20.6+ 2.0+
92°F/33.3°C 3.0 1.5+ 14.0+ 11.1+ 2.0+
104°F/40.0°C 9.0+ 2.0+
* Too soft

configuration fromcis to transto form high-melting unsaturated fatty acids, before
saturation occurs. The higrans basestocks also contributed greater oxidative sta-
bility and stabilization in theE-crystal form. These behavior changes have been
utilized by formulators tgroduce margarines that dess saturated. Interesterifi-
cation is an alternative press for producing basestocks that can be used to achieve
a steep SFI curve withotransfatty acid production. The fefct of interesterification

on melting behavior depends upon the starting materials. A steeper SFl and a reduced
melting point are produced when a high-melting fat is interesterified with a liquid
oil, as shown in Table 4.7 in Chapter 4. Additionally, transition of the crystal to the
most stableEform progresses more slowly to stabilize the interesterified blend in
the E-crystal form. The common feedstocksofor the randomization process are
liquid vegetable oils and fully hydrogenated vegetable oils in the United States and
liquid vegetable oils, palm oil and fraati®, palm kernel oils and fractions, and
coconut oil, with or without complete hydrogenation, in Europe and Canada.

10.5 INDUSTRIAL MARGARINE FORMULATIONS

Foodservice and food processor margssinmay either be duplicates of the
consumer products or designed for &afic use. A popular industrial product is
the consumer stick margarine packaged in 1-pound solids for foodservice kitchen
use and in 50-pound cases for food processor applications. Individual servings of
consumer table-grade margarines antkags are also large-volume foodservice
products. Most of the other foodservice and food processor margarines are formu-
lated for specific uses, with the main astlal criteria being the Mettler dropping
point (MDP) to measure melting point and solids fat index (SFI). The differences
in functionality are achieved by manipulation of the margarine oil components.

Many of the industrial margarineseaformulated for blery applications.
Table 10.4 lists typical SFI and MDP values for the general types of bakery marga-
rines compared to butter. The functiordgormulation peculiaties for the bakery
margarine categories include the following:

© 2004 by CRC Press LLC



« Table-grade margarine— The analytical values closely match butter with a
relatively steep SFI and a MDP closebturly temperature. Table-grade margarines
are formulated like the stick margarinesba shown in Table 10.3. Typical bakery
uses are fillings, crumb criss and buttercream icings.

« Baker's margarine— Baker’'s margarine is designemhave a wide plastic range
with good creaming propertidike the standard all-pppse shortening. In fact,
the margarine oil formulation can be teme composition as the all-purpose one
shown in Table 6.1 in Chapter 6: an 80-85-1V basestock with a saturatétic
hardfat. Applicationdor this margarine includeookies, Danish pastries, crois-
sants, buttercream icings, cakes, and pie crusts.

¢ Roll-in margarine— Mechanical operations amgore demanding than hand make-
up, roll-in operations. It i%ritical that the margarine emulsion does not break
when pumped and extruded under high pressure, that it maintains a smooth
plasticity and consistendy spread evenly throughdamination without bleeding
into or tearing the dough, and that the margarine and the dough are compatible
to prevent equipment problems. Roll-in ngarines are formulated to achieve a
relatively shallow SFI profile and are stabilized in tBerystal phase. The melting
point must be, as a general rule, 5°B{€) higher than the proofing temperature
of the roll-in product to prevent oil-out fmee baking. The moisture in margarines
generates steam in the oven for leavening and flakiness.

10.6 SPREAD FORMULATIONS

All products resembling margarine that contain less than 80%, but more than
40%, fat are required to be labeled spread. However, these products must conform
with the margarine standard in all resgeaxcept for the fat content and the fact
that only safe and suitable ingredients not provided for in the standard may be added
to improve functional characteristics so tthet spreads are not inferior to margarine.

Soft tub and stick spreads containing 41 to 75% fat are usually formulated from the
same fat and oil blends as those used for regular consumer margarines. The other
ingredients utilized are also basicalhe same with the following exceptiofi:

« Milk protein acts as an bin-water emulsifier; consequently, the use of milk,
casein, or caseinates can result in a @magersion, so most spread formulations
are milk and milk-protein free.

« Emulsifier levels are increased andsynergetic systenas been found most
effective for emulsion stability, typic#ll0.6% intermediate-hardness mono- and
diglycerides, 0.1 to 0.2% polyglycerester, and 0.3 th.0% saturatedE bardfat.

¢ Lecithin use in low-fat spreads may decrease the emulsion stability and increase
the tendency to oil-off; however, itsal functions to slow emulsion breakdown in
the mouth, so the use of lecithin ané thvel of use must be evaluated for each
formulation.

e Gelatin, pectin, carrageenans, agat@anthan gum, steh alginates, or
methylcellulose derivatives argelling or thickening agénused in some spreads
to improve the body.

* The higher emulsifier levels usedrfepread can produce tighter emulsions, and
the gelling or thickening agentan affect the rate and order in which flavors are
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perceived. The flavor content and tymesst be defined to produce oral responses
similar to the high-fat products.

* Preservatives are more important in spreads than in regular margarines because
of the higher moisture content.

« The light reflection of a spread is diféait than that of regular margarine because
of the increased number of water dropletssent; therefore, it necessary to add
about twice the amount of color used in normal margarine to obtain the same
color intensity.

10.7 MARGARINE AND SPREAD PREPARATION

Margarine and spread processing resembleortening preparation, except that
an emulsion is prepared by mixing the water-soluble and fat-soluble ingredients
before chilling and crystallization. The basteps for margarine and spread preparation
include (1) margarine-base blending, (2)diphase preparation, (3) aqueous-phase
preparation, (4) emulsiongparation, (5) chilling and gstallization, (6) packaging,

(7) tempering, (8) storagand (9) distribution. The same procedures work well with
both margarine and spread products containing from 52 to 80% fat; however, as the
fat level decreases below 52%, strictqass control for tenmgrature and addition

rates must be used to guard against thedtion of a mixture of water-in-oil and
oil-in-water emulsions or aall oil-in-water emulsioni?

The lipid phase is ppared by heating the margaribase to a temperature of at
least 10°F (5.6°C) above the melting point before adding the oil-soluble ingredients.
These ingredients include the @lsifiers, vitamins, color, and flavor if it is oil soluble.
The aqueous phase is prepared separdtéign milk proteins are utilized, the milk
or whey product is reconstituted if liquid skim milk is not used, pasteurized, and
cooled until required. The water-solublgiiadients are added to the required amount
of pasteurized skim milk, whey, or watier the case of proteifree products. The
ingredients include salt, preservatives, water-soluble flavors, and any other water-
soluble materials. The oil draqueous phases are bleshdegether with high-shear
agitation to form a water-in-oil emulsion. It is important to add the water phase to
the oil phase in order to promote the formation of a water-in-oil emulsion. The water
addition rate has little effect upon maigaremulsions but is itical for spreads. It
is essential that the water addition ratedpreads be reduced, especially in the early
stages of emulsion prepdmt, to prevent inversion of the emulsion. Continuous
agitation is necessary to maintain this emulsion; without agitation, the water- or milk-
phase droplets immediately begin to coedeand settle out. Adr preparation, the
emulsion is transferred to agitated holding te&k that supplies the chilling units.

An alternative continuous emulsion paggtion process consists of proportion-
ing pump systems capable of metering individual ingredients of the aqueous phase
together and also the oil-phase componentmdrstatic mixers ar utilized to blend
the separate phases, which are then mixiake and emulsified with another static
mixer. After inline blending, the loose ersigin is continuously fed to the crystal-
lization system.
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The solidification process for the var®margarine and spread types all employ
a scraped-surface heat exchanger for rapilling, but the other steps are somewhat
different from shortening and the other nmaige types. The solidification or plas-
ticization process for the four badiablespread types are as follows.

10.7.1 Stick Margarine or Spread

The temperature of the stick margarineuésion is adjusted and maintained for
most table-grade products that melt below body temperature at 100 to 105°F (37.8 to
40.6°C) before pumping to the scraped-surface heat exchanger. If the temperature
is allowed to cool below the melting point of the margarine base, precrystallization
structures may be formed that affect the consistency of the finished product. It is
rapidly chilled to 40 to 45°F (4.4 to 7.2°C) in less than 30 seconds. Stick margarine
requires a stiffer consistency than shoirtg, which is accomplished with the use
of a quiescent tube immediately after dndling unit. This isa warm-water-jacketed
cylinder that can contain baffles or pedted plates to prevent the product from
channeling through the center of the cylinder. The length of this tube may have to
be varied to increase or decrease crystallization time, depending upon the product
formulation. The supercooled mixture passes directly to a quiescent resting or aging
tube for molded print-forming equipment. For filled print equipment, a small blender
may be utilized before the resting tube to achieve the proper consistency for pack-
aging and a slightlgofter finished product. A rerfidine is necessary because in
all closed filler systems some overfeeding must be maintained for a uniform supply
of product to the filler for weight control. The excess is pumped to a remelt tank
and then reintroduced into the product line.

Two types of stick margarine forming cdanvrapping equipment are used in the
United States: molded print and filled print. The molded print system initially used
an open hopper into which the product was forced from an aging tube through a
perforated plate in the form of noodld@$e margarine noodles were screw fed into
a forming head and thensgharged into the parchment-paper wrapping chamber
and finally cartoned. Closed molded ktisystems use a crystallization chamber
instead of the aging tube and an openpeof@arrangement théitls the mold cavity
by line pressure. The filled print systeancepts margarine from the quiescent tube
with a semifluid consistency. The product is filled into a cavity prelined with the
parchment or foil interwrap. The interwrap is then folded before ejection from the
mold into the cartoning equipment.

10.7.2 Soft Tub Margarine or Spread

The oil blends for soft tub margarines spreads are formulated with lower
solids-to-liquid ratios than the stick-type products to produce a spreadable product
directly out of the refrigerat or freezer. Crystallizatiorechnique contributes to the
desirable consistency as well, but the products are too soft to print into sticks;
therefore, packaging in plastic tubsaups with snap-on lids is utilized.
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To fill the container properly, the soft margarine or spread consistency must be
semifluid like shortening, so the crystallization process more closely resembles
shortening plasticization than stick marme processing. Entemperature of a
typical soft margarine emulsion would bdjusted and maintained at 95 to 105°F
(35.0 to 40.6°C) before pumping with a high-pressure pump to the scraped-surface
heat exchanger. Creaming gas or nitrogen, added to further improve spreadability,
is injected at the suction side of the pump at 8.0% for the most spreadable product;
lower levels are used for a firmer produtargarine blends arrapidly chilled to
an exit temperature of 48 to 52°F (8.9th1°C). Spread filemperatures are higher
than for margarine products because the simulis more viscous. If the fill tem-
perature is too low, the product will mound in the bowl for excessive lid coverage,
and the product may become dry and crumbly. The supercooled margarine or spread
mixture then passes through a worker unit to dissipate the heat of crystallization.
The shaft in the worker unit revolvesadiout 35 to 50 revolutions per minute with
an approximately 3-minute residence time. Worked product is then delivered to the
filler where it is forced through an extram valve at pressures in the range of 20 to
26.7 bar (300 to 400 psi). Either a rotarystmightline filler may be used to fill the
tubs with margarine. The excess produetassary for a uniform supply to the filler
is transferred to a remelt tank and eventually reenters the solidification system.

10.7.3 Whipped Tub Margarine or Spread

The same equipment used to prepargsteilize, and packagregular soft tub
margarine or spread can be utilizedvidripped tub products. The difference during
crystallization is the addition of 33%trogen gas by volume for a 50% overrun.
The nitrogen is injected inline through a flow meter into the suction side of the
pump. The larger tubs required for the gased volume necessitate changing parts
for the filling, lidding,and packaging equipment.

10.7.4 Liquid Margarine

Both retail and commercial liquid margagscan be crystallized with the same
equipment and process flow used for soft tub products, depending upon the formu-
lation and suspension stability requirems. Liquid margarine formulations nor-
mally consist of a liquid vegetable oil stabilized with eithetzaor E-forming
hardfat. E-stabilized liquid margarine can hgepared utilizing the same rapid
crystallization process uséal prepare soft tub margaeis and omitting the addition
of creaming gas. These finished productgine refrigerated storage for suspension
stability. Liquid margarines formulated witBforming hardfats and some processed
with E d¢ormulations incorporat a crystallization or tapering step to increase
fluidity and suspension stability. This crystallization step consists of a holding period
in an agitated jacketed vessel to diswpthhe heat of cryallization. The product
may be filled into containers afterettproduct temperature has stabilized. Some
products with higher solids-to-liquid ratios are further processed to stabilize the fluid
suspension with either homogenization or a second pass through the scraped-surface
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heat exchanger before filling. The adalital processing for me stable crystalliza-
tion will increase fluidity and suspension stability, but the increased production costs
may not be justifiable.

10.7.5 Industrial Margarines or Spreads

Foodservice and food processor margarines and spreads may either be duplicates
of the retail products in larger packageslesigned for a specific use, either product-
or process-related. Among the specifieusargarines, puff paste or Danish pastry
applications are the most difficult regarg crystallization. Tk characteristic fea-
tures of a roll-in margarine euplasticity and firmness. Plasticity is necessary, as the
margarines should remain as unbroken layers during repeated folding and rolling
operations. Firmness is equally importaag soft and oily margarine is partly
absorbed by the dough, thus destroying its role as a barrier between the dough layers.
As with shortenings, the ultimate polymorpiicem for roll-in margarines is deter-
mined by the triglyceride composition, kilie rate at which the most stable form
is reached can be influeed by mechanical and tmeal energy. Therefore, the
customary crystallization peess for roll-in and/or bakermargarines is a duplicate
of the shortening plasticization process daga in Figure 2.10 in Chapter 2, except
that margarines containing water or miitkemulsion form are normally not aerated.
The agueous phase of a margarine emulsisrthieasame effect as gas incorporation
on appearance and performance. Foodgssor margarine products are usually
packaged in 50-pound corrugated fiberboard cartons, 5-gallon plastic pails, 55-gallon
drums, or special packaginggigned for each specific use.
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CHAPTER 11
Liquid Oils

11.1 INTRODUCTION

Clarity at or below ambient or roomntgerature is the primary characteristic of
a liquid oil. Natural vegetable oils that are liquid at room temperature (75 + 5°F or
23.9 =+ 2.8°C) in temperate climates contain high levels of unsaturated fatty acids
with low melting points. The 18-carbon-atom fatty acids are the most important
unsaturated fatty acids for liquid oils. Oleic (C-18:1), a monounsaturated fatty acid,
is the most oxidative stable. Linoleic (C-18:2) and linolenic (C-18:3), referred to as
polyunsaturatesare deemed essential fatty adidsause they cannot be synthesized
by the human body and must be supplied in the diet.

Three major oil types have developed that maintain different degrees of clarity
at and slightly below room temperaturetémperate climates. Cooking, salad, and
high-stability ols are prepared from vegetabliésdhat are refined, bleached, and
deodorized (RBD) at a minimum but can also require modification by dewaxing,
winterization, hydrogenation, and fractionation processes. All of these oil types have
one common physical property — they arecédlar liquid oils aroom temperature.

The three types of liquid oils are defined as:

« Cooking oil— An edible oil that is liquidrad clear at room temperature and may
be used for cooking. Cooking oils areedsfor pan and deep-fat frying and in
packaged mixes or wherever a cleaqid oil has applicatio without refrigera-
tion. Cooking oils may solidifyt refrigerator temperatures.

e Salad oil— An edible oil that will remain substantially liquid at refrigerator
temperatures, about 40°F (4.4°C). Thandtad evaluation miod for a salad oil
is the cold-test angdis. A salad oil sample thatmains clear after 5-1/2 hours
while submerged in an ice bath meetsdhterion for a salad oil. Salad oils may
be used for cooking but are low in satuddigtty acids to prevent or delay clouding
and graining during refrigeration.

* High-stability oil — An edible oil that is liquid at room temperature and has
exceptional oxidative or flavor stabilityHigh-stability oils are used for food
preparation applications where the fuontl characteristics of a liquid oil are
desired and a long sfdife is required.
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11.2 DEVELOPMENT OF LIQUID OILS

Climate and availability influenced thetim habits of our ancestors. Inhabitants
of central and northern Europe first dedviheir edible fats almost entirely from
wild animals and later from domestic animals. Consequently, their foods developed
around the use of solid fats such as butter, lard, and tallow. In the more heavily
populated areas of Asia, southern Eurogred Africa, where it was impractical to
dedicate land to livestock grazing, diets were developed with vegetable oils as the
major fat source. All oil-bearing plantsqaluce oils that are ligd at the prevailing
temperatures where the plagrows. Even the tropical Isi that are solid at room
temperature in cooler climates are liquidsan the tropical climates where these
plants flourish. North Améca’s preference for animdts was influenced by the
early immigrants who camedm northern Europe and adapted large areas of the
country to raising domestic animals.

Fats and oils processors in the Udit8tates developed the differentiation
between cooking and salad oils. The original intent was to retain fluidity and clarity
for cottonseed oil during the colder months; oil fluidity and clarity were not a
problem during the warmer summer tengiares. Domestic ice boxes and later
refrigerators, along with tge-scale commercialization tfe mayonnaise and salad
dressing industry, increaséte need for a liquid oil thaemained clear at reduced
temperatures. Initially, salad oil was referred tavagter oil as an indication of the
fractionation process used pooduce the cloud-free adit cool temperatures. The
winterization process evolved from practiedperience at refineries when it was
observed that storing cottonseed oil in outside tanks exposed to low temperatures
during the winter months allowed the higher melting triglycerides to settle to the
bottom of the tank, leaving a top layer @d&ar oil. The top layer was decanted,
deodorized, packaged, and nketed as a salad oil. The topping process did not
provide consistent results because it dejeel upon nature to provide the coolant,
and as the popularity of the oil increasédecame impractical to maintain the
quantity of oil in storage tanks at the vole and time required herefore, mechan-
ically refrigerated chilling and filtering systems were developed to simulate the
outside storage and toppipgocess. Salad oil terminology came about because of
the application of winter oil to mayonnai@reparation. At the same time, unwin-
terized oil, which was known aimmer oil became cooking oil3

Salad oil identification later changed from an oil processed by the winterization
process to an oil that can meet the requéets of a winter oil: resist clouding for
more than 5-1/2 hours at 32°F (0°C). This revised salad oil definition encompassed
oils identified as natural winter oils. These oils, which have fatty acid compositions
that are high in unsaturates with corresponding low saturated fatty-acid levels, do
not require winterization toemain clear and brilliant aefrigerator temperatures.
Soybean oil is a natural winter oil and does not require fractionation to meet the
cold-test requirements. Corn, canola, safflower, and sunflower oils would be natural
winter oils, except for waxes that cloud at cool temperatures. These oils are normally
dewaxed with a winterization-type process to remove the waxes. Salad oils cannot
be prepared from paat oil because it gels when chillealthe extent that it cannot
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be separated. The saturated fatty-acid levels of tropical oils are too high for consid-
eration as salad oils.

Liguid oils are consumed as naturaflyndeodorized) and tficially flavored
oils and as neutral, deodorized products. Olive oil is almost always marketed in the
undeodorized form. The natural flavor is an important asset that deodorization would
destroy. Soybean, peanut, sunflower, and sesame oils are generally consumed in
their crude form in India and China; hovee, the oil seeds are expressed at low
temperatures without previous heat treatment. These cold-pressed methods produce
low yields, but the oils have a relatively mild flavor and ddBren though olive
oil is growing in popularity as a gourmet oil, consumers in the United States are
accustomed to deodorized oiSottonseed oil, the onlyilaaonsumed in the United
States for many years, is so strongly and unpleasantly flavored that deodorization
is considered necessary to made it edible. The efficient methods used to separate
oils from vegetable seeds involve a cooking, or heating, process before extraction.
These methods do not change the stability or nutritive qualities of the oil, but the
oils do develop a stronger flavor and odbat are consideredbjectionable. The
higher oil yields compensate for the refining and deodorization expenses required
to make the oils palatable. A market has developed for cold-pressed peanut, sesame,
safflower, and sunflower oils becauseiwiplied nutritional casiderations, but no
reliable consumption data are available.

In general, a greater utilization of liquid oils has developed in areas that had
been partial to solid fats than of plastic fats in oil-consuming countries. Figure 11.1
compares the preference chasmd@r edible fats and oils the United States begin-
ning in 1950 when liquid oil usage was at a much lower level than that for either
shortening or solid fats, as well as the tablespreads (butter and maryatitighid
oil usage more than tripled during this period. Cooking and salad oil usage surpassed
tablespreads in 1970 and exceeded solids fat usage in 1999. This trend has developed
because of the following reasons:

=0T

SOW—=0T

Year
Tablespreads Bl Salads & Cooking Oil Solid Fats

Figure 11.1 Visible fats and oils consumption changes.
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¢ Global movement of people

« High polyunsaturate content of most oils

e Saturated fatty acids being implicated in cardiovascular disease

« Process improvements for more bland @il/éirs with improved oxidative stability

« Finished product formulations and presedevelopments to accommodate liquid
oils

« Emulsifier development that reducedpdadence on the crystalline properties of
solid fats for functionality

* More convenient handling

Liquid oils are suitable and preferred fmany types of food preparation, such
as when the food isonsumed shortly after preparation, for frying with high absorp-
tion rates for rapid turnover, for frozemdarefrigerated food preparation, and in
other areas requiring protective packagifigese application reasttions still apply
for cooking and salad oils, but high-stability oils have been developed for applica-
tions requiring a long-term oxidative stability. The primary characteristics of a high-
stability oil are liquidity at room temperat with enhanced oxidative stability while
retaining functional and nutritional propedielwo techniques for producing a high-
stability oil are (1) hydrogenation followed by fractionation to separate the stearine
or hard fraction from the olein fraction which becomes the high-stability oil, or
(2) use of plant-breeding techniques to produce oils low in polyunsaturates and high
in monounsaturated fatty acids. Both oégk technigues are used to produce high-
stability liquid oils for use wherever stability and liquidity are the important functional
requirements.

11.3 COOKING AND SALAD OIL SOURCES

The steady growth in the consumption of cooking and salad oils is evident from
the U.S. Department of Agricultu(€)SDA) Economic Research Servicé Crops
Situation and Outlook Reporfsr domestic consumption of salad or cooking oils;
the consumption and source oils data for salad and cooking oils utilized since 1960
are summarized in Table 1%-2.Deodorized cooking and salad oils are principally
prepared from soybean, corn, canola,aweed, and peanut oils. Cottonseed, corn,
and peanut oils can be deodorized to bland neutral products that do not develop
exceeding disagreeable flavors upon reeersr oxidation. Coversely, the charac-
teristic oxidized flavor of soybean diept it from being an acceptable salad or
cooking oil for quite some time.

Winterized cottonseed oil was the prioai salad oil used in the United States
until the late 1950s. Soybean oil surpassed cottonseed oil as the principal vegetable
oil in the United States soon after WbiVar 1l; however, cottonseed oil remained
the preferred salad oil source until the flavor and odor deficiencies of soybean oil
were addressed. Soybean salad oil with a reduced linolenic fatty acid (C-18:3) was
introduced to the U.S. market in the late 1950s and early 1960s. The linolenic fatty-
acid content was reduced with hydrogemratind subsequently winterized to remove
the hard fraction created during hydrogenation. This specially processed soybean
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Table 11.1 U.S. Usage of Source Oils for Salad and Cooking Oils

Year (million pounds)

QOil Source 1960 1970 1980 1990 2000
Canola — — — W 515
Corn 247 247 350 636 502
Cottonseed 752 527 460 460 304
Olive 51 62 58 213 459
Peanut 28 140 148 139 w
Safflower — 12 — — —
Soybean 887 2471 4042 4662 7361
Sunflower — — NR NR NR
Unidentified 1 5 109 33 51
Total 1966 3464 5167 6143 9192
Pounds per person 9.2 17.3 21.3 24.2 33.7

Note: W = withheld; NR = not recorded.

oil quickly replaced the more expensivetoaseed salad oil as the preferred food
processor salad oil and was cautiouslyddtrced to the retail consumer. It became
the preferred retail bottled oil during the 1980sthe late 1970s, with improvements
in the processing of soybean oil, processarre able to produce a refined, bleached,
and deodorized (RBD) soybean oil acceptabiadustrial customers. This improved
RBD soybean oil was introduced to the retail market as “all natural” and “light.”
The oil appearance was almost water whithis product quickly replaced the
hydrogenated, winterized, drdeodorized soybean salad oil sold in retail grocery
stores. Improved processing and packagiad provided a more bland flavor stable
oil than the soybean oil of the 1930s and 1940s, but the U.S. consumer had also
become more accustomed to the soybeiaflavor and odor which made it less
objectionable.

Cottonseed oil has a unique flavor property that makes it a desirable frying
medium for snack foods. Potato chips fried in cottonseed cooking oil have a pleasant
nutty character, whereas othfeying oils produce chips with clean potato flavors
that lack the nutty not®.This use for cottonseed cooking oil and other industrial
uses of cottonseed salall probably account for most dhe liquid cottonseed oil
usage, as the retail markeg of cottonseed salad oil appears to be limited to the
gourmet shelves.

Corn oil is second only to soybean oil in salad and cooking oil volume, as well
as for other products, and has wide consumer recognition even though it is a
byproduct of corn sweetenstarch, meal, and ethanobgluction. Corn oil has been
regarded as having exceptional flavor and quality while obtaining a healthy-oil
image. Promotion of polyunsaturated oils for nutritional purposes during the 1950s
and 1960s exploded the commercial use of corn oil in various foods, for snack frying,
and as a retail bottled oil. Corn oil contains 69% linoleic (C-18:2), about 13%
saturated fatty acids, and only trace amowftinolenic (C-183) fatty acid. The
distinctive musty flavor ashodor developed by cornldias popular acceptance both
for home use and for prepared food pro@ such as fried snacks and mayonnaise
or salad dressings.
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Peanut oil cannot be winieed to produce a salad oil because of the unfilterable
gel produced with cooling; therefore, it is marketed as a cooking oil for both
industrial and retail uses. Peanut oilc@nsidered a premium cooking and frying
oil because of the pleasant flavor and cdbke oil separated from peanuts maintains
the pleasant peanut flavortimar than the meal. Peanussd therefore the oil, are
subject to mandatory price supports in the United States, which maintains the
premium pricing; nevertheless, peanut oil maintains a respectable cooking oil market
for snack and foodservice frying, as well as a retail cooking oil.

The increase in U.S. olive oil consumptiover the past decade is due, in part,
to promotions of the health benefitsMéditerranean dietary patterns and to market
expansion from gourmet shops into supermarkets. The high monounsaturates of olive
oil are being promoted by some nutritionists as being healthful. Olive oil, produced
by crushing and pressing olives, has a hitghedatty acid (C-18:1) content ranging
from 55 to 83%. The Mediterranean diet is based on the findings of a Harvard
University Press studythat concluded that the adglopulations of countries such
as Greece and ltaly live longer. This diibws 25 to 35% of its calories to come
from fat as long as that fat is olive oil. This study linked olive oil with lowering low-
density lipoprotein (LDL) (problem) cholesterol levels while maintaining high-den-
sity lipoprotein (HDL) (good) cholesterol levels. However, these results have not been
observed on a consistent basis and areetbre questioned lgome researchets!?

Canola oil has been offered for sale in the U.S. since 1985, when it was approved
as generally recognized as safe (GRASi}ial campaigns promoting it as “healthy
oil” and showcasing its low saturates content of 6% or less were fruitful; this oil
captured almost 5% of thealad and cooking oil market in a little over a decade,
and the volume continues to grow.

Retail salad oil bottlers have attemptedcreate a market for sunflower oil on
several occasions. In the Bal990s, the major brandedtail salad oil producers
introduced sunflower oil nationally; however, the volume generated has not been
identified by the USDA in th&ats and Oils Situation and Outlook Repddsavoid
disclosure of individual producer’s volum@anola oil introduced as a retail bottled
oil appeared to replace most of the nationaiket for sunflower oil. Then, sunflower
oil became one of the components of the blended salad oils introduced in 1991 with
a third less saturates than soybean oil. These oils were blend of soybean, sunflower,
and canola oils with a 10% saturated fatty-acid corifeBliended vegetable oils are
still marketed, but the saturates are reduocefl to 8% using blends of canola and
corn, canola and soybean, soybean and aaolcanola, sunflower, and soybean
oils.

The Nutritional Labeling and Education teffective May 1994, specified the
information allowed on food labels. The mandatory listings on the nutritional facts
panel that pertain to the content of fats and oils are serving size, servings per
container, total calories, calories from fat, total fat, saturated fat, cholesterol, and
vitamin A. The voluntary components, which may refer to fats and oils products,
include calories from fats, potassium, and other essential vitamins and minerals. It
is speculated thatransisomers will be added to the mandatory listing on the
nutritional facts panel.
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Problem: High Impurities in the Filtered QOil

Possible Causes and Corrective Actions

2.
3.
4.

Inadequate precoatp of the filte— Recirculate until the impurities improve; if
the impurities persist, stomd precoat the filter properly.

Holes in the filter screens, cloths, or papersRepair or replace.

Improper filter assembly— Reassemble properly.

Worn seals or gaskets- Replace defective seals or gaskets.

Problem: Poor Bleach Color

Possible Causes and Corrective Actions

Low bleaching-earth level- The amount of bleaching earth to be used should
be the minimum amount required to effeemoval of the impurities as measured
by peroxide reduction, witlero as the target. The bleaching-earth level should
be guided by performance, n@tmandatory addition level.

Short contact time— Usually 15 to 20 minutes afontact time between the oll
and the bleaching earth is adequate toedoiif the moisture in the bleaching earth
and complete the bleaciy reaction with atmospheribleaching. In vacuum
bleaching, the greatest color reduction is realized within the first 3 minutes of
contact because the air and moistues ramoved by the vacuum. Extending the
contact time does not harm the vacubl®ached oil because oxidation is pre-
vented by the vacuum.

Low bleaching temperature- Bleaching temperaturean be increased but should
not exceed 110°C (230°F). Heating of tiieshould take plae after the addition

of the bleaching earth. A higher oilmerature reduces oil viscosity, which
improves the adsorptivity of the bleasbiearth; however, no significant improve-
ments are experienced above 110°C. Rkl with increased free fatty acid
development, oxidation, and color fixing can result with temperatures exceeding
110°C.

Inadequate refining— Check upstream problemsaustic treat or mixing in
refining.

. Bleaching-earth addition temperature- Addition of the bleaching medium to

hot oil vaporizes the moisture in theagltoo soon. The moisture release allows
the lattice structure in the clay to collapse, which reduces the effective surface
area before it has an opportunity to atisime color pigments and the secondary
oxidation products.

Agitation — Bleaching-vessel agitation shoudd sufficient to achieve good con-
tact of the earth with the lovithout incorporating air.

Problem: High Peroxide Value

Possible Causes and Corrective Actions

1. Product skipped bleaching- Properly bleached oils have a zero peroxide value.

High peroxide values for products camgi out of bleachingndicate that the
product has not been bleached with bleag earth; it may have been pumped
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through the system withoutdhaddition of bleaching e because the color met
the required limits ere bleaching. Postbleacty is mandatory after hydroge-
nation to ensure that any trace mefaisl secondary oxitlan precursors are
removed. A zero peroxide value outpidstbleach indicatethat the product has
been bleached properly.

13.2.11 Winterization

Problem: Poor Cold Test

Possible Causes and Corrective Actions

hw

. Filtered-oil temperature too high- Cool the oil to the proper temperature before

filtering (45°F or 7.2°C).

Rapid cooling rate— Ensure that the oil is not ceal at too rapid a rate to produce
the desired crystal; a temperaturerdfrom 104 to 45°F (40 to 7.2°C) over a
12-hour period is gemally acceptable.

Broken screen or torn cloth- Inspect and correct the problem.

Leaking seals or gaskets Inspect and correct the problem.

Improper filter cooling after hot-oil wash— Cool the filter to the desired tem-
perature after each hot-oil wash.

Warm filter room— Keep the filter cool to gvent stearine from melting and
remixing with the salad oil.

Mixing low and high cold-test oils— Low cold-test ppducts should be kept
separate from salad oils with satisfactanalysis. Blends ofvinterized oils with
good and poor cold-test results normally tesua substandard cold test for the
blend. A laboratory-prepared blendtbe two products should be evaluated and
found satisfactory prior to any blending of batches.

Problem: Slow Filtration Rate

Possible Causes and Corrective Actions

Cold oil — Check the oil temperature forjastment of subesguent batches.

Wet oil— Moisture levels above 0.1% will cause filtration problems. Trace and
correct the moisture problem to sgegp filtration on subsequent batches.

High soap content (over 50 ppm) Take corrective action in refining, water-
washing, or prebleaching to corree problem for future production.

High phosphatide levéover 4 ppm phosphorus)} Remedy the problem upstream
in the refining procss for future production.

. Overpressurization of thélter by the feed pump— Make sure that the back-

pressure control system is operational.

Blinded screens— Externally wash blinded screens.

Winterized-oil crystal abuse— Do not pump or recirculate winterized oil any
more than absolutely necessary before filtration; fractured crystals filter slowly.
Low chill-tank loading temperature- Improper graining, which affects the fil-
tration rate, results from cool chill-tank loading temperatures. The chill-tank
supply oil temperature should be adjustedneet the estabhed limits before
loading.
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Problem: Poor Salad Oil Yield

Possible Causes and Corrective Actions

1.

2.

Long graining or chilling time— The solidified oil can entrap the liquid oil
decreasing the salad oil yield.

Hydrogenation conditions- The hydrogenation conditions for oil to be winterized
for salad oil should produce theast possible saturates anans isomers while
reducing the linolenic fatty acid (C-EB:content. Nonseldiwe hydrogenation
conditions of low temperature, high psese, and a low catalyst concentration
normally produce the desid low saturates artcansisomers.

Low chilling temperatures— High viscositiescaused by low crystallization tem-
peratures inhibit the desired crystal gtwFiltration efficiency is dependent upon
the crystal size and entrapped liquid oil within the crystal matrix.

13.2.12 Dewaxing

Problem: Poor Filtration Rate

Possible Causes and Corrective Actions

1. Sunflower oil temperature- Crystallization and maturath require gradually cool-

ing the oil to 40 to 50°F4.4 to 10°C) for stable=crystals; however, the viscosity
does not allow an acceptable filtration ratehis temperature. Heating the oil up
to 54 to 57°F (12.2 to 13°C) increases the filtratiorate approximately 60%.
Gums— It is necessary to remove gulrsfore dewaxing. The presence of gums
in the oil influences the formation and stability of the formed crystals to diminish
the filtration rate of the oil. Dewaxg should be performedfter prebleaching
and prior to deodorization.

Diatomaceous earth additior- The addition of smhhmounts of diatomaceous
earth to cold sunflower oil has been rapdrto increase the filtration rate by a
factor of fourt’

Problem: Wax Content

Possible Causes and Corrective Actions

1. Hybrid sunflower oil— Hybrid sunflowers that have replaced the open-pollinated

varieties have improved plant uniformitgields, and disease resistance; however,
the higher oil-content seeds with redudedl content have increased wax levels

in the hull, and the hulls are more difficult to separate from the kernels when
processing to extract the oil. The soluble waxes in the oil at ambient temperature
will cause an unsightly cloudy appeatcanat cooler temperatures. Dewaxing is
required to maintain a clear sunflower oil.

Hulled vs. dehulled sunflower seeds The wax content in sunflower oil is
dependent upon the seed handling pract®unflower oil from dehulled seeds

will generally contain 0.011 to 0.015% wawhereas seeds with hulls provide
waxes in the 0.06 to 0.09% range.
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13.2.13 Esterification
Problem: High Color
Possible Causes and Corrective Actions

1. Air contact— Fatty emulsifiers must be peatted from air incorporation through-
out the alcoholysis process to prevenidaton of the unsaturated fatty acids or
the Dtocopherols with &&ndant color developmertome potential air sources
during fatty emulsifier production are)(&ir leaks in fittings below the product
level and in pumps, as well as holeghe reaction vessel, heaters, and coolers;
(2) improper deaeration of the reactimixture; and (3) the stripping steam must
be generated from deaermhteater to be oxygen free.

2. Basestock hydrogenation catalyst Emulsifier basestocks must be free of the
residual nickel that catates oxidation. Reused catsiycan cause filtration prob-
lems for two reasons. The first is thhe free fatty acids in the hydrogenation
feedstock react with the nickel catalgsid form nickel soaps, which pass through
filters. Second, the reuse catalyst particle size may have been reduced to sizes that
will not be retained on the filter; only neasily filtered catalyst should be utilized
for emulsifier basestocks.

3. Basestock postbleaching- Hydrogenated oils requingostbleaching to remove
traces of nickel from the finished product. Nickel soaps formed during hydroge-
nation are oil soluble and remain in thi¢ after filtration. Addition of 100-ppm
citric acid prior to postbleaching will chelate the remaining nickel for more
efficient filtration after bleaching. Adtionally, the hydrogenated basestock must
be bleached with bleaching earth, even when the analytical color limits indicate
that bleaching is not required to obtaie #pecified color. A zero peroxide value
indicating removal of secoady oxidation materials iglso a prerequisite for
emulsifier basestk postbleaching.

4. Nitrogen protection— Relatively low levels of oxidation prior to alcoholysis can
significantly impair the oxidative stabilityf the finished emulsifier. Quality prod-
ucts require a minimum of oxygen exposhedore processingyhich necessitates
effective nitrogen blanketing of all emdisr basestocks during storage or trans-
portation, including the le-iodine-value bases.

5. Oxidized tocopherols— DTocopherol oxides to a very colorful chroman-quinone,
which is probably catalyzed by excessivalig of the processed oil or emulsifier
at some point during processing oéthils, basestocks, or emulsifiers.

6. High discharge temperature— Proper cooling while protected by the vacuum
before exposure to the atsphere is mandatory for @ktive stability and color
control. The product dischaggemperature must be lasv as possible while still
maintaining the product asfluid, pumpable product.

7. Catalyst selectior— Less color development in mono- and diglycerides has been
experienced with the use of calcium hyxide as opposed to sodium hydroxide.

8. Filter aid — Only neutral filter aids shoulde utilized for erulsifier filtration.
Modified filter aids can have deletetis effects upon the emulsifier color.

9. Rust— Iron oxides are soluble in monogérides and mangther emulsifiers.
Rust, from washed black-iron surfacesattiare not protected or sweetened with
oil immediately, will causelarker emulsifier color¥.

© 2004 by CRC Press LLC



10.

11.

12.

13.

High feedstock colo— The color of the feedstock to the reaction should be
analyzed to ensure that a color rei@rshas not occurred tveeen the postbleach
process and the glycedtion feedstock tanks.

Incomplete neutralizatior— The presence of catalyst will catalyze red color
development. Neutraliion should be confirmed with soap or pH analysis to
ensure that the catalyst has been propselytralized. It iSmportant to maintain

a pH of <5 for color stability.

Carbon steel reaction vessel Ordinary carbon steel isot a suitable material
for reaction vessels, as it contaminates product with iron soaps, which cause
dark-colored product. Stainless-steguipment and vessels are prefeffed.

pH control— An emulsifier pH of <5 is necessary to maintain color stability in
storage?®

Problem: Low a-Monoglyceride Content

Possible Causes and Corrective Actions

Reversible reaction— Esterification is a reversible reaction, especially in the
presence of a catalyst at elevated terafures. Reversion of monoglyceride occurs

at the point of reaction completion befaratalyst neutralization or after if neu-
tralization is incomplete. During cooling prior to glycerol removal, the excess
glycerine is less soluble in the fat phase and separates into the lower layer. This
shifts the equilibrium somewhat to regenermdiglycerides and triglycerides; there-
fore, catalyst neutralization and excess glycerine removal are critical stages of
glycerolysis, which must be perfoan with close and precise contt®l.

Excessive steam strippirg- Most emulsifier specifitions allow a 1.0 to 1.5%

free fatty acid limit to allow stearstripping to be suspended before tie
monoglyceride content is reduckdlow the specified limits.

High reaction temperature— The reaction should be pf@rmed within a temper-
ature range of 175 to 250°C (347 to 482%igher temperat@r reactions cause

the formation of polyglycersland polymerized glycerd, which affect both the
monoglyceride yield and functionaliyf the emulsifier product.

Low reaction temperature— Glycerolysis is tmperature dependent. The
monoglyceride level is determined by thgagrol miscibility in oil. For example,

no more than 45% monoglyceride candi¢ained with a 180°C (356°F) reaction
temperature.

. Low level of glycerin to reaction- It is necessary to maintain the prescribed

glycerine level in the reaction mixture to obtain the specifizonoglyceride
content. Two usual causes for a low glyedevel in the reaction have been (1)
incorrect amount addednad (2) glycerin flashed off before the reaction. An
incorrect addition level can be a resaftcalculation errg incorrect pumping,
pump failure, etc. Glycerioan be flashed off or losb entrainment due to high
temperature, high vacuum, or strippistgam use during the drying process.

Low catalyst level— The amount of reactive glycerin depends upon the level of
catalyst used; therefore, additions of catalyst at low levels will result in low
monoglyceride contents. A low catalystéé may be a result of a calculation
error, a higher dilution than specifiefulty addition procedures or equipment,
an excess of other reactants, etc.
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7. Incomplete catalyst neutralizatien Catalyst presencetef the reaction enhances
the potential reversion of the monoglyider reaction. Catalt neutralization
should be monitored by soap content oratélysis or both. A high soap content
or an alkaline pH indicateséomplete catalyst neutralization.

8. Acid addition procedure— Phosphoric acid must be added slowly to allow for
proper dispersion. Rapid addition of theutralization acidespecially with poor
agitation, will allow it to drop to the bottom of the reactor, where it can be
ineffective. Insufficient catalyst neutralization will allow the reaction to reverse
during stripping of the excess glycerifoe a low active emulsifier content.

9. Low reaction time or temperature- A low reaction temperature or time can
provide an incomplete reaction for a lo@monoglyceride or propylene glycol
monoester (PGME) conterdepending upon the product being produced.

10. Reused glycerine— Monoglyceride yield can dezase with the use of recycled
glycerine from previous production. Phostghaalts are formeathen the catalyst
is neutralized with phosphoric acid. Trisaeh phosphate is formed by the reaction
of the acid with the catalyst, but the excess acid used formgP@aldnd some
Na,HPO,. Trisodium phosphate is crystallia@d can be easily removed by fil-
tration; however, the acid salts are moystalline and remain dispersed in the
product. It is necessary to mix the molieetstill residue withdiatomaceous earth
to remove these acid phosphatessal filtration or with a centrifug®.

Problem: Impurities
Possible Causes and Corrective Actions

1. Phosphate salts— Impurities identified as phpbkate salts have been found in
products shipped to customers shostfter production. Studs have determined
that glycerolysis catalysieutralization is related tone and temperature; at 350°F
(176.7°C), neutralization is completedthin 10 minutes, whereas it requires 8
to 12 hours at 190°F (87.7°C). Emulsifieneutralized at l@ temperatures may
require a holding timéefore filtration or a secondtfation to remove all of the
phosphate salts.

2. Early delivery— During the startup cycle oféhphosphate salt filters, care must
be exercised to recycle the initial cloudmulsifier instead ofontaminating the
emulsifier storage vessel.

3. Filter-screen holes— Stream and representativadiasamples must be evaluated
for clarity to determine that the filters are operating satisfactorily. Positive impu-
rities in any of these samples identifies a problem that must be investigated and
a solution determined before proceeding.

4. Neutralization— Filtration is affected by thg/pe of phosphatsalt produced.
Trisodium phosphate is the stodesirable becausei#t crystalline and can be
easily removed by filtration; howevehe excess phosphoric acid used to produce
an acidic pH also producesi@salts. These salts, NgiPD, and some N&IPO,,
which are not crystalline, are difficult tdtér and usually remain dispersed in the
product. A suggested remedy to removedtid salts is to esdiatomaceous earth
as an absorbent prior to filtratiéh.
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Problem: High Free Fatty Acid
Possible Causes and Corrective Actions

1. Excessive acid neutralizatior- Phosphoric acid is nomtly used to neutralize
the alkaline catalyst. Excess phosphorid asage will be revealed during analysis
as free fatty acids and catalyzed iéiddal free fatty acid development.

2. Insufficient stripping— Free fatty acids are remaldy steam digtation after
the reaction has been terminated. Insuffitegeam distillationvill not effectively
reduce the free fatty acid level;vaever, overstripping can reduce tBenonoglyc-
eride content.

3. Wet reactants— Addition of moisture to the aetion will cause ydrolysis, which
results in free fatty acid development.higher free fatty acid level may require
additional stripping to meet the required limits, which may in turn lowerQhe
monoglyceride content. Wet feedstocksgtycerin can be caused by moisture
contamination from wet steam, steaming lines into the storage tanks, leaks in the
heating or cooling coils, or the like. Theusce of the moisture must be identified
and the reactantsidd before use.

13.2.14 Blending
Problem: AOM Stability
Possible Causes and Corrective Actions

1. Soft basestock addition- Blending a mix with a soft, unspecified basestock will
decrease the oxidative stability of the product. Blends should be made only with the
basestocks specified to maintain the desighOM stability of the finished product.

2. Exceeding composition tolerancesBlending with a specified basestock outside
the specification tolerances will affeitte oxidative stability of the product.

3. Salad oil stearin usage- Natural antioxidants accumtgain the liquid fraction of
a winterized or fractionated product; theref the stearin fraction has less oxidative
protection than oils with the same hardness produced from regular source oils.

Problem: Government Regulations Compliance
Possible Causes and Corrective Actions

1. Ingredient statements- U.S. Food and Drug Admistiration labeling regulations
require identification of @&h source oil in descending order of predominance.
Blending changes outside the specifemimposition and tolerees can violate
the ingredient statement requirements.

2. Nutritional claims— Nutritional claims are mader edible fats and oils products
based on the fatty acid compositionstieé individual produss. In most cases,
the product tolerances must be estalglisbased on the allowed rounding of the
values. Blending outside the specifioat composition tolemsce range or with
unauthorized basestocks wikksult in product characteristics outside the nutri-
tional claims. In this case, thereris good or bad — just right or wrong.
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Problem: Solids Fat Index Compliance

Possible Causes and Corrective Actions

1.

Basestock blending- Fats and oils mixes made withsestocks previously blended
for solids fat index (SFI) limits compliance will not have the same effect upon
subsequent blends as hydrogenated hadesproduced in limits. Both the fatty
acid composition and the triglyceridensposition are changed with each blend.

. Sampling technique- Fats and oils blends shdube agitated a minimum of 20

minutes at 10°F (5.6°C) above the expecinelting point of the blend. Prior to
sampling, the sample line and valve miostflushed with the current product to
remove all previous product residuedathe sample containenust be clean.
Incorrect pumping— Errors in pumping should bedicated first by a high or
low melting point analyis. Material balance and a review of the product transfers
should help identify the resultant btenomposition for determination of correc-
tive actions.

Problem: Poor Performance

Possible Causes and Corrective Actions

1.

Substitution basestocks- Substitution or additiomf a nonspecified basestock

may meet the analytical limits specified but affect the performance of the product.
Only specified basestks should be used fordslding. The product composition
specified represents the product devetbged approved by the customers. Product
consistencies and germance are dependent upommmsitions as much as, and
sometimes more than, the analytical values. It may be possible to meet the spec-
ified analytical limits with several flerent basestock blends, but only one will
perform properly.

13.2.15 Deodorization

Problem: High Free Fatty Acid

Possible Causes and Corrective Actions

arwN

o

Low vacuum— Identify and correct the vacuum problem. Refer to the poor
deodorizer vacuum section fpossible problems and solutions.

Low oil temperature— Increase oil temperature.

High oil-flow rate— Increase residence tinty reducing the flow rate.

Poor steam distributior— Clean steam sparge ring.

Too high or too low sparge steam pressureReduce if too high or increase with
extreme caution if too low.

Supply oil has high free fatty acié- Recirculate to attain the specified free fatty
acid level but identify upstream probleand correct forbsequent production.
Excessive shell drain (semicontinuous deodorizerain more frequently until
the reason for the increased shell drain can be identified and corrected.

. High CGQ, content in nitrogen gas- CO, will analyze as free fatty acid. It can

be determined that C@s causing the high resddy evacuating all the gases from
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the oil sample with a vacuum and retesting for free fatty acid content. A lower
free fatty acid result would indicate G€ontamination of the nitrogen gas supply,
probably at the in-house gas generatiramplCorrection of the gas plant problem

or purchase of liquid nitrogen woulte two potential corrective actions.

9. Chelating acid additior— Typical chelating acid addition levels are 50 to 100 ppm
citric acid or 10 ppm phosphoric acid; 0.0022@Rfic acid analzes as 0.01% free
fatty acid?! The expected free fatty acid rise, due to chelating acid addition, must
be accounted for in the equipment design and development of specification limits.

10. Antioxidant addition— Antioxidants will cantribute to the apparent fatty acid content
because the analytical method does nstirgjuish between acidity contributed by
fatty acids or mineral acids. The free yadicid level of the deodorized oil must be
low enough to allow for the increase cdmtited by antioxidants and acid chelates.

11. Instrumentation accuracy— Preventive maintenance should be performed on a
regular basis and instrumsnecalibrated whenever poor performance is suspected.

12. Phosphoric acid overdose- Oils are acid treated prior to refining and bleaching
to reduce the phosphorus content and ateethe trace metalsnd again after
deodorization to chelate iads. Phosphoric acid issually less expensive and
more effective than the alternative citacid; however, it has been found to form
compounds with the partial glyceridasd carbohydrates in the oil, making it
difficult to achieve the desired free fattigid content, or the level of free fatty
acids may rise rapidly during storagéhese reactions are not experienced with
citric acid until the treatment level is increased substantially.

Problem: Dark Oil
Possible Causes and Corrective Actions

1. High soap contert— The problem batch must bebleached and redeodorized
to remove the soap and reduce the icdlbe cause of the problem upstream in
refining or prebleaching should beeittified to prevent future problems.

2. High phosphatides contert Deodorizer feedstocksith a phosphatide content
above 20 ppm will causieigh deodorized oil colorsThe phosphatides must be
removed in refining and bleaching befdihe deodorization process. Some of the
phosphatides and their associated metal éexep are not easily hydratable. These
complexes require a phosphoric acid gatment for their removal in degumming
or refining. The prebleach process renwtee traces of soap and phosphatides
remaining after the refiningrocess. Oils that do rda¢he deodorizer with high
phosphatide contents will have a darkdbcand a characteristic fishy odor after
deodorization. These productsist be bleached and thexdeodorized to salvage
the oils.

3. Rework quality— A color problem, in most cases, can be corrected with rebleach-
ing and redeodorization, drmay require blending dw levels with subsequent
batches. In extreme cases, it may beessary to sell it as off-quality product.
The reclaiming method should Heotoughly evaluated before execution.

4. Secondary oxidatior— Oils with severe oxidatioabuse will develop a reddish-
orange color that will heat bleaclkadily; however, the secondary oxidation
products must be removed with bleachfog oxidative and color stability. Iden-
tification of the cause ofhe oil abuse (probably aeration or overheating) and
correction must be given top prioritypoevent continuation dhe problem, which
requires additional processiaad affects product quality.
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10.

11.

. Proteinaceous materia— Meat fats containing preinaceous material will turn

black in the deodorizer. Morffective filtering or watewashing of meat fats is
required to eliminate this problem. The charred protein material, developed in the
deodorizer, can be reamed with bleaching.

High-temperature air contact— Fats and oils must h@otected from air incor-
poration throughout deodorization to pretveridation with attendant color devel-
opment. Some of the potential air stces during deodorization are (1) air leaks

in fittings below the product level, in pyos, holes in the deodorizer shell, heaters,
and coolers; (2) improper deaeration @& thedstock; and (3) stripping steam not
generated from deaeratedteraand thus not oxygen free.

. High discharge temperature- The oxidation rate for edible oils almost doubles

with each 20°F rise in terepature; therefore, propeooling of the oil before it
exits the deodorizer is mandatory for oxide stability, as evidenced by color,
peroxide value, anflavor evaluations.

. Low deodorizer temperature- The thermal treatment that is a necessary part of

the deodorization process also heat bleaches the oil by destruction of carotenoids
that are unstable at deodorization tempures. Because the carotenoid pigments
can be decomposed and removed at approximately 500°F (260°C), the high side
of the normal deodorization temperatures — 400 to 525°F (200 to 274°C) — should
deliver the heat bleach desired. However, the maximum deodorizer temperature
that can be used must be limited because of the detrimental effect upon oil stability.

. Oxidized tocopherols— DTocopherol oxidizes to a very colorful chroman-

quinone. The opportunities foxidation must be evadted and the cause elimi-
nated for further productioithe immediate product muse rebleached to remove

the oxidized tocopherol andhar secondary oxidation products.

Crude-oil storage— Storage of crude oils in contact with atmospheric oxygen can
cause oxidative damage, which is ultimately reflected in the quality of the processed
oil. Vegetable oils with the lightest coloasd the best oxidative stability are either
processed immediately or protected with nitrogen immediately after extraction.
Phosphoric acid overdose- Oils are acid treated ipr to bleaching to reduce

the phosphorus content and chelate theetraetals. Phosphoriacid is usually

less expensive and more effective than the alternative citric acid; however, it has
been found to form compounds with thetfz glycerides and carbohydrates in

the oil that darken in the deodorizer. Afahally, it may be difficult to achieve

the desired free fatty acid content, or kixeel of free fatty acid may rise rapidly
during storage. These react®are not experienced with citric acid until the
treatment level is increased substantially.

Problem: Rapid Peroxide Value Increase after Deodorization

Possible Causes and Corrective Actions

1.

2.

Inaccurate analysis— All laboratory utensils mudie rinsed with distilled water
to remove all traces of soap or detetgerich cause high pexide value results.
Light exposure— The deleterious effects of ligakposure upon the flavor stability
of edible oils is well known. Even lited exposure of the oil to sunlight or
ultraviolet rays from fluorese# lightening will ircrease the peroxide value of the
oil and impart off-flavorsSamples from any proceshould be protected from
the light to ensure a representative arialg$ the product. @ar glass or plastic
containers should not be usedsample in-process oils.
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3. Washed tanks— Process tanks must be rinseith clear water, neutralized, and
sweetened with an oil rinse after washingamove all traces of soap or detergent.

4. Chelating acid addition— 30 to 50 ppm citric acid or 10 ppm phosphoric should
be added in the deodorizer cooling triaychelate metals. Problems with acid
addition may be caused by a brokerlogged addition line, an empty acid-supply
tank, incorrect preparation of the addlution, the system being shut off, or
something similar.

5. Deodorizer discharge temperature Rapid oxidation of deodorized oils must be
avoided by controlling the oil temperagum the cooling stage before exposure
to the atmosphere. Liquidils high in polyunsaturates should be cooled from
100 to 120°F (38 to 49°C). Higher deodoriziéscharge temperatures are neces-
sary for higher melting produckait should be maintained as low as possible. The
speed of oxidation is doubled with ea2ii°F (15°C) increase in temperature
within the 70 to 140°F (20 to 60°C) interval.

6. Secondary oxidatior— The immediate batch may be salvaged by rebleaching
with bleaching earth followelly redeodorization; however, the source of the abuse
should be identified to prevent actgrence with subsequent production.

7. Air incorporation — Repair pumps or other saes of air incorporation after
deodorization.

8. Polymerized oil buildup— Peroxide values increases can be caused by a buildup
of polymerized or oxidized hiwhich mixes with the oil in process. The corrective
action is to wash the deodorizer. poevent these problems from occurring, a
regular washout schedule shibdle established. It shalibe standard procedure
to wash the deodorizer every 6 monthg i not operated continuously 7 days
a week, or the operation is subject tavpofailures. Otherwis, deodorizers should
not be operated more than 12mths without a thorough washadt.

9. Prior oxidation — It is very important thabxidation be prevented during all
stages of edible fats and oils presimg because of the detrimental effects upon
the finished deodorized oil§or example, it has beastimated that a peroxide
value increase of only 1.2 meg/kg inutlized soybean oil after refining may
reduce the oxidative stabilityf the deodorized oil by 5098.Oxidation during
processing can be minimidéoy avoiding contact with air, elimination of proox-
idant metallic contaminantsiitrogen protection at alitages of processing, or
addition of antioxidants at thaitial stages of processing.

Problem: High Loss
Possible Causes and Corrective Actions

1. Excessive blowing steam A 15% increase in sparging steam will double the
entrainment loss, and a 35% increase vaBult in a fourfold loss; therefore,
maintaining the proper blowing-steam leigessential to controlling deodorizer
entrainment losses.

2. Wet blowing steam— Make sure that the steapmessure to the deodorizer is
within specified limits.

3. Wet oil— Dry wet oil before deodorization tmntrol entrainment loss and evaluate
the feedstock origin, and eliminate tmisture source for future production.

4. Charge or batch size- Ensure that the deodorizer charge or batch size does not
exceed the capacity.
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5. High free fatty acid feedstock- Determine and correct the upstream cause to
avoid continued high losses.

6. Leaking drop valves— Timely maintenance is necessary to prevent or repair
leaking valves that causeratic temperature recangj and overflowing deodorizer
trays.

7. Leaking trays— An increase in the deodorizghell drain indicates leaking trays
that need repair.

Problem: Contamination with Another Product
Possible Causes and Corrective Actions

1. Mixing in the measuring tank- Blow the supply lines into the measuring tank,
followed by evacuation of this vesseith the deodorizer vacuum to prevent
product heels.

2. No empty trays between prazds (tray-type deodorizers)- One or two empty
trays should separate produtiiat are somewhat similar.

3. No flush oil— Dissimilar products should teeparated by flushing the system
with a minimum of the first two trays of the new product.

4. Nonrepresentative sample The sample line and valve must be thoroughly rinsed
with the product to be sampled tameve all congealed, oxidized, or gummy
deposits; the sampleontainer must be absolutetyean; all products must be
liquid when sampled; and the samplesinbe adequately identified by product
and source to avoid sample confusion.

Problem: Reverted Oil Flavor

After deodorization, certain oils develmbjectionable flavors that may not be
recognized as oxidative in nature. This flavepresentative of the original crude
oil, has been described as reversion.

Possible Causes and Corrective Actions

1. Air exposure— Qils containing linoleic andrbplenic fatty acids are subject to
flavor changes with minimal exposui@ air or oxygen of less than 1.0%.

2. Crude vs. refined storage- Most edible oils, witithe exception of cottonseed
oil, store best in the crude staieegummed crude soybean oil oxidizes more
rapidly than nondegummed crude oilpgarently, the phospholipids in crude oil
provide an antioxidant function above thadtthe natural antioxidants or toco-
pherols.

3. Temperature control— The rate of oxidation oreversion is dependent upon
temperature. Evidently, oxygen will diffesnto and react with the oil faster at
higher temperatures. The daiion rate approximately doubles with each 20° F
(11.1°C) temperature increase; therefore, the rule of utilizing a temperature that
is only 10°F above the melting point oktproduct should be enforced to control
reversion.

4. Nitrogen blanketing— Nitrogen blanketing of all tanks is an effective means of
protecting edible fats andlsi Peroxide developmenna flavor instability can be
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virtually eliminated by keeping oxygen awltigm the oil at all stages of process-
ing. Evaluations of soybean oil storseveral months witland without nitrogen
protection showed a decidedly more raffaor deterioration for the oil stored
without nitrogen protection.

5. Phosphatide removal- Residual phosphatidewill contribute to off-flavors and
colors. Some of the phospholipids and thesdsociated metal complexes are not
easily hydratable. Removal of these ctemps requires phosphoric acid pretreat-
ment in degumming or refining. The preddd process cleans up traces of soap
and phosphatides remaining from the refgnprocess. Problems will develop with
the deodorized oil if the feedstoblas a phosphatidentent above 20 ppm.

6. Bleaching-earth filtration— Complete removal of the bleaching medium from
the bleached oil is very important becaussidual earths can act as a prooxidant.
The bleaching operation should be coltie with filterable impurity evaluations
to ensure that the bleached oil transfetredtorage or the next process is free of
any contaminants that couldatease the oxidative stability.

7. Vacuum bleaching— The primary function of the bleaching process is to remove
peroxides and secondary oxidation produ&econdarily, the process cleans up
traces of soap and phosphatides remgigifter the refining step and adsorption
of color pigments. Vacuurbleaching is more effective than atmospheric bleach-
ing. It usually requires ledsleaching earth, operatas lower temperatures, and
minimizes oxidation by reducing exposureaio and providing an opportunity to
cool the oil before returng to atmospheric conditiod.

8. High peroxide value before deodorizatien Contrary to most beliefs, no signifi-
cant oxidation breakdown products armozed by deodorization; the only oppor-
tunity to remove them is during thesbkhing process. The thermal decomposition
of peroxides is complete with deodoripatj but the rate of peroxide formation in
the oil during subsequent storage is incedaand the flavor stability of the finished
oil is compromised. Rebleaching befateodorization, when the peroxide value
has been allowed to increase, isewsary for adequate flavor stabifity.

9. Deodorizer temperatures— Normally, deodorizatiotemperatures range from
400 to 525°F (200 to 274°C). The deodorizatpyocess is time and temperature
dependent; lower temperatures requmager times, andhigher temperatures
require shorter times. Even though elevatdperatures have a favorable effect
upon deodorization efficiency, excessiamperatures are tlanental to flavor
stability. Twice as many tocopheroleastripped out of the oil at 525°F (275°C)
as at 465°F (240°C); therefore, for flawtability, the lowespractical deodoriza-
tion temperature should be utilized.

10. Reduced stripping-steam flew Inability to maintain acceptable oil quality when
the deodorizer temperature, vacuum, teetl rate appearormal may be caused
by a reduced or restrictedipping-steam flow. It may be necessary to redrill the
sparger holes if a boil-out does not correct the problem.

11. Avoid air contact— Fats and oils must be peated from exposure to air through-
out deodorization. An oil eets rapidly with oxygemat deodorizer temperatures
with deleterious effects updtavors and oxidative stality. Potential air sources
are (1) air leaks in fittings below the product level, in pumps, holes in the
deodorizer shell, heaterand coolers; (2) improper deration of the feedstock;
and (3) stripping steam ngenerated from deaerated@ter and thus not oxygen
free.

12. Chelating agent— Addition of citric acid (0.05 to 0.01% based on the weight
of the oil) or phosphoric acid (0.001% bds® the weight of the oil) before and
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13.

14.

15.

16.

1.

after deodorization helps peat against oxidatioand reversion. The acid inac-
tivates the trace metals, particularly iron and copper, which may be present in the
crude oil or picked up during pragging. These acids decompose rapidly at
temperatures above 300°F (150°C). The upuactice is to add the acid during
the cooling stage in the deodorizer, dutibgaching, and prior to caustic refining.
Excessive amounts of phosphoric aciadé¢o the development of watermelon- or
cucumber-type off-flavors, even withood oxidative stability results.

Antioxidant replacement— Fats and oils resist alation until the antioxidants
are destroyed during the induction periodtar interval when oxidation proceeds
at a slow rate. After the antioxidant ceaseBinction as a free-radical terminator,
a rapid increase in the rate of peroxiivelopment occurs. Replacement of the
destroyed antioxidants withcopherols or synthetic ogpounds will significantly
improve the oxidative stability of the oil.

Light exposure— The deleterious effects of lighkposure on the flavor stability
of edible oils is well known. Even lited exposure of the oil to sunlight or
ultraviolet rays from fluoresce lightening will ircrease the peroxide value of the
oil and impart off-flavors Samples from any proceshould be protected from
light to ensure a representative analysisthe product. Clear glass or plastic
containers should not be usedsample oils in process.

Blend stocks before deodorizatier Shortenings, margarines, and some salad
oils are blends of two or more base&®or oils to achieve the desired product
characteristics. Bleding of these stocks beforeadlorization, rather than after,
minimizes the handling and storage of thedi®ized oil. It also allows process
control to determine if the product hassheabused inadvertently. This practice
also allows the product to be bleacheidpto deodorization when needed for the
removal of the secondary oxidation products.

Boiler-water treatment— Additives to treat boiler water can provide puzzling
flavor results.

Problem: Poor Deodorizer Vacuum

Possible Causes and Corrective Actions

Air leaks— Verification of air leaks can be accomplished with a drop test. This
test is performed by closing the oil inletckdischarge line valves and then quickly
shutting off the steam and water te@ thiacuum system. The vacuum may drop
rapidly at this point, but ihould stabilize a value that must be above 20 inches
for a valid test. Then the vacuum shoblkl noted each hour to determine if the
drop is within the limits identified by the deodorizer manufacturer. If the vacuum
loss exceeds the dgasilimits, tighten alpiping connections, Wee packing glands,
and equipment flanges. If @aum loss continues aftdrese measures have been
taken, the source of the leak may beniified with one of the following test
methods:
« Soap detection test- Large leaks may be detedtby painting all possible
leak sources with a soapy water saatiwhile the system is under 1.3-bar
(20-psig) air pressure. Bubbles should fanhthe leak points. Mark the leaks,

release the pressure, purge the system with air, repair the leaks, restore the

equipment and instruments, and then agfike drop test to determine if the
vacuum loss still exceeds the satisfactory rate. If so, smaller leaks can be
identified with the next evaluation.
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« Ammonia/sulfur dioxide test- Prepare the system by closing all valves, blind
the vacuum system tailpipes, discocirae vacuum gauges, and admit ammo-
nia gas until the system peese reaches 0.3 bar (5 psig) and then further to
1.3 bar (20 psig) with compressed &ixamine the system by directing a small
stream of sulfur dioxide gas aroundi thle possible leak points. White fumes
indicate the presence of a leak. Mark thaks, release the pressure, purge the
system, and then repair the ledks.

2. High-temperature condenser water When the vacuum-system water is recir-
culated through a cooling tower, the averaget-bulb temperature is a parameter
used for the system desigooling towers will cool wateto within a few degrees
of the wet-bulb temperature. Normally, the wet-bulb and the corresponding water
temperature chosen will not be exceed@¥4dlof the time in the summer months;
however, the oil quality must be cédg monitored during the warm summer days
when the warm condenser water présevperation at the desired vacuum.

3. Other operational problems- Two other problems, iaddition to those already
reviewed, are (1) low steam pressure or wet steam to the vacuum jets, and
(2) insufficient condenser water for on@asen or another. Both of these conditions
require maintenance or at least investigation to identify the source of the problem
for corrective action and installation pfeventive measures for the future.

4. Vacuum maintenance- If operational problems are not the cause of a poor
vacuum, the steam nozzles, steam chestd, throat of the booster should be
examined for wear. Replacement of thern parts and adoption of a preventive
maintenance program to regularly revithe vacuum systems should help relieve
the poor vacuum problems.

Problem: Poor Steam-Ejector Operation
Possible Causes and Corrective Actions?4

1. Low steam pressure- This may be caused by clzigg of the steam strainers or
orifice plates with pipe sde or sediment, improper a¢ion of the steam pressure
regulating valve, or low boiler pressur& steam pressure gauge for measuring
the operating pressure should be insteb¢ a point close to the ejector steam
inlet in order to determine the true operating pressure.

2. Steam nozzles- In addition to the possibility of a nozzle clogging from pipe
scale or dirt, a scale depbsiight occur in the throats of the steam nozzles from
impurities in the steam. When this occurs, it is necessary to clean out the nozzle
with a proper size reamer drill, taking care not to mar the internal surfaces.

3. Insufficient cooling water— The temperature of water entering and exiting the
ejector condensers should be measurethdftemperature rise is not excessive,
the cooling water supply is adequatedahe source of the problem should be
sought elsewhere.

4. High back pressure at ejector discharge The pressure at the final stage exit
should be measured. Excessipressure indicates that the piping should be
changed to reduce tlischarge pressure.

5. Nozzle and diffuser wear Operation of the ejectors with wet steam or corrosive
gases or vapors will cause excessivear and produce eough wall surface.
Periodic checks should be deto compare the throat diameter of the diffuser
and nozzle with the original sizes determine if replaement is required.
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13.2.16 Antioxidant Addition

Problem: Antioxidant Activity

Possible Causes and Corrective Actions25-27

1.

Incomplete dispersion- Dispersion problems may result from inadequate mixing
equipment, poor mixing techonies, or shortcuts in predures established for the
antioxidant addition. Sevdracceptable addition meds are practiced; one of
which is outlined below:

« The quantity of the baltcmust be large enough atlow adequate mechanical
agitation; simply stated, the product must cover the agitator in the tank used
for effective mixing.

¢ The temperature of the product mustbaintained at least10°F (5.6°C) above
the melting point, but not so high thiatallows oxidation before addition of
the antioxidant.

« Determine the proper antioxidant qtignfor the individual product and weigh
antioxidants with a laboratorfyalance for each batch.

¢ Slurry the antioxidant in a portion dfie product with vigorous mechanical
agitation.

* Add the slurry to the agitating produeink at a temperature of 10°F (5.6°C)
above the melting point of the product.

« Continue agitation of the batch for amimum of 20 minutes before sampling.

* Sample and obtain a positigealitative antioxidant atysis before packaging
or shipping in bulk quantities.

Vessel agitatior— Addition of a concentrated aoxidant mixture before agitation

begins will result in a high level of the additive in a portion of the product while

the major portion has little or no antioxitgpresent. Thipractice will produce
serious stability deficiencies for most e product, and the very high concen-
tration of antioxidant in the oil at the bot of the vessel will result in performance
problems. First and lagtiece product evaluationsrfpackaged product should
identify this problem. Tank truck omailcar products may indicate a negative
antioxidant analysis for the as-shippedhpée when the antioxidant is added to
the shipper after loading of the#l product has been completed.

. Improper antioxidant levels— Maximum antioxidant kels are defined by U.S.

regulatory agencies. The allowed levats generally recognized as the optimum
for achieving good stability results. In geale successive additions of an antiox-
idant yield steadily diminighg returns. At higher coeatrations, an appreciable
portion of the antioxidant is consumeddigle reactions and thus does not function
as a free-radical terminatdn some cases, decompagit of the antioxidant may
produce substances wighprooxidant action.

Antioxidant storage conditions- Proprietary antioxidant mixtures formulations

are available from several suppliers. These mixtures vary in active ingredient
contents and the solvent systems utilized to dissolve the antioxidant and keep them

in solution until use. Separation or cryitation or other changes can occur if the
products are handled improperly. Most antioxidant mixtures solidify at tempera-
tures below 32°F (0°C), but the heatinguieed to liquefy has no detrimental effect
on antioxidant properties. Berioration occurs whethe antioxidants are heated
above 200°F (93.3°C) for extended periods.
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5. Incorrect antioxidants— Significant performance differences exist among the
antioxidants in different source oils,geessing, and handtrconditions. Consid-
eration of the antioxidant type or mixtufermulation to be used must be made
during product development. Substitutiasfsone antioxidant for another cannot
be allowed because of performance asgecially labelingequirements. Each
individual synthetic antioxidant must lentified by the prescribed nomenclature
in the ingredient statement on the label.

6. Addition stage— Natural and synthie antioxidants are removed from edible oils
during processing, notabkgefining, bleaching, andeodorization. Antioxidants
can be added to oils at aarly stage for protectiobut it should be recognized
that deodorization will destyathe antioxidants. In thisase, the aioxidants will
have to be added again after ded@tion for oxidative protection.

7. Addition point— Antioxidants will not rejuvenate mistreated fats and oils prod-
ucts. Phenolic antioxidantgnction by inhibiting free-radil formation, the initial
step in oil oxidation; therefore, it issmtial that the addition point occurs as soon
as reasonably possible afteodorization before thaeutoxidation reaction has a
chance to start.

8. Low antioxidant level— Analysis of the antioxidant level in the finished product
will reveal a lower level than was actlyghdded. The antiogant level decreases
as it functions to itercept oxygen before it can atkathe fats and oils products.

9. Induction period— The initial period of relatively slow oxidation is called the
induction period Antioxidants prolong the indtion period but have no effect
after the end of the induoti period. Once ogation has startedhe rate is as
rapid as experienced with unprotected fats or oils.

10. Prior abuse— Edible fats and oilthat have been allowlao oxidize significantly
before deodorization will have a poor stity after deodorizatin. This is because
of the formation of oxidation products, igh are odorless and tasteless and carry
through into the deodorized product, whehey initiate at propagate further
oxidation. Antioxidant addition to thesews®d oil products wilhave little or no
stabilizing effect. Antioxidants cannotverse or terminate the autoxidative pro-
cess after it has passed the early stages.

11. Tocopherols— Tocopherols, natural antioxidantattain maximum effectiveness
at comparatively low levels, roughly equiat to their natural level of occurrence
in vegetable oils. Tocopherol levelsoal the optimum concentration usually
function as prooxidants.

13.2.17 Bulk Railroad Car or Truck Loading
Problem: Impurities
Possible Causes and Corrective Actions

1. No analysis— Evaluate each product load befdhe shipmenis released, and
refilter each load that does not messtablished limitSollowed by upstream
evaluations to determine the cause for the impurities.

2. Poor sample— All trucks and cars should mone sampled after loading is
completed, while the product ssill liquid, to identify problems before shipment.
Dip samples, which are easier to obtawaluate only the surface oil on the top
of the tank. Impurities aneormally heavier than oilral sink rapidly to the bottom
of the tank.
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10.

. Dirty sampler or container— All sampling apparatus rstibe cleang before use

to prevent contamination of the sample.

No inline filter— All loading lines should be eqped with inline filters to trap
impurities caused by polymesition or scale that develops inside the transfer lines.
No filter element— Install proper element. The supervisor should ensure that all
filters are beingitilized properly.

Filter not used— Eliminate bypasses around filters.

Coarse filter element— Most loading filters should be 25 microns or less to
effectively trap the impurities encountered.

Faulty filter element— Inspect the filter elemenfsr holes and tears and replace
when faulty.

Line blowing causing filter failure— Blow the line intoa separate container or
through another filter to avoid contamiratiof the oil shipment if the filter is
damaged by the mbgen pressure.

Dirty filter shell — impurities from the lid of thdirty filter element can fall off
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