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PROCESSES OE IMPROVING THE QUAEITY OE 
OIE AND PRODUCTS PRODUCED THEREFROM

CROSS-REFERENCE TO RELATED 
APPEICATIONS

[0001] This application claims the benefit of U.S. Provi­
sional Application No. 60/751,831, filed Dee. 20, 2005, 나le 
entirety of which is incorporated by this referenee.

TECHNICAL EIELD

[0002] The present diselosnre relates generally to lipids 
and methods of decreasing the content of oxidation prodncts 
in edible oils and fats and the oils and fats resulting 
therefrom.

BACKGROUND

[0003] Triglyceride oils are predominantly liqnid at room 
temperature, and are distinguished by their physical state 
from fats, which are solid or semi-solid at room temperature. 
The liquid eharaeter of most triglyceride oils is a conse­
quence of their content of lipids comprising fatty acids with 
one or more double bonds. Double bonds are sensitive to 
reactions, such as oxidation. Thus, lipids, such as oils, fats, 
fatty acids, partial glycerides, esters, phospholipids, and 
other compounds that contain double bonds are suseeptible 
to oxidation reactions.

[0004] Lipid oxidation is a reaction that may occur 
between nnsatnrated lipids and oxygen, and is accelerated 
by several factors (light, heat, metals, and other initiating 
compounds). The consequence of lipid oxidation is often the 
generation of undesired reaetion products. Many reaction 
products give rise to undesirable odors or flavors in edible 
oils and fats, as well as products made therefrom. Because 
of the eomplexity of natural oils and the large number of 
possible reaetion pathways for a given oxidation reaction, 
oxidation reactions are ineompletely understood. However, 
some are known to proceed in a radical chain reaction 
cascade fashion comprising several steps. Natural oils differ 
in their compositiou, aud thus iu their oxidation pathways. 
Antioxidants are eommonly added to lipids to delay the 
onset of oxidative deterioration. In addition, oils can be 
stored under an inert gas, such as nitrogen or a noble gas, to 
minimize oxidation. Sometimes, inert gases are bubbled 
through oils to displace the small amounts of oxygen in the 
oil. Oxidative deterioration of oils which undergo storage is 
a common phenomenon, and limits the useful lifetime of the 
oil. In addition, oil obtained from oilseeds whieh have been 
stored for a substantial period of time after harvest is often 
higher in oxidation products that oil from seeds obtained 
from freshly harvested oil.

[0005] In the first step of lipid oxidation, double bonds 
react with oxygen to form allylic hydroperoxides (also 
known as peroxides). Beeause they originate from a first step 
of oxidation, hydroperoxides are eonsidered to be primary 
oxidation products. They are routinely quantified by a stan­
dardized peroxide value test. Good quality oil, which is 
relatively bland in flavor and low in odor, will generally 
have a low Peroxide Value (PV). The PV of food oils 
delivered to food processors is often requested to fall below 
a specified value to ensure that the foodstuffs produced will 
be of high quality.

[0006] Peroxides are unstable and readily undergo further 
reactions. A low PV is not the only marker for good oil 
quality, because the PV of an oil may reach a high level and 
then decline as peroxides are further broken down into 
so-called secondary oxidation products. The breakdown of 
peroxides is eomplex and incompletely understood, the 
number of possible seeondary oxidation compounds is large, 
eomplex, and incompletely elassified, and the analysis of 
secondary oxidation products can be difScult.

[0007] One classification system sorts the seeondary oxi­
dation products into three groups on the basis of the size of 
the resulting moleeules. Although many high molecular 
weight unsaturated lipids have no distinctive flavor them­
selves, their breakdown compounds have intense flavors, 
which aflect the quality and stability of oils. Some seeondary 
oxidation products are of lower molecular weight than the 
original lipid, and thus are more volatile than the starting 
lipid and peroxides. These seeondary oxidation products are 
problematic in the edible oil industry. The volatile low 
molecular weight compounds include aldehydes, carbonyls, 
ketones, aleohols, acids, esters, ethers, hydrocarbons, and 
lactones. (Reactions associated with double bonds, in Fatty 
Acid and Lipid Chemistry, F. Gunstone, Aspen Publishers, 
Gaithersburg, Md. USA, 1999). Many of these eompounds 
ean be tasted or smelled even at very low concentrations and 
have potent, often undesirable odors or flavors which detract 
from the quality of edible oil or food made therefrom. Other 
secondary oxidation products have approximately the same 
moleeular weight as the original allylic hydroperoxide; in 
this elassifieation, these ean be termed rearrangement prod­
uets. The third group of secondary oxidation products com­
prises eompounds of higher molecular weight than the 
starting lipid and peroxides, sueh as polymers which may be 
formed by eondensation, crosslinking, or other types of 
polymerization reactions.

[0008] Another classification system sorts the seeondary 
oxidation products into at least four categories based on 
standardized analytieal methods (Lipid Oxidation, E. 
Frankel, The Oily Press, Dundee, Seotland 1998). One 
standard test, the Total Carbonyl Content, measures alde­
hydes and ketones resulting from the deeomposition of 
hydroperoxides. A seeond test is the Malondialdehyde test, 
whieh is seleetive for malondialdehyde, a doubly oxidized 
produet resulting from oxidation of polyunsaturated oils. A 
third test deteets Thiobarbiturie Acid Reaetive Substances 
(TBARS). This test, also known as the TBAR test, measures 
a large number of volatile seeondary oxidation products. As 
most edible oil is treated by steam deodorization before 
being sold, many TBARS may be removed in proeessing. A 
fourth test is the Anisidine Value Test, whieh measures 
earbonyls formed from lipid oxidation, such as 2-alkenals 
and 2, 4 dienals. This test is especially useful for quantifying 
deterioration of oils high in linolenic acid, an 18 carbon 
polyunsaturated fatty acid containing three double bonds. In 
addition, oxidative dimers of triglycerides, aldehyde-glyc- 
erides, and core aldehydes are known to contribute to high 
anisidine values.

[0009] The anisidine value test is based on the deteetion of 
carbonyl compounds, primarily aldehydes, whieh arise 
through oil oxidation. These eompounds and their break­
down products affect the stability and quality of oils. Stan­
dard methods published by the Ameriean Oil Chemists' 
Soeiety (AOGS) are often used to measure eharaeteristies of 
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lipids. AOCS method Cd 18-90 ("Official Methods and 
Recommended Praetiees of the AOCS", Fifth Edition, Sec­
ond Printing (2004) American Oil Chemists' Society, Cham­
paign, Ill.,) is widely used to measure anisidine values of 
lipids. Color reversion is a phenomenon in which refined oils 
become darker upon storage; it is known to be related to the 
degree of secondary oxidation of oils, which can be mea­
sured by anisidine value. Some of the anisidine-reaetive 
materials, such as 2,4-dienals and trans-2-alkenals have been 
reported to have cytotoxic effects on experimental animals. 
The anisidine value (AV) of freshly proeessed oils can be 
used as a rough predictor of the future storage stability of 
that oil. Generally the anisidiue value of good oil is less than 
10 (Classical analysis of oils and fats, in. Analysis of oils and 
fats, edited by R. J. Hamilton and J. B. Rossell, Elsevier 
Applied Seienee Publishers, London, 1986). Anisidine value 
is also known as para-Anisidine Value (pAV). For these 
reasons, the AV is an important quality factor for edible oils. 
[0010] Adsorptive treatment that reduces the AV of fats 
and oils would be useful in a broad arena of fats and oils. 
Indeed, the removal of secondary oxidation products is not 
deemed to be eost efleetive on a large seale: "While hydro­
peroxides are easily reduced by eonventional purification, it 
is not economical to remove the seeondary lipid oxidation 
products on an industrial scale" (p. 593 of, “The effect of 
lipid oxidation on the aetivity of interesterification of trig­
lyceride by immobilized lipase" Nezu Tom; Kobori, Satoru; 
Mastumoto, Watam. Editor(s): Yano, Toshimasa; Matsuno, 
Ryuichi; Nakamura, Kozo. Dev. Food Eng., Proc. Int. Congr. 
Eng. Food, 6th (1994), Meeting Date 1993, 591-3. Pub­
lisher: Blackie, Glasgow.
[0011] Lipid oxidation often takes plaee in lipids upon 
storage. Antioxidants may delay the onset of lipid oxidation 
for a period of time. In addition, lipid oxidation may occur 
in oilseeds on storage. Thus oil extracted from seeds whieh 
have been stored for more than three months after harvest 
season is often higher in oxidation products than oil 
extracted from seeds obtained early in a harvest season. As 
the seed ages in storage, oxidative indieators, such as 
anisidine value, may rise. Oil made from seed whieh has 
been stored for greater than three months may have dete­
riorated, and have unaeeeptably high levels of oxidation 
products. Storage damage reduees the quality of oil (Ahs- 
chul. A, “Biological processes of the eottonseed" in Cotton­
seed, Alton E. Bailey, Editor, Interscience publishers. New 
York 1948 p 157-212). For example, eottonseed is harvested 
in the USA in Autunm and goes into storage in Oetober and 
November. Oil produced from this seed in the first three 
months of storage will usually have a predictable low 
anisidine value. However, when the warm summer months 
(June-August) arrive, the anisidine value of oil produced 
from the seed rises, peaking in mid-September. The anisi­
dine value of oil produced from stored seeds ean be greater 
than 10, which is unaeeeptably high for some applieations 
and food manufacturers may have difficulty making food 
which meets quality specifications when only such cotton­
seed oil is available. There is a need for a treatment whieh 
allows cottonseed oil of sufficiently low anisidine value and 
sufficiently high Oxidative Stability Index (OSI) value to be 
produeed from stored seed. Other oilseeds, ineluding eorn 
and soybeans, are subjeet to storage. This and other condi­
tions may result in oil having high peroxide values, high 
anisidine values and/or poor OSI values. A proeess for 
reducing the peroxide value and/or anisidine value of oils 

would be of value to the food industry. Similarly, a process 
whereby OSI values are increased would be valuable. Oxi­
dative Stability Index is measured aeeording to AOCS 
method Cd 12b-92.

[0012] Lipid oxidation is also a known problem in eom- 
mereial frying operations since the frying process subjects 
oil to high temperatures and moisture, whieh aeeelerate lipid 
oxidation. Consequently, the operational lifetime of frying 
oil may be limited as oxidation reactions proceed, dimin­
ishing the quality of the oil and food prepared in it and 
necessitating cleaning and/or replacement of the oil.

[0013] The present teaehing addresses these problems and 
others, and provides further advantages that one of ordinary 
skill in the art will readily discern from the detailed deserip- 
tion that follows.

SUMMARY OF THE INVENTION

[0014] Lipids reduced in anisidine value are provided. 
Lipids having an anisidine value are treated with aetive 
substances to provide lipids having a lower anisidine value. 
The treatment ean be earned out on oils or fats in the eourse 
of refining, or may be earned out on stored oil, oils obtained 
from stored seeds, or used oils, such as used fiying oils, to 
extend the useful life of the oil.

[0015] Methods of producing active substances useful for 
reducing the anisidine value of oils and fats are provided. 
Solid, liquid, or gaseous active substances may be contacted 
with oil directly to provide oil having reduced anisidine 
value. Liquids may be immobilized, sueh as by mixing with 
inert solids, before being eontaeted with oil to provide oil 
having reduced anisidine value.

[0016] Liquids may be provided by purehasing dry active 
substanees and preparing solutions of active substance. 
Liquids may be obtained from fermentation broths contain­
ing active substances.

DETAILED DESCRIPTION OF THE 
INVENTION

[0017] In one aspeet, provided herein are methods and 
systems for reducing the anisidine value of food lipids and 
in particular embodiments, redueing the anisidine value of 
food oils and fats that are extraeted from oilseeds in an 
oilseed proeessing faeility. The methods include contacting 
the lipid with an active substanee or active material, which 
is defined herein to mean any material that will reduce the 
anisidine value of the lipid. Although active materials 
include eompositions as diverse as sodium borohydride, 
sodium methoxide, alumina and silicates, it has been sur­
prisingly found that compositions containing amino groups 
are partieularly active substanees. While not being bound by 
theory, it is believed that active materials containing amino 
groups chemically interact with the earbonyl groups, such as 
the dienals and trans-alkenals of oxidized lipids to reduce 
the oxidation state of the lipid or to form a non-repugnant 
derivative thereof such as for example, a Schiff s base 
eompound, thereby lowering the anisidine value. Aeeord- 
ingly, fats and oils treated with aetive substanees to reduce 
the anisidine value as provided herein will have a diflerent 
chemical composition than lipids that are not treated by the 
proeess, and therefore form a novel produet by proeess 
eomposition, whieh is another aspect of the present teaehing.
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[0018] Because lipids are hydrophobic and amino groups 
are hydrophilie, it is benefieial in certain emhodiments to 
contact the lipids with active materials that are hound to, 
embedded in, or otherwise dispersed on a solid support. In 
certain particular embodiments, the active material is an 
anion exchange resin having an amino group bound to a 
resin. In alternative embodiments, the aetive material may 
be lysine, protein, peptides or even a crude source of such 
materials, such as a cell free fermentation broth used for the 
preparation of amino acids. Such active materials may be 
immobilized, embedded or dispersed on a solid support by 
a variety of means known to one of ordinary skill in the art. 
In other embodiments, however, the aetive material may be 
eontaeted with the lipid in a liquid or gas form rather than 
be bound on a solid support. Thus, it will be seen that the 
preparations of the present diselosure ean be prepared and 
utilized in a variety of ways, to accomplish the purpose of 
reducing the anisidine value of lipids.

[0019] The instant disclosure is applicable to a wide 
variety of olefinic lipids. Non-limiting examples of the lipids 
that may be used in embodiments of the present diselosure 
inelude seed oil, fish or marine oil, animal oil or fat, nut oils, 
canola oil, vegetable oil, safflower oil, sunflower oil, nas­
turtium seed oil, mustard seed oil, olive oil, sesame oil, 
soybean oil, corn oil, peanut oil, cottonseed oil, rice bran oil, 
babassu nut oil, castor oil, palm oil, palm kernel oil, rape­
seed oil, low erucic acid rapeseed oil, palm kernel oil, lupin 
oil, jatropha oil, coconut oil, flaxseed oil, evening primrose 
oil, jojoba, tallow, beef tallow, butter, chicken fat, lard, dairy 
butterfat, shea butter or combinations thereof. Lipids may be 
fully or partially processed.

[0020] Lipids, such as oils or fats, may be obtained by any 
process used in oil refining, ineluding but not limited to 
solvent extraetion, supercritical fluid extraction, pressing, or 
combinations. In oils obtained by solvent extraetion, the 
instant disclosure may be applied to the oil/solvent mixture, 
known as "miscella", or to the oil or fat after solvent is 
removed, known as "crude oil." Pressed or expressed oil is 
known as "press oil." Some oilseeds are proeessed by 
sequential application of steps; for example, eanola oil may 
be obtained first by pressing the oilseed to obtain expressed 
erude oil and press eake. The oil remaining in the press eake 
is removed by solvent extraetion with hexane to produce 
miscella. After removing solvent from the miseella, solvent- 
extracted erude oil is obtained. The expressed erude oil and 
the solvent-extraeted crude oil may be eombined to obtain 
crude canola oil.

[0021] Crude oil is further processed by methods well 
known in the art. For example, degumming may be earned 
out by adding a small amount of phosphoric acid to the erude 
oil, followed by adding a small amount of water and 
separating a water-rich gum phase eontaining phospholipids 
to obtain a degummed oil. The water is applied as a wash 
liquid, so water addition constitutes washing the erude oil. 
Refining may be earned out by adding a small amount of an 
alkali substance to degummed oil and centrifuging to 
remove a water-rich soapstoek phase eontaining salts of 
fatty acids (soaps) to obtain refined oil. The water is applied 
as a wash liquid, so water addition constitutes washing the 
degummed oil. Alternatively, the steps of degumming and 
refining may be eombined to provide a refined oil. In the 
proeessing of com oil, oil so treated is eailed onee-refined oil 
(OR oil). Refined oil may be subjeeted to a bleaching step 

by heating with a solid bleaching earth to remove impurities, 
ineluding eolor bodies and residual soaps, and filtering to 
proved refined, bleaehed oil (RB oil). RB oil may be treated 
by subjeeting it to a deodorization step, in whieh the oil is 
heated under vacuum and treated by injeeting (or sparging) 
steam into the oil to remove volatile substanees and obtain 
deodorized oil. Oil which has been subjected to refining, 
bleaehing and deodorizing may be ealled refined, bleaehed 
and deodorized oil (RBD oil). Alternatively, physieal refin­
ing may be applied to crude or degummed oil. The lipids in 
the instant invention may be finished, fully proeessed oils, or 
may be partially processed oils taken at any step in proeess­
ing. Before lipids are eontaeted with aetive substanee as 
defined herein, they are untreated lipids.

[0022] Diaeylglyeerol oil (DAG oil) differs from conven­
tional oils and fats in that it is enriched in diacyl glycerols. 
Synthetic routes for diacylglycerols include removing fatty 
acids from triacylglycerols, building diacylglycerols from 
glycerol and free fatty acids, and removing phosphatidyl 
groups from phospholipids. In one embodiment, a commer­
cial DAG oil sold under the trade name Enova comprising 
80% diacylglycerols may be obtained from ADM-Kao, 
Decatur Ill., USA.

[0023] Amino acids are basic structural units of proteins. 
An amino acid has at least one amino group, and some 
amino acids with basic side chains have at least one addi­
tional amino group. Such amino acids include lysine, argi­
nine and histidine. An amino group can react with materials 
known to increase AV of lipids, such as aldehydes and 
ketones.

[0024] A large surfaee area is beneficial for efficient con­
tact between lipids and substances whieh reduce AV. Thus, 
porous materials, such as silica gel or bleaching clay, pro­
vide large surfaee area for amino acids and may be used in 
embodiments of the instant invention. Non-limiting 
examples of the earner or support that may be used in 
embodiments of the present diselosure inelude aetivated 
carbons, natural minerals (such as clays), processed minerals 
(such as acid activated and granular clays), diatomite, 
kaolin, talc, perlite, various silica products, alumina, zeolite, 
starehes, molecular sieves, quartz sand, limestone, fibrous 
materials (such as cellulose or microcrystalline cellulose), 
riee hull ash, porous glass, porous ceramics, celite, porous 
metallic particles such as titanium oxide, stainless steel or 
alumina, porous silica gel, molecular sieve, active carbon, 
clay, kaolinite, perlite, glass fibers, diatomaceous earth, 
bentonite, hydroxyapatite, ealeium phosphate gel, and alky­
lamine derivatives of inorganic carriers. Non-limiting 
examples of organic carriers include mieroporous Teflon, 
aliphatic olefinic polymer (e.g., polyethylene, polypropy­
lene, a homo- or copolymer of styrene or a blend thereof or 
a pretreated inorganie support), nylon, polyamides, polyear- 
bonates, nitrocellulose and acetylcellulose. Other suitable 
organie carriers include hydrophilic polysaccharides such as 
agarose gel with an alkyl, phenyl, trityl or other similar 
hydrophobic group to provide a hydrophobic porous surface. 
Mieroporous adsorbing resins inelude those made of styrene 
or alkylamine polymer, chelate resin, ion exchange resin 
such a "DOWEX MWA-1 "(weakly basic anion exchange 
resin manufactured by the Dow Chemical Go., having a 
tertiary amine as the exehange group), and hydrophilic 
cellulose resin sueh as one prepared by masking the hydro- 
philic group of a cellulosic carrier, e.g., “Cellulofine GG70〇- 
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mTM" (product of Chisso Corporation, 45-105 呻 in particle 
size). Textured proteins having a rigid texture and an 
expanded, open stmeture whieh provides greater surface 
area to interact with oil, thus conferring substantial advan­
tages over conventional protein in its use for oil treatment. 
Aeeording to one embodiment of the present approaeh, 
TVP® brand textured vegetable protein available from 
Archer-Daniels-Midland Company of Decatur, Illinois is 
used. Advantages eonferred by the texturizing process 
inelude partiele rigidity and increased surface area relative 
to the untextured protein. Other treatments sueh as typical 
soybean expanders and collet forming devices may also be 
used to confer desired properties on protein. Suitable protein 
ean also be the textured vegetable proteins deseribed in U.S. 
Pat. Nos. 4,103,034 and 4,153,738, which are hereby incor­
porated in their entirety by reforenee.

[0025] Ion exchange compounds, such as resins, are gen­
erally classified according to three eriteria: 1) the nature of 
their functional groups; 2) the chemistry of the matrix 
supporting the funetional group; and 3) the porosity of the 
matrix supporting the funetional group ("Ion Exchange'' in 
Kirk-Othmer Encyclopedia of Chemical Technology, Fourth 
Edition (vol. 14), p b737-741; John Wiley & Sons, New 
York, 1995). The four primary types of ion exchange func­
tionality are strong acid, weak acid, weak base, and strong 
base. Strong acids or bases are generally diflerentiated from 
weak acids of bases by the ability of strong acids and bases 
to split neutral salts, such as sodium chloride. Solid ion 
exchangers are most often formed as resins. Aeidie ion 
exchange resins, also known as cationic, are often in the 
hydrogen form for use. In this form, when eontaeted with 
liquid containing cations, hydrogen associated with the ion 
exchange resin is able to leave the solid phase and enter the 
liquid phase as it is exchanged with cations in the liquid 
phase. Basie ion exchange resins, also known as anionic, are 
often in the hydroxide form. In this form, when eontaeted 
with a liquid containing anions, hydroxide associated with 
the ion exchange resin is able to leave the solid phase and 
enter the liquid phase as it is exchanged with anions in the 
liquid phase. In addition, other ion exchange resins may 
have the ability to chelate metals. Ion exchange interactions 
are reversible, whieh allows regeneration procedures to 
return an ion exchanger to the desired form for reuse. 
Suitable anion exchange resins in the present disclosure 
inelude Relite RAD/F and WA21J (both from Mitsubishi 
Chemical Company, White Plains, N.Y.), and Duolite A7 (an 
amine-based ion exchange resin from Rohm and Haas, 
Pittsburgh, Pa.), as available from the manufaeturers in 
2005.

[0026] Ion exchange resins and other compounds may be 
contacted with process liquids, such as oils, in a batch mode 
or a continuous mode. Continuous operation is desirable. In 
one embodiment, aetive materials may be paeked into a 
column and lipid passed through the eolumn to effect the 
treatment of the present diselosure. In another embodiment, 
several columns may be supplied so that when one eolumn 
is spent, flow may be diverted to a fresh eolumn for 
uninterrupted treatment of lipid. In this embodiment, the 
spent eolumn may be regenerated before being returned to 
service. In another embodiment, the treatment and regen­
eration process may be automated. One embodiment of 
continuous operation is simulated moving bad chromatog­
raphy.

[0027] Anion exchangers are generally amine-based res­
ins. Strong base anion exchange resins have functional 
groups comprising quaternary ammonium groups. Weak 
base anion exchangers have functional groups comprising 
primary, secondary, or tertiary amines.

[0028] Ion exchangers are most often used in aqueous 
conditions. Ion exchange resins containing water may 
present diffieulties in eontaeting a lipid. In one embodiment 
of the present diselosure, water is removed from ion 
exchange resins. In another embodiment, water removal is 
effected by washing ion exchange resin with a water- 
miscible solvent, followed by washing with a water-immis­
cible solvent having miscibility with lipid. The water-im­
miscible solvent may be displaced by process lipid.

[0029] Most amino acids, peptides, and proteins have poor 
solubility in lipids. When these eompounds are eontaeted 
with lipids, they elump together and minimize the surfaee in 
eontaet with the oil. Energy input, such as stirring, is 
required to disperse the amino acids, peptides or proteins in 
the oil. Subsequent reeovery of these agents from the oils 
can be very difficult. As with many amino acids, peptides 
and proteins are often very fine powders, and passing oil 
through a bed of the amino acids, peptides or proteins may 
be very difficult. High baek pressure is often obtained due to 
resistance of the two phases to interaction. Channeling of the 
liquid oil may occur, limiting the degree of contact between 
liquid and solid.

[0030] These limitations may be overeome by dispersing 
the amino acids, peptides or proteins onto a second sub­
stance, such as a support. This dispersion may be deseribed 
as dispersed, deposited, immobilized, adsorbed, eoated, or 
bound. For example, lysine dispersed on a support may be 
deseribed as dispersed lysine, deposited lysine, immobilized 
lysine, adsorbed lysine, lysine-eoated support, bound lysine, 
or other synonyms known to those of ordinary skill in the art 
of coating proteins or amino acids onto other materials. One 
embodiment is lysine-eoated siliea. Common to these terms 
is the eharaeteristie that the amino acids, peptides or proteins 
eoated onto the support have little tendeney to desorb from 
the support in the lipid being treated. In one embodiment, 
when lysine was coated onto silica to produce lysine-eoated 
siliea, lysine was undetectable in lipids contacted with the 
lysine-eoated silica at detection limits of 0.05 ppm.

[0031] Compounds such as amino acids, peptides and/or 
proteins may be dispersed or coated by a variety of pro­
cesses. In one embodiment, a water solution of amino acids, 
peptide or protein or other active substanee can be simply 
mixed with a support to form a slurry. What is meant by 
active substance is a compound capable of reducing the AV 
of a lipid. The water may be removed by evaporation to 
provide an active substanee dispersed or coated on a support. 
In another embodiment, the slurry of active substance and 
support may be ineubated to allow adsorption of active 
substance onto the support, filtered to remove liquid, and 
remaining water removed by evaporation to provide an 
active substanee dispersed or coated on a support. In another 
embodiment, addition of a polar solvent sueh as acetone to 
the slurry of active substance and support causes precipita­
tion of the aetive substanee onto the support. Subsequent 
removal of water and solvent, sueh as by filtration and 
evaporation, provides an active substanee dispersed or 
coated on a support.

5



US 2007/0141222 Al
5

Jun. 21,2007

[0032] Alternatively, aetive substances ean be linked to a 
support covalently, or cross linked to enhance structural 
stability. Such methods are well-known in the art of enzyme 
immobilization (see U.S. Pat. Nos. 6,156,548 and 6,582,942, 
each of the eontents of the entirety of which is incorporated 
by this referenee).
[0033] In another emhodiment, the support can he packed 
into a column to form a bed and a solution of active 
substance passed through the bed to allow the aetive sub- 
stanee to adsorb onto the support. Before use with oil, the 
bed may be treated to remove water, such as by applying 
vacuum, passing dry air through the bed, or by passing 
solvents through the bed. The latter is often earned out by 
passing a succession of increasingly non-polar solvents 
through the wet bed, sueh as ethanol followed by hexane. 
Alternatively, the solution of active substance can be 
sprayed onto the support, such as in an agglomorator.
[0034] Solutions of active substances, including amino 
acids, peptides and proteins, ean be obtained by dissolving 
compounds, concentrates or dried fermentation broths in 
water. Active substanees of varying purity are widely avail­
able eommereially. In one embodiment, dried fermentation 
broth can be dissolved to obtain a solution of active sub­
stance. In another embodiment, the solution may be eon- 
taeted with a lipid to reduce the anisidine value of the lipid. 
In one embodiment, the solution may be dispersed on a 
support to provide a broth-immobilized, or broth-coated, 
support. In another embodiment, the water content of the 
broth-coated support may be redueed. In an embodiment, a 
dried fermentation broth enriched in lysine can be dissolved 
in water to provide a solution of active substance suitable for 
dispersion onto a support to obtain a broth-coated support. 
In an embodiment, a liquid fomentation broth may be 
eontaeted with a lipid to reduce the anisidine value as 
compared to untreated lipid. In a ftirther embodiment, a 
liquid fomentation broth is contacted with a support to 
obtain a broth-coated support. In one embodiment the fer­
mentation broth may be subjeeted to ftirther processing 
steps, sueh as fractionation, purification, or concentration 
steps to increase the content of active substance. A suitable 
example of a dried fementation broth is L-Lysine Mono­
hydrochloride 98.5% Feed Grade, obtainable from Archer 
Daniels Midland, Decatur Ill., containing 78.8 isomerically 
pure L-Lysine. In another embodiment, fementation broth 
can be concentrated and used as the solution of active 
substance without addition of water. An embodiment eom- 
prises ADM Liquid L-Lysine (50%; Areher Daniels Mid­
land, Decatur Ill.), an aqueous solution of L-Lysine free 
base. It is a dark brown liquid obtained by eoneentrating 
lysine from a fementation broth. In another embodiment, 
fementation broths containing active substances can be 
used as a solution of active substance. Such fementation 
broths are produeed by ineubating a microorganism in a 
fementation medium by methods known in the art. The 
mieroorganism transfbms the fementation medium into a 
fementation broth enriched in one or more aetive sub­
stanees. In one embodiment, an active substanee comprises 
a fementation broth. In another embodiment, an active 
substanee eomprises a fementation broth that has been 
diluted with another liquid. In another embodiment, an 
active substanee eomprises a fementation broth that has 
been eoneentrated, such as by removal of water. In another 
embodiment, an active substanee eomprises a fementation 
broth that has been purified to increase the content of active 

substance. In one embodiment, a fementation broth 
enriched in lysine may be produced by incubating a bacte­
rium, such as a strain belonging to the germs Corynebacte- 
rium, in the presenee of nutrients and substrates sueh as 
dextrose or molasses.

[0035] In another embodiment, the lipid may be eontaeted 
with an active substanee that is liquid. Oil from any step in 
proeessing may be eontaeted with a solution having an 
active substance. In one embodiment, a water solution of 
amino acids, peptide, protein and/or other active substanee 
is prepared by dissolving the active substance in water or a 
buffer. The lipid is washed or contacted with the solution of 
active substance. After a period of incubation, the water 
phase is removed by suitable means, such as centrifugation, 
or settling and decantation of oil. In another embodiment, 
the solution of active substance may be used to supplement 
or replace the water phase used in degumming or alkali 
refining steps of oil refining. In another embodiment, oil 
may be treated by eontaeting or washing with a water 
solution containing an active substance, such as a fermen­
tation broth. In another embodiment, the fermentation broth 
containing an active substance may be used to supplement or 
replace the water phase used in degumming or alkali refining 
steps of oil refining.

[0036] In another embodiment, the lipid may be eontaeted 
with a gaseous compound. In one embodiment, a gaseous 
active substance is bubbled through a lipid. In another 
embodiment, lipid in eontaet with a headspace of gas is 
subjected to intimate mixing, sueh as by use of a wand 
mixer, application of ultrasound, vigorous stirring, or pas­
sage of lipid and gas through a loop reactor. After mixing, 
active gas may be removed by known methods including but 
not limited to application of vacuum, washing with water, 
bubbling gas through the lipid and sparging steam through 
the lipid, or any combination of the above.

[0037] After treatment of lipid by one of the embodiments 
deseribed herein, the lipid ean be further processed, sueh as 
by hydrogenation, and/or used as a food oil. Oils are present 
in a wide variety of foods in their liquid, partially hardened 
and hardened states. In one embodiment, the oil may be 
subjeeted to partial hydrogenation to obtain a partially 
hydrogenated or partially hardened oil. In another embodi­
ment, the oil may be fully hydrogenated to obtain a fully 
hydrogenated or ftilly hardened oil. In another embodiment, 
lipid treated by the present diselosure may be subjeeted to 
interesterification, transesterification, or hydrolysis. In 
another embodiment, oil treated by the present diselosure is 
useful as a frying medium. In one embodiment, oil, includ­
ing but not limited to, corn oil, treated by the present 
diselosure may be used to fry food, such as potatoes. In 
another embodiment, eottonseed oil treated by the present 
diselosure may be used to fiy food. Alternatively, oils treated 
by the proeess of the present diselosure may be ineorporated 
into baked goods, frozen foods, and other applications 
known to those of ordinary skill in the art.

[0038] Com oil and cottonseed oil are attraetive oils due to 
their stability and flavor properties. Oilseeds sueh as com, 
cottonseed and soy are typieally harvested at the end of a 
growing season, and part of the erop is stored before 
proeessing to make oil. Often, oil produced from "〇Id crop" 
seed, whieh may have been stored for 8 months or more 
before proeessing to extract oil, has a higher AV than oil 
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produced from "new crop" seed. Cottonseed oil (prime 
bleaehable summer yellow, PBSY) is one oil that may 
exhibit this eharaeteristie, so that oil processed from older 
seeds has an undesirable high AV. Alternatively, oil may be 
proeessed and stored before sale or use. During storage, the 
AV of finished oil may rise. In either case, a simple, 
eost-effeetive process for reducing AV is highly desirable to 
provide oil of sufficient quality.

[0039] Oil is marketed on the basis of several specifica­
tions. Some users of oil require that the oil the purehase must 
be below a certain anisidine value to allow them to manu­
facture products of adequate quality. A process whieh 
reduees the anisidine value of oil having a high anisidine 
value, sueh as oil produced from aged seed, or oil that has 
been stored, would benefit both producers and users of oil. 
In one embodiment, oil having a high anisidine value 
beeause it is made from seed whieh had aged several months 
after harvest is treated to reduce the anisidine value, and 
marketed by the supplier as having a reduced anisidine value 
as compared to untreated oil.

[0040] Oil is widely used as a fiying medium in the 
produetion of a broad variety of food. In most cases, the 
anisidine value of the oil increases after a period of use in 
frying. The used frying oil may be passed through a conduit 
into a container holding a purification medium, sueh as a bed 
of diatomaceous earth, to remove solid impurities in the oil, 
and returned to the fryer for continued use through a conduit. 
A method for reducing the anisidine value would provide a 
greater benefit. In one embodiment, an active substanee is 
packed into a column, and the eolumn is fitted into the 
eonduit. Fryer oil that has been passed through the eontainer 
holding a purification medium is passed through the eolumn 
of active substance to provide a treated oil having a reduced 
anisidine value as compared to used fryer oil. In another 
embodiment used frying oil is passed through a column of 
active substance to provide an oil having a reduced anisidine 
value as compared to untreated used frying oil.

[0041] The invention is further explained by use of the 
following illustrative examples.

EXAMPLE 1
[0042] In one embodiment, fresh refined, bleaehed, 
deodorized (RBD) soy oil (ADM, Decatur West refinery, 
Decatur, Ill., USA) was heated to 260° C. under vacuum (25 
inches) for 30 minutes and the anisidine value was deter­
mined by AOCS method Cd 18-9〇. The peroxide value (PV) 
deereased during heating and was accompanied by a large 
inerease in anisidine value (AV). This is due to the break­
down of primary oxidation products (peroxides) into sec­
ondary oxidation products such as the secondary oxidation 
products which can be determined by AOCS method Cd 
18-9〇. A description of that well known method may be 
found for example, in "Official Methods and Recommended 
Praetiees of the AOCS", Fifth Edition, Second Printing 
(2004) American Oil Chemists' Society, Champaign, Ill., 
which is incorporated herein by reference.

TABLE 1

Time (min) AV

〇 1.92
5 5.82

TABEE f-continued

Time (min) AV

15 7.92
30 9.79

EXAMPLE 2

[0043] In another embodiment, slightly oxidized soy oil 
(200 grams) having an Anisidine Value (AV) of 2.34 was 
treated with 2.5 wt % (5 grams) sodium borohydride 
(NaBHQ at 70° C. in a batch reactor for 80 minutes and the 
anisidine value was determined substantially as described in 
example 1. The AV of the treated oil decreased to 1.71; thus, 
the AV was reduced by 27% as compared to the slightly 
oxidized soy oil by this treatment.

EXAMPLE 3

[0044] In yet an additional embodiment, refined, bleaehed 
(RB) soy oil (ADM, Decatur West refinery, Decatur, Ill., 
USA) was stirred with active substances (i.e., alumina beads 
and ion exchange resin) for 60 minutes and the anisidine 
value was determined substantially as described in example 
1. Alumina beads (Selexsorb CD) were obtained from Alcoa 
Industrial Chemicals, Pittsburgh, Pa. Ion exchange resin 
(5%, Relite RAD/F) was from Mitsubishi Chemical Com­
pany, White Plains, N.Y.

TABLE 2

Temperature Initial AV Final AV

Sodium methoxide (0.5 wt %) 70° C. 1.55 1.29
Selexsorb alumina beads (5 wt %) 50° C. 1.53 1.17
Relite RAD/F (5 wt %) 70° C. 1.38 0.11

[0045] As indicated by the numbers in Table 2, sodium 
methoxide, alumina, and Relite RAD/F ion exchange resin 
were each eflective at reducing the AV of RB soy oil as 
compared to untreated oil, the latter to less than 10% of the 
original value.

EXAMPLE 4

[0046] In another non-limiting embodiment, RBD soy oil 
(ADM, Decatur West refinery, Decatur, Ill., USA) was 
stirred with 5% Duolite A7 (an amine-based ion exchange 
resin from Rohm and Haas, Pittsburgh, Pa.) resin at 50° C. 
for 80 minutes and the anisidine value was determined 
substantially as described in example 1. After 80 minutes of 
stirring, the AV had been redueed by 20% as compared to 
untreated oil as indicated in Table 3.

TABLE 3

Time (min) AV

〇 2.26
10 2.06
20 2.1
40 1.9
80 1.8
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EXAMPLE 5

[0047] In yet a further embodiment, RBD eottonseed oil 
(ADM, Memphis, Term., USA) was stirred with an amine- 
hased ion exchange resin (WA21J from Mitsubishi Chemical 
Company, White Plains, N.Y.) at 70° C. for 120 minutes and 
the anisidine value was determined substantially as 
described in example 1. After 120 minutes of stirring, the AV 
was reduced by 27% as compared to untreated oil as 
indicated in Table 4.

TABLE 4

Time (min) AV

〇 13.6
20 12.8
60 10.95

120 9.98

EXAMPLE 6

[0048] In a ftirther embodiment, eottonseed oil (prime 
bleaehable summer yellow (PBSY) or RBD) from different 
lots was stirred with aetive substances listed in Table 5 at the 
temperatures indieated in the table and the anisidine value 
was determined substantially as described in example 1. 
Solid active substances were added to the oil and stirred for 
20 minutes. Where vaeuum is indicated, the vaeuum applied 
was a 29-inch vacuum.

TABLE 5

Treatment

AV

Before After

AV 
Reduction 

(%)

PBSY cottonseed oil

5% magnesium silicate, 60° C.
RBD cottonseed oil

0.97 0.64 34

5% magnesium silicate, 60° C. 12.62 9.69 23
2% magnesium silicate, 11〇° C., vacuum 11.01 9.06 18
5% silica hydrogel, 90° C., vacuum 12.62 10.87 14
5% silica gel, 60° C. 12.62 10.42 17
2% carbon, 110° C., vacuum 11.01 9.31 15

[0049] The AV of PBSY cottonseed oil was reduced by 
34% after treatment with 5% magnesium silicate at 60° C. 
as compared to untreated oil. fhe AV of RBD cottonseed oil 
was reduced with all treatments, by 15-23% as compared to 
untreated oil as indicated in Table 5.

EXAMPLE 7
[0050] In yet an additional embodiment, Duolite A7 resin 
(45 ml) was oven-dried at 70° C. for 12 hr to 15% moisture 
and packed in a jaeketed glass column (1.5 cm diameter, 30 
cm long). RB soy oil (ADM, Decatur West refinery, Decatur, 
Ill., USA) was kept under nitrogen at room temperature and 
passed through the paeked Duolite A7 resin from the top at 
the rate of 45 grams/hour. The eolumn temperature was 
maintained at 70° C. and the anisidine value was determined 
substantially as described in example 1. The AV of the 
untreated oil was 1.0 and did not increase in the RB soy oil 
fed to the eolumn during the experiment.

TABLE 6

Time AV AV reduction (%)

Untreated 1.00 一

Day 1 0.22 78
Day 2 0.49 51
Day 3 0.56 44
Day 4 0.70 30
Day 5 0.75 25
Day 6 0.60 40

[0051] The AV of the oil effluent from the eolumn had 
been redueed by 78% as compared to untreated oil on the 
first day; on subsequent days, significant AV reduction 
continued but in decreasing amounts as indicated in Table 6.

EXAMPLE 8

[0052] In a ftirther embodiment, RB soy oil (ADM, Deca­
tur West refinery, Decatur, Ill., USA) having an anisidine 
value of 2.28 was passed through a column of dried Duolite 
A7 substantially the same as described in example 7, except 
the flow rate was 25 grams/hour, and the anisidine value was 
determined substantially as described in example 1. After 
running the eolumn overnight at 70° C., the AV of oil exiting 
the eolumn was 1.03 (55% AV reduction as compared to 
untreated oil). The eolumn temperature was raised to 85° C., 
the AV of the treated oil exiting the eolumn was 0.88 (61% 
AV reduction as compared to untreated oil).

EXAMPLE 9

[0053] In yet an additional embodiment, RB eottonseed oil 
(ADM, Valdosta, GA) was passed through a column packed 
with dried Duolite A7 resin substantially the same as 
described in example 7, exeept at different temperatures and 
flow rates as listed in Table 7 and the anisidine value was 
determined substantially as described in example 1.

TABLE 7

Temp Oil flow (g/hr) AV AV reduction (%)

Untreated 18.22
70° C. 29.4 6.45 65
70° C. 55.2 5.11 72
70° C. 118.2 10.96 40
Untreated 18.58
85° C. 32.4 6.32 66
85° C. 58.2 6.87 63
85° C. 117.0 10.76 42
Untreated 18.58
40° C. 54.0 9.14 51

[0054] The AV reduetion ranged from 40% to 72% as 
compared to untreated oil. Faster flow rates (shorter reten­
tion time) resulted in smaller reductions in AV at flow rates 
greater than 55 g/hr. AV reduction at a given flow rate 
inereased with temperature as indicated in Table 7.

EXAMPLE 10

[0055] In yet a further embodiment, two lots of RB 
cottonseed oil were treated by passage through a column of 
dried Duolite A7 resin as described in Example 7, with one 
lot at 40° C. and the other lot at 70° C., and the anisidine 
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value was determined substantially as described in example 
1. Eaeh lot of oil was deodorized and the anisidine value was 
determined substantially as described in example 1. RB 
eottonseed oil was deodorized after passage through the 
eolunm of Duolite A7 resin by taking up the treated oil in a 
vessel. The vessel was fitted with a sparge tube, one opening 
of which was helow the top of the oil level. The other 
opening of the sparge tube was connected to a vessel 
eontaining deionized water. The sparge tube was set to 
provide a total content of sparge steam of 3% by weight of 
oil throughout the deodorization process. The vessel was 
also fitted with a condenser through an insulated adapter. A 
vacuum line was fitted to the condenser, with a cold trap 
located between the condenser and the vaeuum source. 
Vaeuum (Max. 1 torr) was applied and the oil was heated to 
240° C. at a rate of 10° C./minute. This temperature was held 
for 30 minutes. A heat lamp was applied to the vessel 
eontaining deionized water to generate steam; the vaeuum 
drew the steam through the sparge tube into the hot oil, 
providing sparge steam. After 30 minutes the vessel was 
removed from the heat source. After the oil had cooled to 
below 100° C., the vaeuum was broken with nitrogen gas.

TABLE 8

Column
Temperature

Anisidine Value

Before 
deodorization

After 
deodorization

No column 18.62 9.67
Column at 40° C. 11.14 7.39
Column at 70° C. 8.28 5.94

[0056] Although the deodorizer treatment was eflective at 
reducing 4N, the eombination of treatment with Duolite A7 
resin and deodorization was more effeetive than either 
treatment as indicated in Table 8.

EXAMPLE 11

[0057] In yet an additional embodiment, RBD eottonseed 
oil (ADM, Memphis, TN) having an anisidine value of AV 
12.94 (with citric acid (30 ppm) added as antioxidant) was 
fed at 0.98 g/min to a column of dried Duolite A7 resin at 
70° C. substantially as described in example 7 and the 
anisidine value was determined substantially as described in 
example 1. The AV of treated oil was reduced to 9.2 (29% 
reduction in AV as compared to untreated oil).

EXAMPLE 12

[0058] In another embodiment, RBD eottonseed oil was 
passed through a column of dried Duolite A7 substantially as 
described in example 7 except the eolunm temperature was 
85° C., and the anisidine value was determined substantially 
as described in example 1; a reduction in AV of 46% at 85° 
C. as compared to untreated oil was obtained.

EXAMPLE 13

[0059] In a further embodiment, RBD eottonseed oil 
(ADM, Memphis, Tenn.) having an anisidine value of 12.94 
was passed through a jacketed glass eolunm (1.5 cm diam- 
eterx30 cm height) containing 16 grams of dried Duolite A7 
resin (resin volume, 47 ml) at 0.91-0.98 grams/minute as 
described in Example 7 and the anisidine value was deter­

mined substantially as described in example 1. The eolunm 
temperature was maintained at 70° C. by passing warm 
water through the jaeket. After passage through the resin 
bed, the AV of the RBD eottonseed oil was 9.20 (29% 
reduction). RB cottonseed oil (ADM, Valdosta, Ga.) having 
an anisidine value of 17.98 was passed through the eolunm 
for several hours to flush the RBD oil and the anisidine value 
of the RB eottonseed oil was determined substantially as 
described in example 1 after several hours of flushing. After 
passage through the resin bed, the AV of the RB eottonseed 
oil was 6.56 (65% AV reduction as compared to untreated 
oil). The Duolite A7 resin was then subjeeted to a regen­
eration procedure. The resin was first washed with 150 ml 
(3xbed volume) ethanol. A 3% solution (wt/vol) of potas­
sium hydroxide in ethanol was passed through the eolunm 
for 52 minutes, at which point the pH of the eluted solution 
was 12-13. Subsequently, 700 ml of an ethanol/water solu­
tion (80% ethanol, 20% water) was passed through the 
eolunm. The pH of the eluted solution was greater than 12. 
The resin was removed from the eolunm and washed with 
several washes of deionized water totaling 1500 ml, after 
which the pH of liquid held in contact with the resin was 7. 
Subsequently, the resin was rinsed with acetone and air­
dried, then paeked into a column to form a dried regenerated 
resin bed. RBD eottonseed oil (ADM, Memphis, Term.) 
having an anisidine value of 12.45 was passed through the 
dried regenerated resin bed and the anisidine value was 
determined substantially as described in example 1. After 
passage through the resin bed, the AV of the RBD eottonseed 
oil was 8.48 (32% reduction in AV as compared to untreated 
oil). Subsequently, RB eottonseed oil (ADM, Valdosta, Ga.) 
having an anisidine value of 22.81 was passed through the 
eolunm for several hours to flush the RBD oil and the 
anisidine value was determined substantially as described in 
example 1 after several hours of flushing. After passage 
through the resin bed, the AV of the RB eottonseed oil was 
12.22 (46% reduction in AV as compared to untreated oil).

EXAMPLE 14

[0060] In yet a further embodiment, a Mitsubishi WA21J 
resin was oven-dried for 12 hr at 70° C. to a moisture eontent 
of 43%. Dried resin (45 ml volume) was packed in ajaeketed 
glass eolunm (1.5 cm diameter, 30 cm long) maintained at 
70° C. RBD cottonseed oil having an anisidine value of 
10.78 was fed at 25 g/hr through the eolunm from the top 
and the anisidine value of oil exiting the eolunm was 
determined substantially as described in example 1.

TABLE 9

AV AV reduction (%)

Day 1 10.45 3
Day 2 10.18 6
Day 3 9.08 16

[0061] Reduetion of AV was observed as compared to 
untreated oil as indicated in Table 9.

EXAMPLE 15

[0062] In another embodiment, eorn oil miscella was 
prepared by mixing eom oil obtained by pressing with 
hexane -extraeted oil (both from ADM, Decatur West refin­
ery, Decatur, Ill., USA) to form a corn oil miscella com­
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prising 30% hexane and 70% corn oil. ihis miscella was 
passed through a column (2.5 cm diameter by 30 cm high) 
packed with 35 grams of dried RAD/F (formerly EXC04) 
resin (Mitsubishi) at room temperature and at 69 grams/ 
hour, and the total amount of oil treated per gram of resin 
was determined. The anisidine value was determined sub­
stantially as described in example 1.

TABLE 10

Hour
Anisidine 

value
Oil treated/ 

g resin (grams)

Initial value 3.63 一

24 1.93 21.6
48 2.62 43.2
72 2.76 6수 8
96 3.82 86.4

[0063] At 96 hours, the RAD/F resin was no longer 
eflective at reducing the AV of OR corn oil. Each gram of 
resin could reduce the AV of at least 64.8 grams of OR corn 
oil as indicated in Table 10.

EXAMPLE 16
[0064] In one embodiment, eom oil miscella was prepared 
by mixing com oil obtained by pressing with hexane -ex- 
traeted oil (both from ADM, Decatur West refinery, Decatur, 
Ill., USA) to form a corn oil miscella comprising 30% 
hexane and 70% corn oil. Miscella was heated to 49° C. and 
the free fatty acid level was determined. Phosphorie aeid 
(85%) was added during shear mixing to a level of 285 ppm. 
Then, a quantity of 11% NaOH (also known as caustic) 
solution equal to a 0.2% excess of the free fatty acids was 
added with shear mixing (caustic dosage=((0.142xacid%+ 
0.2)100)/11) and the miscella was stirred for 40 minutes at 
49° C. Miscella refining was completed by eentrifuging the 
miseella and removal of solvent under vacuum on a rotary 
evaporator to produce miscella-refined oil and the anisidine 
value was determined substantially as described in example 
1. Miseella-refined oil was bleached with 1.5% Perform 
5000 activated bleaehing clay for 5 minutes at 70° C. and 20 
minutes at 110° C. substantially as described in Example 23 
and the anisidine value was determined substantially as 
described in example 1. Refined, bleached oil was deodor­
ized substantially as described in example 10 and the 
anisidine value was determined substantially as described in 
example 1. Alternatively, miscella refined oil was bleached 
in the same way except with the addition of 1% KBG carbon 
and the anisidine value was determined substantially as 
described in example 1. This oil was deodorized substan­
tially as described in example 10 and the anisidine value was 
determined substantially as described in example 1.

TABLE 11

After reftiiing
After 

bleaching
After 

deodorizing

Miscella refined 8.29 5.95 4.34
Miscella refined and bleached 7.02 5.55 3.29
with 1% carbon added

[0065] Treatment of miscella-refined oil with carbon was 
eflective at reducing AV afler bleaching and deodorizing as 
compared to untreated oil as indicated in Table 11.

EXAMPLE 17

[0066] In another embodiment, hexane was added to OR 
corn oil having an AV of 12.87 to yield miseella, and refined 
substantially as described in Example 16. The miseella 
refining was completed by eentrifuging the miseella and 
removal of solvent under vacuum on a rotary evaporator 
substantially as described in Example 16 and the anisidine 
value was determined substantially as described in example 
1. After reftning, instead of being bleaehed, the miseella 
refined eorn oil was passed through a column of RAD/F 
substantially as described in example 15 and the anisidine 
value was determined substantially as described in example 
1. Treated oil was deodorized substantially as described in 
example 10 and the anisidine value was determined sub­
stantially as described in example 1.

TABLE 12

Crude oil
After 

reftiiing
After RAD/F 

treatment
After 

deodorizing

Miscella reftned 12.87 7.42 3.16 1.99

[0067] Treatment with RAD/F was effective at reducing 
AV when used instead of a bleaching step; the AV after 
deodorizing was very low as compared to untreated oil as 
indicated in Table 12.

EXAMPLE 18

[0068] In yet an additional embodiment, RB soy oil 
(ADM, Decatur West refinery, Decatur, Ill., USA) with 200 
ppm TBHQ antioxidant added was passed through a column 
(15 mm diameter, 15 cm height) of silica gel (Davisil grade 
636, Aldrich Chemical Co., 12g, bed height 13 em) on four 
successive days and the anisidine value was determined 
substantially as described in example 1.

TABLE 13

Run #
Feed 
AV

AV of oil after passing 
through silica gel

AV Reduction
(%)

1 1.68 1.68 〇

2 1.8 1.66 8
3 1.8 1.7 6
4 1.46 1.46 〇

[0069] The siliea gel efleeted a slight reduction of AV in 2 
cases as compared to untreated oil, but no reduction of AV 
in two cases as indicated in Table 13.

EXAMPLE 19

[0070] In another embodiment, free base lysine was pur­
chased from Sigma Chemical and coated onto granular clay. 
To coat lysine onto granular clay, lysine was dissolved in 
deionized water at 50° C. before adding granular clay 
(Agsorb 30/60 LVM-GA, OIL-DRI, Chicago, Ill.) to the 
solution. The granular clay and lysine solution were mixed 
for 15 minutes before the liquid was separated from the 
siliea gel by filtering through a medium grade filter paper 
under reduced pressure to provide a wet lysine-eoated 
granular clay. The reeovered wet lysine-eoated granular clay 
was dried in a 70° C. oven overnight. Lysine-eoated granular 
clay was packed in a column (1.5 cm diameter, 30 cm height. 
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[0075] The feed grade liquid lysine eoated on silica gel 
(broth-immobilized support) was very effective at reducing 
the AV of RB soy oil as indicated in Table 16.

EXAMPLE 22

[0076] In yet another embodiment, a colunm of dried 
lysine-eoated silica gel was prepared as described in 
Example 2〇. The column was held at 70° C. and diacylg­
lycerol (Enova oil, ADM/Kao, Decatur, Ill., USA) was 
passed through this column at 38 g/hour and the anisidine 
value was determined substantially as described in example
1.

TABLE 17

AV PV

Before After
Rednction

(%) Before After
Rednction

(%)

Day 1 5.04 0.56 89 6.0 3.2 47
Day 2 6.33 0.77 88 6.가 가 4 31

[0077] The anisidine value of diacylglycerol oil was 
reduced by greater than 85% by treatment with the active 
substance as indicated in Table 17. Greater than 30% reduc­
tion in peroxide value was also obtained.

EXAMPLE 23

[0078] In another embodiment, two forms of cottonseed 
oil (prime bleaehable summer yellow (PBSY) and refined 
and bleached (RB)) were tested in several combinations of 
AV reduction, bleaching and deodorizing. For AV reduction, 
immobilized lysine (lysine-eoated siliea gel, lysine-eoated 
adsorbent, 20% lysine on silica) was prepared substantially 
as described in Example 2〇. Eaeh cottonseed oil was treated 
by passing through a 70° C. column packed with 14.1 grams 
of immobilized lysine substantially as described in Example 
20 except the flow rate was 45 grams/hour, and the anisidine 

from ADM Bioproducts, Decatur Ill., USA). Liquid L- 
lysine (28 g) was diluted with water to a total volume of 140 
ml. Davisil silica gel (200 g) was coated with the 140 ml of 
lysine-water solution by using a fluid bed spray dryer 
(Aeromatic AG, Bubendorf, Switzerland). The liquid was 
sprayed at 40° C., and drying was done at 70° C. The 
resulting adsorbent (lysine-eoated siliea, broth-immobilized 
support, 15 g) was packed into a column (1.5 cmxl5 cm). 
RB soy oil (ADM, Decatur West Refinery, Decatur, Ill., 
USA) with 200 ppm TBHQ added was passed through the 
column as described in Example 20 except the flow rate was 
41 g/hr over flve days and the anisidine value was deter­
mined substantially as described in example 1.

TABLE 16

AV

Before After Reduction (%)

[0073] Lysine-eoated siliea was very effective at reducing 
the AV of RB soy oil as compared to untreated oil, and 
remained efleetive for at least nine days as indicated in Table 
15.

EXAMPLE 21

[0074] In an embodiment, feed-grade liquid purified fer­
mentation broth, (ADM Liquid L-Lysine 50%) was obtained

[0071] Lysine-eoated granular clay was efleetive at reduc­
ing the AV of RB soy oil as compared to untreated oil as 
indicated in Table 14. In addition, was effective at reducing 
the peroxide value of RB soy oil.

EXAMPLE 20

[0072] In an additional embodiment, free base lysine was 
purchased from Sigma Chemical and coated onto silica gel. 
To coat lysine onto silica, lysine was dissolved in deionized 
water at 50° C. before adding silica gel (Davisil grade 636 
from Aldrich Chemical). The silica gel and lysine solution 
were mixed for 15 minutes before the liquid was separated 
from the siliea gel by filtering through a medium grade filter 
paper under reduced pressure. The reeovered wet lysine- 
eoated siliea gel was dried in a 70° C. oven overnight to 
provide dried lysine-eoated siliea gel. Dried lysine-eoated 
siliea gel (12 grams, 13 cm bed height) was packed in a 
column and used for AV reduction of RB soy oil (ADM, 
Decatur West refinery, Decatur, Ill., USA). The eolumn and 
feed oil were maintained at 70° C. Feed oil contained 200 
ppm TBHQ and was kept in a closed container blanketed 
with nitrogen. Oil flow was kept eonstant at 41 g/hr and the 
anisidine value was determined substantially as described in 
example 1.

TABLE 15

AV

Before After Reduction (%)

13 cm bed height) and used for AV reduction with RB soy 
oil (ADM, Decatur West refinery, Decatur, IL, USA) con­
taining 200 ppm TBHQ. The column and feed oil was 
maintained at 70° C. Feed oil was kept in a closed container 
blanketed with nitrogen. Oil flow was kept eonstant at 41 
g/hr and the anisidine value was determined substantially as 
described in example 1. The results are shown in Table 14.

TABLE 14

AV  PV

Reduction Reduction
Before After (%) Before After (%) 
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value was determined substantially as described in example 
1. Treated eottonseed oil was bleached by taking up oil in a 
vessel. The oil was heated while being agitated with a paddle 
stirrer at 400-500 rpm. After 나le oil had reached 70° C., 
2.5% (by weight) aetivated bleaching elay (OilDri Perform 
5000) was added and agitation was continued for at 70° C. 
for 5 minutes. Vaeuum (max. 5 torr) was applied and the 
mixture was heated to 110° C. at rate of 2-5° C./min. After 
reaching 110° C., stirring and vacuum were continued for 20 
minutes. At the end of that time, agitation was discontinued, 
and the heat source was removed. After allowing the aeti­
vated bleaehing clay to settle for 5 minutes, the oil tempera­
ture had cooled to less than 100° C. Vacuum was released 
and a sample of oil was vacuum filtered using Buchner 
funnel and Whatman #2 filter paper and the anisidine value 
was determined substantially as described in example 1. 
After bleaching, cottonseed oil was deodorized as described 
in Example 10 and the anisidine value was determined 
substantially as described in example 1.

TABLE 18

RB Cottonseed oil

1 Untreated 13.11
2 Treated with lysine* 4.21
3 Deodorized Control 7.19
사 Preated with lysine* and deodorized 3.96

RB Cottonseed oil (second test)

5 Untreated 19.69
6 Treated with lysine* 6.55
7 Deodorized control 9.5가

8 Treated with lysine* and deodorized 5.5가 

*In this table, “lysine" Indicates Immobilized lysine prepared as described.

[0079] The anisidine value of RB cottonseed oil was 
greatly reduced as compared to the untreated oil by treating 
with immobilized lysine. Although deodorization reduced 
the anisidine value of untreated oil from 13.11 to 7.19, the 
anisidine value of oil treated with immobilized lysine was 
even lower after deodorization as indicated in Table 18.

[0080] The oxidative stability of RB cottonseed oil (sec­
ond test) was measured as the Oxidative Stability Index 
aeeording to AOCS method Cd 12b-92. A description of that 
well known method may be found for example, in "Official 
Methods and Recommended Praetiees of the AOCS", Fifth 
Edition, Second Printing (2004) American Oil Chemists' 
Society, Champaign, Ill., which is incorporated herein by 
reference. In this method, longer OSI times indieate oils that 
are more resistant to oxidation and thus more stable oils.

TABLE 19

RB Cottonseed oil (second test) OSI (hours)

11 Control 5.95
12 Treated with lysine 6.37
13 Deodorized control 5.28
1 유 Preated with lysine and deodorized 6.03

[0081] Treating RB cottonseed oil with lysine provided 
oils having longer OSI times as compared to untreated oil 
both before and after deodorization, as indicated in Table 19.

EXAMPLE 24

[0082] In a ftirther embodiment, two grades of com oil 
(once refined (OR), and refined, bleached (RB); ADM, 
Decatur West refinery, Decatur, Ill., USA) were passed 
through a 70° C. column packed with immobilized lysine 
(14.1 grams, 20% on silica, prepared as described in 
Example 20) at the rate of 45 grams/hour and the anisidine 
value was determined substantially as described in example 
1. Bleaehing and deodorizing of com oil was carried out as 
described in example 22 except that 1.5% clay (OlL-DRl 
Perform 5000, Chicago, Ill.) was used in bleaching and the 
oil temperature in deodorization was 250° C., and the 
anisidine value was determined substantially as described in 
example 1.

TABLE 20

Anisidine
Slue

Once refined (OR)com oil

1 Control 가.80
2 Treated with immobilized lysine 1.86
3 Treated with immobilized lysine and bleached 3.2가

사 Preated with immobilized lysine and deodorized 1.82
5 Treated with immobilized lysine, bleached, and 242

deodorized
Refined, bleached (RB) com oil

6 Control 5.3가

7 Treated with immobilized lysine 2.11
8 Deodorized (no immobilized lysine treatment) 2.88
9 Treated with immobilized lysine and deodorized 14가

[0083] Treatment of OR eom oil with immohilized lysine 
not only reduced the AV of OR corn oil as compared to 
untreated oil, but the low AV was maintained through the 
bleaehing or deodorizing, or the eomhination of both as 
indicated in Table 2〇. The treatment of RB com oil produced 
a similar large decrease in A\* which exceeded the decrease 
obtained by deodorization only. The last two rows of Table 
20 show that the eomhination of deodorization and lysine 
treatment was especially eflective in reducing AV of RB 
corn oil; the AV of RB com oil that was treated with the 
supported lysine eolumn and deodorized is half that of RB 
com oil that was simply deodorized.

EXAMPLE 25

[0084] In one embodiment, the anisidine value of used 
fiying oil was reduced by passage through lysine-coated 
siliea gel. The lysine-eoated silica gel was prepared as 
described in example 20 and 12g was packed in a 1.5-cm 
dial. column (13 cm bed height). The column was main­
tained at 70° C. Used eanola fiying oil, which had been used 
for fiying potato cubes and having an anisidine value of 51.0 
was fed to the eolumn at 45 g/hr. A sample of treated oil was 
taken after overnight run and the anisidine value was deter­
mined substantially as described in example 1. The anisidine 
value had been redueed to 39.9 as compared to untreated oil.

EXAMPLE 26

[0085] In yet another embodiment, lysine-eoated siliea gel 
prepared as described in Example 20 was used for 29 days 
to treat 26,560 g of RB soy oil and the anisidine value was 
determined substantially as described in example 1. After 29 
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days the effectiveness of redueing AV had diminished and 
the lysine-eoated silica gel was judged to be spent. Regen­
eration of lysine-coated siliea gel was carried out by heating 
the spent material overnight at 600° C. overnight in a muffle 
furnaee before eoating it with lysine as described in 
Example 2〇. RB soy oil (ADM, Decatur West refinery, 
Decatur, Ill., USA) with 200 ppm TBHQ added was passed 
through the lysine-coated siliea gel (70° C.) at 40 g/hour and 
the anisidine value was determined substantially as 
described in example 1. The results are shown in Table 21.

TABLE 21

AV PV

Before After
Reduction

(%) Before After
Reduction

(%)

Day 1 0.91 0.15 84 1.8 0.4 75
Day 2 0.90 0.05 94 1.8 0.9 52
Day 3 0.83 0.17 80 1.2 0.7 38
Day 4 0.90 0.13 86 1.6 1.6 1.3
Day 5 0.92 0.41 55 1.4 0.7 50

[0086] Regeneration of the lysine-eoated siliea gel pro- 
dueed an active substanee which was very eflective at 
reducing anisidine value as indicated in Table 21. Peroxide 
value was also decreased by this treatment.

EXAMPLE 27

[0087] In a further embodiment free base lysine-eoated 
siliea gel prepared substantially as described in example 20 
(14.1 g) was packed in a column as described in example 2〇. 

RB cottonseed oil (ADM, Memphis Term.) eontaining 
TBHQ (200 ppm) was passed through the eolumn as 
described in Example 20 at 45 g/hour and the anisidine value 
was determined substantially as described in example 1. The 
results are given in Table 22.

TABLE 22

Day
Anisidine

Slue

Untreated 16.02
1 7.54
2 7.07
3 6.61

Untreated 15.70
4 6.67
5 7.26
6 8.04
7 8.37

Untreated 15.84
9 8.04

11 9.08
Untreated 15.92

13 9.34
15 9.72
17 10.46
18 11.84
19 12.01

[0088] The AV was initially reduced by 59% as compared 
to untreated oil; the half-life of the lysine-eoated siliea gel 
was defined as the amount of oil required to reach a level of 
AV reduction that was half the initial reduction as indicated 
in Table 22. Thus, the anisidine value at the half-life was 
calculated to be:

Initial reduced AV+half the difference between the initial AV 
and the initial reduced AV, or:

6.61+0.5(16.02-6.61)=11.32.

Thus, the efleetive dosage of immobilized lysine (=grams 
immobilized lysine/gram of treated oil) was 0.076%. In 
other words, at the first half-life (19 days), the 14.1 grams of 
lysine-eoated siliea gel eolumn had provided anisidine value 
reduetion for 20188 grams of RB cottonseed oil, or 1433 
grams of oil per gram of lysine-eoated siliea gel.

[0089] RB oil and treated oil were sampled on day 4 and 
day 18, deodorized, and the OSI values were determined at 
97.8° C. according to AOCS method Cd 12b-92. The results 
are given in Table 23.

TABLE 23

Treatment Untreated oil Treated oil
(days) OSI (honrs) OSI (hours)

4 11.28 13.09
18 11.63 12.32

[0090] Treatment of oil to reduce AV was accompanied by 
an increase in oxidative stability as compared to untreated 
oil as indicated in Table 23.

EXAMPLE 28

[0091] In an embodiment, liquid lysine (Feed grade liquid 
lysine; ADM Liquid L-Lysine 50%, ADM Bioproduets, 
Deeatur, Ill., USA) was used to reduce the AV of RBD soy 
oil in three treatments. A, B and C. freatment A: RBD soy 
oil (50 ml) was mixed with liquid lysine (10 ml) in a 100-ml 
Erlenmeyer flask and stirred vigorously with a magnetic 
stirrer for 30 min at room temperature. Treatment B: RBD 
soy oil (200 ml) and liquid lysine (40 ml) were brought to 
70° C. and mixed with an overhead stirrer at 350 rpm in a 
1000-mI round bottom flask for 30 minutes. Treatment C: 
RBD soy oil (200 ml) and liquid lysine (40 ml) were brought 
to 70° C. in a 600 ml beaker and mixed for 1 min at 6000 
rpm with a high shear mixer (PowerGen 700, Fisher Scien­
tific, Pittsburgh, Pa.). After the treatments, the oil phases 
were separated, filtered through fast filter paper, and the 
anisidine value was determined substantially as described in 
example 1.

TABLE 24

Treatment AV

Untreated 1.72
A 1.56
B 1.81
C 0.54

[0092] The anisidine value of oil could be reduee by 
simply eontaeting the oil with a solution of liquid lysine, and 
was reduced signifieantly (69%) by treatment C as compared 
to untreated oil as indicated in Table 24.

EXAMPLE 29

[0093] In another embodiment, room temperature RB eot- 
tonseed oil (250 g) from ADM/Memphis having an AV of 
18.7 was placed in a 500-ml round bottom flask stirred by 
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magnetic stirrer. Anhydrous dimethylamine gas (56.6 g, 
Aldrich Chemieal) was huhhled into the oil through a gas 
dispersion tube over 90 minutes. Gas flow was controlled by 
a pressure regulator attached to the dimethylamine eylinder 
and the reaetion flask was closed except a vent for the exeess 
gas. Oil samples (10 ml) for PAV measurement were taken 
after 30, 60, and 90 minutes and the anisidine value was 
determined substantially as described in example 1. The oil 
temperature remained between 24 and 26° C. during the 
reaetion. Before measuring PA\* the oil samples were put 
under vacuum to remove remaining gas from the oil sample.

TABLE 25

Time (min) AV

〇 18.7
30 13.1
60 M.6
90 15.5

[0094] The AV of the oil was reduced from 18.7 to 13.1 by 
30 minutes of treatment with gaseous dimethylamine as 
indicated in Table 25. Further treatment caused an increase 
in the AV.

EXAMPLE 30

[0095] In a further embodiment, untreated and treated 
diacylglycerol oils (Enova, ADM/Kao, Decatur, Ill.) con­
taining antioxidants were tested in three salad dressing 
formulations: creamy Italian dressing, separating Italian 
dressing, and full-fat Ranch dressing. The full-fat Ranch 
dressing was also suitable for use as a dip. Untreated 
diaeylglyeerol oil having an anisidine value of 5.5 was 
treated by passing oil through a column of lysine-coated 
siliea gel at 70° C. at 70 grams/hour to produce a treated 
diaeylglyeerol oil having an anisidine value of 0.6. A soy­
bean oil control was also tested in the salad dressing 
formulations. To the diaeylglyeerol oils was added mixed 
toeopherols (Deeanox MTS 90, Archer Daniels Midland 
Company, Decatur, Ill.) at 500 ppm, green tea extract (90% 
polyphenols minimum, AfZ Natural, North Bergen, N.J.) at 
100 ppm, and 99% ascorbic acid (Sigma Aldrich, St. Louis, 
Mo.) at 400 ppm. The antioxidants were added sequentially 
with stirring, and the oil was heated gently to 60° C. and 
stirred for 20 minutes to ensure dissolution and dispersion of 
antioxidants. During heating, samples were stirred in eov- 
ered eontainers to minimize exposure of the oils to oxygen. 
To remove any residual green tea extract or ascorbic acid 
which did not solubilize into the oil, the oils were then 
filtered through a 60 micron nylon disc filter (NY 60, 
Millipore Corp, Bedford, Mass.) using a Buchner funnel 
equipped with vacuum filtration. Oils were transferred to 3 
gallon buckets and the headspace was purged with nitrogen. 
Oils were allowed to cool to room temperature before 
formulating into salad dressings.

[0096] Salad dressings were made with the following 
ingredients:

TABLE 26

Ingredient (%)
Creamy 
Italian

Separating 
Italian Ranch

Oil 50.000 42.000 40.000
Water 29.971 36.569 37.656
Vinegar (100 grain) 12.500 13.500 5.750
Salt 1.200 1.250 1.700
Xanthan Gnm 0.150 0.120 0.250
Basil 0.050 0.050 0.100
Potassinm Sorbate 0.050 0.050 0.050
EDTA (50% w/v) 0.014 0.014 0.014
High Fmctose Com Symp (ADM 가2) 3.000 5.500
Sodinm Benzoate 0.050 0.050
Celery Flakes 0.025 0.025
Paprika 0.010 0.020
Garlic Powder 0.500 0.450
Onion Powder 0.330 0.650
Egg Yolks 1.800 5.300
Propylene Glycol Alginate (LVF, 0.100
ISP Alginates)
Oregano Powder 0.050
Ground Black Pepper 0.040 0.050
Dried Chives 0.012 0.030
Dried Minced Garlic 0.300
Dried Minced Onion 0.250
Celery Seed 0.050
Red Bell Pepper Flakes, Dehydrated 0.060
Red Pepper, Crushed 0.040
Parsley Flakes 0.020
Liquid Caramel Color (P212, 0.010
Sethness Caramel)
Sugar 3.150
Buttermilk Powder (Land O'Lakes) 1.500
Sour Cream Powder (Kerry Ingredients) 1.000
Clintose CRIO Maltodextrin 0.800
ADM Lactic Acid (88%) 0.450
Modified Food Starch (UltraSperse M, 0.450
National)
Lemon Juice, single strength 0.400
Monosodium Glutamate 0.250

Total (%) 100 100 100

[0097] Creamy Italian dressing proeedure: Blend xanthan 
gum and propylene glyeol alginate (PGA) together in a 
small weigh dish. Add 10 grams of Oil and mix until well 
dispersed. Slowly add the xanthan gum/PGA slurry to water 
under good agitation (high shear mixing) and stir for ten 
minutes or until gnms are eompletely hydrated. Add egg 
yolks, high fhictose com syrup and vinegar, stirring until 
mixed well. Slowly add remaining oil in a steady stream, 
increasing stirring speed to maintain mixing, and blend until 
a uniform coarse emulsion is formed. Combine remaining 
powdered ingredients and spices-add to dressing and stir 
until incorporated. Process dressing using a colloid mill set 
at an appropriate speed and gap. Blend in remaining par­
ticulate spices (celery flakes, basil and Italian seasoning). 
Package.

[0098] Separating Italian dressing procedure: Blend xan­
than gnm with 10 grams of oil and mix until well dispersed. 
Slowly add the xanthan gnm slurry to water under good 
agitation (high shear mixing) and stir for ten minutes or until 
gnm is completely hydrated. Add vinegar, high fructose com 
syrup and caramel color, stirring until mixed well. Dry blend 
the remaining dry ingredients and particulate spices and add 
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to dressing. Mix several minutes until spiees are uniformly 
distributed. Add remaining oil and blend gently for 1 minute. 
Paekage.

[0099] Full-fat Ranch dressing and dip procedure: Dry 
blend xanthan gum with sugar and buttermilk powder. 
Weigh water into a container large enough to contain the 
eompleted dressing. Slowly add the xanthan gum mixture to 
the water under good agitation (high shear mixing) and stir 
for ten minutes or until gum is completely hydrated, inereas- 
ing mixing speed to ensure good mixing. Add modified food 
starch to the slurry. Stir an additional 3-5 minutes. Add egg 
yolks and stir until smooth. Add oil, increasing speed as 
needed to keep mixture moving and create a crude emulsion. 
Dry blend remaining powdered ingredients and add to the 
dressing, blending 1-2 minutes. Add vinegar, lactic acid, 
lemon juice and EDTA and stir well. Process dressing using 
a colloid mill set at the appropriate gap. Add particulate 
spices (basil and chives) and mix well. Package.

[0100] Salad dressings were bottled in 8 ounce PET 
bottles with polyethylene caps (Cole Parmer, Vernon Hills, 
Ill.) and stored under two conditions. Testing under ambient 
eonditions was carried out by storing the bottled dressings at 
20° C. for 12 months. At months 〇, 1, 2, 3, 4, 5, 6, 9, and 
12, one bottle of each dressing was evaluated by tasting.

EXAMPLE 32

[0101] In one embodiment, fermentation broth from the 
eommereial production of lysine is incubated with oil having 
an AV as determined substantially as described in example 
1. After incubation, the AV is redueed by greater than 10% 
as compared to untreated oil.

EXAMPLE 33

[0102] In one embodiment, erude eottonseed oil is sub­
jected to degumming by the addition of 0.1% phosphoric 
acid, followed by the addition of 2.5% water added as a 
wash liquid and the AV as determined substantially as 
described in example 1. The same erude eottonseed oil is 
subjected to substantially the same proeedure, exeept that 
2.5% of liquid lysine (Feed grade liquid lysine; ADM Liquid 
L-Lysine 50%, ADM Bioproduets, Deeatur, Ill., USA) is 
added as a wash liquid and the AV is determined substan­
tially as described in example 1. The AV of crude cottonseed 
oil washed with liquid lysine is redueed as compared to the 
Av of crude cottonseed oil washed with water.

EXAMPLE 34

[0103] In yet an additional embodiment, the oil to be 
treated, treated oil or food product including the treated oil 
may be produeed at a first geographic loeation and trans­
ported or shipped to a second geographic location. For 
instance, a facility at the first geographic location may be 
able to produce a product more eeonomieally than a facility 
at the second location due to various factors. The factors 
may include, inter aha, lower costs of materials (i.e., oil­
seeds themselves, pestieides used for oilseed produetion, 
fertilizers), lower costs of energy (i.e., electricity or gas), 
lower costs of labor (i.e., wages paid to employees), lower 
costs of environmental controls or effects (i.e., a drought 
may be present in one loeation or certain pesticides may be 
highly regulated in one loeation), or any other requirement 
for production. Further, a certain product may be well suited 

for production in the first geographic loeation and desired, 
but not produced well in the second geographic location. As 
a non-limiting example, residents of Alaska may desire 
bananas produced in Central America. Thus, the costs of 
producing the products in the first geographic loeation may 
be less than the eosts of produeing the produets in the seeond 
geographie location resulting in the produetion costs of the 
produet being less in the first geographic loeation.

[0104] In such an instance, the oil to be treated, treated oil, 
or food product including the treated oil may be produeed at 
the first geographic loeation and shipped to the seeond 
geographic location such as by transport over water with 
ships or barges, tmeking, flying, or other means of trans­
portation. The geographie loeation may be a county, a state, 
a country, a continent and/or combinations of any thereof. In 
this manner, the produet may be produeed in a first country, 
and transported and/or sold in a second country.

[0105] The exemplary embodiments deseribed herein are 
not intended to limit the invention or the seope of the 
appended elaims. Various combinations and modifications 
of the embodiments deseribed herein may be made without 
departing from the seope of the present diselosure and all 
modifications are meant to be ineluded within the seope of 
the present diselosnre. For instance, the various embodi­
ments of the oil processing described herein may be used in 
conjunction with other embodiments of the oil processing 
activities described herein. Further, the oil processing activi­
ties described herein may be implemented by retrofitting 
existing oil processing systems and used in conjunction with 
existing oil processing equipment. Thus, while certain 
exemplary embodiments and details have been deseribed for 
purposes of exemplifying the invention, it wifi be apparent 
to those of ordinary skill in the art that various changes to the 
invention described herein may be made in any combination 
without departing from the seope of the present diselosure, 
whieh is defined in the appended elaims.

1. A process for treating a lipid, comprising contacting the 
lipid with a compound that reduces the anisidine value of the 
lipid.

2. (eaneeled)
3. The proeess of claim 1, wherein the compound is 

selected from the group consisting of ion exchange resins, 
sodium methoxide, sodium borohydride, alumina beads, 
magnesium silieate, silica hydrogel, siliea gel, earbon, 
amino acids, peptides, proteins, immobilized amino acids, 
immobilized peptides, immobilized proteins, solutions of 
amino acids, solutions of peptides, solutions of proteins, 
solutions of amines, liquid amines, solutions of fermentation 
broths, trimethylamine gas, triethylamine gas, dimethylethy­
lamine gas, n-nitrosodi-n-propylamine gas, and combina­
tions of any thereof.

4. fhe process of claim 1, wherein the compound com­
prises at least one of an amino acid, a peptide, a protein and 
combinations of any thereof.

5. The proeess of claim 1, wherein the compound is at 
least one of immobilized, dispersed or coated on a support 
material.

〇. fhe process of claim 5, wherein the support material 
comprises at least one member selected from the group 
consisting of activated carbons, natural minerals, clays, 
processed minerals, acid activated clay, granular clay, diato­
mite, kaolin, talc, perlite, silica, alumina, zeolite, starehes, 
molecular sieves, quartz sand, limestone, riee hull ash. 
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porous glass, porous ceramics, celite, porous metallic par­
ticles, porous titanium oxide, porous stainless steel, porous 
alumina, porous silica gel, molecular sieve, carbon, acti­
vated carbon, clay, kaolinite, glass fibers, diatomaceous 
earth, bentonite, hydroxyapatite, ealeium phosphate gel, 
alkylamine derivatives of inorganic carriers, microporous 
Teflon, aliphatic olefinic polymer, polyethylene, polypropy­
lene, a homopolymer of styrene, eopolymer of styrene, 
nylon, polyamides, polyearbonates, fibrous materials, cellu­
lose, mieroerystalline cellulose, nitroeellulose, aeetyleellu- 
lose, hydrophilic polysaeeharides, agarose gel with a hydro- 
phobic group, activated carbon, natural minerals, clay, 
processed minerals, acid- activated clays, diatomite, kaolin, 
and talc.

7. The process of claim 1, wherein the compound com­
prises lysine-eoatod silica gel.

8. The process of claim 1, further comprising regenerating 
the lysine-eoated silica gel for a second use for reducing the 
anisidine value of a lipid.

9. The proeess of claim 1, wherein the compound is an 
anion exchange resin.

10. The process of claim 9, wherein the anion exchange 
resin is selected from the group consisting of Relite RAD/F, 
Duolite A7, and WA21J.

11. The proeess of claim 9, further comprising regener­
ating the ion exchange resin.

12. The process of claim 1, further comprising subjecting 
the lipid to at least one additional processing step selected 
from the group consisting of refining, bleaehing, deodoriz­
ing, winterizing, interesterification, transesterification, 
hydrolysis, and hydrogenating.

13-14. (canceled)
15. The process of claim 1, wherein the lipid is contacted 

with a compound that reduces the anisidine value of the lipid 
in a degumming or refining step of oil processing.

16-21. (canceled)
22. A process for decreasing the content of oxidation 

products in a lipid, comprising;

mixing a solution comprising at least one amino acid with 
a support material to obtain an active substance; and

contacting an oil having a first anisidine value with the 
aetive substance to provide treated oil having a lower 
anisidine value as compared to the lipid not contacted 
with the active substance.

23. The process according to claim 22, wherein the at least 
one amino acid comprises lysine.

24. The proeess aeeording to claim 22, wherein the at least 
one amino acid solution comprises a fermentation broth.

25-27. (canceled)
28. A process for increasing an oxidative stability of a 

lipid, comprising contacting the lipid with at least one of a 
solid, liquid or gas, wherein the at least one of the solid, the 
liquid or the gas comprise a compound that reduces an 
anisidine value of the lipid.

29. The proeess of claim 28, wherein the increased 
oxidative stability comprises an increase in Oxidative Sta­
bility Index.

30-35. (canceled)
36. The process of claim 28, further comprising at least 

one of refining, bleaehing, deodorizing, winterizing, inter- 
esterifying, transesterifying, hydrolyzing, and hydrogenat­
ing the lipid.

37-53. (eaneeled)
54. The proeess of claim 9, further comprising,

reducing a water content of the anion exchange resin, thus 
producing a treated resin; and

contacting a lipid with the treated resin, thus reducing the 
anisidine value of the lipid.

55. The process of claim 22, further comprising at least 
one of refining, bleaehing, deodorizing, winterizing, inter- 
esterifying, transesterifying, hydrolyzing, and hydrogenat­
ing the lipid.
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