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ABSTRACT 

The report is a record of experiments conducted in an investigation 
at the College Park Laboratory as a wartime project to obtain information 
on the development of and the effectiveness of various gallic acid ester 
antioxidants in preventing the development of rancidi~ in fish oils and 
in inhibiting the decomposition of vitamin A ~in fish oils. A number of 
gallic acid ester antioxidants were prepared in the laboratory and tested 
wi th various fish oils. Several of the gallic acid esters served as good. 
antioxidants. The alkyl gallates offered some -protection to shark liver 
oils against the loss of vitamin A ~en the oils were blovm wi th oxygen. 

4 INTRODUCTION 

Considerable losses are suffered yearly in stored fisher,y products through 
deterioration of the oils contained therein. This degradation is manifested in 
the development of a rancid flavor, off odor, and discoloration of these prod
ucts. Rancidity also is associated with the 10s3 of vitamin A of fishery prod
ucts, particularly in liver oils. 

A large number and variety of compounds have been proposed as inhibitors of 
the development of rancidity in fats and oils. Some are particularly effective in 
vegetable oils, while others are more adaptable for use in animal fats. Most of 
these antioxidants have been developed for use in lard, shortenings, oleomargarine 
or other foods which usually contain a high percentage of fat. '!bese gener~ con
tain little if any highly UIlS.aturated fatty acids. Canparatively little work has 
been done on preventing or retarding rancidity in fish oils. These oils contain 
highly unsaturated fatty acids and are subject to serious losses because of rancid
ity. Therefore, an investigation was begun at the Service Laboratory in College 
Park, Maryland, as a wartime project to obtain information on the effectiveness of 
various antioxidants in preventing the developnent of rancidity in fish oils. 

The objects of the experiments were: (1) to develop materials which would 
be effective antioxidants for highly unsaturated <;>il8 and (2) to develop materi
als which would inhibit decomposition of vitamin A in fish oils. 

During the oourse of some earlier investigations conducted by the author 
and associates in another laboratory, it was found that protection was given 
to natural seed oils and to crude vegetable oils by substances of a phenolic 
nature which were related to the tannins. Various concentrates of tannins 
from tea and other sources were found to be quite effective in preventing ran
cidity in these vegetable oils. Later, gallic acid, which had been reported 
suitable by Golumbic and Mattill (1942), was found to be very effective as an 
*Former Cllemist, Fishery Technological Laboratory, Branch of Commercial Fisheries, U. S. 

Fish and Wildlife Service, College Park, Maryland. . 
NOTE: Chronic toxici ~ experiments with some of these antioxidants have been conducted 
at this Laboratory and are reported in the next article in this issue, '7eeding Tests 
Wi th Gallic Acid Ester Antioxidants, 11 pp. 19-20. 



2 COMMERCIAL FISHERIES REVIDl Vol. 12, No.2 

antioxidant but had the disadvantage of being rather insoluble in oil. It was 
f und that 10 percent gallic acid in cottonseed oil, which had been partially 
h~Ogenated as a mixture, had a strong antioxidant effect when added ~n small 
amounts to vegetable or animal oils. It is probable that under conditlons of 
the hydrogenation, a triglyceride was formed with the gallic acid radical ~ntro
duced in place of one or more of the fatty acid radicals. In the present Ln
vestigation, the more promising antioxidants were incorporated into prepara-
tions of similar nature. 

No conclusive evidence of the exact chemical nature of the autoxidation of 
fats and oils is available. It has been shown that rancidity of fats is as so
clated with the formation of an ozone at the ethylenic double bond, or forma
tion of monohydroperoxides, which in turn can and probably do act as catalysts 
to accelerate the production of additional unstable peroxides followed by the 
formation of aldehydes and ketones. 

This is a chain reaction involving the activation of further molecules of 
the aut oxidizable substance with the attendant liberation of energy in excess 
of that necessary to activate the same number of subsequent molecules . That a 
series of reactions induced at an ever-increasing rate takes place has been 
shown by the characteristic curves for rate of peroxide formation in natural 
fats. For fats containing no antioxidants, either natural or otherwise, the 
rate of peroxide formation inunediately begins to increase logari thmi cally . The 
peroxide formation in fats containing antioxidants increases at a constant rate 
until the so-called end of the induction period is reached, at which time the 
antioxidant is largely destroyed. Thereafter, the rate of increase in peroxide 
formation is about the same as for a fat containing no antioxidant . 

The mechanism of inhibition of rancidity is probably as follows: The es
ters of gallic acid and fatty acids combine to form triglycerides which are 
large molecules similar in size to the fatty glycerides themselves . These pro
bably preferentially absorb the great amounts of the activation energy which 
are released and which normally cause the formation of peroxides. With effi
cient antioxidants there should be a constant slow rate of oxidation which is 
indicated by a straight-line relationship of peroxide formation with time. 

Synthetic fatty triglycerides have been prepared successfully by direct 
esterification of fatty acids and glycerol. This method was used in these 
studies. Dry carbon dioxide was used as a catalyst for the reaction and to re
move the water formed during esterification. 

The glycer~de gallate antioxidants are thick, viscous liquids. In making 
them, however, It is very possible that a small quantity of pyrogallol , or an 
ester o~ Pyro?allol is formed during the synthesis. This was indicated by a 
brown tlnt which formed when they were treated with ferric chloride as well 
as the blue-bla~k color which developed with the gallates. The pre~ence of 
the small quantlty of substances containing pyrogallol was discovered late in 
the progress of this work. Pyrogallol probably has no toxic properties in 
the amounts present since no adverse effects were noted in rats fed the anti
oxidants in levels apprOximating five times the quantity used in oils as anti
oxidants. These chronic toxicity tests were then in progress for more than a 
year. 

Chemically these gallic acid esters are similar to fatty acid modified 
~ky~ res~ns. Substances of this nature are not crystallizable and do not 
dist~l Wlth?ut de~omposition even under high vacuum. They are therefore 
practlcally ~posslble to separate in pure form. It was reco~zed that ' 
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there was & good possibility that migration of the hydroxyl groups might occur, 
and that the esterification reaction as indicated by formula would not be com
plete. There was also the possibility of cross polymerization and esterifica
tion of fatty acids with gallic acid hydroxyl groups. The characteristic blue
black color formed by the gallic acid radical with ferric chloride was depended 
upon as an analytical index to reveal the presence of this group. The insolu
bility of free gallic acid in oil and the values of the acid numbers found were 
used as an indication of the completeness of esterification. 

3 

The direct esterification procedure was used as it is a comparatively simple 
technique and could be carried out with equipment generally aVailable, such as in 
a varnish kettle. These types of esters probably could be produced with fewer 
side reactions by esterifying triacetyl gallic acid or 4~ethyl gallo-etheric 
acid with mono- and di-glycerides of fatty acids, followed by reestablishment of 
the gallic hydroxyl groups through hydrogenation or reduction with zinc and acid. 
The shorter and more direct method of production was chosen because any materials 
produced would have to be tested for chronic toxicity regardless of their com
position. If no toxicity is indicated, it is the preferred method. 

In the tests reported herein, all of those materials which contain gallic 
acid or its esters were added to the substrates in amounts equivalent to 0.1 
percent of gallic acid radical. The other materials tested for comparative pur
poses were added at the O.l-percent level unless otherwise stated. 

During the course of oxidation of various deodorized fish oil substrates 
using a modified Swift test (King et al, 1933), it was found under the con
ditions of testing that the oils uniformly became rancid to taste at a peroxide 
value (p.v.) of about 20 millimoles per kilogram of oil. This peroxide value, 
therefore, has been taken as the value for comparison in calculating the pro
tective factor for any particular antioxidant. The protective factor equals the 
time to reach p.v. 20 for the treated oil divided by the time to reach p.v. 20 
for the untreated oil. 

In evaluating antioxidants as inhibitors of vitamin A destruction, two pro
tective factors were calculated. These were based on the ratio of the time 
necessary to destroy 10 and 20 percent of the vitamin content in a treated oil, 
to the time necessary to destroy 10 and 20 percent of the vitamin content in 
the untreated oil. 

METHODS OF ANALYSES 

P~hOXIDE VALUES: Peroxide values were measured by a modification of the 
Wheeler method (1932). Samples of oil fram 0.1 to 1 g. in weight, and which re
quired a titration of not more than 15 ml. sodium thiosulfate solution, were 
weighed into small weighing vials. The vials plus samples were placed directly 
into dry, glass-stoppered 200 ml. Erlenmeyer flasks containing 50 ml. of a mix
ture of two parts of glacial acetic acid and one part of chloroform. After thor
ough mixing, one ml. of saturated potassium iodide was added, and the flask was 
held in the dark for three minutes. Fifty ml. of water were added together with 
a little starch solution, and the mixture was titrated with .002 N sodium thio
sulfate. The data were expressed as millimoles of peroxide per kilogram of oil. 

VITAMIN A: The vitamin A determinations were made by direct solution of 
the oil in isopropyl alcohol and a photometric estimation of absorption in a 
Uni ted Drug Company Vitamin A Meter. Some determinations were made using the 
unsaponifiable portion of the oil to rule out possible absorption by saponi
fiable materials added to the oils. 
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FIGURE I - RAPID TEST APPARATUS. 
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RAm m'l' lQR OXIDATION: 
apparatus used embodies the priDc1 
ples of the well-known Switt. sta
bility test apparatus (King ~ al, 
1933) except that in thes • .xper.r. 
ments U.S.F. oxygen trom a pres
SUl.3 cylinder was used (Fig. 1). 
The apparatus consists ot a metal 
container fitted with a reflux COD
denser to return the moisture and 
to maintain a constant temperature 
of 1000 G. within the bo1lin& water 
bath. Large test tubes conta1nin& 
mineral oil are fitted into thia 
metal container . These serve 88 

oil baths in which the smaller test 
tubes containing the test sample 
are irrme rs ed • A manifold system 
is provided for introducing oxygen 
at a pressure of about 14 inches 
of water. The pressure is con
trolled by a water column mano-
meter. Capillaries 0.1 DID. or 

less in diameter are placed in the bubbling-tube lines and are calibrated to allow 
a flow of 50 ml. of oxygen per minute at the before~entioned manifold pressure. 
Pyrex test tubes, 25 mm. in diameter, are used as sample tubes . To these are 
sealed, near the top, horizontal short lengths of 7 mm. tubing which serve to 
limit the depth of immersion of the tubes in the oil bath and which are used as 
exit tubes for the oxygen. The gas flowing from these tubes is sniffed for ran
cid odors to determine how oxidation is proceeding. 

All glass parts of the apparatus that came in contact with the samples were 
thoroughly cleaned with a wetting agent, acetone, and tap water. The parts were 
immersed in concentrated nitric acid at a temperature of about 900 c. for at least 
3 hours, rinsed at least 10 times with tap water, and at least 6 times with dis
tilled water, and oven-dried. 

The various antioxidants tested were dissolved in the oil used as substrate 
by stirring with a clean glass tube through which passed a stream of hydrogen gas. 
Very gentle heat was used only with those samples which would not dissolve other
wise. 

The oxidation apparatus was brought to operating tanperature, which required 
about 10 minutes, before any samples were placed in it. The sample tubes were 
filled to a depth of 9 em. and the bubbling tubes were inserted. The samples 
were allowed to remain in the apparatus without bubbling for 15 minutes to allow 
them to reach the required temperature. The oxygen system had been previously 
turned on without a connection with the sample tubes in order to flush out the 
air • At the end of the 15 minutes, the tubes were connected with the oxygen 
system. 

Samples for the determination of peroxide value were taken periodically by 
momentarily interrupting the oxygen" flow and using the bubbling tube as a sam
pler. Two ~amples were run simultaneously in this apparatus. The temperature 
of the oil ~n the sample tubes was determined periodically by using a similar tube 
which contained a thermometer. The temperature was found to remain constant at 
99.5° c. 
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For the oxidation of oil sam
ples to determine stability of 
vitamin A, the same apparatus was 
employed except that smaller sam
ple tubes (15 x 150 rom.) were used. 
These were filled with oil to a 
depth of 6.5 cm. 

STORAGE TESTS: oome samples 
were stored in glass bottles in 
the dark at 370 c. The gl ass 
bottles used we re cleaned by the 
same methods as pr eviously out
l ined for t he rapid oxidation 
test . The bottles used were 5 em. 
in diameter and 9 .5 em. deep and 
had mouths 3.75 em. in diamet er . 
Each bot tle contai ned 50 g. of 
sample. The bot tles were stop
pered loosely with new cork 

- -' topper s . 
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r! 

StIrring ' 
Motor 

S t lr nng Motor 
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FIGURE 2 - ESTERIFICATION APPARATUS. 
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Samples for peroxide 
determination were taken 
from these bottles period
cally by means of a clean 
glass tube. This sampling 
tube was used to thorough
ly stir the oil, care being 
taken to avoid splashing 
oil on the sides of the 
bottles. This precaution 
was taken to avoid the 
formation of thin films of 
oil in the bottles which 
would subsequently oxidize 
rapidly, catalyzing the 
oxidation of the remainder 
of the sample. Asbestos -Covered 

Nichrome ~ater 
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FIGURE 3 - ESTERIFICAT ION APPARATUS. 

PREPARATION OF 

ANTIOXIDANTS 

The alkyl gallates 
were prepared by direct es
terification using dry hy
drochloric acid as a cata
lyst and crystallizing them 
from suitable solvents. 
The apparatus (Fig. 2) used 
to prepare most of the anti
oxidant preparations is a 
modified round-bottom, three
neck flask fitted with a 
thermometer well. The ma-
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terial can be heated and stirred while hydrogen, car?on dioxid? or dry h~d:ochlo
ric acid is introduced. The flask used was of ?ne llt?r capaclty. PrOV1Slon is 
made to carry off the water of esterification Wlth a slde tube from one of the 
necks. This same apparatus served for hydrogenation at atmospheric pr?ssure. A 
smaller apparatus of similar design was also made from a pyrex tube (Flg. 3). 

An attempt was made to synthesize glyceryl trigallate according to the re
action: 

CH20H CH20COC6H2(OH)3 

CHOH -+- 3 (OH)3C6H2COOH ) CHOCOC6H2(OH)3 +3 H2O 

I 
CH20COC6H2( OH) 3 CH20H 

Glycerol Gallic acid Glyceryl trigallate 

Because a mixture of gallic acid and glycerol is difficult to handle, it 
was desired to make a preparation that could be added directly to oil without 
first removing a solvent. A mixture of gallic acid, 12.3 g.; glycerol, 4.2 g.; 
and cottonseed oil, 73.0 g. was esterified at 2200 C. during three hours using 
mechanical stirring and a current of dry carbon dioxide. The product was a 
dark reddish-brown, viscous liquid which was not very soluble in oil. 

The following preparations are described under their lettered designations 
in order to facilitate reference to them when they appear elsewhere in this re
port. 

KMGP: The synthesis of this preparation was designed to follow the re
actio~ 

Glycerol Palmitic acid Galli c acid 

CH OCO( CH) CH 
2 2 14 3 

Glyceryl monogallate 
di -palmi tate 

In p:e~arin~ this antioxidant there was used glycerol, 2.5 g.; gallic acid, 
2.5b palmit;c aCld, 6 g.; and cottonseed oil, 60 g. This mixture was heated to 
200 to 210 . c •. for three hours while being mechanically stirred. A current of 
dry carb~n dioXlde was passed into the mixture during the entire time of heating 
and coollng. 
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KHMD: In this preparation it was desired to combine low~olecular-weight 
saturated fatty acids and gallic acid with glycerol to form a fatty acid-gallic 
di-glyceride according to the following reaction: 

CHOR 

Monoglyceride of fatty Gallic acid 
acids having a length of 
8 to 14 carbon atoms, with 
an average of 12 carbon 
atoms. 

Glyceryl monogallate 
mono acid 

The monoglycerides of low~olecular-weight saturated fatty acids were ob
tained by completely hydrogenating butterfat. These were saponified and acid
ulated, thus separat~ng the fatty acids, both soluble and insoluble in water. 
Finally a fatty acid fraction with an average molecular weight of 218 was ob
tained by fractional distillation under vacuum. The fatty acids were esteri
fied to monoglycerides with glycerol, using sodium hydroxide as a catalyst. 

A mixture consisting of gallic acid, 3 g.; monoglycerides, 7 g.; and oil, 
50 g., was used to make the soybean oil antioxidant preparation. 

The mixture was heated slowly to 2200 C. while being mechanically stirred 
with dry hydrogen passing into the reaction vessel. The solution became clear 
in 15 minutes at 2000C. It was cooled under hydrogen. 

GMSG: This preparation was fonned according to the following reaction: 

CHOH 

Glyceryl mono
stearate 

Gallic acid Glyceryl monostearate 
monogallate 

The glyceryl monostearate (35 g.) which was obtained from a commercial 
source was melted carefully, and 14.5 g. of gallic acid were added. The mix
ture was poured into a small reaction vessel (Fig. 3). It was stirred and 
heated to 2200 C. under hydrogen and held at this temperature for 39 minutes 
after which t~e the material was allowed to cool. The resultant product 
was a light-brown liquid which cooled to a brittle solid. 

7 
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GSOG: This preparation was designed to i ntroduce a low-molecular-weight 
f atty aci d into the glyceride molecule GMSG. 

Glyceryl monostearate 
monogallate 

Capric or lauric 
acids 

+ H20 

Glyceryl monostearate 
monolaurate (or caprate) 

mono gall at e 

A mixture of glyceryl monostearate, 140 g. , and gallic a c i d, 60 g., was held 
under hydrogen for one hour at 2200 C. and cooled under hydrogen at 1300 C.; 75 g. 
of low-molecular-weight fatty acids especially prepared from coconut oil were added. 
These had a mean molecular weight of 191. The temperature was brought to 2300 to 
2400 C. and held for two hours. The product was cooled under hydrogen. 

KMS40: This was similar to GMSG except that the reaction temperature was 
2250 c:-a:nd the time of heating waS 40 minutes. 

MCG: This preparation was similar to GMSG except th~t monoglycerides of low 
molecUI;r weight fatty acids were used instead of glyceryl monostearate. The 
monoglycerides were made in the following manner: 

Coconut oil was dried under vacuum. To 630 g. of oil were added 126 g. of 
a 20-percent solution by weight of U.S.P. glycerin containing 3.15 g. sodium hy
droxide. The mixture was heated with continuous stirring under dry carbon diox
ide. When the temperature reached 2350 C., the mixture became clear. Heating 
was continued about 20 minutes. The mixture was then allowed t o cool under car
bon dioxide while being stirred. To the cool mixture was added 0.5 percent of 
85 percent orthophosphoric acid with stirring. The mixture was allowed to settle 
overnight and the clear supernatant liquid was decanted. The yield of monogly
cerides was about 80 percent of theoretical. A mixture of 40 g . of the monogly
cerides of coconut oil fatty acids and 10 g. of gallic acid was st irred under 
carbon dioxide and heated to 2200 C. The material went into solution rapidly. 
The solution was cooled after heating for 20 minutes. 

KEG: It was proposed to esterify gallic acid with ethylene glycol according 
to the following reaction: 

CH2OCOC~2( OH)3 

I + (OH) 3C~2COOH ---~) CH20H + H20 

Glycol Gallic acid Glycol monogallate 
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Gallic acid with excess ethylene glycol was heated for eight hours at 1900 

C. under carbon dioxide. The excess glycol was removed by vacuum distillation. 
The residue was dissolved in ether, carbon black was added and the mixture as 
filtered. The ether was evaporated under vacuum. 
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KJW: This preparation was made in order to obtain a more concentrated anti
oxidant s:iJn.ilar to KMGP. Purified palmitic acid in sufficient amount was not avail
able so same Japan wax was substituted. The new mixture consisted of glycerol, 20 
g.; gallic acid, 20 g.; palmitic acid, 20 g.; and Japan wax, 40 g. No cottonseed 
oil was used in this preparation. The mixture was esterified for two hours at 
2000 C. under carbon dioxide. 

MCLG: It was desired 
weight fatty acid radicals 

to produce a galloglyceride with two low~olecular
in the molecule according to the reaction: r ,oeo( CH ,) nCH J 

CHOH 

I 
CH

2
0H 

Glyceryl monolaurate 
or caprate 

Gallic acid 

CH oco( CH ) CH 
I 2 2 n 3 

+ CH;.( CH 2) nCOOH --~) racoC6H,(0Il) J 

Lauric or capric 
acid 

CH OCo( CH ) CH 
2 2 n 3 

Glyceryl dilaura- or 
. capro-monogallate 

It is possible, of course, that the gallic acid may attach itself to the 
terminal primary alcoholic group instead of the secondary position as shown. 
The mixture used consisted of monoglyceride of low~olecular-weight acid, 28 g.; 
low-molecular-weight fatty acid, 15 g.; and gallic acid, 7 g. This mixture was 
heated for two hours at 2100 C. under carbon dioxide while being stirred mechani
cally. 

PGC 190: It was planned to effect the formation of hydroxy-esters of pen
taerythritol and coconut oil by alcoholysis (Burrell, 1944) and esterification 
of the free hydroxyl groups by gallic acid. 

The mixture of coconut oil, 200 g.; pentaerythritol, 40 g.; and lithium 
lactate, 29 g.; was heated for one-half hour at 1700 C. under hydrogen. The 
clear solution was cooled to 1500 C. and 45.2 g. gallic acid were added. Heat
ing was continued for three hours at 1600 to 1900 c. 

It was desired to form an ester of pentaerythritol containing two low
molecular-weight saturated fatty acid radicals and two gallic acid radicals. R 
equals a fatty acid and Rl a gallic acid radical: 

r 
HOC~CCH200 

I 
CH20H 

r,OCOR 

+ 2 RCOOH'~ HOCH 2CCH20H 

I 
CH2OCOR 

racoR 

1 + 2 RICOOH ~ RICOOCH2CC~OCOR 

I 
CH 2OCOR 

Pentaerythritol Fatty acid Gallic acid Ester of 
pentaerythri tol 

Gallic acid and pentaerythritol both being solids require a fluid medium 
when being esterified. Kerosene, the medium chosen, was shaken thoroughly ~ith 
mercury to remove sulphur compounds, washed repeatedly with sulfuric acid to re-
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move aromatic compounds, ~d distilled. A fraction boiling at 2300 to 245
0 

C. was 
selected. The mixture used ccnsisted of gallic acid, 27.6 g.; pentaerythritol, 10 
g.; coconut oil fatty acid, 29 g.; and kerosene, 50 g. 

The coconut oil fatty acids were specially prepared by hydrogenation, saponi
fication acidulation and vacuum fractional distillation to obtain a fatty acid 
fraction'that was cr~letely saturated and had an average molecular weight of 197. 

Esterification was carried out at 2200 to 2300 C. under a flow of carbon di
oxide until the esters were in solution. This required about two hours. Upon 
distillation under vacuum, white crystals were deposited in the condenser along 
with the first fraction of kerosene to distill over. The crrystals were collected 
and washed free of kerosene with petroleum ether. The crystals proved to be pyro-
gallol. 

PGCR: This preparation was made from a mixture of pentaerythritol, 10 g.; 
gallic-acid, 27.6 g; coconut oil fatty acidS, 29 g.; and kerosene (b.p. 230

0 
to 

2600 C.), 50 g. This mixture was esterified at the poiling point of the kerosene 
for 1.5 hours under continuous flow of dry carbon dioxide. The product was dis
tilled under vacuum until all of the excess fatty acids, kerosene and the white 
crystals obtained previously were eliminated. The residue contained no free fatty 
acids. Upon saponification, the residue yielded 46 percent of fatty acids. Di
fatty acid digallo-pentaerythritol should contain 49.4 percent fatty acids with a 
molecular weight, of 197. Some loss of low.molecular-weight fatty acids was ex
pected through solution and volatilization, consequently the amount found was con
sidered satisfactory. 

CMGP: This product was made similar to KMGP but coconut oil rather than 
cottonseed oil was used because of the more saturated fatty acids. The mixture 
consisted of coconut oil, 400 g.; gallic acid, 25 g.; glycerol 25 g.' and pal
mi tic acid, 70 g. This mixture was heated for one-half hour at' 1750 C: under a 
flow of dry carbon dioxide with stirring. One g. of lithium lactate was added 
and the temperature was raised to 2800 C. for 15 minutes. The preparation was 
allowed to cool slowly under the carbon dioxide with constant stirring. 

A considerable number of other preparations were made during this study 
which proved unsatisfactory for one reason or another. The data are not re
ported. 

PREPARATION OF SUBSTRATE OILS 

The oils used as substrates in the testing of the various antioxidants were 
soybean; the body oils of menhaden, pilchard and salmon' seal blubber oil' and the 
liver oils of do~fish and shark. Some of the oils were' deodorized in a l~boratory
scale deodorizat~on apparatus to bring them to 0 peroxide value. 

DEODORIZATION. APPARATUS: .This apparatus is based on the conventional design 
but include~ c~rt~~ modificat~ons which are believed to be advantageous (Fig. 4). 
The large distillat~on head ~n the main deodorizer flask allows ra id bubbl' 
o~ water-vapor thr:>ugh the o~l without too much carry- over. The e~t tube ~ 
~ec~edkd~ward ~ or~er to prevent undeodorized oil from collecting and run-
~ ac . to the rema~nder of the oil. The vapor by-pass allows cam lete evac

u~t~on of ~~r at the start and prevents bubbling of air through the oii at the end 
~eg~e~fwv:~u~: vacuum is broken. Efficient traps provide maintenance of a high 
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o Dewar rl{7sks 
~ hold dry ice in 

Skel/ysolve "a" --
FIGURE 4 - OIL DEODORIZATION APPARATUS 

To VCK;lIum pump 

A standard taper joint is used to connect the head with the main flask, 
which facilitates filling ~ld cleaning. The flow of water-vapor is controlled 
by a Hoffman clamp which permits throttling of the tube connection at the top 
of the head. Direct heat instead of the usual oil bath could be used since a 
thermometer well was built into the apparatus. controlled amounts of water
vapor were used to agitate the contents of the flask to prevent local heating. 
'1'he modified apparatus also has a small flask with a stopcock sealed into the 
system to catch any carry-over of liquid. This prevents the accumulation and 
solidification of material in the two traps. 

Information on the source of oils, description of oils and treatment given 
follows: 

:::;OYBEAN OIL: This was a sample of crude solvent-extracted soybean oil. 
'l'he oil was alkali refined and bleached according to the standard methods of 
the National Cottonseed Products Association (1945) . 'l'he oil was deodorized 
in the deodoring apparatus for one hour at 1800 C. and at one mm. absolute 
pressure. The oil was stored in sealed glass sample bottles at 50 C. in the 
dark until used. 

MENHADEN OIL: A fresh sample of menhaden oil was not available for these 
experiments. The oil used had been stored at room temperature in a 55-gallon 
drum. It contained 2.7 percent free fatty acids tas oleic acid) and had an 
iodine value of 169. This oil was alkali refined to an acid value of .05, 
bleached with Fuller's earth and carbon black, and deodorized for one hour at 
1800 C. at one mm. absolute pressure. It was stored in sealed glass bottles 
in the dark at 50 C. until used. 

11 
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SALMON OIL: This sample was purchas ed as "Edible Salmon Oil. II This oil was 
in very good condition when received and part o~ it was used without further treat
ment. In some tests it was used after having been deodorized for one hour at 180° 
C. at one mm. absolute pressure. The oil was stored in the dark at 50 C. 

PILCHARD OIL: This oil was from fresh stock and was supplied by producers 
on the Pacific-COast. It was alkali refined, bleached, deodorized and stored at 
50 c. in the dark. 

SEAL BLUBBER OIL: This oil was obtained by rendering the fat from the blub
ber of a seal which was being used in some other studies at this Labor atory. The 
resulting oil was alkali refined, bleached, deodorized, and stored at 50 c. 

DOGFISH LIVER OIL: This sample was part of a lot from the Seattle Laboratory 
of the U. s. Fish and Wildlife Service and used here previously in some vitamin 
studies. The oil was used without further treatment. 

SHARK LIVER OIL: This sample was made up of a miscellaneous group of small 
samples-of shark liver oils artd was used without further treatment . 

EXPERIMENTAL DATA AND DISCUSSION 

Th~ alkyl gallates added to soybean oil in storage tests showed an average 
protect7ve.factor of ~.7. Of the four samples tested simultaneously , the great
est dev~at:Lon from thJ.s average was a protective factor of 0.5 (Table 1 ) . With 

Table 1 - Data for Various Antioxidants in Soybean and Menhaden 
Oils Stored in Glass in the Dark at 370 c. 

Percent 
Antioxidant Oil Added 
IEthyl gallate......... Soybean .124-
Methyl gallate ........ " .117 
~.~GP •••••••••••••••••• II 2. ~ 
Decyl g-allate ••••....• " • J. 
;~tyl gallate ••••..... " .22 

etroleum ether extract "Extract from 50 g. 
of gallic acid in 50 g. oil 

Cetyl gallate. ........ W.enhaden .22tl 
Ethyl gallate. ........ " .] 24-
~Aethyl gallate........ " .117 
Glycol monogalla te .... " • ] 33 
~,CYl gallate ......... " .184 

... GP ••••• ~ ~, ••••• f ••• • tf 2.84-
Gallic acia1i ......... " 1 
Y.~me to reach peroxide value of 2J for' treated oil. 

Protective 
FactorY 

4.25 
5.12 

10.64-
4.2 
5.2 
1.62 

2."1 
2.5 
2.5 
3.25 
3.34 

12.00 
3.0 

menhaden oil , t hese same 
alkyl gallat es showed 
in storage tests a pro
tective f actor of 2.7 
with the greatest devi
ation within a series 
being a prot ective fac
tor of 0 . 8 . Six alkyl 
gallates used with sal
mon oil in t he rapid 
test showed an average 
protective factor of 
4.0 with the greatest 
deviation amounting to 
a protective factor of 
0.7 • 

The average pro
tective factor for the 
alkyl gallates accord
ing to the rapid test 

salmon pilchard and seal . 1 (Table 2) and using 
with ' h d '1' oJ. St was 4.7. The low protective fact ors obtained 

men a en oJ. are probably due to the bad dit' 
gether with a probable high iron content due t~O~ongJ.o~ of th~ ori ginal oil to-
while having a high free fatty-acid content. s orage J.n a steel drum 

Under the storage conditions used t· 'd 
antioxidant available at the ti th 'tan ~oXJ. ant KMGP , the one glycerol ester 
tive factors of 10 6 and 12 0 ~~h e ~ orage tests were started, showed protec-

• • soy ean and menhaden oils, respectively. Ten 
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of the glyceride ester pro
ducts,in 19 tests with the 
rapid test,using salmon, pil
chard, and seal oils,gave an 
average protective factor of 
10. MCG, in four tests by 
the rapid method, using sal
mon and pilchard oils, gave 
an average protective factor 
of 12.2. Under the same con
ditions, oil treated with 
KMGP showed an average pro
tective factor of 10.4. Hy
droquinone in pilchard and 
seal oil by the rapid method 
permitted an average protec
tive factor of 10.2. 

Gum guaiac, lecithin, 
NDGA (nordihydroguaiaretic 
acid), dilauryl thiodipro
pionate (0.1 and 0.4 percent), 
distearyl thiodipropionate 
(0.1 and 0.4 percent), and a 
mixture of 0.02 percent thio
dipropionic acid and 0.08 per
cent dilauryl thiodipropionate, 
according to the rapid test> 
induced an average protective 
factor of 1.3. Another s?ffi
ple of beta,beta thiodipro
pionic acid in salmon oil, 
however, gave a protective 
factor of 5.9 by the rapid 
test. 

The sample of NDGA re
ceived arrived late in the 
progress of this work and 
just one test was conducted 
using this material. In 
this one test, a protective 
factor of only 1.9 was ob
tained by the rapid method. 

Table 2 - Data for Some of the Antioxidants in Different 
Oils 'Nhen Tested by the ''Rapid Method" 

Percent Protecti,e 
Antioxidant Oil Added Facto~ 

Decyl gallate •••••••••••• Undeodorlzed .ltl4 j.2';.i 
edible salmon 

Cetyl gallate " .228 3.72 ............ 
Hexyl gallate •••..••••••• " .15 4. 29 
Octyl gal late ••••••..•••• " • ]69 ~. 29 
PGC 19J " .64 • ~1 ............ ...... 
"m If .5 7. 5 .Ii •••••• d1./' ...•. ...•..• 
Gallic aci 2 •.......•••• Salmon . ] 5.~ 
Amyl gallate ............ Pilchard .2 'i. 2 I 
Mc::r.,G •••.••••••••••••••••• " .72 16.52-
MCG " .5 Xl.O / · .................... 
ID.GP " 2.84 7.01 · ..... ......... ...... 
Hydr oqui none " .1 6.16 ............. . 
d-isoascorbyl palmi tate .. Seal .05 ~.56 
Propyl gallate " .1 .28 · .......... 
KM:;P " 2.84 16.3 · .................... 
F:E:G •••••••••••••••••••••• If .2 3.8 
I<lVlS40 " .31 9.7 .................... 
J(.JW " 2:~ 

11.0 · .................... 
KMGP If 14.4 · .................... 
Cetyl gallate " .n8 5.8 · ... " " " " " " " 
KHMD " 2.0 1;:>.0 " " .. " " " " " " " " " . " " " " " " " 
Hydro qui none " " " " " " " " " " " " " " .] 14.2 
Ma:; " " " " " " " " " " " " " " " " " " . " " Salmon .5 11.5 
(}V!GP " 2.1 10. ] " " " .. " " " " " " " " " .. " " " " " " . 
~,!a; •••••• ~ •••••••••••• Pilchard .5 9.66 
R' . 2 Salmon .1 1.31 eSln gua.J..a ." "" ,""" " " •• 
Mixed tocfPherold ....... " .02 1.~6 
Leci thi~ ••.••.•.••••••• " .1 1. 6 
Beta, beta ~iodipropiOni c " .1 5.85 

aci 2 
Propyl gallate " .1 4.0 · " " " " " " " " " . 
Gsm " .46 5.38 · " " " " " " " .. " " ... " " " " " " " " 
QvGP " 2.1 9.0 · " " " " " .. " " " .. " .... " " . " " " 
KHMD " " " " " .. " " " II ................... Undeodorized 2.0 4.07 

edible salmon 

l~ ::::::::::::::::::::: :: 2: ~ ~: g7 
NJX;.A ••...•.•....••••....• Salmon • ] 1. 86 
Dilauryl thiodipropionate " .1 1.00 

" " " .4 1.67 
Distearyl" " .1 1.00 

" " " .4 1.54 
'Ihiodipropionic acid..... " .02 
~lauryl thiodipropionate " .08 l:cx:t1I 
Y.Tiroo to reach lleroxide value of Z) for treated oil. 

Tim to reach ueroxide value of Z) for untreated oil. 
Thiodipropionic acid yIn deodorizati-;n apparatus for 10 minutes at 1700 c. 

gave a protective factor of lIProtective factor on this sample was calculated as follows: 
5.9 in salmon oil when in- Time to reach peroxide value of 10 for treated oil. 
troduced before deodoriza- Time to reach peroxide value of 10 for untreated oil. 

~'Ihe oil substrate in thb case had been deod.orize.i tl/O 
tion but this same acid and weeks before use and had an ini tial per..Pri~ value of 
its esters gave little or eight. 
no protection to salmon oil ------------------------.-------------.---
when introduced in the manner described by the producers of these materials. Resin 
guaiac, mixed tocopherols and lecithin lengthen the keeping quality of salmon oil 
very little (Table 2). 
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Table "3 _ Data on Stabill ty of VI taJDin A In Liver Oils '!hen Tasted bv the "Rso>Id Method' 

In seal oil, d-isoascorbyl 
palmitate with propyl gallate, 
0 .05 percent each, gave a pro
tective factor of 4 .5, while 
propyl gallate alone at 0 .1 per
cent gave a protective factor of 
6.0. The d-isoascorbyl palmitate 
was not tested alone • 

Proieej;\ ve Protect\ va 
Percent Factor.!JAt FactoJ:.!.IAt 

!Antioxidant Oil Added 1~ Donletlon ~-D;"letiOll 
~l<Yl gallate Dogfish, 20,000 U.S.P. wdt. .?2tl 3.57 4.33 
1- Vi tamin 1. "or g. • 

cty: ~~a", 
iD-cyl gallate 
-"IYI gallate .. !!Q> 

!!!MIl 
iPOOl « 
Crystals from PGCR " 
iH,ydroquillone « 
IlIcmo IIlo~I~, deodorized jO 0111, 

at 1500 ~. 
IAmyl .<&llats 

Crystals tl'oro PGW<I:;'ko~il~~o:~r ~i~om 
80,000 U.S.P. wdt. Vitamin A 
er •• 

.!~o.oo b.1_ 

.184 5. 71 5.~ 

.147 5.71 6.33 
2.84 12.7 12.:1 
2.00 15.15 16.00 
• 24 2.79 3.14 
.24 8.~2 ~~. 7 
.1 14." '4. 1 
- T.O 1.0 

.147 11. '8 10.0 

.24 -L.74 1.1l4 

Crvstals from PGCR ~~ lC.4 ~ 
TI ... to reach 10 lor 2O} peroont depletion of vi tamln 1. tor 

h hlrotecti ve re.ctor. ~tr.!!.!.a!;:te~d,",o~il:;""""""'--="--_-'-...--"'-"'c=-=--'-'-=-=:-r7:':: 
p'" Time to reach 16 (or as) percent depletion of vitamin 1 for 

untreated oil. 

Data on the effect of the 
use of the antioxidants in vari
ous oils are shown in Figures 5 
to 20. (See pages 15-17) 

In respect to stability of 
vitamin A, the alkyl gallates 
tested produced an average pro

tective factor (at 10 percent depletion) of 5.3 (Table 3). One sample of dog
fish liver oil was deodorized with amyl gallate in solution and was subsequently 
oxidized. This process gave a protective factor of 11.4 or just about double that 
found when amyl gallate had been simply dissolved in the oil. KNGP , KHMD and hy
droquinone gave protective factors of 12.7, 1502 and 14.7, respectively . Figures 
21 to 25 present data on shark liver oils showing the effect of added antioxidants 
on the vitamin A content of the oils when blown with oxygen . (For Figures 21 to 
25 see page 18.) 

CONCLUSIONS 

These data show that the gallic acid esters are good antioxidants for fish 
oils. Of the special compounds containing gallic acid, KMGP, MCG , KHMD and CMGP 
are the best antioxidants of those tested. 

Alkyl gallates offered some protection to shark liver oils against the loss 
of ~tamin A when the oils were blown with oxygen. KMGP and KHMD gave high pro
tect1ve factors comparable to those obtained with hydroquinone. 
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Figures 5 to 20 present data on various oils showing peroxide value 

versus tim& of storage or time of blowing. 

w ~ w ~ _ _ ~ _ _ _ 
Ot:lys 

FIGURE 5 - SOYB~AN OIL STORED IN GLASS 
IN DARK AT 37 C. 

I - STRAIGHT OIL 
2 - 3.33% KMCC 
3 - .184% DECYL GALLATE 
4 - .1245% ETHYL GALLATE 
5 - .117% METHYL GALLATE 
6 - 2.48% KMGP 

FIGURE 7 - UNDEODORIZED EDIBLE SAL~ON 
OIL BLOWN WITH 02 AT 99.50 C. AT 50 
ML. PER MINUTE. 

I - STRAIGHT OIL 
2 - .184% DECYL GALLATE 
3 - .2285% CETYL GALLATE 
4 - . 15% HEXYL GAL LATE OR .169% OCTYL 

GALLATE 
5 - .64% PGCI90 
6 - .5% MCG 

8 

60 80 ,w Ia? IN> 160 180 200 
Days 

FIGURE 6 - MENHADEN OIL STORED IN GLASS 
IN DARK AT 370 C. 

I - STRA I GHT OIL 
2 .1245% ETHYL GALLATE 
3 .117% METHYL GALLATE 
4 2.84.% KMGP 
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IIX) 

3 1-
!iours 

2 

3 

6 7 

FIGURE 8 - PILCHARD OIL BLOWN WITH ~ 
AT 99.5° C. AT 50 ML. PER MINUTE. 

I - STRAIGHT 01 L 
2 - .2% AMYL GALLATE 
3 - .72% MCI G 

15 
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F IGURE 9 - SALMON OIL BLOWN WITH 02 
AT 99 . 5° C. AT 50 ML. PER MINUTE. 

I - STRAIGHT OIL 
2 - . 347% PE CG 
3 - .1 % PROPYL GA LLATE 
4 - .46% GSCG 
5 - 2·.1 % CMGP 

I 2 

FIGURE 12 - SEAL OIL BLOWN WITH 02 
AT 99 . 5° C. AT 50 ML. PER MINUTE. 

ST RAIGHT OIL 
. 2% KEG 
2 .84% KMGP 
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FIGURE 10 - SALMON OIL BLOWN WITH 02 
AT 99.5° C. AT 50 ML. PER MINUTE. 

I - STRAIGHT OIL 
2 - .124% ETHYL GALLATE 
3 - .1% NDGA 
4 - . 5% DISTILLED PORTION MCG 
5 - .5% RES IDUE PORTION MCG 

'6 - .5% MCG 

2 3 1- ~ 6 
HeY RS 

7 

FIGURE 13 - S EAL OIL BLOWN WITH O2 
AT 99.5° C. AT 50 ML. PER MINUTE. 

I - STRAIGHT OIL 
2 - .22% CETYL GALLATE 
3 - 2% KHMD 
4 - .1% HYDROQUINONE 
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FIGURE I I - SEAL OIL BLOWN WITH 02 
AT 99.5° C. AT 50 ML. PER MINUTE. 

I - STRAIGHT OIL 
2 - .05% PROPYL GALLAT E 

.05% D- ISOASCORBYL PAL MITATE 
3 - .1% PROPYL GALLATE 
4 - 2.84% KMGP 

6 7 

FIGURE 14
0

- SALMON OIL BLOWN WITH 02 
AT 99.5 C. AT 50 ML. PER MINUTE. 

8 

Substarres ru'lded prior to deodorization 
for 10 mir:utes at 1/('(' C. Il.t 1 mm. abs. 
-pressure. 
I - STRAIGHT OIL 
2 - .1% RESIN GUA lAC 
3 - .I%. LEylTHIN 
4 - .1% BB THIODIPROPIONIC ACID 
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FIGURE 15 - SALMON OIL BLOWN WITH O2 
AT 99.50 C. AT 50 ML . PER MINUTE. 

I - STRAIGHT OIL 
2 - .1% DILAURYL THIOD I PROPIONATE 
3 - .1% DISTEARYL THIODIPROPIONATE 
4 - .4% DILAURYL THIODIPROPIONATE 
5 - .4% DISTEARYL THIODIPROPIONATE 
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FIGURE 18 - PILCHARD OIL BLOWN WITH 02 
AT 99.50 C. AT 50 ML. PER MINUTE. 

I - STRAIGHT OIL 
2 - .5% COCONUT OIL (HYDROGENATED WITH 

10% GALLIC ACID) 
3 - I % SAME 
4 - 2% SAME 
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FIGURE 15 - SALMON OIL BLOWN WITH O2 
AT 99.50 C. AT 50 ML. PER MI NUTE. 

- .02% THIODIPROPIONIC ACID AND 
.08% DILAURYL THIODIPROPIONATE 

2 - .1% MCG AND .08% DI~AURYL 
THIODIPROPIONATE 

m 
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J~ lL ,. . .. . . . . 
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FIGURE 19, -PILCHARD OIL BLOWN WITH 02 

AT 99.50 C. AT 50 ML. PER MI NUTE. 
I - STRAIGHT OIL 
2 - 5% MCG 
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FIGURE 17 - PILCHARD OIL BLOWN WITH O2 
AT 99.50 C. AT 50 ML. PER MINUTE. 

I - STRAIGHT OIL 
2 - .1% PROPYL PARAHYDROXYBENZOATE 
3 - .24% PGCR 

" <'" 
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5 , 7 
>fours 

1/ 13 " I~ 

FIGURE 20 - SALMON OIL BLOWN WITH O2 
AT 99.50 C. AT 50 ML. PER MINUTE. 

I - STRAIGHT OIL 
2 - 2.1% CMGP 
3 - .5% MCG 
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Figures 21 to 25 present data on shQrk liver oils. 

showing the effect of added antioxidants on the vitamin A content of the oils when blown with oxygen. 
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fiGURE 21 - SHARK LIVER OIL BLOWN 
WITH 02 AT 99.50 C. AT 50 ML. 
PER MINUTE. 
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I - STRAIGHT OIL 
2 - .24% PGCR 
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fiGURE 23 - DOGfiSH LIVER OIL BLOWN 
WITH 02 AT 99.50 C. AT 50 ML. PER 
MINUTE. 

I - STRAIGHT OIL 
2 - .2285% CETYL GALLATE 
3 - .169% OCTYL GALLATE 
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fiGURE 24 - DOGfiSH LIVER OIL 
BLOWN WITH 02 AT 99.50 C. AT 
50 ML. PER MTNUTE. 

I - STRAIGHT OIL 
2 - .184% DECYL GALLATE 
3 - .147% AMYL GALLATE 
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fiGURE 22 - DOGFISH LIVER OIL BLOWN WITH 02 AT 99.5° C. 
AT 50 ML. PER MINUTE. 

I - STRAIGHT OIL 
2 - .24% PGCR 
3 - 2.84% KMGP 
4 - .1% HYDROQUINONE 
5 - .24% PYROGALLOL 
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FIGURE 25 - DOGFISH LIVER OIL BLOWN WITH 02 AT 99.50 
C. AT 50 ML. PER MINUTE. 

I - STRAIGHT OIL 
2 - 2.84% KMGP 
3 - 2% KHMD 
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