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INTRODUCTION

A number of the constituents of foods, including une
saturated lipids, lipid- and water-soluble vitamins,
pigments and flavouring substances, are capable of reacting
with atmospheric oxygen, during the interval between the
preparation and consumption of food. These oxidative
processes do not proceed in the living tissues in spite of
the presencé of complicated oxidation = reduction systems
in the cell; this fact is ordinarily ascribed to the maine
tenance of a highly specific state of organization of these
systems in the living cell. Once the cell is dead, as in
most food materials, the destruction of organization at the
level designated as "living", leads to degradative oxidative
processes., These précesses'may actually be hastened by
fragments of the disorganized cellular biochemical mechanisms.
The effect of haematin pigments and certain oxidases are
cases in point. On the other hand, the disorganized material
contains other substances which act as inhibitors of such
oxidative changes. The resistance to oxidation of extracted
triglyceride oils and fats, especially in the purified
state, 1s largely dependent'on the presence of substances of
this class.

Lea (79) has listed several types of rancidity in fats,



including the action of enzymes present in the tissues,
action of micro-organisms, and atmospheric oxidation. The
term "oxidative rancidity" 1s somewhat unprecise, although
it 1sremployed to denote the deterioration in flavour and
odour that ocours when atmospheric oxygen reacts with the
triglycerides or other components of natural fats, There
are at least four types of oxldative rancidity in edible
fats. Namely, "oxidative rancidity", "oxidized flavour” in
milk products, 5flavour reversion” énd lipoxidative rancidity.

For lack of a more specific ferm, "common oxidative
rancidity" is used in this thesis to deuote that type of fat
deterioration which occurs typically in lard and other
rendered animal fats and in vegetable fats, Such rancidity
develops sooner or later in all substances that contain tri-
glycerides composed of long-chain fatty acids. At a very
early stage, this type of rancidity is characterized by a
sweetish but undesirable odour and flavour, which becomes
more pungent and penetrating as the deterioration progresses.
Powick (115) attributed the flavour to the formation of
heptylic aldehyde, although other substances are undoubtedly
involved.

Economically, one of the most important types of flavour

deterioration associated with fats is the development of

"oxidized flavour" in milk and milk products. Many workers



3
have belleved that oxidized flavour results from the oxidae
tive breakdown of lecithin. Salt in butter is said to
hasten the breakdown of lecithin, resulting in a fishy or
oxidized flavour (52)., In the later stages, when the de-
terioration is advanced, more profound breakdown products
of the triglycerides contribute to the off-flavours,

Balley (5) defined "flavour reversion" in fats as the
appearance of 6bjectiona$le flavours from é lesser degree
of oxidation than 1s required to produce true rancidity.
The term is a misnomer and is misleading since the flavour,
variously described &s "painty", *fishy" and so on, is
generally not related té the ofiginal fiavours present in
the fresh fats. Flavour reversion occurs principally in
fish and vegetable oils that contain linolernic acid.
According to Bailey (5), an extremely small amount of ox-
idation, involving less than one-fiftieth as much oxygen
absorption as is required to produce true rancidity, will
in some cases produce flavour deterioration. At the present
time the problem of reversion is of greatest economic ime
portance in the production of soybean oil.

Lipoxidative rancidity results from the presence of
lipoxidase enzymes which are known to be present in pork
(78), tish (6), soybeans (2) and many other vegetable

tissues., These enzymes are responsible for one type of



oxidative deterioration of lipids in food products. This
form of rancidification is of particular importance to the
frozen food industry.

While the ease and rapidity with which an oil oxidizes
depends primarily upon its content of reactive double bonds,
it is also influenced considerabl& by the presence of cere
tailn accessory substances, which may occur in the oil either
naturally or through addition. Those substances which
favour the oxidative process are termed pro-oxidents, while
those inhibiting oxidation are known as antioxidants,

All naturally occurring fats and olls contain charactere
istic antloxidants., Vegetable olls generally possess a
larger antioxidant content then do animael fats, and cone
sequently are usually more stable than animal fats of an
equivalent degree of unsaturation. A remarkable charactere
istic of the antioxidants is their great effectiveness at
low concentrations in the fat or oil, The natural antie
oxidants of an o0il rarely exceeds one-tenth of 1 percent.

Food antioxidants are conveniently divided into two
chemical categories. In one category are found antioxidants
such as the polyphenols and substituted polyphenols. These
represent the primary type of antioxidants, that is, they
markedly inhibit the oxidation of fats when present at low
concentrations., A classic example of a primary antioxidant

is hydroquinone. The second category of antioxidants include



the "synergists" which play a secondary role, in that they
have little or ﬁo effect by themselves upon the resistance
of fats to oxidation. However, when such an antioxidant is
added to a fat together with a phenolic antioxidant, a
synergistic” effect is observed, namely, the effect on the
induetion pefiod is greater than the sum of the effects exe
erted by each antioxidant when added to the fat alone.
Citric acid is a widely used "synergistic" antioxidant.

In commercial fat producfs, the pro-oxidants most
likely to be encountered sre metallic soaps, usually formed
by the action of free fatty acids upon the metalllic equip=-
ment employed in processing and storage of the olls, King
et al. (70) tested the effect of different metallic soaps
on the stability of lard held at 208°F. These workers found
thet the following amounts of metal, in p.p.m., were re-
quired to reduce the keeping time of the fat to one-half:
copper, 0.05; manganese, 0.6; chromium, 1.2; nickel, 2,2;
vanadium, 3.,0; zinc, 19.6; and aluminium approximately 50.
These findings i1llustrate the fact that copper, in pare
ticular, is a very strong pro-oxidant. Consequently, copper
and copper«bearing alloys are avoided in the fabrication of
equipment for handling edible fats and oils. In this cone
nection Hills and Conochie (59) have reported that the proe
oxidant effect of common salt in dry fats is due to the

presence of magnesium chloride in the salt,



The mechanism by which metals and other pro=-oxidants
accelerate the oxidation of fats is still obscure. However,
the theory has been advanced (79) that they function prine
cipally as catalysts for the destruction of natural or added
antioxidants, Some of the synergists for edible fats, such
as commercial lecithin, citric acid and phosphoric acid,
have the property of inactivating heavy metal pro=oxidants
through the formation of metal complexes. It has been suge
gested by Dutton et al. (32) that metal deactivation rather
than a synergistic effect is actually responsible for the
effectiveness of acidic "synergists®,

The phenols constitute the largest and most important
class of primary antioxidants. FPractically any phenolic
substance with two or more hydroxyl groups in the ortho or
para positions to one another, at least one of which must be
free, or any naphthol, is likely to exhibit some antioxidant
properties, although the activity varies widely with the
nature and position of the substituent groups. Rosenwald
and Chenicek (125) illustrated the effect of structure, on
the antioxidant aétivity of more than forty anisoles and
related phenols when added to lard. Bickoff (10) also ine
vestigated 108 phenolic antioxidants for their effectiveness
in preventing the destruction of carotene in mineral oil.

The generally accepted explanation of the powerful ine

hibitory effects of mere traces of antioxidant on the



oxidation of fats is essentially that advanced by
Christiansen (21), According to his so=called chain reaction
theory, the fat is pictured as uniting with oxygen to form a
peroxide only after acquiring the necessary energy of ac=
tivation. After the peroxide is formed, the activating energy
may be made available for the activation of a new molecule
and so on, leading to a chain reaction. Thus, unless the
chain is broken by the absorption of the activating energy
which is then lost in an extraneous reaction, an almost une
limited number of peroxide molecules may be formed as a
result of the initial activation of a single molecule.

The antioxidants are presumed to be substances which,
because of thelr specifio structure are able to absorbd the
activating energy, thus preventing the propagation of the
chain reaction, If the average chain of reactions 1is very
long, then the presence of even trace amounts of an anti=-
oxidant may be sufficient materially to reduce its length,
leading to a reduction in the rate of oxidation which in
turn results in a prolonged induction period. According to
this theory the antioxidant should be oxidized during its
role of breaking the reaction chains, Generally speaking,
this appears to be so. For, when fatty materials have been
analyzed for antioxidant content during the course of oxide
ation experiments, the complete disappearance of the antie

oxidant has generally coincided with the end of the
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induction period (42,50,87,90,141). From such observations
it may be assumed that any fat exposed to oxygen will resist
rancidification for a period of time related to the rate at
which its antioxidants are destroyed. It 1s probable, howe
ever, in view of the many anomalies encountered, that the
role of the antioxidant is more complex than the foregoing
statements might be taken to imply.

The simplest lnterpretations of the chain reaction
theory leads to the expectation that the protective actiom
of any antioxidant will be in direct proportion to its con~
centration in the fat or fatty substance, This expectation
is seldom fulfilled in practice, except perhaps within narrow
limits of concentration. In general, the addition of an
antioxidant to a fat yields progressively diminishing returns,
in terms of stability, as the amount of antioxidant 1s ine
creased (50,87,90,102,111). It is generally assumed that at
high concentrations an appreciable portion of the antioxidant
present 1s wasted in side reactions, and thus falls to act
a8 a breaker of the peroxide reaction chain. It is also
possible that these side reactions, 1f they ococur, lead to
the formation of pro-oxidant compounds (11l). |
. 0f particular importance from the viewpoint of the food

chemist are those inhibitors which are naturally associated
with fats and oils in the tissues, and which remain in

solution in the crude oil when the latter is expressed or
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extracted, but which may subsequently be removed in greater
or lesser degree during the refining processes. A large
number of such substances must exist. Comparatively few
have been 1solated and identified. Of these, the tocopherols
(Vitamins E) are the best known and are almost universally
distributed in vegetable oil=bearing tissues and also, though
to a smaller extent, in animal tissues (75). The tocopherols
were discovered and named by Evans et al. (39) in the course
of thelr nutritional studies on Vitamin E, Olcott and
Emerson (110) subsequently demonstrated that the tocopherols
were effective antioxidants. The tocopherols were also shown
to be the active substances in the "inhibitols® previously
isolated from a variety of vegetablé oils by Oicott and
Mattill (108). Structurally, the tocopherols can be
regarded as monoe=ethers of hydroquinone with a long lipophilic
slde chain which renders them much more fatesoluble than the
simple phenols, At the present time four tocopherols have
been isolated (72,136) and designated as X =, (3=, Z- and
Setocopherol. O =tocopherol is the most potent antioxidant
(136), while X-tocopherol is more effective than (3 =
tocoﬁherol (110) which in turn is more effective than Ol -
tocopherol (121). Therefore, the order of antioxident ac=-
tivity appears to be the reverse of their biological activity
as measured by anti-sterility test on rats (62). In crude

vegetable oils the tocopherols are often present in amounts
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approaching the optimum for prevention of oxidative change
and little or no additional stabilization can be secured by
further additions (50). Abﬁve the optimal concentration,
tocopherol actually functions as a pro~oxidant (111). ﬁbw-
ever, animal fats are generally deficient in tocopherols and
are greatly stabilized by the addition of tocopherols (110).
The loss of tocopherols in the commercial processing of ede
ible vegetable 0il products is relatively small. A maximum
of about 6 percent of the total has been reported lost in
bleaching or continuous alkali refining (121) and no more
than a few percent during deodorizing (121), whereas hydro-
genation occasions no loss whatsoever (121).

Sesamol, another naturally occurring phenolic anti-
oxidant (13,109) was isolated from sesame oil and seems to
be mainly, though not entirely, responsible f;)r the eicep-
tional stability of sesame seed and hydrogenated sesame seed
oils (14). The antioxidant is present in the crude sesame
01l in an inactive bound form as sesamolin: it is partially
liverated during bleaching and almost completely liberated
during hydrogenation (13). Sesamol is a methylene ether of
hydroxy-hydroquinone (13).

Gossypol is a complex phenolic substance which 1s pre=
sent in crude cottonseed oil. It is en effective antioxidant
(61,91,126), but it is quite toxic (23). TFortunately,

gossypol combines with caustic soda, and 1s, therefore,
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removed more or less completely by the alkali refining
process,

Several other naturally occurring substances that are
not present in fats and oils have been employed commer-
cially as antioxidants in fats and oils, One such substance
is gum guaiac (53) which is a secretion from the tropical
tree Gualacum officinalis. For several years gum guaiac was
employed to stabilize lard (53). The gum was dissolved in
acetic acid (29) and this solution was added to lard before
deodorization (114). As a result an almost colourless lard
with good flavour énd stability was obtained., Gum guelac is
not as powerful as some of the more recently developed syn-
thetioc antioxidants, but it has the advantages of continuing
to protect the fat in baked goods (57) and being non-toxic
(63). Nevertheless, gum guaiac has féllen into disuse since
the'introduction of the newer, more potent synthetic antie
oxidants,

Another important antioxidant development in the food
fleld was the introduction of nordihydroguaiaretic acid
(NDGA) for use in lard by Lundberg et al. (84). NDGA is ox~
tracted from an American desert plant Larrea divaricata, or
creosote bush (128), The chief disadvantages of NDGA have
been 1ts relative hlgh cost and the faot that i%s antioxidant
activity is not carried over into baked goods (129)e Cone
sequently, NDGA has not been used as widely as the synthetic
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antioxidants,

Norconidendrin is an antioxidant derived indirectly
from a natural source, namely, from conidendrin, a substance
found in the sulphite waste of Western hemlock (43). Nor-
conidendrin has been shown to exhibit antioxidant properties
when added to hydrogenated or unhydrogenated cottonseed oil,
peanut oil and lerd (44); acidic synergists enhance its
efrectiveneés {(L4h)e The toxicological characteristics of
norconidendrin have not been adequately investigated, cone
sequently, this antioxidant has not been used commercially.

Dihydroquercetin is a pentahydroxyflavanone found in
large qugntities in the bark of Douglas fir and Jeffrey pine
and. isolated by Kurth and Chan (76). Dihydroquercetin is an
effective antioxidant for lard, cottonseed oil and butter
(76) but has not been used commercially,

Recently Clopton (25) isolated two substances from the
osage orange (Bois D'Arc) namely, osajin and pomiferin.
These are isoflavone‘pigments end have been shown to possess
antioxidant sctivity when added to lard (25).

At the present time synthetic antloxidants are of great
importance as food antioxidants. Ten years ago Boshm and
Williams (11) proposed the use of propyl gallate as an antie
cxidant, Lea (80) has showh that other esters of gallic acid
derived from lower aliphatic alcohols are also effective

antioxidants, Propyl gallate exhibits a low level of
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toxicity (112) and is an extremely effective antioxidant
especially in lard (57,73,90), but is ineffective in baked
goods (129).

Five years ago butylated hydroxyanisole (BHA) (74) was
introduced as an antioxidant for food fats. Commercially
prepared BHA 1s primarily composed of the isomers 3-tertiary=-
butyl-j-hydroxyanisole and 2-tertlary-butylei=hydroxyanisole
(31) which will be referred to hereafter as 3-BHA and 2«~BHA
respectively. BHA 1is highly soluble in fats (73) and vire
tually insoluble in water (73). When used alone BHA is not
unusually effective in increasing|the stability of lard (73,
90) but, has the property of carryinge-through into bakedr
goods made from lard (30,73,129). Therefore, BHA has found
wide usage in the stabilization of animal fats, particularly
lard which is to be employed in baking.

The first large commercial use of these newer anti-
oxidants was in their application to lard., NDGA, which is
relatively insoluble in lard, was dissolved in an alcoholic
or acetic acid solution in combination with citric acid and
added to the lard, which was then heated to remove the sole
vent (86), Propyl gallate was incorporated in an o0il-sole
uble combination (54,55), which included propyl gallate,
oitric acid, lecithin and corn oil, and was sold under the
trade name of "G-4" which 1s readily soluble in oils and

melted fats. BHA is now widely used in combination with
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propyl gallate and citric acid in a propylene glycol sole
ution. This antioxidant combination was originally desige
nated "AMIF-72" (7,) by the Americen Meat Institute foun=
dation and is known commercially under the names such as
"Gl (BHA)", "Tenox II", and "Sustane™, BHA is also used in
6omb1nation with NDGA and ciﬁric ecid in & propylene glycol
solution under the name of "Tenox N"., The advantage of
"Tenox N" over "Tenox II" is that "Tenox N" produces no
colour when expésed to iron salts, which may be encountered
in foods such as enriched flours. The propyl gallate in
*Tenox II" produces a bluish colouration in the presence of
iron salté.

The determinetion of specific antioxidants in edible
oils and fats presents an analytical problem of considerable
importance. Mattil and Filer (93) had developed a method
for determining gallic acid in fats, while Lundberg and
Halvorson (85) had developed methods for the determination
of a number of antioxidants if present singly in fats. These
methods were valuable in determining the solubilities of such
antloxidants in fats, studying the kinetics of the destruce
tion of single antioxidants in oxidizing fats and in making
control determinations. However, no methods for the deter=
mination of antioxidant mixtures in edible oils and fats
were avallable when the researches now described were begun

in 1949.
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The methods for single antioxidants had found applica=-
tion in kinetic studies of oxidative deterioration. Thus
Filer et al. (41) reported that the rate of disappearance of
gallic acid in oxidizing fat was virtually constant with
respect to time and almost independant of the initial con=
centration, Golumbic (50), on the other hand, found that the
rate of disappearance of K «~tocopherol was dependant on the
initial concentration, although the time for disappearance of
a given fraction of the & =~tocopherol was independant of the
initial concentration. Golumbic (50) observed that when fats
containing ascorbic acid were oxidized, some of the ascorbiec
acld remained after the end of the induction period. On the
other hand, with gallic acid the end of the induction period
coincided approximetely with the disappearance of the last
traces of gallic acid (50).

A number of studies have been made on the kinetics of
antioxidation in fats containing o(=tocopherol (111,141),
Golumbic (50), in the work elready cited, found that there
was an optimal concentration for o{~-tocopherol., Rancidity
developed more rapidly if the concentration was above or
below this optimum. This positive catalytic effect at
higher concentrations has been observed also with other
phenolic antioxidants. Lundberg et al. (87) reported a posw
itive catalytic effect'upon the formation of peroxides

during the initial stages, when 0,5 percent of hydroquinone,
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catechol, NDGA or gallic acid were added to lard stored at
100°C with a stream of oxygen passing through the sample.
Lower initial peroxide values were obtained when 0,02 per=
ceﬁt of these antioxidants was employed (87). In view of
these findings, the concentration of phenolic antioxidants
added to lard seldom exceeds 0.02 percent. Above 0.0l per-
cent the effectiveness of phenplic antioxidants, such as
propyl gallate and BHA, obeys a law of diminishing returns
(90).

In order to evaluate the stabllity of fats or fatty
foods within a reasonable period, 1t 1s necessary, in the
laboratory, to adopt some means of accelerating their normal
rate of oxidation. It has been suggested that the oxidative
process should be hastened by the use of strong light or by
adding metallic pro-oxidants (7,126). However, both these
methods are difficult to control, and the use of heat has
been more widely accepted in practice because of 1ts greater
ease of control,

For routine testing of edible rats, a method widely
acclaimed is that originally suggested by Wheeler (146) and
later modified and standardized by King et al. (70). This
method is referred to as the "Active Oxygen Method" or the

"Swift Stabllity Test" and involves the continuous.aeration

of the fat sample at 97.8°C, Sub-samples are withdrawn at

intervals for analysis in order to determine the time
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required to attain a given peroxide value. Mehlenbacher (97)
devised a modification of the foregoing procedure by aerating
the sample at 110°C, The stability times thus obtained are
about 40 percent of those obtained by the Active Oxygen
Method. The "Schaal test" or "Oven Method" (64) is also
widely used., .It conslists of storing the fat or fatty food
in an oven at 60° to 62.5°C, until a specified peroxide
value 1s attained or the sample exhibits organoleptic rancide
ity. Several other methods and modifications have been
suggested from time to time.

If the object of the tests is a comparison of the
practical utility of antioxidants or synergists in fats and
oils, then serious errors can arise from the use of tests
wherein oxidation is accelerated by the use of elevated
temperatures. Nagy et al., (106) report a classic example of
such error., A lard sample was fested by the Active Oxygen
Method at 97.8°C., The addition of 0.1 percent of D=iso=
aseorbyl palmitate increased the keeping time from eight
hours to forty hours. However, when compared with an oxygen
absorption method at 70°C, the addition of the palmitate
acted as a pro~oxidant and decreased the keeping time from
thirty-five hours to six hours., Storage experiments cone
ducted at approximately 20°c gave results in accordance with
this latter finding.
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In view of the widespread use of mixtures of anti-
oxidants, such as propyl gallate plus BHA or NDGA plus BHA
in edible fats, quantitative analytical methods applicable
to the determination of these antioxidant mixtures were re=
quired. The present thesis deals in part with the develop=
ment of new analytical procedures for a number of antie
oxldants when present in fats, oils or ple crust. A study
has also been made of the characteristies of a number of
these agents as antioxidants when incorporated in lard end

pie crust.



DEVELOPMENT OF ANALYTICAL METHODS FOR ANTIOXIDANTS
IN FATS

A, Propyl Gallate

l. INTRODUCTION

It is generally accepted that polyphenolic compounds
carrying hydroxyl groups in the ortho or para relation to
each other are most effective as antioxidants (82). A
powerful antioxidant of this type is gallic acid. One dis-
advantage of this antioxidant 15 its low solubility in fats
and oils, which gives rise to technical difficulties in the
process of incorporating the antioxidant into fat,.

Golumbic and Mattil (51) studied the antioxidant proe
perties of gallic acid. They reported that it was unusual
in that, although a powerful phenolic antioxidant in itself,
it was also capable of exerting a powerful synergistic
effect on other antioxidants, Other workers have corrober-
ated the results of Golumbic and Mattil and have further
studied the antioxidant properties of this substance (41,92)e

Although gallic acid is inexpensive and effective as an
antioxidant, its use in edible fats has never been approved,
presumably on the ground that it has not been shown to be
nontoxic, but perhaps also in part because of its low sol~

ubility in fats. However, 1ts solubility has been shown to
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be higher than the concentration needed to stabilize fats
(85)s. Lea (82) has pointed out that gallic acid is widely
distributed in nature in combined form as the gallotannins,
and 1t is saild to occur as the free acid in the pomegranate
(107) and in tea (124)., A practical method of improving the
fat solubility of the hydroxybenzole acids, for example,
gallic acid, is to esterify the carboxyl group with fatty
alcohols. A United States patent was l1ssued to Sabalitschka
end Bohm (128) in 1941 for the use of methyle, ethyle,
propyl=- and butyl gallates as antioxidants for fats and oils.
These gallates have been classified among the best antie
oxildants for animal fats and are generally considered none
toxic in the small amounts required for use as fat antie
oxidants,

The lower esters of gallic acid are rather sparingly
soluble both in water and in fat; the higher esters are only
slightly soluble in water but are readily soluble in fats
(102)s Lea (80) has shown that a number of esters of gallic
acid derived from lower aliphatic alcohols are also effec=
tive antioxidants, Ethyl gallate has been found to be a
useful antioxidant in a number of fats and foods (82), and
propyl gallate has also proved to be an effective phenolic
antioxidant (11,12,57). Propyl gallate has been widely
sponsored commercially both alone and, more frequently,

under trade names in combination with such substances as
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butylated hydroxyanisole and citric acid in a solution of
propylene glycol (74), or with citric acid in a solution of
corn oil and lecithin,

Gallic acid and its lower esters have a bitter astrine
gent flavour which increases with inereasing molecular
weight from ethyl- to n-amyle (142), but which weakens again
as solubility in water decreases with increasing molecular
weight (142). However, in the low concentrations required,
these gallaﬁes do not impart any flavour to the products to
which they are added.

At the present time propyl gallate is the only gallate
ester permitted to be added to foods in Canada (17) or the
United States (122), It has been widely used, but there is
one respect in which propyl gallate is not fully satisfactory:
its antioxidant effectiveness is not carried=over into baked

foods, such as crackers (73) or pie crust (102).

2, TOXICITY OF PROFYL GALIATE

Extensive toxicological studies using various labe
oratory animals (112) indicate that no detectable toxic
effects follow the prolonged ingestion of propyl gallate in
amounts at least 100 times those that would be consumed by
human subjects if all the dietary fat contained the recome
mended amount of propyl gallate. The ILD«50 for propyl
gallate administered orally in aqueous suspension to rats,

was found to be 3800 mg. per kg. of body weight (117) and
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380 mg. per kg. when administered intraperitoneally (117).
Previous work (13) had indicated an ID=50 for propyl
gallate of 2000 mge. per kg., when dissolved in propylene
glycol and given orally to mice. These results suggest that
there is a large margin of safety for propyl gallate, cone
sidering the small amounts employed in foods. Many mane
ufacturers employ only 0,006 or 0,003 percent propyl
gallate in lard or shortening, which further increases this

safety factor,

3. DEVELOPMENT OF AN ANALYTICAL METHOD FOR PROPYL GALLATE
a. Extraction of Propyl Gallate from Fats

Gallic acid is virtually insoluble in edible fats
having a solubility of only 0,016 percent in lard at 45°C
and 0,016 percent in cottonseed oil at 30°C (85). On the
other hand, gallic acid is highly soluble in hot water, 1l.l1l6
percent at 25°C and 33 percent at 100°C (19). Mattil and
Filer (93) took advantage of these solubility character=
istices for the quantitative extraction of gallic acid from
fats by means of a single extraction with boiling water,
Propyl geallate, on the other hand, is less soluble in water,
0435 percent at 25°C (56) and more soluble in fats, l.lk
percent in lard at 45°C and 1,23 percent in cottonseed oil
at 30°C (85)., Preliminary studies were directed to the

possibility of applying the procedure of Mattil and Filer
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(93) to the extraction of propyl gallate from fats., It was
found impossible to extract propyl gallate quantitatively
from fats by a single extracting with boiling water as is
possible with gallic acid. ZEven several successive extrace
tions of lard with bolling water were found to recover only
about 80 percent of the propyl gallate present, This faile
ure is prasumably related to the greater solubility of
propyl gallate in fats, Further experimentation showed that
propyl gallate is more soluble in dilute aqueous ammonium
acetéte solution than in distilled water. Approximate sol=
ubilities of propyl gallate were found to be 0.32 percent in
water at 22°C as compared to 0.37 percent in 1.67 percent
aqueous emmonium acetate at 22°C, Therefore, dilute ammonium
acetate solution was employed for the extraction of propyl
gallate. The ammonium acetate extracting solution was
chosen because Glasstone (48) determined gallic acid colore
imetrically with ferrous tartrate in the presence of an
ammonium acetate buffer, Ammonium acetate serves two pure
poses; 1t increases the solubility of propyl gallate in
water so as t0 facilitate extraction and it acts as the
buffer in the subsequent colorimetric determination.

0f the common organic solvents, light petroleum
(boiling range 30-60'0) has the least solvent power for
propyl gallate. The solubility of propyl gallate in

various solvents is given in Table I.
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Table I

Solubility of Propyl Gallate in Various Organic Solvents (56)

Solvent Solubility
g« per 100 ge. solvent

Acetone 121,
Ethyl ether 83.
Propylene glycol 67,
Benzene 0.16
Carbon tetrachloride 0,01

Light petroleum (30 = 60°C) , 0,001

Accordingly, 30 « 60°C light petroleum was used as the fat
solvent and the resulting solution was extracted repeatedly
with aliquots of cold (20 « 25°C) aqueous ammonium acetate,
This procedure recovered up to 98 percent of the propyl
gallate and was adopted as the basis of the method for the
extraction of propyl gallate from lard and shorteninge Howe
ever, the fat solvent employed had to be modified, Sube
sequent work showed that if 60 = 100°C light petroleum was
employed as the solvent, the extraction of BHA was sate-
isfactory but that there was a greater tendency for emulsion
formation during the aqueous extraction of propyl gallate,
This tendency to form emulsions was particularly noticable
in the case of fat samples undergoing rancidification. On
the othér hand, the use of 30 = 60°C light petroleum as fat

solvent overcame the emulsion formation but resulted in
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slightly reduced recovery of BHA., After investigating vare
fous mixtures of these two light petroleum fractions, a mixe
ture containing three volumes of 60 - 100°C and one volume
of 30 « 60°C boiling range light petroleum (hereafter re=
ferred to as 3+ 1 light petroleum) was found satisfactory,
permitting good recoveries of both propyl gallate and BHA,

The following experiment was carried out in order to
determine the efficiency of this extraction procedure, Ten
ges of fat containing 0.0l percent of propyl gallate was
dissolved in 50 ml, of 3+ 1 light petroleum and extracted
with successive aliquots of 1.67 percent aqueous ammonium
acetate solution. Each extract was analysed for propyl

gallate with the results given in Table IX,

Table XI

Proportion of Propyl Gallate Extracted from a Fat Solution
in Light Petroleum by Successive Extractions with 1.67

Percent Aqueous Ammonium Acetate

Volume 1,67% | Duration of | Propyl Gallate | Total Propyl
Ammonium Extraction Removed per Gallate
Acetate Extraction Extracted

ml. Minutes

20 Re5 72.8 72.8

20 25 1461 8649

20 265 T7e2 9%l
Water _

15 1.0 Lel 9842




26

The results presented in Table II show that this exe~
traction procedure recovered 98 percent of the propyl gallate
added. If more than 0.012 percent propyl gallate is present
in the fat, an additional extraction with 20 ml, of the
emmonium acetate solution 1s necessary to attain an equally
high recovery. However, since more than 0,006 percent
propyl gallate is seldom used, the following extraction pro-‘
cedure was adopted:» Dissolve 10 g of lard or shortening
in 50 ml., of 3+ 1 light petroleum. Extract this solution
with three 20 ml, aliquots of 1.67 percent ammonium acetate,
each extraction being accompanied by 2.5 minutes shaking.
Next extract the fat solution for one minute with 15 ml. of
water, These four extracts are combined, filtered and

analysed for propyl gallate.

be Choice of Reagents for Determination of Propyl Gallate

Mitchell (101) reported that gallic acid and other trie
hydroxyphenols react with ferrous tartrate to produce a
purple colour. He believed this reaction to be specific for
the pyrogallic grouping. Glasstone (48) subsequently ine
vestigated the influence of hydrogen=ion concentration on
this reaction and recommended the use of an ammonium acetate
buffer of pH 7.0 Although this reaction takes place
equally well in the absence of tartrate, the latter is seid
to be necessary to stabilize the reaction (101}, Lundberg

end Halvorson (85) have stated that ferrous tartrate gives a
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coloured reaction product with most, if not all polyphenols,
but that the products are insoluble in many cases and,
therefore, cannot be estimated colorimetrically. Mattil and
Filer (93), using Glasstone's (48) modification of the fer=
rous tartrate reagent, found that the soluble ferrous tare
trate=gallic acid complex displayed an absorption maximum at
540 mp and obeyed Beer's Law over the range of 0.2 to 1.0 mg.
per 100 ml, of solutioﬁ.

i. Specificity of the Ferrous Tartrate Reagent

The ferrous tartrate reagent in the presence of

one percent ammonium acetate buffer (pH 7.0) was found to be
specific for propyl gallate among the common antioxidants
permitted for addition to foods., A& number of sntioxidants
were investigated as follows:~» Five mg. was dissolved in 1
ml., aliquots of 72 percent ethyl alcohol and this solutiom
diluted to 200 ml., with water. Twenty ml, portions of this
solution, contalning 0.5 mg. of antioxidant was placed into
Evelyn colorimeter tubes., To each tube was added 2.5 ml. of
10 percent ammonium acetate solution, 1.5 ml. of water and

1 ml, of ferrous tartrate reagent (0.l percent FeS0, «7H,0
plus 0.5 percent Rochelle Salt). The resulting absorbancy
was measured in an Evelyn photoelectric colorimeter fitted
with a No. 540 filter, the instrument having been set at

100 percent transmission with a "reagent blank" containing

2l.5 ml, of water, 2.5 ml. of 10 percent ammonium acetate
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solution and 1 ml., of the ferrous tartrate reagent. The

results of these experiments are reported in Table III,

Table IIX

Relative Intensity of Colour Formed with the Ferrous Tartrate
Reagent

Antioxidant Absorbancy at Absorbancy
540 mu/500 microge |Relative to
antioxident/25 ml. | Propyl Gallate

Gallic acid 0.643 111.8

Propyl gallate 0574k 100,0

Lauryl gallate * 0,003 065

NDGA 04346 60,0

NDGA (after centrifuging) 0.009 1.8

Dithiopropionic acid 0,000 0.0

Dilaurylthiopropionate ** 0.003 0e5

3-BHA 0.002 0.3

Hydroquinone 0,002 0.3

Gum Gualac 0,001 0.2

AK=«Tocopherol 0.000 _ 0.0

* Since lauryl gallate is insoluble in water, it was pre=
cipitated from the alcoholiec solution upon the addition of
water, It was, therefore, necessary to filter the lauryl
gallate solution before measuring the absorbancy.
% Dilaurylthiopropionate was precipitated upon dilution of
the original alcoholic solution with water and this pre=
cipitate was flltered off before measuring the absorbancye.
Ferrous tartrate produces a blue-purple colour in the
presence of high concentrations of NDGA, However, this

colour 18 due to the formation of a very fine blue-purple

precipitate. This precipitate can be removed easily by
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centrifuging and it has been shown that formation of this
blue=purple preclipitate does not introduce any appreciable
error in the determination of propyl gallate (see Table III).

In the United States NDGA can be added to edible fats.
The Canadian Food and Drug regulations have recently been
amended to pérmit the use of NDGA (17). However, come
binations of propyl gallate and NDGA are not permittéd either
in Canada (17) or the United States (122). Therefore, fat
samples ought not to contain both propyl gallate and NDGA.
Only gallic aclid remains as a possible seriously interfering
substance when the ferrous tartrate reagent is used to de=
termine propyl gallate. However, gallic acid is not per=
mitted to be added to foods. Consequently, ferrous tare
trate 1s specific for propyl gallate among the antioxidants
naturally present or pe:mitted to be added to edible fats.

ii. Relative Sensitivity of the Ferric Chloride =
X K!'=Bipyridine and Ferrous Tartrate Reagents

Hill (60) employed o{X'=bipyridine plus sodium
bisulphite for the estimation of iron in blological material.
Later Emmerie and Engel (35) used ferric chloride plus
o(X*=bipyridine for the colorimetric determination of
tocdpherol. The literature contains numerous applications

of this reaction to the determination of reducing substances,

including propyl gallate (85), NDGA (85) and BHA (73).
Although ferric chloride plus ,X'=bipyridine is nine times
more sensitive for the determination of propyl gallate than
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ferrous tartrate (employing equel volumes of final solution),
the ferric chloride =0o(,0{!=bipyridine reagent is none
specific, Accordingly, the ferrous tartrate reagent was
adopted for the determination of propyl gallate.

6e Characteristica of the Ferrous Tartrate = Propyl Gallate
Colour Reaction

i. Absorption Curve

An absorption curve was prepared for the ferrous

tartrate =~ propyl gallafe reaction product as follows:=

Twenty mle of 1l.25 percent aqueous ammonium ace
etate solution contalning propyl gallate was placed in a
test tube., To this was added 4 ml, of water and 1 ml, of
ferrous tartrate reagent., After five minutes the absorption
curve of the resulting coloured solution was measured rele
ative to a reagent "blank", using a Beckmen Model B spectroe
photometer, The resulting date are given in Figure 1.

The results presented in Figure 1 show thatrthe
ferrous tartrate = propyl gellate colour exhibits a single
broad absorption peak between 400 and 700 mp with & meximum
at 530 mp. A similar absorption curve was prepared using a
Coleman Universal Spectrophotometer, and again the maximum
was found to be at 530 my. Because of the broad zoneé of
near=-maximum eabsorption, it was found that the absorbancy
for the propyl gallate = ferrous tartrate colour using a Noe.

515 filter was 0.8 percent greater than that obtained
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Figure 1 Propyl Gallate = Ferrous Tartrate Absorption Curve
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employing a No. 540 filter in an Evelyn colorimeter. How~
ever, the ferrous tartrate "blank" gave an absorbancy of
0.006 with a No. 515 filter relative to water as compeared to
0,001 when a No. 540 filter was employed. PFor this reason
" an Evelyn colorimeter fitted with a No., 540 filter was eme
ployed to measure the absorbancy of the ferrous tartrate =-
propyl gallate colour. When a spectrophotometer was used,
absorbancies were measured at 530 mp.

ii, Colour Stability

The ferrous tartrate = propyl gallate colour was
developed in an Evelyn colorimeter tube as previously
described. The resulting absorbancy was measured in an
Evelyn Photoelectric colorimeter fitted with a No. 540
filber,.relative to a "reagent blank" tube containing 20 ml,
of 1,25 percent aqueoué ammonium acetate, 4 ml, of water and
1 ml, of ferrous tartrate reagent. The tubes were stoppered
and the absorbancy measured at intervals for 125 hours with
the results given 1in Table IV.

Table IV shows that the ferrous tartrate reagent
in the presence of 1 percent ammonium acetate buffer pro=
duced maximum colour intensity with propyl gallate within
one minute. This maximum absorbancy remained constant for
about fifteen minutes and then faded very slowly, at the
rate of epproximately 0.8 percent per twenty-four hours at

room temperature., In the case of propyl gallate extracted
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Table IV

Effect of Time Upon the Ferrous Tartrate « Propyl Gallate
Colour

Time in Minutes Absorbancy in Evelyn Colorimeter with
540 my Filter
0e25 0.400
0.5 Ol.418
1 0.425
2 0.425
N 0.425 Maximum
8 0e425
16 0424
32 ' 0423
6l 0.423
128 04422
256 0.422
1024 Oe416
2048 Oellly
4,096 0.409
8192 04407

from fat samples undergoing rancidification the rate of
fading is more rapld and measurements should, thdérefore,
always be made within fifteen minutes. The rapidity of
colour formation and stability of the colour were additional
factors in favour of the choice of the ferrous tartrate
reagent for the analyslis of propyl gellate

If the ferrous tartrate reagent was kept as much as
forty-eight hours away from direct sunlight, the same maxe
imum absorbancy was obtained. However, after five minutes
in direct sunlight, the reagent turns colourless but the

same maximum absorbancy was obtained. Next day thils
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reagent was brownish and absorbancies were 2.5 percent
lower,
iii., Calibration Curve

Varying amounts of propyl gallate in 1,25 pere
cent ammonium acetate solution were placed into Evelyn
colorimeter tubes, The contents of each tube was dlluted to
20 ml, with 1,25 percent ammonium acetate solution, 4 ml, of
water and 1 ml, of ferrous tartrate reagent added. After
ten minutes the absorbancy was measured in an Evelyn colore
imeter fitted with a No. 540 filter relative to a reagent
*blank® containing 20 ml, of 1l.25 percent ammonium acetate
éolutién, L mi. of water and 1 ml, of ferrous tartrate

reagent. The resulting measurements are recorded in Table V.

Table ¥

Ferrous Tartrate = Propyl Gallate Calibration Curve

Propyl Gallate | Absorbancy with a | Absorbancy/microgram of
No. 540 Filter in | Propyl Gallate in 25 ml.
Micerograms Evelyn Colorimeter #K=Value™

50 0,056 0,00112

100 0.112 0.00112

200 0,217 0.,00109

300 06334 0,00111

400 Oobl?7 0.00112

500 0.564 0.00113

600 0,67k 0.00112

700 0.796 000114

800 0.890 0.00111

900 0.963 0.00107

1000 1.037 0.00104
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The results presented in Table V show that the

propyl gallate = ferrous tartrate colour reaction obeys
Beer's law over the range of 50 to 800 micrograms of propyl
gallate per 25 ml., of solution, employing an Evelyn colore
imeter with a No. 540 filter. The "K=-value™ was found to be
0.00112 per microgram of propyl gallate in 25 ml. using an
Evelyn colorimeter. Employing a Coleman Universal Spectro=
photometer with 40 m.m, absorption cells and a wavelength of
530 mp it was found that Beer's law applied over the range
of 20 to 360 micrograms of prépyl gallate in 25 ml. of solu=

tion and that the "K-value" was 0.,00223 per microgram.

4, ANALYTICAL METHODS

a. Reagents
ILight Petroleum (3+ 1) = Mix 3 volumes of 60° « 100°C

boiling range light petroleum (Skellysolve H) with 1 volume
of 36' - 60°C 1ight petroleum and shake this mixture with
one=tenth its volume of concentrated sulphuric acid for five
minutes, Run off the yellowish acid layer and wash the
light petroleum repeatedly with water and then with 1 per=
cent potassium hydroxide solution until free of acid.
Distill the light petroleum, using an all-glass apparatus.
Ferrous Tartrate -~ 0.1l percent ferrous sulphate

(FeS0,.7H,0) and 0.5 percent of Rochelle salt in distilled



36
water, freshly prepared.

Ammonium Acetate = 1,10, l.25, 1.30, 1.67 and 10,0 per=-

cent aqueous solutions. Solutions containing 1.30 and 1,67
percent ammonium acetate in 5 pércent ethyl alcohol solution
may also be required.

Ammonjium Hydroxlde =~ concentrated ammonium hydroxide
(28 - 29 percent NH;) is required in the qualitative test

for propyl gallate.

be Qualitative Procedure

In order to avoid the need for conducting long extrace
tion and analytical procedures only to find that the fat
sample contained no propyl gallate, it was necessary to have
a rapid, specific and sensitive qualitative test for propyl
gallate, ZExperimentation provided a simple reagent that fule
filled these requirements. Propyl gallate in aqueous or
alcoholic solution (not exceeding 80 percent ethyl alcohol
by volume) was found to produce an intense transitory rose
colour upon the addition of a small amount of ammonium
hydroxide, Under these conditions gallic acld produces an
intense orange colour. Thus, this simple test will dife
ferentiate propyl gallate from gallic acid. NDGA and gum
gualac give a pale yellow colour, while BHA, tocopherol,
thiodipropionic acid and dilaurylthiopropionate produced no

colour. Lauryl gallate (not permitted to be added to foods)
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also gives an intense rose colour identical with that
obtained with propyl gallate. However, since lauryl gallate
is insoluble in water an alcoholic solutlon of lauryl
gallate must be employed.

The following test was conducted to determine whether
a fat contains propyl gallate:= Place 10 g. of the fat in
a separatory funnel and dissolve the fat with 50 ml. of
3+ 1 light petroleum., Add 10 ml, of 72 percent ethyl
alcohol and shake for two minutes., Allow the phases to sepe
arate, run off the alcoholic layer, filter and to the file
trate add 1 ml, of concentrated ammonium hydroxide. The
appearance of a rose colour indicates the presence of propyl
gallate, lauryl gallate or possibly other gallate esters,
Less than one microgram of propyl gallate per ml. of solu=

tion can be detected by this test.

c. Quantitative Procedure
Dissolve 10 g. of fat with 50 ml. of purified light

petroleum(3 + 1),1in a 250 ml. separatory funnel, Extract the
fat solution with three, 20 ml, volumes of aqueous 1l.67 per=
cent ammonium ecetate solution by continuously inverting the
separatory funnel for 2.5 minutes per extraction. Finally,
extract the fat solution for one minute with 15 ml. of
water, Allow time after each extraction for complete sep=

aration of the phases before running off the aqueous layer.
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Combine the extracts which contain the propyl gallate,
dilute to 80 ml. with water and filter., This solution now
contains 1.25 percent of ammonium acetate., Pipette three
different aliquots of the extract, not exceeding 20 ml. into
L0 m.m. rectangular Coleman absorption cells and dilute all
aliquots to 20 ml, with 1.25 percent ammonium acetate solu=
tion, Add 4 ml, of water and 1 ml, of fresh ferrous tar=-
trate reagent to each cell., Stir the contents and after
three minutes measure the absorbancy at 530 mp in a Colemean
Universal Spectrophotometer. Measure all absorbancies rele
ative to a "blank" containing 20 ml, of 1l.25 percent aqueous
semmonium acetate solution, 4 ml. of water and 1 ml, of fresh
ferrous tartrate reagent. If any visible turbidity is pres-
ent in the extract, the appropriate correction is obtained
by reading the absorbancy of the extract solution before
adding the ferrous tartrate reagent relative to a water
*blank®™, Any absorbancy measured, is multiplied by 24/25
and thé appropriate fraction of this value is subtracted
from the absorbancy measured after the addition of the fere
rous tartrate reagent. The small amount of ferrous tartrate
employed has no effect on the absorbancy at 530 qy relative
to a water "blank",

Place suitable portions (1 ~ 20 ml.) of a standard
aqueous solution of propyl gallate (20 micrograms per ml,)

in 40 m.m. absorption cells, add 2,5 ml. of 10. percent
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aqueous ammonium acetate solution, dilute to 24 ml, with
water, and add 1 ml. of ferrous tartrate reagent. Measure
the absorbancy as previously described and plot a reference
line over the range of 20 to 360 micrograms of propyl gallate
and determine the "K=value" per microgram of propyl gallate,

To calculate ﬁhe amouﬁt of propyl gallate in an unknown
sample, divide the observed absorbancy by the "K-value" to
obtain the concentration of propyl gallate in micrograﬁs per
aliquot taken for analysis,.

In the case of certain shortenings, a strong tendency to
emulsify was noted during the aqueous extraction of propyl
gallate., To avoid this emulsification, add 1 ml. of capryl
alcohol to the light petroleum = fat solution before begine
ning the extraction. Use a 1l.67 percent smmonium acetate
solution in 5 percent ethyl alcohol for the extraction in
place of the usual aqueous ammonium acetate solution. Adopt
this procedure only when the normal method fails. The use
of capryl alcohol and 1.67 percent ammonium acetate in 5 per-
cent ethyl alcohol ylelded results of the same magnitude and
accuracy as was obtained with the original method and the

same "K=values" applied.

d. More Sensitive Quantitative Procedure
In the case of fat samples expected to contain less

than 0.005 percent of propyl gallate, the following more
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sensitive procedure has been developed. This procedure dife
fers from the foregoing method as follows:e=

Prepare the fat solution in light petroleum (3+ 1) as
previously outlined., Extract this fat solution with three,
20 ml, portions of aqueous l.3 percent ammonium acetate
solution, extracting for three minutes each. Next, extract
the fat solution for one minute with 8 ml. of water., Come
bine these four extracts, dilute to 70 ml. with water and
filter, Pipette three different volumes of the extract, not
exceeding 24 ml, into 4O m.m, Coleman absorption cells,
dilute to 24 ml, with aqueous 1.l percent ammonium acetate
solution and add 1 ml. of ferrous tartrate reagent. Allow
five minutes for maximum colour formation and measure the
absorbancy as previously outlined. Employing this procedure,
reasonably accurate results can be obtained for concentra=
tions as lpw as 0.0014 percent propyl gallate in fat, At
these low concentrations the correction for turbidity in the
extract becomes very important, especially if the fat sample
extracted is becoming rancid. This modified procedure 1is

1.37 times more sensitive than those previously described.
5. CHARACTERISTICS OF QUANTITATIVE METHODS

a. Recovery of Propyl Gallate from Fat

In order to obtain an accurate indication of the ree=

covery of propyl gallate in lard or shortening employing the
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foregoing procedures, it was necessary to prepare a fat, free
of peroxides and other oxidizing materials, O0xidizing sube
stances, if present in the fat, react with the propyl gallate
and the result is lowered recovery.

Fat samples free from oxidizing materials were prepared
by holding the fat containing approximately 0.05 percent of
tocopherol at 60¢ for ten minutes. If, on cooling,
tocopherol was still present (see subsequent method) it was
concluded that there was an excess of tocopherol over oxidize
ing materials., In the case of fresh shortenings there is
usuelly natural tocopherol present and, therefore, less need
be added., PFour analyses of lard containing 0.0l percent of
propyl gallate resulted ln an average recovery of 98 percent

of the propyl gallate added,

b. Reproducibility of Analytical Results

In order to ascertain the precision of the foregoing
analytical procedures, six identical fat samples were an-
alysed for their propyl gallate content, employing both
variations of the extraction procedure. In every case the
extract from a single sample was analysed at three cone
centration levels, and these results were averaged and ree
ported as a single figure., The results of six such deter=
minations by each method were analysed statistically and the
results are shown in Table VI, In all cases the concentra=

tions employed fall within the range normally to be expected
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in foods,

Table VI

Reproducibility of the Methods for the Determination of
Propyl Gallate

Extraction Procedure | Mean of Six Standard 99 Percent
Employed Determinations | Deviation| Confidence
Percent Limits
Normal procedure 0.0104 0,00005 * 0,0002
Modified procedure 0.0068 000005 | + 0.0002

employing capryl
alcohol and 1.67%
ammonium acetate in
5% ethyl alcohol

These results indicate that the 99 percent confidence limits
for a single determination of propyl gallate is 2 to 3 pere

cent of the amount present,

¢c. Analytical Range for Propyl Gallate Employing Five
Different Colorimeters

Both the canadian_Food and Drug Regulations (17) and
the American Meat Institute Foundation (122) limit the
amount of BHA that can be added to "edible fat" to 0,02 pere
cent by weight of the fat. It is, therefore, impossible to
add more than 0,006 percent of propyl gallate employing an
"AMIP-72«typé" antioxidant formulation without exceeding the
maximum amount of BHA permitted. Even 80, a number of

manufacturers add only half this amount of antioxidant to
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their products, namely, 0.003 percent of propyl gallate,

0.01 percent of BHA and 0,002 percent of citric acid. Hence
it was necessary to have an analytical procedure capable of
determining less than 0,003 percent of propyl gallate in
fat. This is especially necessary when conducting exper=-
iments on the disappearance of propyl gallate from fats or
fatty foods during storage,

In order to determine the practical analytical range
for propyl gallate using various instruments to measure the
absorbancy; five commonly used spectrophotometers and
colorimeters were investigated. Table VII gives the analyte
1cal range characteristic of each instrument employing the

more sensitive method for propyl gallate.

Table VII

Analytical Range for Propyl Gallate Employing a Number of
Instruments to Measure the Colour

Instrument Width of |Micrograms of |Percent of Propyl
Absorption| Propyl Gallate/|Gallate per 10 g.

Cell 25 ml, to give |fat corresponding

Absorbancy of:=| to absorbancy of:=-

Melle 0.1 0.8 0.1 0.8

Beckman DU 10 175 1380 0.,006% | 0.,031%
Beckman B 10 175 1380 0.006 0.031
Beckman B 50 35 280 0.001 0,007
Colemen 11 13 140 1120 0,004 0.026
Coleman 11 20 90 720 0.003 0,017
Coleman 11 40 L5 360 0.0014 | 0.008
Colemen Junior | 16 (tube) 115 920 0.004 0.021
Evelyn 20 (tube) 90 720 0,003 0.017
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These results shows that only two of these instruments,
namely, the Beckmen Model B fitted with 50 m.m, cells and
the Coleman 11 fitted with 4O m.m. cells can be used to
analyse fat samples containing less than 0.03 percent of

propyl gallate,



B. Butylated Hydroxyanisole;

Method Using Ferric Chloride Plus o,c(*~Bipyridine
1., INTRODUCTION

It has been demonstrated ﬁhat the synthetic antie
oxidant known as butylated hydroxyanisole, also referred to
as BHA, possesses very desirable properties (73). These
include:= a high solubility in oils (73); a carry-through
of its antioxideant properties into baked goods (8,73,129,
147); non=toxicity at the concentrations employed (147), as
witnessed by its approval for use in foods (17,122); no
colour, odour or taste imparted to the substrate to which
the antioxidant 1s added at a concentration of 0,02 percent
(125); low cost; and effectiveness at the low concentrations
of 0,005 to 0,02 percent of the fat. It has been reported
that BHA and mixtures containing this antioxidant more
nearly meet the requirements of an 1deal antioxidant than
does.any other compound studied (73).

BHA (125) is a trisubstituted benzene compound containe
ing as substituents a tertliary-butyl group, a hydroxyl group,
and a methoxy group. The antioxidant activity of BHA is not
assured by the mere presence of these three substituents for
it is essential that these groups be properly orientated in
the ring. Rosenwald and Chenicek (125) investigated the
relationship between structure and antioxidant activity for

a number of hydroxyenisoles. These authors (125) evaluated
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the antloxidant potencies of these substances by employing
the Active Oxygen Method (69,123). .All measurements were
made employing a single lard with an initial stability of
three hours. The relative potencies of the antioxidants

tested were expressed as the "inhibitor ratio", namely:=
Ly = Lg
Ly = L,

where, Lx is the length of the induction period with the

Inhibitor Ratio =

unknown, Lb the induction period of the pure lard, and Ls
the induction period with the standard antioxidant at the
same concentration as the unknown. Pure 3-tertiary-butyle
Lwhydroxyanisole (3-BHA), was selected as the standard and
was assigned an inhibitor ratio of 1.00.

Employing 0.02 percent of antioxidant in lard,
Rosenwald and Chenicek (125) assigned inhibitor ratios of
less than 0.1 to 2«~hydroxyanisole (guaiacol), less than O,l
to 3e~hydroxyanisole, and 0.3l to L4e~bydroxyanisole (methyl
ether of hydroquinone). Methyl substitution of Lehydroxy=~
enisole increased its inhibitor ratio. These authors (125)
assigned inhibitor ratios of 0.48 to 2emethyl~k=hydroxy=
anisole and 0,55 to 3=methyl-jf~hydroxyanisole. Dimethyl,
3e=n=propyle=, 3«=allyle, 3eisopropyle=, di=isopropyle, 3=n-
butyl=-, and 3=iso~butyl=, substitutions of L~hydroxyanisole
produced no further increase in the inhibitor ratio. The

inhibitor ratio of 3-secondary-butyl-h-h&droxyanisole was
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0.60; for 2=-tertiary-butylef-hydroxyanisole, 0.36; for
3=tertiary~-butyl=4=-hydroxyanisole, 1.00 the reference
compound, Of the forty compounds tested only three exhibited
inhibitor ratios greater than 1.,0. These were 3=tertiary=
butyl=5=methyl=4f=hydroxyanisole, 1.,10; monotertiary~butyle
hydroquinone, 2.65; and hydroquinone 3.1l. Hydroquinone,
although employed for a short period as an antioxidant in
edible fats in the United States (95) is no longer permitted
because of its high toxicity (96). Therefore, 3-BHA was
Judged to be the most satisfactory antioxidant in view of
its relatively low order of toxicity and high antioxidant
activity.

Commercial BHA is a mixture of the isomers, 2«BHA and
3-BHA (31) in which 3~BHA predominates (88). Since BHA is
stable to heat and mild alkali (8) it is not destroyed during
many cooking processes; and, therefore, extends the storage

life of a variety of cooked foods (8,73,129,147).

2 TOXICITY OF BUTYLATED HYDROXYANISOLE

BHA is relatively non~toxic as indicated by the find~
ings of Wilder and Kraybill (147), who reported that the
LD~50 for BHA in acute toxicity tests was 4130 mg. per kg.
of body weight when administered in corn oil to adult, non=
fagsted rats via stomach tube., The LD-50 for BHA was

reported to be in excess of 5000 mg. per kg. when given to
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adult fasted rats via stomach tube in the form of a water
emulsion (147). Chronic toxicity studies in which rats were
fed diets containing up to 2 percent of BHA for a perioed of
six months resulted in no ill effects, except a lower rate
of feed consumption (1l47). The hot peppery taste of the
ration contalning 2 percent of BHA was held responsible for
the lowered feed intake. At the 2 percent level of BHA in
the diet Wilder and Kraybill (147) calculate that the rats
received over 1000 times as much BHA as they could eat if
they consumed lard containing 0,02 percent of BHA, the max-
imum amount of BHA permitted (17,122). Also, each rat
received more BHA per day than they would normally receive
in a lifetime (147) of eating fats containing 0.02 percent
BHA. Histologlical examination of the organs of the rats fed
on a diet containing 2 percent BHA for six months showed no
pathological conditions that could be attributed to this
antioxidant., These and other published data (147) indicate
a8 low order of toxicity for BHA fed to rats as judged by

acute and chronic toxicity tests.

3. OXIDATION PRODUCTS

The question is often ralsed as to the fate of the antie
oxidant molecule as a result of functioning as an anti=-
oxidant, It is generally concelved that the antioxident is

oxidized during the stabilization process. Rosenwald and
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Chenicek (125) attempted to determine any pessible oxidation

step which ma& be involved. TFor this purpose they subjected
3=-BHA to mild oxidation by such reagents as potassium
ferricyanide or oxygen in the presence of alkali. A coloure
less compound was formed, possessing a high melting point
(225°C), low solubility aend the carbon and hydrogen contents
of a BHA dimer minus one mole of hydrogen. This oxidation

product was bellieved to have the following structure:

OCH, 9cH3
(CHs)f- , -C(CH3)3 (125)
OH OH

This oxidation product still exhibite@ an iphibitor
ratio of 0.5 at a concentration of 0.02 percent relative to
1,0 for the original 3~BHA. It was not established that
this material actually is formed in fats during the inhibite
ing process and Rosenwald and Chenicek (125) considered it

likely that other products may alsoc be involved.
4e DEVELOPMENT OF ANALYTICAL METHOD

a. Extraction of Butylated Hydnéxyanisole from Fat

Kraybill et al, (73) state that BHA is readily soluble
in fats in all'proportions, but nearly insoluble in water.,
These authors determined the solubility of BHA in water as
0.,00154 percent at 25°C end 0.00165 percent at 70°C.
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In addition these authors determined the extractability of
BHA from lard with water by shaking 5 g. of lard containing
0.015 percent of BHA with 10 g. of water at 70°C for twentye
two hours and reported ﬁhat the water falled to remove any
measurable amount of BHA,

The foregoing findings of Kraybill et al. (73) indicated
that the aqueous extraction of propyl gallate from fat
light petroleum solution should not remove any BHA. Experw-
iments showed that if lard containing BHA was dissolved in
light petroleum and extracted repeatedly with 1.67 percent
aqueous ammonlum acetate solution no BHA was present in the
aqueous extract. Of course the extract was filtered to
avoid possible entrainment of fat droplets containing BHA.
Thus, 1t is possible to extract a light petroleum solution
of a fat contaiﬁing both propyl gellate and BHA with aqueous
ammonium acetate solution while removing only the propyl
gallate and leaving the BHA in the fat - light petroleum
phase.

i. BEffect of Ethyl Alcohol Concentration on the

Recovery of Butylated Hydroxyanisole and Tocopherol
from a Fat Solution

Lundberg and Halvorson (85) reported that a number
of antioxidants with the exception of tocopherol could be
quantitatively extracted from a light petroleum soclution of
fat with 80 percent ethyl alcohol., Investigations showed
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that repeated extraction of a light petroleum solution of
fat with 80 percent ethyl alcohol (by volume) quantitatively
removed all propyl gallate, BHA and nordihydrogusasiaretic
acid (NDGA) present together with a proportion of the
tocopherol.

Experiments were conducted in which pairs of 10 g. fat
samples containing approximately 0.02 percent of BHA and
approximately 0,18 percent of X=tocopherol were dissolved in
50 ml, of 3+ 1 light petroleum., These fat solutions were
each extracted four times with 25 ml, aliquots of alcoholic
solutions ranging from 40 to 90 percent ethyl alcohol by
volume, Each sample was shaken for three minutes per extrace
tion. The resulting alcoholic extracts were filtered and
analysed for BHA and tocopherol respectively. The results of
some of these experiments are given in Figure 2.

The results plotted in Figure 2 show that the amount of
BHA'extracted,increased as the concentration of alcohol in
the extracting solution was increased. Above 75 percent
ethyl alcohol no further inorease in the recovery of BHA was
obtained, therefore, the extraction secured with this evncen~
tration of alcohol was taken as 100 percent of BHA recoveéry.
The results in Figure 2 show that four extractions with 72
percent ethyl alcohol recovered all of the BHA while leaving
about 98.6 percent of the tocopherol behind in the light

petroleum - fat solution. Therefore, a fat contalning
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propyl gallate, BHA and tocopherol can be dissolved in light

petroleum, the propyl gallate extracted with aqueous ammonium
acetate, the BHA extracted next with 72 percent ethyl alcohol
(by volume) while the tocopherol remains behind in the light
petroleum together with the fat,

Because of the similar solubilities of propyl gallate
and NDGA, these antioxidants cammot be separated when both
are present in the same fat., However, since neither the
Canadian Food and Drug Regulations (17) nor the American
Meat Institute Foundation (122) permit the use of both
propyl gallate and NDGA in the same sample, it is not likely
.that such a combination will be encountered, Again, whereas
the use of BHA together with NDGA is permitted in Canada
(17) and the United States {122), both these antioxidants are
extracted by 72 percent ethyl alcohol.

ii, Effectiveness of Seventy-two Percent Ethyl Alcohol

as Extractant of Butylated Hydroxyanisole from
Lard in a Light Petroleum Solutien

In order to determine the effectiveness of 72 per=
cent ethyl alcohol as an extractant of BHA in lard, three 10
g. samples of lard containing approximately 0.02, 0.03 and
0.04 percent of BHA respectively, were dissolved in 50 ml.
portions of 3+ 1 light petroleum., These solutions were
extracted with three, four end five successive 25 ml, pore
tions of 72 percent ethyl alcohol respectively, by contine

ually inverting the separatory funnels for three minutes per



extraction. Each fat solution was then extracted with a
further 75 ml, of 72 percent ethyl alcohol for one minute.
Each of these alcoholic extracts was diluted separately to a
convenient volume, filtered and analysed for BHA. Table VIII

contains the results of these experiments,

Table VIIT

BHA Recovered from Fat in Light Petroleum Solution by
Successive Extractions with 72 percent Ethyl Alcohol

Duration of |Volume of 72% | Percent of Total BHA Extracted
Extraction |Ethyl Alcohol
Employed 0.,02% BHA| 0.,03% BHA |0.04% BHA
(Minutes) (ml.)

3 25 L1.9 3he9 3061

3 25 3243 27.2 2443

3 25 20,6 19.9 20,7

3 25 - lhol 12.6

b 25 - - 9els

l 75 309 207 108

The results in Table VIII show that four extractions recover
over 98 percent of the BHA in the fat « light petroleum

solution when less than 0,02 percent BHA is present in lard,
If over 0.02 percent of BHA 1s present, five or more extrace

tions will be required to recover 98 percent of the BHA,

b Choice of Reagent Concentrations
It would seem that the only reagent previously employed

for the determination of BHA was the ferric chloride plus



, 55
ocaé-bipyridine reagent originally described by Emmerie and
Engél (35)s Kraybill et al. (73) have described the use of
an adaption of the Emmerie and Engel method for the colore
imetric determination of BHA. Therefore, this reagent was
the first to be considered for the determination of this
compound in the present study. Lundberg and Halvorson (85)
employed the Emmerie and Engel reaction for the colorimetric
determinations of hydroquinone, guaiaretic acid, NDGA, gallic
acid and propyl gallate., These authors reported that although
this reagent is almost completely lacking in specificity, it
is extremely useful when dealing with only one phenolic antie
oxidant whose ldentity is known. This reagent is applicable
to a variety of phenolic antioxidants with no variation
except in the length of the reaction time (85).

Since 1t was found that BHA reacts rather slowly with
the ferric chloride plus ocoé-bipyridine reagent as employed
by Lundberg and Halvorson (85), it was decided to invese
tigate different amounts and relative proportions of these
two reagents to determine whether the rate of reaction with
BHA could be increased. For this purpose, 5 ml. portions of
72 percent ethyl alcohol containing 40 micrograms of BHA were
placed in a number of opaque 25 ml, Erlenmeyer flasks, To
these were added various volumes of 0.2 percent ferric chlos
ride solution (FeCl .6&20) and 0.5 percent o,0('=bipyridine

3 |
solution in absolute ethyl alcohol. 1In all cases the
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contents of the flasks were diluted to 12 ml. with 100 perw
cent ethyl alcohol. After exactly thirty minutes the cone=
tent of each flask was transferred to a colorimeter tube and
the absorbancy measured relative to the appropriate reagent
"blank” held for thirty minutes employing an Evelyn colore=
imeter fitted with a No. 515 filter. The results of these

experiments are given in Table IX.

Table IX

Effect of the Amount and Ratio of Ferric Chloride to
o, =-Bipyridine Upon the Absorbancy Formed with BHA in
Thirty Minutes

Volume of 0.5% Absorbancy per Microgrems of BHA Measured
yKt=Bipyridine ' After Thirty Minutes Reactleon

Volume of 0.2% Ferric Chloride.6H,0

ml, 1 2 3 L mle
0.k 0.624 0.604 0,560 04503
0.8 04592 0.632 0.592 0.576
1.0 0.520 0.592 0.624 0.605
2,0 0.476 0.544 0.584 0.628

The results in Table IX revealed a striking symmetry.
Namely, that essentially the same absorbancies were obtained
for the combinations of ferric chloride plus ,X'=bipyridine
that were represented along the dlagonal from thé top left
corner to the bottom right corner of Table IX. Absorbancles

ranging from 0.624 to 0.632 were obtained along this
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principal diagonal, Apparently any of these combinations

wquld have been equally satisfactory forrthe eanalysis of BHA.
It is perhaps revealing'to point out that the absorbancy of
0.628 (4 ml, 0.2 percent FeClB+ 2,0 ml, of 0.5 percent

Ay K'=bipyridine) was obtained by employing almost the exact
condentrations and ratio of reagents as were originally
employed by Lundberg and Halvorson (85). However, this
reagent concentration was too great to be employed, as the
"blank” was so strongly coloured as to render it impossible
to determine the "centre setting” with an Evelyn color=
imeter. Accordinély, a reagent consisting of 2 ml, of 0.2
percent ferric chloride (FeCL3.6H20) together with 2 ml, of
0.2 pércent K, K=bipyridine (same as 0.8 ml, of 0.5 percent
solution) was adopted for the analysis of BHA.

c. Characteristics of the Ferric Chloride - o,K!'=Bipyridine=
Butylated Hydroxyanisole Colour Reaction

i, Absorption Curve

Five ml., of 72 percent ethyl alcohol containing LO
micrograms of BHA were placed in a 25 ml., opaque Erlenmeyer
flask and 3 ml, of 100 percent ethyl alcohol, 2 ml, of 0,2
percent ferric chloride and 2 ml., of 0.2 percent &K'=
bipyridine reagents added. After thirty minutes the
absorption curve was determined relative to a reagent

"blank™, employing a Beckman B Spectrophotometer. The
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absorption curve obtained is illustrated in Figure 3.

The results in FPigure 3 indicate that the ferric
chloride « o,('~bipyridine = BHA colour exhibits a maximum
absorption at 522 mp, Because of the shape of the absorp-
tion curve a No. 515 or No. 520 filter gave the same absorbe
ancy in an Evelyn colorimeter. A No. 515 filter was chosen
for future measurements,

ii. Colour Stability

Since a mixture of ferric chloride plus (K=
bipyridine in alcoholic solution is very photosensitivé, it
is necessary to protect thié reagent from strong light. TFor
this purpose 25 ml, glass=stoppered Erlenmeyer flasks were
rendered impervious to light with black electric tape and the
reaction with BHA conducted in these flasks,

Five ml, portions of 72 percent ethyl alcohol con=
taining 40 micrograms of BHA were placed into each of a
number of 25 ml, opaque flasks, followed by 3 ml, of 100 per-
cent ethyl alecohol, 2 ml, of 032 percent ferric chloride and
2 ml, of 0.2 percent o{,X'-bipyridine reagents., After dif=-
ferent time intervals the resulting colour was measured in
an BEvelyn colorimeter fitted with a No. 515 filter relative
to reagent "blanks" held for similar time intervals.
Experiments were conducted with 2-BHA, 3-BHA and two commer-

clal BHA preparations. The results of these experiments are

given in Table X.
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Table X

Effect of Time Upon the Absorbancy Produced by Commercial
BHA, 2-BHA and 3~BHA on Reaction With the Ferric Chloride
Plus o(,X'=Bipyridine Reagent

BHA Employed Absorbancy in Evelyn Colorimeter With a
No. 515 Fllter

Reaction Time in Minutes

15 30 L5 60
Commercial BHA No.l | 0.569 0.618 0.621 0.624
Commercial BHA No.2 | 0.552 0.624 0,626 0,629
Pure 2«BHA 0.604 0.698 0.710 0.714
Pure 3""BHA 00608 0.610 00615 00621

Table X shows that 3«BHA reacts more rapldly with ferric
chloride plus o(X'«bipyridine than 2~BHA, but that 2-BHA
produces more coldur per unit weight than 3-BHA. These
results indicate that an effective maximum colour formation
is obtained in fifteen minutes with 3«BHA, in forty minutes
with 2«BHA and in approximately thirty minutes with the two
commercial BHA preparations. Since it was found that
commercial BHA preparations contain from 60 to 80 percent of
3-BHA, it was decided to employ thirty minutes for colour
development between BHA and the ferric chloride plus o,'-
bipyridine reagent. |

iii., Calibration Curves

The calibration curve for BHA on reaction with

the ferric chloride plus o{X'-bipyridine reagent was
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determined as follows:-~ Varying amounts of commercial BHA
or pure BHA isomeré contained in 72 percent ethyl alcohol
were placed into 25 ml. (opaque) Erlenmeyer flasks. In all
cases the BHA solutlion was diluted to 5.0 ml., with 72 pere
cent ethyl alcohol., Then 3 ml., of 100 percent ethyl alcohol,
2 ml, of 0.2 percent ferric chloride and 2 ml. of 0.2 percent
AA'=bipyridine reagents were added to each flask. Exactly
thirty minutes after adding the ferric chloride reagent the
resulting absorbancies were measured relative to a reagent
"blank"., Measurements were made in an Evelyn colorimeter
fitted with a No. 515 filter with the results given in
Table XIT.

Table XI

Calibration Curves for 2-BHA, 3-BHA and Commercial BHA Upon
Reaction With Ferric Chloride Plus X«X'-Bipyridine Reagents

BHA Present { Absorbancy Measured in Evelyn Colorimeter With
a No. 515 Filter
Microgram 2-BHA 3=BHA Commerclial BHA
10 0.174 0.155 0.159
20 0.« 344 0.308 0.314
30 0.516 0.463 V9 /%
L0 0.685 0.617 ‘ 0.624
50 0.830 0.750 0.763

These demonstrate that the colour reaction of BHA with

ferric chloride plus o(,K'=bipyridine reagents obeys Beer's
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Law over the range of 10 to 4O micrograms of BHA in 12 ml.
of solution.

iv. Effect of the Proportion of 2~tertiary-butyl-,e
hydroxyanisole and 3-tertiary-butyl=jf=hydroxy-
anisole Isomers on the Absorbancy per Microgram,
Employing the Ferric Chloride Plus a;aQ
Bipyridine Reagents

The data in Table XI show that the "K-value®", i.e.
absorbancy per microgram in a volume of 12 ml., is 0.,0154 for
3=~BHA, 0.0172 for 2«BHA and 0.0158 for the commercial BHA
tested. These differences prompted a further study of the
relation between the "K-value® and the relative proportions
of 2~BHA and 3-~BHA in a mixtufe.

Accordingly, the absorbancy per microgram was
determined for a series of samples comprising 2-BHA only,
3=-BHA only and four mixtures of 2«BHA and 3«BHA in known
proportions. This experiment was repeated six times, The
results displayed close reproducibility and the average
values are plotted in Figure 4. The scale of this Figure
has been constructed so as to emphasize a peculiar feature
of the results to wit that the absorbancy per microgram
total BHA does not display a simple rectilinear or curvie
linear relation to the composition of the BHA. The results
strongly suggest that one linear relation holds over the
range of O percent to 60 percent 2-BHA, while a second
steeper relation holds over the range of 60 percent to 100

percent 2-BHA. No reason for these remarkable facts has
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been found, but there is very little doudbt as to the reality
of the relationships depicted in Figure 4. The reproduce
ibility of the results was such as to perclude the possibile
ity of the relationships beling due to fortuitous experimen-
tal variations. The slope of the curve over the range of O
percent to 60 percent 2-BHA is greatly exaggerated by the
intentional construction of the axes. From the standpoint
of the determination of total BHA in commercial mixtures,
little error is introduced by the use of sn average "Ke
value® of 0.0156 since commercial BHA contains from iO to
40 pefcent of the 2-BHA., The extreme range of "K-values"

for such mixtures is approximately 0.0154 to 0.6157.

5 ANALYTICAL METHCD

&« Reagents
Light Petroleum (3 +1) - As deseribed for propyl

gallate, page 35.
Ethyl Alcohol - Add approximately O.l percent of

potassium hydroxide end 0.1 percent potassium permenganate
to absolute ethyl alcohol. Distil in an all-glass appara-
tus. The distillate is used for 100 percent ethyl alcohol
and is diluted to 72 percent alcohol by volume (Sp. gr.
0.8818 at 20°C) with water and used for the extraction of
BHA.,

Ferric Chloride ~ 0.2 percent ferric chloride
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(FeCl .6H20) in purified 100 percent ethyl alcohol. This

3
reagent should be freshly prepared to avoid highly coloured
blanks., In addition, this reagent should be kept in an
opaque glass-stoppered bottle while being used.

A A=Bipyridine = 0.2 percent o K!'~bipyridine in 100

percent purified alcohol.

2,6=Dichloroguinonechloroimide = 0,01 percent of 2,6~

dichloroquinonechloroimide in 100 percent ethyl alcohol.
Prepare each week,

Borax - 2.0 percent borax (Nath07.lOH20) in water.

b. Qualitative Procedure

Gibbs (47) employed 2,6-dibromoquinonechloroimide or
2,6=dichloroquinonechloroimide in the presence of a borax
buffer for the analysis of phenol in river water. Since
this is an extremely sensitive reagent, which is also
specific for BHA among the commonly employed food antie-
oxidants, it was used as a qualitative test for BHA in fat.

Place approximately 10 g. of the fat in a separatory
funnel and dissolve the fat with 50 ml, of 3+ 1 light pet-
roleum, Extract this solution for three minutes with 10 ml.,
of 72 percent ethyl alcohol, run off the alcoholic phase and
filter. Add 0.5 ml. of 0.0l percent 2,6-dichloroquinone=~
chloroimide reagent and 1 ml, of 2 percent borax reagent to
5 ml, of the alcoholic extract., The asppearance of a blue

colour within fifteen minutes indicates the presence of BHA.
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A mixture of the 2,6-d1chloroqginonechloroimide and borax
reagents produce a purplish colour which must not be cone
fused with the blue colour produced if BHA is present, Only
gum gualac, among permitted food antloxidents, produces a
blue colour, However, gum gualac produces a blue colour
before the addition of the borax buffer, while BHA produces
no colour with the 2,6«~dichloroquinonechloroimide reagent
until the borax buffer (pH 9.4) is added; hence it is pos=~

sible to differentiate between BHA and gum guaiac.

¢c. Quantitative Procedure

If propyl gallate is present, it must be extracted
employing 1.67 percent aqueous ammonium acetate solution as
previously described, before proceeding to the extraction of
BHA from the remaining solution of fat in light petroleum.
If the qualitative test for propyl gallate is negative,
dissolve 10 g. of the fat in 50 ml. of 3 +1 light petroleum
in a 250 ml. separatory flask. Extract the BHA with three
25 ml, portions of 72 percent ethyl alcohol by continually
inverting the separatory funnel for three minutes per extrace
tion. Carry out a further extraction of the fat solution
employing 60 ml. of 72 percent ethyl alcohol, If more than
0.02 percent BHA is expected in the sample, additional
extractions may be required (see Table XI), Allow time

after each extraction for complete separation of the phases,
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Combine the extracts and make up to 150 to 300 ml, with 72
percent ethyl alcohol, depending upon the concentration of
BHA expected and filter.

Place three different portions of the BHA extract,
varying from 1 to 5 ml,, into 25 ml, Erlenmeyer flasks
provided with glass stoppers. These flasks must be rendered
impervious to light with black electric tape, owing to the
effect of light upon the reagents. Dilute the portions in
all flasks to 5 ml. with 72 percent ethyl alcohol, Add 3
ml., of 100 percent ethyl alcohol, 2 ml. of 0.2 percent fere
ric chloride reegent, end 2 ml, of 0.2 percent AK'=
bipyridine reagent to each flask, Immediately stopper the
flasks and gently swirl the contents. Thirty minutes after
adding the ferric chloride reagent, transfer the coloured
solutions to Evelyn colorimeter tubes and immediately
measure the absorbancy with an Evelyn photoelectric colore
imeter using a No. 515 fllter., Make all measurements rele
ative to a "blank" containing 5 ml. of 72 percent ethyl
glcohol, 3 ml. of 100 percent ethyl alcohol, 2 ml., of 0.2
percent ferric chloride reagent, and 2 ml, of 0.2 percent
o{'=bipyridine reagent and held for thirty minutes,

| Prepare a reference curve over the range of 8 to 40
micrograms of commercial BHA per flask., PFor general pure=
poses employing an Evelyn colorimeter fitted with a No. 515

filter it was found that the absorbancy divided by a "Kevalue®
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of 0.,0157 ylelded the concentration of BHA in miocrograms per
portion employed. However, a reference curve should be Pro=
pared at intervals to check the "Kevalue",

6. RECOVERY OF BUTYLATED HYDROXYANISOLE AND REPRODUCIBILITY
OF THE ANALYTICAL RESULTS

To determine the recovery of BHA and the reproduciblility
of the foregoing analytical method, six identical fat samples
containing added BHA were analysed for their BHA content. In
all cases the extract solution from a single sample was an=-
a;ysed at three different congentrations, the results ave
eraged and reported as a single figure. Another six fat
samples conteining propyl gallate and BHA were first extrace
ted with 1,67 percent aqueous ammonium acetate solution to
remove the propyl gallate. The remaining fat solution was
extracted with 72 percent ethyl alcohol and this extract
filtered and analysed for BHA. The results were analysed
statistically and the results are reported in Table XII.

The results in Table XIY show that approximately 97 pers
cent of the BHA is recovered. The 3 percent loss of BHA may
be due to incomplete extraction or to destruction of BHA in
the fat, The 99 percent confidence limits for a single
determination of BHA ranges from + 0.5 to 5.0 percent of

the BHA present,
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Recovery of Butylated Hydroxyanisole and Reproducibility of
the Analytical Results

Standard

Treatment BHA Added | Recovery of 99 Percent
to Fat BHA Deviation | Confidence
% % Limits
BHA 0,02 97 ok 0.00025 = 0,0010
BHA after
Propyl Gallate 0,02 96.9 0.,00003 = 0,0001

Extraction




Butylated Hydroxyanisole;

Method Using 2,6=Dichloroquinonechloroimide=-Borax
1, INTRODUCTION

The ferric chloride plus o, X'=-bipyridine reagent has
been applied satisfactorily to thé determination of
butylated hydroxyanisole (BHA), but this reagent mixture is
unstable to light in the presence of ethyl alcohol and 1is
not specific for BHA. Accordingly, a further search for a
possible reagent which did not exhibit these disadvantages
was undertaken.

Gibbs (47) reported that 2,6-dichloroquinonechloroimide
and 2,6-dibromoquinonechloroimide in the presence of al-
kaline buffer were sensitive reagents for phenol and that
the resulting blue indophenol colour was stable. Gibbs (47)
also reported that the reaction between phenol and the
quinonechloroimides proceeded at an optimum rate at pH 9.4.

Investigation of Gibbs' reagent showed that it was
specific for BHA among the antloxidants permitted for use in
edible fats. Furthermore, the resulting coloured complex
was not affected by light and was virtually stable, There=~
fore, Gibbs' reagent was investigated for possible applica-

tion to the determination of BHA
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2, DEVELOPMENT OF ANALYTICAL METHOD

a., Choice of Concentrations of Reagents

Givbs (47) states that 2,6-dichloroquinonechloroimide

reacted with phenol according to the following reaction:-

(o] cl
\

~HCl
! ]
cl cl

Since this reaction is analogous to thaet visuallzed for
BHA, it would appear that the pH of the medium should ex-
ercise a profound effect upon the rate of such a reaction.

To determine the effect of pH on the reaction between BHA
and 2,6-dichloroquinonechloroimide, the following experiment
was conducted,

Twelve ml. portions of 72 percent ethyl alcohol con-
taining 40 micrograms of commercial BHA were placed into a
number of Evelyn colorimeter tubes. To each tube was added
2 ml. of 0,01 percent 2,6=dichloroquinonechloroimide in 100
bercent ethyl alcohol and 2 ml, of agqueous buffer solutions
ranging from pH 6.8 to 10,0. The resulting absorbancies were
measured after twenty minutes, in an Evelyn colorimeter
fitted with a No., 620 filter relative to appropriate reagent
"blanks™. The resulting data are given 1in Figure 5.

Figure 5 shows that maximum colour formation is obtained

over the pH range of 9.2 to 9.8, Also, no measurable
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Flgure 5 Effect of pH on the Colour Reaction Between

Butylated Hydroxyanisole and the 2,6=Dichloro=
quinonechloroimide Reagent
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absorbancy was produced at pH 6.8 in twenty minutes indica-
ting that an alkeline pH is essential for this reaction with
BHA to take place. The use of 2 ml, of agqueous 1l.91 percent
borax (Nath07.10H20) solution (pH 9.2) produced maximum
colour formation. Therefore, to facilitate ease of prepar~
ing this reagent 2 ml. of aqueous 2,0 percent borax solution
was employed to buffer the reaction medium at approximately
PH 9.2.

According to Gibbs' equation, 2 ml. of 0.0l percent
2,6=dichloroquinonechloroimide contains sufficient reagent to
react with approximately 170 micrograms of BHA. However, the
2,6-dichloroquinonechloroimide reagent undergoes hydrolysis
on contact with the borax buffer producing a pale purple-
brown colour which is found in the "blank™, This colour 1is

believed to be due to the following‘reaction:-

<l <l
N\ N
-0
2
el ci

Because of this side reaction, 2 ml., of 0.0l percent
2,6=dichloroquinonechloroimide will probably react with less
than the theoretical maximum of 170 micrograms of BHA.
Therefore, if over 100 micrograms of BHA 1s present in an
aliquot, it will be necessary to increase the concentration
of the 2,6~-dichloroquinonechloroimide reagent employed or

take a smaller aliquot and dilute to the appropriate volume.
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b. Characteristics of the Colour Reaction of 2,6-Dichloro=-
quinonechloroimide with Butylated Hydroxyanisole in
Borate Buffer

i. Absorption Curves

The absorption curves for the pure butylated
hydroxyanisole isomers upon reaction with the 2,6-dichloro-
quinonechloroimide-borax reagent was détermined as follows:=
Two ml. of 0,01 percent 2,6-dichloroquinonechloroimide
reagent and 2 ml. of 2 percent aqueous borax were added to
45 micrograms of 3-tertiary-butyl-4-~hydroxyanisole (3«-BHA)
contained in 12 ml. of 72 percent ethyl alcohol. A similar
experiment was conducted employing 4O micrograms of 2=
tertiary-butyl=4=-hydroxyanisole (2~BHA). After twenty min-
utes the absorption curves were determined employing a
Beckman B spectrophotometer fitted with 1 cm. absorption
cells, The resulting absorption curves are illustrated in
Figure 6,

The absorption curves show that 3-BHA upon reace=
tion with the 2,6~dichloroquinonechloroimide plus borax
reagents, exhibits a maximum absorption at 614 mp and that
the meximum for 2-BHA is at 655 mp, As previously stated,
3-BHA is the predominant isomer in commercial BHA prepar-
ations, it was decided to employ a wavelength of 620 mp to
measure the absorbancies due to commercial BHA.

ii. Colour Stability

The effect of time on the colour produced by
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butylated hydroxyasnisole upon reaction with the 2,6-dichloro=
quinonechloroimide~borax reagent was investigated. Two ml.
of the 2,6~dichloroquinonechloroimide reagent and 2 ml., of
the borax reagent were added to 40 micrograms of commercial
BHA contained in 12 ml., of 72 percent ethyl alcohol solution.
The absorbancy of the resulting blue solution waé measured
at intervals in an Evelyn colorimeter fitted with a No. 620
filter relative to a reagent "blank". All colorimeter tubes
were tightly stoppered to avoid evaporation of the alcohol.
This expefiment was also repeated employing 120 micrograms
of pure 2-BHA and 4O micrograms of pure 3«BHA. The results

of these experiments are given in Table XIII.

Table XITI

Effect of Time on the BHA Colour Reaction with the 2,6~Di-
chloroquinonechloroimide-Borax Reagents

Absorbancies Measured at 620 mp
Time in Minutes | Commercial BHA | 2-BHA, 120 3=-BHA, 40
40 Micrograms Micrograms | Micrograms
1 0.310 0.162 0.424
L 04426 0.275 0.523
8 0.458 0.306 O¢5LL
16 04479 0.317 0.551
32 0.481 04319 0.552
64 0,482 0.320 0.552
128 0.482 0.320 0.552
256 0.482 0.319 0.550
512 0.471 - -
10211- 00‘&67 . - -
20‘&8 001#59 - -
4096 00‘&35 - bad
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" The results show that the colour reaction between BHA
and 2,6=dichloroquinonechloroimide attains an effective maxe
imum in twenty minutes and thereafter remains essentially
constant for four hours. After four hours the rate of colour
fading was approximately 4 percent per day. Therefore,
twenty minutes was allowed for complete colour development.

iii, Specificity

A number of antioxident materials were treated
with the 2,6-dichloroquinonechloroimide reagént as follows:-
Twelve ml., portions of 72 percent ethyl alcohol containing
equal weights of a number of antioxidants were reacted with
2 ml., of 0.0l percent 2,6~dichloroquinonechloroimide reagent
and 2 ml. of 2 percent borax reagent., After twenty minutes
the absorbancies were measured with an Evelyn colorimeter
fitted with a No. 620 filter relative to a reagent "blank".
In addition the wave length of maximum absorption was detere
mined for each antioxidant relative to the "blank" employing
a Beckman B spectrophotometer. The results of these exper-
iments are summarized in Table XIV.

0f the materials studied in Table XIV, gum guailac
exhibited a meximum absorbancy at a wavelength close to that
given by BHA. Although gum guaiac is permitted in edible
fats (17,122), it is no longer employed commercially to any
appreciable extent, In any event, the presence of gum

gualac 1s easily detected because it produces an instant
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Table XIV

Characteristics of the Reaction Between the 2,6=Dichloro-
quinonechloroimide~Borax Reagent and Different Antioxidants

Antioxident Wavelength of |Absorbancy/|Relative

Maximum Microgrem |Absorbancy

Absorbancy at 620 mp

np

Pure 3-BHA 616 0.,0139 100,0
Commercial BHA No, 1 616 0.0127 91.4
Commercial BHA No. 2 618 0.0092 6642
Pure 2-BHA 655 0.0027 19.4
Hydroquinone 4,60 0.0020 ik
Gum Gualac 635 0.0014 10,0
NDGA 430 0,0003 2.2
Propyl Gallate 435 0.0002 1.4
Lauryl Gallate LL0 0.0001 0.7
Dithiopropionic Acid No colour 0.0000 0.0
Dilauryldithiopropionate| No colour 0.0000 0.0
o=Tocopherol No colour 0.0000 0.0

blue colour with the 2,6-dichloroquinonechloroimide reagent
before the addition of the borax buffer. Hydroquinone, NDGA,
propyl gallate and lauryl gallate exhibit maximum absorb=
ancies between 430 and 460 mp. These latter antioxidants

can introduce small errors in the determination of BHA,
because of their absorhancies at 620 mj. Hydroquinone, which
produces the largest error, is no longer permitted in edible
fats (96). Of the remaining antioxidants, only propyl
gallate, NDGA and tocopherol are permitted to be added to
edible fats in Canada (17); of these, tocopherol produces no

colour, while propyl gallate or NDGA would only cause a small
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error in the determination of BHA.

One important fact to be noted here is that 3-RHA
yilelds approximately five times as great an absorbancy per
unit weight at 620 mp as does 2~BHA. Here it is necessary
to use as a standard the precise BHA preparation used as
antioxidant if the amount of BHA present is to be estimated
with adequate precision. The processor of edible oils will
normally have access to the antloxldant preparation actually
used, and can, therefore, use this procedure for industrial
control purposes, The procedure has the advantage of being
much easier to perform than the ferric chloride plus &G o(le
bipyridine reaction. |

iv Callibration Curves

The reaction between BHA and the 2,6-dichloro-
quinonechloroimide~borax reagent obeys Beer's Law within
certain limits, Tables XV and XVI gives caiibration data
obtained for pure 2-BHA and 3-BHA.

It will be noted that the colour reaction with
3-BHA obeys Beer's Law up to 50 micrograms per 16 ml. of
solution; for thé 2-BHA isomer, Beer's Law applies up to 100
micrograms per 16 ml. of solution., If the concentration of
the 2,6~dichloroquinonechloroimide reagent is increased,
Beer's Law will apply above 100 micrograms of 2-BHA per 16

ml, of solution.
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Table XV

Calibration Data for 3-BHA Upon Reaction With 2,6=Dichloro=-
guinonechloroimide~Borax Reagent

Micrograms of 3-BHA | Absorbancy at Absorbancy/ Microgram
620 op "K«Value®
10 0,140 , 0.0140
20 0.278 0.0139
30 0,419 0.0140
40 0.556 0.0139
50 0.689 0.0140
60 0.811 0.,0135

Table XVI

Calibration Data for 2-BHA Upon Reaction With 2,6-Dichloro-
quinonechloroimide-Borax Reagent ‘

Micrograms of 2-BHA | Absorbancy at Absorbancy/Microgram
620 mp "K-Value"
30 0.081 0.,0027
60 0.164 0.0027
90 0.242 0.0027
120 0.307 0.,0026 *
150 . 0.341 0.,0023 *

* Low due to apparent lack of 2,6-dichloroquinonechloroimide
reagent,

ve Effect of Propyl Gallate or Nordihydroguaiaretic
Acid on the Analysis for Butylated Hydroxyanisole

Only three antioxidants, namely, propyl gallate,

NDGA and tocopherol are permitted for use in combination:
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with BHA in Canada (17) and in the United States (122).
Although 0.0l percent of NDGA or propyl gallate together with
0.02 percent BHA is permitted in the United States (122),
0.01 percent propyl gallate together with 0.02 percent BHA
or 0,005 percent NDGA with 0,02 percent BHA are permitted in
Canada (17). Actually, current industrial practice is to
employ 0.003 percent propyl gallate or 0,001 percent NDGA
together with 0.0l percent of BHA. In any case, one might
expect to find propyl gallate equal to 30 percent or NDGA
equal to 10 percent of the weight of BHA present. As pree-
viously stated, tocopherol produces no colour with this
reagent and, therefore, cannot introduce any error,

In order to determine the effects of different pro-
portions of propyl gallate or NDGA on the analysis of BHA
the following experiments were conducted. BHA calibration
curves were prepared over the range of 10 to 40 micrograms
per 16 ml, and other calibration curves were prepared for
BHA together with different proportions of propyl gallate or
NDGA., The effect of the presence of propyl gallate or NDGA
on the analysls of BHA is given in Table XVII,

The results in Table XVII show that the presence of
propyl gallate equal to 30 percent of the BHA (the proportion
frequently employed), results in an increase of 2.9 to 4.3
percent in the absorbancy measured at 620 m. Similarly,

the presence of NDGA equal to 10 percent of the BHA, (the



Table XVII

Effect of Various Proportions of Propyl Gallate or NDGA on
the Determination of BHA

Antioxidants Present Relative Absorbancy Obtained at 620 mp

Commercial BHA No.l|Commercial BHA No.2

BHA (10-40 Microgram

Range) 100.0 100,0
BHA + 30% Propyl Gallate 102.9 10443
BHA + 50% Propyl Gallate 103.3 105.5
BHA + 10% NDGA 103.2 104.1
BHA + 25% NDGA 104.1 106,2
BHA + 50% NDGA 105.3 108,0

proportion frequently employed), results in an increase of
3.2 to 4.1 percent in the absorbancy measured at 620 mp.
However, if'bhe same BHA preparation containing the propyl
gallate or NDGA was used in the construction of the calibra=
tion curve, no error would result from this source. There-
fore, there is no need to extract propyl gallate and BHA
separately from the fat sample, Furthermore, since the anti-
oxidant prepération employed will have a fixed ratio of say,
propyl gallate fo BHA, then if the amount of BHA was deter=
mined, it would be possible to estimate the amount of propyl
gallate present, and similerly for NDGA in the case of anti-
oxldant preparations which contained BHA plus NDGA. The net
effect of this procedure would represent a considerable

saving in time required for the industrial routine analysis
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of fats containing BHA plus propyl gallate or BHA plus NDGA.

3. ANALYTICAL METHOD

ae Reagents
Light Petroleum (3+ 1) - as described for the analysis

of propyl gallate, page 35.
Ethyl Alcohol - as described for the analysis of BHA,

page 6k,

Borax Buffer -~ 2,0 percent aqueous solution of Na2B407.
10H,0.

2,6=Dichloroguinonechloroimide ~ 0.0l percent solution

of 2,6=dichloroquinonechloroimide in absolute ethyl alcohol,

For optimum results this reagent should be freshly prepared,

be Quantitative Procedure

Place 10 g. of the fat in a 250 ml, separatory flask
and dissolve with 50 ml. of 3+ 1 light petroleum. ZExtract
the light petroleum solution of the fat by sheking the con-
tents of the flgsk with three separate 25 ml., portions of 72
percent ethyl alcohol for three minutes per extraction.
Meke a fourth extraction employing 75 ml. of 72 percent
ethyl alcohol and shaking for one minute, Allow about five
minutes between extractions for complete separation of the
phases before running off the alcoholic laye:. Combine these

four extracts, dilute to a suitable volume (150 to 300 ml.)
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with 72 percent ethyl alcohol, and filter through two
Whatman No. 54 filter papers. This clear alcocholic extract
contains the BHA plus propyl gallate or NDGA. Place three
suitable portions (1 to 12 ml.) of the extract in separate
Evelyn colorimeter tubes and dilute to 12 ml, with 72 per=
cent ethyl elcohol. Add to each tube 2 ml, of freshly pre-
pared 0.0l percent 2,6~dichloroquinonechloroimide reagent,
Mix the contents of the tubes, add 2 ml., of 2 percent aqueous
borax solution, and mix the contents again, Prepare a
"blank” containing 12 mi., of 72 percent ethyl alcohol and
the reégents. After twenty minutes measure the absorbancy
relative to the "blank” in an Evelyn photoslectric color-
imeter fitted with a No. 620 filter. Calculate the amount
of BHA per tube employing the "K-value"” obtained with the
same BHA preparation that was added to the fat. Prepare a
new calibration curve for eéch type or batch of antioxidant
preparation used. Report a single average value derived

from the three levels of extract analysed,
Le CHARACTERISTICS OF QUANTITATIVE PROCEDURE

8. Recovery of Butylated Hydroxyanisole from Fat and the
Reproducibility of Analytical Results

Three samples of shortening were prepared containing
0.020, 0.015 and 0.010 percent of BHA respectively. In all

cases, the BHA was added as a commercial antioxidant
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preparation containing 20 percent BHA, 6 percent propyl
gallate and 4 percent citric acid in propylene glycol. ZEach
of these fat samples were analysed four times for BHA, employ=-
ing the foregolng procedure. The BHA content of the sample
was calculated by means of calibration curves prepared
employing the seme antlioxidant preparation as added to the
fat., The recovery of BHA and the estimated reproducibility

of the analytical data are shown in Teble XVIII,

Table XVIII

Recovery of BHA Added to Shortening and the Reproducibility
of Analytical Results

BHA Added Average BHA | Estimated Standard Deviation
Recovered for Single Analysis

Percent Percent

0.,0200 0.0198 + 0,0002

0.0150 0.0146 + 0,0002

0.0100 0.0097 + 00,0001

It will be noted that 97 to 99 percent of the BHA added
to shorténing was recovered. The apparent loss of 1 to 3
percent of the added BHA might be atiributed to incomplete
.extraction and to the destruction of some of the BHA by small

amounts of fat peroxides present in the fat.
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b, Advantages of the 2,6-Dichloroquinonechloroimide-Borax
Reagent

The 2,6-dichloroquinonechloroimide-borax reagent has
been found superior to the ferric chloride plus &,X'=bipyri=-
dine reagent for the routine determination of BHA fdr the
following reasons:~ It is unaffected by strong light, there=-
fore, opaque glassware is not required. Maximal colour
formation is attained in fifteen to twenty minutes. The
colour maximum is stable for five hours at room temperature.
The reagent is relatively specific for BHA among the antle
oxldants currently added to lard or shortening. The reagent
permits the determination of BHA in the presence of propyl
gallate or NDGA, with no error, provided the original antie-
oxidant preparation can be employed to construct a calibra=
tion curve. ZExtraneous reducing agents are unlikely to intro-
duce serious errors with this reagent., Rigid purification of
the light petroleum and ethyl alcohol used is not necessary,
as 1s the case when employing the ferric chloride plus &,xX'=

bipyridine reagent.,



D, ReTertiary-butylei=hydroxyanisole and
3=Tertiary=-butyl-4=hydroxyanisole Isomers

l., INTRODUCTION

As has been mentioned already, commercial butylated
hydroxyanisole (BHA) is a mixture of the 2etertiary-butyl-
Le=hydroxyanisole (2-BHA) end 3etertiaryebutyl-if=hydroxy=-
anisole (3-BHA) isomers (73), while the literature contains
evidence to the effect that 3-BHA 1s a more effective anti=-
oxidant than 2«~BHA when added to lard. In this connection
Rosenwald and Chenicek (125) found that a concentration of
0.02 percent, 3-BHA was 2,8 times more effective than 2-BHA
and at a concentration of 0.005 percent 3-BHA was 5.9 times
more effective than 2~BHA. Dugan et al. (31) investigated
the relative effectiveness of these isomers singly and in
mixtures of known composition and found that 3-~BHA was 1,5
times as effective as 2-BHA when added to lard at a con=
centration of 0.0l percent. It was felt, therefore, that a
procedure for the estimation of the proportions of these
isomers should be useful in evaluating the potential effece
tiveness of commercial BHA preparations. In addition such a
method should prove useful in following the relative rates
of loss of the 2~BHA and 3-BHA 1somers during the storage of
fats or baked products.

It has been shown in the foregolng section that 3-BHA

on reaction with the 2,6-~dichloroquinonechloroimide-borax
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reagent produces 5.1 times more absorbancy per unit weight
measured at 620 mp then does 2-BHA. On the other hand, it
has been shown in a previous section that 2-BHA on reaction
with the ferric chloride plus ¢(X'=bipyridine reagents prow-
duces 1,1 times more absorbancy pér unit welght measured at
515 mp than does 3-BHA. Therefore, it appeared that the
ratio of absorbancies measured at 620 and 515 mp, employing
the appropriate reagents, might provide a basis for estimate

ing the proportions of these isomers in BHA preparations.
2. DEVELOPMENT OF ANALYTICAL METHOD

e, Absorbancy per Unit Weight for Mixtures of 2«Tertiary-
butyl=j«hydroxyanisole and 3«Tertiary-butylel=hydroxy=
eanisole Employing the Ferric Chloride Plus (=
Bipyridine and 2,6-Dichloroquinonechloroimide~Borax
Reagents

Mixtures were prepared containing known proportions of
2=-BHA and 3-BHA in 72 percent ethyl alcohol. These mixtures
were treated with the 2,6-dichloroquinonechloroimide~borax
reagent as previously described, the absorbancles measured
at 620 qy and the absorbancy per microgram of BHA calculated.
Similar BHA mixtures were also treated with the ferric chloe
ride plus K,K!=bipyridine reagents as previously described,
the absorbancies being measured at 515 mp and the absorbancy
per microgram of BHA calculated, The results of these
experiments are given in Figure 7.

Since the curves in Figure 7 are sherply divergent, it
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Figure 7 Absorbancy per Microgram for Known Mixtures
of 2«Tertiary=butylelf«hydroxyanisole and
3=Tertiary=butyl-i~hydroxyanisole
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was felt that the ratio of the absorbancy per microgram of
the BHA mixture, measured at 620 oy to the absorbancy per
microgram measured at 515 mp, employing the appropriate reaw
gents, would be characteristic of the proportions of the 2«~BHA
and 3-BHA isomers in a mixture.,
be Ratio of Absorbancies at 620 3?/515 mg Employing the

Appropriate Reagents for Mixtures of 2-=Tertiary-butyle
4=hydroxyanisole and 3-Tertiary-butyl-i-hydroxyanisole

The ratio of the absorbancies at 620 qy/515 mp for
known mixtures of 2-BHA and 3~BHA employing the appropriate
reagents were calculated and are illustrated in Figure 8.

Figure 8 indicates that a straight~line relationship
exists between the proportions of these BHA isomers and the
ratio of absorbancies at 620 my/515 mp except when the mixe
ture contains less than 20 percent of 3-BHA, Therefore, it
appeared that the determination of the 620 gy/515 mp ratio
of absorbancies employing the appropriate reagents might
constitute a suitable basis for estimating the proportions

of the 2«-BHA and 3-BHA isomers in commercial BHA.

3« ANALYTICAL METHOD

a. Reagents
Light petroleum (3+ 1) - as described for the analysis

of propyl gallate, page 35.
Ethyl alcohol - as described for the analysis of BHA,

page 64,
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Ferric Chloride - as described for the analysis of BHA,

pages 64 and 65,
oG '=Bipyridine ~ as described for the analysis of BHA,
page 65.

2,6=Dichloroguinonechloroimide = as described for the

analysis of BHA, page 65,
Borex - as described for the analysis of BHA, page 65,

Ammonium Acetate «~ as described for propyl gallate,

page 36.

b, Extraction of Butylated Hydroxyanisole from Fat

BHA is frequently used together with propyl gallate,
and hence these two antloxideants may be encountered in the
same sample. Since the presence of propyl gallate would
lead to serious errors in the estimation of the proportion
of 2-BHA and 3-~BHA, a qualitative test for propyl gallate
must be made. If present, the propyl gallate must be extrac-
ted from the light petroleum - fat solution with 1.67 per=-
cent aqueous ammonium acetate solution, as previously
described, before proceeding with the extraction of BHA
employing 72 percent ethyl alcohol. The proportions of 2-BHA

and 3-BHA are estimated in the alcoholic extract.
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c. Quantitative Analysis of Total Butylated Hydroxyanisole
and the Proportion of 2«Tertiaryebutyl-i-hydroxyanisole
and 3-Tertiary-butyl-i-hydroxyanisole

Place 10 g of the fat, or a suitable welght of antie
oxidant preparation, in a 250 ml, separatory flask and
dissolve with 50 ml, of 3+ 1 light petroleum. If propyl
gallate 1s present, extract this solution with three 20 ml.
portions of aqueous 1.67 percent ammonium acetate solution
for three minutes per extraction., Allow the phases to
separate completely before drawing off the lower aqueous
layer. Make a fourth extraction by sheking the contents of
the flask with 20 ml, of water for one minute,

These aqueous extracts contain the propyl gallate and
can either be discarded or employed for the quantitative
analysis of propyl gallate as previously described.

Extract the BHA from the light petroleum solution with
three 25 ml. portions of purified 72 percent ethyl alcohol
by shaking for three minutes per extraction. Allow the
phases to separate completely and draw off the lower
alcoholic layer. Make.a fourth extraction using 75 ml. of
72 percent ethyl alcohol and sheking for one minute, Com=~
bine the four alcoholic extracts, dilute to a suitable
volume (150 to 300 ml.) with 72 percent ethyl alcohol, and
filter through double Whatman No, 54 filters.

Place three portions (1 to 5 ml.) of the alcoholic BHA

solution iIn three separate glass-stoppered 25 ml. Erlenmeyer



9k
flasks that have been rendered opaque with black tape,

Dilute all portions to 5 ml, with 72 percent ethyl alcohol,
Add 3 ml, of 100 percent ethyl alcohol, 2 ml. of 0.2 percent
ferric chloride reagent, and 2 ml, of 0.2 percent o c'=
bipyridine reagent to each flask and mix the contents, Pre=
pare a blank containing 5 ml., of 72 percent ethyl alecohol,

3 ml, of 100 percent ethyl alcohol, and 2 ml, portions of

the reagents. Measure the absorbancy relative to the "blank"
after exactly thirty minutes employlng an Evelyn photo-
electric colorimeter fitted with a No. 515 filter. Calculate
the average absorbancy at 515 my per ml., of the alcoholic
BHA extract.

Place three other portions (1 to 12 ml.) of the BHA
extract in separate Evelyn éolorimeter tubes and dilute to
12 ml, with 72 percent ethyl alcohol. Add 2 ml. of the 0,01
percent 2,6~dichloroquinonechloroimide reagent and 2 ml, of
2 percent agueous borax buffer, mixing the contents of the
tubes after each addition., ‘Prepare a "blank" containing 12
ml, of 72 percent ethyl alcshol end 2 ml, portions of the
reagents, After twenty minutes measure the absorbancy rel-
ative to the "blank" in an Evelyn photoelectric colorimeter
fitted with a No. 620 filter. Calculate the average absorbe
ancy at 620 mp per ml, of the alcoholic BHA extract.

Calculate the ratio of the average absorbancies at 620

my/515 mp per ml, of the BHA=containing extract. By
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reference to Figure 8 estimate the proportions of 2«~BHA and
3=-BHA in the mixture. With this datum refer to Figure 7 and
ascertain the appropriate fector to calculate the total
weight of BHA from the average absorbancy per ml, of extract
measured at 515 my. Determine the actual weight of the 2~BHA
and 3-BHA isomers in the sample by multiplying the total
weight of BHA by the respective percentage of these isomers
in the mixture as previously estimated.
L. REPRODUCIBILITY OF ANALYTICAL RESULTS AND THE EFFECT OF
THE PRESENCE OF OTHER ANTIOXIDANTS

Six fat samples containing known proportions of 2-BHA
and 3~BHA were analyzed employing the foregoing analytical
procedures, These results were analyzed statistically and
indicate that the 95 percent confidence limits for the deter=
mination of the proportion of 3~BHA in a mixture of the 2-~BHA
and 3~BHA isomers is 3 percent units of 3-BHA. Since the
percentage of 2-BHA is determined by difference from 100 per-
cent, the 95 percent confidence limits for 2-BHA is also
+3 percent units,

The 95 percent confidence limits for the determination
of the total BHA content, calculated from the average
absorbancy per ml., measured at 515 mp, was less than 1 pere
cent of the total BHA.

Nordihydroguaiaretic acid (NDGA), gum guaiac, lauryl

gallate or other reducing agents that cannot be separated
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from BHA, will react strongly with the ferric chloride plus
KK '=bipyridine reagents. On the other hand, such materials
wili produce relatively little absorbancy with the 2,6=di~
chloroquinonechloroimide~borax reagent (see Table XIV).
Therefore, the presence of these antioxidants or other reduce
ing agents would result in the overestimation of total BHA
and the underestimation of the proportion of the 3-BHA
isomer,

5. ANALYSIS OF COMMERCIAL BUTYLATED HYDROXYANISOLE PREP=
ARATIQNS_ _ |
In order to ascertain the variation in composition of
commercial BHA preparations, three commercial BHA prepara-
tions were analyzed end the proportion of 2-BHA and 3-BHA
isomers were estimeted., The results of these analyses are

given in Table XIX,

Table XIX

Proportion of 2-BHA and 3-BHA Isomers in Commercial BHA
Preparations

Commercial BHA Preperation | Percent 3-BHA | Percent 2-BHA

Found Found
No. 1 95 5
No. 2 81 19

No. 3 63 37
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The results for these three samples suggest that the
proportions of the two isomers in commercial BHA preparation
mey vary wldely. It may be noted, at the same time, that
the predominant isomer in the three preparations analyzed

was 3~-BHA,



E. Nordihydroguaiaretic Acid
1, INTRODUCTION |
Nordihydrogualiaretic acid (NDGA), was first synthesized
by Schroeter et al. (130) from hydroguaiaretic acid and was
later assigned the followlng structure by Waller and Gisvold
(145).

OH
Ho, CH, c.H3 /
i |
Ho-@-cHz. CH.CH. CH’-O- OH

During cooperative investigations by the United States
Department of Agriculture and the University of Minnesota,
NDGA was found to occur in the creosote bush (Larrea

divaricata Cav.), a desert plant which grows commonly in the

Southwestern United States (145). Pure NDGA was prepered by
crystallization from a crude extract of this plant material.
Stull et al, (138) state that crystalline NDGA is practically
odourless, but has a slight astringent flavour.

NDGA has been employed successfully for retarding the
development of rencidity in lard (57,73,83,84,85,143), bacon
(134), cured fish (132), carotene solutions (9,10), vegetable
oils (92) and dairy products (65,75,137,138,139,140).

NDGA is permitted to be added to edible fats in the
United States at a maximum level of 0.0l percent of the fat
(122), On the other hand, NDGA is permitted to be added to
edible fats in Canada (17) at a maximum level of 0.005 per-

cent of the fat,
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2, TOXICITY OF NORDIHYDROGUAIARETIC ACID

Cranston et al, (26) estimated the LD5O for NDGA by
acute toxicity tests with mice as more than 2000 mg. psr kg.
and with rats as more than 2000 mg. per kg. of body weight.
However, the LDSO for NDGA injected intraperitoneally into
mice was reduced to 550 mg. per kg.

Cranston et al., (26) also conducted chronic toxicity
tests with NDGA over a two-year period employing rats and
mice as the test animals, Mice were fed dlets conteining
0.25 and 0.5 percent of NDGA., At these levels, NDGA exerted
little effect on the growth rate or feed intake. Rats were
fed diets containing 0.5 and 1l.Q percent of NDGA and no
effect on body growth or feed intake was noted in the rats
at the 0.5 percent level of NDGA in the diet. However, at
the 1 percent level, NDGA caused an initial small decrease
in growth rate which was attributed to decreased food ine
take., As soon as the animals became accustomed to the diet
their food intake increased and eventually their welght
equaled that of the control rats,

These results support the bellef that NDGA can safely

be employed at a level of 0,01 percent NDGA in edible fats.
3. DEVELOPMENT OF ANALYTICAL METHOD

a. BExtraction of Nordihydrogualaretic Acid from Fat

Stull et al., (138) state that NDGA is only slightly
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soluble in water, while being soluble to the extent of 50 g.
per 100 g. in ethyl alcohol, 20 g. per 100 g. in ethylene
glycol and from 0.3 to 3.0 g. per 100 g. in fats and oils at
ordinary temperatures,

Lundberg and Halvorson (85) determined the solubility
of NDGA in lard and cottonseed o0il at temperatures between
30 and 150°C. Their values for solubilities are cited in

Table XX for convenience,

Table XX

Minimum Solubilities of NDGA in Lard and Cottonseed 0il at
Temperatures Between 30 and 150°C (85).

Temperature Percent Solubllity | Percent Solubility
*C in Lard in Cottonseed 0il
2./100 geo g2./100 ge

30 - 0,71

L5 0,52 -

75 0.66 0.81
125 1.94 Rel3

150 3.l © Le32

Since NDGA is slightly soluble in water (138) it is
extracted at least in part during the aqueous extraction of
the fat =~ light petroleum solution for the removal of propyl
gallate, Therefore, propyl gallate and NDGA cannot be
separated on the basls of thelr differential solubilities,
Also, since NDGA is highly soluble in ethyl alcohol (138),
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it is easily extracted from a solution of fat in light
petroleum with this solvent. The extraction procedure for
BH& employing 72 percent ethyl alcohol 1s even more effective
for the extraction of NDGA. To determine the extractability
of NDGA contained in fat, the followling experiment was cone
ducted. Ten g. of lard containing 0.0l percent NDGA was
dissolved in 50 ml., of 3 +1 light petroleum. This solution
was extracted with three, 25 ml, portions of 72 percent
ethyl alcohol, the mixture being sheken for three minutes
per extraction. The light petroleum solution of lard was
extracted a fourth time for one minute with 75 ml., of 72
percent ethyl alcohol. Each alcoholic extract was diluted
to a convenient volume, filtered and analyzed for NDGA sas
described below., The results of these experiments are given

in Table XXI.

Table XXI
Proportion of NDGA Extracted from a Lard in Light Petroleum

Solution per Extraction with 72 Percent Ethyl Alcohol

No. of Volume of | Duration of | NDGA Recovered | Total NDGA
Extraction | 72% Ethyl | Extraction | per Extraction | Extracted
Alcohol Minutes %
1 25 ml, 3 91.8 91.8
2 25 3 L8 96.6
3 25 3 1.1 97.7
L 75 1l 0.6 98,3
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These results indicate that four extractions of a fat
in 1light petroleum solution employing 72 percent ethyl alcohol
recovered over 98 percent of the NDGA present.

b. Characteristics of the Ferric Chloride = «,X‘'«Bipyridine
- Nordihydroguaiaretic Acid Colour Reaction

The ferric chloride plus oK '«bipyridine reagents pre-
viously employed for the analysis of BHA were found satise
factory for the analysis of NDGA.

i. Absorption Curve

Lundberg and Halvorson (85) determined the absorp-
tion curve for the ferric chloride - o(,X'=bipyridine soluw
tion upon reduction by NDGA an& reported‘that the absorption
maximum was c¢lose to 510 mp.

The absorption curve for the NDGA ~ ferric chlor-
ide = o ,K=bipyridine colour, employing the foregoing re-
agents waé determined as follows:-~ Five ml., of 72 percent
ethyl alcohol containing NDGA were employed and 3 ml. of 100
percent ethyl alcohol, 2 ml., of ferric chloride reagent and
2 ml, of the o(X'-blpyridine reagent were added. A "blank"
reference solutidn was prepared employing 5 ml., of 72 per-
cent ethyl alcohol in place of the NDGA solution., After
five minutes the absorption curve of the NDGA-containing
solution was determined relative to the "blank™, employing a
Beckman B spectrophotometer. The resulting data are given in

Pigure 9.
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Figure 9 indicates that the NDGA -~ ferric chloride =
Ke'=bipyridine coloured product exhibits a maximum absorp=-
tion at approximately 520 mp and, therefore, the absorbancy
was measured employing a No, 515 filter in an Evelyn photo=
electric colorimeter.

ii. Colour Stability

The effect of time upon the absorbancy produced
by NDGA upon reaction with the ferric chloride plus o,X'=-
bipyridine reagents was determined as previously described
for BHA and the results are given in Table XXII.

Table XXIIX
Effect of Time Upon the Absorbancy Produced by NDGA Upon

Reaction with the Ferric Chloride Plus o(X'~Bipyridine
Reagents .

Time of Reaction | Absorbancy Measured | Absorbancy/Microgram
with No. 515 Filter of NDGA
Minutes #Kevalue®
0.33 0.572 0,0143
0467 06577 0.0144
1 0.583 0.0146
2 0,613 0.,0153
3 0,620 0.0155
& 0.622 0.0156
5 0.621 0,0155
10 0.624 0.0156
30 0.644 0.0161

These results indicate that an effective maximum absorbe
ancy was produced within three minutes and thereafter there

was only a slow increase in absorbancy. Therefore, three
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minutes was adopted for colour development in the analysis
of NDGA.

iiji., Calibration Curve

A calibration curve for NDGA was prepared
exactly as described for BHA except that the resulting
absorbancy was measured three minutes after aedding the ferric
chloride reagent. An Evelyn colorimeter fitted with a No.
515 fllter was employed to measure the absorbancies. Typilcal
results for construction of a calibration curve for NDGA are

presented in Table XXIII.

Table XXIII

Calibration Data for NDGA on Reaction with Ferric Chloride
- o, -Bipyridine Reagents for Three Minutes

NDGA Present Absorbancy with Absorbancy/Microgram
No. 515 Filter of NDGA
Micrograms #K~Value™
5 0.080 0.0160
10 0.156 0.0156
20 0.310 0.0155
30 0,468 0.0156
40 0,622 0.,0155
50 0.712 ' 0,0142

The values reported in Table XXIII suggest that the
NDGA calibration curve obeys Beer's Law over the range of 10

to 4O micrograms NDGA per 12 ml. of solution.
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Lo ANALYTICAL METHOD

a. Reagents
Light Petroleum (3+ 1) - As described for propyl

gallate, page 35.
Ethyl Alcohol - As described for BHA, page 64.

Ferric Chloride - iAs described for BHA, pages 64 and 65,

AA'-Bipyridine - As described for BHA, page 65,

b. Quantitative Procedure

No specific qualitative test for microgram quantities
of NDGA has been found or 1s reported in the literature.
Therefore, if propyl gallate is absent, it is possible that
NDGA may be present, since these two antioxidants are not
employed together.

The extraction procedure for NDGA is identical with
that previously described for BHA., However, it should be
remembered that NDGA cannot be determined after the extrace
tion of propyl gallate with agueous l.67 percent ammonium
acetate solution, because this extraction also removes a
considerable portion of the NDGA.

The analytical procedure for NDGA is identical to that
previously described for BHA, except that the absorbancy is
measured three minutes after the addition of the ferric
chloride reagent. The concentration of NDGA in micrograms

per aliquot 1s obtained by dividing the observed absorbancy
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at 515 9P by a "K-value" of 0,0155.
5. RECOVERY OF NORDIHYDROGUAIARETIC ACID FROM FAT AND
REPRODUCIBILITY OF ANALYTICAL RESULTS

3ix identiecal fat samples containing approximately 0,01
percent of added NDGA were analyzed. In all cases the extract
from a single sample was analyzed employing three different
portions, the results averaged and reported as a single
figure, These results were analyzed statistically with the

results reported in Table XXIV.

Table XXIV

Reproducibility of NDGA Analyses

Average NDGA Recovery Standard 99 Percent
Percent Deviation Confidence Limits
98,4 0.0001 + 0.0005

The values in Table XXIV indicate that a single analysis
of a fat containing 0.0l percent of NDGA would be subject to

an error of no more than + 5 percent of the NDGA present.



F, Determination of Butylated Hydroxyanisole and
Nordihydrogualaretic Acid in the Same Sample
1. INTRODUCTION

The use of 0.02 percent butylated hydroxyanisole (BHA)
in combination with 0.0l percent nordihydroguaiaretic acid
(NDGA) is permitted in edible fats in the United States (122),
However, the Canadian Food and Drug Regulations (17) permit
the use of 0,005 percent NDGA, either alone or in combination
with 0.02 percent BHA in edible fats.

The analytical method for mixtures of BHA and NDGA here
described 1s based upon the fact that NDGA reacts much more
rapidly with the ferric chloride plus X,A!«bipyridine reag-
ents than does BHA, As previously stated, NDGA attains an
effective maximum colour formation in three minutes, while
BHA requires thirty minutes. Therefore, by measuring the
absorbancy produced after two different time intervals em-
ploying duplicate portions, it is possible to estimate the

amount of NDGA and BHA in a mixture.

2. DEVELOPMENT OF ANALYTICAL METHOD

a. Extraction of Butylated Hydroxyanisole plus Nordihydro=-
guaiaretic Acld from Fats

If both NDGA and BHA are present in the same fat sample,
they will both be extracted by 72 percent ethyl alcohol.
Therefore, to extract these entioxidants, dissolve ten g. of

the fat in 50 ml. of 3+ 1 light petroleum and extract with
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72 percent ethyl alcohol as previously described for the
determination of BHA (pages 66 and 67),
be Effect of Time on the Absorbancy Produced by Butylated

Hydroxyanisole and Nordihydrogualaretic Aclid Upon Reaction
with the Ferric Chloride plus &«,A'=Bipyridine Reagents

Five ml., portions of 72 percent éthyl alcohol, containing
40 micrograms of BHA or 40 micrograms of NDGA were placed into
opaque Erlenmeyer flasks followed by 3 ml. of 100 percent
ethyl alcohol, 2 ml.‘of 0.2 percent ferric chloride and 2 ml,
of 0.8 percent &,o{’=bipyridine reagents. After intervals of
one and of thirty iinutes, the resulting absorbancies were
measured in an Evelyn colorimeter fitted with a No. 515
filter relative to reagent "blanks" held for equal intervals
of time. The results of these experiments are summarized in

Table XXV,

Table XXV

Effect of Time on the Absorbancy Produced by BHA and NDGA
Upon Reaction with the Ferric Chloride plus o,o{!«Bipyridine
Reagents :

Antioxidant |Reaction Time |[Absorbancy/Microgram of Antioxidant
Minutes #K=Value
BHA 1l 0.0016
BHA 30 0.,0156
NDGA 1 0.,0146
NDGA 30 040162

It will be noted that after one minute BHA has produced
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approximately 10 percent of the absorbancy finally obtained
after thirty minutes, while NDGA has produced approximastely
90 percent of the absorbahcy obtained after thirty minutes,
Therefore, it is possible to set up two simultaneous equae
tions on the assumption that the absorbancies are additive.

Absorbancy at one minute = 069N+ 0,1 B
Absorbancy at thirty minutes= 1,0 N+ 1,0 B
Where "N®* and "B" are the absorbancies due to NDGA and BHA
resPectively after a reaction time of thirty minutes.
6. Additivity of the Butylated Hydroxyanisole and Nordi-

hydrogualiaretic Acid Absorbancles Obtained with the
Ferric Chloride plus ,X'=Bipyridine Reagents

Solutions containing BHA, NDGA and BHA plus NDGA were
analyzed in duplicate at three concentration levels employ=-
ing the ferric chloride plus o ,('=bipyridine reagents. The
absorbancy of one of each peair wés measured relative to
appropriate reagent "blanks" after one minute and the other
after thirty minutes of reaction. All measurements were made
with an Evelyn colorimeter fitted with a No. 515 filter.

The results of thls experiment are given in Table XXVI,

The results given in Table XXVI were then evaluated

employing the following formulae:e

Absorbancy after one minute 0.9 N + O.1 B

1}

Absorbancy after thirty minutes = 1.0 N + 1.0 B

where "N" and "B" are the respective absorbancies due to
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Table XXVI

Additivity of the BHA and NDGA Absorbancies Obtained with
the Ferric Chloride plus &,K'=Bipyridine Reagents

Antioxidants/Aliquot | Absorbancy Measured with No, 515 Filter
BHA NDGA After 1 Minute After 30 Minutes
Micrograms|{ Micrograms Reaction Reaction
0 45 0.642 0.703
0 36 04527 06575
0 27 0.389 0.452
9 18 0.282 0. bl
12 24 0.364 0.602
15 30 0.463 0.703
18 9 0.169 04440
2 12 0.219 0564
30 15 0.277 0.703
27 0 0.063 OJLk5
36 0 0.086 0.575
L5 0 0.110 0,706

NDGA and BHA after thirty minutes reaction. The calculated
value of "N' divided by 0.0161 and of "B" divided by 0,0156
yield the concentrations of NDGA and BHA respectively,
expressed as microgrems per aliquot employed. The results
of these ¢alculations are given in Table XXVII,

The values in Table XXVII show that analytical values
for BHA ranged from 96,2 to 103.7 percent of the BHA present
while for NDGA these values ranged from 98.7 to 106.,0 per=
cent of the NDGA present. On the other hand, estimates of

total antioxidant (BHA plus NDGA) ranged from 96.9 to 101l.8
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Table XXVII

Results of the Analyslis of Mixtures of BHA and NDGA

Antioxidants Present|Antioxldants Found {Total Antloxidant Found
Micrograms/ml. of Micrograms/ml. of Microgrems/ml. of
Solution Solution Solution

BHA NDGA BHA NDGA BHA plus NDGA

000 900 “0003 8.88 8.85

3.0 6.0 3011 6.05 9.16

6,0 3.0 5.85 3.18 9.03

9.0 0.0 8,66 0.06 8.72

percent of the amounts present. In view of the large number
of manipulations required and the small amount of antioxidant
present, these results were considered satisfactory. Since
the use of BHA together with NDGA was not permitted in Canada
at the time this investigation was made, further study of
this procedure was not underteken. In its present form this
method should give at least a good estimate of the BHA and

NDGA present as a mixture in fats,

3. ANALYTICAL PROCEDURE

a. Reagents
Light Petroleum (3+ 1) - As described for propyl gallate,

page 35.
Ethyl Alcohol ~ As described for BHA, page Ok.

Ferric Chloride - As described for BHA, pages 64 and 65,

A K'-Bipyridine - As described for BHA, page 65.
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b. Qualitative Procedure for Butylated Hydroxyanisole plus
Nordihydroguaiaretic Acid in Fat

In order to extract propyl gallate, NDGA and BHA present
in the sample, place 10 g, of fat in a separatory funnel and
dissolve with 50 ml. of 3+ 1 light petroleum. Shake this fat
solution for two minutes with 20 ml, of 72 percent ethyl
alcohol, run off the alcoholic layer and filter. To 3 ml.
of extract add a few drops of concentrated ammonium hydroxide.
If a rose colour does not appear the sample does not contain
propyl gallate. Next, test another 3 ml. of the extract for
the presence of BHA using the 2,6~dichloroquinonechloroimide
borax reagent as previously described (page 65). The appear=-
ance of a blue colour within fifteen minutes is indicative
of BHA. If BHA is found but propyl gallate is not, then it}
is possible that BHA plus NDGA might be present. Since there
is no specific test for NDGA, the only characteristics of
NDGA that can be employed are, firstly, that 1t is easlly
extracted from a light petroleun solution_of fat with 72 per-
cent ethyl alcohol and secondly, that it reacts almost
instantaneously with the ferric chloride plus o ,x'=bipyridine
reagents to produce a red colour. However, BHA aiso reacts
with these reagents to produce a red colour. Hence, 1f the
qualitative test for BHA 1s positive, then it becomes
necessary to perform the following test to ascertain whether

NDGA is also present.
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Place duplicate portions of the 72 percent ethyl

alcohol extract into opaque 25 ml. Erlenmeyer flasks and
dilute to 5 ml, with 72 percent ethyl alcohol, add 3 ml. of
100 percent ethyl alcohol followed by 2 ml. of the ferric
chloride and 2 ml., of the &,o{!~bipyridine reagents. Deter-
mine the absorbancies measured after one and ten minutes
respectively, relative to reagent "blanks"™ held for the same
time intervals employing an Evelyn colorimeter with a No.
515 filter. DPortions should be so chosen that the absorbe
ancy measured after ten minutes does not exceed 0.7. MNext,
calculate the ratio of the absorbancies measured at one
minute to that measured at ten minutes and compare this

value with those in Table XXVIII.

Table XXVIIT

Ratlio of Absorbancies Measured at One and Ten Minutes as
Related to the Proportion of BHA and NDGA Present

Percent NDGA Percent BHA Ratio of Absorbanciles at
1 Minute per 10 Minutes

100 0 0.99
80 20 0.85
60 40 0.71
40 60 0454
20 80 0.35

0 100 0.27

In the Unlted States where the use of BHA together with
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NDGA was first permitted (122), these antioxidants were
initially employed in the ratio of two parts of BHA to one
part of NDGA. In such a mixture there would be 33 percent of
NDGA and, therefore, the ratio of the absorbancies at one
minute per ten minutes would be approximately 0.47, which is
significantly different from the ratio of 0.27 for BHA
alone. At present,the trend in Canada and the United States
appears to be towards the use of a smaller proportion of
NDGA. In the antioxidant formulation known as "Tenox N"
(Tennessee Eastman Corporation) there are ten parts of BHA
to one part of NDGA. In such a mixture there is only 9 per-
cent of NDGA and consequently the ratio of absorbancles at
one minute per ten minutes would be approximately 0.30, which
is not distinguishable from the ratlo of 0,27 for pure BHA.
Consequently, the application of this qualitative procedure,
"~ although effective a few years ago, is now quite limited in
its application. In actual fact it 1s almost as simple to
conduct the following quantitative procedure for the analysis
of BHA plus NDGA if BHA is present, propyl gallate is absent
and the presence of NDGA 1s suspected,

¢ce Quantitative Procedure for Butylated Hydroxyaenisole plus
Nordihydrogueiaretic Acid in Fat

Place 10 g. of fat in a separatory fumnel and dissolve
with 50 ml. of 3+ 1 light petroleum. The BHA and NDGA are

extracted together from this fat solution with 72 percent
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ethyl alcohol as described for the extraction of BHA. Place
three different portions of the alcoholic extract ranging
from 1 to 5 ml. into each of a duplicate series of opaque 25
ml, Erlenmeyer flasks. Dllute the contents of each flask to
5 ml, with 72 percent ethyl alcohol. Add 3 ml. of 100 per-
cent ethyl alcohol, 2 ml., of 0.2 percent ferric chloride
reagent and 2 ml., of 0.2 percent o ,X'-bipyridine reagent to
each flask, Measure the resulting absorbancies for one
series after one minute and for the other series after thirty
minutes relative to reagent "blanks™ held for similar time
intervals. Employ an Evelynvcoloriﬁeter fitted with a No.
515 filter to measure the absorbancies.‘ Apply the following
simultaneous equations to the absorbancies measured.

Absorbancy after one minute =0.9N + 0.1 B

Absorbancy after thirty minutes=1.,0N + 1.0 B
where "BY is the absorbancy due to BHA and "N'" is the absorbe
ancy due‘to NDGA at thirty minutes,

Solve the foregoing equations and calculate the respect=
ive absorbancies due to NDGA and BHA. The value of "N"
divided by a "K-value' of 0.0161 (see Table XXV) and the
value of "B" divided by 0.0156 gives the concentrations of
NDGA and BHA respectively expressed in micrograms per portion

employed.,
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L. RECOVERY OF BUTYLATED HYDROXYANISOLE PLUS NORDIHYDRO-

GUATARETIC ACID FROM FAT AND REPRODUCIBILITY OF THE

ANATLYTICAL RESULTS

Six, 10 g. fat samples containing 0.020 percent of BHA
together with 0.010 percent of NDGA were extracted and
analyzed for these antioxidants as previously described.
The average recovery for BHA was 97.0 percent and for NDGA
was 96,4 percent. It is not clear why the recovery figures
for BHA plus NDGA in the same sample should be lower then
those obtained for BHA and NDGA present separately. However,
in this case there was a total of 0.03 percent antioxidant
in the samples and perhaps an additional extraction with 72
percent ethyl alcohol should have been employed. Recoveries
might have been one or two percent higher if this had been
done.

A fat sample containing approximately 0.02 percent of
BHA and 0,0l percent of NDGA was analyzed six times employ=-
ing the preceding method. In all cases the extract from a
single sample was analyzed at three concentration levels,
and the results averaged and reported as a single value,
The results of six such determinations were analyzed statis-
tically and are shown in Table XXIX.

Data in Table XXIX indicate that the 99 percent confide-
ence limits for NDGA was approximately + 2,5 percent and for

BHA was approximately = l.3 percent of the amount present.,
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Tahle XXIX

Reproducibility of the Analytica; Values for BHA and NDGA

Antioxidant Mean of Six Standard 99 Percent
Determinations Deviation Confidence

Percent Limits
NDGA (with BHA) 0.01059 0.,00006 * 0,00025

BHA (with NDGA) 0.01942 0.00006 = 0.00024




Gs Lauryl Gallate

1, INTRODUCTION

As has been stated already, gallic acid and propyl
gallate are powerful antioxidants for lard and other dry
fats (102), but their solubility in fats is low (85,102) and
in addition their activity 1s not carried over into baked
goods (102)., Morris et al. (105) synthesized the octyl=,
dodecyl-, tetradecyl-, hexadecyl-= and octadecyl- esters of
gallic aclds and stated that these higher esters are readily
soluble in fats and oils (105) which is a very important
factor facilitating the commerciesl stabilization of fats.
Morris et al. (105) state that these gallate esters, exhibit
about the same order of antioxlidant activity in lard as does
NDGA or gallic acid as measured by the active oxygen method,
These workers (105) also determined the carry-over of the
antioxidant properties of these higher gallate esters into
baked ple crust by means of storage tests at 38° and 63°C.
Thelir results show that the higher gallates have good pro-
tective action in baked ple crust and are far superior to
gallic acid or propyl gallate in this respect. Of the higher
gallate esters, lauryl gallate has received a considerable
amount of attention., Therefore, it was decided to try to
devise an snalytical method for dodecyl- (lauryl) gallate in

fat,
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2. TOXICITY OF LAURYL GALIATE

With respect to the possible toxicity of lauryl gallate
Allen and De Eds (1) made the following assumptions:- If it
is assumed that lauryl gallate 1s hydrolyzed in the digestive
tract, there is little reason to believe that the resulting
lauryl alcohol and gallic acid would exert any toxic actions.
Lauryl alcohol might be oxidized to lauric acid, which occurs
as a glyceride in many vegetable fats, for example coconut
oil, and is presumably harmless. Gallic acid is widely dis~
tributed in the form of gallo-tannin in vegetable foods and
is stated to occur in the free state in tea (124) and in the
pomegranet (107). Gallo~tannin is not absorbed from the
gastrointestinal tract but is hydrolyzed to gallic acid,
which is readily absorbed and oxidized in the body. Although
such speculation suggests that the repeated daily ingestion
of reasonable amounts of lauryl gallate would not produce
chronic toxicity, prolonged feeding experiments with albino
rats were conducted for a period of eight months. Allen and
De Eds (1) state that long=-term feeding experiments with
albino rats involving concentrations of lauryl gallate as
high as 0.5 percent of the dally diet produced no deleterious
effects as judged by food intake, rate of growth, gross ob-
servations at time of autopsy and histopathological exam-
ination of the tissues, Diets containing 1.0 percent of

lauryl gallate definitely inhlbited growth of male rats and
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retarded the growth of females slightly. Levels of 2.5 and
5.0 percent of lauryl gallate in the dlet caused no histo-
pathological changes in the various organs but decreased food
intaeke to the point where starvation was an obvious factor
contributing to the death of the animals, There is no evid-
ence that ingestion of slight amounts, such as might be
encountered in edible fats and oils protected against oxida-

tion, would cause harmful effects.

3. SYNTHESIS OF LAURYL GALLATE

The direct esterification of gallic acid with the lower
alcohols containing up to six carbon atoms has been accome
plished by various workers (22,94,127). Morris and
Riemenschneider (105) describe a procedure for the indirect
esterification of gallic acid with the higher fatty alcohols.
Ault et al, (3) described the direct esterification of
gallic acid with the normal aliphatic alcohols having even
numbers of carbon stoms from elght to eighteen with the
exception of decyl-gallate,

The synthesis of lauryl gallate was based on the direct
method of esterification described by Ault et al, (3) and
was as follows:w

Technical grade gallic acid was decolourized with
activated carbon, recrystallized twice from glass distilled

water and then heated to 125°C for four hours to remove water
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of cerystallization,

The lauryl alcohol employed was purified by distilla=-
tion through a fractionating column under reduced pressure
and the middle~portion of the distillate was used,

Other reagents employed were not subjected to
additional purification.

One hundred and two g. of anhydrous gallic acid and 224
g. of lauryl alcohol were refluxed slowly in 1070 ml. of
anisole and 62 ml. of nitrobenzene in the presence of 5 g.
of naphthalene-ﬁS-sulfonic acid for twenty hours. The re-~
fluxing solvents were ciroulated through a Barrett-type
distilling receiver to separate the water produced during
the esterification. After the reaction was completed the
solvent mixture was subjected to steam distillation until a
considerable portion of the unreacted lauryl alcohol had
been removed. The reaction product was then dissolved in
two liters of benzene and washed with water to remove the
excesé gallic acid and naphthaleno{S-sulronic acid, The
lauryl gallate was precipitated by the addition of light
petroleum, To ensure complete removal of gallic acid, the
lauryl gallate was dissolved in warm absolute ethyl alcohol
and the lauryl gallate precipitated by the addition of cold
glass distilled water. This_predipitato was filtered, sucked
dry of solvent and dried in vacuo. This purification step

was repeated until there was no further change in the
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infre-red absorption spectra of the precipitate. This

product was employed for all subsequent experiments,

L., DEVELOPMENT OF ANALYTICAL METHOD

a, Cholice of Reagents

As previously stated, propyl gallate, lauryl gallate and
perhaps other higher gallate esters react with ammonia to
produce an intense rose colour. Because of the high sensi-
tivity of this qualitative test for these gallates, consider-
able effort was expended to devise a quantitative method for
lauryl gallate based on this reaction. In the course of pre=
liminary studies, it was found that other alkalis such as
sodium, or potassium hydroxide failed to produce this pink
colour with propyl gallate. On the other hand, the addition
of sodium methylate in anhydrous methanol produced an intense
transitory rose colour with propyl gallate., After investigat—
ing other combinations of alkalis and organic solvents it was
found that propyl gallate in the presence of 10 to 70 percent
acetone produced an intense rose colour with sodium carbon-
ate, and the hydroxides of sodium and potassium. Lauryl
gallate reacted in an analagous manner as described for
propyl gallate, In the absence of acetone no rose colour
was produced unless ammonium hydroxide was employed as the
alkali. These reactions were studied in some detail as

described in the following sections.
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i. The Effect of the Concentrations of Acetone and
Sodium Carbonate Upon the Colour Reaction with
Lauryl Gallate

A number of 1 ml, portions of acetone containing
200 micrograms of lauryl gallate were placed into colorimeter
tubes. Different amounts of acetone and aqueous sodium car=
bonate solutions were added to each tube to produce a final
volume of 10 ml. The resulting colour formetion was followed
in an Evelyn colorimeter fitted with a No. 515 filter, all
measurements were made relative to appropriate "blanks",

The results of these experiments are summarized in Table XXX,

Table IXX

Effect of Acetone and Sodium Carbonate Concentrations on the
Absorbancy Produced with Lauryl Gallate

Percent | Percent Maximum Absorbancy Obtained with a

Acetone | Aqueous No. 515 Filter within 15 Minutes
Sodium Concentration of Sodium Carbonate
Carbonate Solution Employed

0,025%| 0.10% | 0.30% | 0.,50% | 1,00% | 1.50%

10 90 0,063 | 0,100 | 04053 | 04000 | 0,000 | 0,000
20 90 - - - - 00201 002“-5
40 60 - - - 06463 | 04541 | 0,550
50 50 06235 [04359 | 04458 | 0,481 | 04555 T
70 30 0,100 | 0.255 T T T T

T Solution turbid, due to the high concentration of
acetone which precipitates the higher concentrations of
sodium carbonate.
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Results in Table XXX indicate that 4O to 50 percent
acetone together with 50 to 60 percent of a 1.0 to 1.5 per-
cent sodium carbonate solution produced maximum colour
absorbancy with lauryl gallate. Therefore, 50 percent
acetone and 50 percent of a 1,0 percent aqueous solution of
sodium carbonate were chosen as the reagents for the analysils
of lauryl geallate. The higher the concentration of sodium
carbonate or the lower the acetone concentration, the faster
is the colour formation, Low acetone concentrations (10
percent) and re;atively high sodium carbonate concentrations
(0.5 percent or over) produce yellow colours with lauryl
gallate.

b. Characteristics of the Lauryl Gallate -Acetone = Sodium
Carbonate Colour Reaction

i. Absorption Curve for the Colour Formed by the
Lauryl Gallate - Acetone-Sodium Carbonate Colour
Reaction

Five ml, of an acetone solution containing approx-
imately 22 micrograms of lauryl gallate was added to 5 ml., of
agqueous l.0 percent sodium carbonate reagent. The resulting
colour was allowed to reach maximum intensity and the absorp=-
tion curve determined relative to a "blank" employing a
Beckman B spectrophotometer fitted with a one cm. cell. The
resulting data are given in Figure 10.

These results show that lauryl gallate in the

presence of acetone and sodium carbonate exhibits an
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Figure 10 Absorption Curve for Lauryl Gallate in the
Presence of Acetone and Sodium Carbonate
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absorption meximum at 520 mp. Therefore, when employing an
Evelyn colorimeter,a No. 520 filter was employed to measure
the absorbancy produced by lauryl gallate.

ii, Calibration Curve for Lauryl Gallate in Acetone
Solution

Different volumes of a standard acetone solution
of lauryl gallate were placed in Evelyn colorimeter tubes
and diluted to 5 ml. with acetone., Five ml. of 1.0 percent
aqueous sodium carbonate reagent was added to each tube and
the maximum colour intensity was determined with an Evelyn
colorimeter fitted with a No. 520 fllter. The resulting

data are given in Table XXXT.

Table XXXI

Calibration Curve for Lauryl Gallate in Acetone Solution

Lauryl Gallate | Absorbancy with | Absorbancy/Microgram of
a No. 515 Filter Lauryl Gallate
Micrograms "K=Value®
80 0.230 0.00288
160 0451 0.00282
180 0.520 0.00288
200 0.562 0.00281
200 06570 0.,00285
240 0,693 0,00287
300 0.856 0.00285

Results in Table XXXI shows that the lauryl gallate

colour reaction obeys Beer's Law over the range of 80 to 300
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micrograms per 10 ml.

iil, Extraction of Lauryl Gallate From Fats

Previous investigations showed that lauryl
gallate exhibited maximum colour formation with sodium
carbonate in the presence of 4LO to 50 percent acetone. In
view of this fact it was necessary to try acetone solutions
for the extraction of lauryl gallate from fat. This approach
was doomed to faillure, because, lauryl gallate is very
soluble in fat and insoluble in water. Therefore, aqueous
acetone solutions would not be expected to act as efficient
extractants of lauryl gallate from fat in light petroleum
sﬁlution. When high concentrations of acetone were employed
these solutions dilssolved in the fat - light petroleum solu-
tion., After a few attempts this extractions procedure was
abandoned.

Instead, lard containing lauryl gallate was
dissolved in a mixture containing equal quantities of acetone
and light petroleum. Agqueous 1l percent sodium carbonate
reagent was then added to this solution in sufficient quantity
to separate an aqueous phase containing 40 to 50 percent of
acetone., This aqueous-acetone phase contains all the rosew
coloured reactlion product of lauryl gallate, and may be run
off, filtered and the absorbancy measured at 520 mp. Enploy=-
ing this procedure it was possible to extract the lauryl

gallate and develop the coloured product in a single step.
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iv. Colour Stability

Ten g. of lard containing 0.016 percent lauryl
gallate were dissolved in 110 ml, of a solvent mixture con-
taining 50 percent acetone and 50 percent 60 - 100°C light
petroleum., Thirty ml. of this solution containing approx-
imately 400 micrograms of lauryl gallate were placed in a
20 x 150 m.m. test tube and 10 ml. of aqueous 1.0 percent
sodium carbonate reagent was added. The contents of the
test tube were shaken for five seconds and the phases allowed
to separate. After approximately one minute the light
petroleum - fat phase was removed with the help of a suction
tube and the aqueous -~ acetone phase filtered through a 9
cm, Whatmen No. 42 filter., The filtrate was collected in an
Evelyn colorimeter tube and the absorbancy measured relative
to a "blank"™, employing an Evelyn colorimeter fitted with a
No, 520 filter. The effect of time on the lauryl gallate =
acetone ~ sodium carbonate reaction is illustrated in Table
XXXIT,.

Teble XXXII shows thaet maximum colour intensity was
obtained five minutes after adding the sodium carbonate

solution.
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Table XXXTT

Effect of Time on the Lauryl Gallate - Acetone - Sodium
Carbonate Colour Reaction

Reaction Time in Minutes Absorbancy with a No. 520 Filter
2 04540
3 0,562
I8 0570
5 0.57L
6 04572
8 0.570
10 04565
12 0.562
15 0.552

ve Calibration Data for Lauryl Gallate in Lard

Ten g. of lard containing 0.016 percent lauryl
gallate were dissolved in 110 ml., of a solvent mixture con-
taining 50 percent acetone and 50 percent light petroleum by
volume, Different portions of this solution were placed in
20 x 150 m.m, test tubes and the colour developed with -
sodium carbonate as previously described. The results are
given in Table XXXIII.

Results in Table XXXIII indicate that the lauryl
gallate - acetone - sodium carbonate colour reaction obeys
Beert's Law over the range of 80 to 320 micrograms of lauryl

gallate in 18 ml. of agueous acetone solution.
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Table XXXTIIT

Calibration Data for Lauryl Gallaste in Lard

Lauryl Gallate | Absorbancy with a No. |Absorbancy/Micrograms
Micrograms 520 Fllter for Aqueous- of Lauryl Gallate
Acetone Phase (18 ml.) "K-Value"
80 0.125 0.00156

160 0.248 0.00155

2L0 0.368 0.00153

320 04490 0.00153

400 0.572 0.00143

5. ANALYTICAL METHOD

a. Reagents
Light Petroleum - 60 to 100°C boiling range -

(Skellysolve H) - redistilled in all-glass equipment.
Acetone = Acetone distilled in all-glass apparatus.

Sodium Carbonate - 1.0 percent aqueous solution of

anhydrous sodium carbonate,

b, Quantitative Procedure

Dissolve 10 g. of fat containing lauryl gallate in 55
ml, of light petroleum plus 55 ml., of acetone., Place three
portions of this solution, ranging from 3 to 30 ml. into
20 x 150 m.m. test tubes and dilute to 30 ml., with a similar
fat solution not containing lauryl gallate, Add 10 ml. of

1.0 percent agueous sodlium carbonate solutlion and mix the
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contents. After one minute remove the upper fat -~ light
petroleum layer with a suction tube. Filter the aqueous -
acetone layer through a 9 cm. Whatman No. 42 filter and
collect the flltrate in a colorimeter tube. Five minutes
after adding the sodium carbongte reagent, measure the absorbe-
ancy with an Evelyn colorimeter fitted with a No. 520 filter
relative to a "blank", Under these conditions it was found
that the observed absorbancy divided by a "K-value" of
0.00154 yielded the concentration of lauryl gallate expressed

as micrograms per portion employed.

ce Reproducibllity of Analytical Results

Lauryl gallate is not permitted to be added to edible
fats in either Canada or the United States. Therefore, this
procedure was merely devised to estimate the lauryl gallate
content of experimental fats., TFor the above reasons no data
on the reproducibility of this analytical method were
obtained. It is felt, however, that the deviations of this
simple procedure are unllikely to exceed * 5 percent at a level

of 0,016 percent lauryl gallate in lard.



H. Total Tocopherol in Lard and Shortening

1., INTRODUCTION

Little or no tocopherol is removed from a fat in a
light petroleum solution upon being shaken with aqueous
ammonium acetate or 72 percent ethyl alcohol employed for
the extraction of propyl gallate, nordihydroguaiaretic acid,
(NDGA), or butylated hydroxyanisole (BHA) in the foregoing
procedures. Therefore, the fat solution after the extraction
of these antioxidénts can be employed for the estimation of
total tocopherol in lard or shortening. Since both lard and
the vegetable oilé used in shortenings contain one or more
of the X=,3 =, = or 8= tocopherols, no attempt wes mede to
determine the individual tocopherols. Instead, the total
tocopherol content was estimated and expressed in terms of
«=tocopherol,

There is an extensive literature on the chemical deter=~
mination of tocopherol; only a few leading publications
exenplifying major steps in the development of present-day
methods will be mentioned. The Emmerie~Engel method (35,36),
generally used for the determination of total tocopherol, is
based upon the quantitative reduction of ferric ions by the
tocopherols and the reaction of the ferrous ions formed to
produce a coloured complex with o(,('-bipyridine, A large
number of modifications of this prodedure have been developed,

most of them involving the preliminary treatment of the
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sample for the removal of interfering substances. This is
necessary because the reduction of ferric ion is not specifio
for the tocopherols and also because the different tocopherols
differ in their rates of reaction (72).

Quaife et al. (116;117) introduced mild hydrogenation of
tocopherol-containing lipids, to eliminate interference from
vitamin A, carotenoids and other components in the Emmerie-
Engel reaction. Later, as Dam et al. had done before (28,
L49) Quaife and Harris (118) employed molecular distillation
to concentrate the tooopharolsrfrom lipids of low tocopherol
content and also to eliminate minor interfering constituents,
These procedures, although highly effeotive, are not applice
able to rapid routine analysis.

Fox and others (18,45) extracted the fat in light
petroleum sqlution with 60 percent v/v sulphuric acid to
remove vitamin A, Parker and McFarlane (40,113) employed 85
percent v/v sulphuric acid to remove carotenoids from wheat
germ 0i1l., It has since been shown by Chapmen and Campbell
(18) that the use of 85 percent v/v sulphuric aocid results
in the destruction of non- ~tocopherols, while 60 percent
v/v sulphuric acid does not destroy tocopherol. Kjolhede
(71) employed adsorption on floridin earth to remove intere
rerénces. However, there is considerable risk of tocopherol
destruction during adsorption or chromatographic procedures,

Meunier and Vinet (100) passed a benzene solution of the fat
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through a column of montmorillonite clay and claimed that the
carotenoids, viteamin A, sterols, phospholipids, chlorophyll,
pyrroles and bilirubin were retained on the column while the
tocopherols and neutral fat passed through.

Saponification has been employed as a means of removing
the fat and concentrating the unsaponifiable. This approaéh
has been studied extensively. Results reported vary from
statements that saponification cannot be used, to statements
that it is necessary in order to get reliable results (37,38,
102,118). Studies with the pure tocopherols (34,135), show
that they are unstable in the presence of alkall unless
oxygen 1s rigidly excluded. Therefore, any method employing
saponification must necessarily provide some means of protece
ting the saponification mixture from oxidation.

Quaife et al. (1l19) employed a correction factor,
namely, absorbancy of the fat éolution at 460 qy to correct
for errors due to carotene in the Emmerie and Engel pro=
cedure, This ;s a rapid and apparently accurate procedure.
Furter and Meyer (46) oxidized tocopherol with nitric acia
and employed the resulting rede-coloured duinoid form as a
measure of tocopherol; This method, however, is not very
sensitive but avoided errors due to other rédueing impur-
ities. Tocopherol may also be estimated by titration with
ceric sulphate in the presence of p~ethoxy=chrysoidine (131)

as an indlicator and auric chloride may also be employed (133).
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Meunier and Vinet (98,99) employed the reduction of
ferric chloride in the presence of potassium ferricyanide
for the estimation of tocopherol. Ramachandran and Rau (120)
reported close agreement between the Meunler and Vinet and
the Emmerie and Engel procedures for the determination of
total tocopherol.

In addition to the foregoing methods there are a ;arge
number of methods designed for the estimation of one or more
of the four known tocopherols. However, these methods will
not be reviewed here,

The Emmerie and Engel (35) method was chosen for the
estimation of total tocopherol because of 1ts rapldity and
relatively high sensitivity. Parker and McFarlane (113),
employed a modification of the Emmerie and Engel procedure,
to determine total tocopherol in wheat germ oil. This method
consisted of adding an alcoholic solution of ferric chloride
and o ('=bipyridine to a 1 or 2 percent solution of wheat
germ oii in light petroleum. Total tocopherol was estimated
by measuring the absorbancy at 515 mp in the ethyl alcohol =
light petroleum - fat solution. This procedure is satise
factory for wheat germ o0ll which contains as much as 0,55
percent tocopherol (4). However, when the Parker and
MoFarlane method was applied to lard, which contains only
0.003 percent tocopherol (20), virtually no absorbancy was

produced. In order to increase the sensitivity of this
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method it was necessary to increase the concentration of the
fat solution employed. However, since fats and oils such as
lard, butterfat, coconut, soybean, and cottonseed exert a
depressing effect on the intensity of colour produced by
tocopherol on reaction with ferric chloride and &KK'=bie=
pyridine (67) there was little scope for inoreasing the
sensitivity of the method by increasing the concentration of
fat employed. The colour depressing effect of fats and
hydrocarbons is attributed to interaction between these
compounds and the ferrous and ferric ions of the reagent (68).
In order to overcome the effect of high fat concentra-
tions upon colour formation, 1t was decided to add water to
the light petroleum -« ethyl alcohol -~ fat solution in order
to reduce the ethyl alcohol concentration to less than 90
percent. This causes an ethyl alcohol phase to separate
carrying with it all of the coloured reaction products. At
the same time, about 98 percent of the fat remains behind in
the 1ight petroleum phase., Thus freed of much of the fat,
the resulting colour intensity is not suppressed to such an
extent and, therefore, higher fat concentrations can be
employed. A more sensitive method for estimating total
tocopherol in lard or shortening was developed on the basis

of these observations.
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2, DEVELOPMENT OF ANALYTICAL METHOD

a, Cholice of Reagent Concentrations
A 1.5 percent solution of hydrogenated soybean oil

which contains the o(-,(f)-,y- and - tocopherols (116) was
prepared in 60 « 100°C light petroleum. Ten ml, portions of
this solution were placed into 125 ml. low-actinic-glass
separatory funnels, Into a similar series of separatory
funnels were placed 10 ml, portions of 60 - 100°C light
petroleum to be employed as "blanks®™, Different volumes of
0.2 percent ferric chloride (F6013.6320) and 0.5 percent
ol '=bipyridine reagents in 100 percent ethyl alcohol were
addéd. In all cases a complamentary volume of 100 percent
ethyl alcohol was added to adjust the total volume 6f ethyl
alcohol to 10 ml, Six minutes after adding the ferric
chloride reagent, 1.2 ml., of water was added to reduce the
ethyl alcohol concentratlion to approximately 90 percent and
the separatory funnel inverted twice to mix the contents.
After nine minutes the alcoholic layer was run off, filtered
and the absorbancy measured at ten minutes relative to an
appropriate "blank" employing an Evelyn colorimeter fitted
with a No. 515 filﬁer. Some of these results are given in
Table XXXIV.

The results shown in Table XXXIV indicate that the

resulting absorbancy obtained with the tocopherols of
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Table XXXIV

Effect of the Amount of Ferric Chloride and o&,X'=Bipyridine
Upon the Absorbancy Produced with the Tocopherols of

Hydrogenated Soybean 0il

Volume of Absorption Measured with a No. 515 Filter

0 5% oLk’ = Volume of 0.2 Percent Ferric Chloride

Bipyridine o mle
ml, 0625 | 0e5 |0e75 [1e0 [240 (360 [4eO [560
1,0 - - 06910{06735[06396]|06179 | = -
2.0 - 04901[0,928{0,910|0.842 (04642 |0e461 ({0,237
3.0 0.870]04955(04939|0.936[06918 (0,850 | = -
Le0 0¢907]0.963|0,966{06961|0.965]0,967 |0.876| =
5.0 0.921 0.961 0.966 00959 00962 00962 0091&7 -

hydrogenated soybean o0il is influenced by the emount and
ratio of the ferric chloride to ,K'=bipyridine reagents.
In all cases, inoreasing the amount of oyXt=bipyridine
resulted in increased absorbancy. When 6 ﬁl. of 0.5 per-
cent K, K'-bipyridine solution was employed, the resulting
alcoholié phase was turbid. In the presence of 4 or 5 ml.
of 0.5 percent «,{('~bipyridine, maximum absorbancies were
obtained with 0.5 ﬁo 3.0 ml, of 0.2 percent ferric chloride
solution. Apparently, any reagent combination within these
limits would prove equally satisfactory. Therefore, 1 ml,
of 0,2 percent ferric chloride (2 mg, of FeClB.éﬂzo)
together with 4 ml, of 0.5 percent A,A'-bipyridine (20 mg,)

were chosen for the analysis of tocopherol.
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b. Characteristics of the Tocopherol - Ferric Chloride =

A At=Bipyridine Reaction

i. Effect of the Volume of Light Petroleum, Containing
the Fat Sample, Upon the Resulting Absorbancy

A series of experiments were conducted to determine

the effect of the volume of light petroleum employed to dise
solve the fat sample, upon the resulting absorbancy. One
hundred mg. portions of hydrogenated soybean oil contained
in 5§ to 66 ml, of 66 - 166'0 light petroleum were reacted
with 5 ml. of 0,04 percent ferric chloride (2 mg. FeCl3;6H20)
end 5 ml, of O.4 percent o, ('~bipyridine (20 mg.) a8 pre=
viously described and the reéulting absorbancies measured
with a No. 515 filter in an Evelyn colorimeter., The results

of these experiments are given in Table XXXV,

Table XXXV

Effect of the Volume of Light Petroleum Employed to Dissolve
the Fat Upon the Resulting Absorbancy

Volume Light Absorbancy | Volume of Relative
Petroleum Measured Alcoholic Sensitivity
Containing with No, Phase Absorbancy x Volume
Fat Sample 515 ml,
ml, Filter
5 0.703 14,6 104.C
10 0.725 13.6 100,0
15 0e745 12,5 9%e5
20 0735 12.3 91.9
25 0.742 11.0 82,9
40 04764 9.0 69.7
60 - 5.5 Colour not completely
extracted from the
light petroleum phase
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Results in Table XXXV show that the larger the volume
of light petroleum employed tq dissolve the fat sample, the
lower became the relative sensitivity of the method, If
more than 25 ml, of light petroleum was employed, the red
ferrous bipyridine colour was not completely extracted into
the alcoholic phase. Therefors, 10 ml. of 60 = 100°C light
petroleum was retained for dissolving the fat sample,
because the use of 5 ml._would necessitate the use of still
higher fat concentrations which are undesirable,

1i. Effect of Varying the Time Interval Between the

Addition of the Reagents and the Separation of the
Alcoholic Phase

Ten ml., portions of a 1.0 percent solution of
hydrogenated soybean oil in 60 = 100°C 1light petroleum were
placed in 125-ml. loweactinic-glass separatory funnels., Five
ml, of 0.04 percent ferric chloride and 5 ml., of 0.4 percent
A Kt=-bipyridine reagents were added, After intervals of two
to firteen minutes, 1.2 ml, of water was added and the
separatory funnels inverted twice, After a further three
minutes the alcohollic phase was run off, filtered and the
absorbancy measured one minute later in an Evelyn colorimeter
fitted with a No, 515 filter relative to a simllarly treated
"blank"., The results of these experiments are reported in
Table XXXVI.

It is evident that increasing the time interval between

the addition of the reagents and the separation of the
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Table XXXVI

Effect of the Time Interval Between the Addition of the
Reagents and the Separation of the Alcoholic Phase

Time Between Addition Absorbancy Relative
of Reagents and Separation Measured Absorbancy
of the Alcoholic Phase with No. 515
Minutes Filter %

2 0.645 94,0

L 0,670 97.7

6 0.686 100.0

10 0,695 101,3

15 0,693 _ 101.0

alocoholic phase from six to ten or fifteen minutes only
inoreased the resulting absorbancy by 1 percent., Therefore,
an interval of six minutes was retained between the addition
of the reagents and the separation of the alecoholic phase.

iii., Effect of Varying the Time Interval Between the
Separation of the Alcoholic Phase and the Measure=

ment of the Absorbancy

Ten ml, portions of a 1 percent solution of

hydrogenated soybean oil in 60 = 100°C light petroleum were
placed in 125-ml. lowe-actinic-glass separatory flasks and 5
ml. of 0.04 percent ferric chloride and 5 ml, of 0.4 percent
A K'=bipyridine reagent added. Six minutes after adding the
ferfic chloride reagent 1.2 ml., of water was added and the
flasks inverted twice. After intervals of one to fourteen

minutes the alcoholic phase was run off, filtered and the
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absorbancy measured one minute later at 515 my relative to
an appropriate "blank”. The results of these experiments
are given in Table XXXVII.

Table XXXVII

Effect of Time Interval Between Separation of the Alcoholic
Phase and Measurement of the Absorbancy

Time Between Separation Absorbancy Relative
of Alcoholic Phase and Measured Absorbancy
Measurement of Absorbancy with No. 515
Minutes Filter %

2 0.706 96,0

L 0.736 100.0

6 0.736 100.0

10 0.733 99.6

15 0.738 100.3

Results in Table XXXVII show that almost identical
results were obtalned when there was a time interval of four
to fifteen minutes between the separation of the alcoholic
phase and the measurement of the absorbancy. For future
work an interval of six minutes was adopted between the
separation of the alcohollic phase and the measurement of the
absorbancy with a No. 515 filter.

ive. Effect of the Volume of Water Employed to Cause
the Separation of the Alcoholic Phase

Ten ml. portions of a 0.8 percent solution of
hydrogenated soybean oil in 60 = 100° G light petroleum were
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placed in 125-ml., low-actinic-glass separatory flasks and 5
ml, of 0,04 percent ferric chloride and 5 ml., of 0.4 percent
XyA'=bipyridine reagent added, Six minutes after adding the
rerfic chloride, 0 to 5 ml. of water were added and the
flasks inverted twice. After a further five minutes the
alcoholic phase wam run off, filtered and the absorbancy
measured one minute later in an Evelyn colorimeter fitted
with a No. 515 filter, relative to an appropriate "blank".
The volume of the alcoholic phase was also measured. The

results of the experiments are given in Table XXXVIII,

Table XXXVIII

Effeoct of the Volume of Water Employed to Cause the Separa=
tion of the Alcoholic Phase

Volume of Volume of Absorbancy with
Water Added Alooholie Phase a No. 515 Fllter

ml. ml.

0.0 * 20,0 Oo4ll

1,0 1443 06553

1.2 13.5 0.582

1.4 13.1 0.583

2.0 12.8 0.574

3.0 13.2 04555

4.0 13.8 0.532

5.0 14.7 , 0.498

* In this case no water was added and the absorbancy
was measured in the ethyl alcohol =~ light petroleum - fat
solution. ,

Results in Table XXXVIII indicate that the addition of
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2 ml, of water resulted in the minimum volume of alcoholie
phase., In the vicinity of 2 ml., the effect of different
volumes of water added, resulted in the smallest difference
in the volume of the alcoholic phase. For integral volumes
of added water, the maximum absorbancy with a No. 515 filter
was obtalned with 2 ml, Therefore, 2,0 ml. of water was
selected to cause the separation of the alcoholic phase.
Although slightly larger absorbancies were obtained when 1.4
ml, of water was added, it appeared desirable to employ a
volume of 2.6 ml, because of the greater ease and accuracy
of measurement.

ve Absorption Curve for the Tocopherol - Ferric
Chloride - X,X'=Bipyridine Colour

The absorption curve for the tocopherol - ferriec
chloride « X,X'-bipyridine coloured reaction product was
determined relﬁtive to a reagent "blank" employing a Beckman
B spectrophotometer. The resulting absbrption curve is given
in Pigure 11,

These results show that the maximum absorption
ococurred at 522 mp. Therefore, either a No. 515 or No. 520
filter was employed to measure the absorbancy with an Evelyn
colorimeter.

vi. Calibration Data for X -Tocopherol
Typical calibration data for X ~tocopherol employ-
ing the foregolng conditions are illustrated in Table XXXIX.
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 Table XXXIX
Calibration Data for K«Tocopherol

A=Tocopherol/10 ml, | Absorbancy with Absorbancy per
No. 515 Filter Microgram Tocopherol

Micrograms #K=Value"

20 0.100 0.00500

30 0.155 0.,00517

40 04204 0.00510

50 0,249 0.00498

60 0.303 0.00505

70 0.355 0.00507

80 04403 0.,00504

120 0.593 0.,00494

160 0.776 0.00485

200 0,951 0.,00475

Table XXXIX indicates that Beer's law applies over the
range of 20 to 80 micrograms ofo(-toéopherol per 10 ml,
Within this range the "K-value" was 0,00506 £ 0,0001, In
excess of 100 micrograms of toéopherol per 10 ml., the

resulting "K-value" decreases slightly.

3. ANALYTICAL METHOD

a. Reagents
Light Petroleum - Shake 60 = 100°C boiling range light

petroleum (Skellysolve H), with one-fifth its volume of cone
centrated sulphuric acid, wash with water, then with dilute
sodium hydroxide, until free of acid and redistilled in alle

glass equipment.
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Ethyl Alocohol ~ Distill absolute ethyl alcohol over
potagsium permanganate and potassium hydroxide in asll-glass
equipment.

Ferric Chloride - Prepare 0.04 percent Fe013.6H20 in
redistilled 100 percent ethyl alcohol.

K At=Bipyridine « Prepare 0.04 percent X,'=bipyridine
in redisﬁilled 100 percent ethyl alcohol, |

X=Tocopherol = Prepare a solution containing 10 micro-
grams of X~tocopherol per ml. of light petroleum,

b Quantitative Procedure for Total Tocopherol in Fats and
0ils

The fat in light petroleum solution, from which the
propyl gallate, BHA and/or NDGA have been extracted, is
employed for the determination of tocopherol. Transfer this
fat solution (containing 10 g. of fat) to a 200 ml, volumetric
flask and wash the separatory funnel. ssveral time with light
petroleum, Combine the washings and dilute to volume with
light petroleum. If qualitative tests have shown that the
fat does not contain propyl gallate, BHA, or NDGA, a 1 to 5
percent solution of the fat in light petroleum can be
employed without any previous extraction, A treatment to
remove interfering substances appears to be unnecessary when
analyzing lard and shortening.

Place three duplicate portions of the fat solution,
varying from 1 to 8 ml,, in a duplicate series of 1l25-ml,
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low-actinic~glass=stoppered separatory funnels, If it is
desired to employ an internal standard add 2 ml, portions of
a light petroleum solution containing 10 micrograms of
A=tocopherol per ml. to one series of tubes. Dilute the fat
solution in all separatory funnels to 10 ml., with light
petroleum., Add 5 ml, of 0.04 percent ferric chloride reagent
and 5 ml, of O.4 percent X, X'-bipyridine reagent, These
reagents should be blown rroﬁ the pipettes into the fat -
light petroleum solution to ensure rapid mixing. Six
minutes after adding the ferric chloride reagent, add 2 ml,
of water and invert the separatory funnel twice. At eleven
minutes run off the alcoholic layer, filter through a 9 cm,
Whatman No. 54 filter and measure the absorbancy employing
an Evelyn colorimeter fitted with a No, 515 filter at exactly
twelve minutes, Measure all absorbancies relative to a
"blank" prepared by using 10 ml, of light petroleum in place
of the fat solution.

If an internal standard was employed the tocopherol

content of the portion can be determined by the following

formula:e=
—S ___ x 20 - micrograms of tocopherol
ST « S per portion

where, "3* 1s the absorbancy due to the tocopherol in the
fat portion, and "ST" is the absorbancy due to the tocopherol

in the fat portion plus 20 micrograms of X ~tocopherol. It
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is desirable to employ an internal standard when an unknown
fat is being analyzed.,

The most accurate range was from 20 to 80 micrograms of
tocopherol per portion. Under these circumstances it was
found that the measured absorbancy employing an Evelyn
colorimeter divided by a "K-value" of 0.00506 gave the

concentration of tocopherol in miecrograms per portion,
4, CHARACTERISTIC3 OF THE QUANTITATIVE ANALYTICAL PROCEDURE

a. Calibration Data for the Tocopherols in Six Different
Fats and Oils

Calibration curves were prepared with six different fats
and olls in order to ascertain the depressing effect of these
0ils on the Emmerie-Engel colour regction employing the fore=
going analytical method. The results of these experiments
are given in Table XL. | 7

The data in Tadble XL illust:ate tpe effects of different
fats and oils on the reaction between tocopherol (present in
these oils) and the ferric chloride = X,X'«bipyridine colour
reaction. 7In all cases the absorbancy pe& mge of 01l tends
to diminish slightly at the higher concentratiqna of each
oil. However, this effect was also observed at the higher
levels of the tocopherol in light petroleum (see Table XXXVIII).
Therefore, fat apparently does not effect this colour reaction

to any appreciable extent employing this procedure.
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Calibration Data for Tocopherol in Six Fats and 0Oils

Type of 01l Weight 01l Absorbancy Absorbancy
in 10 ml, with No, 515 per mge.
mge. Portion Filter 01l
Hydrogenated 2L 0.164 0.0068
Soybean 0il 48 0,328 040068
72 0.496 0,0069
96 06662 0.0069
120 0.804 040067
Corn 01l « "Mazola" L0 0,180 00045
80 0.358 0.0045
120 0.535 00045
160 0.698 0.0044
200 0,830 00042
Mixed Hydrogenated 30 06122 0.0041
Vegetable 0Oils 60 04240 0.,0040
"Biscot"™ 120 Oek7h 0.0040
180 0.674 000037
240 0,880 0.0037
Cottonseed 0il 120 0,221 0,0018
240 0400 0,0017
360 0,616 0.0017
480 06760 040016
Sunflowerseed 01l 80 0,119 00015
160 04240 0.,0015
240 06377 0.0016
320 06506 0.,0016
L00 04630 0.0016
Butter 01l 100 0,033 000033
300 0,091 000030
500 00145 0.,00029
700 04205 0.,00029
900 04263 0,00029




153
In the case of the routine analysis of the same fat
enploying the same concentration, it is possible to determine
the "Ke-value” for added X~tocopherol in the presemnce of the
fat and theréarter employ this "Kevalue"” to estimate the

total tocopherol content of the fat from the absorbancy

measured with a No, 515 filter.



I. Total Tocopherol in Butter 01l

1, INTRODUCTION

The foregolng procedure described for the determination
of total tocopherol in lard and shortening employing the
ferric chloride plus ,X'«bipyridine reagents camnot be
applied directly to buttér 0il, Because of the nonespecific
nature of these reagents, a number of substances present in
butter oil contribute to excessively high "apparent"™ tocopherol
values, The chief interfering substances are carotene,
vitamin A and the synthetic colours 0il Yellow AB (l-phenylazoe
2enaphthylamine) and 01l Yellow OB (l=ortho=-tolylazo-2e~
naphthylamine).‘ It is, therefore, necessary to remove these
interfering substances or correct for their presence in order

to obtain an accurate estimate of the tocopherol,

2. DEVELOPMENT OF ANALYTICAL METHOD

Fox and Mueller (45) state that all the vitamin A is
removed by extracting fat in light petroleum solution with
60 percent v/v sulphuric acid., Chapman and Campbell (18)
have shown that none of the tocopherols are lost durihg this
procedure. Therefore, the effect of extracting the fat solu=~
tion with 60 percent v/v sulphuric acid was investigated for
the removal of interfering substances.

Before investlgating the effect of sulphuric acid
extractions on the interfering substances, it was necessary

to ascertain the maximum concentration of these materials
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that are likely to occur in butter oil. From these data it
was possible to calculate the amount that might be found in
a 5 percent solution of butter oil, which 1s the concentrae
tion employed for the analysis for total tocopherol,

Vliadimir (144 ) gives the range of carotene in buﬁter
fat as from 1.8 to‘30 micrograms per g. Therefore, a 5 per=
c¢ent solution of butter fat should contain no more than 1.5
nicrograms of carotene per ml,

The Food and Drug Regulations (15) 1imit the amount of
synthetie coal tar colours that may be added to a food to
one part by weight in 3500 parts by weight of foocd. Since
butter must contain at least 80 percent of butter fat (16),
e maximum addition of synthetioc colour would be equivalent
to one part in 2800 parts of butter oil. Therefore, a 5 pere
cent solution of butter oil would contain e maximum of 17.8
micrograms of synthetic colour per ml., In actual practice,
the butter industry employs only a fraction of the maximal
amount of synthetic colour permitted,

Butter contains very little vitamin A, and therefore if
all the vitamin A activity of butter was due to vitamin A
alcohol, a 5 percent solution of butter oil would contain no
more than 0.6 micrograms of vitamin A per ml. However, a
considerable portion of the vitamin A activity in butter is
due to its carotene content, so that a 5 percent solution of

butter oil should never contain as much as 0.6 micrograms of
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vitamin A alcohol per mi,

a. Effect of Carotene, 0il Yellow AB, 0il Yellow OB and _
Vitamin A Alcohol Upon the Estimation of Total Tocopherol

Solutions were prepared contalning 1.5 micrograms per
ml. of crystalline 90 pereent(S-, 10 percent X =carotene;
17.8 micrograms per ml. of Oil Yellow AB; 17.8 micrograms
per ml. of 01l Yellow OB; 0.6 micrograms per ml. of vitamin
A alcohol; and 1.5 micrograms per ml, of X «tocopherol in
60 - 100°C light petroleum, Fifty ml, portions of these
solutions were shaken in separatory funnels for fifteen
seconds with 10 ml, portions of 60 percent v/v sulphurioc
acid, After standing for fifteen minutes the acid layer was
run off and the light petroleum solution washed twice with
25 ml, portions of water accompanied by a few seconds
shaking, Ten ml. portions of these solutions, before and
after extraction with sulphuric acld, were reacted with the
ferric chloride plus d,d:-bipyridino reagents as previously
described for the analysis of tocopherol in lard and shorte
ening. The resulting absorbancies were measured in an
Evelyn colorimeter fitted with a No. 515 filter, relative to
a "blank" employing a similarly treated portion of light
petroleum., The measured absorbancies were expressed in terms
of apparent &~tocopherol with the results given in Table XLI.

Results in Table XLI indicate that a single extraction

of the light petroleum solutions with 60 percent sulphuric
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Table XLI

Effect of Extracting Light Petroleum Solutions of Carotene,
011 Yellow AB, 01l Yellow OB, Vitamin A Alcohol and
X=Tocopherol with 60 Percent v/v Sulphuric Acid, Upon the

Apparent Tocopherol Content

Materials Present Micrograms | Apparent Xe|Apparent =
per 10 ml, Tocopherol {Tocopherol
portion Before Acid|After Acid

Extraction |Extraction
Micerograms |Micrograms

90% 3=, 10%=Carotene 15 22,7 22,6
01l Yellow AB 178 31.8 0.l
011 Yellow OB 178 38.7 0.0
Vitamin A Alcohol 6 1.0 0.2
A=Tocopherol 15 1449 1449

acid removed all the vitamin A and synthetic butter colours,
Since carotene is not removed by extraction with 60 percent
v/v sulphuric acid, it is responsible for the chief interw
ference in the determination of total tocopherol in the
extracted solution of butter oil, Quaife et al, (119)
employed the absorbancy of a fat solution at 460 m to form
the basis of a correction for the error due to carotene,
Employing crystalline 90 percent(S-, 10 percent=carotene,
the nature of this correction factor was established and
epplied to the results obtained from the acid extracted solue
tion of butter oil,
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be Determination of the Appropriate Correction Factor for
Carotene

i, Carotene Absorption Curve
A solution was prepared containing 0.4 micrograms

per ml, of crystalline 90 percent [5-, 10 percentc =carotene
in 60 = 100°C 1ight petroleum, This solution and a similar
volume of light petroleum to be used as a reference *"blank®
were extracted with 60 percent v/v sulphuric acid for fifteen
seconds and washed with water, as previously described., The
absorption curve for carotene in light petroleum solution
was determined employing a Beckman B spectrophotometer,
relative to a light petroleum "blank"., The resulting data
are given in Figure 12, |

Figure 12 shows that the maximum absorption for
crystalline 90 percent (5-, 10 percent -carotene in a light
petroleum solution was located at 448 mp with a second lower
maximum at 475 QP. Therefore, an Evelyn colorimeter fitted
with a No. 440 filter was employed to measure the absorbancy
due to carotene in light petroleum solution.

ii. Carotene Calibration Curve
Solutions were prepared containing 0.2 to 1.0

micrograms per ml, of crystalline 90 peroent(3-, 10 percent
o{=carotene in 60 ~ 100°C light petroleum., The absorbancies
of these solutions were measured in an Evelyn colorimeter

fitted with a No. 440 filter relative to a light petroleum
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#blank” with the results given in Table XLII.

Table XLII
Calibration Data for Carotene in Light Petroleum Solution

90% (3=, 10%X - Absorbancy Absorbancy/Microgram of
Carotene/10 ml. with a No. Carotene in 10 ml,
Miorograms 4L4LO Fillter #K-Value®
2 0.070 0.0350
4 0.142 0.0355
6 06212 0.0353
8 0,282 0.,0353
10 0.350 0.0350

Data in Table XLII indicate that the "K-value®" for 90
percent (3=, 10 percent=carotene in 60 = 100°C light
petroleum is approximately 0,0352 per microgram in 10 ml, of
solution.

111, Carotene Calibration Curve Employing the Ferric

Chloride Plus o_c,g '=Bipyridine Reagents

The solutions previously employed for determining

the calibration curve for 90 percent /5-, 10 percent A=
carotene in light petroleum were used. Ten ml. portions of
these solutions were reacted with the ferric chloride plus

K, K'=bipyridine reagents as previously described for the
estimation of total tocopherol in lard and shortening. The
resulting absorbancies were measured in an Evelyn colorimeter

fitted with a No., 515 filter relative to an appropriate



161
"blank” prepared with light petroleum. The results of this
experiment are given in Table XLIII.

Table XLIII

Carotene Calibration Data Employing the Ferric Chloride Plus
AXK'-Bipyridine Reagents

90% 3=, 10% X~ Absorbancy Absorbancy/Microgram of
Carotene/10 ml, with a No. Carotene in 10 ml.
Micrograms 515 Filter "K-Value®
2 0,017 0.,0085
4 0,032 0.0080
6 0.056 0.,0093
8 0,071 0.,0089
10 0,090 0.0090

Results in Table XLIIY are satisfactory in view of the
small absorbancies being measured, Assuming that the larger
absorbancies are the more acocurate, an average "K-value" of
0.0091 per microgram of carotene in 10 ml. was accepted,

iv., Correction for the Carotene Error in the Deter-
mination of Total Tocopherol

The procedure for correcting for the presence of
carotene involves the estimation of the amount of carotene
present by means of the absorbancy with a No. 44O filter,
From this value it 1s possible to calculate the error that
will be caused with a No., 515 filter arter reaction with the
ferric chloride plus &K,'=bipyridine reagents. This correce

tion for carotene is subtracted from the apparent total
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tocopherol value which is calculated from the absorbancy
measured with a No. 515 filter.

Carotene in light petroleum solution exhibited a "K-
value® of 0.0351 with a No. 440 filter, while carotene upon
reaction with the ferric chloride plus (,X'=bipyridine
reagents exhibited a "Ke-value” of 00,0091 with a No, 515
filter, Therefore, aﬁ absorbancy equal to 0,0091, that is
0.26 multiplied by the absorbancy measured Siggsi No. 440
filter should be produced upon reaction with the ferric
chloride plus o[ X'=-bipyridine reagents when the resulting
absorbancy 1is meaéured with a No, 515 filter. Therefore,
the formula for correcting for the presence of carotene 1s
as follows:=
Corrected Absorbancy — Absorbancy with a No. 515 filter

- (0,26 x Absorbancy with a No. 440 filter)
The corrected absorbancy is employed to calculate the total

tocopherol content of the sample fat.

3., ANALYTICAL METHOD

a., Reagents
Sulphuric Acid - Add 60 ml. of concentrated sulphuric

acid sp. Gr. 1,84 to water and when cool dilute to 100 ml.
with water.
Light Petroleum - As described for tocopherol, page 148,
Bthyl Alcohol ~ As described for tocopherol, page 149.
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Ferric Chloride -~ As described for tocopherol, page 149,
K A'eBipyridine = As described for tocopherol, page 1.49.

be Quantitative Procedure
i, Separation of Butter 0il from Butter

Cut the butter sample into one-cm, cubes, place in

a beaker and heat in a 60°C-oven for the least possible time
necessary to separate the butter oil, Decant the butter oil
into a dry filter paper and filter at approximately 35°C.
The butter o0il should be perfectly clear, 1f not it must be
refiltered,

ii. Removal of 0il Yellow AB, 0il Yellow OB and
Vitamin A from Butter 0il

Dissolve 2.5 g« Of butter oll in light petroleum
eand dilute to 50 ml. Transfer this solution to a separatory
funnel, add 10 ml, of 60 percent sulphuric acid and shake
for fifteen seconds. If synthetic butter colours are present
the acid layer becomes pinkish, Stand for fifteen minutes,
ran off the acid layer and wash the light petroleum « fat
solution for a few seconds with two 25 ml, partions of water,
Fifty ml., of 1light petroleum are similarly extracted and
serves as a "blank"™ in the subsequent procedures,

iii, Determination of Total Tocopherol, Correcting for
the Interference Due to Carotene

Transfer 10 ml, of the acid extracted light

petroleum =« fat solution to a colorimeter tube, aAdd 0.2 ml.
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of ethyl alcohol, to remove any possible turbidity due to
entrained water in the light petroleum and measure the
absorbancy relative to a light petroleum "blank", employing
an Evelyn colorimeter fitted with a No. 440 filter. This
absorbancy forms the basis of the correction for carotene
present.

Transfer duplicate 10 ml, portions of the acld extracted
fat solution (0.5 g. of butter oil) to 125-ml., loweactinice
glass separatory funnels, Add 5 ml, of 0.04 percent ferric
chloride and 5 ml. of 0.40 percent &,K'=bipyridine reagents
and swirl the contents of the flasks, ‘Six minutes after
adding the ferric chloride, add 2 ml, of water and invert
the separatory funnel twice, At eleven minutes, run off and
filter the alocoholic layer through a 9 cm, Whatman No. 54
filter. Measure the absorbancy at twelve minutes employing
ean Evelyn colorimeter fitted with a No., 515 filter, relative
to a similarly treated light petroleum "blank",.

Calculate the corrected absorbancy—as foilows:-
Corrected Absorbancy = Absorbancy with a No. 515 filter

~ (0,26 x Absorbancy with a No., 440 filter).
The corrected absorbancy with a No. 515 filter divided by a
"Kevalue” of 0.00506 ylelds the concentration of tocopherol
in micrograms per portion employed (0.5 g. butter oil). Due
to the low absorbancies obtained with genuine butter, the

duplicate absorbencies per sample should be averaged and
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employed to calculate the total tocopherol content of the

butter,

4o VALIDITY OF ANALYTICAL RESULTS

a. Removal of 01l Yellow AB, 0il Yellow OB and Vitamin A
Alcohol

Solutions containing 0il Yellow AB and/or X «tocopherol;
01l Yellow OB and/or «(=tocopherol; Vitamin A alcohol and/or
X=tocopherol were analyzed for apparent total tocopherol,
before and after extraction with 60 percent v/v sulphuric
acid, employing the foregoing analytical procedures. The
results of these analyses are given in Table XLIV,.

The data in Table XLIV illustrate the large errors that
the synthetic colours 0il Yellow AB and 0il Yellow OB can
cause in the estimation of total tocopherol in butter oll,
while vitamin A alcohol causes little or no error, Extrace
tion of the light petroleum solutions with 60 percent v/v
sulphuric acid effectively.removes the interferences due to

these three materials,
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Table XLIV

Removal of Errors Due to 0il Yellow AB, 0il Yellow OB and
Vitamin A Alcohol

Materials Present Sample Treatment "Apparent"™
Micrograms per 10 ml, Tocopherol
Micrograms
180.,0 01l Yellow AB None 31,6
180,0 0il Yellow AB Acid Extracted Oel
17.5 «-Tocopherol None 1745
17.5 A=Tocopherol
180.0 01l Yellow AB None 469
17,5 A=Tocopherol :
180.0 01l Yellow AB } Acid Extracted 17.45
180.,0 0il1 Yellow OB None 38.8
10,0 0il Yellow OB Acid Extracted 0.0
17.5 X«Tocopherol None 17.65
17.5 X=Tocopherol
180,0 01l Yellow OB } None She2
17+5 X=Tocopherol
180.0 0il Yellow OB % Acid Extracted 1745
6.0 Vitamin A Alcohol | None 1,0
640 Vitamin A Alcohol | Acid Extracted 0.2
6,0 Vitamin A Alcoho

b, Correction for the Interference Due to Carotene

Solutions containing 90 peréent [3»-, 10 percent X=carotene
and/or X=tocopherol were analyzed for apparent total

tocopherol before and after extraction with 60 percent v/v
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sulphuric acid., All measurements were corrected for the

interference due to carotene based on the absorbancy measured

with a No. 440 filter with the results given in Table XLV,

Table XLV

Correction for the Interference Due to Carotene

Materials Present
Micrograms per 10

ml,

Sample Treatment

Apparent Total Tocopherol

15,0 Carotene
15,0 Carotene
17.5 X«Tocopherol

17.5 K=Tocopherol
15,0 Carotene

17,5 «(=Tocopherol
15,0 Carotene

|

None
Acid Extracted
None

None

Acid Extracted

Uncorrected |Corrected
for Carotene |for Carotene
Interference {Interference
Micrograms | Micrograms
2206 - 106
2206 - 00‘0
17.7 17.7
L4L0.6 16,7
4061 17.2

Results in Table XLV indicate that the analysis of K=

tocopherol in the presence of carotene gave analytisal results

within £2 percent of the microgram quantities of Xetocopherol

added,



ANTIOXIDANT CONTENT OF FATS AND OILS
A, Propyl Gallate, Butylated Hydroxyanisole and Tocopherol
Content of Commercial Lards and Shortenings
A number of lards and shortenings were analyzed during
1950 and again during 1953 to determine their content of
propyl gallate, butylated hydroxyanisole (BHA), and total
tocopherol., The results of these analyses are contained in

Tables XLVI and XLVII.

Table XIVI

Analyses of Lard and Shortenings in 1950 for Antioxidant
Content

Shortenings Propyl Gallate | Butylated Total
Hydroxyanisole | Tocopherol
% %

"Bakeasy" 0.0000 0.,0000 0.000
"Crisco" 0.0000 00000 0.137
*Crispy Flake" 0.,0000 0,0000 0,041
"Domestic® : 0.0031 0.0104 0.049
*Domestic™ 0.0028 0.0109 -
*Flurfo" 0,0000 0.,0000 0,102
"Jewel” 00000 0.0000 0,038
"Swiftening® 00036 0.0000 0,008
Lards

"Crispycrust” 0.,0000 00000 -
*Maple Leaf" . 0,0053 000206 -
"Royal" : 0.0009 0.,0086 -
"Royal” 0,0007 0.0076 -
*Silverleaf” 0.,0000 0,0000 -
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Table XLVII
Analysis of Lards and Shortenings in 1953 for Antioxidant
Content
Shortenings Propyl |Butylated Percent of |Total
Gallate |Hydroxyanisole |3«BHA Isomer Tocopherol
in BHA
% % %
®Bakeasy" 0.0009 0.,0063 80 0,002
"Coleman® 0.00 1‘} O 009& 79 0.002
#Crisco” 0.,0000 00000 - 0.116
"Crispy Flake™| 0,0028 0.0089 79 0,008
"Domestic" 0.0020 0.,0081 81 0,013
*Fluffo” 0.0000 0.0000 v 0.079
"Puritan® 0,0000 0.0000 - 0,000
"Swiftening”™ |0.0025 0.,0000 - 0.003
Lards
"Aylmer" 00000 0.,0000 - 0.001
"Laurel® 0.,0000 0.,0000 - 0.000
"Royal" 0.0005 0.,0058 81 0.001
"Maple Leaf" |0,0021 0.0104 79 0,001
*Shamrock" 0.0018 0.,0078 78 -
"Silverleaf" | 0,0021 0.0000 - -
"Union® 00000 0.0000 - -
"Wilsil" 0,0000 0.0000 - -

The Canadian Food and Drug Regulations (17) prior to

June, 1953, only permitted the use of two synthetic phenolic

antioxidants, namely 0,01 percent of propyl gallate and/or

0.02 percent of BHA in lard and shortening.

Since, a number

of commercial antioxidant preparations contain 6 percent of

propyl gallate, 20 percent of BHA, 4 percent of anhydrous

citric acid and 70 percent of propylene glycol,

If such a

preparation 1s employed, the maximum concentrations of these
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antioxldants encountered in lard or shortening should be
0.006 percent of propyl gallate and 0.02 percent of BHA. In
June, 1953 the Food and Drug Regulations (17) were‘amended
to permit the addition of 0.005 percent of nordihydro=
gualaretic acid (NDGA), but propyl gallate cannot be used in
combination with NDGA. Since the analyses reported in Tables
XLVI and XLVII were made prior to this amendment of the Food
and Drug Regulations, none of the samples were found to con=
tain NDGA.

Inspection of the analytical results in Table XLVI
(1950) indicate that only one sample contained the maximum
content of propyl gallate and BHA. TFour samples contained
approximately half of the meximum amount of propyl gallate
and BHA. One sample contained only added propyl gallate,
while two lards and five of the shortenings contained neither
propyl gallate nor BHA, Some of the shortenings contained
appreciable quantities of tocopherol by virtue of their
content of vegetable oils,

Date in Table XLVII (1953) illustrate a reduction in the
maximum concentration of entioxidants found. The majority
of samples contained one or more of the synthetic antie
oxldants, however, the meximum amount of propyl gallate found
was 0,0028 percent or only 28 percent of the amount permitted
by the Food and Drug Reguletions (17)., The meaximum amount

of BHA found was 0,0104 percent or just 52 percent of the
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amount permitted by the Food and Drug Regulations (17},
These low concentrations attest to the great effectiveness
of these synthetic antioxidents. Nevertheless, four lards
and three shortenings contained no propyl gallate or BHA.
It is considered significant that the shortenings in 1953
contained less tocopherol than was found in 1950, This fact
may result from the increased use of animal fats in shortene
ings and may also explain the more widespread use of antie
oxidants in shortenings in order to protect such mixtures
from becoming rancid, due to the greater instability of the
animal fats as compared to hydrogenated vegetable oils, The
commercial BHA found in lard and shortening in 1953 consisted
of approximately 80 percent 3-tertiary-~butyl~jehydroxyanisole
(3~-BHA) isomer.

B. Total Tocopherol Content of Genuine Butter 0ils

Samples of genuine butter oil produced during the
Summer and Winter werse analyzed for total tocopherol
employing the analytical procedure described in Section I.
The results of these analyses are given in Table XLVIII.

Data in Table XLVIII agrees closely with values in the
literature for total tocopherol. Lange (77) quotes five
separate authorities to the effect that the total tocophsrol
content of butter oil ranges between 17 to 42 micrograms per

g. butter oil. In addition no difference was found between



172

the tocopherol content of Summer and Winter butter oil.

Table XLVIII

Total Tocoperol Content of Genuine Butter 0ils

Source of Sample Total Tocopherol
Micrograms/g.
Butter 0il
New Zealand 37
University of British Columbia 29,24
Fraser Valley Dalry, British Columbia 23,24
University of Alberta 25
University of Manitoba 26,29,27
Ontario Agricultural College 28
Central Government Experimental Ferm 26
St. Hyacinthe Dairy School 38
Average Total Tocopherol 30
Range of Total Tocopherol 23 to 43

C. Total Tocopherol Content of Commercial
Vegetable and Animal Fats and 0Oils

.Twenty-four assorted vegetable olls, hydrogenated
vegetable oils, margarine oils, shortenings and lards were
analyzed for total tocopherol, The results of these data
are given in Table XLIX,

Where analytical values were obtainable in the literaw
ture, the analytical values found were in close agreement,
except in the case of sunflower oil which was found to cone
tain more tocopherol than reported in the literature. In

view of the good agreement between results obtained by this
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Total Tocopherol Content of Animal and Vegetable Fats and

0ils

Material Analyzed Total Range of
Tocopherol | Tocopherol
Micrograms | from
/g« fat or | Literature
oil (77)
Crude Soybean 0il 1580 1520-2120
Refined, Hydrogenated Soybean 0il 1510 920«1900
"Crisco” All vegetable shortening 1160 1042
"Nucoa"™ Margarine oil 1050 1005
"Mazola" Corn 0il 1050 1020=1190
"Jewel" Sunflowerseed 01l 1020 700
Refined, Deodorized Soybean 01l 990 920«1900
"Biscot" Crude, Mixed Oils 860 -
"Allsweet” Margarine Oil 830 -
"Monarch™ Margarine Oil 820 -
"Good Luck®™ Margarine 01l 790 -
"Fluffo" Shortening 785 -
"Margine” Margarine 0il 760 -
"Biscot® Refined, Hydrogenated Oils 680 -
Refined, Deodorized Cottonseed 0il 660 830«~1100
Refined, Deodorized Palm 0il 480 L1,0=560
#*Planters® Peanut 01l 310 220=~510
Crude Coconut 01l 42 50=~83
"Kokoheart™ Hydrogenated Coconut 0il 32 30
Butter 01l 23«43 17=42
"Bakeasy Shortening 15 -
Edible Tallow 14 -
"Maple Leaf" Lard é 12=27
Refined, Deodorized Coconut 01l 3 30
"Swiftening" Shortening 0 -

rapid analytical procedure and values reported, it is felt

that this new analyticel procedure for total tocopherol is

aceurate and reliable,



DETECTION OF BUTTER ADULTERATION

A. By Means of the Total Tocopherol Content of Butter 0il
The Reichert~Meissl and Polenske values have been
employed for many years as the most effective routine proe-
cedures for detecting the adulteration of butter with asmall
quantities of coconut o0il or larger amounts of other fats
end oils, The foregoing procedure for determining the total
tocopherol content of butter oil is proposed as a means of
detecting the addition of small quantities of vegetable oils,
other than coconut oil. Thus, the simultaneous use of these
three procedures should detect the addition of approximately
10 percent of any vegetable oil. Calculated values are
given in Table L to illustrate the effect of various amounts
of margarine added to butter, upon the Relchert-Meissl value,

Polenske value and total tocopherol content.

Table L

Calculated ReicherteMeissl Valites and the Tocopherol Content
of Butter Adulterated with Margarine

Percent Margarine |ReicherteMeissl|Polenske|Total Tocopherol
01l in the Mixture Value Value |[Micrograms/g.0il
0 (Pure Butter) 28.8 2.1 30
5 27.0 2.0 70
10 26.1 1.9 110
15 23 1.8 150
20 234 1.7 190
100 (Margarine) 1.8 05 830
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The data in Table L indicate that the addition of 17
percent margarine is required to reduce the Reichert-Melssl
value of an average butter to 24.0, the widely accepted
limit between "genuine®” and "adulterated™ butter. On the
other hand, the addition of only 5 percent of margarine
would increase the tocopherol content of the mixture from 30
to 70 micrograms per g. of oil, an increase of 40 micrograms
of tocopherol per g. of oil. This increase in tocopherol
content is twice the range of tocopherol found in genuine
butter oils (see Table XLIX) and consequently would cone

stitute firm reason to suspect adulteration.

B. By Means of the Antioxidant Content of Butter 0il
The results in Table XLIX indicate that the tocopherol

content of lard, edible tallow and some shortenings is very
low. Due to the inherent instabllity of these fats, it 1is
now common practice to add antioxidants such as propyl
gellate, nordihydroguaiaretic acid (NDGA) and butylated
hydroxyanisole (BHA) to these fats. If such stabilized fats
are added to butter at a level of 5 to 15 percent, it is
possible to detect these antioxidants in the butter oil by
means of chemical tests, In Canada 0,003 percent propyl
gallate and 0,01 percent of BHA are frequently added to lard
and shortenings., Thus the addition of 10 percent of such a

fat to butter would result in the presence of 0.,0003 percent
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of propyl gellate and 0,001 percent of BHA in the adulterated
butter. The detection of so little propyl gallate is
unlikely because it 1s easily oxidized in aqueous-fat systems,
BHA, on the other hand, 1s not soluble in water if fat is
present and thus remeins in the fat phase., Therefore, a
qualitative test for BHA should be made on all suspicious
butter samples, especlally if the tocopherol content is
approximately normel for genuine butter oll. ZEmploylng this
procedure a number of commercial butter samples have been

found to be adulterated by virtue of their BHA content.



STUDIES OF THE L0OSS OF ANTIOXIDANTS DURING
THE STORAGE OF LARD AND OF PIE CRUST

A. Loss of Antioxidants in Oxidizing Lard

1, INTRODUCTION

Until comparatively recently little information has been
recorded in the literature on the kinetics of the destruction
of phenolic antioxidants in fats and olls. This lack of data
has been attributed in part, at least, to the scarcity of
setisfactory analytical methods for these phenolic compounds,
However, with the development of improved analytical pro-
cedures a number of studies of the behaviour of individual
antioxidants has been reported.

Filer et al. (41) have studied the oxidative destruction
of gallic acid in commercially refined cottonseed oil,
aerated at 110°C, These suthors reported that the rate of
loss of gallic acid was approximately constant and was
virtually independent of the initial concentration. They
concluded that the destruction of gallic acld exhibited
characteristics of a zero order reaction,

Lundberg et al. (87) investigated the rates of destruction
of four entioxidants added to lard held at 100°C under a
stream of oxygen and simultaneously followed the change in

peroxide value, These authors studied hydroquinone, catechol,
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nordihydroguaiasretic acid (NDGA) and gallic acid, added
separately to lard, at concentrations of 0,02, 0.10 and 0,50
percent by welght. These workers concluded that the
deterioration of these phenolic antioxidants in oxidizing
lard did not occur as a single low order reaction, but was
complicated by the products formed from the fat and/or the
antioxidants during the oxldative process, They observed
that the use of the higher concentrations of these antie
oxidants, under their conditions, resulted in more rapid
increase in peroxide value during the early stages of
oxidation of lard,

In 1949 Kraybill et al. (74) reported the development
of a new antioxidant formulation designated as "AMIF=-72%",
This preparation consisted of 20 percent commercial butylated
hydroxyanisole (BHA), 6 percent propyl gellate and )4 percent
enhydrous citric acid with 70 percent propylene glycol as
solvent. At that time no satisfactory methods were available
for the determination of mixtures of these antioxidants.
The "AMIFw72" antioxidant preparation is now widely used for
the stabilization of edible fats, However, a procedure which
permits the determination of combinations of propyl gallate,
BHA, NDGA and tocopherols in lard and shortening was reported
by Mahon and Chapmen (88) in 1951 and has been described in
more detail in preceding sections of this thesis, These

workers have also developed a method for the estimation of
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the 2«tertiary-butyl-4~hydroxyanisole (2«BHA) and 3etertiary-
butyle/«hydroxyanisole (3~BHA) isomers in lard and shortening
(89). Since there were no data in the literature on the
destruction of propyl gallate and BHA when combined in a fat
or oil, it was considered of interest to apply the foregoing
procedures to the s tudy of the relative rates of destruction

of these phenolic antioxidants in oxidizing lard,

2, ANALYTICAL METHODS

The antioxidants employed were analyzed by the methods
previously described in Sections A", "B* and "D" of the
analytical methods, Peroxides in the fat were estimated by

Leat's "hot-method™ (8l1).

3. EXPERIMENTAL CONDITIONS

Samples of fresh steame=rendered lard were obtained from
two different commeréial producers. Three 600 g. portions
of each lard were warmed to 50°C and the required amount of
the "AMIF-72 type"” entioxidant preparation was added. The
moltén lard was stirred for ten minutes to ensure uniformity
and 25 g. portions were poured into 50 ml., Pyrex beakers,
The twenty-four beakers from each lard sample at each antie
oxidant level were divided into two groups of twelve beakers
each and stored at 41°C and 61°C respectively, in constant
temperature ovens., At suitable intervals, 12 g. portions of

the lards were removed and propyl gallate, total BHA, 2-BHA,
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3=-BHA and peroxide value determined. Control lard samples
to which no antioxidants had been added were also stored at
41° and 61°C and the peroxide value determined., In the case
of the lard contalning antioxidents, held at 61°C, analyses
were conducted at intervals until all the propyl gallate and
BHA had been destroyed. The ddstruction of the antioxidants
in the lards stored at 41°C was relatively slow and this
experiment was discontinued after thirty weeks and before
the complete destruction of the antioxidants in this series

of samples,
4L, RESULTS AND DISCUSSION

a. Loss of Propyl Gallate and Butylated Hydroxyanisole in
Lard Stored at 41 and 61°C

In the initial experiments the antioxidants were added
at three levels., The calculated amounts of propyl gallate,
BHA and citric acid incorporated in the lard are shown in
Table LI. The concentrations actually found by analysls
differ slightly from these values because there is frequently
a small loss immediately after the addition of these antie
oxidants to the lard.

The analytical data obtained for the two different lots
of lard containing the "AMIF«72 type" antioxidant preparation
were identical within the limits of experimental error.

Therefore, the results for only one lot are presented and
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Table II

Approximate Amounts of Antioxidant Added to Lard Samples A,
B and C :

Sample Propyl Butylated Citriec
Gallate Hydroxyanisole Aclid

Added Added Added
% % %

"Control® 0.000 0.000 0.000

A 0,012 0,040 0.008

B 0,006 0020 0.004

(o] 0,003 0,010 0.002

discussed in this thesis., The results obtained for propyl
gallate, BHA and peroxide velues on lard samples A", "B%™
and "C", stored at 61°C, are shown in Figures 13, 14 and 15.
Iﬁepeotion of these graphs reveals that the rate of
loss of propyl gallate was approximately constant with
respect to time, for each concentration employed and, there=
fore, appeared to follow a zero order reaction., This cone
clusion is in agreement with those previously reported by
Filer et al., (41) for gallic acid, Lundberg and co=workers
(87) also followed the destruction of gallic acid in lard at
100°C in an atmosphere of oxygen, employing concentrations
of 0,02, 0,10 and 0,50 percent. Thelr results indicated
that at concentratibns of 0,02 and 0,10 percent the rate of
destruction of gallic acid was approximately constant with

regpect to time, suggesting a zero order reaction. The
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highly irregular results obtained by these workers (87) when
employing 0.50 percent gallic acid was probably caused by
the positive catalytic effect of this high antioxidant
concentration upon the formation of fat peroxides.

The data in Figures 13, 14 and 15 indicate that the
loss of BHA occurred in two stages. Initially there was a
slow decrease in the BHA concentration which accelerated
rapidly at approximately the point at which the propyl
gallate could no longer be detected in the lard samples,
The initial slow loss of BHA proceeded at an approximately
constant rate for each concentration employed and was attrie
buted at least in part to the vapourization of small amounts
of BHA from the surface of the lard. This assumption was
confirmed by placing 160 g+ of lard containing 0.02 percent
of BHA in a shallow bottle., A slow stream of nitrogen was
passed over the surface of the lard, an area of approximately
150 square om,, and then through a series of four watere
cooled traps containing absolute ethyl alcohol. This
apparatus was placed in a constant temperature oven at 61°C
for fifty hours, and the BHA trapped in the alcohol was
determined., A total of 37.5 micrograms of BHA was found,

3 micrograms of BHA per

corresponding to a loss of 4 x 10
square cm, per hour, However, the losses of BHA during the
initial stages of the storage of samples "A", "B" and "C"

amounted to 3,0 x 10'2, 2.9 x 10™2 and l.,l1 x 10'2 micrograms
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per square cm, per hour, respectively. These values range
from three to seven times the amount actually recovered in
the alcohol traps. It is possible that some BHA was
destroyed during the process of vaporization from the lard
or that during this initial period the BHA was also slowly
reacting with the oxidizing fat. The second stage in the
destruction of the BHA began about the same time as the come=
plete dimappearance of the propyl gallate and rapid increase
in the peroxide value. The rate of destruction of the BHA
during this latter period was much greater than during the
initial stage. This acceleration in the rate of destruction
is presumably attributable to an increase in the reactivity
of BHA with the oxidizing fat,

The concentretiona of the 2-BHA and 3~BHA isomers were
also determined during the storage of lard samples "A*", "B*®
and *C", held at 61°C, These values are shown in Figure 16.
These results indicate that the destruction of the 2~BHA and
3-BHA isomers also ocourred in two stages. During the initial
stage the rates of loss of these isomers were approximately
equal and remained constant with respect to time for each of
the concentrations employed. As previously shown, evapora=
tion of BHA is at least partially responsible for this slow
initisl loss, By reference to Figure 16 it can be seen that
in all cases the rate of destruction of 3~BHA increased

abruptly just prior to the complete destruction of the propyl
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It was concluded, therefore, that the combination

of propyl gallate and BHA maintalned a comparatively low per=

oxide value in the lard, but that BHA alone was relatlively

ineffective in preventing further peroxide formation after

the destruction of the propyl gallate.

The results of the experiments on lard samples ™A™, "B*

and "C" stored at 41°C, which was terminated at the end of

thirty weeks, are given in Table LII,

Table LII

Propyl Gallate and BHA Content and Peroxide Values of Lard
Samples "A"™, "B"™ and "C" Stored at 41°C for Thirty Weeks

Sample Propyl Propyl BHA BHA Peroxide
Gallate Gallate at after Value

at After Start 30 After

Start 30 Weeks Weeks 30 Weeks

% % % % Mee/kge
A 0.,0115 0.,0080 00,0380 0+0346 77
0.0057 0.0036 0.0195 0.0172 9.8
C 0.0028 0.,0011 0.,0101 0.,0092 0.4

These results reveal a trend similar to the results

obtained with the same samples stored at 61°C.

The loss in

propyl gallate ranged from 30 percent in sample ™A™ to 61

percent in sample "“C*",

The loss in BHA, however, was

relatively constant at approximately 10 percent for all

samples.
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be Loss of Butylated Hydroxyanisole in Lard Stored at 61°C

In order to confirm the observation that BHA alone is
relatively ineffective in meintaining a low peroxide valuse,
it was decided to add BHA to a semple of fresh steamw-rendered

lard in the amounts shown in Table LIIX.

Table LIII

Approximete Amount of Antioxidants Added to Lard Samples "L*,
"M* and *N®

Sample BHA ;dded Citric Acid Added
"Control"® 0.00 0,000
L : 0.04 0.008
M 0,02 0,004
N 0.01 0.002

The lard samples were stored in open beakers held at 61°C as
previously described. The BHA content and the peroxide
values were determined periodically with the results shown
'1n Figure 17. These results indicate that the BHA was lost
at a relatively rapid rate and that the peroxides accumulated
with 1ittle or no induction period. Therefore, it was cone
cluded that BHA alone was relatively ineffective in prevente
ing peroxide formation-in lard stored at 61'0 as compared
with a combination of propyl gallate and BHA (Figures 13, 14
and 15) This conslusion is in agreement with the statement

of Kraybill and co=workers (73), who reported that BHA when
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used alone was not unusually effeetive in increasing the
stabllity of lard as measured by the active oxygen method.
Moore and Bickford (103) in a recent study of the effective=
ness of a number of antioxidants also found propyl gallate
more effective than BHA in stabilizing cottonseed oil, the
same 0il hydrogenated to shortening consistency and lard,

The results obtained by following the loss of the 2-BHA
and 3-BHA isomers in samples "L*, "M"™ and "N" are shown in
Figure 18, These samples contain ho propyl gallate and,
therefore, 1t might be assumed that the data for the loss of
BHA alone would resemble that portion of the ecurves in
Figure 16 subsequent to the complete destruction of propyl
gallate, Comparison of the data in Figures 16 and 18 indi-
cate that this assumption is correct. It was noted from the
data in Figure 18 that the loss of 3-BHA is initiated at an
early stage in the storage period, whereas 2«BHA requires an
induction period of approximately twenty-four days in the
case of lard samples "L" and "M"., It was also observed that
with these samples the 3-BHA began to react at relatively low
peroxide values, while a peroxide value of 25 to 35 millé-
equivalents per kg. was required before the rate of loss of
2«BHA bhecame appreciable. No definite conclusions can be
drawn from the results for sample "N", owing to the very low
concentration of approximately 0.005.percent of each of the

BHA isomers.
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¢. Relative Effectiveness of the 2«~Tertiaryebutyl=fehydroxy-
anisole and 3-Tertiary-butylejfehydroxyanisole Isomers in

Retarding the Rencidification of Lard Stored at 61°C

Since 3-BHA began to react at a lower peroxide value

than 2-BHA, it could be argued that 3-BHA would inhibit per-
oxlde formation to a greater extent and, therefore, should

be a more effective antioxidant. In order to confirm this
observation, amounts of 2-BHA, 3-BHA and citric acid as shown
in Table LIV were added to fresh steam-rendered lard which
was then stored at 61°C and analyzed at intervals for 2-EHA,

3«BHA and peroxide value,

Table LIV

Approximate Amount of Antloxidants Added to Lard Samples
nxn’ l‘!ﬂ and nzn

Sample |(2-BHA Added 3-BHA%Added Citric A;id Added

"Control® 0,000 0.000 0.004
X 0,020 0.000 0,004
Y 0.000 0,020 0,004
Z 0,010 0,010 0004

The results of the experiments with lard samples "X",
nY*® and "Z"™ to which varying proportions of the BHA isomers
plus citric acid were added and stored at 61°C, are presented
in Figure 19, These data confirm the faét that 3«-BHA alone
is a more effective antioxidant than 2-BHA alone., Lard

containing no added BHA and stored at 61°C attained a
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peroxide value of 20 milliequivalents per kg. after only 6.2
days. On the other hand, lards containing 0.02 percent of
2-BHA and 0,02 percent of 3=BHA required 9.7 end 13.8 days,
respectively, to attain a peroxide value of 20. The comw
bination of equal amounts of 3«BHA and 2-BHA was almost as
effective as 3-BHA in stabilizing the lard in the initial
stages of the oxidation, but at higher peroxide values this
curve was approximately midway between the curves for the
two pure BHA isomers. These limited results indicated that
the addition of 0.02 percent of the 2«BHA and 3«BHA isomers
increased the stability of lard stored at 61°C by factors
of 1.6 and 2.2, respectively, as compared to 1.0 for lard
alone. At a concentration of 0,02 percent, 3-BHA exhibited
an inhibition ratio of approximately l.4 relative to 2«BHA
when comparison was made at a peroxide value of 20, Moore
and Bickford (103) have recently stated that a more resl=-
istic evaluation of the antioxidants in lard is obtained
when comparisons are made at a peroxide value of 100 milli-
equivalents per kg. When the data in Figure 19 are compared
at a peroxide value of 80, the maximum value for which
figures were available, the inhibitor ratio of 3~BHA was
approximetely l.5 as compared to unity for 2-BHA,

These results are in general agreement with those

reported in the literature. Dugan et al. (31) investigated

the relative effectiveness of 2~BHA and 3~BHA alone and as
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mixtures of known composition on stabilization of eleven
lards and concluded that 3~BHA exhibited an inhibitor ratio
of 1.5 relative to 2~BHA when 0.0l percent of the isomers
was employed and the active oxygen method used to evaluate
the relative stability of the lards. Rosenwald and Chenicek
(125) have reported that 3~BHA was 2,8 times as effective as
2«-BHA in inhibiting the oxidation of lard when a concentrae
tion of 0.02 percent was employed.

The BHA employed 1n these investigations contained from
54 to 62 percent of 3~BHA. These samples were chosen inten-
tionally in order that sufficient 2-BHA would be present to
permit accurate analysis. .Commercial BHA preparations cone
taining higher proportions of 3-BHA have been encountered
(see Table XIX) (89), and these might be expected to be
slightly more efficient antioxidants.
5. VALIDITY OF THE ANALYTICAL VALUES FOR 2«TERTIARY=BUTYL~

4=HYDROXYANISOLE AND 3~TERTIARY=~BUTYLe,4«HYDROXYANISOLE

IN OXIDIZING LARD

The determination of the BHA isomers is based on the
colour intensity obtained with the 2,6~dichloroquinonechloro=
imide =~ borax reagent relative to that obtained with the
ferric chloride = X,X'=«bipyridine reagents., If either of
these reagents reacted with decomposition products formed
during the oxidation of the fat, large: errors in the detere

mination of the isomers would result. In order to check the
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validity of the determination of the 2-BHA and 3=BHA in
oxildizing fat, the following experiment was conducted. To
one sample of lard was added 0,02 percent of 3~-BHA and to a
second sample an equal amount of 2«-BHA, These samples were
held in open beakers at 61°C, and the proportion of the
isomers in each sample was determined at intervals until the
BHA was completely destroyed. The results of these experi-
ments are given in Table LV,

Table LV

The Proportion of BHA Igomers as Determined During the
Oxidation of Lard at 61 C

Storage 2«BHA 3=BHA
igrég‘.lc Ratio of Found | Ratio of Found
Absorbancies Absorbancies
Weeks at 620/515 mp % at 620/515 mp %

0 0.138 100.0 0,787 100,0
1 0.137 100,2 0.766 96,8
2 0.128 101,6 0.764 9645
3 0.132 101.0 0.784 99.6
4 0.125 102,.0 0,788 100.1
5 - had O. 763 960 3
6 - - O 767 960 9

The ratios given in Table LV represent the absorbancy
obtained with the 2,6=dichloroquinonechloroimide = borax

reagent divided by the absorbancy obtained with the ferric
chloride = &X,A'«bipyridine reagent., The average values of
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101,2 percent for 2«BHA and 97.7 percent for 3-BHA are both
within the experimental error of the method. If any sube
stances produced during the oxldation of the fat had intere
fered with the determlination, the percentage of the isomers
would not have remained close to 100 percent until the
complete destruction of the BHA. Therefore, it was concluded
that the method for the determination of the isomers was

satisfactory in the presence of oxidation products,



B, Loss of Antioxidants During the Preparation
and Storage of Pie Crust

1., INTRODUCTION

The foregoing study of the loss of propyl gallate and
butylated hydroxyenisole (BHA) in lard stored at 61°C was
extended to include a study of these and other antioxidants
in ple crust. All previous work in this field has been con-
ducted by means of static experiments, that 1s, experiments
in which the oriterlion has been the time under given condie
tions for the baked material to acquire a rancid smell or for
the fat fraction to attain a given peroxide value. This
study involved the addition of & number of antioxidant comw
binations to lard employed in the preparation of ple crust.
The keeping quality of the ple crust and the disappearance
of added antioxidants was estimated by periodically extracte
ing the fat from e portion of the pie crust and analyzing it

for added antioxidants and peroxide value,
2. EXTRACTION OF FAT FROM DOUGH OR PIE CRUST

a. Efficiency of Different Solvents in Extracting Fat from
Dough

In order to follow the'loss of antioxidents added to
lard used to prepare ple crust, it was necessary to have a
simple procedure for recovering the majority of the fat
present in dough or pie crust. In a preliminary experiment

50 g. portions of dough were agitated in a Waring Blendor
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for three minutes with 100 ml. portions of a number of fat

solvents., The resulting dough suspensions were centrifuged

at 1000 R.P.M, for five minutes, the solvent phase filtered,

the solvent evaporated and the fat weighed. The efficiency

of various solvents in extracting the fat from dough under

these conditions is illustrated in Table LVI.

Table LVI

Efficiency of Various Solvents to Extract Fat from Dough

Solvent Employed

Percent Fat Recovered

from Dough

Acetone 8
Benzene 96
Carbon tetrachloride 86
Chloroform -

Ethyl ether 91
Methyl Cellosolve -

Light Petroleum = 30 to 4L0° fraction 91
Light Petroleum = 30 to 50° fraction 89
Light Petroleum = 30 to 60° fraction 92
Light Petroleum - 34 to 38° fraction 91
Light Petroleum « 40 to 50° fraction 91
Light Petroleum = 50 to 60° fraction 90
Light Petroleum «~ 60 to 100° fraction oL

Most of the solvents tested in Table LVI were found

unsatisfactory for one or more reasons,

Acetone and methyl

cellosolve, being miscible with water, took up the water

present in the dough.

tures wers poor fat extractants.

The resulting aqueous « solvent mixe

Chloroform, and carbon

tetrachloride presented some difficulty in centrifuging down
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the flour solids due to the high specific gravity of these
solvents. Benzene, carbon tetrachloride, chloroform, methyl
cellosolve and the 60 to 100¢ light petroleum fraction were
rejected because of their high boilling points which required
undesirably high temperatures in order to remove all of the
solvent. Since propyl gallate and other antioxldants are
known to be destroyed by high temperatures, the use of such
solvents are not feasible. Of the remaining solvests invese
tigated, light petroleum with a 34 to 38°C boiling range was
considered the most satisfactory. A single extraction with
this solvent recovered approximately ninety-one percent of
the fat in dough, employing the foregoing procedure, The
lower boiling range (34°C) of this fraction avoided the
possibility of this solvent boiling during all but the
hottest summer weather. In addition, its low upper bolling
range (38°C) greatly facilitated the complete removal of this
solvent from the extracted fat., Light petroleum was employed
in preference to ethyl ether because of the tendency of ethyl
ether to form peroxides which might interfere with the
accurate estimation of the peroxide value of the extracted
fat,

be Effect of Blending Time Upon the Recovery of Fat from
Dough. .

Employing the 34 to 38°C light petroleum fraction and

blending the sample for three minutes, the solvent boiled
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vigorously because of the friction in the blendor. Therew
fore, experiments were conducted to determine whether the
time of blending could be reduced. The effect of the time
of agitation in a Waring Blendor upon the extraction of fat

from dough is illustrated in Table LVII,

Table LVII

Effect of Blending Time on the Recovery of Fat from Dough,
Employing 100 ml. of 34 = 38°C Light Petroleum Per 50 g,
Dough

Time of Blending Fat Recovery from Dough
Minutes Percent
0e25 93
05 92
1.0 93
2,0 90
3.0 91
50 91

The results show that increasing the time of extraction
above thirty seconds did not increase the efficlency of
extraction, Therefore, thirty seconds blending was adopted
for all subsequent experiments since the loss of solvent
during blending was reduced.,

ce Effect of the Volume of Solvent Upon the Recovery of Fat
from Dough

The effect of the volume of 34 to 38°C boiling range

light petroleum employing thirty seconds agitation in a
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Waring Blendor upon the recovery of fat from dough was invese
tigated. Volumes of light petroleum ranging from 50 to 175
ml, were employed to extract the fat from 60-g. portions of
dough, The results of these experiments are given in Table
LviIT,

Teble LVIII

Effect of Light Petroleum Volume Upon the Recovery of Fat
from Dough Employing a Blending Time of Thirty Seconds

Volume of 34=38°C Light Petroleum Fat Extracted from Dough
ml, , Percent
50 67
75 80
100 87
125 91
150 92
175 94

Results in Table LVIII indicate that 150 ml, of 34 to
38°C light petroleum per 60 g. of dough recovered approx-
imetely 92 percent of the fat. Since it was Intended to
employ only 55 ge. of dough or 45 g« of ple crust, 150 ml, of
34 « 38°C light petroleum was adopted to extract the fat,
Subsequent extractions indicated that approximately 92 per=
cent of the fat in dough and approximately 85 percent of the

fat in ple crust was recovered with a single extraction.
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3. PREPARATION OF PIE CRUST

8. Mixing of Dough

The dough was made from 100 parts flour, 60 parts lard
and 50 pafts water. Commercial pastry flour (not enriched),
fresh steam rendered lard and distilled water were used, No
sodium chloride was added, because this material may function
as a pro-oxidant because of the traces of other metals it
contains (59).

The antioxidant and/or acidic synergists were dissolved
in a minimal volume of propylene glycol and thoroughly mixed
into the lard at 45°C., The lard was cooled rapidly to 18°C
and employed to make dough.

The flour and lard were cooled to approximately 18°C,
and the lard creamed with half of the flour. The remainder
of the flour was then mixed with the creamed portion, followed

by the water, also at 18°C, which was mixed in lightly.

b. Baking of Pie Crust

The dough was spread to a depth of one-quarter of an
inch in rectangular aluminium trays (11" x 11" x 3/8") and
baked in an oven at 205°C, until lightly browned. To avoid
scorching near the edge of the trays, the turned-up edge was
only 3/8" high, because this edge served as en additional
surface for heat absorption. The layer of dough was made

slightly thicker near the edge of the tray 1ln order to
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utilize this additional heat input. Uniformity of baking of
the pie crusts 1s of the utmost importance in order to

obtain reliable keeping times.,

ce Storage of Pie Crust

The pie crust was stored in an oven at 61°C. Periode
ically, the fat from a portion of pie crust was extracted

and analyzed for added antloxidants and peroxide values,

he ANALYTICAL METHODS

a. Reagent
Light Petroleum ~ (34 = 38°C) -~ Shake Skellysolve A

(28 = 38°C) with one~tenth of its volume of concentrated
sulphuric acid for two to five minutes, Run off the acid
layer and wash the light petroleum with water and dilute
alkall until free of acid. Distil the light petroleum in an
all~glass fractionating column and collect the fraction

boiling between 34 to 38'0.

b. Extraction of Fat from Dough and/or Pie Crust

Place 55 g. of dough or 45 g. of ple crust into a Waring
Blendor. Add 150 ml, of 34 to 38°C light petroleum, cover
and blend for fhirty seconds, Transfer the contents of the
blendor to a 250 ml, centrifuge bottle, stopper and centrie
fuge at 1000 R.P.M, for five minutes, Decant the slightly

turbdid light petroleum solution into a double 15 cm, Whatman
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No. 54 filter and collect the filtrate in a 250 ml, flask.
Remove the light petroleum under reduced pressure employing
a water pump while warming the flask in a 40°C water=bath.
Remove the last traces of light petroleum with a Hyvac pump.
Such an extraction will recover approximately 92 percent of

the fat in dough and 85 percent of that in pie crust.

ce Analysis for Phenolic Antioxidants and Peroxide Value

The extracted fat was analyzed for added phenolic antie
oxidants employing the procedures previously outlined. The
peroxide value of the fat was determined eﬁploying Lea's
"hot method” (81),

5. RECOVERY OF ANTIOXIDANTS FROM DOUGH AND PIE CRUST

a. Propyl Gallate

It was found impossible to recover ény of the propyl
gallate added to dough. However, lard containing 0.006 per=
cent of propyl gallate upon being blended with light
petroleum, centrifuged, filtered and the light petroleum
evaporated under reduced pressure (as for the extraction of
fat from dough) yielded as much as 98 percent of the added
propyl gallate, Therefore, the procedure for extracting the
fat from the sample occasioned no serious loss of propyl
gallate.,

The use of autoclaved flour also resulted in zero



207
recoveries of propyl gellate from dough, hence enzymatic
activity was not responsible for the destruction of propyl
gallate, In addition, flour not subjected to any oxidizing
"improvers" such as chlorine dloxide also resulted in the
complete loss of added propyl gallate. Therefore, the use
of such oxidizing agents was not responsible for the destruce
tion of propyl gallate.

Since propyl gallate rsacts with metallic ions such as
iron, 1t was suspected that thlis antioxidant was being
oxldized or complexed by the metallic ions present in flour,.
In an attempt to prove this point, flour was fractionated
into three crude fractions as follows:-

Flour was moistened with distilled water to form a dough
which was allowed to stand at room temperature for thirty
minutes., This dough was rubbed up by hand in a large volume
of distilled water to separate crude starch and protein
fractions. The starch suspension was filtered through cheese
cloth, centrifuged, resuspended in dilute alkali and again
centrifuged. This procedure was repeated until the
supernatant solution was essentially free of protein., The
resulting starch was washed with water to remove any alkall,
centrifuged and air dried., The crude proteln fraction was
dissolved in dllute alkali and centrifuged to separate any
starch present., The protein was precipitated by the addition

of ethyl alcohol at an acid pH. This protein precipitate
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was suspended in distilled water and adjusted to approxim-
ately pH7 and then dried in vacuo. All remaining solutions
were collected, adjusted to .pH 7, evaporated to dryness and
are referred to as the "residue fraction®,

The original flour}and each of the three flour fractions
was mede into dough employing lard containing 0.006 percent
of added propyl gallate, The partial analyses of the flour
fractions and the recovery of propyl gallate from the

resulting doughs are given in Table LIX.

Table LIX

Recovery of Propyl Gellate Added to Dough Made with Flour
or Four Flour Fractions

Type of Flour Fraction |Starch | Protein | Ash |Propyl Gallate
Recovered
% % %
Starchy Fraction 1 93.5 1.7 0.1 ol
Starchy Fraction 2 93.0 Le5 062 80
Original Flour 72.0 10.8 Ok 0
Residue Fraction 27.3 42,5 16,6 0
Proteinaclious Frectlon 2.8 92,7 2,0 o

Data in Table LIX indicate that high recoveries of
propyl gallate were possible when predominately starchy flour
fractions were employed to make dough. However, as the
protein and ash in the flour fractions 1ncreasad, the recovery

of propyl gallate rapidly decreased to zero. These results
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indicated that propyl gallate was destroyed or complexed by
some component of flour., In this connection Sair and Hall
(129) observed that some factor in flour plays an important
role in the carry-~through of antioxidants. These authors
considered thaf the metallic content of flour might be
responsible but were unable to confirm this assumption, since
the addlition of metallic deactivators to dough did not
increase the keeping quality of pie crust.

In the case of ple crust made from dough containing added
citric acid or disodium dihydrogen ethylenedlaminetetraacetate
(*Versene®™), followed by the addition of propyl gallate as a
spray in a lard solution, resulted in recoveries of three to
ten percent of the added propyl gallate. However, after a
few hours at room temperature no propyl gallate could be
recovered from the ple crust., These results are in agree=
ment with the views of Sair and Hall (129). Nevertheless,
the role of metallic ions in flour should not be underrated;
in most cases the metallic deactivators employed are inade
equate to complex all the metalllec ions in flour and in
addition the small amount of propyl gallated added (approxe
imately 0.003 percent of the flour) could be complexed by a

small fraction of the metalllic content of flour,

be Lauryl Gallate

Lauryl gallate recoveries as high as thirty percent
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from dough and twenty percent from freshly baked pie crust
have been obtained. The recovery of lauryl gellate sprayed
onto pie crust containing "Versene” was sixty~four percent
after a few hours at room temperature., In this case "Versene"
was employed at 0.28 percent of the flour by weight. These
results indicated that the loss of added antigxidants could
be reduced and the keeping quality of the ple crust increased
if a sufficliently large amount of a powerful metal deactiv-
ator was employed., (See Table IX).

The greater stability of lauryl geallate in dough as
compared to propyl gallate employed at the same molecular
concentration was explained on the basis that lauryl gallate
is insoluble in water while being soluble in fat., These
properties should restrict the leauryl gallate to the lipid
portion of dough, thus avoiding such direct contact with the
metallic ions of flour which should be concentrated in the
aqueous phase, Propyl gallate, on the other hand, is slightly
water-soluble and would diffuse into the aqueous phase and be

complexed by the metallic ions.

c. Nordihydroguaiaretic Acid (NDGA)

The apparent recovery of NDGA from dough was of the
order of two to six percent of that added while no NDGA was
recovered from ple erust. The loss of NDGA added to dough
was attributed to the same factors responsible for the loss

of propyl gallate,
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d. Butylated Hydroxyanisole (BHA)

Recoveries of BHA from dough have been as high as

ninety=eight percent, though in most instances recoveries of
elghty to ninety-two percent were obtained. In the case of
ple crust, the time of beking normally employed resulted in
a further loss of fifteen to twenty percent of the BHA
present.

i, Effect of Time of Baking Upon the Recovery of
Butylated Hydroxyenisole from Pie Crust

The effect of baking time in a 205°C oven upon the
recovery of BHA from pie crust was investigated, with the
results given in Figure 20,

These results indicate that the loss of BHA proe
ceeds at an ever-increasing rate during the baking process,
The loss of BHA was due, at least in part, to the steam=
distillation of BHA from the dough.

ii. Recovery of Butylated Hydroxyanisole from Oven
Vapours

A series of three experiments were conducted with
the object of recovering the BHA vapourized during the baking
of pie crust. Alr was drawn through an oven kept at 205'0
and containing 700 g. of dough, made with lard containing
0.02 percent BHA, at a rate of approximately 620 ml, per
second. On leaving the oven the alr and oven~vapours were
passed through a series of two straight condensors and one

spiral-condensor, cooled to a'c by a rapid stream of water,
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The condensate amounted to eighty to eighty~six percent of
the weight loss during the baking of the dough. Fifty-five
to 80 percent of the BHA last during the baking, was recovered
in the condensate. If the amount of BHA actually present in
the condensate 1s calculated on the basis of the total welight
lost during the baking of the pie crust, then from sixty-
four to eighty-five percent of the BHA lost during baking
should have been in the oven vapours, It is clear, there=
fore, that the greater portion of BHA lost dﬁring the baking
of the ple crust is due to vapourization.

iii. Recovery of Butylated Hydroxyanisole Vapourized
from Pie Crust Stored at 61°C

Lard containing 0.02 percent BHA was used to
meke pie crust, 640 g. of this pie crust being placed in a
large jar held at 61°C, A slow stream of nitrogen (10 ml,
per minute) was passed through this jar and then through a
series of six traps filled with absolute ethyl alcohol,
After a period of ninety-one hours, the remaining alcohol in
the traps was analyzed employing the 2,6«dichloroquinone-
chloroimide - borax reagents and found to contain 0.7 mg. of
BHA. Sincse this reagent couples with BHA to produce a blue
complex, errors due to other reducing substances are avoided.
Due to the large volume of nitrogen employed and the partial
evaporization of the alcohol in the traps, it 1is considered

significant that so much BHA was recovered from the traps.
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It is important to note that wheregs the loss of BHA
during the baking of ple crust is normal end unavoidabdle,
the loss of BHA by vapourization from pie crust stored at
61°C would not be encountered under normal storage conditions,
It is unlikely that any appreciable esmount of BHA would be
vapourized from pie crust held at room temperature or under

refrigeration,

6. PIE CRUST STORAGE EXPERIMENTS

Doughs were prepared, employing lard to which one or
more of the following materials had been added, propyl
gallate, lauryl gallate, NDGA, BHA, citric acid, phosphoric
acid, -amino acetic acid (glycine) and disodium dihydrogen
ethylenediaminetetraacetate (*Versene"), When phenolic antie
oxlidants were added, the fat in a portion of the dough was
extracted and analyzed for the added phenolic antioxidants,
prior to the baking process. The dough was then baked as
previously described, the fat from a portion of the fresh pie
crust was extracted and analyzed for entioxidant content and
peroxide value, The remainder of the pls crust was stored
at 61°C for further analyses., Samples containing acidic
synergists but no phenolic antioxidants were analyzed for

peroxide value only.

7. RESULTS AND DISCUSSION OF PIE CRUST STORAGE TESTS

For the purpose of comparison the results for peroxide
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values were summarized and expressed in terms of the time

required at 61°C for the fat in the ple crust to attain a

peroxide value of 60 milliequivalents per kg. of fat, These

results are given in Table 1X,

Table ILX

Effect of Different Antloxidant and Synergistic Combinations
Upon the Time Required for the Fat of Pie Crust Held at 61°C

to Attain a Peroxide Value of 60

Material Added to Lard Employed to Maske Pie Crust|Time at 61°C
to Attein a
Peroxide
Value of 60
Days
Blank 4
CA 5
H3PO + Glycine \ Acidic 5
Versbne Synergists 7
High CA 7
NDGA + CA 7
PG+ CA 7
CA (Baked) + PG (Sprayed on Pie Crust) 7
High CA (Baked) + PG (Sprayed on Pie Crust) 7
LG + CA 13
Versene (Baked) + PG and CA (Sprayed on Pie Crust) 15
Versene (Baked)+ LG and CA (Sprayed on Pie Crust) 18
BHA + NDGA + CA 21
BHA + High CA 22
BHA + PG + CA 23
BHA + LG + CA 2L
BHA + CA 25
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Key to Table 1X

Additive Additives Expressed as Percentage of the Lard

Abreviations Employed

CA 0.004% Anhydrous Citric Acid

High CA 0.460% Anhydrous Citric Acid

H,.PO 0.040% Phosphoric Acid

Giyc&ne 0+040% X=Amino Acetic Acid

Versene 0+460% Disodium Dihydrogen ethylenediamine=

tetraacetate

PG 0.006% Propyl Gallate

L 0.0095% Leuryl Gallate

NDGA 0.010% Nordihydrogueiaretic Acid

BHA { 0.008% 2=Tertiary=butyl=i=hydroxyanisole
0,012% 3«Tertiary-butyl-4=-hydroxyanisole

The results shown in Table IX indicate that the presence
of acidic synergists alone resulted in little improvement in
the keeping quality of pie crust stored at 61°C. The addition
of propyl gallate or NDGA in the presence of citric acid
exerted no additional effect, thereby indicating that these
antioxidants were rendered chemically inactive upon addition
to the dough, Lauryl gallate, on the other hand, produced a
significant improvement in the keeplng time of ple crust.
This 1s attributed to the fact that lauryl gallate is
insoluble in water while being fatesoluble., These properties
should tend to keep lauryl gallate in the fat phase, thereby
avoiding direct contact with the metallic ions which are
presumably located in the aqueous phase, For these reasons

lauryl gallate might avoid oxidation or complexing by the
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metallic lons. Dough baked with added "Versene" together
with subsequent spraying of the pie crust with propyl gallate
and citric acid or with lauryl gallate and citric acid
resulted in a significant improvement in the stability of the
pie crust. This fact indicates that the relatively large
amount of "Versene® employed was able to complex a large
portion of the metallic lons present, thus avoiding their
destructive action on the propyl gallate or lauryl gallate
added subsequently.

The most stable ple crusts were those containing BHA
and citric acid., In all cases the BHA employed was a mixture
of 60 percent pure 3-BHA and 40 percent of pure 2-BHA. The
use of propyl gallate plus BHA plus citric acid or NDGA plus
BHA plus citric acid resulted in no further increase in
stebility. The use of additional citric acid in the presence
of BHA produced no additional stability. It is surprising,
however, that the use of lauryl gallate plus BHA plus citric
acid did not produce greater staebility than BHA plus citriec
acld, Because the use of lauryl gallate plus clitric acid
produced a significant increase in stability, hence the use
of lauryl gallate plus BHA plus citric acid would be expected
to produce greater stability than that of BHA plus citric
~ acld., Nevertheless, these results did not confirm this
supposition.

The literature contains numerous references to the
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relative effectiveness of antioxidents incorperated into pie
crust. Of these, the data of Sair and Hall (129) are con=-
sidered representative. These authors assigned the following
values to the stability of ple crusts employing fat containe
ing 0,01 percent of added antioxidant together with 0,003
percent of cltric acid:= Control 2 to 3 days; propyl gallate
3 to 4 days; NDGA 3 to 4 days; lauryl gallate 4 to 5 days;
and BHA 16 days at 61°C. These data are in agreement with
the results c¢ited in Table LX, The lower keeping times
obtained by Sair and Hall (129) might be due, at least in
part, to the pro=oxidant effects of the sodium chloride which
was included in their dough mixture,

The disappearance curves for BHA in the presence of
citric acid and other antioxidants are given in Figures 21,
22,23,2h,25,26 end 27, In all cases there was approximately
fifteen percent loss of BHA during the baking processe.
Thereafter, the loss of total BHA, 2«-BHA end 3-BHA approxe
imated straighteline functions of time. In the case of doughs
containing propyl gallate plus BHA plus citric acid or NDGA
plus BHA plus citric acid, no propyl gallate or NDGA was
found in the pie crust and, therefore, no disappearance
curves for these antioxidants are given in Figures 23 and 24.
It is important to note that in all cases the peroxide value
began to increase rapidly while a significant amount of the
added BHA still remained in the ple crust, Peroxide values
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as high as 280 milliequivalents per kg. of fat were recorded
in the presence of analyzable quantities of BHA.

The disappearance curves for lauryl gallate plus BHA in
the presence of citric acid are given in Figure 25, The
loss of both lauryl gallate and BHA followed straighteline
functions of time., In this case, it was impossible to
estimate the 2~-BHA and 3-BHA isomers present,‘beoause the
eanalytical method 1s not applicable in the presence of lauryl
gallate, Here again appreciable peroxide values were obtained
before all the BHA disappeared.

The disappearance curve for lauryl gallate in the
presence of citric acid is given in Figure 26 and is approxe
imately a straight-line funoction of time. A high peroxide
value was attalned before all the lauryl gallate was lost,

In the case of pie crust made from dough containing
"Versene” and then sprayed with lauryl gallate plus citriec
acld, the loss of lauryl gallgte approximated a straight-
line function of time, Figure 27.

Pie crust made from dough containing "Versene®™ and then
sprayed with propyl gallate plus citric acid contéined 10
percent of the added propyl gallate after a short interval,
However, after seven days storage at 61°C no propyl gallate
was found, therefore, no disappearance curve for propyl

gallate was obtained.
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8. CONCLUSIONS

Acidic synergists such as oitric acid, phosphoric acid,
deamino acetic acid (glycine) or disodium dihydrogen ethyle-
enediaminetetraacetate ("Versene") produced no significant
improvement in the keeping quality of pie crust. Propyl
gallate plus citric acid, or NDGA plus citric acid produced
no significant effect on the keeping quality of pie crust
owing to the fact that propyl gallate and NDGA are completely
destroyed in dough made with flour. Lauryl gallate plus
citric acld produced a significant improvement in the keeping
quality of ple crust., The addition of "Versene®” to dough,
followed by spraying the pie crust with a solution of lauryl
gallate plus citric acid or propyl gallate plus citric acid
resulted in an increase in stability. The addition of BHA
plus citric acid to dough resulted in the greatest stability
of the pie erust, However, the addition of propyl gallate,
lauryl gellate or NDGA to this dough produced no further
increase in the stability of the pie crust., BHA 1s partly
vapourized from dough during the baking process and also

during the storage of pie crust at 61°C.
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SUMMARY
A procedure has been developed for the quantitative
separation of propyl gallate, butylated hydroxyanisole
and tocopherol when present in the same fat sample.
Propyl gallate 1is extracted from the fat in light
petroleum solution by means of an agueous solution of
ammonium acetate; butylated hydroxyanisole is subsequently
extracted with 72 percent ethyl alcohol, while tocopherol
remains in the light petroleum solution of the fat.
Sensitive qualitative tests are described for the detec-
tion of gallic acid, propyl gallate, lauryl gallate,
butylated hydroxyanisole and gum gualac in fats,
Colorimetric methods are presented for the quantitative
determination of propyl gallate, butylated hydroxyanisole,
nordihydrogualaretic acid and tocopherol in lard and
shortening. These procedures permit the quentitative
analysis of all combinations of these antioxidants except
when propyl gallate and nordihydroguailaretic aseid are
present in the same fat sample,
A repid colorimetric procedure has been developed for
the determination of butylated hydroxyenisole in lard
and shortening. This procedure, employing a 2,6=-dichloro-
quinonechloroimide « borax reagent, is recommended for

monitoring the addition of butylated hydroxyanisole to
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commercial lard or shortening. The presence of propyl
gallate or nordihydrogualaretic acid do not introduce
analytical errors, since the antioxidant preparation
employed 1s used as a reference standard.

A method has been developed for estimating the propore
tion of 2=-tertiary-butyl-L-hydroxyanisole and 3-tertiary-
butyl-4-hydroxyanisole in commercial butylated hydroxy=-
anisole. This procedure is applicable to fat samples
containing butylated hydroxyanisole in the presence of
propyl gallate or tocopherol

A colorimetric method is described for the quantitative
estimetion of lauryl gallate in lard and shortening.

A rapid quantitetive procedure is described for deter=-
mining tocopherol in butter oil. This procedure avoids
interferences due to carotene, vitamin A alcohol, the
synthetic colours, 0il Yellow AB and 01l Yellow OB and
is suitable for detecting the adulteration of butter
oll with vegetable oils,

Analytical values are given for the amounts of propyl
gallate, total butylated hydroxyanisole, 2~tertiary=
butyl~-4f«hydroxyanisole, 3=-tertiary~butyl-4=hydroxye
anisole and tocopherol found in a number of commercial
lards and shortenings.

Analyticel values are presented for the tocopherol

content of butter, vegetable and animal fats and olls,
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10, Experiments were conducted to ascertain the effective=-
ness of different concentrations of propyl gallate plus
butylated hydroxyanisole plus citric acid for the pre-
vention of rancidification of lards stored at 41° and
61°c.

1l1. The effectiveness of different concentrations of butyle
ated hydroxyanisole plus cltric acid in preventing the
rancidification of lard stored at 61°C has been inves-
tigated. The results indicate that butylated hydroxye
anlsole in the absence of propyl gallate 1s relatively
ineffective as an antioxidant for lard.

12, The relative antioxidant activity of 2«~tertiary~butyl=
Le-hydroxyanisole and 3-tertiary-butyl-4f=hydroxyanisole
was investigated in lard stored at 61’0. The 3=-tertiary-
butyl=-4f=-hydroxyanisole isomer wes found to be the more
effective antioxidant.

13, The rates of loss for propyl gallate, total butylated
hydroxyanisole, 2~tertiary-butyl-i=hydroxyanisole and
3=tertiary-butyl-j=~hydroxyenisole were determined in
lard stored at 61°C.

a. In the presence of butylated hydroxyenisole, the loss
of propyl gallate approximated a straight-line function
of time.

be In the presence of propyl gallate, the loss of butyle

ated hydroxyenisole was slow; after the propyl
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gallate had been destroyed, the rate of loss of
butylated hydroxyanisole increased rapidly.

In the absence of propyl gallate the loss of 3=
tertiary-butyl-4f«hydroxyanisole proceeded at a more
rapid rate than for 2-tertiary-butyl-jf-hydroxyanisole.
When propyl gallate and butylated hydroxyanisole were
present in the same lard sample, the peroxide value
increased very slowly until all the propyl gallate
had been destroyed: thereafter the peroxide value
increased rapidly. In lard containing only butylated
hydroxyanisole, the peroxide value increased rapidly
after a short induction period., High peroxide values
were encountered in the presence of detectable.

quantities of this antioxidant.

Storage tests were conducted to determine the relative

Qe

effectiveness of different combinations of propyl

gallate, lauryl gallate, butylated hydroxyanisole,

nordihydrogualaretic acid, citric acid, ortho~phosphoric

acid, glycine and disodium dihydrogen ethylenediamine~

tetraacetate ("Versene") upon the stability of pie crust

held at 61°C.

Acidic synergists such as cltric acid, phosphoric acid,
_d=amino acetic acid (glycine) or disodium dihydrogen
ethylenediaminetetraacetate ("Versene") produced no
significant improvement in the keeping quality of pie

cruste.
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Propyl gallate plus citric acid, or nordihydroguaiaretic
acid plus citric acld produced no significant effect
upon the keeping quality of pie crust owing to the
fact that the activity of these antioxidants was
completely destroyed in dough mede with flour,
Lauryl gallate plus citric acid produced a significant
improvement in the keeping quality of pie crust.
The addition of "Versene" to dough, and sprayling the
ple crust with a solution of lauryl gallate plus
citric acid or propyl gallate plus citric acid
resulted in a significaent increase in stability.
The addition of butylated hydroxyanisole plus citrio‘
acld to doﬁgh resulted in the greatest stability of
the pie crust, However, the addition of propyl
gallate, lauryl gallate or nordihydroguaiaretic acid
to this dough produced no further increase in the
stablility of the ple crust,
Butylated hydroxyanisole is partly vapourized from
dough during the baking process and also during the
storage of pie crust at 61°C,
The rates of loss of propyl gallate, lauryl gallate,
total butylated hydroxyanisole, 2~tertlary-butyl-i=
hydroxyanisole, 3=-tertiary-butylef-hydroxyanisole and
nordihydrogualiaretic acid ﬁere determined in doughs,
freshly baked pie crusts and during the subsequent

storage of pie crust at 61°C,
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Propyl gallate and nordihydrogualaretic acid were
completely lost upon addition to dough.
A large proportion of the lauryl gellate was lost in
the dough and during the baking of ple crust. The
loss of the remaining lauryl gallate from ple crust
approximeted a straight-line function of time.
Eight to 15 percent of the butylated hydroxyanisole
added to dough could not be recovered., Of the remalne=
ing butylated hydroxyanisole, a further 15 to 20 pere
cent was lost during the baking of the pie crust. In
ple crust, stored at 61°C, the losses of total butyle
ated hydroxyeanisole, 2«tertiary~butyl-ife~hyiroxyanisole
and 3=tertiary=butyl=4=hydroxyanisole approximated
straight-~line functions of time.
In pie crust stored at 61.0, the rate of peroxide
formation was much more rapld than in lard stored at
61°C. Large peroxide values were found in pie crust,
even in the presence of detectable quantities of added
antioxidants such as lauryl gallate or butylated
hydroxyanisole,
The presence of relatively large amounts of "Versene®
in dough, followed by the addition of lauryl gallate
or propyl gallate as a surface spray, greatly increased
the recoveries of these antioxidants and also their

antioxidant activity.



CLAIMS TO ORIGINAL RESEARCH

The writer claims to have made the following contribue

tions to the analytical chemistry of antioxidants used in

foods and to the study of the stability of food fats:=

1.

2e

3.

Le

Se

The development of a procedure for the quantitative
extraction of propyl gallate from fat in light petroleum
solution. This procedure is based upon the extraction

of propyl gallete with 1.67 percent aqueous smmonium
acetate, followed by the extraction of butylated hydroxy=
anisole employing 72 percent ethyl alcohol, while leaving
the tocopherol and fat in the light petroleum phase,

The discovery that propyl gallate, lauryl gallate and
possibly other gallate esters produce an intense rose
colour with sodium carbonate and other alkalis, provided
acetone is present.

An application of Mitchell's ferrous tartrate reagent to
the quantitetive analysis 6f propyl gallate.

The development of a method for the quantitative analysis
of lauryl gallate in fats based in part on the discovery
mentioned in paragraph 2, and employing a sodium carbonate
reagent in the presence of acetone.

The development of a procedure for the quantitative
determination of both butylated hydroxyanisole and nordie

hydrogualaretic acid when present in the same fat sample,
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The procedure is based on the different rates of reaction
of these two substances with a reagent containing ferric
chloride end X,X'=bipyridine.
The application of the Gibbs' 2,6~dichloroquinonechloroe
imide = borax reagent to the.qualitative and quantitative
determination of butylated hydroxyanisole.
The development of an analytical procedure for deter=
mining the proportion of 2=~tertiary-butyle=if=hydroxye
enisole and 3~tertiarye«butyl=L=hydroxyanisole isomers in
commercial butylated hydroxyenisole added to fats.
An adaption of the Emmerie and Engel ferric chloride
plus oX'«bipyridine resgents to the quantitative detere
mination.of tocopherol in lard and shortening.
The development of a rapid analytical procedure for the
determination of tocopherol in fats and oils which
eliminates interferences from 0il Yellow AB, 0il Yellow
0B, vitamin A alcohol and carotene., This method is
sultable for the routine examination of commercial butter
oils for the detection of adulteration with vegetable
olls other than coconut oil. Such adulteration is indie=
cated by the presence of excessively high tocopherol
concentrations,
The use of a qualitative test for butylated hydroxy-
anisole in butter oll, as a means of deteocting the

adulteration of butter with fats containing added butyle

ated hydroxyanisole,
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11, The relative rates of destruction of propyl gallate,
total butylated hydroxyanisole, 2~tertiary=butylei=
hydroxyanisole and 3=tertiary=butylei~hydroxyanisole
when added together at three different concentrations
to lard stored at 61°C have been studied for the first
time,

12, The relative rates of destruction of 2«tertiary-butyle
Lehydroxyanisole and 3«tertiary-butyl=4~hydroxyanisole
alone or together in lard stored at 61°C have been
studied for the first time,

13, The losses of various combinations of propyl gallate,
butylated hydroxyanisole, nordihydrogualaretic acid and
lauryl gallate in dough, during the baking and sube
sequent storage of the pie crust at 61°C have been
studied., Tentative conclusions have been drawn as to
the relative importance of the parts played by vapour=
ization during baking, protective actions of sequestering

agents, and effects of storage at 61°C,
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