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INTRODUCTION

A number ot the constituents ot toods, including un

saturated lipids, lip1d- and water-soluble vitamins,

pigments and tla~our1ng substances, are capableot react1ng

with atmospher1c oxygen, during the interval between the

preparation and consumption ot tood. These oxidative

processes do not proceed in the livIng tissues in spite ot

the presence of complicated oxidation - reduction systems

in the cell; this fact is ordinarlly ascribed to the main

tenance of a highly specifie state ot organlzatlon ot these

systems in the living celle Once the cell 1s dead, as in

most food materlals, the destruction ot organizatlon at the

level designated as "llving", leads to degradatlve oxidatlve

processes. These processes may actually be hastened by

tragments ot the disorganized cellular biochemical mechanIsms.

The etfect of haematin pigments and certain oxidases are

cases in point. On the other hand, the disorganized material

contalns other substances which act as Inhibitors ot such

oxldative changes. The resistance to oxidatlon of extracted

trlglyceride olls and fats, especially in the purlfied

state, Is largely dependent on the presence ot substances ot

this class.

Lea (79) has listed several types of rancldlty ln tats,
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including the actlon of enzymes present ln the tlssues,

actlon of micro-organlsms, and atmospherlc oxldatlon. The

term "oxldatlve rancldlty" Is somewhat unpreclse, although

It ls employed to denote the deterloratlon in flavour and

odour that ocours when atmospherlc oxygen reacts wlth the

trlglycerldes or other components of natural fats. There

are at least four types of oxldatlve rancldlty ln edlble

fats. Namely, "oxldatlve rancldlty", "oxldlzed flavour" in

milk products, "tlavour reverslon" and llpoxldatlve rancldlty.

For lack of a more speclflc term, "common oxldatlve

rancldlty" ls used ln this thesls to deaote that type of fat

deterloration whlch occurs typlcally ln lard and other

rendered animal fats and in vegetable fats. Such rancldlty

develops sooner or later ln all substances that oontain trl

glycerldes composed of long-chain fatty acids. At a very

early stage, thls type of rancldlty 18 characterlzed by a

sweetlsh but undeslrable odour and flavour, whlch becomes

more pungent and penetratlng as the deterioration progresses.

Powlck (115) attrlbuted the flavour to the formatlon ot

heptylic aldehyde, although other substances are undoubtedly

involved.

EcoDomlcally, one ot the most important types of flavour

deterloratlon assoclated wlth fats 18 the development ot

"oxldlzed flavour" ln mllk and mllk products. Many workers



have belleved that oxldlzed tlavour results trom the oxlda

tlve breakdown ot leolthln. Salt ln butter ls sald to

hasten the breakdown ot leolthin, resultlng ln a tlshy or

oxldlzed tlavour (52). In the later stages, when the de

terloratlon Is advanoed, more protound breakdown produots

ot the trlg1yoerldes oontrlbute to the ott-tlavours.

Bal1ey (5) detlned "tlavour reverslon" in tats as the

appearanoe ot objeotlonable tlavours trom a lesser degree

of oxldatlon than ls requlred to produoe true ranoldlty.

The term Is a mlsnomer and Is misleading sinoe the flavour,

varlously desorlbed as "palnty", "tlsby" and so on, ls

generally not related to the orlginal tlavours present in

the tresh fats. Flavour reverslon ooours prinolpally in

tlsh and vegetable 011s that oontaln linolenl0 aold.

Aooordlng to Balley (5), an extremely small amount ot ox

Idatlon, lnvolvlng less than one-tlttleth as muoh oxygen

absorptlon as ls requlred to produoe true ranoldlty, wlll

ln some cases produce tlavour deterloratlon. At the present

time the problem of reverslon ls of greatest eoonomio im

portance in the produotlon ot soybean 011.

Llpoxldatlve ranoldlty results trom the presenoe ot

11poxldase enzymes whlch are known to be present in pork

(78), tlsh (6), soybeans (2) and many other vegetable

tlssues. T.ese enzymes are responslble tor one type ot
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oxidative "det er l or at i on of lipids in food produots. This

form of ranoidifioation is of partioular importanoe to the

frozen food Industry.

While the ease and rapidity with whioh an oil oxidizes

depends primarily upon its oontent of reaotive double bonds,

it is also Influenced considerably by the presenoe of oer

tain aooessory substanoes, which may occur in the oil either

naturally or through addition. Those substanoes which

favour the oxidatlve process are termed pro-oxidants, while

those inhibiting oxidatlon are known as antioxidants.

All naturally oceurring fats and oils contain character

istio antloxidants. Vegetable oils generally possess a

larger antioxldant content than do animal fats, and eon«

sequently are usually more stable than an1Jnal fats of an

equivalent degree of unsaturation. A remarkable character

istie of the antioxidants is their great effectiveness at

low concentrations in the fat or oil. The natural anti

oxldants o~ an 011 rarely exceeds one-tenth of l peroent.

Food antioxidants are conveniently divided into two

chemical categories. In one category are found antioxidanta

such as the polyphenols and substituted polyphenols. These

represent the primary type of antioxidants, that ls, they

markedly inhibit the oxldation of fats when present at low

concentrations. A classic example of a primary antioxidant

i8 hydroquinone. The second category of antioxidants Include
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the "synergists" which play a secondary role, in that they

have little or no 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

"sya~rgistic" effect ls observed, namely, the effect on the

induction period is greater than the sum ot the eftects ex

erted by each antioxldant when added to the fat alone.

Cltric acid ls a widely used "synergistic" antioxidant.

In oommercial fat produots, the pro-oxidants most

likely to be encountered are metallio soaps, usually tormed

by the action ot tree tatty acids upon the metallic equip

ment ~ployed in processing and storage of the olls. King

et al. (70) tested the efteot of different metallio soaps

on the stability of lard held at 20S·F. These workers found

that the tollowing amounts of metal, in p.p.m., were re

qulred to reduce the keeping time of the tat to one-half:

copper, 0.05; manganese, 0.6; chromium, 1.2; nlokel, 2.2;

vanadium, 3.0; zinc, 19.6; and a1wninium approximate1y 50.

These tlndings lllustrate the fact that copper, in par

ticular, is a very strong pro-oxidant. Consequently, copper

and copper-bear1ng a110ys are avoided in the fabrioation of

equipment for handling edible tats and oils. In this con

nection Hllls and Conochie (59) have reported that the pro

oxidant effect ot common salt in dry tats is due to the

presence ot magnesium chloride in the salt.



6

The mechanism by which metals and other pro-oxidants

accelerate the oxidation ot tats is still obscure. However,

the theory has been advanced (79) that they tunction prin

cipally as catalysts tor the destruction ot natural or added

antioxidants. Some ot the synerglsts tor edlble tats, such

as commerclal lecithln, citrlc acid and phosphoric acld,

have the property ot inactlvating heavy metal pro-oxidants

through the tormatlon of metal complexes. It has been sug

gested by Dutton et al. (32) that metal deactivation rather

than a synergistio ettect is actually responslble tor the

ettectiveness of acidic "synergists".

The phenols constitute the largest and most important

class ot primary antioxldants. Praotloally any phenollc

substance wlth two or more hydroxyl groups in the ortho or

para posltions to one another, at least one ot whioh must be

tree, or any naphthol, is likely to exhibit some antioxidant

properties, although the activity varies widely with the

nature and position ot the substituent groups. Rosenwald

and Chenlcek (125) illustrated the ettect of structure, on

the antioxidant actlvlty of more than torty anlsoles and

related phenols when added to lard. Bickott (10) a180 in

vestigated 108 phenolic antioxidants tor their etteotlveness

in preventlng the destruotion ot carotene in mineral 011.

The generally acoepted explanatlon ot the powertul in

hibitory affects ot mere traoes of antioxidant on the



7

oxidation ot tats is essentially that advanoed by

Christiansen (21). Aeoording to bis so-oalled ohain reaotion

theory, the tat is piotured as uniting with oxygen to form a

peroxide only atter aoquiring the neoessary energy of ao

tivation. After the peroxide is for.med, the aotivating energy

may be made available for the aotivation of a new moleoule

and so on, leading to a ohain reaotion. Thua, unless the

ohain is broken by the absorption ot the aotivating energy

whioh is then lost in an extraneous reaotion, an almost un

limited number of peroxide moleoules may be formed as a

result of the initial aotivation of a single moleoule.

The antioxidants are presumed to be substanoes whioh,

beeause of their speoifI0 struoture are able to absorb the

aotivating energy, thus preventing the propagation of the

ohain reaotion. If the average ohain of reaotions is very

long, then the presenoe of even traoe amounts of an antI

oxidant may be suffioient materIal~y to reduoe its length,

leading to a reduotion in the rate of oxidation whIoh in

turn results in a prolonged induotion period. Aooording to

thls theory the antioxidant should be oxidized during Its

role of breaking the reaotion ohaine. Generally epeaking,

this appears to be so , For, when fatty materials have been

analyzed for antloxidant oontent during the oourae of oxid

ation experiments, the oomplete disappearanoe of the antI

oxidant has generally ooinoided 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

ranoidifioation for a period of t1me related to the rate at

whioh its antioxidants are destroyed. It is probable, how

ever,· in vin 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 Interpretations of the chain reaotion

theory leads to the expectation that the protective action

of any antioxidant will be in direct proportion to its con

centration in the fat or fatty substance. This expectation

is seldom fulfilled in praotice, except perhaps within narraw

limits of conoentration. In gener&l, the addition of an

antioxidant to a fat yields progressively diminishing returns,

in terms of stability, as the amount of antioxidant is in

creased (50,87,90,102,111). rt is genera11y assumed that at

high concentrations an appreoiable portion of the antioxidant

present is wasted in side reactions, and thus tails to act

as a breaker of the peroxide reaotion ohain. It ia &lao

possible that these side reactions, i~ they oocur, lead to

the formation of pro-oxidant compounds (111).

Of partioular importanoe trom the Ti81lpoint of the food

ohemist are those inhibitors which are naturally associated

with fats and oils in the tissues, and which rem.ain 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 therefining processes. A large

number ot such substances must exist. Comparatively few

have been isolated 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. C39) in the course

of their nutritional studies on Vitamin E. Olcott and

Emerson (110) subsequently demonstrated that the tocopherols

were effective antioxidants. The tooopherols were also shawn

to be the active substanoes in the "inhibitols" previously

isolated from a variety of vegetable oils by Olcott and

Mattill (lOS). Structurally, the tocopherols can be

regarded as mono-ethers of hydroquinone with a long lipophilic

side chain whioh renders them. much more fat-soluble than the

simple phenols. At the present time four tocopherols have

been isolated (72,136) and deslgnated as 0(., (3-, ~ - and

S-tocopherol. ~ -tocopherol is the most potent antioxidant

(136), whi1e ~-tocopherol is more effective than 0 
tocopherol (110) which in turn is more effeotive than cL

tocopherol (121). Therefore, the order of antioxidant ac

tivity appears to be the reverse of their bio10gical actlvity

as measured by antl-steri11ty test on rats (62). In crude

vegetable oils the tocopherols are often present ln amounts
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approaching the optimum for prevention of oxidative ohange

and little or no additlonal stabilization oan be seoured by

further additions (50). Above the optimal concentration,

tooopherol aotually funotions as a pro-oxidant (111). Kow

ever, animal fats are generally defioient in tooopherols and

are greatly stabilized by the addition of tooopherols (110).

The loss of tooopherols ln the oommeroial prooessing of ed

ible vegetable oil produots is relatlvely small. A maximum

of about 6 peroent of the total has been reported lost in

bleaohing or oontinuous alkall refining (121) and no more

than a few peroent during deodorizing (121), whereas hydro

genation ocoasions no loss whatsoever (121).

Sesamel, another naturally ocourr1ng phenolie ant1

oxldant (13,109) was isolated from sesame oil and seems to

be mainly, though not entirely, responslble for the exeep

tlonal stability of sesame seed and hydrogenated sesame seed

olls (14). The antloxldant ls present in the crude sesame

011 in an lnaotive bound form as sesamolin: it is partially

llberated during bleaohlng and almost oompletely llberated

during hydrogenatlon (13). Sesamel ls a methylene ether ot

hydroxy-hydroquinone (13).

Gossypol ls a oomp1ex phenollc substance whlch is pre

sent ln orude cottonseed 011. It is an effective antloxldant

(61,91,126), but it ls qulte toxlc (23). Fortunate1y,

gossypol combines wlth caustic soda, and la, theretore,
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removed more or less completely by the alkali refining

process.

Several other naturally ocourring substances that are

not present in fats and oils have been emploY8d commer

oia11y as antioxidants in fats and oils. One such substanoe

is gum guaiac (53) which is a seoretion from the tropioal

tree Guaiacum officinalis. For severa! 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 colour1ess lard

wlth good flavour and stability was obtained. Qum gualac Is

not as powerful as some of the more recent1y deTeloped syn

thetio antloxldants, but it has the advantages of continuing

to protect the fat ln baked goods (57) and being non-toxie

(63). Nevertheless, gum guaiao has fallen Into diause sinee

the introduction of the newer, more potent synthetic anti

oxidants.

Another important antioxidant development in the food

field was the introduction of nordlhydroguaiaretle aeld

(NDGA) for use 1n lard by Lundberg et al. (84). NDGA i8 ex

tracted fram an Amerlean desert plant Larrea d1var1cata, or

oreosote bush (128). The ohief disadvantages of NDGl have

been its relative high oost and the faot that its antiox1dant

activity is not carried over into baked goods (129). Con

sequently, NDGA has not been used as widely as the synthet10
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antioxidants.

Norconidendrin is an antioxidant derived indirectly

tram 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 lard (44); acidic synergists enhance its

etfectiveness (44). The toxicological characteristics of

norconidendrin have not been adequately investigated, con

sequently, this antioxidant has not beem used commercially.

Dihydroquercetin is a pentahydroxyflavanone tound in

large quantities in the bark of Douglas tir 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.

Reoently Clopton (25) isolated two substances from the

osage orange (Bois DtArc) namely, osa3in and pomirerin.

These are lsoflavone pigments and have been shown to possess

antioxidant activity when added to lard (25).

At the present time synthetic antioxidants are of great

importanoe as food antioxidants. Ten years age Boehm and

Williams (11) proposed the use of propyl gallate as an anti

oxidant. Lea (80) has shown that other esters of gaUic acid

derived from lower aliphatic alcohols are also effeotive

antioxidants. Propyl gallate exhibits a low level of
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toxicity (112) and ie an extremely effective antioxidant

especially in lard (57,73,90), but ls ineffective in baked

goods (129).

Flve years ago butylated hydroxyanisole (Bal) (74) was

introduced as an antioxidant for food fats. Commercially

prepared BHA is primarlly composed of the lsomers 3-tertlary

butyl-4.hydroxyanlsole and 2-tertlary-butyl-4-hydroxyanlsole

(31) which will be referred to hereafter as 3-Bal and 2-BHA

respectively. BHA ls highly soluble in fats (73) and vlr

tually insoluble in water (73). When used alone BHA ls not

unusually effective in increasinglthe stability of lard (73.

90) but, has the property of carrylng-through Into baked

goods made from lard ()O,73,129). Therefore, BHA has found

wlde usage in the stabillzation of animal fats, partlcularly

lard whlch ls to be employed ln baking.

The first large commerclal use of these newer antl-

oxldants wae ln thelr application to lard. NDGA, whlch ls

relatively insoluble in lard, was dissolved in an alcoholio

or acetlc acld solutlon in comblnation with cltric acid and

added to the lard, which was then heated to remove the sol

vent (86). Propyl gallate was incorporated ln an oil-sol

uble combination (54,55), whlch included propyl sallate,

citrlc acid, lecithin and corn 011, and was sold under the

trade name of "G-4" whlch Is readlly soluble in olls and

melted fats. BHA Is now widely used in combination wlth
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propyl gallate and citrlc acid in a propylene glycol sol

ution. This antioxidant comblnation was orlglnally deslg

nated "AMIF-72" (74) by the Amerlcan Meat Instltute toun

dation and is known commercially under the names such as

"G-4(BHl)", "Tenox II", and "Sustane". BHl is also used in

combination wlth NDGA and citric acid in a propylene glycol

solution under the name of "Tenox N". The advantage ot

"Tenox N" over "Tenox II" ie that "Tenox N" produces no

colour when exposed to iron salts, whioh may be encountered

in foode such as enriched tlours. The propyl gallate in

"Tenox II" produces a bluish colouratlon in the presence of

iron salts.

The determination ot specific antioxidants in edible

oils and fats presents an analytical problem ot conslderable

importance. Mattil and Filer (93) had developed a method

tor determining galllc aoid in fats, while Lundberg and

Halvoreon (85) had developed methods for the determination

of a number of antioxldants lf present slngly in fats. These

methods were valuable in determining the solubilities ot such

antioxidants in fats, studying the klnetics of the destruo

tion of single antioxidants in oxidizing tats and in making

control determinatlons. However, no methods for the dater

mination of antloxidant mixtures in edible oils and fats

were available when the researches now described were begun

in 1949.
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The methods for single antioxidants had found applioa

tion in kinetio studies of oxidative deterioration. Thus

Filer et al. (41) reported that the rate of disappearanee of

gallie aoid in oxidizing fat was virtually constant with

respeot to time and almost independant of the initial oon

centration. Golumbio (50), on the other band, found that the

rate of disappearance of ol-tocopherol was dependant on the

initial concentration, although the time for disappearance of

a given fraotion of the ol-tooopherol was independant of the

initial concentration. ~lumbio (50) observed that when fats

oontaining ascorbic acid were oxidized, some of the asoorbio

aoid r e.ma.1ned after the end of the induction periode On the

other hand, with gallio aoid the end of the induction period

coinoided approximately with the disappearance of the last

traoes of gallic acid (50).

A number of studies have been made on the kinetics of

antioxidation in fats eontaining o(.tocopherol (111,141).

Golumb10 (50), in the work already eited, found that there

was an optimal oonoentration for o(-tooopherol. Rancidity

developed more rapidly if the conoentration was above or

below this optimum. This positive catalytio effect at

higher oonoentrations has been obse.rved also with other

phenolie antioxidants. Lundberg et al. (87) reported a pos

itive oatalytic effect upon the for.ma.tion of peroxides

during the initial stages, when 0.5 percent of hydroquinone,
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oatechol, NDGA or gal11c ac1d were added to lard stored at

100·0 with a stream of oxygen passing through the sample.

Lower initial peroxide values were obtained when 0.02 per

cent of these antioxidants was amployed (87). In view of

these f1ndings, the concentration of phenolic antioxidants

added to lard seldom exceeds 0.02 percent. Above 0.01 per

cent the effect1veness of phenolic ant1axidants, such as

propyl gallate and BRA, obeys a law of d1minishing returns

(90).

In order to evaluate the stability of fats or fatty

foods within a reasonable period, it is necessary, in the

laboratory, to adopt some means of accelerating their nor.mal

rate of oxidation. It has been suggested that the oxidative

process should be hastened by the use of strong Iight or by

adding metallic pro-oxidants (7,126). However, both these

methods are diffioult to oontrol, and the use of heat has

been more widely acoepted in practioe bacausa of its graater

ease of oontrol.

For routine testing of edible fats, a method widely

acolaimed is that orlginally suggested by Wheelar (146) and

Iatar modifled and standardized by King et al. (70). This

method is referred to as the -Active Oxygen Method- or the

-Swift Stability Test- and involves the continuous aeration

of the fat sample at 97.8·0. Sub-samples are withdrawn at

intervals for analysis in order to determ1ne the time
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required to attain a given peroxide value. Mehlenbacher (91)

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 "Ove~ Method" (64) is also

widely used. It consists of storing the fat or fatty food

in an oven at 60· to 62.5-0, until a specified peroxide

value is attained or the sample exhibits organoleptic rancid

ity. Several other methods and modifications have been

suggested from time to tae.

If the objeot of the tests is a comparison of the

praotical utility of antloxidants 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 classl0 example of

such error. A lard sample was tested by the Active Oxygen

Method at 97.8·0. The addition of 0.1 percent of D-iso

ascorbyl palmitate increased the keeping time trom eight

hours to forty bourse However, when compared with an oxygen

absorpt ion method a t 70·0, the addi tion of the palmitate

acted as a pro-oxidant and decreased the keeping time from

thirty-five hours to six hours. Btorage experimenta con»

ducted at approximately 20·0 gave results in aocordanoe with

this latter finding.
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In view of the widespread use of mixtures ot anti

oxidants, such as propyl gallate plus BHA or NDGl plus BHA

in edible tats, quantitative analytical methods applicable

to the determination of these antloxidant mixtures were re

quired. The present thesis deals in part with the develop.

ment of new analytical procedures for a number of anti

oxidants when present in tats, oils or pie orust. A study

has also been made ot the characteristics ot a number ot

these agents as antloxidants when incorporated in lard and

pie orust.



DEVELOPMENT OF ANALYTICAL METROns FOR ANTIOXIDANTS

Dl FATS

A. Propyl Gallate

1. INTRODUCTION

It 1s generally accepted that polypheno11c compounds

carrying hydroxyl groups in the ortho or para relat10n to

each other are most etfect1ve as ant1ox1dants (82). A

powertul ant10x1dant of th1s type 1s gall1c ac1d. One d1s

advantage of th1s ant1ox1dant 1s 1ts low solub1l1ty in fats

and 01ls, wh1ch g1ves r1se to techn1cal d1ff1cult1es in the

process ot 1ncorporat1ng the ant1ox1dant into fat.

Golumb10 and Matt1l (51) stud1ed the ant10x1dant pro

perties of gallic ac1d. They reported that It was unusual

ln that, although a powertul pheno11c antloxldant in 1tse1f.

1t was a1so oapable of exerting a powertul synerglstlc

effect on other ant1oxldants. Other workers have corrober

ated the results of Golumblc and Mattil and have turther

stud1ed the ant10xldant propert1es of th1s substance (41.92).

Although gal110 aoid Is inexpensive and effective as an

ant10xidant, 1ts use in edlble fats has never been approved,

presumably on the ground that it has not been shawn to be

nontox10, but perhaps also in part because of its low sol

ubl1lty in fats. However, Its solabillty has been shown to
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be hlgher than the ooncentratlon needed to stablllze fats

(85). Lea (82) has polnted out that gal110 aold ls wlde1y

dlstributed in nature in combined torm as the gallotannins ,

and It ls said to oocur as the tree aold ln the pomegranate

(107) and in tea (124). A practical method ot Improvlng the

fat solubllity ot the hydroxybenzoio acids, tor example,

ga11ic acld, la to esterlty the carboxyl group wlth tatty

alcohols. A Unlted States patent was issued to Sabalitschka

and Bohm (128) in 1941 tor the use of methyl-. ethyl-,

propyl- and butyI ga11ates as antioxldants for tats and oi1s.

These gallates have been classit1ed among the best anti

oxldants for animal tats and are generally consldered non

toxlc ln the sma11 amounts required for use as fat ant1

oxidants.

The lower esters of ga11io aold are rather sparing1y

soluble both in water and in fat; the h1gher esters are on1y

s11ght1y soluble ln water but are readily soluble in fats

(102). Lea (80) has shown that a number of esters of ga1110

aoid derived trom Iower aliphatio aloohols are also effeo

tlve antioxidants. Etbyl gallate has been found to be a

useful ant10xldant in a number of fats and toods (82), and

propy1 gal1ate has also proved to be an effeotive pheno1io

antloxldant (11,12,57). Propyl gal1ate has been wldely

sponsored cOJllllerclally both 810ne and, more trequent1y.

under trade names in oomblnatlon wlth such substances as
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buty1ated hydroxyaniso1e and cltric acid in a solution ot

propylene glycol (74), or with citric acid in a solution ot

corn 011 and leclthin.

Gal1ic acid and its lower esters have a bitter astrin

gent tlavour which increases with increasing molecular

weight tram ethyl- to n-amyl- (142), but which weakens again

as solubility in water decreases with increasing molecular

weight (142). However, in the 10w concentrations required,

these gallates do not impart 80y tlavour ta the producta to

which they are added.

At the present time propyl gallate i8 the only gal1ate

ester permitted to be added to toods in Canada (17) or the

United States (122). It bas been widely used, but there ia

one respect in which propyl gallate is not tu11y satistactory:

its antioxidant ettectiveness is not oarried-over into baked

toods, sueh as crackers (73) or pie crust (102).

2. TOnCITY OP' PROPn GALLA.TE

Extensive toxicological studies using various lab

oratory animals (112) indicate that no deteetable toxie

ettects tollow the prolonged ingestion ot propyl gallate in

amounts at least 100 times those that would be eonsumed by

human subjeets it a11 the dietary tat contained the reoom

mended amount ot propyl gallate. The Ln-50 tor propyl

gallate adm1nistered orally in aqueous suspension to rats,

was tound ta be 3800 .mg. per kg. ot 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 mg. per kg., when dissolved in propylene

glyool and given oral1y to mioe. ~hese results suggest that

there is a large margin of safety tor propyl gallate, oon

sidering the small amounts employed in toods. Many man

ufaoturers employ only 0.006 or 0.003 peroent propyl

gallate in lard or shortening, whioh turther inoreases this

safety taotor.

3. DEVELOPMENT OF AN ANALYTIOAL METHOD FOR PROPn. GALLATE

a. Extraotion of Propyl Gallate trom Fats

Gallic aoid is virtually insoluble in edible tats

having a solubility ot only 0.016 percent in lard at 45·0

and 0.016 peroent in oottonseed oil at 30·0 (85). On the

other band, gallio aoid is highly soluble in hot water, 1.16

peroent at 25·0 and 33 percent st 100·0 (19). Mattil and

Filer (93) took advantage ot these solubility oharaoter

istics tor the quantitative extraction ot gallic acid trom

fats b.Y means of a single extraotion with boiling water.

Propyl gallate, on the other band, is less soluble in water,

0.35 percent at 25·0 (56) and more soluble in tats, 1.14

percent in lard at 45-0 and 1.23 percent in cottonseed oil

at 30·0 (85). Preliminary studies were directed to the

possibility ot applying the prooedure ot Mattil and Filer
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(93) to the extraction ot propyl gallate trom tats. It was

tound impossible to extract propyl gallate quantitatively

trom tats by a single extracting with boiling water as is

possible with ga1l1c acid. Even several successive extrac~

tions ot lard with boiling water were tound to recoyer only

about 80 percent of the propyl gallate present. This tail

ure is presumably related to the greatar solubility ot

propyl gallate in tats. Further experimentation showed that

propyl gallate is more soluble in dilute aqueous anmonium

aoetate solution than in distilled water. Approximate sol

ubi11ties ot propyl gallate were tound to be 0.32 peroent in

water at 22·0 as compared to 0.31 percent in 1.67 percent

aqueous ammonium acetate at 22·0. Theretore, dilute ammonium

acetate solution was employed tor the extraction ot propyl

gallate. The ammonium acetate extracting solution was

chosen because Glasstone (48) determined gal11c acid color

imetrically with terrous tartrate in the presence ot an

aumonium acetate butter. Ammonium. acetate serves two pur

poses; it increases the solubi11ty ot propyl gallate in

water so as to tacilitate extraction and it acts as the

butter in the subsequent colorimetrie determination.

or the oOJllllon organic solvents, light petroleum

(boiling range 30-60·0) has the least solvent power tor

propyl gallate. The solubility ot propyl gallate in

varlous solvents ls glven 1n Table 1.



Solvent

Acetone
Ethyl ether
ProP7lene glyool
Benzene
Oarbon tetrachloride
Light petroleum (30- 60·0)

Solubility
g. perlOO g. solvent

121.
83.
67.
0.16
0.01
0.001
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Acoordingly, 30 - 60·0 light petroleum was used as the fat

solvent and the resulting solution was extraoted repeatedly

with aliquots of cold (20 - 25·0) aqueous ammonium acetate.

This procedure recoverad up to 98 percent ot the propyl

gallate and was adopted as the basis of the method tor the

extraction of propyl gallate from lard and shortening. How

ever, the fat solvent employed had to be moditied. Sub

sequent work showed that if 60 - 100·0 light petroleum was

employed as the solvent, the extraction ot BHA was Bat-

istactory but that there was a greater tendeney for aœulsion

formation during the aqueoua extraction ot propyl gallate.

This tendency to form emulsions was partieularly noticable

in the case of fat samples undergoing rancidification. On

the other hand, the use ot 30 - 60·0 light petroleum as fat

solvent overcame the emulsion formation but resulted in
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slightly reduced recovery of BHA. After investigating var-

ious mixtures of these two 1ight petro1eum fractions, a mix

ture containing tbree volumes ot 60 - 100·0 and one volume

ot )0 - 60·0 boi1ing range light petroleum (hereafter re

terred to as )+ 1 1ight petro1eum) was tound satisfactory,

permitting good recoveries ot both propy1 gallate and BHA.

The following exper1ment was carried out in order to

determine the efficiency of this extraction procedure. Ten

g. of fat containing 0.01 percent of propy1 gallate was

dissolved in 50 ml. of )+ 1 light petro1eum and extracted

with successive aliquots of 1.67 peroent aqueous ammonium

acetate solution. Each extract was analysed tor propyl

gallate with the results given in Table IX.

Table II

Proportion of Propyl Gallate Extracted from a Fat Solution
in Light Petro1ewm by Successive Extractionswith 1.67
Percent Agueous Amnonium Acetate

Volume 1,67% Duration ot Propyl Gallate Total Propyl
Ammonium Extraction Removed per Ga1late
Acetate Extraction Extracted

ml. Minutes ~ %

20 2.5 72.8 72.8
20 2.5 14.1 86.9
20 2.5 7.2 94.1

Water
15 1.0 4.1 98.2
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The results presented in Table II show that thls ex

traction procedure recovered 98 percent ot the propyl gallat.

added. It more than 0.012 percent propyl gallate is present

in the tat, an additional extraction with 20 ml. ot the

ammonium acetate solution ls necessary to attain an equally

high recovery. However, sinee more than 0.006 percent

propyl gallate is seldom used, the tollowing extraction pro

cedure was adopted:~ Dissolve 10 g. ot lard or shortening

in 50 ml. ot 3.... l light petroleum. Extract this solution

wlth three 20 ml. aliquots ot 1.67 percent ammonium acetate,

each extraction being aooompanied by 2.5 minutes shaking.

Next extract the tat solution tor one minute wlth 15 ml. ot

water. These tour extraots are oombined, tl1tered and

analysed tor. propyl gallate.

b. Oholc. ot Ressents tor Determinatlon ot Propyl Gallate

Mitchell (101) reported that gallic aold and other tri

hydroxyphenols reaot with terrous tartrate to produoe a

purple oolour. He belleved thls reactlon ta be specitic tor

the pyrogallic grouping. Glasstone (48) subsequently in.

vestigated the intluence ot hydrogen-lon concentration on

this reaction and recommended the use ot an ammonium ac.tate

butter ot pH 7.0. Although this reaction takes plaoe

equally well in the absence ot tartrate, the latter is said

to be necessary to stabilize the reaction (101). Lundberg

and Halvorson (85) have stated that terrous tartrate gives a
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coloured reaction produc~ with most, if not all polyphenols,

but that the products are insoluble in many cases and,

therefore, cannot be estimated colorimetrically. Ma~til and

Filer (93), using Glasstonets (48) modification of the fer

rous tartrate reagent, found that the soluble ferrous t~

trate-gaUic aeid complex displayed an absorption maximum at

540 ~ and obeyed Beerts Law over the range of 0.2 to 1.0 mg.

per 100 ml. of solution.

i. Specificity of the Ferrous Tartrate Reasent

The ferrous tartrate reagent in the presence of

one percent ammonium aeetate buffer (pH 7.0) was found to be

speoitie for propyl gallate among the oommon antioxidants

permltted for addition to foods. A number ot antioxldants

were investigated as tollows:- Five mg. was dlssolved in l

ml. aliquote of 72 percent ethyl alcohol and this solution

diluted to 200 ml. with water. Twenty ml. portions of this

solution, containing 0.5 mg. ot antioxldant was placed into

Evelyn colorimeter tubes. To eaeh tube was added 2.5 ml. ot

10 percent ammonium acetate solution, 1.5 ml. of water and

l ml. of ferrous tartrate reagent (0.1 percent FeB04. 7H20

plus 0.5 percent Rochelle Salt). The resulting absorbancy

was measured in an Evelyn photoeleotrlc colorimeter titted

with a No. 540 tilter, the instrument having been set at

100 percent transmission with a -reagent blank- oontaining

31.5 ml. ot water, 2.5 ml. ot 10 percent ammonium acetate
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solution and 1 ml. of the terrous tartrate reagent. The

results of these experiments are reported in Table III.

Table III

Relative Intensity of Colour Formed with the P'errous Tartrate
Reasent

Antioxidant

Gallic aeid
Propyl gallate
Lauryl gallate *
NDGA
NDGA (atter oentrifuging)
Dithiopropionio aeid
Dilaurylthi~prop1onate**
2~BaA

~;'BHA.

Hydroquinone
Gum Guaiac

o<.-Tooopherol

Absorbancy at
540 ~/500 miorog.
antioxidant/25 ml.

0.643
0.574
0.003
0.346
0.009
0.000
0.003
0.002
0.002
0.002
0.001
0.000

Absorbanoy
Relative to
Propyl Gallate

111.8
100.0

O.s
60.0
1.8
0.0
0.5
0.3
0.3
0.3
0.2
0.0

* Sinee lauryl gallate is insoluble 1n water, it was pre
oipitated tram the alooholic solution upon the addition ot
water. It was, theretore. necessary to tilter the lauryl
gallate solution betore measuring the absorbancy.

** Dilaurylthiopropionate was precipitated upon dilution of
the original alcoholio solution with water and thls pre
cipitate was tiltered ott before measuring the absorbancy.

Ferrous tartrate produces a blue-purple oolour in the

presenoe ot high conoentrations ot NDGA. However, thls

colour 1s due to the tormation of a very fine blue-purple

precipitate. This precip1tate can be removed easlly by
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oentrituging and it has been shown that formation 01' this

blue-purple preoipitate does not introduce any appreciable

error in the determination 01' propyl gallate (see Table III).

In the United States NDGA can be added to edible tats.

The Canadian Food and Drug regulations have reeently been

am.ended to permit the use of NDGA (17). However" com..

binations of propyl gallate and NDGA are not permitted either

in Canada (17) or the United States (122). Therefore, fat

samples ought not to contain both propyl gallate and NDGA.

Only gallic aeid remains as a possible seriously intertering

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 tar-

trate is specifie tor propyl gallate among the antioxidants

naturally present or permitted to be added to edible fats.

ii. Relative Sensitivity of the Ferrio Chloride 
~,~-Bipyrid1ne and Ferrous Tartrate Reasents

Hill (60) em.ployed ci,o<..'-bipyridine plus sodium.

bisulphite for the estimation of Iron ln biologiesl material.

Later Emmerie and Engel (35) used terric chloride plus

~~-bipyridine for the colorimetrie determinatlon of

tocopherol. The 11terature oontains numerous applications

of this reaction to the determination of reducing substances,

inoludiDg propyl gallate (85), NDGA. (85) and BHA. (73).

Although ferric ehloride plus o(,o(' ..bipyridine is niDe times

more sensitive for the determinatlon of propyl gallate than
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terrous tartrate (employing equal volumes of final solution),

the terric chloride - o(,o('-bipyridine reagent i8 non-

specific. Acoordingly, the ferrous tartrate reagent was

adopted for the determination of propyl . gallate.

c. Charaoteristic8 of the Ferrous Tartrate - Propyl Gallate
Colour Reaction

i. Absorption Curve

An absorption ourve was prepared tor the terrous

tartrate - propyl gallate reaction product as tollows:-

Twenty ml. of 1.25 percent aqueous ammonium ac-

etate solution contalning propyl gallate was placed in a

test tube. To this was added 4 ml. of water and l ml. of

ferrous tartrate reagent. Af'ter tive minutes the absorption

curv. of the resulting coloured solution wu measur.d rel-

ative to a reagent "blank·, using a Beckman Model B spectro-

photometer. The r esulting data are given in J'igure 1.

The results presented in J'igure l show that the

f'errous tartrate - propyl gallate oolour exhibits a single

broad a bsorption peak between 400 and 700 JI91 wl th a maximum.

at 530 mp. A sim.ilar absorption curve was prepared using a

Coleman Universal Spectrophotometer, and again the maximum

was found to be at 530~. Because ot the broad zone of

near-max1mum absorption, i t was found tba t the absorbancy

for the propyl gallate - f'errous tartrate colour using a No.

515 tllter was 0.8 percent greater than that obtalned
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emp10ying a No. 540 ti1ter in an Eve1yn co1orimeter. How

ever, the rerrous tartrate "blank" gave an absorbancy ot

0.006 with a No. 515 tilter relative to water as compared to

0.001 when a No. 5~0 tilter was employed. For thls reason

an Eve1yn co1orimeter tltted with a No. 540 ti1ter was em

p'loyed to measure the absorbancy of the terrous tartrate 

propy1 gallate colour. When a spectrophotometer was used,

absorbancies were measured at 530 Mf.
il. Co1our Stability

The terrous tartrate - propyl gallate colour was

developed in an Eve1yn co1orimeter tube as previous1y

desoribed. The resulting absorbancy was measured in an

Evelyn Photoelectric co1orimeter titted with a No. 540

ti1ter, relative to a "reagent b1ank" tube containing 20 ml.

ot 1.25 percent aqueous ~onlum acetate, 4 ml. of water and

1 ml. ot terrous tartrate reagent. The tubes were stoppered

and the absorbancy measured at intervals for 125 hours wi th

the results given in Table IV.

Table IV shows that the ferrons tartrate reagen~

in the presence ot 1 percent ammonium acetate butter pro

duced maximum oolour intensity with propyl gallate within

one minute. This .max1mum absorbancy remained oonstant for

about fifteen minutes and then faded very slowly, at the

rate of approxlmately 0.8 percent per twenty-four hours at

room temperature. In the case ot propy1 gallate extracted
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Table IV

Etfect ot T1me Upon the Ferrous Tartrate - Propyl Gallate
Colour

Time in Minutes Absorbancy in Eve1yn Co1orimeter with
540 mJ1 Filter

0.25
0.5
1
2
4
8

16
32
64

128
2;6

1024
2048
4096
8192

0.4.00
0.418

0.42;}0.425
0.42;
0.425
0.424
0.42)
0.42)
0.422
0.422
0.416
0.414
0.4G9
0.407

Maximum

trom fat samp1es undergo1ng rancidification the rate ot

fading is more rapid and measurements should, thEirefore,

always be made wlthin fifteen minutes. The rapldlty of

eolour formation and stabil1ty of the colour were additiona1

factors in favour of the choiee of the ferrous tartrate

reagent tor the analysis ot propy1 gallate

If the terrous tartrate reagent was kept as mueh as

forty-eigl1t hours away trom direct sunlight, the seme max-

imum. absorbancy was obtained. However, aiter five minutes

in direct sunlight, the reagent turns co1ourless but the

same maximum absorbancy was obtained. Next day this
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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 per-

cent ammonium acetate solution were placed into Evelyn

colorimeter tubes. The oontents of eaoh tube was diluted to

20 ml. with 1.25 peroent ammonium aoetate solution, 4 ml. of

water and 1 ml. of ferrous tartrate reagent added. ~ter

ten minutes the absorbanoy was measured in an Evelyn oolor

imeter fitted with a No. 540 filter relative to a reagent

"blank" oontaining 20 ml. of 1.25 peroent ammonium aoetate

solution, 4- ml. of water and 1 ml. of rerroua tartrate

reagent. The resu1ting measurements are reoorded in Table V.

Table V

Ferrous Tartrate - Propy1 Ga11ate Calibration Curve

Propy1 Ga1late Absorbanoy with a
No. 540 Fi1ter in

Micrograms Eve1ynColorimeter

Absorbanoy/miorogram of
Propy1 Ga11ate in 25 ml.

ftK-Va1ue"

50
100
200
300
400
500
600
700
800
900

1000

0.056
0.112
0.217
0.334
0.447
0.564
0.674
0.796
0.890
0.963
1.037

0.00112
0.00112
0.00109
0.00111
0.00112
0.00113
0.00112
0.00114
0.00111
0.00107
0.00104
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The results presented in Table V show that the

propyl gallate - terrous tartrate colour reaction obeys

Beerts law over the range ot 50 to 800 micrograms ot propyl

gallate per 25 ml. ot solution, employing an Evelyn oolor

imeter with a No. 540 tilter. The "K-value" was tound to be

0.00112 per microgram ot propyl gallate in 25 ml. using an

Evelyn colorimeter. Employing a Coleman Universal Spectro

photometer with 40 m.m. absorption cells and a wavelength ot

530 ~ it was tound that Beerts law applied over the range

ot 20 to 360 miorograms of propyl gallate in 25 ml. ot solu

tion and that the "K-value" was 0.00223 per microgram.

4. ANALYTICAL METROns
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water, freshly prepared.

Ammonium Acetate - 1.10, 1.25, 1.30, 1.67 and 10.0 per

cent aqueous solutions. Solutions containing 1.30 and 1.67

percent ammonium acetate in 5 percent ethyl alcohol solution

may also be required.

Ammonium ijydrox1de - concentrated ammonium hydroxide

(28 - 29 percent NK3) is required in the qualitative test

tor propyl gallate.

b. Q,ualitative Procedure

In order to avoid the need tor conducting long extrao

tion and analytical procedures only to tind that the fat

sample contained no propyl gallate, it was necessary to have

a rapid, specitic and sensitive qualitative test for propyl

gallate. Experimentation provided a simple reagent that tul

filled these requirements. Propyl gallate in aqueous or

alcoholic solution (not exceeding 80 percent ethyl alcohol

by volume) was tound to produce an intense transitory rose

colour upon the addition of a small amount ot ammonium

hydroxide. Under these conditions gallic acid produces an

intense orange colour. Thus, this simple test will dit

terentiate propyl gallate from gallic acid. NDGA and gum

gualac give a pale yellow oolour, while BRA, tocopherol.

thiodipropionic acid and dilaurylthiopropionate produced no

colour. Lauryl gallate (not permitted to be added to toods)
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also gives an intense rose colour identical with that

obtained with propyl gallate. However, sinee lauryl gallate

is insoluble in water an alcoholie solution 01' lauryl

gallate must be employed.

The tollowing test was conducted to determine whether

a tat contains propyl gallate:- Place 10 g. of the tat in

a separatory funnel and dissolve the fat with ;0 ml. 01'

3'" 1 light petroleum. Md 10 ml. 01' 72 percent ethyl

alcohol and sbake tor two minutes. Allow the phases to sep

arate, run ott the aleoholic layer, tilter and to the til

trate add 1 ml. 01' concentrated ammonium hydroxide. The

appearance 01' a rose colour indioates the presence ot propyl

gallate, lauryl gallate or possibly other gallate esters.

Less than one microgram. 01' propyl gallate per ml. 01' solu

tion oan be deteoted by this test.

c , Q,uantitative Procedure

Dissolve 10 g. ot fat with 50 ml. ot puritied 1ight

petro1eum.(3'" 1), in a 250 ml. separatory tunnel. Extraot the

tat solution with three, 20 ml. volumes 01' aqueous 1.67 per

cent ammonium acetate solution by oontinuously inverting the

separatory tunnel tor 2.5 minutes per extraction. Jrinally,

extract the tat solution tor one minute with 15 ml. 01'

watar. Allow time atter eaoh extraction tor complete sepa

aration 01' the phases betore running ott the aqueous layer.



38

Oombine the extraots whioh oontain the propyl gallate,

dilute to 80 ml. with water and tilter. This solution now

oontains 1.25 peroent of ammonium aoetate. Pipette three

difterent aliquots ot the extraot, not exceeding 20 ml. into

40 m.m. rectangular Ooleman absorption cells and dilute all

aliquote to 20 ml. with 1.25 peroent ammonium acetate solu

tion. Add 4 ml. of water and 1 ml. of fresh terrous tar

trate reagent to eaoh celle Stir the contents and after

three minutes measure the absorbanoy at 530 m~ in a Coleman

Universal Spectrophotometer. Measure all absorbanoies rel

ative to a "blank" oontaining 20 ml. of 1.25 peroent aqueous

ammonium acetate solution, 4 ml. of water and 1 ml. ot fresh

terrous tartrate reagent. If any visible turbidity is pres

ent in the extraot, the appropriate correotion i8 obtained

by reading the absorbanoy of the extraot solution betora

addlng the ferrous tartrate reagent relative to a water

"blank". Any absorbanoy measured, ls multiplied by 24/25

and the approprlate fraotion of this value is subtraoted

from the absorbancy measured after the addition of the ter

roue tartrate reagent. The small amount ot terrous tartrate

amployed has no effeot on the absorbanoy at 530 m, relative

to a water "blank".

Plaoe suitab1e portions (1 - 20 ml.) of a standard

aqueous solution of propyl ga11ate (20 miorograms per ml.)

in 40 m.m. absorption oells, add 2.5 ml. of 10. peroent
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aqueous ammonium acetate solution, dilute to 24 ~. with

water, and add 1 ml. ot terrous tartrate reagent. Measure

the absorbancy as previously described and plot a reterence

line over the range ot 20 to 360 m.1crograms of propyl gallate

and determ.1ne the "K-value" per microgram ot propyl gallate.

To calculate the amount of propyl gallate in an unknown

sample, divide the observed absorbancy by the "K-value" to

obtain the concentration of propyl gallate in micrograms 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 begin

ning the extraction. Use a 1.67 percent ammonium acetate

solution in 5 percent ethyl alcohol for the extraction in

place of the usual aqueous ammonium aoetate solution. Adopt

this prooedure only when the normal method fails. The use

of capryl aloohol and 1.67 percent ammonium acetate in 5 per

cent ethyl alcohol yielded results of the same magnitude and

accuracy as was obtained with the original method and the

sam. "K-values" applied.

d. More Sensitive Quantitative Procedure

In the case ot fat samples expeoted to contain less

than 0.005 percent of propyl gallate, the following more
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sensitive prooedure has been· developed. This prooedure dif

fers from the foregoing method as follows:-

Prepare the fat solution in light petroleum (3+ 1) as

previously outlined. Extraot this fat solution with three,

20 ml. portions of aqueous 1.3 percent ammonium aoetate

solution, extracting for three minutes esche Next, extract

the fat solution for one minute with 8 ml. of water. Com

bine these four extracts, dilute ta 70 ml. wlth water and

fil ter. Pipette three different volumes of the extract, not

exceeding 24 ml. into 40 m.m. Coleman absorption oells,

dilute ta 24 ml. with aqueous 1.1 percent ammonium acetate

solution and add 1 ml. of ferrous tartrate reagent. Allo"

five minutes for maximum colour formation and measure the

absorbanoy as previous1y outlined. Employing this prooedure,

reasonab1y accurate resu1ts can be obtained for ooncentra

tions as low as 0.0014 percent propyl gallate in fat. At

these 10w concentrations the correction for turbidity in the

extract beoomes very important, especially if the fat sample

extraoted is beooming ranoid. This modified procedure ia

1.37 times more sensitive than those previously descri bed ,

5. CHARACTERISTICS OF Q,UANTITATIVE METROns

a. Recovery ot Propyl Gallate trom Fat

In order ta obtain an accurate indioation of the ra

eovery ot propy1 gallate in lard or shortening employing the
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foregoing procedures, It was necessary to prepare a fat, free

of peroxldes and other oxldlzing materlals. Oxldlzlng sub

stances, If present ln the fat, react wlth the propyl gallate

and the result Is lowered recovery.

Fat samples free from oxldlzing materlals were prepared

by holdlng the fat contalnlng approxisately 0.05 percent of

tocopherol at 60t:. for tan minutes. If, on cooling,

tocopherol was stlll present (see subsequent method) It was

concluded that there was an excess of tocopherol over oxldlz~

ing materlals. In the case of fresh shortenings there Is

~sually natural tooopherol present and, therefore, less need

be added. Eour analyses of lard contalnlng 0.01 percent of

propyl gallate resulted ln an average recovery of 98 percent

of the propyl gallate added.

b. Reproduclblllty of Analytloal Results

In order to ascertain the preclslon of the foregolng

analytical procedures, six identical fat samples were an

alysed for thelr propyl gallate oontent, employing both

variations of the extractlon procedure. In every case the

extract from a single sample was analysed at three con

centration levels, and these results were averaged and re

ported as a single figure. The results of six such deter

minations by each method were analysed statistioally and the

results are shown in Table VI. In all cases the concentra

tions employed fail wi thin the range normally to be expeoted
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in foods.

'rable VI

Reproducibility of the Methods for the Determination 01'
Propyl Gallate

Extraction Prooedure Mean of Six Standard 99 Percent
Employed Determinations Deviation Oonfidence

Percent Limits

Normal procedure 0.0104 0.00005 :1: 0.0002

Modifled pr~cedure 0.0068 0.00005 :t. 0.0002
employing capryl
alcohol and 1.67~
ammonium acetate in
5% ethyl alcohol

These results lndicate that the 99 percent confidence limits

for a single determination of propyl gallate ls :2 to 3 per-

cent of the am.ount present.

o. Analytical Range for Propyl Gallate EmployingFlve
Different Colorimeters

Both the Canadian Food and Drug Regulations (17) and

the American Meat Institute Foundation (122) l1mit the

amount of BHA that can be added to "edlble fat" to 0.02 per-

cent by weight of the fat. It ls, therefore, ~posslble to

add more than 0.006 percent of propyl gallate employing an

"AMIr-72-t~" antioxidant formulation witbout exceeding the

maximum amount of BH& permitted. Even so J a number 01'

manufacturers add only halt this amount of antioxldant to



43

their produots, namely, 0.003 percent of propyl gallate,

0.01 percent of BHA and 0.002 percent of oitrio acid. Hence

it was necessary to have an analytical procedure capable of

determining less than 0.003 percent of propyl gallate in

fat. This ia especially necessary when conducting exper-

iments on the disappearance of propyl gallate from fats or

fatty fooda during storage.

In order to determine the practical analytical range

tor propyl gallate using various instruments to measure the

absorbancYi five commonly used spectrophotometers and

colorimeters were investigated. Table VII gives the analyt-

ical range charaoteristic of each instrument e.mploying 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 Prop,yl
Absorption Propyl Gallate/ Gal1ate per 10 g.
Oe11 25 ml. to give fat corresponding

Absorbancy of:- to absorbancy of:-

m.m. 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
Coleman 11 13 140 1120 0.004 0.026
Ooleman 11 20 90 720 0.003 0.017
Co1em.an 11 40 45 360 0.0014 0.008
Ooleman Junior 16 (tube) 115 920 0.004 0.021
Eve1yn 20 (tube) 90 720 0.003 0.017
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These results shows that only two of these instruments,

namely, the Beokman Model B fltted wlth 50 m.m. oella and

the Coleman 11 fltted wlth 40 m.m. oells cao be used to

analyse fat semples oontalnlng less than 0.0) peroent of

propyl gallate.



B. Buty1ated Hydroxyaniso1e;
Method Using l!'errio Chloride Plus ci.,ci..' -Bipyridine

1. INTRODUCTION

It has been demonstrated that the synthetio anti-

oxidant known as butylated bydroxyanisole. a1so referred to

as EBA, possesses very desirable properties (73). These

ino1ude:- a high solubility in oils (73); a oarry-through

of its antioxidant properties into baked goods (8,73,129,

147); non-toxioity at the oonoentrations employed (147), as

witnessed by its approval for use in foods (17,122); no

oolour, odour or taste imparted to the substrate to whioh

the antloxidant is added at a oonoentration of 0.02 peroent

(125); 10w oost; and effeotiveness at the 10w oonoentrations

of 0.005 to 0.02 peroent of the fat. It has been reported

that BHA and mixtures oontaining this antioxidan t more

nearly meet the require.m.ents of an Ideal antioxidant than

does.any other oompound studied (73).

BHA (125) is a trisubstituted benzene oompound oontain

mg as substituents a tertiary-butyl group, a hydroxyl group,

and a methoxy group. The antioxidant aotivity of BHA i8 not

assured by the mere presenoe of these three substituents for

It is essential that these groups be properly orlentAted 10

the ring. Rosenwa1d and Chenioek (125) investigated the

re1ationship between struoture and antioxidant aotivity for

a number of hydroxyanisoles. These authors (125) eva1uated
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the antioxidant potenoies of these substanoes by employing

the Aotive Oxygen Method (69,123). All measurements were

made employing a single lard with an initial stability or

three hours. The relative potenoies of the antioxidants

tested were expressed as the "inhibitor ratio", namely:-

Inhibitor Ratio

where, L is the length of the induotion period with thex
unknown, Lo the induotion period of the pure lard, and Ls
the induotion period wi th the standard antioxidant at the

same oonoentration as the unknown. Pure )-tertiary-butyl

4.bydroxyanisole (3-BH.A.), was s eleoted as the standard and

was assigned an inhibitor ratio of 1.00.

Employing 0.02 peroent of antioxidant in lard,

Rosenwald and Chenioek (125) assigned inhibitor ratios of

less than 0.1 to 2-hydroxyaniso1e (guaiaool), less than 0.1

to )-hydroxyanisole. and 0.31 to 4-bydroxyanisole (methyl

ether of hydroquinone). Methy1 substitution of 4-hydroxy

anisole increased lts inhibitor ratio. These authors (125)

assigned inhibltor ratios of 0.48 to 2-mstbyl-4-hydroxy

anisole and 0.55 to 3-methyl-4-hydroxyanisole. Dimethyl,

3-n-propyl-, 3-a11yl-, )-lsopropyl-, di-isopropyl-, 3-n

butyl-, and 3-iso-butyl-, substitutions of 4-hydroxyanlso1e

produoed no turther inorease in the inhibitor ratio. The

inhibitor ratio of )-seoondary-butyl-4-hydroxyanisole was
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0.60; for 2-tertiary-butyl-4-hydroxyaniso1e, 0.36; for

3-tertiary-butyl-4-hydroxyaniso1e, 1.00 the reference

compound. Of' the forty compounds tested on1y three exhibited

inhlbltor ratlos greater than 1.0. These lfere 3-tertlary

butyl-5-methyl-4-hydroxyanlso1e, 1.10; monotertlary-buty1

hydroqu1oone, 2.65; and hydroquinone 3.1. Hydroquinone,

a1though emp10yed for a short perlod as an antioxldant in

edib1e fats ln the Unlted States (95) ls no longer permltted

because of' lts hlgh toxlcity (96). Therefore, 3-BHA was

judged to be the most satisfactory antioxidant in view of

its re1ative1y 10w order of' toxicity and high antioxidant

activity.

Oommercia1 BHA ls a mixture of the isomers, 2-BHA and

3-BHA (31) in which 3-BHA predominates (88). Since BHA is

stable to heat and ml1d a1kali (8) it is not destroyed durlng

many cook1og processes; and, therefore, extends the storage

1ife of' a variety of' cooked foods (8,73,129,147).

2. TOXIOITY OF BUTYLATED HYDROXYANISOLE

BHA ls re1ative1y non-toxic as lndicated by the find

10gs of Wilder and Kraybi11 (147), who reported that the

Ln-50 f'or BEA in acute toxicity tests was 4130 mg. per kg.

of body weight when administered in corn oi1 to adu1t, non

fasted rats via stomach tube. The LB-50 for BHA was

reported to be ln excess of 5000 mg. per kg. when givan to
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adult fasted rats via stomaoh tube in the form of a water

emu1sion (147). Ohronio toxioity studies in whioh rats were

fed diets oontaining up to 2 peroent of BEA for a period of

six months resulted in no i11 effects, axoept a lower rate

of feed oonsumption (147). The hot peppery taste of the

ration containing 2 percent of BRA was held responsible for

the lowered feed intake. At the 2 percent level of BHA in

the diet Wilder and Kraybill (147) ca1cu1ate that the rats

reoeived over 1000 times as much BHA as they oould eat if

they oonsumed lard containing 0.02 percent of BRA, the max

imum amount of BHA permitted (17,122). Also, eaoh rat

received more BHA per day than they wou1d norma11y reoeive

in a lifetime (147) of eating tats containing 0.02 peroent

BHA. Histo1ogioal examination of the organs of the rats fed

on a diet oontaining 2 percent BHA for six months showed no

patho1ogica1 conditions that oould be attrlbuted to this

antioxldant. These and other published data (147) indioate

a low order of toxioity for BHA fed to rats as judged by

acute and ohronlc toxioity tests.

3. OXIDATION PRonueTS

The quest10n 1s often raised as to the tate ot the anti·

oxidant mo1eou1e as a result of tunotloning as an anti

ox1dant. It is generally oonoeived that the antioxldant ls

oxldlzed durlng the stab111zation prooess. Rosenwa1d and
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Ohenicek (125) attempted to determine any p$ssible oxidation

step which may be involved. For this purpose they subjected

3-BHA to mild oxidation by such reagents as potassium

f'errlcyanlde or oxygen in the presence of almli. A colour

less compound was formed, possessing a hlgh meltlng polnt

(225·0), low solubillty and the carbon and hydrogen contents

or a BRA. dlmer minus one mole of hydrogen. Thls oxldatlon

product was believed to have the following structure:

OC.'{~

OH OH

This oxidation product stl11 exhibited an inhibitor

ratio of 0.5 at a concentration of 0.02 percent relative to

1.0 for the original 3-BHA. It was not establlshed that

this materlal actually 18 formed ln fats during the inhibit

ing process and Rosenwald and Ohenicek (125) considered It

likely that other products may also be invo1ved.

4. DEVELOPMENT OF ANALYTIOAL METHOD

a. Extraction of Butylated HYdD6xyanisole from Fat

Kraybl1l et al. (73) state that BRA is readi1y soluble

in fats in a11 proportions, but nearly insoluble in water.

These authors determined the solubility of BHA in water as

0.00154 percent at 25·0 and 0.00165 percent at 70·0.
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In addition these authors determined the extraotability of

BHA from lard with water by shaking 5 g. of lard oontaining

0.015 peroent of BHA with 10 g. of water at 70·C for twenty-

two hours and reported that the water failed to remove any

measurable amount of BHA.

The foregoing findings of Kraybill et al. (73) indicated

that the aqueous extraotion of propyl gallate trom fat 

light petroleum solution should not remove any BHA. Exper

iments showed that if lard oonta1ning BHA was dissolved in

light petroleum and extracted repeatedly with 1.67 percent

aqueous ammonium acetate solution no BHA was present in the

aqueous extract. Of course the extraot was filtered to

avoid possible entrainment of fat droplets containing BHA.

Thus, it is possible to extract a light petroleum solution

of a fat containing both propyl gallate and BHA with aqueous

ammonium acetate solution while removing only the propyl

gallate and leaving the BliA in the fat - light petroleum

phase.

i. Effect of Ethyl ~cohol Concentration on the
Recovery of Butylated Hydroxyanisole and Tocopherol
trom a Fat Solution

Lundberg and Halvorson (85) reported that a number

of antloxidants with the exception ot tooopherol could be

quantitatively extraoted trom a light petroleum solution of

fat with 80 percent ethyl alcohol. InTestigations showed
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that repeated extraotion of a light petroleum solution of

fat with 80 peroent ethyl aloohol (by volume) quantitatively

removed all propyl gallate, BHA and nordihydroguaiaretio

aoid (NDGA) present together with a proportion of the

tooopherol.

Experiments were oonduoted in whioh pairs of 10 g. fat

samples oontainlng approximately 0.02 peroent of BHA and

approx1mately 0.18 peroent of <X.-tocopherol were dissolved in

;0 ml. of 3 + 1 light petroleum. These fat solutions were

each extraoted four times with 2; ml. aliquots of alooholic

solutions ranging from 40 to 90 peroent ethyl aloohol by

volume. Eaoh s~ple was shaken for three minutes per extrao

tion. The resulting alooholic extraots were filtered and

analysed for Bal and tooopherol 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 conoentration of alcohol in

the extracting solution was increased. Above 7; peroent

ethyl alcohol no f'urther Inorease in the recovery of BHA was

obtained, therefore, the extraction seoured with this eoncen

tratlon of aloohol was taken as 100 peroent of' BHA recovèry.

The results in Figure 2 show that four extraotions with 72

peroent ethyl alcohol recovered all of the BHA whlle leaving

about 98.6 percent of the tooopherol behind in the light

petroleum - fat solution. Therefore, a fat oontaining
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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 cannot 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 Solution

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 peroent of BHA respectively, were dissolved in 50 ml.

portions of 3+ 1 light petrolewn. Theae solutions were

extracted with three, four and five suooessive 25 ml. por-

tions ot 72 percent ethyl alcohol respectively, by oontin

ually inverting the separatory tunnels tor three minutes per



extraction. Each fat solution was then extracted with a

further 7; ml. of 72 percent ethyl alcohol for one minute.

Each of these alcoholic extracts was diluted separately to a

convenient volume. tiltered and analysed for BHA. Table VIII

contains the results of these experiments.

Table VIII

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

Duration of Volume of 72% Percent of Total BHl Extracted
Extraction Etbyl Alcohol

Employed 0.02% BRA. 0.03% BHA 0.04% BHA
(Minutes) (ml. )

3 25 41.9 34.9 30.1
) 2; 32.3 27.2 24.3
3 2; 20.6 19.9 20.7
3 25 - 14.1 12.6
3 25 - - 9.4
1 75 3.9 2.7 1.8

The results ln Table VIII show that four extraotions 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 is present. rive or more extrac-

tions will be required to recover 98 peroent or the BHA.

b. Choice or Reagent Concentrations

It would seem that the only reagent prevlously employed

for the determinatlon of BHA was the ferrlc chlorlde plus
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c4~-bipyridine reagent originally described by Emmerie and

Engel (35). Kraybill et al. (73) have described the use of

an adaption of the Emmerie and Engel method for the color

1œetric 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)

amployed the Emmerie and Engel reaction for the colorimetrie

determinations of hydroquinone, guaiaretie acid, NDGA, gallie

acld and propyl gallate. These authors reported that although

this reagent is almost completely lacklng in specificity, it

is extremely useful when dealing with only one phenolic anti

oxldant whose Identity ls known. This reagent is applicable

to a varlety of phenolic antioxidants wlth no variation

except in the length of the reaction t1me (85).

Bince It was found that BHA reacts rather slowly with

the ferric chlorlde plus ~~-bipyrldine reagent as employed

by Lundberg and Halvorson (85), It was decided to Inves

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. Ta

these were added varlous volumes of 0.2 percent ferrlc cblo

rlde solutlon (F8Clj . 6H
20)

and 0.5 percent ~~-bipyrldlne

solution in absolute ethyl alcohol. In all cases the
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contents of the f1asks were diluted to 12 ml. with 100 per

cent ethy1 alcohol. ~ter exactly thirty minutes the con-

tent of each flask was transferred to a c010rlmeter tube and

the absorbancy measured relative to the appropriate reagent

"blank" held for thirty minutes employing an Eve1yn color

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
eX,oO-Bipyridine Upon the Absorbancy Formed with BHA. in
Thlrty Minutes

Volume of 0.5% Absorbancy per Mlcrograms ofBHA Measured
d..,c(t -Bipyridine After Thirty Minutes Reaction

Volume of 0.2% Ferric Chlorlde.6H2O

ml. 1 2 3 4 ml.

0.4 0.624 0.604 0.560 0.503
0.8 0.592 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 terric chlorlde plus dvo(t-blpyrldlne

that were represented along the diagonal trom the top left

corner to the bottom right corner of Table IX. Absorbancies

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

would have been equally satisfactory for the analysls ot BRA.

It ls perhaps revealing to point out tbat the absorbanoy of

0.628 (4 ml. 0.2 percent FeC13+ 2.0 ml. of 0.5 percent

o<,o(!-bipyridine) was obtained by employing almost the exact

concentrations and ratio of reagents as were originally

employed by Lundberg and Halvorson (85). However, this

reagent ooncentration 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. Aocordingly, a reagent consisting of 2 ml. of 0.2

percent terric chlorlde (FeCl:3.6H20) together with 2 ml. ot

0.2 peroent 04~-bipyridine (same as 0.8 ml. ot 0.5 percent

solution) was adopted for the analysis ot BHA.

o. Characterlstios of the Ferric Chloride - c(,o<!-Bipyridine
Butylated HydroXlanisole Colour Reaction

i. Absorption Curve .

Five ml. ot 72 peroent ethyl aloohol containing 40

micrograms of BHA were plaoed in a 25 ml. opaque Erlenmeyer

flask and 3 ml. ot 100 percent ethyl aloohol, 2 ml. of 0.2

percent terric chloride and 2 ml. of 0.2 percent ~c(,-

bipyridine reagents added. Atter thirty minutes the

absorption ourve was determined relative to a reagent

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

The results in Figure 3 indicate that the ferric

chloride - ~ol'-bipyridlne - BHA colour exhibits a maximum

absorption at 522 m~. Because or the shape of the absorp

tion eurve a No. 515 or No. 520 f'llter gave the same absorba

ancy in an Evelyn colorimeter. A No. 515 filter was chosen

for f'uture measurements.

11. Colour Stabllity

Binee a mixture of f'errie chloride plus o<.o<.!
bipyridine in alcoholic solution is very photosensitive, it

is neeessary to proteet this reagent f'rom strong light. For

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 aleohol con

taining 40 micrograms of BHA were placed into each of a

number of' 25 ml. opaque f'lasks, followed by 3 ml. of 100 per

cent ethyl alcohol, 2 ml. of 0.2 percent ferric chloride and

2 ml. of 0.2 percent 04~-bipyridine reagents. Atter dif

ferent time lntervals the resulting colour was measured in

an Evelyn colorimeter f'itted with a No. 515 f'ilter relative

to reagent "blanks" held for s1milar time intervals.

Experiments were conducted with 2-BHA, 3-BHA and two commer

cial BHA preparations. The results of these experiments are

given in Table X.
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Figure) Absorption Curve of the Ferrio Chloride •
«,ott.B1pyr1dine - Buty1ated Hydroxyaniso1e
Co1oured Produot
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Table X

Effect of Time Upon the Absorbancy Produced by Commercial
BHA, 2-BRA and 3-BHA on Reaction With the Ferr1c Chloride
Plus ~a~'-Bipyr1dineReagent

BHA Employed Absorbancy in Evelyn Colorimeter W1th a
No. 515 F1lter

Reaction Time in Minutes

15 30 45 60

Commercial BEA 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. 0.608 0.610 0.615 0.621

Table X shows that 3-BHA reacts more rap1d1y with ferric

chloride plus o(,o(!-bipyridine than 2-BHA, but that 2-BHA

produces more colour per unit weight than 3-BHl. These

results indicate that an effective maximum colour formation

i8 obtained in fifteen minutes with 3-BHA, in forty minutes

w1th 2-BHA and in approximately thirty minutes with the two

commercial BRA preparations. Since it was found that

commercial BHA preparations oontain from 60 to 80 peroent ot

)-BHA, it was decided to employ thirty minutes for colour

developmen t between BHA and the ferric chloride plus ~,o<..t

bipyridine reagent.

iii. Calibration Curves

The calibration curve tor BR! on reaction with

the terric chloride plus ~'-bipyridine reagent was
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determined as follows: - Varying amounts of commercial BHA

or pure BHA isomers contalned in 72 percent etbyl alcohol

were placed Into 25 ml. (opaque) Erlenmeyer flasks. In aIl

cases the BHA solution was diluted to 5.0 ml. with 72 per

cent ethyl alcohol. Then 3 ml. of 100 percent ethyl alcohol t

2 ml. of 0.2 percent ferric chlorlde and 2 ml. of 0.2 percent

o(,o('-blpyridine reagents were added to each tlask. Exactly

thirty minutes atter adding the ferrlc chlorlde reagent the

resultlng absorbancies were measured relative to a reagent

ftblank". Measurements were made ln an Evelyn colorimeter

titted wlth a No. 515 tllter wlth the results given in

Table XI.

Table XI

Calibration Curves tor 2-BHA, 3-BHA and Commercial BHA Upon
React10n Wlth Ferr1c Chloride Plus ~o('.B1pyr1d1neReagents

BHA Present Absorbancy Measured in Evelyn Color1meter With
a No. 515 Fllter

Miorogram. 2-BHA 3-BHA Commercial BHA

10 0.174 0.155 0.1;9
20 0.344 0.308 0.314-
)0 0.516 0.463 0.474
40 0.68; 0.617 0.624
50 0.830 0.750 0.763

These demonstrate that the colour reactlon of BHA with

ferric chloride plus ~~-b1pyrldine reagents obeys Baer'e
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Law over the range of 10 to 40 miorograms of BIlA in 12 ml.

of solution.

iVe Effeot of the Proportion of 2-tertiary-butyl-4
hydroxyanisole and 3-tertiary-butyl-4-hydroxy
anisole Isomers on the Absorbancy per Microgram,
Employing the Ferrio Chloride Plus 0<.,0<..'
Bipyridine Reasents

The data in Table XI show that the "K-value", i.e.

absorbanoy per microgram in a volume of 12 ml., is 0.0154 for

3-BHA, 0.0172 for 2-BHA and 0.0158 for the oOlllIleroial BHA

tested. These differenoes prompted a further study of the

relation between the "K-value" and the relative proportions

of 2-BHA and 3-BHA in a muture.

Acoordingly , the absorbanoy per miorogram was

determined for a series of samples oomprising 2-BHA only,

3-BHA on1y and four mixtures of 2-BHA and 3-BHA in known

proportions. This experiment was repeated six times. The

results disp1ayed olose reproduoibility and the average

values are p10tted in Figure 4. The scale of this Yigure

has been constructed so as to emphasize a pecu1iar feature

of the results to wit that the absorbanoy per miorogram

total BHA does not display a simple reotilinear or ourvi-

110ear relation to the oomposition of the BHA. The results

strong1y suggest that one 110ear relation holds over the

range of 0 peroent to 60 peroent 2-BHA, while a seoond

steeper relation ho1ds over the range of 60 peroent to 100

peroent 2-BHA. No reason for these remarkable faots has
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been found, but there is very little doubt as to the reallty

ot the relatlonshlps depicted ln Figure 4. The reproduc

iblllty of the results was suoh as to perclude the posslbl1

ity of the relationships beins due to tortuitous experimen

tal variations. The slope of the curve over the range ot 0

peroent to 60 peroent 2-BHA is greatly exaggerated by the

intentional oonstruotion ot the axes. From the standpolnt

ot the determination of total BHA in commeroial mixtures,

little error is introduced by the use of an average "K

value" ot 0.0156 sinoe commeroial BHA contains from 10 to

40 peroent of the 2-BHA.. The extreme range of "X-values"

for such mixtures is approximately 0.0154 to 0.0157.

5. ANALYTICAL METHOD

a. Reagents

Light Petroleum (3 +1>, - As described for propyl

gallate, page 35.

EthYl Alcohol - Add approximately 0.1 peroent ot

potassium hydro%~de and 0.1 percent potassium permanganate

to absolute ethyl alcohol. Distil in an all-glass appara

tus. The distillate is used for 100 peroent ethyl alcohol

and is diluted to 72 percent alcohol by volume (Sp. gr.

0.8818 at 20·0) with water and used tor the extraotion of

BHA.

Ferrio Chloride - 0.2 percent terric ohloride
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(Fec1
3.6H

0) in purif1ed 100 percent ethyl alcohol. This
. 2

reagent should be fresbly prepared to avoid highly coloured

blanks. In addition, this reagent should be kept in an

opaque glass-stoppered bottle while being used.

ol"ol.!-Blpyr1dine - 0.2 percent o<.,o<.'-bipyrldine in 100

percent purified alcohol.

2,6-Dichloroguinonechloroimide - 0.01 percent of 2,6

dichloroquinonechloroimide in 100 percent ethyl alcohol.

Prepare each week.

b. Q,ualitative Procedure

Gibbs (47) employed 2,6-dibromoquinonechloroimide or

2,6-dichloroquinonechloro1mide in the presence of a borax

buffer for the analysls of phenol in river water. Since

this ls an extremely sensitive reagent, which Is also

specific for BHA among the commonly employed food anti-

oxidants, it was used as a qualitative test for BEA in fat.

Place approximately la 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 la ml.

of 72 percent ethyl alcohol, run off the alcoho11c phase and

filter. Add 0.5 ml. of 0.01 percent 2,6-dlchloroquinone

chloroimide reagent and 1 ml. of 2 percent borax reagent to

5 ml. of the alcoholic extract. The appearance of a blue

colour within flfteen minutes indicates the presence of BRA.
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A mixture of the 2,6-dichloroquinonechloroimide and borax

reagente produce a purplish colour which must not be con

fused with the blue colour produced if BHA i8 present. Only

gum guaiac, among permitted food antioxidants, produces a

blue colour. However, gum guaiac produces a blue colour

before the addition of the borax buffer, while BHA produoes

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

BRA from the remaining solution of fat in light petroleum.

If the qualitative test for propyl gallate is negative,

dissolve 10 g. of the rat in 50 ml. of 3 -r 1 light petrolewn

in a 250 ml. separatory f1ask. Extract the BH! with three

25 ml. portions of 72 peroent ethyl alcoho1 by oontinually

inverting the separatory tunnel tor three minutes per extrac

tion. Carry out a turther extraction ot the fat solution

employing 60 ml. of 72 percent ethyl aloohol. If more than

0.02 peroent BHA is expected in the sample, additional

extractions may be required (see Table XI). Allaw time

atter each extraction tor complete separation ot the phases.
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Combine the extraots and malte up to 150 to 300 ml. with 72

percent ethyl aloohol, depending upon the oonoentration of

BHA expected and fil ter.

Plaoe three different portions of the BHA extract,

varying from 1 to 5 ml., into 25 ml. Erlenmeyer flasks

prov1ded with glass stoppers. These flasks must be rendered

impervious to light with blaok eleotrio tape, ow1ng to the

affeot of l1ght upon the reagents. Dilute the portions in

a11 flasks to 5 ml. w1th 72 peroent ethyl alcohol. Add 3

ml. of 100 percent ethyl aloohol, 2 ml. of 0.2 percent fer

ric ohloride reagent, and 2 ml. of 0.2 peroent ~,~

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 oolorimeter tubes and immediately

measure the absorbancy with an Evelyn photoelectric oolor

imeter using a No. 515 filter. Make all measurements rel

ative to a "blank- oontalning 5 ml. of 72 peroent ethyl

aloohol, 3 ml. of 100 percent ethyl aloohol, 2 ml. of 0.2

percent ferrlc ohloride reagent, and 2 ml. of 0.2 peroent

o(,o('-b1pyridine reagent and held for thirty minutes.

Prepare a reference curve over the range of 8 to 40

miorograms of commercial BEA per tlask. ~or general pur

poses employing an Evelyn colorimeter titted w1th a No. 515

fl1ter it was tound that the absorbancy divided by a "K-value"
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ot 0.0157 yielded the concentration ot BHA in miorograms per

portion employed. However, a reference curve should be pre-

pared at intervals to check the "K-value".

6. RECOVERY OF BUTYLATED HYDROXYANISOLE AND REPRODUCIBILITY
OF THE ANALYTICAL Rl!SULTS

To determine the recovery ot BHA and the reproducibili ty

ot the toregoing analytical method, six identioal tat samples

containing added BHA were analysed for their EH! content. In

all cases the extraet solution tram a single sample was an

alysed at three ditferent concentrations, the results av-

eraged and reported as a single tigure. Another six fat

samples oontaining propyl gallate and BEA were first extrao

ted with 1.67 percent aqueous ammonium acetate solution to

remove the propyl gallate. The remaining fat solution was

extracted with 72 peroent ethyl alcohol and this extract

tiltered and analysed for BHA. The results were analysed

statistioally and the results are reported in Table XII.

The results in Table XII show that approximately 97 per-

cent of the BHA 1s recovered. The 3 percent loss of BHA may

be due to incomplete extraction or to destruction of BHA in

the fat. The 99 percent oonfidence limits for a single

determination of BHA ranges from : 0.5 to 5.0 percent of

the BHA present.
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Table XII

Reoovery of Butylated Hydroxyanieole and Reproduoibi1ity of
the Analytica1 Resulte

. .

Treatment BRA Added Recovery of Standard 99 Percent
to Fat BHA Deviation Confidence

% % Limits

BRA 0.02 97.4 0.00025 : 0.0010

BRA after
Prop.y1 Ga11ate 0.02 96.9 0.00003 ± 0.0001
Extraction



Butylated Hydroxyanisole;
Method Using 2,6-Dichloroquinonechloroimide-Borax

1. INTRODUCTION

The ferric chloride plus o(,~-bipyridine reagent has

been applied satlsfactorily to the determinatlon of

butylated hydroxyanisole (BHA), but thls reagent mixture is

unstable to light ln the presence of ethyl alcohol and is

not specifie for BIlA. Accordingly, a f urther search for a

possible reagent which did not exhibit these disadvantages

was undertaken.

Gibbs (47) reported that 2,6-dlchloroquinonechloroimide

and 2,6-dibromoquinonechloroimlde 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 reactlon between phenol and the

quinonechloroimldes proceeded at an optimum rate at pH 9.4.

Investigation of Gibbs' reagent showed that it was

specifie for BHA among the antioxidants permitted for use in

edlble fats. Furthermore, the resultlng coloured complex

was not affected by light and was virtually stable. There-

fore, Glbbs' reagent was lnvestigated for possible applica-

tion to the determinatlon of BHA
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2. DEVELOPMENT OF ANAL1TICAL METHOD

a. Choice of Concentrations of Reagents

Gibbs (47) states that 2,6-dichloroquinonechloroimide

reacted with phenol according to the following reaction:-

Col

O=O=NCI · <)-OH
1

CI

Since this reaction is analogous to that visualized 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 BEA

and 2,6-dichloroquinonechloroimide, the following experiment

was oonducted.

Twelve ml. portions of 72 peroent ethyl aloohol con-

taining 40 miorograms ot oommercial BHA were placed into a

number of Evelyn oolorimeter tubes. To eaoh tube was added

2 ml. ot 0.01 percent 2,6-dichloroquinonechloroimide in 100

percent ethyl aloohol and 2 ml. of aqueous bufter solutions

ranging tram pH 6.8 to 10.0. The resulting absorbancies were

measured atter twenty minutes, in an Evelyn colorimeter

titted with a No. 620 tilter relative to appropriate reagent

ffblanks". The resulting data are given in Figure 5.

Figure 5 shows tbat maximum colour formation is obtalned

over the pH rangeot 9.2 to 9.8. Also, no measurable
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absorbanoy was produoed at pH 6.8 in twenty minutes indioa-

ting that an alkaline pH is essential for this reaotion with

BHA to take place. The use of 2 ml. of aqueous 1.91 percent

borax (Na2B4
07.lOH20 ) solution (pH 9.2) produced maximum

oolour formation. Therefore, to facilitate ease ot prepar

ing this reagent 2 ml. of aqueous 2.0 peroent borax solution

was employed to butf'er the reaction medium at approximately

According to Gibbs t equation, 2 ml. of 0.01 peroent

2,6-dlchloroquinonechloroimide oontains sufficient reagent to

reaot with approximately 170 micrograms of BHA. However, the

2,6-dichloroquinonechloroimide reagent undergoes hydrolysis

on oontact w1th the borax butter produoing a pale purple

brown colour which is found in the "blank". This colour ls

belleved to be due to the tollowlng reactlon:-

+ H 0
~

Because of this side react1on, 2 ml. of 0.01 peroent

2,6-dlchloroquinonechloroimide will probably react wlth less

than the theoretlcal maximum of 170 micrograms of BliA.

Therefore. it over 100 micrograms of BHA is present in an

aliquot, it will be necessary to increase the concentration

of' the 2,6-dichloroquinoneohloroimide reagent employed or

take a smaller aliquot and dilute to the appropriate volume.
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b. Characteristios of the Co1our Reaction ot 2,6-Diohloro
quinonech1oroimide with Buty1ated Hydroxyanisole in
Borate Bufter

i. Absorption Curves

The absorption curves for the pure butylated

hydroxyanisole isomers upon reaction with the 2,6-dichloro~

quinonech1oroimide-borax reagent was dètermined as fo11ows:

Two ml. of 0.01 percent 2,6-dich1oroquinoneohloroimide

reagent and 2 ml. of 2 peroent aqueous borax were added to

45 micrograms of 3-tert1ary-butyl-4-hydroxyan1so1e (3-BHA)

oonta1ned in 12 ml. of 72 percent ethy1 alcohol. A similar

experiment was conducted amploying 40 m1crograms ot 2-

tertiary-butyl-4-hydroxyan1sole (2-BHA). After twenty min-

utes the absorption curves were determined employing a

Beokman B spectrophotometer fitted w1th l cm. absorption

cells. The result1ng absorption ourves are 1llustrated in

Figure 6.

The absorpt1on curves show that 3-BHA upon reao

tion.with the 2,6-dichloroquinoneohloroim1de plus borax

reagents, exh1blts a maximum absorpt10n at 614 mp and that

the maximum for 2-BHA is at 655 m)1. As previously stated,

3-BHA ia the predominant 1somer 1n commeroial BHA prepar

ations, it was decided to employa wavelength of 620 ~ to

measure the absorbancies due to commeroial BHA.

ii. Colour Stability

The affect of time on the colour produced by



75

0.3
J.t
Q)
oP
Q)

El
0
oP
0
.cl
PI
0
J.t
oP
0

0.2Q)
PI

tQ

lI:t

J
0

~
~
0 0.1s
.0
f.t
0

!

0.0

550 600 650 700

Wavelength mp.

:rigure 6 Absorption Curves for 2-Tertiary-butyl-4-hydroxy
&nisole and 3-Tertiary-butyl-4-hydroxyanlso1e
Upon Reaction With the 2,6-Dichloroquinonechloro
imide - Borax Reagents



76

butylated hydroxyanisole 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

BEA contained in 12 ml. of 72 percent ethyl alcohol solution.

The absorbancy of the resulting blue solution was measured

at interva1s in an Evelyn colorlmeter fitted with a No. 620

filter relative to a reagent "blank". Al1 colorlmeter tubes

were tlghtly stoppered to avoid evaporation of the alcohol.

This experiment was also repeated employing 120 micrograms

of pure 2-BHA and 40 micrograms of pure 3-BHA. The resu1ts

of these experiments are given in Table XIII.

Table XIII

Eftect of Time on the BEA Colour Reaction with the 2,6-Dl
chloroquinonechloroimide-Borax Reagents

Absorbancies Measured at 620 JD.}l

T1m.e in Minutes Oommercial BHA 2-BHA, 120 J-BHA, 40
40 Micrograms Micrograms Micrograms

1 0.310 0.162 0.424
2 0.367 · 0.227 0.496
4 0.426 0.275 0.523
8 0.458 0.306 0.544

16 0.479 0.317 0.551
32 0.481 0.319 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 - -1024 0.467 - -

2048 0.459 - -
4096 0.435 - -
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. The results show that the colour reactlon between BEA

and 2,6-dlchloroquinonechloro1mlde attains an effectlve max

imum ln twenty minutes and thereafter remains essentially

constant for four hours. After four hours the rate of colour

fading was approximate1y 4 percent per day. Therefore,

twenty minutes was allowed for complete colour development.

111. Speclflclty

A number of antioxldant materlals were treated

wlth the 2,6-dlchloroquinonechloro1mlde reag~nt as follows:

Twelve ml. portlons of 72 percent ethyl alcohol contalnlng

equal welghts of a number of antioxldants were reacted wlth

2 ml. of 0.01 percent 2,6-dlchloroquinonechloro1mlde reagent

and 2 ml. of 2 percent borax reagent. After twenty minutes

the absorbancles were measured wlth an Evelyn colorimeter

fitted with a No. 620 filter relative to a reagent "blank".

In addition the wave length of maximum absorption was deter

mined for each antioxidant relative to the "blank" emp10ying

a Beckman B spectrophotometer. The resu1ts of these exper

!ments are summarlzed in Table XIV.

Of the materials studied in Table XIV, gum guaiac

exhibited a maximum 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

guaiac is easily detected because it produces an instant
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Table XIV

Characteristics of the Reaction Between the 2,6-Dichloro
qu1nonechloroimide-Borax Reagent and Different Antioxidants

Antioxidant Wavelength of Absorbancy/ Relative
Maximum M1crogram Absorbancy
Absorbancy a t 620 .tI1J1

lIl}l

Pure 3-BHA 616 0.0139 100.0
Commercial Bal No. 1 616 0.0127 91.4
Commercial BHA No. 2 618 0.0092 66.2
Pure 2-BHA 655 0.0027 19.4
Hydroquinone 460 0.0020 14.4
Gum Guaiac 635 0.0014 10.0
NDGA 430 0.0003 2.2
Propyl Gallate 435 0.0002 1.4
Lauryl Gallate 440 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~. These latter antioxidants

can introduce small errors in the determination of BRA,

because of their absorbanc1es at 620 m~. Hydroquinone, wh1ch

produces the largest error, 1s no longer permitted in edible

tats (96). Ot the remaining antioxidants, only propyl

gallate, NDGA and tocopherol are perm1tted to be added to

edible fats in Canada (17); of these, tocopherol produces no

colour, wh11e propyl gallate or NDGA would only cause a small
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error ln the determinatlon of BHA.

One important fact to be notad here la that 3-BHA

ylelds approximately flve times as great an absorbancy per

unlt weight at 620 mp as doea 2-BHA. Here It 1s necessary

to use as a standard the precise BEA preparation used as

antioxldant if the amount of BHA present is to be estimated

with adequate precision. The processor of edlble oils will

normally have access to the ant10xldant preparatlon actually

used, and can, therefore, use th1s procedure for industrlal

control purposes. Tha procedure has the advantage of being

much easier to perform than the ferric chlorlde plus ~o(,

bipyridine reactlon.

iv Calibration Curves

The reactlon between BHA and the 2,6-dichloro

quinonechloro1m1de-borax reagent obeys Baar's Law within

certain limits. Tables XV and XVI glves calibration data

obtained for pure 2-BHA and 3-BHA.

It w1ll be noted that the colour reaction wlth

3-BHA obeys Bear's Law up to 50 micrograms per 16 ~. of

solutlon; for the 2-BHA lsomer, Beer's Law applles up to 100

mlcrograms per 16 ml. of solutlon. If the concentratlon of

the 2,6-dichloroqulnonechloroimide reagent 18 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-Dich1oro
quinonechloroimide-Borax Reagent

Micrograms ot 3-BHA Absorbancy at
620 m)l

10 0.140
20 0.278
30 0.419
40 0.556
50 0.689
60 0.811

Table XVI

Absorbancy/ Microgram
"K-Value"

0.0140
0.0139
0.0140
0.0139
0.0140
0.0135

Calibration Data for 2-BHA Upon Reaction With 2,6-Dlchloro
gulnonechloroimide-Borax Reagent

Micrograms of 2-BHA Absorbancy at
620 my

30 0.081
60 0.164
90 0.242

120 0.307
150 0.341

Absorbancy/Microgram
"K-Va1ue"

0.0027
0.0027
0.0027
0.0026 *
0.0023 *

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

v. Effect of Propyl Ga11ate o~ Nordihydroguaiaretic
Acid on the Analysis for Butyla ted HYdroxyanlsole

Only three antioxidants, namely, propyl gallate,

NDGAend tocopherol are permitted for use in comblnation'
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wlth BHA ln Canada (17) and ln the United States (122).

Although 0.01 percent o~ 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 peroent BHA arepermltted ln

Canada (17). Aotually, current industrial practlce ls to

employ 0.00) percent propyl gallate or 0.001 percent NDGA

together with 0.01 percent of BHA. In any case, one mlght

expect to find propyl gallate equal to )0 peroent or NDGA

equal to 10 percent of the weight of BHA present. As pre

viously stated, tocopherol produces no colour with this

reagent and, therefore, cannot introduce any error.

In order to determlne the effeots of difterent pro

portions of propyl gallate or NDGA on the analysis of BEA

the followlng experimente were conducted. BHA oalibration

curves were prepared over the range of 10 to 40 miorograms

per 16 ml. and other calibration curves were prepared for

BHA together with different proportions of propyl gallate or

NDGA. The effeot of the presenoe of propyl gallate or NDGA

on the analysie of BHA ls glven 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

peroent in the absorbancy measured at 620 m~. Similarly,

the presenoe of NDGA equal to la percent of the BRA, (the
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Table XVII

Etfeot ot Various Proportions of Propyl Gallate or NDGA on
the Determination of BEA

Antioxidants Present Relative Absorbanoy Obtained at 620 ~

Commeroial BHA No.l Conmeroial BlIA No.2

BHA (10-40 Miorogram
Range)
BHA ~ 30% Propyl Gallate
BHA. + 50% Propyl Gall ate
BEA -t 10% NDGA
BHA. + 25% NDGA
BEA -t- 50% NDGA

100.0
102.9
103.3
103.2
104.1
105.3

100.0
104.3
105.5
104.1
106.2
108.0

proportion trequently employed), results in an increase ot

3.2 to 4.1 percent in the absorbancy measured at 620 mf•
•

However, if the same BHA preparation containing the propyl

gallate or NDGA was used in the construotion of the calibra-

tion curve, no error would result from this source. There-

tore, there ls no need to extract propyl gallate and BHA

separately from the fat sample. Furthermore, sinee the anti

oxidant preparation employed will have a fixed ratio of say,

propyl gallate to BHA, then if the amount of BliA was deter

mined, it would be possible to estimate the amount of propyl

gallate present, and similarly for NDGA in the case of anti-

oxidantpreparations which contained BHA plus NDGA. The net

effect of this procedure would represent a considerable

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

3. ANALYTICAL METHOD

a. Reagents

Llght Petroleum (3 + 1 t - as described for the analysis

of propyl gallate, page 35.

Ethyl Alcohol - as described for the analysis of BBA,

page 64.

Borax Buffer - 2.0 percent aqueous solution of Na2B407•

10H20.

2 t6-Dichloroguinonechloroimide M 0.01 percent solution

of 2,6-dichloroquinonechloroimide in absolute ethyl alcohol.

For optimum results this reagent should be freshly prepared.

b. Quantitative Procedure

Place 10 g. of the fat in a 250 ml. separatory flask

and dissolve with 50 ml. of 3 + 1 light petroleum.. Extrac't

the light petroleum solution of the fat by shaking the con

tents of the flask wi th three separate 25 ml. portions of 72

percent ethyl alcohol for three minutes per extraction.

Make 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 befora running off the alcoholic layer. Combine these

four extracts, dilute to a suitable volume (150 to 300 ml.)
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wlth 72 percent ethyl alcohol, and tilter through two

Whatman No. 54 tilter papers. This clear alcoholic extract

contains the BHA plus propyl gallate or NDGA. Place three

suitable portions (1 to 12 ml.) ot the extract in s eparate

Evelyn colorimeter tubes and dilute to 12 ml. with 72 per

cent ethyl alcohol. Add to each tube 2,ml. ot treshly pre

pared 0.01 percent 2,6.dichloroqulnonechloroimide reagent.

Mix the contents ot the tubes, add 2 ml. ot 2 percent aqueous

borax solution, and mix the contents again. Prepare a

rtblank" containing 12 ml. of 72 percent ethyl alcohol and

the reagents. Atter twenty minutes measure the absorbancy

relative to the "blank" in an Evelyn photoelectric color

!meter fitted with a No. 620 tilter. Calculate the amount

of BHA per tube employing the "X-value" obtained wi th the

same BHA -preparation that was added to the fat. Prepare a

new calibration curve tor each type or batch ot antioxidant

preparation ua ed , Report a single average value derlved

from the three levels of extract analysed.

4. OHARACTERISTICS OF Q,UANTITATIVE PROCEDURE

a. Recovery of Butylated Hydroxyanisole trom Fat and the
ReproducibI11ty ot Analytical Results

Three samples ot shortening were prepared containing

0.020, 0.015 and 0.010 percent ot BHA respectively. In all

cases, the BEA was added as a commercIal antioxidant
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preparation containing 20 percent BRA, 6 percent propyl

gallate and 4 percent citrio acid in propylene glycol. Each

of these fat samples were analysed four times for BHA, employ

ing the foregoing procedure. The BHA content ot the sample

was calculated by means ot calibration curves prepared

employing the same antioxidant preparation as added to the

fat. The recovery of BEA and the estimated reproducibility

of the analytical data are shown in Table XVIII.

Table XVIII

Reoovery of BHA Added to Shortening and the Reproducibility
of Analytioal Resulta

BHA. Addeli Average BHA. Estimated Standard Deviation
Reoovered for Single Analysis

Per·cent Percent

0.0200 0.0198 :t 0.0002

0.0150 0.0146 ± 0.0002

0.0100 0.0097 ± 0.0001

rt will be noted that 97 to 99 percent of the BHA added

to shortening was reoovered. The apparent loss of 1 to 3

percent of the added BHA mlght be attributed to incomplete

extraotion 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-Diohloroquinonechloroimide-Borax
Reasent

The 2,6-dichloroquinonechloroimide-borax reagent bas

been found superior to the ferric chloride plus ~,~'-bipyri

dine reagent for the routine determination of BEA for the

tollowing 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 anti-

oxidants currently added to lard or shortening. The reagent

permits the determination of BHA in the presence ot propyl

gallate or NDGA, with no error, provided the original anti-

oxidant preparation cau be employed to construct a calibra

tion curve. Extraneous reducing agents are unlikely to intro-

duce serious errors with this reagent. Rigid puritication ot

the light petroleum and ethyl alcohol used is not necessary,

as is the case when employing the ferric chloride plus ~,~'

bipyridine reagent.



D. 2-Tertiary-butyl-4-hydroxyanisole and
3-Tertiary-butyl-4-hydroxyanisole Isomers

1. DTTROnuCTION

As has been mentioned already, commercial butylated

hydroxyanisole (BHA) is a mixture of the 2-tertiary-butyl

4-hydroxyanisole (2-BHA) and 3-tertiarYMbutyl-4-hydroxy

anisole (3-BHA) isomers (73), while the literature contains

evidence to the effect that 3-BHA is 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 andin

mixtures of known composition and found that 3-BHA was 1.5

times as effective as 2-BHAwhen added to lard at a con-

centration of 0.01 peroent. It was felt, therefore, that a

procedure for the estimation of the proportions -of these

isomers should be useful in evaluating the potential effec

tiveness of commercial BEA preparations. In addition such a

method should prove useful in following the relative rates

of loss of the 2-BHA and 3-BHA isomers during the storage of

fats or baked products.

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

on reaction with the 2,6-dichloroquinonechloroimlde-borax
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reagent produoes 5.1 times more absorbanoy per unit weight

measured at 620 m~ than does 2-BHA. On the other band, it

has been shown in a previous section that 2-BHA on reaotion

with the ferrio chloride plus ~~-bipyridine reagents pro-

duoes 1.1 times more absorbanoy par unit weight measured at

515 mp than does 3-BHA. Therefore, it appeared that the

ratio of absorbanoies measured at 620 and 515 my, employing

the appropriate reagents, might provide a basis for estimat

log the proportions of these isomers in BHA. preparations.

2. DEVELOPMENT OF ANALYTIOAL METHOD

a. Absorbanoy per Unit Weight for Mixtures of 2-Tertiary
butyl-4-hydroxyanisole and 3-Tertiary-butyl-4-hydroxy
anisole Employing the Ferrio Chloride Plus o<,~

Bipyridine and 2,6-Dichloroquinoneohloroimide-Borax
Reagents

Mixtures were prepared containing known proportions of

2-BHA and 3-BHA in 72 peroent ethyl aloohol. These mixtures

were treated with the 2,6-dichloroquinonechloro1mide-borax

reagent as previously desoribed, the absorbancies measured

at 620 mp and the absorbancy per mierogram of BHA ealeulated.

S1m1lar BHA. mixtures were also treated with the terric chlo-

ride plus ~~-bipyridine reagents as previously desoribed,

the absorbancies being measured at 515 ~ and the absorbancy

per microgram of BHA ealeulated. The results of these

experiments are given in Figure 7.

Sinee the ourves in Figure 7 are sharply divergent, it
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was telt that the ratio ot the absorbancy per microgram ot

the BHA mixture, measured at 620 m~ to the absorbancy per

microgram measured at 515 m" employing the appropriate rea

gents, would be characteristic ot the proportions ot the 2-BHA

and 3-BHA isomers in a mixture.

Ratio of Absorbancies at 620 ~/515 m~ Employing the
Appropriate Reagents tor Mixtures ot 2-Tertiary-butyl
4-hydroxyanisole and 3-Tertiary-butyl-4-hydroxyanisole

The ratio ot the absorbancies at 620 ~/515 ~ tor

known mixtures of 2-BHA and 3-BHA employing the appropriate

reagents were calculated and are 111ustrated in Figure 8.

Figure 8 indicates that a straight-line relationship

exists between the proportions ot these BHA isomers and the

ratio of absorbancies at 620 m~/515 mJ except when the mix

ture oontains less than 20 peroent ot 3-8HA. Therefore, It

appeared that the determinatlon of the 620 myl5l5 m~ ratio

of absorbancies employing the appropriate reagents might

constltute a suitable basis for estimating the proportions

ot the 2-BHA and 3-BHA isomers in commercial BHA.

3. ANALYTICAL METHOD

a. Reasents

Light petroleum (3 -1- 1) - as described for the analysis

ot propyl gallate, page 35.

Ethyl aloohol - as descrlbed tor the analysis ot BRA,

page 64.
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Ferrio Chloride - as described for the analysis of BRA,

pages 64 and 65.

~~'-Bipyridine - as described for the analysie of BRA,

page 65.

2,6-Dichlorogu1nonechloroimide - as desoribed for the

analysis of BEA, page 65.

Borax - as described for the analysis of BEA, page 65.

Ammonium Acetate - as described for propyl gallate,

page 36.

b. Extraction of Butylated Hydro;yan1sole from Fat

BHA is frequent1y used together with propyl gallate,

and henoe these two antioxidants may be encountered in the

same sample. Since the presence of propyl gallate would

lead to serious errora 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 extraotion of BEA

employing 72 peroent ethyl aloohol. The proportions of 2-BHA

and 3-BHA are estimated in the alcoholic extract.
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c. Quantitative Analysis ot Total Butylated Hydroxyanisole
and the Proportion of 2-Tertiary-butyl-4-hydroxyanisole
and 3-Tertiary-butyl-4-hydroxyanisole

Place 10 g. ot the tat, or a suitable we1ght ot anti-

oxidant preparation, in a 250 ml. separatory tlask and

dissolve with 50 ml. or 3+ 1 light petroleum. It pr~pyl

gallate is present, extract this solution with three 20 ml.

portions ot aqueous 1.67 percent ammonium acetate solution

for three minutes per extraction. Allow the phases to

separate completely betore drawing ott the lower aqueous

layer. Make a tourth extraction by shaking the contents of

the flask with 20 ml. ot water for one minute.

These aqueous extracts contain the propyl gallate and

can either be discarded or amployed for the quantitative

analysis ot propyl gallate as previously described.

Extract the BHA trom the light petroleum solution with

three 25 ml. portions ot puritied 72 percent ethyl alcohol

by shaking for three minutes per extraction. Allow the

phases to aeparate completely and draw off the lower

alcoholic layer. Make.a fourth extraotion using 75 ml. of

72 percent ethyl alcohol and shaking for one minute. Com

bine the tour alcoholic extracts, dilute to a suitable

volume (150 to ;00 ml.) with 72 peroent ethyl aloohol, and

filter through double Whatman No. 54 filters.

Plaoe three portions (1 to 5 ml.) of the alooholio BRA

solution in three separate glass-stoppered 25 ml. Erlanmeyer
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tlasks that have been rendered opaque with black tape.

Dilute all portions to 5 ml. with 72 percent ethyl alcohol.

Add 3 ml. ot 100 percent ethyl alcohol, 2 ml. ot O~2 percent

terric chloride reagent, and 2 ml. ot 0.2 percent ~o(t_

bipyridine reagent to each tlask and mix the contents. Pre

pare a blank containing 5 ml. ot 72 percent ethyl alcohol,

3 ml. ot 100 percent ethyl alcohol, and 2 ml. portions ot

the reagents. Measure the absorbancy relative to the "blank"

atter exactly thirty minutes employing an Evelyn photo

electric colorlmeter fitted with a No. 515 fl1ter. Calculate

the average absorbancy at 515 m~ per ml. ot the alcoholic

BHA extract.

Place three other portions (1 to 12 ml.) ot the BR!

extract in separate Evelyn colorimeter tubes and di1ute to

12 ml. with 72 percent ethyl alcohol. Add 2 ml. of the 0.01

percent 2,6-dich1oroqulnonechloroimide reagent and 2 ml. of

2 percent aqueous borax buffer, mixlng the contents ot the

tubes after each addition. Prepare a "blank" contalning 12

ml. of 72 percent ethyl alcohol and 2 ml. portions of the

reagents. Atter twenty minutes measure the absorbancy rel

ative to the "blank" in an Evelyn photoe1ectric colorimeter

fitted with a No. 620 filter. Calculate the average absorb

ancy at 620 ~ per ml. of the a1coholic BHA extract.

Calcu1ate the ratio ot the average absorbancies at 620

m)l/515 ~ 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 factor to calculate the total

weight of BHA from the average absorbancy per ml. of extract

measured at 515 m~. Determine the aotual 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.

4. REPRonuCIBILITY OF ANALYTICAL RlSULTS AND THE EFFECT OF
THE PR:ESENCE 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 detar

mination of the proportion of 3-BHA in a mixture of the 2-BHA

ana 3-BHA isomers Ls ± 3 percent uni ta of 3-BHA. Since the

percentage of 2-BHA ia determined by dlfference from 100 per

cent, the 95 percent confidence limits for 2-BHA is also

±3 percent units.

The 95 percent confidence limita for the determlnation

of the total BEA content, calculated from the average

abaorbanoy par ml. measured at 515 m~, was lesa than:i: 1 per

cent of the total BEA.

Nordlhydroguaiaretic acid (NDGA), gum guaiac, lauryl

gallate or other reducing agents that cannot be aeparated
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trom BHA, will react strongly with the ferric chloride plus

o<,o('-bipyridine reagents. On the other band, such materials

will produce relatively little absorbancy with the 2,9-di

chloroquinonechloro!mide-borax real.nt (see Table XIV).

Therefore, the presence of these antioxidants or other reduc-

ing agents would result in the overestimation of total BEA

and the underestimation of the proportion of the 3-BHA

isomer.

5. ANALYSIS OF COMMERCIAL BUTYLATED HYDROXYANISOLE PREP
ARATIONS

In order to ascertain the variation in composition of

commercial BliA preparations, three commercial BHA prepara-

tions were analyzed and the proportion of 2-BHA and 3-BHA

isomers were estimated. 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 Preparation Percent 3-BHA Percent 2-BHA
Found ~ound

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 1somers in commercial BHA preparation

may vary widely. It may be noted, at the same time, that

the predominant isomer in the three preparations analyzed

was 3-BHA.



E. Nordihydroguaiaretio Acid

1. INTRODUCTION

Nordihydroguaiaretic acid (NDGA), was first synthesized

by Schroeter et al. (130) trom hydroguaiaretic acid and was

1ater assigned the tol1owing structure by Waller and Gisvold

(145).

During cooperative investigations by the United States

Department of Agriculture and the University of Minnesota,

NDGA was tound to occur in the oreosote bush (Larrea

divaricata Cav.), a desert plant whioh grows comnon1y in the

Southwestern United States (145). Pure NDGA was prepared by

orystallization from a orude extract of this plant materia1.

Stull et al. (138) state that orysta11ine NDGA is praotical1y

odour1ess, but has a slight astringent f1avour.

NDGA has been employed sucoessfu1ly for retarding the

development of rancidity in lard (57,73,83,84,85,143), bacon

(134), cured fish (132), carotene solutions (9,10), vegetab1e

oi1s (92) and dairy products (65,75,137,138,139,140).

NDGA ls perm.itted to be added to edi ble fats ln the

United States at a maximum level of 0.01 percent of the fat

(122). On the other hand, NDGA ls permitted to be added to

edib1e fats in Canada (17) at a maximum level of 0.005 per-

oent of the fat.
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2. TOxrCITY OF NORDIHYDROGUAIARETIC AeID

Cranston et al. {26} estimated the LD50 for NDGA by

acute toxicity tests with mice as more than 2000 mg. par kg.

and with rats as more than 2000 mg. per kg. of body welght.

However, the 1050 for NDGA injected Intraperitoneally 1nto

mice was reduced to 550 mg. per kg.

Cranston et al. (26) also conducted chronlc toxicity

tests with NDGA ovar a two-year period e.mploying rats and

mice as the test animals. Mice were red dlets containing

0.25 and 0.5 percent of NDGA. At these levels, NDGA exerted

little effect on the growth rate or feed Intake. Rats were

:t'ed diets containing 0.5 and 1.0 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 l percent level, NDGA caused an in:l.tial small decrease

in growth rate which was attributed to decreased food In

take. As soon as the animals became accustomed to the diet

the1r food intake increased and eventually thelr weight

equaled that of the control rats.

These results support the beliet that NDGA can safely

be employed at a level of 0.01 percent NOGA in edlble fats.

3. DEVELOPMENT OF ANALYTICAI. METHOD

a. Extraotlon of Nordihydrosuaiaretio Aoid from Fat

Stull et al. (138) state that NDGA Is only sllghtly
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soluble ln water, whlle being soluble to the extent of 50 g.

per 100 g. in ethyl alcohol, 20 g. per 100 g. ln ethylene

glycol and from 0.3 to 3.0 g. per 100 g. in fats and oils at

ordlnary temperatures.

Lundberg and Halvorson (85) determined the solubility

of NDGA in lard and cottonseed oil at temperatures between

30 and 150·0. Their values for solubilities are cited ln

Table XX for convenlence.

Table xx:

Minimum Solubilities of NDGA in Lard and Cottonseed 011 at
Temperatures Between 30 and 150·0 (85)..;;. _

Temperature
·0

Percent Solubillty Percent Solubl1ity
in Lard in Oottonseed 011
g./lOO g. g./100 g.

30 - 0.71
45 0.52 -
75 0.66 0.81

125 1.94 2.43
150 3.44 4.32

Sinee NDGA ls sllghtly soluble in water (138) it ls

extracted at least in part durlng the aqueous extraction of

the fat - light petroleum solution for the removal of propyl

gallate. Theretore, propyl gallate and NDGA cannot be

separated on the basls of thelr differential solubilltles.

Also, since NDGA la highly soluble ln 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

BHA employing 72 percent ethyl alcohol is aven more effective

for the extraction of NDGA. To determine the extractability

of NDGA contained in fat, the following experiment was con

ducted. Ten g. of lard containing 0.01 percent NDGA was

dissolved in 50 ml. of J + 1 light petroleum. This solution

was extracted with three, 25 ml. portions of 72 percent

ethyl alcohol, the mixture beins shaken for three minutes

per extraction. The light petroleum solution of lard was

extracted a fourth time for one minute wi th 75 ml. of 72

percent ethyl alcohol. Each alcoholic extract was diluted

to a convenient volume, filtered and analyzed for NDGA as

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. J 91.8 91.8
2 25 J 4.8 96.6
J 25 J 1.1 97.7
4 75 1 0.6 98.3
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These results indicate that four extractions of a fat

in light petroleum solution employing 72 percent ethyl alcohol

recovered over 98 percent of the NDGA present.

b. Characteristics of the Ferric Chloride - o(,olt-Bipyridine
- Nordihydroauaiaretic Acld Colour Reaction

The ferric chloride plus ~,~'-bipyridine reagents pre

viously amployed for the analysis of BHA were found satis-

factory for the analysis of NDGA.

i. Absorption Curve

Lundberg and Halvorson (85) determined the absorp-

tion curve for the ferric chloride - o<.,o<..'-bipyridlne solu-

tion upon reduc tion by NDGA and reported that the absorption

maximum was close to 510 m~.

The absorption curve for the NDGA - ferric chlor-

ide - ~~-bipyridine colour, employing the foregoing re

agents was determined as follows:- Five ml. of 72 percent

ethyl alcohol containing NDGA were employed and 3 ml. ot 100

percent ethyl alcohol, 2 ml. of ferric chloride reagent and

2 ml. of the o(,o(t-bipyridine reagent were added. A "blank"

reference solution 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

Figure 9.
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Figure 9 indicates that the NDGA - ferric chloride 

04~t-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 t1me upon the absorbancy produced

by NDGA upon reaction with the ferrlc chloride plus ~o(t

bipyrldlne reagents was determined as previously described

for BRA and the results are glven in Table XXII.

Table XXII

Etfect of Time Upon the Absorbancy Produced by NDGA Upon
Reaction with the Ferric Chloride Plus ~o(t-Bipyridine

Reagents

Time of Reaction

Minutes

0.33
0.67
1
2
3
4
5

10
30

Absorbancy Measured
with No. 515 Filter

0.572
0.577
0.583
0.613
0.620
0.622
0.621
0.624
0.644

Absorbancy/Microgram
ot NDGA

"K-value"

0.0143
0.0144
0.0146
0.0153
0.0155
0.0156
0.0155
0.0156
0.0161

These results indicate that an effective maximum aosorb-

ancy was produced within three minutes and thereafter there

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

of NDGA.

iii. Calibration Curve

A calibration curve for NDGA was prepared

exactly as described for EHA except that the resulting

absorbancy was measured three minutes after adding the ferric

chloride reagent. An Evelyn colorimeter fitted with a No.

515 filter was employed to measure the absorbencies. Typical

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
- t?(,o<!-Bipyridine Reagents for Tbree Minutes

NDGA Present

Micrograms

5
10
20
30
40
50

Absorbancy with
No. 515 Filter

0.080
0.156
0.310
0.468
0.622
0.712

Absorbancy/Microgram
of NDGA

"K-Va1ue ft

0.0160
0.0156
0.0155
0.0156
0.0155
0.0142

The values reported in Table XXIII suggest that the

NDGA calibration curve obeys Beer's Law over the range of 10

to 40 micrograms NDGA per 12 ml. of solution.
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4. ANALYTICAL METHOD

a. Reagents

Light Petroleum (3 + lt - As described for propyl

gallate, page 35.

Ethyl Alcohol - As descrlbed for BRA, page 64.

Ferric Chloride - As described for BRA, pages 64 and 65.

C\~t-Bipyridine - As described for BRA, page 65.

b. Q,uantitative Procedure

No specific qualitative test for microgram quantities

of NDGA has been found or is 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 extrac

tion of propyl gallate with aqueous 1.67 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 BBA, except tbat the absorbancy la

measured three minutes after the addition of the ferrlc

chloride reagent. The concentration of NDGA ln micrograms

per aliquot is obtained by divldlng the observed absorbancy
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at 515 mp by a "K-value" of 0.0155.

5. RECOVERY OF NORDIHYDROGUAIARETIC ACID FROM FAT AND
REffiODUCIBILITY OF ANALYTICAL RESULTS

Six identical fat semples 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
Percent

Standard
Deviation

0.0001

99 Percent
Confidence Limits

± 0.0005

The values in Table XXIV indicate that a single analysis

of a fat containing 0.01 percent of NDGA would be subject to

an error ot no more than :i: 5 percent ot the NDGA present.



F. Determination of ButylatedHydroxyanisole and
Nordihydroguaiaretio Aoid in the Same Sample

1. INTRODUCTION

The use of 0.02 peroent butylated hydro~anisole (BHA)

in oombinatlon with 0.01 peroent nordihydroguaiaretic acld

(NDGA) is permltted in edible fats in the United States (122).

However, the Canadlan Food and Drug Regulations (17) permit

the use of 0.005 percent NDGA, elther alone or in combination

with 0.02 percent BHA in edible fats.

The analytical method for mixtures of BHA and NDGA here

described is based upon the fact that NDGA reaots much more

rapidly with the ferric chloride plus ~~t-bipyridine reag

ents than does BHA. As previously stated, NDGA attalns an

effective maximum colour formation ln three minutes, while

BHA requlres thirty minutes. Therefore, by measuring the

absorbancy produced after two different time intervals em

ploying duplicate portions, it ls possible to estimate the

amount of NDGA and BHA. in a mixture.

2. DEVELOPM:lllIT OF ANALYTICAL METHOD

a. Extraction of Butylated Hydroxyanisole plus Nordihydro
guaiaretic Acid from Fats

If both NDGA and BlIA are present in the same fat sample,

they will both be extracted by 72 percent ethyl alcohol.

Therefore, to extract these antioxidants, 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

determinat10n of BHA (pages 66 and 67).

b. Effect of Time on the AbsQrbancy Produced by Butylated
Hydroxyan1s01e and Nord1hydrogua1aretic Acid Upon Reaction
with the Ferric Chloride plus os"c;{'-Bipuidine Ressents

Five ml. portions of 72 peroent ethyl alcohol, containing

40 micrograms of BH!. or 40 mic.rograms of NDGA were plac ed ioto

opaque Erlenmeyer flasks followed by 3 ml. of 100 percent

ethyl alcohol, 2 ml. of 0.2 percent ferr1c chlor1de and 2 ml.

of 0.8 percent ~o('-b1pyridine reagents. After intervals ot

one and of th1rty minutes, the result1ng absorbano1es were

measured in an Evelyn colorimeter fitted w1th a No. 515

f11ter relative to reagent "blanks" held for equal intervals

of time. The results ot these experiments are summarized in

Table XXV.

Table XXV

Effect ot Time on the Absorbancy Produced by BHA and NDGA
Upon Reaotion with the Ferrio Chloride plus o<.,o('-Bipyridine
Reagents

Antiox1dant Reaction Time Absorbancy!Miorogram of Antioxidant
Minutes "K-Value"

BHA 1 0.0016
mA 30 0.0156

NDGA l 0.0146
NDGA 30 0.0162

It will be noted that atter one minute BHA 4as produced
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approximately 10 percent of the absorbancy finally obtained

after thlrty minutes, whlle NDGA has produced approx1mately

90 percent of the absorbancy obtained after thirty minutes.

Therefore, it is possible to set up two simultaneous equa

tions on the assumption that the absorbancies are additive.

Absorbancy at one minute :: 0.9 N+ 0.1 B

Absorbancy at thirty minutes: 1.0 N + 1.0 B

Where "N'ft and "B" are the absorbancies due to NDGA and BHA

respectively after a reaction time of thirty minutes.

o. Additivity of the Butylated Hydroxyanisole and Nordi
hydroguaiaretic Acid Absorbancies Obtained with the
Ferric Chloride plus c(,o(J-Bipyridine Reagents

Solutions containing BBA, NDGA and BHA plus NDGA were

analyzed in duplicate at tbree concentration levels employ-

ing the ferric chloride plus ~,o(t-bipyridine reagents. The

absorbancy of one of each pair was measured relative to

appropriate reagent "blanks" after one minute and the other

after thirty minutes of reaction. Al1 measurements were made

with an Evelyn color1meter fitted with a No. 515 fil ter.

The results of this experiment are given in Table XXVI.

The results given in Table XXVI were then evaluated

employing the following formulae:-

Absorbancy after one minute :: 0.9 N + 0.1 B

Absorbancy atter thirty minutes - 1.0 N + 1.0 B

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

Additivity of the BHA and NDQA Absorbancies Obta1ned with
the Ferric Ohloride plus '?\aoS!-Bipyr1dine Reagents

Antioxidants/Aliquot Absorbancy Measured with No. 515 F1lter

BHA. NDGA After 1 Minute Af'ter 30 Minutes
Micrograms Micrograms Reaction Reaotion

0 45 0.642 0.703
0 36 0.527 0.575
0 27 0.389 0.452

9 18 0.282 0.444
12 24 0.364 0.602
15 30 0.463 0.703

18 9 0.169 0.440
24 12 0.219 0.564
30 15 0.277 0.703

27 0 0.063 0.445
36 0 0.086 0.575
45 0 0.110 0.706

NDGA and BRA after thirty minutes reaction. The ca1culated

value of WN~ divided by 0.0161 and of "B" divided by 0.0156

yield the concentrations ot NDGA and BliA respectively,

expressed as micrograms per aliquot anployed. The results

ot these caloulations are given in Table XXVII.

The values in Table XXVII show that analytical values

tor BRA ranged trom 96.2 to 103.7 percent of the BRA present

while for NDGA these values ranged trom 98.7 to 106.0 per-

cent ot the NDGA present. On the other hand, estimates ot

total antioxidant (BHA plus NDGA) ranged trom 96.9 to 101.8
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Table XXVII

Results of the Analysis of Mixtures of BEA and NDGA

Antioxidants Present Antioxidants Found œotal Antioxidant Found
Micrograms/ml. of Micrograms/ml. of Micrograms/ml. of

Solution Solution Solution
BHA NDGA BHA NI>GA BEA plus NDGA

0.0 9.0 -0.03 8.88 8.85
3.0 6.0 3.11 6.05 9.16
6.0 3.0 5.85 3.18 9.0)
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. Bince

the use ot BHA together with NDGA was not permitted in Canada

at the time this investigation was made, further s tudy ot

this procedure was not undertaken. In its present torm this

method shou1d 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 propy1 gallate,

page 35.

Ethy1 Alcoho1 - As described for BHA, page 64.

Ferric Ch10ride - As described tor BHA, pages 64 and 65.

o),o(t-BipITidiIie - As described tor BHA, page 65.
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b. Qualitative Procedure for Butylated Hydroxyanisole plus
Nordihydroluaiaretic 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 BEA using the 2,6-dichloroquinonechloroimidew

borax reagent as previously desoribed (page 65). The appear-

ance of a blue colour withln flfteen minutes ls indicative

of BHA. If BHA ls found but propyl gallate is not, then it

is possible that BHA plus NDGA might be present. Bince there

ls no specifie test for NDGA, the only characteristics of

NDGA that can be employed are, flrstly, that it ls easily

extracted from a light petroleum solution of fat with 72 per-

cent ethyl alcohol and secondly, that it reacts almost

lnstantaneously wlth the ferric ohloride plus o(,o('-bipyridine

reagents to produce a red colour. Rowever, BHA also reacts

with these reagents to produce a red colour. Renee, if the

qualitative test for BEA is positive, then it becomes

necessary to perform the following test to ascertain whether

NDGA is also present.



114

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 ~~-bipyridine reagents. Deter-

mine the absorbancies measured after one and ten minutes

respectively, relative to reagent "blanks" held for the sarne

time intervals amploying an Evelyn colorimeter with a No.

515 filter. Portions should be so chosen that the absorb-

ancy measured after ten minutes does not exceed 0.7. Hext,

oalculate the ratio of the absorbancies measured at one

minute ta that measured at ten minutes and compare this

value with those in Table XXVIII.

Table XXVIII

Ratio of Absorbancies Measured at One and Ten Minutes as
Related to the Proportion of BliA and NDGA Present

Peroent NDGA

100
80
60
40
20
o

Peroent BHA

o
20
40
60
80

100

Ratio of Absorbanoies at
1 Minute per 10 Minutes

0.99
0.85
0.71
0.54
0.35
0.27

In the United states where the use of BEA together with
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NDGA was first permitted (122), these antioxidants were

lnitially 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 BEA

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 NOUA. In such a mixture there is only 9 per

cent of NDGA and consequently the ratio of absorbancies at

one minute per ten minutes would be approximately 0.30, which

is not distinguishable from the ratio of 0.27 for pure BEA.

Consequently, the application of this qualitative procedure,

although effective a few years ago, is now quite l1mited in

its application. In actual fact it is 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 t he presence of NDGA is suspected.

c , Q,uantitative Procedure tor Butylated Hydroxyanisole plus
NordihydroBuaiaretic Acid in Fat

Place 10 g. of fat in a separatory tunnel and dissolve

wi th 50 ml. of 3.... 1 light P etroleum. The BHA and NDGA are

extracted together trom this tat 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. Dilute 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(t-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 Evelyn colorimeter fitted with a No.

515 filter to measure the absorbancies. Apply the following

simultaneous equations to the absorbancies measured.

Absorbancy after one minute =- 0.9 N + ·0.1 B

Absorbancy after thirty minutes =1.0 N + 1.0 B

where "B" is the absorbancy due to BliA and "M" is the absorb

ancy due to NDGA at thirty minutes.

Solve the foragoing equations and calculate the respect

ive absorbancies due to NDGA and BHA. The value of "N tt

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 BliA respectively expressed in micrograms per portion

employed.
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4. RECOVERY OF BUTYLATED HYDROXYANISOLE PLUS NORDIHYDRO
GUAIARETIC AeID FROM FAT AND REPRODUCIBILITY OF TEE
ANALYTICAL RESULTS

Six, 10 g. fat samples containing 0.020 percent of BEA

together wlth 0.010 percent of NDGA were extracted and

analyzed for these antloxldants as prevlously descrlbed.

The average recovery for BEA was 97.0 percent and for NDGA

was 96.4 percent. It ls not clear why the recovery figures

for BEA plus NDGA in the same sample should be lower than

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 addltional extraction with 72

percent ethyl alcohol should have been employed. Recoverles

might have been one or two percent higher if this had been

done ,

A fat sample containlng approximately 0.02 percent of

BHA and 0.01 percent of NDGA was analyzed six times amploy-

ing the preceding method. In aIl 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-

tioally and are shown in Table XXIX.

Data in Table XXIX indicate that the 99 percent confld-

ence limits for NDGA was approximately ± 2.,5 percent and for

BHA was approximately i: 1.3 percent of the amount present.
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Table XXIX

Reproducibi1ity of the Ana1ytica1 Values for BliA and NDGA

Antioxidant Mean of Six standard 99 Percent
Determinations Deviation Confidence

Percent Limits

NDGA (w1th BHA) 0.01059 0.00006 :t:: 0.00025

BHA (with NDGA) 0.01942 0.00006 ± 0.00024



G. Lauryl Gallate

1. INTRODUCTION

As has been stated already, gallic acid and propyl

gallate are powerful antioxidants for lard and other dry

fats (l02), but their solubility in fats is low (85,102) and

in addition their activity is not carried over into baked

goods (102). Morris et al. (105) synthesized the octyl-,

dodecyl-, tetradecyl-, hexadecyl- and octadecyl- esters of

gallic acids and 'stated that these higher esters are readily

soluble in fats and oils (105) which ls a very important

factor facllitating the commercial stabilization of fats.

Morris et al. (105) state that these gallate esters, exhibit

about the same order of antioxidant activity in lard as does

NDGA or gallic acld as measured by the active oxygen method.

These workers (l05) also determined the carry-over of the

antioxidant properties of these higher gallate esters into

baked pie crust by means of storage tests at 38· and 63·C.

Their results show that the higher gallates have good pro

tectlve action in baked pie crust and are far superior to

galllc 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 analytical method for dodecyl- (lauryl) gallate in

fat.
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2. TOxrCITY OF LAURYL GALLATE

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 is 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 ooours

as a glyoeride in many vegetable fats, for exemple 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 emounts 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 daily diet produced no deleterious

effects as judged by food intake, rate of growth, gross ob

servations at time of autopsy and histopathologloal exam

ination of the tissues. Diets containing 1.0 percent of

lauryl gallate definitely inhibited 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 diet caused no h1sto-

pathological changes in the var10us organs but decreased food

1ntake to the point where starvation was an obv10us factor

contribut1ng 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 GALIATE

The direct esterification of gallic acid with the lower

alcohols containing up to six carbon atoms has been accom-

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 atoms trom eight to eighteen with the

exception of decyl-gallate.

The synthesis of lauryl gallate was based on the direct

method of esterificat10n described by Ault et al. (3) and

was as follows:~

Technical grade gall1c acid was decolourized with

activated carbon, recrystallized twice trom glass disti11ed. .
water and t hen heated to 125 C for four hours to rem.ove water
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of orystallization.

The lauryl aloohol employed was purified by distilla

tion through a traotionating oolumn under reduoed pressure

and the middle-portion ot the distillate was used.

Other reagents amployed were not sub3ected to

additional purifioation.

One hundred and two g. of anhydrous gallio acid and 224

g. of lauryl aloohol were refluxed slow11 in 1070 ml. ot

anisole and 62 ml. ot nitrobenzene in the presence ot 5 g.

ot naphthalene-j3-sultonio aoid tor twenty hours. The re

tluxing solvents were ciroulated tbrough a Barrett-type

distilling receiver to separate the water produced during

the esteritication. Atter the reaotion was oompleted the

solvent mixture was subjeoted to steam distillation until a

considerable portion ot the unreaoted lauryl alcohol had

been removed. The reaction product wa.s then dlssolved in

two liters ot benzene and washed with water to remove the

axcess ga11ic acid and naphthalene-f3-sultonic aoid. The

lauryl gallate was precipitated by the addition ot light

petroleum. To ensure complete removal ot gallio acid, the

lauryl gallate was dissolved in warm absolute ethyl aloohol

and the lauryl gallate preolpitated by the addition ot oold

glass dlstilled water. This precipitate was tiltered, sucked

dry ot solvent and drled in vacuo. This puritioation step

was repeated until there was no turther ohange in the
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infra-red absorption spectra of the precipitate. This

product was employed for all subsequent experiments.

4. DEVELOPMENT OF ANALYTICAL METHOn

a. Choice 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 detai1 as

described in the following sections.
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i. The Effect of the Concentrations of Acetone and
Sodium Carbonate Upon the Co10ur Reaction with
Laury1 Gallate

A number of 1 ml. portions of acetone containing

200 micrograms of lauryl ga11ate were p1aced 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 co10ur formation was fol10wed

in an Evelyn co10rimeter fitted with a No. 515 filter, aIl

measurements were made relative to appropriate "blanks".

The results of these experiments are summarized in Table XXX.

Table XXX

Effect of Acetone and Sodium Carbonate Concentrations on the
Absorbancy Produced with Lauryl Ga11ate

Percent Percent Maximum Absorbancy Obtained with a
Acetone Aqueous No. 515 Fi1ter within 15 Minutes

Sodium Concentration of Sodium Carbonate
Carbonate Solution Emnloved

0.025% 0.10% 0.30% 0.50% 1.00% 1.50%

10 90 0.063 0.100 0.053 0,000 0.000 0.000
20 80 - - - - 0.201 0.245
30 70 0.213 0.370 0.471 0.462 0.495 -
40 60 - - - 0.463 0.541 0.550
50 50 0.235 0.359 0.458 0.481 0.555 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 ot
sodium carbonate.
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Results in Table XXX indicate that 40 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 analysis

of lauryl gallate. 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 relatively 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~odium Carbonate Colour
Reaction

Five ml. of an acetone solution containing approx-

imately 22 micrograms of lauryl gallate was added to 5 ml. of

aqueous 1.0 percent sodium carbonate reagent. The resulting

colour was allowed to reach maximum intensity and the absorp-

tion curve determined relative ta a "blank" employing a

Beckman B spectrophotometer fitted with a one cm. celle 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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~igure 10 Absorption Curve for Laury1 Gal1ate in the
Presenoe of Aoetone and Sodium Carbonate
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absorption maximum at 520~. Therefore, when emp10ying an

Eve1yn co1orimeter,a No. 520 filter was employed to measure

the absorbancy produced by lauryl gallate.

ii. Calibration Curve for Laury1 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 titted with a No. 520 filter. The resulting

data are given in Table XXXI.

Table XXXI

Calibration Curve for Laùryl Ga1late in Acetone Solution

Lauryl Gallate Absorbancy with Absorbanoy!Miorogram ot
a No. 515 Fi1ter Laury1 Gallate

Miorograms "K-Value tt

80 0.230 0.00288
160 0.451 0.00282
180 0.520 0.00288
200 0.562 0.00281
200 0.570 0.00285
240 0.693 0.00287
300 0.856 0.00285

Results in Table XXXI shows that the laury1 ga1late

oolour reaotion obeys Beer's Law over the range of 80 to 300
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micrograms per 10 ml ,

iii. Extraction of Laaryl Gallate From Fats

Previous investigations showed that lauryl

gallate exhibited maximum colour formation with sodium

carbonate in the presence of 40 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 failure, 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

solution. When high concentrations of acetone were employed

these solutions dissolved 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. Aqueous l 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 rose

coloured reaction product of lauryl gallate, and may be run

off, filtered and the absorbancy measured at 520 mf. Employ

ing this procedure it was possible to extract the lauryl

gallate and develop the coloured product in a single step.
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iVe Oolour 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 - 100·0 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. Whatman 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

XXXII.

Table XXXII shows that maximum colour intens1ty was

obtained five minutes after adding the sodium carbonate

solution.
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Table x:x:xII

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

Reaction Time in Minutes Absorbancy with a No. 520 Filter

2 0.540
3 0.562
4 0.570
5 0.574
6 0.572
8 0.570

10 0.565
12 0.562
15 0.552

v. 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 wlth

sodium carbonate as previously described. The results are

given in Table XXXIII.

Results in Table XXXIII indicate that the lauryl

gallate - acetone - sodium carbonate oolour reaction obeys

Beer's Law over the range of 80 to 320 micrograms of lauryl

gallate in 18 ml. of aqueous acetone solution.
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Table XXXIII

Calibration Data for Lauryl Gallate in Lard

Lauryl Gallate Absorbancy with a No.
Micrograms 520 Filter for Aqueous

Acetone Phase (18 ml.)

Absorbancy/Micrograms
of Lauryl Gallate

"K-Value"

80
160
240
320
400

5. ANALYTICAL METHOD

a. Reagents

0.125
0.248
0.368
0.490
0.572

0.00156
0.00155
0.00153
0.00153
0.00143

Light Petroleum - 60 to 100·0 boiling range 

(Skellysolve H) - redistilled in all-glass equipment.

Acetone - Acetone distilled in all-glass apparatus.

Sodium Oarbonate - 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 aqueous sodium carbonate solution 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 filtrate in a colorimeter tube. Five minutes

after adding the sodium carbonate reagent, measure the absorb

ancy with an Evelyn colorimeter fitted with a No. 520 filter

relative to a "blank". Under these conditions it was found

tha t the obs erved absorbancy divided by a "K-value" of

0.00154 yielded the concentration of lauryl gallate expressed

as micrograms per portion employed.

c. Reproducibility 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. For 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 unlikely 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. Ther~fore, the fat solution after the extraction

of these antioxid~nts cau be employed for the estimation of

total tocopherol ~n lard or shortening. Since both lard and

the vegetable oils used in shortenings contain one or more

of the 0(-, (3 -, (( - or <S - tocopherols, no attempt was made to

determine the individual tocopherols. Instead, the total

tocopherol content was estimated and expressed in terms of

ol-tocopherol.

There is an extensive literature on the chemical deter

mination of tocopherol; only a few leading publications

exemplifying 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 ferrio ions by the

tocopherols and the reaction of the ferrous ions formed to

produce a coloured complex with ~~-bipyridine. A large

number of modifications of this procedure have been developed,

most of them involving the preliminary treatment of the
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samp1e for the reœoval of interfering substances. This is

necessary because thereduction of ferric ion is not speoific

for the tocopherols and a1so because the ditferent tocopherols

differ in their rates of reaotion (72).

Q.uaife et al. (116,1l7) introduced mi1d hydrogenation of

tocopherol-oontaining lipids, to el1m1nate interferenoe from

vitamin A, carotenoids and other eomponents in the Eamerie

Ingel reaotion. Later, as Dam et al. had done before (28,

49) Quaife and Harris (118) employed moleeular distillation

to .concent r at e the tooopherols from lipids of low tocopherol

oontent and also to eliminate minor tnterfering constituents.

These prooedures, although highly effective, are not applic

able to rapid routine analysis.

Fox and others (18,45) extraoted the fat in light

petroleum solution with 60 percent v/v sulphurl0 aoid to

remove vitamin A. Parker and McFarlane (40,11) employed 85

percent v/v sulphurlc aoid to remove carotenoids trom wheat

germ 011. It has sinee been shown br Ohapman and Oampbell

(18) that the use of 85 percent v/v sulphurio aold results

in the destruotion of non-o(-tooopherols, wh1le 60 percent

v/v sulphuric acid does not destroy tocopherol. Kjolhede

(71) emp10yed adsorption on floridin earth to remove inter

ferences. However, there is considerable risk of tooopherol

destruotion during adsorption or ohromatographio procedures.

Meunier and Vinet (100) passed a benzene solution of the fat
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through a column of montmorillonite clay and cla1m.ed tbat the

carotenoids, vitamin A, sterols, phospholipids, ohlorophyll,

pyrroles and bilirubin were retained on the oolumn while the

tocopherols and neutral fat passed through.

Saponification has been employed as a means of rEmoving

the fat and concentrating the unsaponifiable. This approaoh

has been studied extensively. Results reported vary from

statements tbat saponification oannot be used, to statements

that it is neoessary in order to get reliable results (37,38,

102,118). Studies with the pure tooopherols (34,135), show

that they are unstable in the presenoe of alkali unless

oxygen is rigidly exo1uded. Therefore, any method employing

saponifioation must neoessarily provide some means of proteo

ting the saponifioation mixture t'rom oxidation.

Quaife et al. (119) employed a oorreotion faotor,

namely, absorbanoy of the fat solution at 460 ~ to oorreot

for errors due to oarotene in the Emmerie and Engel pro

oedure. This i8 a rapid and apparent1y aoourate procedure.

Furter and Meyer (46) oxidized tocopherol with nitric acid

and employed the resulting red-coloured quinoid form as a

measure of tooopherol. This method, however, is not very

sensitive but avoided errors due to other reduoing impur

ities. Tooopherol may also be estimated by titration with

oeric su1phate in the presenoe of p-ethoxy-ohrysoidine (131)

as an indicator and auric ohloride may a1so be emp10yed (133).
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Meunier and Vinet (98,99) emp10yed the reduotion ot

terrio ohloride in the presenoe of potassium ferrioyanide

for the estimation ot tooopherol. Ramaohandran and Rau (120)

reported olose agreement between the Meunier and Vinet and

the Emmerie and Engel prooedures for the determination ot

total tooopherol.

In addition to the toregoing metbods there are a large

number of methods designed tor the estimation of one ormor.

ot the four known tooopherols. However, these methods will

not be reTiewed here.

The Emmerie and Engel (35) method was ohosen tor the

estimation ot total tooopherol beoause of its rapidity and

relatively high sensitivity. Parker and MoFarlane (11)),

employed a modifioation of the Emmerie and Engel prooedure,

to determine total tooopherol in wheat germ oil. This method

oonsisted of adding an a10oholio solution of terrio ohloride

and 04o('-bipyridine to a 1 or 2 peroent solution of wheat

germ oil in light petroleum. Total tocopherol was estimated

by measuring the absorbanoy st 515 mJl in the ethyl aloohol 

light petro1eum - fat solution. This procedure ls satis

factory tor whest germ oil which oontains as much as 0.55

percent tocopherol (4). However, when the Parker and

MoFarlane _thod was applied to lard, whioh contains only

0.00) peroent tooopherol (20), virtually no absorbancy was

produoed. In order to inerease the sensitivity of this
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method it was neoessary to inorease the oonoentration of the

fat solution employed. However. sinoe fats and oils suoh as

lard, butterfat, oooonut, soybean, and oottonseed exert a

depressing effeot on the intensity of oolour produoed by

tooopherol on reaotion with ferrio ohloride and ~o('-bi

pyridine (67) there was little soope for inoreasing the

sensitivity of the method by inoreasing the oonoentration ot

tat employed. The oolour depressing etteot ot fats and

bydrooarbons is attributed to interaotion between these

oompounds and the ferrous and ferrio ions ot the reagent (68).

In order to OV'eroome the etfeot of high fat oonoentra-

tions upon oolour formation, lt was deoided to add water to

the light petroleum - ethyl aloohol - fat solution in order

to reduoe the etbyl aloohol oonoentration to less than 90

peroent. This oauses an ethyl aloohol phase to separate

oarrying with it al1 of the ooloured reaotion produots. At

the same time, about 98 peroent of the fat remaina behind in

the light petroleum phase. Thus treed ot muoh ot the fat.

the resulting colour intenslty is not suppressed to suoh an

extent and, theretore. higher tat oonoentrations oan be

employed. A more sensitive method for estimating total

tooopherol in lard or shortening was developed on the basis

of these observations.
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2. DEVELOB.mNT OF ANALlTIOAL METHOD

a. Ohoice ot Reagent Concentrations

A 1.5 percent solution ot bydrogenated soybean oil

which contains the oI....-.(!J -. '0 - andS- tocopherols (1l6) was

prepared in 60 - 100·0 light petroleum. Ten ml. portions ot

this solution were placed into 125 ml. low-actinic-glass

separatory tunnels. Into a s1milar series ot s eparatory

tunnels were placed 10 ml. portions ot 60 - 100·0 light

petroleum to be employed as "b1anks". Ditterent volumes ot

0.2 percent t'erric chloride (Fec13. 6H20) and 0.5 percent

~~-bipyridine reagents in 100 percent ethyl alcohol were

added. In all cases a complementary volume ot 100 percent

ethyl aloohol waS added te adjust the total volume ot ethyl

alcohol to 10 ml. 8ix minutes atter adding the terric

chloride reagent, 1.2 ml. ot water was added to reduce the

ethyl alcohol concentration to approximately 90 percent and

'the separa'tory tunnel inTerted twioe te mU. the contents.

~ter nine minutes the alooholio layer was run ott, tiltered

and the absorbanoy measured at ten minutes relative to an

appropriate "blank" employing an Evelyn oolorimeter titted

wlth a No. 515 tllter. Some ot these results are given in

Table XXXIV.

The results shown in Table XXXIV indicate that the

resultlng absorbancy obtained wlth the tocopherols ot
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Table :unv

Ettect ot the Amount or P'erric Chloride and o(,o('-Bipyrldine
Upon the Absorbaney Produced with the Tocopherols ot
Hydrogenated Soybean Oil

Volume ot Absorption Measured with a No. 515 Filter
O.5~ ~,- Volume ot 0.2 Percent Ferrie Chloride
Blpyridilie . ' .-: ml.

ml. 0.25 0.5 0.75 1.0 2.0 3.0 4.0 5.0

1.0 - - 0.910 0.7)5 0.)96 0.179 - -2.0 - 0.901 0.928 0.910 0.842 0.642 0.461 0.2)7
).0 0.870 0.955 0.9)9 0.9)6 0.918 0.850 - -
4.0 0.907 0.96) 0.966 0.961 0.965 0.967 0.876 -
5.0 0.921 0.961 0.966 0.959 0.962 0.962 0.947 -

hydrogenated soybean oil is int1ueneed by the amount and

ratio ot the terrie ehloride to o(,o('.bipyridine reagents.

In all cases, increasing the amount ot ~o('-bipyridine

resulted in increased absorbancy. When 6 ml. ot 0.5 per-

cent o(,ol'-bipyridine solution was employed, the resulting

alcoholic phase was turbide In the presenoe ot 4 or 5 ml.

ot 0.5 percent o(,o('-bipyrid1ne, maximum absorbanotes were

obtained with 0.5 to ).0 ml. ot 0.2 percent terrie ehloride

solution. Apparently, any reagent combination within these

limita would prove equal1y satistaotory. Theretore, 1 ml.

ot 0.2 pereent terrie ohloride (2 mg. ot FeC1).6B20)

together with 4. ml. ot 0.5 peroent ~o(!-bipyridine (20 mg.)

were ehosen tor the analysis ot toeophero1.
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b. Oharacteristios ot the Tocopherol - Ferric Ohlorlde -
o>,o<...'';'Bl:pyridine Reaotion .

1. Etteot ot the Volume ot Llght Petroleum., Conta1ning
the Fat Sample, Upon the Result1ns Absorbanoy

A serles ot experlments were conducted to determine

the effect ot the volume ot light petro1eum employed to dis

solTe the tat sample, upon the result1ng absorbancy. One

hundred mg. portions ot hydrogenated soybean 011 oontained

in 5 to 60 ml. ot 60 - 100·0 11ght petroleum were reaoted

wlth 5 ml. of 0.04 percent ferrlc chlorlde ,(2 mg. F8Cl,_6H20)
and 5 ml. ot 0.4 percent 04ol!-blpyridine (20 mg.) as pre-

vlous1y described and the resulting absorbancles msasured

with a No. 515 fllter in an Evelyn colorimeter. The results

of these experiments are glven in Table XXXV.

Table XXXV

Efteotof the Volume of Light Petrolewn Employed to Dissolve
the Fat Upon the Result1ns Absorbancy

Volume Llght .A.bsorbancy Volume of Relatlve
Petrolewn Measured Alcoholl0 Sens ltlvlty
oontaining wlth No. Phase Absorbancy x Volume
:rat Sample 515 ml.

ml. Fl1ter

5 0.703 14.6 104.0
10 0.725 13.6 100.0
15 0.745 12.5 94.5
20 0.735 12.3 91.9
25 0.742 11.0 82.9
40 0.764 9.0 69.7
60 - 5.5 Oolour not complete1y

extraoted trom the
11gbt Petro leum phase
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Results in Table XXXV show that the larger the volume

of llght petroleum employed to dissolve the fat sample, the

lower became the relatlve sensltlvlty of the method. If

more than 25 ml. ot light petrolewn was employed, the red

terrous blpyrldine colour was not completely extracted into

the alcohollc phase. Therefore, 10 ml. ot 60 - 100·0 light

petroleum. was retained tor dlssolving the fat sample,

because the use ot 5 ml. would necessitate the use of still

hlgher tat concentrations whioh are undesirable.

11. Ertact of Varying the T1me Interval Between the
Addltlon ot the Reagents and the Separation ot the
Alcoholic Phase

Ten ml. portions ot a 1.0 peroent solution ot

hydrogenatad soybean oil in 60 - 100·0 llght p etroleum were

placed in l25-ml. low-actinlc-glass separatory funnels. Five

ml. ot 0.04 percent ferrlc chlorlde and 5 ml. ot 0.4 percent

o(,o('-bipyridine reagents were added. After intervals of two

to fltteen minutes, 1.2 ml. of water was added and the

separatory funnels inverted twice. Alter a turther three

minutes the alcoholl0 phase was run ott, fl1tered and the

absorbancy measured one minute later in an Evelyn colorimeter

tltted with a No. 515 tilter relative to a similarly treated

ttblanktt• The results of these experiments are reported in

Table :XXXvI.

It ls nldent tba t increasing the tlme Interval batween

the additlon of the reagents and the separation of the
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Table XXXVI

Ettect ot the Tlme Intarval Between the Addition ot the
Reasents and the Separation ot the Alcoholio Phase

Time Between Addition
of Reagents and Separation
ot the Alcoholie Phase

Minutes

2
4
6

10
15

Absorbaner
Measured
with No. 515

:Jrilter

0.645
0.670
0.686
0.695
0.693

Relative
Absorbeney

94.0
97.7

100.0
101.3
101.0

alooho1io phase from s lx to ten or titteen Ddnutes on1r

inoreased the resulting absorbanoy br 1 peroent. Theretore,

an !nt.rva1 of six minutes was retained between the addition

ot the reagents and the separation ot the aleoho1ie phase.

iii. Etteet ot Varying the Tlme Interval Between the
Separation ot the Alcoho1ic Phase and the Keasure.
ment ot the Absorbaney .

Ten ml. portions of a 1 peroent solution of

hydrogenated soybean oil in 60 - 100·0 light petroleum were

placad in l25-ml. low-actinic -glass separatory tlasks and 5

ml. ot 0.04 percent terrie eh10ride and 5 ml. ot 0.4 percent

~o<..'-bipyridine reagent added. Six minutes atter adding the

terrle ehlorlde reagent 1.2 ml. ot water was added and the

tlasks lnverted twiee. Atter interyals ot one to tourteen

minutes the alcohollc phase was run oft, tilterad and the
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absorbancl' aeasured one minute later at 515 m}l relative to

an appropriate "blank". The results of these exper1ments

are given in Table XXXVII.

Table AllvII

Ef'f'ect of' T1me Interval Between Separation of' the Alcoholic
Phase and Measurement of' the Absorbancy

Time Between Separation
01' Alcoholic Phase and
Measurement of' Absorbancy

Minutes

2
4
6

10
15

Absorbancy
Measured
with No. 515

Filter

0.706
0.736
0.736
0.733
0.738

Relative
Absorbancy

96.0
100.0
100.0

99.6
100.3

Results in Table XXXVII show that almost identica1

results were obtained when there was a t1me interval of' tour

to f'itteen minutes between the separation of' the alcoholic

phase and the measurem.ent 01' the absorbancy. For future

work an interval 01' six minutes was adopted between the

separation of the alcohollc phase and the measurement of the

absorbancy with a No. 515 t'ilter.

iv. Ettect 01' the Volume ot Water Emp10yed to Caus~

the Separation ot the Alcoh01ic Phase

Ten ml. portions 01' a 0.8 percent solu.tion 01'

hydrogenated soybean oil ln 60 - 100· C light petroleum were
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plaeed in l25-ml. low-actinie-glass separatory tlasks and 5

ml. 01' O.O~ percent terric chloride and 5 ml. 01' 0.4 peroent

o(,ol'-bipyridine reagent added. Six minutes after adding the

terric chloride, 0 to 5 ml. 01' water were added and the

tlasks inverted twice. Atter a turther tive minutes the

alcoholic phase wu run ott, 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 01' the alcoOOlic phase was a1so measured. The

results of the experiments are given in Table XXXVIII.

Table XXXvIII

Ettect of the Volume of Water Employed to Cause the Separa
tion of the Alcoh01ic Phase

Volume of
Water Added

ml.

0.0
1.0
1.2
1.4
2.0
3.0
~.o

5.0

Volume ot
Alcoholic Phase

ml.

* 20.0
1~.3

13.5
13.1
12.8
13.2
13.8
1~.7

Absorbancy w1th
a No. 515 Pilter

O.~l~

0.553
0.582
0.58)
0.574
0.555
0.532
0.~9g

* In this case no water was added and the absorbanoy
ns measured in the ethyl alcohol - light petroleum - fat
solution.

Resulta in Table xnvrII indicate that the addi tion 01'
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2 ml. of water resulted in the minimum volume of alcoholic

phase. In the vic1nity 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 obtained with 2 ml. Therefore, 2.0 ml. of water was

selected to cause the separation of the alcoholio phase.

Although slightly larger absorbanoies were obtained when 1.4

ml. of water was added, it appeared desirable to employa

volume of 2.0 ml. because of the greater ease and accuracy

of measurement.

v. Absorption Curve for the Tocopherol - Ferrio
Chloride - ~,~t-Bipyridine Colour

The absorption curve for the tocopherol - ferrie

chloride - ~o('-bipyr1dine coloured reaction product was

determin8d relative to a reagent "blank" amploying a Beckman

B speotrophotometer. The resultlng absorption ourve is given

in Figure 11.

These results show tbat the maximum. absorption

ocourred at 522~. Therefore, either a No. 515 or No. 520

filter was employed to measure the absorbancy with an Evelyn

color1meter.

vi. Calibration Data for o(-Tocopherol

Typical oalibration data foro(-tocopherol eœploy

ing the foregoing conditians are illustrated in Table xXXIX.
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Table xxxlX

Oalibration Data torel-Tocopharol

~-Tocopharol/10ml. Absorbanc7 with
No. 515 Filter

Micrograms

20 0.100
30 0.155
40 0.204
50 0.249
~ 0.~3

70 0.355
80 0.403

120 0.593
160 0.776
200 0.951

Absorbancy par
Microgram Tocopherol

"X-Value"

0.00500
0.00517
0.00510
0.00498
0.00505
0.00507
0.00504
0.00494
0.00485
0.00475

Tabla xXXII indicatas that Baar's lawapplias ovar the

range ot 20 to 80 miorograms oto(-tooopherol per 10 ml.

Within this range the "K-valua" was 0.00506= 0.0001. In

axoess ot 100 miorograms ot tooopherol per 10 ml. the

resulting "X-value" deoraasas slightly.

3. ANAL'YTICAL METHOD

a. Reagents

Light Petroleum - Shake 60 - 100·0 boiling range light

petroleum (Ske117so1ve H), with one-fitth its ~lumeot con

cantratad sulphuric acid, wash with water, then with dilute

sodium hydrorlde, unti1 tree of acid and re4istl11ed in al1

glass equlpment.
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Etbll Aloohol - Distill absolute ethyl alcohol over

potassium permanganate and potassium hydroxide in all-glass

equipment.

Ferrio Chloride - Prepare 0.04 percent F80l3.6H20 in

redistilled 100 peroent ethyl aloohol.

o(,o\'-Bip;yridine - Prepare 0.04 peroEilt o(,o('-bipyridine

in redistilled 100 peroent ethyl alcohol.

o(-Tocophe.rol - Prepare a solution containing 10 micro

grams ot o(-tocopherol per ml. ot llght petroleum.

b. Quantitative Prooedure tor Total Tocopherol in Fats and
Oils .

The tat in light petroleum solution, trom which the

propyl gallate, BHA and/or NDGA have been extracted, is

employed for the determination ot tocopherol. Transfer this

fat solution (containing 10 g. ot fat) to a 200 ml. volumetrie

flask and wash the separatory tunnel. several time with light

petroleum.. Combine the washings and dilute to volume with

light petroleum. It qualitative tests have shown that the

tat does not contain propyl gallate, BHA, or NDGA, alto 5

peroent solution ot the fat in light petrole~ can be

e.mployed without any previous extraction. A treatment to

remove intertering substances appears to be unneo8ssary when

analyzing lard and shortening.

Place three duplicate portions ot the tat solution,

varYing trom 1 to g ml., in a duplicate series ot l25-ml.
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low-actinio-glass-stoppered separatory tunnels. It it is

desired to employ an internal standard add 2 JIll. portions ot

a llght petroleum solution oontaining 10 miorograms ot

o(-tocopherol per ml. to one series ot tubes. Di1ute the 'lat

solution in al1 separatory tunnels to 10 ml. with light

petroleum. Md 5 ml. ot 0.04 percent terrie oh1oride reagent

and 5 ml. ot 0.4 percent ~c(t-bipyrldine reagent. These

reagents shou1d be blown trom the pipettes into the 'lat 

light petroleum solution to ensure rapid m1xing. Six

minutes atter adding the terric chlorlde reagent, add 2 ml.

ot water and invert the separatory tunnel twlce. At eleven

minutes run ott the alcoho1io layer, tilter through a 9 cm.

Whatman No. 54 tilter and measure the absorbancy emp10ying

an Evelyn colorimeter tltted wlth a No, 515 tilter at exactly

twelve minutes. Measure all absorbancies relative to a

"blank" prepared by using 10 ml. ot light petro1ewn in place

ot the 'lat solution.

It an interna! standard was emp10yed the tocopherol

content of the portion oan be determined by the tollowing

formula: -

s x 20 = .m1orograms ot tooopherol
ST • S per portion

Ylhere, "5"" is the absorbancy due to the t ocopherol in the

'lat portion, and "ST" is the absorbancy due to the toeopherol

ln the 'lat portion plus 20 micrograms ot o(-tooopherol. It
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ls desirable to employ an lnternal standard when an unknown

tat i8 being analyzed.

The most aocurate range was trom 20 to 80 miorogr8Jll8 ot

tooopherol per portion. Under these cirownstances it was

found tbat the measured absorbancy employing an Ev'el7Jl

colorim.ter divided by a "IC-value" ot 0.00506 gave the

concentration ot tocopherol in micrograms per portion.

4. CHARACTERISTICS OF THE QUANTITATIVE ANALlTICAL PROCEDURE

a. Calibration Data tor the Tooopherols in Six Ditterent
:rats and Oils

Calibration curves were prepared with six ditterent tats

and oils in arder to ascertain the depressing ettect of these

oils on the Emmerie-Engel colour reaction employing the tore

going analytical method. The results ot these experiments

are given in Table XL.

The data in Table XL illustrate the attects ot ditterent

tats and oils on the reaction b.tween tocopherol (present in

these ails) and the terrlc chlorlde - o<.,o<.'-blpyrldine colour

reaction. In all cases the absorbancy per ms. ot oil tents

to d1minish slightly at the higher concentrations of each

oil. However, this eftect was a180 observed at the higher

levels ot the tocopherol in light petroleum (see Table XXXVIII).

Theretore, tat apparently does not ettect this colour reaction

to any appreciable extent employing this procedure.
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Type of Oil Weight Oi1 Absorbancy Absorbancy
in 10 ml. w1th No. 515 per mg.
mg. Portion Fi1ter 011

Hydrogenated 24- 0.164- 0.0068
Soybean Oi1 48 0.328 0.0068

72 0.496 0.0069
96 0.662 0.0069

120 0.804 0.0067

Corn Oil • ~azo1a- 40 0.180 0.0045
80 0.358 0.0045

120 0.535 0.0045
160 0.698 0.0044
200 0.830 0.0042

1(ixed Hydrogenated 30 0.122 0.004-1
Vegetable Oils 60 0.240 0.004.0
-Biscotte 120 0.474 0.0040

180 0.674 0.0037
240 0.880 0.0037

Cottonseed Oi1 120 0.221 0.0018
240 0.400 0.0017
360 0.616 0.0017
480 0.760 0.0016

Sunf10werseed Oil 80 0.119 0.0015
160 0.240 0.0015
24-0 0.377 0.0016
320 0.506 0.0016
400 0.6)0 0.0016

Butter 011 100 0.033 0.00033
300 0.091 0.00030
500 0.145 0.00029
700 0.205 0.00029
900 0.263 0.00029·
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In the oase of the routine analysis of the same fat

employ1ng the same concentration, it is possible to determine

the "X-value" for added o<.-tocopherol in the presence of the

fat and thereatter employ thls "X-value" to estlmate the

total tooopherol content of the fat trom the absorbanoy

measured wlth a No. 515 tilter.



I. TOtal Tooopherol in Butter Oil

1. INTRODUCTION

The toregoing procedure desoribed tor the determination

ot total tocopherol in lard and shortening employing the

terr1c chlor1de plus cX,o<..'-b1pyr1d1ne reagents cannot be

app11ed direotly to butter 011. Beoause ot the non-specitic

nature ot these reagents, a number ot substanoes present in

butter 011 oontr1bute to excess1vely high "apparent" tocopherol

values. The oh1et 1ntertering substanoes are carotene,

vitamin J. and the synthet1c oolours Oil Yellow AB (l-phenylazo

2-naphthylamine) and 011 Yellow OB (1-ortho-tolylazo-2

naphthylamine). It is, theretore. neoessary to remove these

interter1ng substances or correot tor their presence 1n order

to obtain an aoourate est1m.ate of the tooopherol.

2. DEVELOH4ENT OF ANALYTICAL METHOD

Fox and Mueller (ltS) state tbat all the v1tamin A i8

removed by 8xtraot1ng fat 1n 11ght petroleum solut1on w1th

60 percent v/v sùlphuric acid. Chapman and Campbell (18)

have shown that none of the tooopherols are lost during th1s

procedure. Theretore, the ettect of extracting the fat solu

tion w1th 60 percent v/v sulphur10 a01d was 1nvest1gated tor

the removal ot 1ntertering substances.

Before 1nvestigat1ng the eftect ot aulphur10 ac1d

extract10ns on the 1ntertering substances, 1t was neoessary

to ascertain the max1mum ooncentration ot these mater1als



155

that are likely ta oecur in butter ail. From these data it

was possible ta calculate the amount that might be found in

a 5 percent solution of butter oil, which is the concentra

tion employed for the analysis for total tocopherol.

Vladimir (144) gives the range of earotene in butter

fat as from 1.8 to 30 micrograms per g. Therefore, a 5 per

dent solution of butter fat should contain no more than 1.5

micrograms of earotene per ml.

Tàe Food and Drug Regulations (15) limit the amount of

synthetie ooal tar colours that may be added to a food to

one part by weight in 3500 parts by weight of food. Binee

butter must contain at least 80 percent of butter fat (16),

a maximum addition of s,ynthetio colour weuld be equivalent

to one part in 2800 parts of butter oil. Therefore, a 5 per

cent solution of butter oil would contain a maximum of 17.8

micrograms of synthetic colour per ml. In actual practioe,

the butter industry employs only a fraction of the maximal

amount of synthetic colour permitted.

Butter conta1ns Tery little vitamin A, and therefore if

ail the vitamin A activity of butter was due to vitamin A

alcohol, a 5 percent solùtion of butter oil would contain no

more than 0.6 micrograms of vitamin A per ml. HOWeT8r, a

considerable portion of the vltamin 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 miorograms of
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vltamin A alcohol per ml.

a. Mtect of Carotene. Oil Yellow AB. Oi1 Yellow OB and
Vitamin A Alooho1 Uponthe Estimation of Total Tocopheroi

Solutions were prepared contalning 1.5 micrograms per

ml. of crystalline 90 percent (3-. 10 percent o(-carotene;

17.8 micrograms per ml. ot Oil Yellow AB; 17.8 "m!cr ogr am.s

per JIll. ot Oil Yellow OB; 0.6 micrograms per ml. ot vitamin

A alcoOOl; and 1.5 micrograms per ml. ot0( -tocopherol in

60 - lOO·C light petroleum. Fitty ml. portions ot these

solutions were shaken in separatory tunnels tor titteeD

seconds with 10 ml. portions ot 60 percent vIT stllphuric

acid. Atter standing tor titteen minutes the aeid layer was

run ott and the light petroleum solution washed twiee with

25 ml. portions ot water aocompanied by a few seconds

shaking. Ten.ml. portions ot these solutions. betore and

atter extraction with sulphuric acid. were reacted with the

terrie chloride plus o(,c\!-bipyridine reagents as previously

desoribed tor the analysis ot tocopherol in lard and short-

enlng. The resulting absorbanoie8 were measured iD an

Evelm color1meter titted with a No. 515 tllter. relative to

a "blank" employing a s1m11arly treated portion of light

petroleum. The measured absorbancles were expressed in terms

ot apparento(-tocopherol wlth the results given in Table XLI.

Results in Table XLI Indicate that a slngle extraction

ot the llght petroleam solutions with 60 percent sulphuric
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Table XLI

Rtfect of Extracting Light Petroleum Solutions of Carotene,
ail Yello. AB, Oil Yellow OB, Vitamin A Alcohol and
o(-Tocopherol with 60 Percent v/v Sulphuric Aoid, Upon the
Apparent Tocopherol Content

Mat.rials Present 141crograms Apparent 0<.- Apparent 0(-
per 10 ml. Tocopherol Tocopherol

portion Before Acid Atter Acid
Extraction Extraotion
Micrograms Micrograms

90~~ -, 10~o(-earotene 15 22.7 22.6
Oil Yello• .lB 178 31.8 0.1
ail Yellow OB 178 38.7 0.0
Vitamin A Alcohol 6 1.0 0.2
«-Tocopharol 15 14..9 14..9

acid removed aU the vitamin A and synthetic butter coloure.

Since carotene is not rem.oved by extraotion with 60 percent

v/v sulphuric acid, it is r8sponsible tor the chiet inter

ference in the deter.mination of total tocopherol in the

extracted solution of butter oil. Quaite et al. (119)

8II1ployed the absorbanoy ot a tat solution at 4.60 JI1)l to tora

the basis of a correction for the error due to carotene.

Employing crystalline 90 peroent (3 -, 10 perceD t 0(-oarotene,

the nature ot this correction factor was established and

applied to the results obtain8d trom the acid extracted solu

tion of butter ail.
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b. Determination ot th. Appropriate Correction Pactor tor
Carotene

1. Caroten. Absorption Curve

A solutlon wes prepared contalning 0.4 micrograms

per ml. ot crystalline 90 percent ~-, 10 percento(-carotene

in 60 - 100·C 11ght petroleum. This solution and a s1ml1ar

volume ot 11ght petroleum to be used as a reterence "blank"

••re extracted wlth 60 percent v/v sulphuric acld tor titteen

seconds and washed with water, as previously descrlbed. The

absorption OUrT. for carotene in light petroleum solution

was determlned employing a Beokman B spectrophotometer,

relatlve to a light petro1eum "blank". The resulting data

are given in Figure 12.

Plgure 12 shows that the maximum absorption for

crystalline 90 percent (3-, 10 percento(-carotene in a 1ight

petroleum solution was located at 448 ~ with a second lower

maximum at 475 111j1. Theretore, an Evelyn colorimeter titted

with a No. 440 tilter was employed to m.easure the absorbancy

due to oarotene in light petroleum solution.

11. Carotene Calibratlon CurTe

Solutions were prepared containing 0.2 ta 1.0

mlcrograms per ml. or crystalline 90 percent (3-, 10 percent

o(-carotene in 60 - 100·C light petroleum. The absorbancies

ot these solutions were measured in an Evelyn celorimeter

titted with a No. 440 tilter relative ta a light petroleum
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"blank" with the results given in Table XLII.

Table XLII

Calibration Data tor Caratene in Llght Petroleum Solution

9~(3-, · 10~ol
Carotene/10 Ill.

Mlarogr&m.s

2
4.
6
8

10

Absorbanay
with a No.
440 J'llter

0.070
0.14.2
0.212
0.282 ·
0.350

Absorbancy/Mlcrogram ot
Carotene in 10 ml.

"K-Value"

0.0350
0.0355
0.0353
0.0353
0.0350

Data in Table XLII lndicate that the "X-value" tor 90

percent[3-, 10 peraento(-carotene in 60 - lOO·C 11ght

petroleum is approximately 0.0352 per micrograœ in 10 ml. ot

solution.

lli. Carotene CalIbration Curve Employing the Ferrlc
Chlorlde Plus o<..o<.,'-Blpyrldlne Reasents

The solutions previously employed tor determining

the calibration curve tor 90 percent ~-, 10 percento<-..

carotene in light petroleum were used. Tan ml. portions ot

these solutions were reacted with the terria chloride plus

~~-blpyrld1ne reagents as previously described tor the

estimatlon ot total tocophero1 in lard and shortening. The

resulting absorbancles were measured in an Eve1yn ao1orimeter

tltted with a No. 515 tI1ter relative to an appropriate
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"blank" prepared with l1ght petroleum. The results of th1s

experiment are given in Table XLIII.

Table XLIII

Oarotene Oalibration Data Employing the Ferric Ohlor1de Plus
~t-BlpyridineReagents

90% ~-, 10%0(
Oarotene/lO ml.

Micrograms

2
4
6
8

10

Absorbancy
with a No.
515 Filter

0.017
0.032
0.056
0.071
0.090

Absorbancy!Miorogram ot
Oarot ene in 10 ml.

"K-Value"

0.0085
0.0080
0.0093
0.0089
0.0090

Results in Table XLIII are satistaotory in view ot the

small absorbanoies beins measured. Assuming that the larger

absorbancies are the more acourate, an average "K-value" ot

0.0091 per miorogram ot oarotene in 10 ml. was acoepted.

Iv. Oorrection tor the Carotene Error in the Deter
mination of Total Tooophero1

The procedure tor oorreoting for the presence ot

carotene involves the est1JDation ot the amount ot carotene

present br means ot the absorbanoy wlth a No. 440 t1lter.

~rom thls value lt ls possible to oalculate the error that

will be oaused with a No. 515 tilter atter reaction with the

ferrio ohlorlde plus ~~·-bipyridlne reagents. This correc

tion for carotene Is subtraoted trom the apparent total
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toeopherol value whlch is calculated trom the absorbanoy

measured wlth a No. 515 tilter.

Carotene ln light petroleum solution exhibited a "K-

value" ot 0.0351 with a No. 440 tilter, while carotene upon

reaction with the tenie chloride plus o(,o('-blpyridine

reagents exhibited a "X-value" ot 0.0091 with a No. 515

tilter. Theretore, an absorbancy equal ta 0.0091, tbat i8
0.0352

0.26 multiplied by the absorbancy measured with a No. 440

filter should be produced upon reaetion with the ferrlc

chlorlde plus ~~-bipyrldine reagents when the resulting

absorbancy is measured wlth a No. 515 tilter. Theretore,

the formula tor correoting for the presence ot carotene i8

as tollows:-

Correeted Absorbancy =Absorbancy wlth a No. 515 ti1ter

- (0.26 x Absorbancy with a No. 440 tilter)

The correeted absorbancy is emp10yed to oalculate the total

tocopherol content ot the sample fat.

3. ANALlTICAL METHOD

a. Reasents

Sulphurie Acld - Add 60 ml. of concentrated sulphurlc

acid Bp. Gr. 1.84 to water and whan cool dilute to 100 ml.

with watar.

Llght Petroleum - As described tor toeophero1. page 148.

Ethyl Alcoho1 - As described tor tocopherol, page 149.
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Ferric Ohloride - As described tor toeopherol, page 149.

Q(,~'-Bipyrld1n. - As described tor tocopherol, page 149.

b. Quantitative Procedure

1. Separatlon ot Butter 011 trom Butter

Out the butter sample into one-cm. cubes, place in

a beaker and haat in a 60·0-oven tor the least posslble tlme

necessary to separate the butter 011. Decant the butter oil

Into a dry tllter paper and tllter at approximately 35·0.

The butter 011 should be perteotly olear, It not It must be

retiltered.

11. Removal ot 011 Yellow AB, 011 Yellow OB and
Vitamin A trom Butter 011

Dissolve 2.5 g. ot butter 011 in light petroleum

and dilute to 50 ml. Transter this solution to a separatory

tunnel, add 10 ml. ot 60 peroent sulphurlc acid and shake

tor fitteen seconds. It synthetio butter colours are present

the acid layer becomes pinkish. Stand tor titt.en minutes,

run ott the acid layer and wash the light petrolewn - tat

solution tor a tew seconds wlth two 25 ml. pèrtlons ot wster.

Fitty ml. ot light petroleum are slmilarly extracted and

serves as a "blank" in the subsequent procedures.

iii. Determination ot Total Tocopherol, Oorreoting tor
the Interferenoe Due to Oarotene

Transter 10 ml. ot the acid .xtracted light

petroleum - tat solution to a colorimeter tube. Add 0.2 ml.
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of ethy1 a1coho1, to remove any possible turbId1ty due to

entrained water in the lIght petro1eum and measure the

absorbaney relative to a light petro1eum "b1ank", emp10ying

an Eve1yn co10rimeter fitted with a No. 440 tilter. This

absorbancy forœs the basis of the correction for oarotene

present.

Transfer duplicate 10 ml. portions of the acid extracted

fat solutIon (0.5 g. of butter 011) to 125-m1. lOW-actlnic

glass separatory tunnels. Md 5 ml. ot 0.04 percent ferrio

chloride and 5 ml. of 0.40 percent ~,~-bipyridine reagents

and swir1 the contents ot the t1asks. Six minutes after

adding the terric ch10ride, add 2 ml. of water and lnvert

the separatory tunnel tw1ce. A.t e1even minutes, run otf and

ti1ter the a1ooho1ic layer tbrough a 9 cm. Whatman No. 54

fi1ter. Measure the absorbanoy at twe1ve minutes employing

an Ev.1yn colorimeter titted with a No. 515 ti1ter, relative

to a sim11ar1y treated 11ght petro1ewœ "blank".

Oalculate the corrected absorbancy as tollows:

Corrected Absorbancy =Absorbancy with a No. 515 tilter

- (0.26 x Absorbancy with a No. 440 tilter).

The corrected absorbancy wlth a No. 515 tilter dlvlded by a

"K-value" ot 0.00506 yields the concentration ot toeopherol

in micrograms per portlon eœployed (0.5 g. butter 011). Due

to the 10w absorbancles obtained with genuine butter, the

dupllcate absorbancies per sample should be averaged and
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employed to calculate the total tooopherol content ot the

butter.

4. VALIDITY OF ANALYTICAL R]SULT8

a. Re.moval ot 011 Yellow AB, 011 Yellow OB and Vltamin A
Alcohol

Solutlons eontalning 011 Yellow AB and/oro(-tocopherol;

Oil Yellow OB and/or O<-tocopherol; Vita.m1n A alcohol and/or

~-tocopherol were analyzed tor apparent total tooopherol,

betore and atter extraction with 60 percent v/v sulphurlc

acid, employing the toregoing analytlcal prooedures. The

results ot these analyses are given in Table XLIV.

The data in Table XLIV lllustrate the large errora that

the s ynthetio colours Oil Yellow AB and Oil Yellow OB can

oause in the estimation ot total tocopherol in butter oil,

whlle vitamin A alcohol causes littl. or no error. Extrac-

tion ot the light petroleum solutions wlth 60 peroent v/v

sulphuric acid ettectlvely removes the Interferences due to

these three materlals.
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Table XLIV

R8.IIloval ot Errors Due to 011 Ye1low AB, 011 Ye110w OB and
Vitamin A Alcohel

Materia1s Present Samp1e Treatment "Apparent"
Micrograms par 10 ml. Toc0phero1

Microgr8l1S

180.0 Oi1 Yel10w AB None )1.6
180.0 Oi1 Yel10w AB Aoid Extraoted 0.1
17.5 ~-Tocophero1 None 17.45

17•5 o<..-Tooophero1 r None 46.9180.0 011 Ye110w AB

17.5 ~-Tocophero1 } Acid Extracted 17.45180.0 Oi1 Yellow AB

180.0 Oi1 Yellow OB None J8.8
1'0.0 Oil Yellow OB Acid Extracted 0.0

17.5 o<...-Tocophero1 None 17.65

17.5 o(-Tooopherol } None 54.2180.0 Oi1 Yellew OB

17.5 o(-Tooopherol ~ Acid Extraoted 17.45180.0 .0i1 Yellow OB

6.0 Vitamin A Alcoho1 None 1.0
6.0 Vitam1n A Aloohol Aold Extracted 0.2

6.0 Vitamin A. AlCOhO~ Acid Extraoted 17.6017.5 tX.-Tocophero1

b. Oorrection tor the !nterrerenoe Due to Oarotene

Solutions containing 90 percent ~-, 10 percent o<..-carotene

and/or ol-tocophero1 were analyzed tor apparent total

tooopherol before and atter extraction with 60 percent VIT
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sulphurl0 aold. A1l measurements were correoted for the

interterence due to carotene based on the absorbanoy measured

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

Table XLV

Oorrection for the Interference Due to Carot.ne

-
:Materials Present Semple Treatment Apparent Total Tocopherol
Micrograms per 10 ml. Uncorrected Oorrected

tor Carotene tor Oarotene
Interference Int erterence
Micrograms 14icrograms

15.0 Oarotene None 22.6 - 1.6
15.0 Carotene Acid Extraoted 22.6 - 0.4
17.5 o(-Toco,pherol None 17.7 17.7

17.5 o<..-Tocopherol } None 40.6 16.715.0 Oarotene

17.5 0(-'1'000pherol } Aoid Extracted 40.1 17.215.0 Carotene

Results in Table XLV indioate tba t the analysis of 0(-

tocopherol in the presence of carotene gave analytieal results

within t2 percent ot the microgram quantitles or o<.-tocophero1

added.



ANTIOXIDANT CONTENT OF FATS AND OIIS

A. Propyl Gallate, Butylated Hydroxyanisole and Tocophero1
Oonten t of Oo.amercia1 Lards and Shorteninga

A nuœber ot lards and shortenings were ana1yzed during

1950 and again during 1953 to determine their content ot

propyl gallate, butylated hydroxyanisole (BHA), and total

tooopherol. The results ot these analyses are oontained in

Tables XLVI and XLVII.

Table XLVI

Analyses ot Lard and Shortenings in 1950 torAntioxidant
Content

Shortenings Propyl Gallate Butylated Total
Hydroxyan1sole Tocophero1

% % ~

"BakeasY'" 0.0000 0.0000 0.000
"Crisco" 0.0000 0.0000 0.137
"Crispy .Plake" 0.0000 0.0000 0.041
"Domestic· 0.00)1 0.0104- 0.049
"Domestio" 0.0028 0.0109 -
"Flutto" 0.0000 0.0000 0.102
ttJewel" 0.0000 0.0000 0.038
"Swiftening" 0.0036 0.0000 0.008

Lards

"Cr1sPY'orust" 0.0000 0.0000 -"Maple Leat" · 0.0053 0.0206 -
"Royal" 0.0009 0.0086 •
"Royal" 0.0007 0.0076 -
"Silverleat" 0.0000 0.0000 -
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Table XLVII

Analysis of Lards and Short.nings in 1953 for Antioxidant
Content

Shortenings Propyl Butylated Peroent ot Total
Gallate Hydroxyanisole 3-BHA Isomer Tocophero

in BHA
~ ~ "

"Bakeasytt 0.0009 0.0063 80 0.002
"Coleman" 0.0014 0.0094- 79 0.002
"Crisco· 0.0000 0.0000 • 0.116
"Crispy Flake" 0.0028 0.0089 79 0.008
"Domestio"' 0.0020 0.0081 81 0.013
"Flutto" 0.0000 0.0000 - 0.079
"Puritan" 0.0000 0.0000 - 0.000
ttSwittening" 0.002; 0.0000 • 0.003

Lards
ttAylm.ertt 0.0000 0.0000 - 0.001
"Laurel" 0.0000 0.0000 - 0.000
"Royaltt 0.000; 0.00;8 81 0.001
"Maple ·Leat" 0.0021 0.0104 79 0.001
ttBhamrock" 0.0018 0.0078 78 . -
"8ilverleat" 0.0021 0.0000 - -"Union" 0.0000 0.0000 - -"Wilsil" 0.0000 0.0000 • -

The Canad1an Food and Drug Regulat10ns (17) prior to

June, 19;3, only permitted the use ot two synthetic phenolio

ant1oxidants, namely 0.01 percent ot propyl gallate and/or

0.02 peroent ot BHA. in lard and shortening. Sinoe, a number

of commercial antiaxidant preparations contain 6 peroent ot

proPll gallate, 20 percent ot BHA, 4 percent ot anhydrous

citric acid and 70 percent ot propylene glycol. If such a

preparation is employed) the max~ concentrations ot these
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antioxidants 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

guaiaretic acid (NDGA), but propyl gallate oannot be used in

oombination with NDGA. Since the analyses reported in Tablas

XLVI and XLVII were made prior to this amendment of the Food

and Drug Regulations, none of the samp1es were found to oon

tain NDGA.

Inspeotion of the analytica1 results in Table XLVI

(1950) indioate that only one sample oontained the maximum

content of propyl gallate and BHA. Four semples contained

approximately half of the maximum amount of propy1 gallate

and BHA. One semple contained only added propyl gallate,

while two lards and five of the shortenings contained neither

propyl gallate nor BliA. Some of the shortenings contained

appreoiable quantities of tocopherol by virtue of their

content of vegetable oils.

Data in Table XLVII (1953) il1ustrate a reduction in the

maximum ooncentration of antioxidants found. The majority

of samples contained one or more of the synthetic anti

oxidants, however, the maximum amount of propyl gallate found

was 0.0028 percent or only 2S peroent of the amount permitted

by the Food and Drug Regulations (17). The maximum amount

of BEA 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 ettectiTeness

ot these synthetic antioxidants. NeTertheless, tour lards

and three shortenings contained no propyl gallate or BRA.

It is considered signiticant that the shortenings in 195)

contained less t ocopherol than was tound in 1950. This tact

may result trom the increased use ot animal tats in shorten

ings and may also explain the more widespread use ot anti

oxidants in shortenings iD arder to protect such mixtures

trom becoming ranoid, due to the greater instabi1ity ot the

animal tats as compared to hydrogenated vegetable oils. The

commercial BRA tound in lard and shortenlng ln 195) eonslsted

ot approximately 80 percent )-tertiary-butyl-4-bYdroxyanisole

()-BHA) isomer.

B. Total Tooopherol Content ot Genuine Butter Oi1s

Samples ot genuine butter oil produced during the

Summer and Winter were analyzed tor total tocopherol

employing the analytioal procedure described in Section I.

The results ot these analyses are given ln Table XLVIII.

Data in Table XLVIII agrees closely with values in the

literature tor total tocopherol. Lange (77) quotes tive

separate authoritiee to the ettect that the total tocopherol

content ot butter 011 ranges between 17 to 42 micrograms per

g. butter oil. In addition no ditterence was tound between
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the tocopherol content of Summer and Winter butter oil.

Table XLVIn

Total Tocoperol Content- of Genuine Butter Oils

Source of Sample

Nft Zealand
University of British Columbia
Fraser Valley Dairy, British Columbia
University of Alberta
University ot Manitoba
Ontario Agrioultural College
Central Govemment Experimental Farm
se, Hyacinthe Dairy School

Averase Total Tocopherol
Range of Total Tooopherol

Total Tocopherol
Micrograms/g.

Butter Oil

37
29.24
23.24

25
26,29,27

28
26
38

30
23 to 43

C. Total Tocopherol Content of Commercial
Vegetable and Animal Fats and ails

Twenty-four assorted vegetable oils, 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 litera-

ture, the analytical values found were in close agreement,

exeept in the oase of sunflower oil which was found to con-

tain more toeopherol than reported in the literature. In

view of the good agreement between results obtalned by thls
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Table XLIX

Total Tooopherol Content of Animal and Vegetab1e Fats and
011s

Materlal Analyzed

Crude SoybeaD 011
Retined, Hydrogenated Soybean 011
"Orlsoo" Al1 vegetable shortening
~uooa" Margarine 011
~azola" Corn 011
"lewel" Sunflowerseed 011
Retined, Deodorized Soybean Oil
"B1soot" Crude, Ml:xed Oi1s
"Al1sweet" Margarine Oi1
"Monaroh" Margarine Oil
"Good Luok" Margarine 011
"J'lutto" Shortenlng
~arglne" Margarlne Oi1
"Blsoot".Refined, Hydrogenated 011s
Ret1ned, Deodarlzed Oottonseed 011
Refined, Deodorlzed Palm 011
"Plantera" Peanut Oil
Orude Coconut Oi1
"Kokoheart" Hydrogenated ecconut 011
Butter Oi1
"BakeasylShortening
Edible Tallow
~aple Leat" Lard
Retined, Deodorlzed Oooonut 011
"Swittening" Shortening

Total
Tooopherol
M1orogreas
/g. tat or

011

1580
1510
1160
1050
1050
1020

990
860
830
820
790
785
760
680
660
480
310
42
32

23-43
15
14
6
3
o

Range ot
Tooopheroi
trom
Llterature

(77)

1520-2120
920-1900

1042
1005

1020-1190
700

920-1900--
•
•---830-1100

440-560
220-510

50-83
30

17-42-
•

12-27
30-

rapld ana1ytloa1 prooedure and values reported, It 18 felt

that this new ana1ytical procedure for total tocophero1 i8

acourate and rellab1e.



DETECTION OF BUTTER ADULTERATION

A. By MeMe of the Total Tooopherol Content of Butter Oil

The Reichert~eissl and Polenske values have been

employed for many lears as the most effective routine pro-

oedures for detectlng the adulteratlon of butter with amall

quantlties of ooconut 011 or larger amounts of other fats

and oils. The foregoing procedure for determining the total

tocopherol content of butter oil i8 proposed as a means of

deteoting the addition of small quantities of vegetable oils,

other than cooonut oil. Thua, the simultaneous use of these

three procedures should detect the addition of approximately

10 percent of anl vegetable oil. Calculated values are

giTan in Table L ta illustrate the effeet of various amounts

of margarine added to butter, upon the Reiohert-Meiasl value,

Polenske value and total tooopherol content.

Table L

Calculated Reichert-Meissl ValUes and the Tooopberol Content
of Butter Adulterated with Margarine

Peroent Margarine Reichert-Meissl Polenske Total Tooopherol
Oil in the Mixture Value Value :M1crograms/g.Oil

0 (Pure Butter) 28.8 2.1 30
5 27.0 2.0 70

10 26.1 1.9 110
15 24.3 1.8 150
20 23.4- 1.7 190

100 (Margarine) 1.8 0.5 830
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The data in Table L indicate that the addition of 17

percent margarine ia required to reduce the Reichert-Meissl

value of an average butter to 24.0, the widely accepted

limit between ttgenuine ft and ttadulteratedtt butter. On the

other band, the addition of only 5 percent ot margarine

would increase the tocopherol content of the mixture from 30

to 70 micrograms per g. of oil, an increase of 40 microgram8

of tooopherol per g. of oil. This inorease in tocopherol

oontent i8 twice the range of tocopherol found in genuine

butter oils (see Table XLIX) and consequently would con

stitute firm reason to suspeot adulteration.

B. By Means of the Antioxldant Content of Butter Oil

The results in Table XLIX indlcate that the tooopherol

content of lard, edlble tallow and some shortenings ls very

low. Due to the Inherent instabllity of these fats, It 18

now common practice to add antioxldants such as propyl

gallate, nord1hydrogua1aretio aoid (NDGA) and butylated

hydroxyanlsole (BHA) to these fats. If auch atab1l1zed fats

are added to butter at a level of 5 to 15 percent, It ia

possible to detect these antiox1dants in the butter 011 by

means of chemlcal tests. In Canada 0.003 percent propyl

gallate and 0.01 percent of BHA are trequently added to lard

and shortenings. Thus the addition of 10 percent of such a

fat to butter would result 1n the presence of 0.0003 percent
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of propyl gallate and 0.001 percent of BEl in the adulterated

butter. The detection of so little propyl gallate is

unlikely because it is easily oxidized in aqueous-fat systems.

BRA, on the other band, is not soluble in water if fat ia

present and thus remains in the fat phase. Therefore, a

qualitative test for BHA should be made on all suspicious

butter samples, especlally If the tocopherol content la

approximately normal for genuine butter 011. Employlng this

procedure a number of commercial butter samples have been

found to be adulterated by vlrtue of thelr BHA content.



STUDIES OF THE LOsa Ol!' ANTIOXIDANTS DURDrG

THE STORAGE OF LARD AND OF PIE CRUST

A. Loss of Antioxidants in ~idizing Lard

1. INTRODUCTION

Until oomparatively reoently little information has been

reoorded in the 1iterature on the kinetios of the destruotion

of phenolio antioxidants in fats and oils. This laok of data

has been attributed in part, at least, to the soaroity ot

satistaotory ana1ytioal methods for these pheno1io oompounds.

However, wi th the deve10pment of improved analytioal pro

oedures a number of studies of the behaviour of individual

antioxidants has been reported.

Filer et al. (41) have studied the oxidative destruotion

ot ga11io aoid in oommeroia11y refined cottonseed oi1,

•aerated at 110 C. These authors reported tbat the rate of

loss of ga11io acid was approximate1y constant IIIld was

virtual1y independent of the initial oonoentration. They

conoluded that the destruotion of ga11io aoid 8Xhibited

oharacteristics of a zero order reaotion.

Lundberg et al. (87) investigated the rates of destruotion

of tour antioxldants added to lard he1d at 100·C under a

stream of oxygen and simultaneous.ly tollowed the ohange in

peroxide value. Theae authora studied hydroquinone, oatechol,
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nordihydrogualaretio aoid (NDGA) and ga1110 aoid. added

separately to lard, at oonoentrations ot 0.02, 0.10 and 0.50

peroent by weight. These workers oonoluded that the

deterloration ot these phenolio antloxidants in oxidlzing

lard did not ooour as a single low order reaotion, but was

complicated by the products formed trom the fat and/or the

antioxldants durlng the oxldative process. They observed

that the use of the higher oonoentratlons of these anti

oxidants, under tbelr conditions, resulted ln more rapid

inorease in peroxlde value during the early stages of

oxidation ot lard.

In 1949 K:r'aybill et al. (74) reported the d~velopment

ot a new antioxidant formulation designated as "AMIF-72".

This preparation oonsisted ot 20 peroent oommercial butylated

hydroxyanisole (BHA), 6 percent propyl gallate and 4 percent

anhydrous citrio acid wlth 70 peroent propylene glyool a8

solvent. At that time no satisfactory methods were avallable

tor the determinatlon ot mlxtures ot these antioxidants.

The "AMIF~72· antloxldant preparation is now wldely used tor

the stabilization ot edible tats. However, a prooedure whioh

per.mits the determinatlon ot oombinations ot propyl gallate,

BRA, NDGA and tooopherols in lard and shortening was reported

by Mahon and Chapmen (88) in 1951 and has been described in

more detail in preceding sections ot this thesis. These

workers have also developed a method tor the es timation ot
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the 2-tertiar7-butyl-4-hydroxyanisole (2-BHA) and 3-tertiary

butyl-4-hydroxYanisole (3-BHA) isomers in lard and shortening

(89). Since there were no data in the literature on the

destruction ot propyl gallate and BEA when combined in a fat

or oil, it was considered of interest ta apply the foregoing

procedures to the s tudy ot the relative rates of destruction

of these phenolic antioxidants in oxldizing lard.

2. ANALYTICAL !ŒTHOœ

The antioxidants amployed were analyzed by the methods

previously described in Sections "A-, -B" and "D- of the

analytical methods. Peroxides in the fat were est~ated by

Leats "hot-method" (81).

3. EXPERIMENTAL CONDITIONS

Bamples ot fresh ste8lll-rendered lard were obtained fram

two ditterent oommercial producers. Three 600 g. portions

ot each lard were warmed to 50·0 and the required amount of

the ".AMIF-72 type- antioxidant preparation was added. The

molten lard was stirred tor ten minutes to ensure unitormity

and 25 g. portions were poured into 50 ml. Pyrex beakers.

The twenty-tour beakers from each lard sample at each anti

oxidant level were divided into two groups ot twelve beakers

• 6 •each and stored at 41 C and 1 C respectively, in constant

temperature ovens. At suitable intervals, 12 g. portions of

the lards were ramoved and propyl gal1ate, total BRA, 2-BHl,
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3-BHA and peroxide value determined. Oontrol lard samples

to whioh no antioxidants had been added were also stored at

41- and 61-0 and the peroxide value determined_ In the oase

of the lard oontaining antioxidants. held at 61-0. analyses

were oonduoted at lntervals until all the propyl gallate and

BHA had been destroyed. The dèstruotlon ot the antloxidants

ln the lards stored at 41·0 was relatively slow and thls

exper1ment was disoontinued after thirty weeks and betore

the oomplete destruotion ot the antloxldants in this serles

ot samples.

4. RlSUL'l'S.AND DISCUSSION

a. Loss ot Propyl Gallata and Butylated Hydroxyanisole in
Lard Stored at 41 and 61·0

In the initial experlments the antio:x.idants were added

at three levels. The oaloulated amounts ot propyl gallate.

BHA and citrio aoid lncorporated ln the lard are shawn 10

Table LI. The concentrations actually f'ound by analys1e

differ sllghtly trom these values beoause there is frequently

a small loss immediately atter the addition ot these antl-

oxldants to the lard.

The analytloa1 data obtained tor the two difterent lots

of lard oontaining the "AMIr-72 type" antioxidant preparation

were identlcal within the limits of experimental error.

Therefore. the resulta for on1y one lot are presented and
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Table LI

Approx1m.ate Amounts of Antioxidant Added to Lard Samples A,
B and C

Sample Propyl Butylated Citric
Gallate Hydroxyanisole Acid
Added Added Added

% ~ ~

"Control· 0.000 0.000 0.000
A 0.012 0.040 0.008
B 0.006 0.020 0.004
C 0.00) 0.010 0.002

discussed in this thesis. The re8ults obtained tor propyl

gallate, Bal and peroxide values on lard samples "A", "B.
and "Cft, stored at 61·0, are shown in Figures 13, 14 and 1.5.

Inspeotion ot these graphs revea1s that the rate ot

108s ot propyl gallate was approximately constant with

respeot to time,tor each ooncentration employed and, there

tore, appeared to tollow a zero order reaction. This con-

clus10n 1s 1n agreement w1th those prev10usly reported by

Filer et al. (41) tor gallic acid. Lundberg and oo-workers

(87) also followed the destruction ot gallic aeid in lard at

100·C in an atmosphere of oxygen, employing ooncentrations

ot 0.02, 0.10 and 0• .50 peroent. Their results indioated

that at conoentrations ot 0.02 and 0.10 percent the rate ot

destruotion ot gallie acid was approximately constant w1th

respeot to time, suggesting a zero order reaotion. The
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higlly irregular results obtained by these workers (87) when

employing 0.50 percent gallic acid was probably caused by

the positive catalytic effect of thi8 high antioxidant

concentration upon the formation of fat peroxides.

The data in Figures 13, 14 and 15 indicate that the

10S8 of BHA occurred in two stages. Initially there was a

slow decrease in the BHA concentration which acoelerated

rapidly at approximately the point at whioh the propyl

gallate could no longer be detected in the lard samples.

The initial slow loss of BHA prooeeded at an approximately

constant rate for each conoentration employed and was attri-

buted at least in part to the vapourization ot smal1 amounts

of BHA from the surtace ot the lard. This assumption was

confir.med by placing 160 g. of lard oontaining 0.02 parcent

of BHA in a shailow bottle. A slow stream of nitrogen was

passed over the surface of the lard, an area of approximate1y

150 square cm., and then thrOUgh a s aries of four water

oooled traps oontaining absolute ethyl aloohol. This

apparatus was placed in a constant temperature oven at 61·C

for fifty hours, and the BHA trapped in the aloohol was

determined. A. total of 37.5 miorograms of BHA was found,

corresponding to a loss of 4 x 10-3 micrograms of BEA per

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 1.1 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 ot vaporization from the lard

or that during this initial period the BEA was also slowly

reacting w1th the oxidizing fat. The second stage in the

destruction of the BRA began about the same tim.e as the com

plete diaappearance 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 ot destruction

is presumably attributable to an increase in the reactivity

of BHA with the oxidizing fat.

The concentration. of the 2-BHA and 3-BHA isomers were

also determined during the storage of lard samples "A", "B"

and "0", 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 ooourred in two stages. During the initial

stage the rates ot loss ot these isomers were approximately

equal and remained constant with respect to time for each ot

the concentrations employed.. As previously shown, evapora

tion ot Bal is at least partially responsible for this slow

initial loss. By reterance to Figure 16 it oan 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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gallate. It was conoluded, therefore, that the oombination

of propyl ga11ate and BHA maintained a oomparatively 10w per

oxide value in the lard, but that BHA alone was re1ative1y

ineffeotive in preventlng further peroxlde formation after

the destruction of the propyl ga1late.

The results of the experiments on lard samples ttA", "B

and ttctt stored at 41·0, which was terminated at the end of

thirty weeks, are given in Table LII.

Table LII

Propyl Gallate and BRA Content and Peroxide Values of Lard
Samples ttAtt, ttBft and ttC" Stored at 41.0 for Thlrty Weeks

Sample Propyl Propyl BEA BHA. Peroxide
Gallate Gallate at after Value

at Af'ter Start 30 After
Start 30 Weeks Weeks 30 Weeks

% ~ t1J % m.e./kg.

A 0.0115 0.0080 0.0380 0.0346 7.7

B 0.0057 0.0036 0.0195 0.0172 9.8

0 0.0028 0.0011 0.0101 0.0092 20.4

These results reveal a trend s1mllar to the results

obtained with the same samples stored at 61·0. The 10ss in

propyl gallate ranged from 30 peroent in sample "Att to 61

percent in sample ttC". The 108S in BRA, however, was

relatively oonstant at approximately 10 percent for al1

samples.
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b. Loss ot Butylated Hydroxyanisole 10 Lard Stored at 61·0

In order to contirm the observation that BHA 810ne 18

relatlvely inettectlve ln œaintalning a low peroxlde value,

It was declded to add BHA to a sample ot tresh steam-rendered

lard ln the amounts shown in Table LIlI.

Table LIlI

Approximate Amount ot Antloxldants Added to Lard Samples "Ltt,
"JlIt and "Nit

Sample

ttControl"
L
Il
N

BHA Added
%

0.00
0.04
0.02
0.01

01trlc Acld Added
~

0.000
0.008
0.004
0.002

The lard samples were stored ln open beakers held at 61·0 as

prevlously descrlbed. The BHA content and the peroxlde

values were determined periodlcally with the results shown

in Figure 17. These results Indicate that the BHA was lost

at a relatlvely rapld rate and that the peroxldes accumulated

wlth llttle or no induction perlod. Theretore, It was con-

cluded that BHA alone was relatlvely inetfectlve ln preTent

ing peroxlde tormatlon in lard stored at 61·0 as compared

wlth a combinatlon ot propy1 gallate and BHA (Figures 13, 14

and 15). Thls consluslon is in agreement with the statement

ot Krayblll and co-workers (73), who reported that BHA when



0.040

0.0)0

0.010

0.000

1,
1
1
1

1
1
1
1
1

1
1

1
1
1,: <
i "Control"
" Peroxide
: Value
1,
1
1
1
1
1
1

1
J
1
1

1
1
1
1
1
1

1,
1.,
1
1

1,
1
J
1
1
1
1
1

1,.
1,

" ~~....
1

1
1

190

200

150

100

50

o

o 2 4 6 s
Weeks Stored at 61-0

Figure 17 Peroxide Value and the Concentration ot
Butylated Hydroxyanisole in Lard Samples
"L", "Mft, and "N" Stored at 61·0



191

used alone ns not unusually effective in inereasing the

stability of lard as measured by the aotive oxygen method.

Moore and Biokford (103) in a reoent study of the effeotive

ness of a number of antioxidants also found propyl gallate

more effeotive than BHA in stabilizing oottonseed oil, the

same oil hydrogenated to shortening oonsistency and lard.

The results obtained by following the loss of the 2-BHA

and 3-BHA isomers in semples tfLtf, "MIt and WIN" are shown in

Figure 18. These samples oontain no propyl gallate and,

theretore, it m1ght be assumed that the data tor the loss ot

BEA alone would resemble that portion ot the eurves in

Figure 16 subsequent to the oomplete destruction ot propyl

gallate. ComparisoD ot the data in Figures 16 and 18 indi

cate that this assumption 1s correct. It was noted from the

data in F1gure 18 that the loss ot 3-BHA i8 initiated at an

early stage in the storase period, whereas 2-BHA. requires an

induction period ot approximately twenty-tour days in the

case of lard samples tfLn and "Mtf • It was alao obeerved that

w1th these samples the 3-BHA began to react at relatively 10.

peroxide values, wh11e a perox1de value ot 2; to 35 mU'"

equ1valents per kg. was requ1red betore the rate ot loss ot

2-BHA became appreoiable. No det1nite conclusions can be

drawn trom the result s tor sample tfN", owing to the very low

concentrat10n ot approximately 0.00; percent ot 88ch of the

BHA 1somers.
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e , Relative Etfectiveness of the 2-Tertiary-butyl-4-bydroxy
anisole and )-Tertiary-butyl-4-hydroxyanisole Isomers in
Retarding the Ranoiditication ot tard Stored at 61·0

Sinee 3-BHA began to reaet at a lower peroxide value

than 2-BHA, it eould be argued tbat 3-BHA would inhibit per-

oxide 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 eitrie aeid as shown

in Table LIV were added to frash steam-rendered lard whieh

was then stored at 61·C and analyzed at !ntervals for 2-BHA,

3-BHA and peroxide value.

Table LXV

Approximate Amount of Antioxidants Added to Lard Samples
"X" l "Y" and "Z"

Sample 2-BHA. Added 3-BHA Added Citric Acid Added
~ % ~

"Control" 0.000 0.000 0.00lt.
X 0.020 0.000 0.004-
y 0.000 0.020 0.004-
Z 0.010 0.010 0.00q.

The results ot the experiments with lard samples ~",

wy- and "z" to which varying proportions of the BHA isomers

plus citrio acid were added and stored at 6l·C, are presented

in Figure 19. These data confirm the faêt tha t 3-BHA. al.one

is a more effective antioxldant than 2-BHA alone. Lard

containing no added BEA and stored at 6l·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 and 13.8 days,

respectively, to attain a peroxide value of 20. The com

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 61·0 by factors

of 1.6 and 2.2, respectively, as compared to 1.0 for lard

alone. At a ooncentration of 0.02 peroent, 3-BHA exhibited

an inhibition ratio of approxlmately 1.4 relative to 2-BHA

when oomparlson was made at a peroxlde value of 20. Moore

and Bickford (103) have recently stated that a more real

lstic evaluation of the antioxidants in lard is obtained

when comparisons are made at a peroxide value of 100 milli

equ1valents per kg. When the data in Figure 19 are compared

at a peroxide value of 80, the maximum value for whioh

figures were available, the 1nhibitor ratio of 3-BHA was

approximately 1.5 as compared to unitY for 2-BHA.

These results are in general agreement with those

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

the relative effectiveness of 2-BHA and 3-BHA alone and as
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mixtures ot known composition on stabilization ot el.ven

lards and concluded that 3-BHA exhibited an inhibitor ratio

ot 1.5 relative to 2-BHA when 0.01 percent ot the isomers

was employed and the active oxygen method used to evaluate

the relative stability ot the lards. Rosenwald and Chenicek

(125) have reported that 3-BHA. was 2.8 times as ettective as

2-BHA in inhibiting the oxidation of lard when a concentra

tion ot 0.02 percent was employed.

The BHA ~ployed in these investigations contained from

54 to 62 percent ot 3-BHA. These samples ._r. ohosen inten-

tionally in order that sutticieo.t 2-BHA would be present to

permit accurate analysie. Commercial BHA preparations con-

taining higher proportions of 3-BHA have been encountered

(se. Table XIX) (89), and these adght be expected to be

sllghtly more etficient antioxidants.

5. VALIDITY OF THE ANALYTICAL VALUl!S FOR 2..TERTIARY-BOTlL
4-BYDROXYANlSOLE AND 3-TERTIARY-BUTYL-4-HYDROXYANISOLE
IN OXIDIZING LARD

The determination ot the BEA lsomers ls based on the

colour intensity obtained with the 2,6-dichloroquinonechloro

imlde - borax reagent relative to that obtained with the

terric chlorlde - ~,o(t-bipyridine reagents. It elther of

these reage~ts reacted wlth decompositlon products tormed

during the oxldatlon ot the tat, large: ~ errors ln the deter

mination ot the isomers would result. In order to check the
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va1idity of the determlnatlon of the 2-BHA and 3-BHA 10

oxldizing fat, the follow1og experiment was conducted. To

one samp1e of lard was added 0.02 percent of 3-BHA and to a

second samp1e an equa1 amount of 2-BHA. These samples wsre

he1d ln open beakers at 61-0, and the proportion of the

isomers in each sam.p1e wa8 determined at interva1s unti1 the

BHA was comp1ete1y destroyed. The results of these experi

mente are glven in Table LV.

Table LV

The Proportion of BEA Isomers as Determined During the
Oxldatlon ot Lard at 61·0

Storage 2-BHA 3-BHA.
Perlod Ratl0 of Pound Ratl0 of J'ound.at 61·0 Absorbancles Absorbancie8

Weeks st 620/515 lD.)l ~ st 620/515 .)1 ~

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 96.5
3 0.132 101.0 0.784 99.6
4 0.125 102.0 0.788 100.1
5 - - 0.763 96.3
6 • - 0.767 96.9

The ratios given in Table LV represent the absorbancy

obtained wlth the 2,6-dlchloroqulnonechloro!mide - borax

reagent divided by the absorbancy obtained w1 th the ferric

chlorlde - o(,o<..!-blpyrldlne reagent. The average values ot
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101.2 peroent tor 2-BHA and 97.7 percent for 3-BHA are both

within the experimental error ot the method. If any sub

stances produoed during the oxidation ot the tat had inter

terad with the determ1nat1on, the peroentage of the isomers

would not have remained close to 100 peroent until the

complete destruction of the BRA. Theretore, it was conoluded

tbat the method tor the determination of the isomers was

sat1staotory in the presence ot oxidation produots.



B. Loss of Antioxidants During the Preparation
and Storage of Pie Cruet

1. INTRODUCTION

The foregoing etudy of the loss of propyl gallate and

butylated hydroxyanisole (Bal) in lard etored st 6l·C was

extended to include a study of these and other antioxidants

in pie crust. All previous work in this field has been con~

duoted by means of static experiments, that is, experiments

in which the oriterion has been the time under given condi..

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 a number of antioxidant oom

binations to lard employed in the preparation of pie cruet.

The keeping quality of the pie crust and the disappearance

of added antioxidants was estimated by periodically extract

ing the fat from a portion of the pie cruet and analyzing it

for added antioxidants and peroxide value.

2. EXTRACTION OF FAT FROM DOUGH OR PIE CRUST

a. Efficiency of Different Solvents in Extractlng Fat trom
Dough

In order to follow the loss of antioxidants added to

lard used to prepare pie crust, it was neoessary to have a

simple procedure for reoovering the majority of the fat

present in dough or pie crust. In a preliminary exper1ment

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

solvents. The resulting dough suspensions were centrituged

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

the solvent evaporated and the fat weighed. The efticiency

ot various solvents in extraoting the fat tram dough under

these oonditions is illustrated in Table LVI.

Table LVI

Efficiencl of Various Solvents to Extract Fat trom Dough

Solvent Employed

Acetone
Benzene
Carbon tetraohloride
Chlorotorm
Ethyl ether
Methy1 Cel1osolve
Light Petroleum • )0 to 40· traotion
Light Petroleum - 30 to 50· traction
Light Petroleum. - 30 to 60· traotion
Light Petroleum - 34 to 3S· traction
Llgb.t Petroleum - 40 to 50· traotion
Light Petro1eum - 50 to 60· traotion
Light Petroleum - 60 to 100· traction

Percent Fat Reoovered
tram Dough

8
96
86-91
•
91
89
92
91
91
90
94

Most ot the solvents tested in Table LVI were tound

unsatistaotory for one or more reasons. Aoetone and methy1

oel1osolve , being miscible with water, took up the water

present in the dough, The resulting aqueous - solvent mix-

tures were paor tat extraotants. Chloroform, and oarbon

tetrachloride presented some dittioulty in centrituging down
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the flour solids due to the high specifie gravity of these

solvents. Benzene, carbon tetrachloride, chloroform, methyl

cellosolve and the 60 to lOO~light petroleum fraction were

rejected because of their high boiling points which required

undesirably high temperatures in order to remove all of the

solvent. Since propyl gallate and other antloxidants are

known to be destroyed by high temperatures, the use of such

solvants are not feasible. Of the remaining solvests inves

tigated, light petroleum with a 34 to 38·0 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 (34·0) of this fraction avoided the

possibility of this solvent boiling during all but the

hottest summer weather. In addition, its low upper boiling

range (38·0) greatly facilitated the complete removsl of this

solvent from the extracted fat. Light petroleum was amployed

in preference to ethyl ether because of the tendency of ethyl

ether to form peroxides which might intertere with the

acourate estimation of the peroxide value of the extraoted

fat.

b. Mfect ot Blending Tilne Upon the Recovery of Fat from
Dougl(

Employing the 34 to 38-0 light petroleum traction and

blending the sample for three minutes, the solvent boiled
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vigorously beoause of the friotion in the b1endor. There-

tore, experiments were oonduoted to determine whether the

time ot blending oould be reduoed. The etfeot of the time

of agitation in a Waring Blendor upon the extraction of tat

from dough is illustrated in Table LVII.

Table LVII

Effeot ot Blending Time on the Reoovery of Fat trom Dough,
Employing 100 ml. ot 34 - 38·0 Light Petroleum Per 50 g.
Dough

Time ot Blending
lU.DUtes

0.25
0.5
1.0
2.0
3.0
5.0

Fat Reoovery trom Dough
Peroent

93
92
93
90
91
91

The results show that inoreasing the time ot extraotion

above thirty seoonds dld not lnorease the ettlciency ot

extraetion. Theretore, thirty seoonds blending was adopted

for a11 subsequent experim8nts sinee the loss ot solvent

during blending was redueed.

o. Efteot ot the Volume of Solvent Upon the Reoovery ot Fat
trom DOugh

The effeot of the volume ot 34 to 38·0 boiling range

light petro1eum employing thirty seconds agitation in a
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War1ng Blendor upon the recovery or fat from dough was 1nves-

t1gated. Volumes of 11ght petroleum ranging from 50 to 175

ml. were employed to extraot the fat from 60-g. port1ons of

dough. The results of these experiments are g1ven in Table

LVIII.

Table LVIII

Effect of L1ght Petroleum Volume Upon the Recovery or Fat
from Dough Employing a Blend1na Time of Thlrty Seconds

Volume of 34-38·0 L1ght Petroleum
.ml.

50
75

100
125
150
175

Fat Extracted from Dough
Percent

67
80
87
91
92
94

Results in Table LVIII ind10ate that 150 ml. of 34 to

38·0 light petro1eum par 60 g. of dough recovered approx

imately 92 percent or the fat. Binee lt was intended to

emp10y only 55 g. of dough or 45 g. of pie crust, 1;0 ml. of

34 - 38·0 11ght petro1eum was adopted to extract the rat.

Subsequent extractions indicated that approximate1y 92 per

cent of the fat in dough and approximate1y 85 percent of the

fat in pie crust was recovered with a single extraction.
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3. PREPARATION OF PIE ORUST

8. Mixing of Dough

The dough was made from 100 parts flour, 60 parts lard

and 50 parts water. Oommercial 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 45·0. The lard was cooled rapidly to lS C

and employed to make dough.

The flour and lard were cooled to approximately lS·O,

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 lS·O, which was mixed in lightly~

b. Baking of Pie Orust

The dough was spread to a depth of one-quarter of an

inch in rectangular aluminium trays (11" x 11" x 3/S") and

baked in an oven at 205·0, until lightly browned. To avoid

scorching near the edge of the trays, the turned-up edge was

only 3/S" high, because this edge served as an additional

surface for heat absorption. The layer of dough was made

slightly thicker near the edge of the tray in order to
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utilize this additional heat input. Unitormity ot baking ot

the pie crusts is ot the utmost ~portance in order to

obtain reliable keeping times.

c. 8torage ot Pie Orust

The pie crust was stored in an oven at 61·0. Period

ically, the tat from a portion ot pie crust was extracted

and analyzed for added antioxidants and peroxide values.

4. ANALYTIOAL METROns

a. Reagent

Light Petroleum - (34 - 38·0) - 8hake 8kellysolve A

(28 - 38·0) with one-tenth ot its volume ot concentrated

sulphuric acid tor two to tive minutes. Run otf the acid

layer and wash the light petroleum with water and dilute

alkali until tree ot aoid. Distil the light petroleum in an

aIl-glass tractionating column and collect the traction

boiling between 34 to 38·C.

b. Extraction ot Fat tram Dough and/or Pie Crust

Place 55 g. ot dough or 45 g. ot pie crust into a Waring

Blendor. Add 150 ml. ot 34 to 38·0 light petroleum, oover

and blend tor thirty seconds. Transter the contents ot the

blendor to a 250 ml. centrifuge bottle, stopper and oentri

fuge at 1000 R.P.M. for tive minutes. Decant the slightly

turbid light petroleum solution into a double 15 om. Whatman
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No. 54 filter and colleot the filtrate in a 250 ml. flask.

Remove the light petroleum under reduced pressure employing

•a water pump wh!le warming the flask in a 40 C water-bath.

Ramove the 1ast traces of llght petroleum with a Hyvac pump.

Such an extraction will reoover approximately 92 percent of

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

c. Ana1ysis for Pheno1ic Antiaxidants and Perox1de Value

The extracted fat was analyzed for added phenolic anti

oxidants emp10ying the prooedures previously outlined. The

peroxlde value of the fat was determined employing Lea's

"hot method" (81).

5. RECOVERY OF ANTIOXIDANTS FROM DOUGH AND PIE CRUST

a. Propyl Galla te

It was f'ound impossible to recover any of the propyl

gallate added to dough. However, lard oontaining 0.006 per-

cent ot propyl gallate upon being blended with light

petroleum, centrlf'uged, 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 oooasloned no serious loss of propyl

ga1late.

The use of autoolaved flour also resulted in zero
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recoveries of propyl gallate 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 dioxide also resulted in the

complete loss of added propyl gallate. Therefore, the use

of such oxidizing agents was not responsible for the destruc

tion of propyl gallate.

Binee propyl gallate reacts with metallic ions such as

iron, it was suspected that this antioxidant was being

oxidized or oomplexed by the metallic ions present in flour.

In an attempt to prove this point, flour was fractionated

into three orude fractions as follows:-

Flour was moistened with distilled water to form a dough

which was allowed to stand at room tamperature for thirty

minutes. This dough was rubbed up by hand in a large volume

of distilled water to separate crude staroh and protein

fraotions. 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 proteine The

resulting starch was washed with water to remove any alkall,

centrifuged and air dried. The orude protein fraction was

dissolved in dilute alkali and centrlfuged to separate any

starch present. The protein waB precipitated by the addition

of ethyl alcohol at an aoid pH. This protein precipitate
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was suspended in distilled water and adjusted to approxim-

ately pH7 and then dried in vacuo. AlI remaining solutions

were collected, adjusted to .pH 7, 8vaporated to dryness and

are referred to as the "residue fraction".

The original flour and each of the three flour fractions

was made 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

Recover.y of Propyl Gallate 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 94-
Starohy Fraction 2 93.0 4.5 0.2 80
Original Flour 72.0 10.8 0.4- 0
Residue Fraction 27.3 42.5 16.6 0
Proteinaoious Fraotion 2.8 92.7 2.0 0

Data in Table LIX indicate that high recoveries of

propyl gallate were possible when predominate1y staroby flour

fractions were employed to make dough. However, as the

protein and ash in the flour fraotions increased, the recovery

of propyl gallate rapidly decreased to zero. These results
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indioated that propyl gallate was destroyed or oomplexed by

some oomponent of flour. In this oonneotion Sair and Hall

(l29) observed tbat some faotor in flour plays an important

role in the oarry-through of antioxidants. These authors

oonsidered that the metallio oontent of flour might be

responsible but were unable to confirm this assumption, since

the addition of metallio deactivators to dough did not

1norease the keeping quality of pie crust.

In the oase of pie orust made from dough oontaining added

oitric acid or disod1um dihydrogen ethylenediaminetetraaoetate

("Versene"), followed by the addition of propyl gallate as a

spray in a lard solution, resulted in recoveries of three ta

ten percent of the added propyl gallate. However, after a

tew hours at room temperature no propyl gallate oould be

recovered from the pie crust. These resu1ts 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 inad

equate to complex all the meta1lic ions in flour and in

addition the small amount of propyl gallated added (approx

imately 0.00) percent of the flour) could be complexed by a

small fraction of the metallic content of flour.

b. Leuryl Gallate

Lauryl gallate recover1es as h1gh as thirty peroent
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trom dough and twenty percent trom treshly baked pie orust

have been obtained. The reoovery of lauryl gallate sprayed

onto pie crust containing "Versene" was sixty-four peroent

after a few hours at room temperature. In this oase "Versene"

was employed at 0.28 percent of the flour by weight. These

results indioated that the 10ss of added antidxidants oould

be reduoed and the keeping quality of the pie c rust inoreased

if a sutfioiently large amount of a powerful metal deaotiv

ator was employed. (See Table LX).

The greater stability of lauryl gallate in dough as

oompared to propyl gal1ate emp10yed at the same molecular

ooncentration was explained on the basis that laury1 gallate

is insoluble 1n water wh11e being soluble in fat. These

propert1es should restriot the 1auryl gallate to the l1pid

portion ot dough, thus avoiding such direot contact with the

metal1io 10ns of flour which should be concentrated in the

aqueous phase. Propyl gallate, on the other band, 1a sllghtly

water-soluble and would diffuse into the aqueoue phase and be

oomp1exed by the metalllc ions.

o. Nordlhydroguaiaretic Acid (NDGAt

The apparent recovery of NDGA from dough was or the

order ot two to six percent ot that added while no NDGA was

recovered from pie crust. The 108s of NDGA added to dough

was attributed to the same factors respons1b1e for the 108s

of propyl gallate.
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d. Butylated Hydroxyanisole ~

Reooveries of BHA from dough have been as high as

ninety-eight percent, though in most instances recoveries of

eighty to ninety-two percent were obtained. In the case of

pie crust, the time of baking normally employed resulted in

a further loss of fifteen to twenty percent of the BHA

present.

1. Effect of Time of Baking Upon the Recovery of
Butylated Hydroganisole from Pie Cruet

The effect of baking time in a 20,·0 oyen upon the

recovery of BHA from ple crust was investigated, wlth the

results giTen in Figure 20.

These results indicate that the lose of BEA pro-

ceeds at an ever-increasing rate during the baking ~ocess.

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 Oyen
Vapours

A series of three experiments were conducted with

the object of reoovering the BHA vapourized during the baking

•of pie crust. Air was drawn through an oven kept at 205 C

and containing 700 g. of dough, made with lard contalning

0.02 percent BRA, at a rate of approximately 620 ml. per

second. On leaving the oven the air and oven-vapours were

passed through a series of t"o stralght condensors and one

•spiral-condensor, cooled to 4 C by a rapid stream of water.
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The condensate amounted to eighty to eighty-six percent ot

the weight loss during the baking of the dough. Fitty-five

to 80 percent ot the BHA lôst during the baking, was recovered

in the condensat~. If the amount of BHA actually present in

the condensate is calculated on the basis of the total weight

lost during the baking of the pie crust, then trom sixty-

tour to eighty-tive percent or -the BH! lost during baking

should have been in the oven vapours. It is clear, there-

tore, that the greater portion ot BliA lost during the baking

of the pie crust is due to vapourization.

Iii. Recovery ot Butylated Hydroxyanisole Vapourized
trom Pie Grust Stored at 61·0

Lard containing 0.02 percent BHA was used to

make pie crust,640 g. of thispie crust being placed in a

large jar held at 61·0. 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.

Arter a period or n1nety-one hours, the remaining alcohol in

the traps was analyzed amploylng the 2,6-dichloroquinonew

ohloroimide - borax reagentsand found to contaln 0.7 mg. ot

BliA. Since this reagent couples with BEA 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, lt ls consldered

significant that so much BHA was recovered trom the traps.
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It ie important to note that whereas the lOBS of BHA

during the baking of pie crust is normal and unavoidable,

the loss of BHA by vapourization from pie crust stored at

61·0 would not be encountered under normal storage condltions.

It ls unlikely that any appreciable amount of BHA would be

vapourized from pie cruet held at room temperature or under

retr1geration.

6. PIE ORUST STORAGE EXPERIMENTS

Doughe were prepared, employing lard to which one or

more of the followlng materials had been added, propyl

gallate, lauryl gallate, NDGA, BEA, citr1c acld, phosphorl0

acid, ~-amino acetio aoid (glyoine) and disod1um dihydrogen

ethylenedlaminetetraacetate (WVereene"). When phenolic ant1

oxidants 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 desoribed, the rat from a portion of the fresh pie

crust was extracted and analyzed for antioxidant content and

peroxide value. The remainder of the pie crust was stored

at 61·0 for further analyses. Samples containing aoidlc

synergists but no phenolic antioxidants were analyzed for

peroxide value only.

7. RJ!SULTS AND DISCUSSION OF PIE CRUST STORAGE TESTS

For the purpose of comparison the resulte for peroxlde
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values were summarized and expressed in terms of the time

•required at 61 C for the fat in the pie crust to attain a

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

results are given in Table LX.

Table LX

Effect of Different Antioxidant and Synergistic Combinations
Upon the Time Required for the Fat of Pie Crust Held at 6l·C
to Attain a Peroxide Value of 60

Material Added to Lard Employed to Make Pie Crust

Blank

CA }H3PO~+ Glycine Acidic
Verse.ne Synergists
High CA

NDGA+ CA
PQ+OA
CA (Baked) + ro (Sprayed on Pie Cruet)
High CA. (Baked) + PG (Sprayeô. on Pie Crust)

LG + CA
Versene (Baked) + PG and CA (Sprayed on Pie Crust)
Versene (Baked) + LG and CA (Sprayed on Pie Crust)

BHA +- NDGA + OA
BHA + High CA
BHA. + PG + CA
BHA+ LG+ CA
BHA + CA

Time at 6l·C
to Attain a
Peroxide

Value of 60
Daya

4

5
5
7
7

7
7
7
7

13
15
18

21
22
23
24
25
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Key ta Table LX

Additive
Abreviations

CA
High CA
HPO
G1;c!:ne
Versene

PG

LG
NDGA

BHA.

Additives Expressed as Percentage of the Lard
Employed

0.004% Anhydrous Oitrio Aoid
0.460% Anhydrous Citric Acid
0.040% Phosphorio Acid
0.040% o(-Amino Acetic Acid
0.460% Disodium Dihydrogen etbylanediamine

tetraaoetate
0.006% Fropyl Gallate

0.0095% Lauryl Gallate
0.010% Nordihydroguaiaretio Acid

{
0.008~ 2-Tertiary-butyl-4-hydroxyanisole
0.012% )-Tertlary-butyl-4-hydroxyanisole

The results shown in Table LX indicate that the presenoe

ot acidic synergists alone resulted in little improvanent in

the keeping quality of pie crust stored at 61·0. The addition

of propyl ga11ate or NDGA in the presence of citric acid

exerted no additional affect, thereby indieating that these

antioxidants were rendered ohemioally inaotive upon addition

to the dough. Laury1 ga11ate, on the other band, produoed a

signifloant Improvement ln the keeping t1me of pie 0 rust.

This is attributed to the taot that lauryl gallate is

insoluble in water while belng fat-soluble. These properties

should tend to keep lauryl gallate in the fat phase, thereby

avoiding direot oontaot with the metallio ions whioh are

presumably looated in the aqueous phase. For these reasons

laury1 gallate might avoid oxidation or oomplexing by the
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metallic ions. Dough baked with added WVersene" 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" amployed was able to complex a large

portion of the metallic ions present, thus avoiding their

destructive action on the propyl gallate or lauryl gallate

added subsequently.

The most stable pie 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 citrio acid or NDGA plus

BHA plus citrio acid resulted in no further increaee in

stability. The use of additional oitric acid in the presence

of BHA produced no additional stability. It is surprising,

however, that the use of lauryl gallate plus BHA plus oitrio

acid did not produce greater stability than BHA plus cltrio

acid. Becans. the use of lauryl gallate plus oitrio ao1d

produoed a significant increase in stabllity, hence the use

of lauryl gallate plus BHA plus citric acid would be expected

to produce greater stabillty than that of BHA plus citric

acid. Nevertheless, these results did not confirm this

supposition.

The literature contains numerous references to the
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relative effeotiveness of antioxidants inoorperated 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 pie orusts employing fat oontain-

log 0.01 percent of added antioxidant together with 0.003

percent of oitrio aoid:- Control 2 to 3 days; propyl gallate

3 to 4 days; NDGA 3 to 4 days; lauryl gallate 4 to 5 days;

•and BH! 16 days at 61 c. These data are in agreement with

the results cited in Table LX. The lower keeplog times

obtained by Sair and Hall (129) might be due, at least in

part, to the pro-orldant effects of the sodium chloride which

was inoluded in their dough mixture.

The disappearance ourves for BHA 10 the presene e of

citric acid and other antioxidants are given in Figures 21,

22,23,24,25,26 and 27. In all cases there was approximately

fitteen percent loss of BHA during the baking process.

Thereatter, the loss of total BRA, 2-BHl and 3-BHA approx

imated straight-line tunctions of time. In the case of doughs

oontaining propyl gallate plus BHA plus oltric acld or NDGA

plus BHA plus citric acld, no propyl gallate or NDGA was

tound in the pie cruet and, therefore, no disappee.rance

ourves 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 signitioant amount of the

added BHA still remained in the pie cruet. Perorlde values
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as high as 280 milliequivalents per kg. of tat were recorded

in the presence of analyzable quantities of BHA.

The disappearance curves t'or lauryl gallate plus BHA in

the presence of citric acid are given in Figure 25. The

loss of both lauryl gallate and BHA tollowed straight-line

tunctions of time. In this case, it was impossible to

estimate the 2-BHA and 3-BHA isomers present, because the

analytical method is not applicable in the presence ot lauryl

gallate. Here again appreciable peroxide values were obtained

before all the BHA disappeared.

The disappearance curve for lauryl gallate in the

presence of ci tric acid is given in Figure 26 and is approx

imately a straight-line function of time. A high paroxide

value was attained before all the lauryl gallate was lost.

In the case of pie crust made trom dough conta1ning

"Versene" and then sprayed with lauryl gallate plus citric

acid, the loss of lauryl gallate 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 contained 10

percent of the added propyl gallate after a short interval.

However, after seven days storage at 61·0 no propyl gallate

was found, therefore, no disappearance curve for propyl

gallate was obtained.
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8. CONCLOBIONS

Acldlc synergists such as oitric acid. phosphoric acid.

~amino acetic acid (glycine) or disodium dlhydrogen ethyl

enediaminetetraacetate ("Versene") produced no signiticant

improvement in the keeping quality ot pie cruet. Propyl

gallate plus citric acid. or NDGA plue citric acld produoed

no signiticant eftect on the keeping quality ot pie cruet

owing to the tact that propyl gallate and NDGA are completely

destroyed in dough made with tlour. Lauryl gallate plus

oitric acid produced a signiticant improvament in the keeplng

quallty ot pie crust. The addition ot "Versene" to dough.

tollowed by spraying the pie crust with a solution ot lauryl

gallate plus citric acid or propyl gallate plus citric acld

resulted in an increase in stabllity. The addition ot BHA

plus oitric acid to dough resulted in the greatest stability

of the pie crust. However. the addition ot propyl gallate,

lauryl gallate or NDGA to this dough produced no turther

inorease in the stability orthe pie crust. BHA iB partly

vapourlzed trom dough durlng the baklng procees and aleo

during the storage ot pie crust at 61·0.



SUMMARY

1. A p.rocedure hasbeen developed for the quantitative

separation of propyl gallate, butylated hydroxyanisole

and toeopherol when present in the same fat sample.

Propyl gallate is extracted from the fat in light

petroleum solution by means of an aqueous 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.

2. Sensitive qualitative tests are deseribed for the detec

tion of gallie aeid, propyl gallate, lauryl gallate,

butylated hydroxyanisole and gum guaiac in fats.

3. Colorimetrie methods are presented for the quantitative

determination of propyl gallate, butylated hydroxyanisole,

nordihydroguaiaretic aeid and tocopherol in lard and

shortening. These procedures permit the quantitative

analysis of all combinations of these antioxidants except

when propyl gallate and nordihydroguaiaretic acid are

present in the same fat sample.

4. A rapid colorimetrie procedure has been develope4 for

the determination of butylated hydroxyanisole in lard

and shortening. This procedure, employing a 2,6-dichloro

quinonechloroimide M borax reagent, ls recommended for

monitoring the addition of butylated hydroxyanlsole to
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commercial lard or shortening. The presence of propyl

gallate or nordihydroguaiaretic acid do not introduce

analytical errors, since the antioxidant preparation

employed is used as a reference standard.

5. A method has been developed for estimating the propor

tion of 2-tertiary-butyl-4-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

6. A colorimetrie method is described for the quantitative

estimation of lauryl gallate in lard and shortening.

7. A rapid quantitative procedure is described for deter

mining tooopherol in butter oil. This prooedure avoids

Interferences due to oarotene, vitamin A alcohol, the

synthetio colours, Oil Yellow AB and Oil Yellow OB and

ia suitable for detecting the adulteration of butter

011 with vegetable 011s.

S. Analytioal values are given for the amounts of propyl

gallate, total butylated hydroxyanisole, 2-tertlary

butyl-4-hydroxyanisole, 3-tertiary-butyl-4-hydroxy

anisole and tocopherol found in a number of commercial

lards and shortenings.

9. Analytlcal values are presented for the tocopherol

oontent of butter, vegetable and anlmal fats and olls.
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10. Experiments were con~ucted to ascertain the etfective

ness of difterent concentrations of propyl gallate plus

butylated hydroxyanlsole plus citrio acid tor the pre

ventlon of ranciditication of lards stored at 41· and

•61 o.
l~. The ettectiveness of different concentrations of butyl

ated hydroxyanisole plus citric acld in preventing the

rancidification of lard stored at 61·0 has been ioves-

tigated. The results indlcate that butylated hydroxy

anisole in the absence of propyl gallate 18 relatively

ineftective as an antioxidant for lard.

12. The relative antloxidant activlty ot 2-tertiary-butyl

4-hydroxyanisole and 3-tertiary-butyl-4-hydroxyanisole

waB investigated in lard stored at 61-0. The 3-tertiary

butyl-4-hydroxyanisole isomer was found to be the more

effective antioxidant.

13. The rates of loss for propyl gallate, total butylated

hydroxyanlBole, 2-tert1ary-butyl-4-hydroxyanisole and

3-tertiary-butyl-4-hydroxyanisole were determined in

lard stored at 61·0.

a. In the presence of butylated hydroxyanisole, the loss

of propyl gallate approximated a straight-line function

of t1me.

b. In the presence of propyl gallate, the loss ot butyl-

ated hydroxyan1so1e was slow; after the propyl
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gallate had been destroyed, the rate of 1088 ot

butylated hydroxyanisole increased rapidl1.

o. In the absenoe of propyl gallate the loss of 3-

tertiary-butyl-4-hydroxyanisole prooeeded at a more

rapid rate than for 2-tertiary-butyl-4-hydroxyanisole.

d. When propyl gallate and butylated hydroxyanisole were

present in the same lard sample, the peroxide value

inoreased very slowly until all the propyl gallate

had been destroyed: thereafter the peroxide value

inoreased rapidly. In lard oontaining only butylated

hydroxyanisole, the peroxide value inoreased rapidly

after a short induotion periode High peroxide values

were enoountered in the presence of deteotable

quantities of this antioxidant.

14. Storage tests were oonducted to determine the relative

effectiveness of different combinations ot propyl

gallate, lauryl gallate, butylated hydroxyanisole,

nordlhydrogualaretlc acld, cltrlc acld, ortho-phosphoric

acld, glycine and dlsodium dihydrogen ethylenediamine

tetraaoetate (WVersene") upon the stability of pie orust
•held at 61 c.

a. Acidic synergists suoh as oltrio aoid, phosphoric aoid,

. ~-amino acetio acid (glycine) or disodium dlhydrogen

ethylenediamlnetetraaoetate ("Versene") produoed no

slgnificant improvement in the keeping quality of pie

oruet.



232

b. Propyl gallate plus citric acid, or nordihydroguaiaretic

acid plus citric acid 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 made with flour.

c. Lauryl gallate plus citric acid produced a significant

improvement in the keeping quality of pie crust.

d. The addition of "Versene" to dough, and spraying the

pie crust with a solution of lauryl gallate plus

citrio acid or propyl gallate plus citric acid

resulted in a significant inorease in stability.

e. The addition of butylated hydroxyanisole plus citric

acid to dough 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 ln the

stability of the pie crust.

t. BUty1ated hydroxyanis01e is partly vapourized from

dough during the baking process and also during the

storage ot pie orust at 61·0.

15. The rates of loss of propy1 gallate, lauryl gallate,

total butylated hydroxyanisole, 2-tertiary-butyl-4

hydroxyanisole, 3-tertiary-butyl-4-hydroxyanisole and

nordihydroguaiaretic aoid were determined in doughs,

treshly baked pie crusts and during the subsequent

storage of pie crust at 61·0.
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a. Propyl gallate and nordihydroguaiaretic aoid were

completely lost upon addition to dough.

b. A large proportion of the lauryl gallate was lost in

the dough and during the baking of pie crus b, The

loss of the remaining lauryl gallate from pie oruet

approximated a straight-line function of tlme.

o. Eight to 15 percent of the butylated hydroxyanisole

added to dough could not be recovered. Of the rema1o-

ing butylated hydroxyanisole, a further 15 to 20 per

oent was lost dur10g the baking of the pie crue t , In

pie crust, stored at 61·0, the losses of total butyl

ated hydroxyanisole, 2-tertiary-butyl-4-hydroxyanisole

and 3-tertiary-butyl-4-hydroxyanisole approximated

straight-line funotions of time •

•d. In pie crust stored at 61 C, the rate of peroxide

formation was much more rapid than in lard stored at

61·0. Large peroxide values were found in pie orust,

even in the presence of detectable quantities of added

antioxidants suoh as lauryl gallate or butylated

hydroxyanisole.

e. The presenoe of relatively large amounts of "Versene"

10 dough, fo110wed by the addition of lauryl ga11ate

or propyl gallate as a surface spray, greatly increased

the reooveries of these antioxidants and a1so their

antioxidant activity.



CLATMS TO ORIGmAL RmEARCH

The writer c1aims to have made the fo11owing contribu

tions to the ana1ytical chemistry of antioxidants used in

foods and to the study of the stabi1ity of food fats:-

1. The development of a procedure for the quantitative

extraction of propy1 gallate from fat in light petroleum

solution. This procedure is based upon the extraction

of propy1 gal1ate with 1.67 percent aqueous ammoniua

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.

2. The discovery that propyl gallate, lauryl gallate and

possib1y other ga1late esters produce an intense rose

colour with sodium carbonate and other a1kalis, provided

acetone is present.

3. An application of Mitche11's ferrous tartrate reagent ta

the quantitative analysis of propy1 ga1late.

4. The deve10pment of a method for the quantitative analysis

of lauryl gallate in fats based in part on the discovery

mentioned in paragraph 2, and emp10ying a sodium carbonate

reagent in the presence of acetone.

5. The development of a procedure for the quantitative

determination of both butylated hydroxyaniso1e and nordi

hydroguaiaretic acid when present in the same fat sample.
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The procedure is based on the differen t rates of r eaction

of these two substances with a reagent containing ferric

chloride and ~,~t-bipyridine.

6. The application of the Gibbs' 2,6-dichloroquinonechloro

imide - borax reagent to the qualitative and quantitative

determination of butylated hydroxyanisole.

7. The development of an analytical procedure for deter

mining the proportion of 2-tertiary-butyl-4-hydroxy

anisole and )-tertlary-butyl-4-hydroxyanisole isomers in

commercial butylated hydroxyanisole added to fats.

S. An adaption of the Enmerie and Engel ferric chloride

plus 04o(t-bipyridine reagents to the quantitative deter

mination of tocopharol in lard and shortening.

9. The development of a rapid analytical procedure for the

determination of tocopherol in fats and oils which

elim1nates interterences from Oil Yellow AB, 011 Yellow

OB, vitamin A alcohol and carotene. Thls method is

suitable for the routine exam1nat10n or commerc1al butter

olls for the detectlon of adulteration with vegetable

oils other than coconut oil. Such adulteration is 1ndi

cated by the presence of excessively hlgh tocopherol

ooncentrations.

10. The use ot a qualitative test for butylated hydroxy

anisole in butter oil, as a means ot deteoting the

adulteration ot butter wlth rats containing added butyl-

atad hydroxyanisole.
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11. The relative rates ot destruotion ot propyl gallate,

total butylated hydroxyanisole, 2-tertiary-butyl-4-

hydroxyanisole and 3-tertiary-butyl-4-hydroxyanisole

when added together at three ditferent ooncentrations

•to lard stored at 61 0 have been studied for the first

time.

12. The relative rates of destruotion of 2-tertiary-butyl-

4-hydroxyanisole and 3-tertiary-butyl-4-hydroxyanisole

alone or together in lard stored at 61·0 have been

studied tor the first time.

13. The losses of various oombinations of propyl gallete,

butyleted hydroxyanisole, nordihydroguaiaretio aoid and

lauryl gallate in dough, during the baking and sub

sequent storage of the pie crust at 61·0 have been

studied. Tentative conclusions have been drawn as te

the relative importance of the parts played by vapour-

ization during baking, protective actions of sequestering

agents, and effeots of storage at 61-0.



REFERENCES

1. Allen, S.C., and De Eds, F. The Chronic Toxicity of
Lauryl Gallate. J. Am. Oil Chem. Soc., 28, 304-6
(1951) --

2. Andre, E., and Hou, K. The presence of a lipoid oxidase
in soy bean, Glycine !2J.!, Lieb. Compt. rend~. lli
645-7 (1932) Chem. Abstrs., ~, . 3004 (1932)

3. Ault, W.C., Weil, J.K., Nutting, G.C., and Cowan, J.C.
Direct Esterification of ga1lic acid with higher
a1cohols. Am. Chem. Soc., ~, 2003-5 (1947)

4. Bailey, A.E. Industrial Oil and Fat products.
Interscience Publishers Inc., New York, 1945.

5. Bailey, E.A. Fl8Vour reversion in edible fats.
Oil and Soap al, 55-8 (1946)

6. Banks, A. Rancidi ty in fats. I.
temperatures, sodium chlorlde,
the oxidatlon of herring oil.
22., 13-5 T (1937)

The effect of low
and flsh muscle on
J. Soc. Cham. Ind.,

7. Banks, A. A method for studying the etfec,t of anti
oxidants on the oxidation of aqueous suspens ions of
unsaturated tatty acids. J. Soc. Chem. Ind., ~,

8-13 (1944)

8. Bentz, R.W., O'Grady, T.J., and Wright,S.B.
Antioxidants and Food Prese~vation. Food Technology
6, 302-4 (1952)

9. Biokoft, E.M., and Williams, K.T. Stabi1ity ot carotene
at elevated and room temperatures. Oil and Soap ~,

65-9 (1946)

10. Bickott, E.M. Phenolio antioxidants tor oarotene.
J. Am. Oil Chem. Soc., ~, 65-8 (1951)

11. Boehm, E., and Williams, R. A study of the inhlblting
actions ot propyl gal1ate (normal propyl tri-hydroxy
benzoate) and certain other trihydric phenols on the
autoxidation ot animal and v'egetable tats. Q,uart. J'.
Pharmaoy and Pharmacology 16, 232-43 (1943)--

12. Boehm, E., and Williams, R. The prevention ot autox
idative rancidity in fats and oils. Pharm. J., 151,
163-4 (1945)



238

13. Budowski, P. Sesame Oi1. III. Antioxidant properties
of Sesamol. J. Am. Oil Chem. scc , , 27, 264-7
(1950)

14. Budowski, P., Menezes, F.G.T., and Do1lear, F.G.
Sesame Oi1. V. The stabi1ity of sesame oi1.
J. Am. Oi1 Chem. Soo., gz, 377-80 (1950)

15. (Canadian) Food and Drug Regulations. Seotions B.06.004
and B.06.021 to B.06.051 inclusive.

16. (Canadian) Food and Drug Regulations. Seotion B.08.052.

17. (Canadian) Food and Drug Regulations. Sections B.16.0l6
and B.16.017.

18. Chapman, D.G. and Campbell, J.A. A note on the prep
aration of the tocopherol blank in the Fox and
Mueller procedure for Vitamin A. J. Am. Pharm.
ABsoon., !Q, 252 (1951)

19. Chemistry and Physios Handbook. Chemioal Rubber
Pub1ishing Co., Page 828-9, Section 4160, 30th
Ed1tion, 1947.

20. Chipault, J.R., Lundberg, W.O., and Burr, G.O.
The ohemioal determination of tocopherols in animal
fats. The stability of hog fats in relation to
fatty acid oomposition and tooopherol contents.
Arch. Bioohem., ~, 321-35 (1945)

21. Christiansen, J.A.
J. Phys. Chem..,

Note on negative oatalysis.
~, 145·8 (1924)

22. Cbristiansen, W.G. Some deriv1tives of gallic acid and
pyrogallol. J. Am. Chem. Soc., ~, 1358-65 (1926)

23. Clark, E.P. Studies on Gossypol. IV. Apogossypol.
J. Biol. Chem., ~, 159·66 (1928)

24. Clark, W.M. The determination of hydrogen ions.
p. 81 and 83. Baltimore, Williams and Wilkins
Company, 1920.

25. Clopton, J.H. Antioxidant material from osage orange
(Bois D'ArC) fruit. J. Am. OilChem. soe , , 1Q.,
156-9 (1953)



239

26. Cranston, E.M., Ourada, A.L., Carlson, L., Brey, T.E.,
Moren, J.A., Troxil, E.M., Jensen, K.J., Bell, E.J.,
and Bieter, R.N. Advances in Food Resaarch, Vol. 3,
pages 197w208 Academie Press

27. Cranston, E.M., Jensen, M.J., Moren, A., Brey, T.,
Bell, E.T., and Bieter, R.N. The acute and chronic
toxicity of nordihydroguaiaretic acid. Federation
Proc., 2, 318 (1947)

Dam, H., Glavind, J.,
"Vitamin E~. Kg1.
Medd., 16, No. 7
6214 (1942)

Prange, l., and Ottesen, J.
Danske Videnskab. Selskab. Biol.

(1941). Chem. Abstrs., 22, ·

29. Doegey, J.L. Use of gum guaiac as an antioxidant
stabi1tzer in butter fat, lard, partially hydrogenated
cottonseed oil or other fats or olls. u.s.

3
Pat .

2,308,912 (1943) Chem. Abstrs., lZ, 3850 (1943)

30. · Dugan, L.R., Kraybll1, H.R., Ireland, L., and Vlbraus,
F.O. Butylated hydroxyanisole as an antioxidant for
fats and foods made with fats. Food Tech., !:b
457-60 (1950)

31. Dugan, L.R., Hoffert, E., B1umer, B.P., Dobkiewicz, l.,
and Kraybll1, H.R. The antioxidant behavior of the
isomers of butylated hydroxyanisole. J. Am. 011
Cham. Soc., ~, 493-5 (1951)

32. Dutton, R.J., Schwab, A.W., Moser, R.A., and Oowan, J.O.
The f1avour prob1em in soybean oi1. IV. Structure
of compounds counteracting the effeot of prooxidant
mataIs. J. Am. Oi1 Cham. Soo., ai, 385-8 (1948)

33. Ellenberger, R.A., Guerrant, N.B., and Fardig, O.B.
Seasonal Variation in the Vitamin A and the Carotene
Content of Retail Butters. J. Nutrition, ll,
39-51 (1947)

34. Emerson, O.R. The chemistry of vltamin E. III.
Permanganate oxidation of a1pha-tocophero1.
Scienoe,~, 4.0 (1938)

35. Emmerle, A., and Enge1, C. Colorimetrie determlnation
of ot-tocophero1 (Vltamin E). Rec, trav. chim., ll,
1351-5 (1938). Chem. Abstrs., 11, 2164 {1939T



240

36. Emmerie, A., and Engel, C. Colorimetrie determina t ion
of dl-o(-tooopherol (Vitamin E). Nature 142, 873
(1938) ---

37. Emmerie, A., and Engel, C. Colorimetrie determlnation
of toeopherol (Vitamin E). III. Estimation of
tooopherol in blood serum. Ree. Trav. Ohim., ~,

895-902 (1939) Chem. Abstrs., 2l, 86535 (1939)

)8. Emmerie, A. Oolorimetrie determination of tocopherol
(Vitamin E). IV. Determination of tocopherol in
oils after saponification. Ree. Trav. Chim., ~,

_246- 8 _ (J.~40L _Ollel!l._ Abst~s., - ~, - 66625- -(1-940i- - - - - - --

39. Evans, H.M., Emerson, O.H., and Emerson, G.A. The
isolation from wheat germ oil of an a1cohol,
o(-tocopherol, having the properties of vitamin E.
J. Biol. Chem., 113, 319-32 (1936)

40. Fernandez, F.E., Johnson, M., and Valledor, P.
Determination of alpha-tooophero1 in human serum.
Rev. Cubana Pediat ~, 222-6 (1949). Annotated
Bibliography of Vitamin E, section No. 105 (1940
1950) National Vitamin Foundation.

41. Filer, L.J., Mattil, K.F., and Longeneeker, R.E.
Antioxidant los ses during the induction period of
fat oxidation. Oil and Soap ~, 289-92 (1944)

42. Filer, L.J., Mattil, K.F., and Longeneeker, H.E.
Ohanges oocurring in fat eutoxidation. Oil and Soap
~, 196-201 (1945)

43. Fisher, G.S., Kyame, L., and Bickford, W.G.
Norconidendrin. A new antioxidant for fats and oils.
J. Am. Oil Cham. Soc., ~, 340-3 (1947)

44. Fisher, G.S. KYame, L., and Bickford, W.G.
Norconldendrin, a new antioxidant for fats and oils.
Menuf. Confectioner ~, 24-6 (1949). Cham.
Abstrs.,~, 6842a TI949)

- - - - - - - - ----45. ----Fox, --s. H. , and-Muel l-er ,- K.- -Tne- in fl uenoe of toeopherols
on U.S.P. XIV. vitamln A assay. J. Am. Pharm.
ABsoen., ~, 621 (1950)

46. Furter, M., and Meyer, R.E. A quantitative photometrie
determination of vitamin E. Helv. Chim. Acta., ~,

240-50 (1939)



Gibbs, H.D. Phenol tests. III.
J. Biol. Cham., ~, 649-64

2U

The indophenol test.
(1927)

48. G1asstone, S. Influence of hydrogen-ion concentration
on the colorimetrtc determination of pyrogallol and
catecho1 derivitives. Analyst ïQ, 49-53 (1925)

49. Glavind, J., Reslet, H., and Frange, I. Application of
molecu1ar distillation to the chemical determination
of tocopherol (Vitamin E) for the removal Of
reducing compounds. ztschr. Vitaminforschrung !l,
266-74 (1943). Chem. Abstrs., ~, 5864 (19~

50. Golumbic, C. The autoxidative behavior of vegetable
and animal fats. Oil and Soap ~, 105-7 (1943)

51. Golumbic, C., and Mattill, R.A. The Antioxidant
Fropertles of Gal1ic Acid and Allied Compounds.
Oi1 and Soap li, 144..5 (1942)

52. Gou1d, I.A., Moore, L.A., Ewbank, F.C., and Town1ey, R.C.
Re1ationship of the stability of carotenoids of
butter and butter-oil to formation of peroxldes.
Mich. State Agr. Exp. Sta. Quart.

7Bull.,
~, 145-50

(1943) Chem. Abstrs., ~, 1572 (1944)

53. Grettie, D.F. Gumguaiac. A new anti-oxidant for oils
and fats. Oi1 and Soap !Q, 126-7 (1933)

54. Hall, L.A. Synergistio antioxidant. U.S. Pat.
2,493,288 (1950). cnem, Abs trs. , h:!t., 3632a (1950)

55. Rall, L.A. Synergistic antioxidant. tr.s. Pat.
2,511,802 (1950). Chem. Abs t rs , , ~, 8562b (1950)

56. Heyden Chemioal Corporation. Technical Bulletin
GAL-2, February (1950)

57. Higgins, J.W., and Black, H.C. A prel1minary comparison
of the stability effect of several recent1y proposed
antioxidants for edible fats and oils. Oil and Soap
~, 277-9 (1944)

58. Hilditch, T.P. Some factors affecting the control of
oxidative rancidity. Chem. and Industry No. 8.
67-71 (1944)



242

59. Hills, G.L., and Conochie, J. The oxidant effect of
commercial salt ln fats and oils. J. Council Sei.
Ind. Res., Australi~ lB, 355-65 (1945). Chem.
Abstrs., !±Q, 3623 lï946)

60. Hill, R. Method for the estimation of iron in
biological material. Proc. Royal Soc. (London)
B 107, 205-14 (1930)

61. Holm, G.E., Greenback, G.R., and Deysher, E.F.
Susceptibi1ity of fats to autoxidation. Ind. Eng.
Chem., !2, 156-8 (1927)

62. Hove, E.L., and Hove, Z. The chemical estimation of
o<.,-tocopherol and total tocopherol in mixtures 01'0(-,
~ and rrorms. J. Biol. Chem., 156, 601-610 (1944)

63. Johnson, V., Carlson, A.J., Kleitman, N., and Bergstrom,
P. Action of gum guaiacum upon the animal organisme
Food Res., l, 555-74 (1938)

64. Joyner, N.T., and McIntyre, J.E. The oven test as an
index of keeping quality. Oi1 and Soap 12, 184-6
(1938)

65. Karnani, B.T., Theokas, D.A., and Krukovsky, V.N. The
antioxidant properties of nordihydroguaiaretic acid
in cream pasteurized at various temperatures.
J. Dairy Sei., 21, M 40-47 (1950)

66. Karrer, P., Jaeger, W., and Keller, H. Estimation of
tocopherol in animal organs. He1v. Chim. Aota ~,

464-5 (1940)

67. Kaunitz, H., and Beaver, J.J. Determination of
tocopherol with iron-bipyridine reagent in the
presenoe of fats. J. Biol. Cham., 156, 653-9 (1944)

6B. Kaunitz, H., and Beaver, J.J. Studies of the meohanism
of the reaction of tooopherol with iron-~t

bipyridine in the presenoe of fats. J. Biol. Chem.,
156, 661-71 (1944)

69. King, A.E., Roschen, H.L., and Irwin, W.H. An acce1erated
stabi1ity test with the peroxide value as an index.
ail and Soap !Q, 105-9 (1933)



243

70. King, A.E., Roschen, H.L., and Irwin, W.H. The
accelerating effect 01' metals on the development 01'
peroxides 01' oils and fats. Oil and Soap 10,
204..7 (1933) -

71. Kjolhede, K.T. Elimination of the vitamin A and
carotenoid errer in the chemical determination 01'
tocopherol. z. Vitaminf~rsh ~, 138 (1942).
Chem. Abstrs., 21, 398 (1943)

72. Kofler, M. Die g etrennte Bestimm.ung der Tocopher01e.
Fasoioulus ïQ, 1053-69 (1947)

73. Kraybill, H.R., Dugan, L.R., Beadle, B.W., Vibrans, F.C.,
Swartz, Va N., and Rezabek, H. Butylated hydroxy
anisole as an antioxidant for animal fats. J. Am.
Oil Chem. ;Soc., ~, 449-53 (1949)

74. Kraybill, H.R., Dugan, L.R., V1brans, F.C., Swartz, Ve N.,
and Bondi, V. Studies on antioxidants. II. AMn'-72
as an antioxidant for animal fats. Bull. No. 4,
Am. Meat Inst. Foundation. January (1949)

75. Krukovsky, V.N., Theokas, D.A., Whiting, F., Guthrie,
E.S., Yager, N., and Mattus , M.A. The affects 01'
nordihydroguaiaretic aoid, salt and temperature 01'
storage on the stability of fat and fat-soluble
vitamins in cream and butter. J. Dairy Soi., ~,

679-87 (1949)

76. Kurth, E.F., and Chan, F.L. Dihydro:quercetin as an
antioxidant. J. Am. Oil Chem. Soc., ~, 433-6
(1951)

77. Lange, W. Cholesterol, phytosterol, and tocopherol
content of food produots and animal tissues.
J. Am. Oil Chem. Soo., ~, 414-22 (1950)

78. Lea, C.H. The influence 01' tissue oxidases on rancidity.
Oxidation 01' the fat 01' bacon. J. Soo. Chem. Ind.,
22, 376-80 T (1937)

79. Lea, C.H. Rancidity in edible fats p.35. Chemical
Publilshing Co., New York (1939)

80. Lea, C.H. Exper~ents on the use of antioxidants in
dry, edible fats. J. Soo. Chem. Ind., 22, 107-12
(1944)



244

81. Lea, C.H. The determination of the peroxide values of
edible fats and oils: the iodometric method. J. Soc.
Chem. Ind., 22, 286-91 (1946)

82. Lea, C.H. Prob1ems arising from the use of chemicals
in foods. Chemistry and Industry No. 9, 178-83,
March 1952

83. Lehman, B.T., and Watts, B.M. Antiaxidants in aqueous
fat systems. J. Am. Oil Chem. Soc., 28, 475-7
(1951) -

84. Lundberg, W.O., Halvorson, H.O., and Burr, G.O. The
antioxidant properties of nordihydroguaiaretic acid.
Oil and Soap ~, 33-5 (1944)

85. Lundberg, W.O., and Halvorson, H.O. Observations on
solubilities and other properties of several anti
oxidants in fats. Proc. Inst. Food Tech., 115-26
(1945 )

86. Lundberg, W.O. A sQrvey of present knowledge,
researches and practices in the United States con
cerning the stabilization of fats. The Homel
Institute of the University of Minnesota. Publica
tion No. 20 (1947)

87. Lundberg, W.O., Dockstader, W.B., and Ha1vorson, H.O.
The kinetics of the oxidation of severa1 antioxidants
in oxidizing fats. J. Am. Oi1 Chem. Soc., ~
89-92 (1947)

88. Mahon, J.H., and Chapman, R.A. Estimation of !nti
oxldants in Lard and Shortening. Anal. Cham., ll.
1116-20 (1951)

89. Mahon, J.H., and Cbapman, R.A. Estima tion of 2- and 3
tertiary-butyl-4-hydroxyanisole isomers. In
commercial butylated hydroxyanisole. Anal. Ed., ~t

534-6 (1952)

90. Mahon, J.H., and Chapman, R.A. The relative rates of
destruction of propy1 gallate and buty1ated hydroxy
anisole in oxidtzing lard. J. Am. Oil Cham. Soc.,
lQ, 34-9 (1953)



245

91. Mattill, H.A. Antioxidants and the antioxidation of
fats. J. Biol. Chem., ~, 141-51 (1931)

92. Mattil, K.F., Filer, L.J., and Longenecker, H.E. A
study of the antioxidant effectiveness of several
compounds on vegetable fats and o ï.Ls , Oil and Soap
~, 160-1 (1944)

93. Matti1, K.F., and Filer, L.J. Determination of gallic
acid added to fats and oils. Ind. Eng. Chem.,Anal.
Ed., 12, 427-9 (1944)

94. McKenzie, A., and Müller, R.A. Studies in Asymmetric
Synthe8is (VII). J. Chem. Soc., ,22" 544-8 ("1909)

95. Meat Inspection Division Memorandum No. 114 June 2
(1948). Subject - WUse of hydroquinone, butylated
hydroxyanisole and citric acid or phosphoric acld in
animal fats and shortenings containing animal fats".

96. Meat Inspection Division Memorandum No. 114, Supplement
No. 1. December 14 (1948). Subject - ~evocation
of a Meat Inspection Division Memorandum No. 114".

97. Mehlenbacker, v.o. A study of methods of accelerating
the swift stability test. Oi1 and Soap 12. 137-9
(1942)

98. Meunier, P., and Vinet, A.
reaction of tocopherol.
for the determination of
m., 611-3 (1940)

Quantitative oxidation
The principle of a method
vitamin E. Compt. Rend.

99. Meunier, P., and Vinet, A. Oxidation in alcobolic
solutions of various phenolic compounds by ferric
chloride in the presence of potassium ferricyanide.
Application to tocopherol (Vitamin E). Ann. Chim.
Anal., Chim. Appl. #l- 145-8 (1941). Oham.
Abstrs., li, 7434 (1941)

100. Meunier, P., and Vinet, A. Ohromatography of total
lipid extracts of tissues for determination ot
tocophero1 content. Bull. Soc. Ohim. Biol., ~_

365-70 (1942)

101. Mitchell, O.A. The colorimetrie estimation of
pyrogallol, gallotannin and gallic acid. Analyst
~_ 2-15 (1923)



246

102. Morris, S.G., Kraekel, L.A., Hsmmer, D., Myers, J.S.,
and Riemenschneider, R.W. Antioxldant properties
of the fatty alcoho1 esters of gal1ic acid. J. Am.
ail Cham. Soc., ~, 309-11 (1947)

103. Moore, R.N., and Bickford, W.G. A comparative
evaluation of severa1 antioxidants in edible fats.
J. Am. oi1 Cham. Soc., ~, 1-4 (1952)

104. Moore, T., and Tosic, J. The protection of tocophero1
during saponification with pyrogallol. Biochem. J.,n. xiv (1943) "

105. Morris, S.G., and Riemenschneider, R.W. Hlgher fatty
alcoho1 esters of ga11ic acid. J. Am. Chem. Soc.,
~, 500-1 (1946)

106. Nagy, J.J., Vibrans, F.C., and Kraybi11, H.R. An
application of the Barcraft-Warburg apparatus to
the study of antioxidants in fats. ail and Soap
~, 349-52 (1944)

107. Norman, P.J., and Hughes, E.B. The tannin-content of
tea. Analyst .21, 303-9 (1936)

108. 01cott, H.S., and Mattill, H.A. Antioxidants and the
autoxidation of fats. VI. Inhibito1s. J. Am.
Cham. Soc., ~, 1627-30 (1936)

109. Oloott, H.S., and Matti11, H.A.
autoxidation of fats. VII.
ification of inhibitors. J.
2204-8 (1936)

Antioxidants and the
Prellminary .1ass
Am. Chem. SOC"., ~,

110. 01cott, R.S., and Emerson, D.H. Antioxidants and the
autoxidation of fats. IX. The antloxldant
properties of the tocopherols. J. Am. Cham. Soc.,
,22, 1008-9 (1937)

111. Oliver, G.D., Singleton, W.S., and Bai1ey, A.E.
Molecu1arly dlstilled peanut oi1 antioxidants and
pure alpha-tocophero1 as stabi1izing agents for fats
of poor keeplng quality. ail and Soap 21, 188-93
(1944) -

112. Orten, J.M., Kuper, A.C., and Smith, A. Studies on
the toxicity of propyl gallate and the antioxidant
mixtures containing propy1 ga11ate. Food Techn01.,
2, 308-16 (1948)



247

113. Parker, W.E., and McFarlane, W.D. Proposed modifica
tion of Emmerie's lron-dlpyrldyl method for deter
mlning tocopherol content of olls. Can. J. Res.,
18 B, 405 (1940)

114. Phelps, G.W., and Black, H.C. Stabl1lzatlon of fatty
materlals. U.8. Pat. 2,374,234 (1945). Chem.
Abstrs., 22, 34503 (1945)

115. Powlck, W.C. Compounds developed ln rancid fats wlth
observations on the mechanism of their formation.
J. Agr. Res., 26, 323-63 (1923). Chem. Abstrs.,
~, 1580 (1924T

116. Quaife, M.L., and Harris, P.L. The chemical estimation
of tocopherols in blood plasma. J. Biol. Cham.,
156, 499-505 (1944)

117. Quaife, M.L., and Biekler, R. A simplified hydrogenation
technique for the determlnation of blood plasma
tocopherols. J. Biol. Chem., 122, 663-5 (1945)

118. Quaife, M.L., and Harris, P.L. Molecu1ar distillation
as a step in the che.m.ical determina tion of
tocopherol and gamma tocopherols. Ind. Eng. Chem.,
Anal. Ed., 1&, 707-8 (1946)

119. Quaife, M.L., Scrimshaw, N.S., and Lowry, O.H. A
micromethod for assay of tocopherols in blood
serum. J. Biol. Chem., ~' 1229-35 (1949)

120. Ramachandran, K., and Rau,Y.V.S. A new photometric
method for the estimation of tocopherol (Vitamin E).
Current Sci., 12, 147-8 (1943)

121. Rawlings, H.W., Kuhrt, N.H., and Baxter, J.G. The
determination of tocopherol content during the
commercial processing of soybean oil. J. Am. Oil
Chem. Soc., ai, 24-7 (1948)

122. Regulations governing the meat inspection of the United
States, Department of Agriculture. Section 18.7
J'une (1952)

123. Riemenschneider, R.W., Turer, S., and Speck, R.M.
Improvement producedin the stability of lard by the
addition of vegetable oils. Oil and Soap 20
169-72 (1943)



248

124. Roberts, E.A.H., and Wood, D.J. A study of the poly
phenols in tea leaf by paper chromatography.
Biochem. J., ~, 414-22 (1951)

125. Rosenwa1d, R.H., and Chenioek, J .A. Alky1 hydroxy..
aniso1es as antioxidants. J. Am. Oi1 Chem. Soo.,
~, 185-8 (1951)

126. Royoe, H.D. Stabi1ity tests on fats oontaining
oxidation acoe1erators and inhibitors. Oi1 and
Soap 12, 123-5 (1933)

127. Russel, A., and Tebbens, W.G.
of the tanning effeot. I.
esters of ga11ic acid. J.
2274-6 (1942)

Chemical constitution
Simple esters and po1y

Am. Chem. Soo., §lr.

128. Saba1itshka, T., and Bohn, E. Stabi1izing high
mo1ecu1ar fat acids, animal and vegetab1e fats and
oi1 and fish oi1s. U.S. Pat. 2,255,191 (1941)

. Ohem, Abstrs., 22, 2894 (1942)

129. Sair, L., and Hall, L.A. The use of antioxidants in
deep fat frying. Food Tech., 2, 69-73 (1951)

130. Schroeter, G., Lichtenstadt, L., and lrineu, D.
Uber die Konstitution der Guajacharz-Substanzen.
(Constitution of substauoes from guaiacum resin).
Ber., 2!i 1587-1613 (1918). J. Soo. Chan. Ind.,
~, 55A (1919)

131. Sohu1ck, E., and Rozsa, P. Determination of~

tooophero1, of 2,3,5-trimethyl-6"(3-hydroxyl-3,7,11,
15-tetramethyl-hexadecyl)~-benzoqainone("tocoph
eroquinone") and of aoety1~-tooopheroland par
ticu1ar1y the 1ast mentioned in oi1 solutions. Z.
Anal. Chem., ~, 253-65 (1943) Annotated
Bibliography of Vitamin E, Section No. 118 (1940
50). National Vitamin Foundation.

132. Si1ver, R.E. Retarding rancidity in salt oured fish.
Food Inds., !l, 1454-7 (1945)

133. Smith, E.l., Ko1thoff, l.M., and Spillane, L.J.
Chemistry of vitamin E. XXXVII. The amperometrio
titration of e{ .. tocophero1 wi th aur-Ic oh10ride at
the dropping meroury e1ectrode. J. Am. Chem. Soo.,
9lt.. 646-8 (1942 )



249

134. Smith, F.R. t Brady, D.E., and Comstock, R.F. Rancidity
of bacon, effect of antioxidants. Ind. Eng. Chem. t
11, 1206-9 (1945)

135. Smith, L.I., and Ungnage, R.E.
vitamin E. J. Orge Chem.,

The chemistry of
4, 298-362 (1939)

136. Stern, M.R., Robeson, C.D., Weis1er, L., and Baxter,
J.G. S-tocopher01. 1. Isolation from soybean oi1
and properties. J. Am. Chem. Soc., &2, 869-7~

(1947)

137. Stu11, J.W., Herreid, E.O., and Tracy, P.R. A study
of the use of nordihydroguaiaretic acid in the
storage of frozen sweet cream. J. Dairy Sei., ~,

541 (1947)

138. Stu11, J.W., Herreid, E.O., and Tracy, P.H. A study
of the use of the antioxidan t nordihydrogualaretlc
aold in dalry produots. 1. Its antioxygenlc
properties in mi1k. J. Dairy Sei., J!, 449-54
(1948)

139. Stu11, J.W., Rerreid, E.O., and Tracy, P.R. A study
of the use of the antloxidant nordihydroguaiaretio
acid in dalry products. II. Its antloxygenl0
propertles in unsweetened frozen cream. J. Dalry
Soi., îl, 1024-8 (1948)

140. Stu11 , J.W., Rerreld, E.O., and Traoy, P.R. A study
of the use of the antioxldant nordihydrogualaretl0
acld ln dalry products. III. Its antloxygenic
properties in sweetened frozen cream. J. Dalry
Sol., ~, 301-5 (1949)

141. Swift, C.E., Rose, W.G., and Jamieson, G.S. Faotors
affecting the stabl11ty of cottonseed 011. A study
of the antlgenlc actlvlty of a1pha-tocopher01.
011 and Soap 12, 176-80 (1942)

142. To11inaar, F.D. occur.eence and preventlon
deterloratlon of dalry products. Proc.
Dalry Congress (StockhOlmd 2, 357-67
Chem. Abstrs., ~, 2664 T1950)

of oxldative
12th Intern.
(1949)

143. U1ex, G.A., and Kroger, E.P. Uber die Wirksamkeit der
Nordihydroguajaretsauve als Antioxydans fur Fette.
On the effectiveness of nordihydroguaiaretic acid
as an antioxidant for fats. Dtsch. Lebensmitt
Rdsoh., ~, 256-60 (1950). Food Sei. AbB., 24,
Seotion 1483 (1952)



250

144. Vladimir N. Kurkovsky. Tocopherol, carotenoid and
vitamin A content of the milk fat and the
resistance of milk te the develepment of oxidized
flavours as influenced by breed and season.
J. Dairy Sei., 1l, 791-6 (1950)

145. Waller, a.w., and Gisvold, O. Phytochemical inves..
tigation of Larrea divaricata Oav. J. Am. Pharm.
Assoc., ~, 78-81 (1945)

146. Wheeler, D.R. Peroxide formation as a measure of
autoxidative deterioration. Oil and Soap 2,
89-97 (1932)

147. Wilder, O.H.M., and KrBybill, ·H.R. Summary ot
toxicity studies on butylated hydroxy anisole.
Am. Meat Inst. Foundation, December, 1948.










