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THE ANTIOXIDANT EFFECT OF EDIBLE FLOURS
 DERIVED FROM OIL PRESS CAKES
IN GERTAIN FAT-CONTAINING FOOD MIXTURES

CHAPTER I
INTRODUCTION

The problem of rancidity im fats and in stored foods
containing fat is of major iwportance in the food industery
and in the home.

In the investigation of factors that may influence
the development of rancidity, mach work has been done on
the use of antioxidant meterials. These studies have
dealt most froquently with the effeet of antioxidant sube
stances when added to the fat itself.

Such materials act to inhibit oxidation of the fat.
In this group of subsgtances are found some naturally oosur-
ring maverials, as gum gualac or wheat germ concemtrate,
and many chemical compounds.

Though much attention has been given to the problem
of fat rancidity and many nmaterials have been studied as
to their antioxident effect, very little work has been
done on the inhibition of rancidity in prepared food mizes
and in cooked food produets.

Baked foods present special problems since rancidity

develops very rapidly in the fat present in such foods,
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The present study was primarily concerned with the
effect on fat rancidity of several oll press cakes which
were incorporated in food mixes and in baked food products.
The press cakes studied were peanut, soy and cottom. If
it could be demonstrated that oil pregss cekes, usually
rogarded as simple by-products of the oil menufacturing
industry, are effective inhibitors of fat rancidity,
both in prepared mizes and im baked foods, then a new
and wvaluable use would be suggested for these materials.

A second purpose of this study was to collect infor-
mation regarding the method to be used for accelerating

the development of rancidity im the food mixtures.

' HISTORICAL BACEGROUND

Although the Boybean has been used by Oriental
races as food for ceéenturies, its introduction to Ameri-
cans 4id not occur until 1804, At first it was used
only as a food for cattle. During the first World Vaw
the oil extracted from soybeans was used by homemakers
as a source of fat. In the second World War soybeans
found widespread uvse as human food. Soy flour was used
for fortifying various cereal produets, cakes, hreads,
muffine, soups, and other products used by the army.

(Lager, 1945) (26).
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The first attempts to produce a satisfactory flour
from soy%eans met with failure. These methods either
yielded a product high in fat which became ramcid veory
rapidly, or the quality of the beann had been destroyed
during processing. The first suceessful soybean flour
was produced by Dr. Laszlo Bereczellar of Vienmna. This
flour was pleasant in flavor, the nutritive value and
good quallties were preserved and it was found to have
excellent keeping qualities. Since this btime Germany
has done more than any other country in developing
methods of manufa¢turing and using soybean fiour.
(Ferres, 19293 Lager, 1945) (11: 28).

The introduction of Cottonseed meal as human food
was in 1876. It was pot widely used except in special
diets wvhere a low starch content was neeled. The pre~
sence of the'toxic subgtance, gossypol, made it necessary
to develop a method of procesgsing in which the press cake
could be used safely for stock feefing and as flour for
human food. (Wellath, 1940) (31).

Peanuts hove been grown in America since ¢oloanial
days, but only became of commercial importance about 60
years ago., From the bYegianing of the peanut crushing
industry the press cake has been accepted as an excel-

lent protein supplement in the feeding of faym amimals.



Only in reecent years has the excellence of the peanut
press cake been established as human food. Barly attempts
to produce an acceptable flour product met with failurs
due to the lack of proper equipment and techniques. In
1939 the cottonseed oil-milling company which had success=
fully overcome the same @ifficulties im the production

of eottonseed flour undertook the development of an
aceeptable peanut flour. (Payne, 19842; Ascham, 1939)

(383 1}, Peanut flour iS'upad principally in ¢ombination
with wheat flour in muffins, breads, and cookies, and in
disbetic diets as a means of reducing the carbohydrate
value and improving the protein content. (Ascham, 1936)
(1),

Soybean and peanut flours have been found to confep
desirable characteristics up@ﬁ cer¢ain cereal products,
johms end Finks (1921) (21)3 Stellar and Bailey (1938)
(40): Bohn and Favor {1945) (6) found that %h@ use of
5 per cent to 20 per eent soybean flour in bread dough
inereased the absorption quality of the wheat flour and
produced a much slower rate of staling of the bread.

Johns and Finks (1920) (20} added peanut flour %o
bread and produced a palatable loaf rich in water soluw
ble vitaming, and conteining a protein mixture adsquate
for normal growth in rats. Bread mede with a 40 per cent

proportion of peanut flour yislded a leoaf with a siight
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decrease in whiteness of the crumb and small décrease in
volume. Cookies, biscults, muffins, griddle cakes, and
waffles gave satisfactory products using 50 per cent peagw
aut flour. (Grewe, 19453 National Peanut Council, 1942)
(165 35),

METHOD OF MANUFACIURING FLOURS

Soy, peanut, and cotitonseed flours are by-products
of o0il manufacture. Certain precautions are eseential
for the production of edible flours that would be un-
necessary if oil memufacture were the only eonsideration.

‘fhe methods used for the manufacture of edible press
cakes agree in general for the different seeds, but may
differ slightly in details. The method of manufacturing
cottonseed flour may de easily adapted to soybean gnd
peanut. {Mcliath, 1940; Burlison, 1936) (313 7). The
steps in the process are:

1, Clean, especially selected secds are used.

2., Hulles and kernels are separated.

3., Kernels are rolled, them cooked at temperature
approximately that of bolling water. Water
may or may not be added depending om the typse
of cottonseeds used.

0il is exupressed by the hydraulic oy expeller

L%

process. The meal which is left contains



only a small percentage of oil, and is ¢he
press cake.

$. Press cake is cooled and stored for 30 days
before grinding.

6. The press cake is ground and the finer meal
is separated from the coarser ground portion
by mechanical means.

7. From a ton of cottonseeds, 300 pounds of
edible flour may be produeeéb

@aﬁtain changes take plaee during the cooking process

tWhen c¢otionseed is cooked, the protein separates and
coagulates and binds gossypol, causing laas‘of ite tozie
properties. {(Lyunan, H@llané, and Hale, 1944; 0Olcotdy,
1941) {293 36). |

During cooking of soybeans, the enzymes, lipoxidase
and lipase are inactivated. (Balls, axelrod and Kreis,
1943; Summer and Tressler; 1843) (33 41).

Cooking of peanuts results in the peptization of the
nitrogenous constituents while care must be taken to
preveat the denaturation of protein. (Fontaine, Samnels
and Irving, 1944; Payne, 1942) (13; 38).

SOﬁe recent Giscoveries suggest new uses for these
various flours, such as: the addition of soybean or

peanut flours to increase protein value of foodstuffs;



use in bread to decrease rate of staling: and addition
%o milk products to imbibit ramecidity of butterfat.
(Kinsman, 1944; Payme, 1942; Payne and Stuart, 1944;
Bohn and Faver, 1945; williamson, 1944) (25; 38; 39; 6
42)

In addition to the speéial properties that have
made these flouys desirable for £ood manufacture the
press cakes have been shown to possess antioxidant acti-
vity when added to fats. Eichberz (1942) (9) found that
the addition of small guantities of an antioxidant frac-
tion (leecithin) from soybeans improved the stability of
oils and fats. .

Musheyr (1935; 1942) (33; 34) suggests that rancidity
in lard may be inhlbited by the addition of soy or cereal
flours.

These @bservétiems indicate that the Llours may
have an antioxident effect when ineorpo:@%ed in food

nixes.

BANCIDITY OF FATS

Rancidity is a condition developing in fats and
baked goods containing fat in which definite off flavors
and odors are detected.  Bailey (1945) (2) declarss that

this phenomenon does not involve gross quantities of
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rancid fat, but that only about 0.1 per cent of the fab
may actually deeompose t0 form the compounds responsible
for its remcid flavor and odor. | |

Lea {(1989) says, “The most impaftanm, end from a
seiéntifio point of view the mogt interesting form of
rancidity is that produced by the astion of oxysen df the
air on the £at.” (27=--p. 79).

- The iritial step in the oxidation of fats is the
addition of oxygen at or near the a@mble'band of a favty
acid chaim to form wnstable compounds knovm asg peraxi&asq
(Bailey, 1845) (2).

'y '
~C=0- 10, > ~¢ <i:-
| | b4

Pats such as lard, which are relatively high in
olele acid content and low in 1linoleic acid, will be~
come rancid after the absorption of less oxysen than
fats in which the amount of these acids are reversed.
The rate at which oxygen is absorbed by fat is markedly
accelerated by heat, ezposure to light, particularly
ultraviolet, and the presence of certaim metals. (King,
Roschen and Irwin, 1933; Boehm and Williams, 1943) (23;

5). The course of oxidation follows two phases:



1: Initial phase or induction peried. Oxidae
tion during this phase proceeds relatively
slowly end at a more or less uniform rate.

2. Second phase. When the induetion period is
ended, oxidation takes place at & greatly
accelerated rate.

The polint -at which the sauple smells and tastes
rancid coincides with the beginning of the second phase.,
{Bailey, 1945; Piler, Hattil and Longenecker, 1945)

(25 12).

“The more highly saturated apnimal fats apd hydro-
genated oils whosc unsaturated aclds consist largely of
oleic acid are relatively little altered in flavor and
odor Guring the ¢arly phase. Onset of rancidity in such
fats is both sudden and defimite.® (Balley, 1945...D.
45) (2). | |

METHODS USED IN THE DETERMINATION OF RANCIDITY

Vaprious wmothods have been developed for testing
rancidity in fats and in products made with fat. Rancid
cdors and flavor way bYe determined organoleptically,
or rancicity may be determined by chemical methods. OF
the chemical metheds for determining the degree of
oxidation the test for fat peroxides is most sensitive.

Pat peroxides are intermediate products formed



10

during oxidation of the fat, These peroxides decompose
rapidly to form other products which are responsible
for flavors and odors. They are estimated by their
ability to release iodine from potassium ifodide (XI)

in glacial acetic acid (Gﬁgooog), The peroxide value
of a fat is a measure of ite ¢content of reactive oxygen
in millimols of peroxide or millieguivalents of oxygen
per 1000 grams of fat, (Lea, 1939; Bailey, 1945) (27
2}

0 0
V4 | 4

Gy - § + I > G -Gt =
OH oK

= Bl

Re HC = CH R 4 ZMI—R*HG « CHR ¢ I,
I, ¢ 2MayS,0, 5 e } NapB,0,

The length of ¢ime required for meny fate to become
rancid under normal conditions ils comparatively greatb.
Por this reason accelerated tests have been introduced
and are now frequently used. These tests make use of
relatively high temperatures to increase the rate of
oxidation. {Beadle, 1946) (4],

The Schaal oven test is a method making use of
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simple incubation of the sample in an oven at 60°¢.
{Bailey, 1945) (2). The test was &evelapéd t0 provide
a means of rating the relative stability of various
shortenings and 8s an index to their keeping qualities.
In the test developed by Schaal 50 gram samples wers
placed in'beakers covered with wateh glassesd The
sanmples were smelled daily, in the mornlng, for raneid
odorss The end of the induction pefioé was marked by‘@he
development of & rancid odor and darksning of the sample.
Peroxide formation was used in eonnectien-wiﬁh the
organoleptic tests to follow the development of rancidity.
Certain limitations emist in the use of a method
for dotermining rancidity by organoleptie means:
1., Personal evaluation of the point at which
rancid o@o&s'oeeur@ Rancidity in fats
with short induction periocds is easier %o
detect. %The longer industion perlods
introduce more difficulties since the
sample changes buat little from day to day.
‘the end of the inducetion period is hazrd
to determine withAa@eur@ay.
2. Color changes to indicate end point may be
confusing. Some fat darkens toward the end
of its induction period, but in some cases

the color of the fat becomes lighter.
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The Swift'’s stabllity test is one in which the sample
is aeprated by bubbling oxygen through the liquid fat
while &% is held at a constant temperature of 98°C on a
water bath. (King, Roschen and Irwin, 1933) (24): This
test is mainly used for determining stability of fats
and olls, and has not been adapted for use with baked or
prepared foods, Host of the data reported in the follow-

ing papers were obtained by means of this test.

FACTORS INFLUENGING THE DEVELOPMENT OF RANCIDITY

The appearance of rameidity may de accelerated or
inhibited. The presence of certain metallic salis oy
ninute traces of certain metals bave a catalytic effeect
upon the oxidetion of fats. Copper has been found to
be the most active. Because of this, copper should not
be used in any of the utensils in which fate are prbeessa&

In addition to the accelerating eoffect of metals,
it is well established that two other factors are of
prime importance in affecting the development of rapei~
dity. The exposure of fats to light, particularly ultra-
violet rays, as well ag heiding fats at high temperatures
will accelerate the appearance of raneidity. (King,

" Roschen and Irwin, 1933; Boehm and Williams, 1934) (233 5).
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The development of rancidity may be inhidbited by
storing a fat at low temperatures and protecting it from
light. The keeping quality may be greatly improved by
the addition of antioxidant substances.

The menufagturers of commuereial fats and oils were
the £irst to become interested in materials whieh if
added to their products would delay the appearance of
rancidity. 8ince animsl fat contains only small amounts
of natural antioxidants a pumber of materlals have been
studied as to theilr effect in prolonging the keeping
guality of lard and other animal fats. An anbloxidan®
selected fopr this purpose shonld: -

1. Exhibit effective inhibitory action,

2. Be easily soluble in fat.

3. Impart mo foreign flaver, odor, or coloy
on long storage, '

4, TExhidbit no harmful physiological effeect.

5. Exhibit no changes when heated.

6. Yrossess ability to reterd rancidity in
baked goods prepared from the fats treated
with it.

7. Be avelleble in quantity aund be economical.

{Higzgine and Black, 1944) (18).
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An efficient antioxidant must have a hydroxyl group
uncombined and attached directly to an aromatic ring.
The antioxzidant compounds found in vegetable oils are
phenolic in nature and depend for their activity on
free hy&foxyl groups. {(Oleott, 1941) (37). Lard con-
taing only small quantities of the phenolic type of aﬁti~
oxidants.

Certain syntheﬁic entioxidan®s have been used in
lard but their use has been discontinued because of the
undesirable flavor and odor, and because they are too
unstable or toxie for use in edible products. (Bailéy,
1945} (2). |

Some acids have been found to delay the appearance
of rancidity. HMost of the effective acids act only in
the presence of phenolic type compounds. They are
designated as synergisivs.

Materials which oceur maturally in connection with
foods have vecsived most of the ettention for stabilize
iﬁg fatty foods, since such substances are unliksly to
have tozic effects. Some phosphatides behave ag syner-
gists. Purified lecithin has been shown to c¢ontain no
antioxidant properties. Cephalin, though similar in
chemical structure to the inactive lecithin exerts an

inhibiting effect on the development of rancidity. Its
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inhibiting action is prodbably due to the phosphoric acid.

The same group is present but is boumd in lecithian,

H

H-hclye»ooe,ﬁl

HeC-=000.R,, 9 ) |

H«ﬁ»w-wwoes-ﬁiw@wc;ﬂgm«xgm CHp) 4
& o0—
Lecithin

Hﬁg C« -DOC . Rl
H“c o b b 43 wo () ot \'”"‘ O”“c HZGHQNHQ
& OH

Cephalin

Mitchell and Black (1934) (32) amd Hilditeh and
Paul (19392) {19) found the phospholipids of cottonseed .
and corn oil to be more podtent in their sntioxidant
effect than were those of soybean. '

One important c¢lass of naturally occurring antie
oxidants consists of the tocopherols. Their presence
has been demonstrated in some vegetable oils where
they unfoubtedly act as the chief antioxidants. Three

different tocopherols have been isoclated amd are desige-



nated as a, B, and y tocophsrol.

CHz Hy

5O o
OB, CH, CHy

Ong! <(CHp) CH(CH,) g G(CHy) 4 CH(CH),

c 0

&wTOGQphele

Although tocopherols are thougnt %0 be the ehief
antioxidants of'vegetabie oils, others exist, some of
which have been identified: Ohromans5,6-quinome, an
oxidation produet of tocophsrol, and gossypol are anti-
oxidant materials which have been identified, Sesanme
and rice bran cils are unugually stable although the
tocophapol c¢ontent of these oils is not particularly
high. It is believed that they contain antioxidants
more potent than tocopherol, probably sesamol in the
sesame 0il. (Bailey, 1945; Golumbic, 1942; Hove, 1944)
{23 1535 17).

Small quantities of soybean or oat flour or frace
tions of soybean have becn added to lard as a means of
rvetarding rancidity. (Musher, 1935; Dahle aund Nelson,
2941} (32;: 8).
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p
TENDERIESS OF PASTRY

Gabel snd Sunderiin (1945) (14) compared the tendere
ness of pastries msde with five different types of soy
flour. They found that soy flouy containing only 5 ¢o 15
per cent of fat produced more tender pastry than did fulle
fat flours,

The authors felt that the incroase of temderness of
the pastry made from extracted Tlours containing $ per
cent and 15 per cext fat wés due to the fat present in
the flours. They founﬂ,ﬁno significant differences in
the mean breaking strengths of pastries made with %&@’exJ
tracted soy flours containing 5 per cent or 15 per cent
fat and the pastries in the third serics made with the
Gefatted flour and soybean oll equivalents when the total
fat in the pastries was constant. In comparing a soy |
flour of the expeller type contalning 5 per cent fat with
extracted type soy flours, it was found that the pastries
made with the expeller flour were mich more tender than
with the extracted flour of either the 5 per cent or the
15 per cent fat content or oven than pastriss made with
the full fat soy flour containing 22 per eént fat.”
From these results the asuthors concluded that “"this dif-
ference in tenderness must have been caused by some fag-
tor other than the fat in the different types of flour.®
{14...p. 271, 272)
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CHAPTER II
PURPOSE OF THE EXPERIMENT

The work of Hilditch and Paul (193¢) (19), Dahle
and Nelson (1941) (8) and others has demonstrated the
effectiveness of soy, cotton and peanut flours, or
certain of their fractions, as inhibitors of fat oxi-
dation. These findings suggested the possibility that
the flours might have antioxidant effect in prepared
foods.

This experiment was &esignedé

1. 'To compare flours from three o0il press
cakes as tos
{(a) Their effeet on the development of
rancidity in baked pagtry and pastry
mixes.
(b) Their effect on the tenderness of
the pastry.
2. To obtain inférmatien-regarﬂing the method
for acceleration of rencidity.
{a) To determine whether divisiom of
gamples for incubation between a few
large or many small comtalners would

influence consistency of results.
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(b) To determine whether an incubator
temperature of 50°% (1229F) would
be sufficiently high to accelerate
the appearance of rancidity within
a reasonable period of time, yet
not high enough %o obscurs the
possible differences between the

experimental flours.
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CHAPTER IIX
EXPERIMENTAL PROCEDURE

Baked pastry was prepaved, using a standardized
Tormula and technique. The pastry was then crushed and
distributed between the jars in which it was t0 be
stored. These jars of pastry, as well as jars of raw
pastry miz were stored at 50°C.

Samples of both pastry and mix were removed at
intervals. The fat was extracted, and peroxide numbers

of the fat were determined.
PROCETURE FOR PASTRY

Ingredients

The ingredients used were all-purpose patent wheat
flour, salt, lard, soy, cotitonseed, and peaput flours.
All ingredients were secured in quantities sufficient
to serve for the entire experiment. Digvilled water was
used in making the pastzy.

The wheat flour and lard were stored at 0°F. until
necded. On the day preceding the one on which the
pastry or mix was to be prepared, the weighed ingrodients
were placed in an incubabor whieh maintained a temperae

5]
sure of 25 €. Daring this holding period the
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temperature of all ingredients became adjusted to 25°C.

" Formule

The basic pastry formula used was that developed by
Lowe, Nelsom, and Buchanan {1939) (28).

Bagsic formulas

heat Plour | - 276.,0 grams
iard | 110.0 grams
Salt 6.0 grame
fater | 70,0 mi

Por the soy, cottonseed and peanut series, 10 per cent by
welght of each of these flours was substituted for wheat
flour in the basic formila. No other changes were made.
The formulas used for the raw mixes were identical
$0 those used for the beked pastries, wiéh the exception

that water was omitted from the mixes.

Mixing

The dough was mized using a modification of the
method described by Lowe, Nelson and Buchanan {1938)
(28). A machine method for mixing was employed. The
equipment consisted of a Hobart XKitchenAid, Model &,
its 3 quart mixing bowl and pastry knife.

he standardized technique wused for combining

ingredients followed this pattern: The flour and salt
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wore sifted once and then sifted into the mixins bowl.
The lerd was then added. These ingredients were mixad
for three minutes at slow speed. wWithout stopping the
machine, thé mizxture was scraped down with a spatula at
i3, 2, and 2% minutes. At the end of three minutes the
machine was stopped, the mixture saain seraped down and
the water added. ﬁixing a% slow speed was thenoontinued
for 20 secounds.

After mixing, the dough was turné@ out onto a board.
It was then kneeded into s ball with 10 mobions of the
hand. The ball of dough was cut into six strips. The
two outer strips were discarded leaving the four center

strips to be rolled.

Rolling

Inmediately after the dough was mixed and cut inteo
strips, it was rolled between steel cleats, 1/8 of an
inch in height. To prevent the dough sticking to the
rolling pin and board it was rolled between two pleces
of wax paper.

The upper piece of paper was then removed. A
rectangular steel cutter measuring 1% by 2% inches was
used to cut the padtyry into Wafers of uniform size. The
superfluous dough was trimmed awayvaround the edges

of the wafers and the trimmings discarded. The pastry
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wafers were then transferred with & minimum of handling
to a tin baking sheet. This was accomplished by inverte
ing over the baking sheet the lower strip of wax paper
to which the wafers adherred. By brushing a hand
lightly over the paper enough pressure was exerted to
cause the wafers to c¢ling %o the baking sheet. The wax
paper was then peeled off.

The wafers were pricked to minimize blistering.
The instrument used for pricking was & small block of
wood carrying a number of evenly spaced sharp stéel

points.

Baking

4 Despateh electric oven was used to bake the pastry
wafers. The heat was thermostatically controlled and
checked by thermometer. The baking sheet was placed as
nearly as possible in the center of the oven to help in~-
sure unif@rm baking conditions. The pastry was baked for
20 minutes a%\l&@ocg {356°F.). A stopwateh was used
for timing the baking period, and the oven temperature
was accurately controllied.

After removael from the oven, the pastry wafers were
transferred to wire cake racks where they were allowed
to cool for one hour. Yhe breaking strength was then
deternined by means of the Bailey Shortometer.



Division of samples

All pastry wafers were rolled to crumbs amd thor-
oughly mixed, For one part of the experiment the pastry
crumbs were divided equally among many small jars. In a
second part of the experiment, the pastyy crumbs were

g¢ivided equally among four large jars.

Incubation of samples

The Jjars of pastry crumbs were placed in an incubatb-
or which maintained a temperature of 50°%. + 0.25%. as
measured by a thermometer placed in the center of the top
shelf. The temperature variations at different points in
the oven were: from the bottom shelf o the top shelfl,
1.7°C, and from the front o back of each shelf, 0.390;
to 0.,8%.

In the second part of the experiment when each ¢om=
bined lot of pastry or mixz was divided among four large
jars, the jars were placed from froat to back om the

center shelves of the incubator.

Selection of samples for extraction

At suitable intervals, sauples of pastry or mix were
removed from the incubator for extraction of the fat.

‘In the filrst part of the experiment, when the pastry

was held in many small containers, two samples of pastry
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and two of mix were picked at random. These two sup-
posedly were representative of the whole,

In the second part of the experiment when each lot
of pastry or mix was divided equally ameng four large
jars, samples were removed from all four jars at each
incubation period studied. These four samples were

representative of the whole.

Procedure for raw pastry mixes

Fhe pﬁoeedmre for combining the raw pastry mizes
was identical to that used for the baked pastry except
that water was omitted.

The differemt lots of raw mix were distributed
among Jars in the same way as the baked pastry. Incuba-
tion and selection of samples for extraction were done

in the same way as for the baked pastry.

METHOD FOR BXTRACTING FAT

The fat was extracted from the pastry samples with
petroleum ether using Soxhlet extractors., The extraction
was stopped at the end of eight hours. Excess petroleum
etheyr was removed by distillation from the fat sample.
Drying of the eztracted fat was completed under a 25-30,

{nch vecuum at S50°¢. for six to eight hours.
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PEROXIDE NUMBER DETERMINATION

Method

Peroxide pumbers were deotermined using a mo@ification
of the method developed by Lea (1939) (27). The steps in

the determination were ag follows:

1.

2.

3o

Semple was woighed (1.000 gram plus or minus 0,05
gram) into amber glass test tube. Duplicate dee
terminations were made on eaech sample of fat,

Approxinately i gram of powdered potassium
iodide was added.

20 ml glacial acetic acid and chloroform mixe

ture; (2:1 by volume) were added.

The test tube containing the sbove mixture was
placed immediately in a beakey of boiling water,
and heated exactly 1 minute. A stopwatoh was
used. Care was taken so mixture 4id not foam
over. - _
Mixture was then poured into 30 ml water im 100
ml Erienmeyer flask, ‘

The free lodine was then titrated with &tandafd«
izgdﬁsodium thiogulfaete 0.02 N until near end
point,

Approximately 2 ml imdicator staveh solution was
added.,

The mixture was titrated until colorless.

Peroxide number, formulas

me peroxide per 1000 g fat =
{ml NapSg03)(Normality)
“Welght OFf fat iR grams

Péroxide number is expressed as milliequivalents
of peroxide per 1000 grams of fat

% 1000




2%

Reagents

Potassium iodate reference standard, 0,02 N,
0.7134 g potassium iodate per liter.

Sodium thiosulphate 0.02 H., {approximately)
5.6 g sodium thiosulphate per liter.

Acetic acid and chloroform mixture 2 parts
glgeiai acetic acid, 1 part chloroform by
volume.

Starch solution
- 1. g soluble starch per 100 mi water.

Hydrochloric acid, concentrated

30 per cent potassium ilodide golution
30 g potassium jodide im 100 ml water.

Potassivm iodide in powdered or crystal form.

Standardization of sodium thiosulphate

1. 25.00 ml potassium fodate solution, 0.02 W,
was rup into a 100 ml ¥rlenmeyer flask

2. 10m potaseiam.iodide solution was added.
3. 3 ml concentrated hydrochloric acid was added.

&. ¥Freo iodine was titrated with approximately
0.02 N scdium thicsulphate until a light
straw color, then 3 ml starch solution was
added. Starch solution was freshly prepared.

5. ‘The mixture wag then titrated until colorless,

6. Formula: (ml of potassium iodate)x(N of potas-
givm {odate) = {ml of sodium thiosulphatelx
(¥ of sodium thiosulphate).

7. %Friplicate determinations were made, and each
salculated separately. The resulits were then
averaged.
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CHAPTER IV
RESULTS AND DISCUSSION

Information was obbtained as to the most desirable
method for sampling the incubated pastry. As mentioned
under "Brperimental Procedure® ome lot of pastry was
. distributed among many small javs. After incubation, .
samples were seolected at random for extraction of the
fat and ae%ermination of the peroxide numbers. Another
lot of pastny wes divided ejually among four large jars.
Fach vime that pastry was removed for amalysis of the
fat, a sample was taken from each of these Jars. 1Ia
the following discussion the first method is designated
as Test I, the second method is designated as Test II.

Data obtained by sampling at random from numerous
small containers {(Test 1) are compared with those oObe
tained by sampling from four large eoﬁtainers {Test II)
in Table I.

Differsnces between duplicate samples from Test I
are no greater than variations among quadruplicate
samples in Test I7. On the other hand; & comparison
of the day to day.results_ghews considerable fluctuation
among the averages from Test I. No trend is apparent;

and no curve eould be plotied from these data.
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A curve for development of rancidity in lard
would be expescted to show a short induction period
followed by a rapid increase in pevoxide number. This
type of curve was obtained when averages from Test II
were plotted, as shown by the curve for plain pastry
in Figurs I, BSince these averages represent a c¢rogs
section of the changes taking place in the entirs lot
of pastry, the method of sampling followed in Test II
should give'the more accurate pleture.

No definite explanation has yet been found as to
the reason why all samples do mot become rancid at the
same time when all conditions are apparently uniform.

Bubank and Gould, (1942) (10) working with butter
samples, found that when samples were spaced far apart
in the oven they varisd more as to the rate of oxidation
than if closely grouped in the center of the oven.
"66.5 per cent of the samples on the bottom shelf oxi-
dized more rapidly than those om the top shelf.” (10-wm-
p. 208). "Decreasing the size of sample or increasing
surface area markedly affected the rate of oxidation.®
(10~==p, 207)., Standardization of the size of sample
and size of eontainaﬁ,as well as the arrangement in the
oven was found ﬁb be“ne@essary for reliable results.

In the present stndy, differences in peroxide
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numbers of duplicate or quadruplicate samples may have
been due to temperature variations within the incubator.

A temperature of 509. (1229F.) was found to be
satisfactory for accelerating ﬁﬁe.development of raneidity
in pastry samples. It was high enough to speed up the
appearance of rancidity, yet low enough to allow sample
ihg at convenient intervals. The testing of nearly all
samples was complete in approximately two months. Though
some samples did not become rancid up to nipne months of
storage, this was not found to be an inconveniently long
holding perlod.

A temperature of 50°¢. (122%F.) is but slightly
hicher than that of a hot summer day. Summer temperaw
tupes around 100°F. in the shade are common in many parts
of the country. Temperatures lower than 122°F. would be
preferable for studying the development of raneidity,
since these would approach more closely normal holding
conditions. However, a lower incubation temperature
would not be feagible for laboratory use.

The effect of soy, peanut gnd cottonseed flours on
the development of rancidity in baked pastry and pastrey
mixes is showm im Pables II through JX and by Pigures X
and II.

It 4s evident that oxidation of the fat in plain
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and peanut baked pasiry followed a very similar course.
Both the plain baked pastry and the baked pastry con=-
taihing peanut flbur became rancid within 17 days. The
peanut flour present in the baked pastry exerted very
little if any antioxidant effeect. The last samples of
peaput mix to be analyzed were removed from the incubator
after éé days. They showed nc evidence of becoming raneid
at that time. The plain mix showed no increase in peroxe
ide number up to the sixtieth day of incubation, but
rancidity developed between the sixtieth and seventy-
£ifth day.

On the other hand, soybean fLlour was shown to be a
good antioxident, and cottonseed flour an excellent anti-
oxidant both in the baked pastry and in the raw mixes.
The baked pastry containing soy flour did not dbecome
rancid up to 39 days of incubation., The raw soy mix
became rancid after nine months., The baked pastry con-
taining cottonseed flour showed no sign of becoming
rancid up to 86 days of storage, and the raw mix showed
neo increase in peroxide number up to nine months,

The effectiveness of soy and cotionseed flours in
delaying the appearance of rancidity is doubtless due %o
their content of antioxidants of different kinds. It
is known that cottomseed flour contains gossypol and

tocopherols as well as other antioxidant substances as
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yet not identified. Gossypol, whether in its free oy
bound form, has been shown to be a very powerful anti-
oxidant. (Hilditeh amnd raul, 19392) (19). Oleatt (1941)
. {37} reported that a water soluble antioxidant also is
present in cottonseed. Soybean flour is knowm to cone
tain tocopherols and lecithin,

Peanut flour may contain tocopherols. Imasmuch as
the peanut flour did not delay rancidity in baked pastry,
it may be assumed that antioxidant substances were present
in very small amounts or were readily oxidized.

The -lard used for preparing the pastries and mixes
had a peroxide number of 8.7. In every ease, the fat
extracted from the freshly baked pastry had peroxide
numbers lower than that of the unused lard. The same
observation was made in regard to fat extracted from the
dry mixes. Peroxide numbers were found to be lower than
8,7 in every fat sample from the plain mix through 60
days of incubation, from the pesnut mix through 46 days,
from the soy bean wix thyough 114 days and from the cotton-
seed mix thyrough 270 days.

These lower peoroxide values may have been due to
féducing substances in the food mixtures which acted upon
peroxides in the fat, or they may have been due to sub-
stances extracted with the fat, which were capable of

reducing iodine in the iodometric method of analysis used.
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The effeet of soy, peanut and cottonseed flours on
tenderness of baked pastry is shown in Table X. Averages
of breaking strength determinations show that plain
pastry was somewhat more tender than the oﬁh@ré. The
pastries in whieh soy, peanut or cottonseed flour had
been used differed but litéle from each other.

The pastries in which soy, peanut and cottonsszed
flours were used were accoptable im color, flavor and
ﬁexturé. Yhe pastries made with soy or peanut flour were
slightly creamy or yellow in color. +The flours added a
slightly nutty flavor to the pasiry. The cottonseed
pastry was slightly darker in color tham the others. A
smaller percentage of cottonseed flour would have given
a lighter colored profuct. The flavor was not uapleasant,
but in the opinion of the asuthor, was not as pleasing as
that from soy or peanut flour.

48 rencidity developed in the pastry and mixes,
definite color changes were noted in the.ezﬁrae%eﬂ fat.
The fat extracted from the fresh pastry had a light
yellow tint. This color was due to the carotene from
the unbleached Tflour. 4s rancidity progressed the
yellow tint of the fat gradually faded to colorless.

& definite color change was noted in the extracted

fat from the sample of cottonseed mix that had been
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incubated for nine months., when incubation was first
started a faint yellow tint was characteristic of the
fat, but a distinct orange-red color was present in the
fat extracted from the sample that had been held for

this long period of time., This may have been due to the
formation of tocoquincnes, caused by the oxidation of the
tocophérols that are present in the cottonseed flour.

The tocoguinones exhibit a red color, {(Golumbic, 1943;

Bailey, 1945) (153 2).
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CHAPTER V
SUIMMARY AND CONCLUSIONS

The effectiveness of soy, peanut and cottonsced
flour in delaying rancidity in baked pastry and pastey
mixes has been studied.

Bake&'pas%ry and dry mixzes were mede using a
standardized formula, and standardized technique. The
soy, peanut and cottonseed flours were substituted for
10 per c¢ent by weight of wheat flour in vhe formula,

The pastry and mixes were stored in gless jars at a con-
stant temperature of 50°C. Peroxide numbers were deoterme
ined at intervals on fat extracted from samples of each
kind to test for the development of rancidity.

Peroxide numbers of fat extracted from samples
which had been incubated for the same length of time
were found to be more uniform when the pastry was in a
few Jars of the same size than when stored in many jars
of small size.

4 temperature of 50°C. was found to be satisfactory
for a study of this type.

Gottonseed flour exerted the greatest antioxidant
effect, and soybean was good, but peanut Llour appeared

to have no antioxidant value. Pastry in whiech peanut
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flour had been imoorpura@ed was almest identical %o
plain pastry in the speed with which raneidity developed,
In every case the dry mixes kept better than the
corresponding baked pastry, |

Pagstries in which soy, peanut or cottomseed flouy
had been used ﬁiffered¢very_li%tle from sach other in
tenderness, but in each éase were lesg tender than the

plain baked pastry,
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Table . w==Effect on vniformity of aifferent moethods of sampling

pastry as shown by peroxide mumbers® of oxtracted

fa$ ~-- Plain, baked pastry.

Al samples irem Gifieront
small conteiners

_Samples grom four larse contaimers

Days » _
of _Sample mumber Average
Ingu- ' i

bation I i1

Days
of

Incu=

bation

Containexr numboxy

!

et .

_III

Iv

Avyerage

0 .1 8.2 8.7
T 4B Bu6 4.0
15 19.3  13.8  16.6
16 21 6.1 1.6
19  65.4 5.2 55.3
2¢ 4.0 2.2 12.6

4
5
8
12
15
17

5.7
s.2
6.2
66

10,8

2244 4

k.

67

2.1

1046
178
36.8

Ge7

10,1

17.3
0.1
63.6

5¢3
10.4
3449
45,6
154.9

507
547
9.0
1766
2640
6944

° milliequivalents H,0p per 1000 grams fat

™



Table II. ~---PLAIN PASTRY, BAKED ---~ Peroxide numbers® of

o
fat extracted from pastry stored at 50 C.

Days ' _Container mnumber Average
Incotation I _u I 1y
) 5.7 — w— e 5.7
5 4.2 67 6e7 5e3 5.7
8 . 6.2 9.1 10.1 11044 - 9.0
12 . 64b 10.6 17.3 34,9 17.4
15 . 10.8 17.5 30.1 . 45.6 26.0
17 . 22.4 36,8 63.6 154.9 69.4

“’Mi&lieguivalents.ﬁéﬁz per 1000 grams fat

v



Table I1l. =---PLAIE PASTRY, MIX --- Peroxide nunbers® of fad

: 0
extracted from mix stored at 50 C.

Bays Container numbey , Average
Inmggtign T SR ¢ | 3o SR
12 3.0 3.1 4.5 3.2 3.7
24 2.3 2.0 2.6 248 245
36 4.1 3.0 2.1 2.3 2.9
48 1.7 3.0 4.0 1.5 2.6
60 1.6 1.3 1.1 1.3 1.3
78 2744 6.9 80.4 172, % 1.9

¢ Williequivalents H,0, pex 1000 grams fat

oy



Table IV. —~-PEANUT PA&%RY° BAKED =~ Pgroxide nnmbers°° of

f&t extracted frmm pastry stored at 59 Ce

~ Days Container numbor Average

of

Incubation - I 11 .
0 62 —— 6.2
3 4.0 4.4 4.2
6 6.4 62 6.3
o 11.1 10.4 10.7
13 16.0 25,5 20.7
16 3842 45.4 ' 39.3

19 i 79.8 115.6 977

¢ 10 per cent Peanut flour

¢e milliequivalents Hy0p per 1000 granpg f£a%



Table V. =---PEABUT PASTRY®, HIX --- Peroxide numbers®® of

)
fat extracted from mix stored at 50 €,

Days Cen%ainegf @bér _ . Average
Inowdation 3 R : S |
03 . 3.4 | Bu4 Bad

& 3.5 2,7 3.1
9 3.5 2.4 2.9

13 1.5 2.5 2.0

16 2.3 B.4 2.8

19 3.1  B.b B3

22 340 2.6 2.8

25 2.9 2.7 2.6

28 2.6 249 2.7

46 3.8 2.8 8.3

© 10 per coent Peamut {oux
°® Hilliequivalents Egﬁz pexr 1000 grams fad

%



Zable VI. ~---SOYBEAW PASTRY®, BAKED -~- Peroxide numbers®® of fat

_ o
extracted Lrom pastry stored a$t 50 C.

Days Comtainer mumber .. HAverage

Ine§§ation R S ¢ S 111 1V —
0 8.5 -— — —— 5.5
4 6.5 6.3 5.1 4.7 5.7
7 10.3 545 5.2 9.2 7.6
11 Bed 4.1 4.0 2.9 3.6
14 5.5 3.6 4.2 4.3 4.4
17 3.8 4o4 B2 4eB 39
20 54 5.2 5.7 543 5.4
24 6.0 BeB 545 544 5.1
32 4 4.6 14.6 4.7 7.1
39 5.2 5.1 13.9 743 7.9

° 10 per cent Soy flour

°°® rilliequivalents ﬁéﬁg pexr 1000 grams fat



AT PASTRY®, MIX --- Poroxide mumbérs®® of fat

Pable Vil. ~-~SOYB

- B Q.
sxtracted from nix stored at 80 C.

Days Gontainer pumber Average
of - > . ' . ,
Incudation I I 111 iy

16 4.0 1.4 1.0 2.5 2.2
32 246 2.5 1.9 2.0 2.3
37 1.4 2.6 1.9 1.7 1.9
62 1.3 1.6 1.0 1.1 1.3
77 245 1.6 4.7 2.5 2.8
95 1.4 1.5 1.7 2.0 1.7
134 1.5 1.3 1.7 1.7 1.6

270 70,0 —— —— - 70.0

° 10 per cent Soy fiour
°¢ Millisguivalents anz per 1000 grams fat

A4



Table Vill, »~-COTTONSEED PASTRY®, BAKED «-- Peroxide numbers®®

' o
of fat extrasted from pasiry stoved at 50 C.

bays JContaimer number . Average
_taoweatien 1 m
0 2.3 2.3 2.8
3 2.8 1.9 2.3
6 2.0 3.0 245
9 2.1 2.8 2.5
12 1.5 2.3 1.9
15 1.3 1.4 14
18 1.6 1.8 1.7
21 2.8 2,0 Bl
24 1.8 1.8 1.8
a2 4.9 Bed 5.1
86 4.2 8.0 641

° 10 per cent Cotiomssed flouw
% Millicguivalents 32@2 per 1000 grams fat



Table IX. ~-~COTTONSEED PASTRY®, MIX ~-~- Peroxide numbers®®

: _ o
of fat extracted from mix stored at 50 C.

Days Containeyr nmumber = Average
I;n-cg’gatic«n_ _ P SR *
6 L B R W'
18 2.6 4.0 3.3
35 2.0 8.0 2.5
44 5.2 2.8 3.8
53 _ X.7 . 6.0 _ B9

62 2.7 242 \ 248
146 2e9 245 2.7
167 Se3 Be? 8.6
270 2+3 - 263

° 10 per cent Cottomseed flour

°¢ Milliequivalents H,0o per 1000 grams fat
2

&v
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Table X, --~~Influence of soy, peanut and cottonsced Lours®®

| on the tenderness of baked pastry.

Tot®  Plaim Bre&%%ﬁgSﬁrengﬁgéagﬁigeg Tottonseed
nyabor . pastxy _  pastry pastey ___ pastey
x 407 1403 14,8 12,8
11 BeT 14.8 1343 13,8
111 3.8 - 1léé - 1B.6 8.5
I %1 1.7 9,6 1047
v 1040 15,1 10,6 12.3
vi 8.8 15.8 21,5 8¢
VII | 9.9  12.5 10,6  12.4
VIII 946 13.0 12.8 12,8
IX — 15,1 12,3 o
X —_ 12.2 o 12,4
X1 —_ 12,2 e 1246
X1I . . o 10,2
Average 63 1844 11.7 10.8

¢ Averages of 14 to 15 wafers per lot
°¢ 10 per cent of soy, peanut or cottonseed flour substibuted

for wheat flour
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