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CHAPTER I 

INTRODUCTION 

Oxidative deterioration or rancidity is a familiar 

type of spoilage which occurs not only in fats and oils but 

also in the fat containing components of most foods, even 

though the fat is a minor constituent. Such rancidity ren

ders the food unpalatable and may also impair some of its 

nutritive value (1). Generally, animal fats are more sus

ceptible to development of rancidity than vegetable fats. 

It is usually agreed that the rate of oxidative rancidity 

of fats in animal tissues is fatty fish > turkey > chicken 

> pork > mutton > beef (2). Vegetable fats are more stable 

which is probably due to the presence of naturally occurring 

antioxidants or larger quantities of them. 

The quality of raw beef and pork is of major concern 

in the manufacture of sausage and similar comminuted meat 

products. The quality of these products must be maintained 

at a high level to insure market demand and to insure 

repeated sales (3). 

In the food industry, the most common approach to 

the control of oxidative rancidity is through the use of 

synthetic antioxidants. However, with the use of synthetic 

antioxidants problems often are encountered. First, there 

is the question of toxicity; the safety of the antioxidant 



for food use must be established. Secondly, the anti

oxidant must be stable to heat and effective in retarding 

rancidity in baked or cooked foods which contain fat. 

Thirdly, the antioxidant must be soluble in fat, not im

part any foreign color, odor or flavor to the fat, even on 

long storage, and it should be an effective inhibitor for 

at least a year at a temperature of 23° to 29° C (4) . 

Perhaps one of the most promising approaches to 

delaying autoxidation in meat and simulated dishes is through 

the use of naturally occurring water soluble antioxidants. 

Pratt (5) indicated that aqueous extracts of plant tissues 

contained several groups of compounds which probably con

tribute to their antioxidant activity. Watts (6) noted that 

flavonoids, a major group of plant phenols, contained sev

eral flavonoid glycosides, including the rather unusual 

6,7,4'-trihydroxisoflavone. 

Cottonseed flour has been used in the preparation 

of bakery products such as cookies, crackers, doughnuts and 

other foods of a similar nature. In these products, cotton

seed flour seemed to increase shelf life. Overman (7) re

ported that 3 to 10% cottonseed flour delayed the onset of 

organoleptic rancidity in raw food mixes and to a lesser 

extent in baked pastry. This antioxidant property has been 

attributed to either the presence of tocopherols or to the 

presence of small amounts of free gossypol since the latter 

is an antioxidant and a polymerization inhibitor. The use 



of cottonseed flour in ground meat products such as sau

sages, meat loaves, hamburger patties and frankfurters, has 

not been studied very extensively (8). 

Soybean, cottonseed and other oil seed products are 

excellent sources of protein. Several researchers have 

noted that soy and cottonseed flour both possess some anti

oxidant properties (9,10,11,12). Some of these studies, 

however, did not utilize objective means of testing for 

rancidity, only organoleptic tests. If soy concentrate and 

cottonseed flour contain natural antioxidants, the results 

would prove beneficial in two ways: 1) in protein forti

fied foods which contain these products, they would con

tribute to the total nutrient content while serving as an 

extender or binder; 2) the need for synthetic antioxidants 

could be reduced or eliminated entirely. 

This study was undertaken to: 1) evaluate the anti

oxidant effect of soy concentrate and cottonseed flour in 

pork sausage by means of the 2-thiobarbituric acid test 

(TBA); 2) evaluate the antioxidant effect of soy concentrate 

and cottonseed flour in pork sausage held under refrigerated 

and frozen storage conditions; 3) determine the levels of 

soy concentrate and cottonseed flour which provide the 

greatest antioxidant effect. 



Hypotheses 

The following hypotheses were tested: 

1) Soy concentrate and cottonseed flour exhibit 

antioxidant effect when used in pork sausage. 

2) The antioxidant effect of cottonseed flour is 

greater than that of soy concentrate. 

3) A high level of soy concentrate or cottonseed 

flour has more antioxidant effect than the low level. 



CHAPTER II 

REVIEW OF LITERATURE 

The term rancidity frequently is used in a general 

sense to designate the development of any disagreeable odor 

and flavor in fats and oils or in the fatty components of 

foods. Such rancidity not only makes the food unpalatable 

but often impairs the nutritive value by partial destruc

tion of the essential fatty acids, vitamins A, E and D, and 

certain of the B-complex vitamins (12,13,14,15,16). 

Oxidative rancidity is considered undesirable from 

an esthetic view point in most countries of the world, but 

this preference is probably, a cultivated one associated with 

advancement in the scientific field. In some areas of the 

world where refrigeration is still uncommon, a food may be 

considered of dubious quality if it does not have a rancid 

flavor. The development of oxidative rancidity may also be 

undesirable because of possible harmful effects of eating 

oxidized fats. Highly oxidized foods have produced some 

toxic effects in animals but additional research is needed 

to clearly assess such effects in humans (17) . 

Foods in which rancidity is apt to occur include 

crackers, cookies, breakfast cereals, whole dried milk and 

eggs, fats and oils, salad dressings, nuts, potato chips, 

dried and frozen vegetables, fish, frozen prepared products, 

and meats, especially when cured. 



The quality of raw beef and pork is of major impor

tance in the manufacture of sausage and other comminuted 

meat products. The production of fresh and cooked sausage 

and canned meat in 1967 exceeded 21 billion pounds (18), 

as compared with a total meat production of over 33 billion 

pounds (19) in the United States. 

When held in freezer storage, pork frequently de

velops off-flavors which are designated in the meat indus

try as a "freezer taste." The latter is actually associated 

with "oxidized flavor" or rancidity (20). 

According to Lawrie (21) the rate of oxidation of 

intramuscular fat tends to be higher in (a) nonruminants 

than in ruminants, e.g. in pork in comparison with beef and 

mutton; (b) less improved breeds; (c) young animals rather 

than in older ones; (d) muscles with relatively low per

centages of intramuscular fat, which would also indicate 

more myoglobin, a prooxidant; (e) the lumbar region of 1. 

dorsi of the pig rather than the thoracic region, the re

verse being true in beef animals; (f) animals on a low plane 

of nutrition and (g) animals receiving large amounts of un

saturated fat in the diet, particularly non-ruminants. The 

relative tendency of pork and beef psoas muscles to become 

rancid and discolored demonstrates the complexity of this 

problem. 



Autoxidation 

Lipid oxidations can be divided into two classes: 

enzymatically catalyzed oxidations, and autoxidations which 

are apparently autocatalytic. Enzymatically catalyzed 

oxidations cannot be stopped by antioxidants and generally 

are retarded only by inactivation of the enzymes. However, 

autocatalytic autoxidations can be prevented or slowed by 

use of antioxidants (4). 

In general, autoxidation may be defined as the re

action of any material with molecular oxygen (17) . Reaction 

of unsaturated fatty acid moieties of fats with oxygen is 

responsible for the development of odors and flavors of 

rancidity (22,23). The summary of overall mechanisms of 

autoxidation is listed in Figure 1 (23). Several mechanisms 

have been discovered or proposed for the autoxidation of 

various organic materials; a free radical chain mechanism 

was proposed which was based on the kinetical and chemical 

observations (17,24). The autoxidation procedures can be 

divided into three steps as shown in Figure 2 (17). The 

scheme of autoxidation has been accepted by most researchers 

working with the problem. However, the origin of initial 

free radicals necessary to start the process remains unsat

isfactorily explained (23). As to the formation of the 

first peroxide, Rawls, et al. (25) explained that hydroxide 

formation required a change in total electron spin, since 

both the substrate and product are in singlet states, while 
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oxygen is a triplet. Conservation of spip is violated 

making the reaction improbable. They postulated if singlet 

oxygen was the species involved, then the reaction was pos

sible for the formation of original hydroperoxides as noted 

in Figure 3 (Rawls, 25). Pigments, which are in plants and 

animal sources of fatty acids, serve as sensitizers, and 

coupled with visible light, lead to the photosensitized 

production of oxygen in its singlet state. 

Lipid Oxidation 

Unsaturated fatty acid or triglyceride 

Free radicals 

+ oxygen 

^hydroperoxides 

Breakdown products 

(including rancid 

off-flavor compounds) 

such as ketones 

aldehydes 

alcohols 

hydrocarbons 

acids 

epoxides 

Polymerization 

(Dark Color) 

(possibly toxic) 

Oxidation of 

pigments, 

flavors, and 

vitamins 

Insolubilization 

of proteins 

Fiq. 1.—Overall mechanisms of lipid oxidation 



Initiation: 

*RH + O2 

ROOH 

(ROOH)2 

Propagation 

R- + O2 

} 
-^ free radicals 

->free radicals (e.g., R- , RO-, HO-, etc.) 

-̂  RO. 

ROo + RH -> R • + ROOH 

Termination: 

R- + R. 

R. + RO. -> Stable (non-radical) end products 

RO2' + RO2' 

Fig. 2.—Mechanism of autocatalytic autoxidation 

*RH = fatty acid 

ROOH = hydroperoxide 

RO- peroxy radical 

RO- = alkoxy radical 

R. = alkyl radical 

HO- = hydroxyl radical 



10 

Ig + hv . y ls*/---^^3s* 

3s* + 3O2 > IO2* + Is 

IO2* + RH ^ ROOH 

ROOH ^ Free radical products 

Fig. 3.—Role of singlet oxygen in the initiation 
of fatty acid autoxidation 

Ig = singlet sensitizer 

Ig* = excited singlet state sensitizer 

3s* = excited triplet state sensitizer 

3O2 = normal triplet oxygens 

IO2 = excited singlet state oxygen 

hv =yU' V light energy in photons 

Hydroxides are the primary products of lipid autoxi

dation. The secondary products of autoxidation are formed 

by decomposition of the peroxides, by interaction of the 

peroxide with other materials in the autoxidizing fat, and 

by further oxidation of the peroxides. A wide variety of 

materials may thus be formed, including various aldehydes, 

ketones, acids, hydrocarbons, carbon dioxide carbon monoxide, 

hydrogen, hydrogen carbons and various other substances 

noted in Figure 4 (14). A vew of the carbonylic products 

of fat oxidation have recently been recognized as contrib

uting in major degree to certain specific types of "off-

odors" (14) . 
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DIMERS, HIGHER POLYMERS 

polymerization 

FAT HYDROPEROXIDE 

further 
oxidation 

DIPEROXIDE 

I 
POLYMERS 

oxidation of CH=CH 
fission dehydration in other molecules 1 \ x 

ALDEHYDES KETO-GLYCERIDES EPOXIDES 
SEMI-ALDEHYDES OH-GLYCERIDES 
ALDEHYDO-GLTCERIDES DI OH-GLYCERIDES 

OH-COMPOUNDS 

i 
ACIDS 

Fig. 4.—Some routes of decomposition of 
fat hydroperoxide 

Factor Affecting Autoxidation 

Autoxidation is easily influenced by several factors 

The structure of the fatty acids in a glyceride affects the 

rate of oxidation, thus fats which contain more polyunsatu

rated fatty acids are more susceptible. Raghuveer and Ham

mond (26) reported a decrease in the rate of autoxidation 

of mixtures of triunsaturated glycerides and tridecanoin by 

interestification which gave a more random distribution of 

fatty acids. They theorized that the concentration of the 

unsaturated fatty acids on the 2-position of glycerol sta

bilized a fat toward autoxidation. However, the research 

of Zalewski and Gaddis (27) showed that transesterification 

of lard did not affect its resistance to oxidation. They 

suggested that decreases in stability were most likely due 
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to decomposition of tocopherol in air, and small increases 

were probably due to formation of reducing substances. 

Traces of heavy metals such as copper, iron, nickel 

and manganese may be active as prooxidants, reducing the 

length of the induction period. Food lipids usually contain 

trace amounts of metals and it is difficult to remove them 

completely (17). Some fats contain an aqueous phase with non-

fatty components. Lea (14) concluded that metallic salts 

dissolved in this aqueous phase greatly affected the oxida

tive rate with copper being 20 times more active than iron. 

Both chlorophyll and hemoglobin are potent prooxi

dants. Hematin catalyzed oxidative rancidity is important 

in the deterioration of cooked meats where it seems confined 

to muscle lipids (28). 

Light accelerates the development of rancidity in 

fats. Ultraviolet and short-wave visible light (blues) are 

the most detrimental in accelerating rancidity (17). Ran

cidity is mostly due to photolysis of peroxides to free 

radicals. Ionizing radiations are also potent accelerators 

of fat oxidation. 

Moisture content apparently influences the suscep

tibility of various foods to autoxidation. The low moisture 

content of cereals to keep them fresh seems to favor rancid

ity development. On the contrary, dried whole egg, egg yolk 

and milk have improved keeping quality with a low moisture 

content (29). 
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Sodium chloride accelerates autooxidation in some 

foods, particularly cured meats where catalysis may be sub

stantial. Apparently the effect is due to an activating 

influence on prooxidants already present rather than a 

direct effect (30). 

Factors influencing the rate and course of oxida

tion are summarized in Table 1 according to Lea (14). 

TABLE 1 

FACTORS INFLUENCING THE RATE AND COURSE 

OF OXIDATION 

Composition of the fat (nature and 
proportions of the unsaturated 

fatty acids present) 

Acceleration by Inhibition by 

High temperature 

Light (UV, and blue) 

Ionizing radition (̂, ̂ ,Y, ̂ ) 

Peroxides (including oxidized fats) 

Lipoxidase enzyme 

Refrigeration 

Opaque or colored con
tainers or wrappers 

Exclusion of Oxygen 

Blanching 

Organic iron catalysts (Hemoglobin, Antioxidants 
etc.) 

Trace metal catalysts (Cu, Fe, etc.) Metal deactivators 

Antioxidants 

Antioxidants are known as inhibitors of lipid oxida

tion. They do not improve the quality of food or other 
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products, but rather maintain the existing condition by 

preventing autoxidation from occurring, or at least mini

mizing it (31). 

In general, antioxidants may terminate oxidation 

chain reactions by: 

1. donating an electron to a peroxy radical. 

2. donating a hydrogen atom to a peroxy radical. 

3. adding to a peroxy radical before or after 
being partially oxidized. 

4. other methods, not yet understood, which 
possibly involve hydrocarbon radicals 
instead of peroxy radicals. 

All inhibitors are a compromise between the sensitivity to 

terminate the oxidation chains and the stability to with

stand direct attack by oxygen (22) . 

Scott (31) classified the antioxidants into three 

types: 

Type 1. The radical chain stoppers, of which BHA 

(butylated hydroxy anisol), BHT (butylated hydroxy toluene) , 

PGC (propyll gallate), tocopherol, and gum guaiac are ex

amples in foods. These are primarily phenolic type com

pounds which can donate a hydrogen to a radical. 

Type 2. Free radical production preventers in food, 

such as the chelating agents EDTA (ethylenediamine tetra-

acetic acid), citric acid, and ascorbic acid. These act 

mainly by tying up metal catalysts. 



15 

Type 3. Environmental factors, such as lowering of 

oxygen partial pressure in the package or holding at a criti

cal moisture content for a dehydrated food. 

The so-called synergists are antioxidants that are 

not highly effective by themselves as antioxidants, but when 

added in combination with a primary antioxidant such as a 

phenolic compound, may markedly enhance the effectiveness of 

the latter. Some of these synergists were classified into 

type 2 (32). 

Lundberg (17) lists phosphoric and sulfuric acids, 

lecithin and some amino acids as synergists in addition to 

citric and ascorbic acid. The ingredients combined with fat 

in baked goods and other products may have anti-or prooxida-

tive action. The protective or adverse action may vary under 

different conditions. It was shown that spices exhibit anti

oxidant properties, those of rosemary and sage being pro

nounced. Lecithin and flours such as soy, oat, corn and un

bleached wheat flour possess some antioxidant properties, 

even though they are far from being ideal antioxidants. When 

Wong (33) studied several fractions of grain sorghum flour, 

she concluded that the germ and mill-fines fractions had the 

greatest antioxidant properties. 

Antioxidant Property of Soy Protein 

The antioxidant property of soy flours has been 

studied since 1935. Musher (9) added raw soybean flour and 
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bleached extracted soybean flour to lard and noted that they 

were effective antioxidants for lard. Dahle (10) studied 

the alcohol extract and phospho-lipid fraction of soybean 

flour and concluded that soybean flour had antioxidant prop

erties for butter. Sylvester et al. (34) presented data on 

the antioxidant effect of soybean flour. Their results in

dicated that the increase in the induction period was not 

proportional to the concentration of soybean flour, since a 

relatively smaller effect was obtained as the concentration 

of the flour was increased. The antioxidant effect of soy

bean flour in frozen (raw or baked) pastry was highly effec

tive in delaying rancidity according to Overman (7,11). An 

antioxidant was isolated from the ethanol extract of tempeh 

and identified as 6,7,4'-trihydroxyisoflavone (35,36). 

Tempeh is an Indonesian food produced by fermenting soybeans. 

Pratt (5) studied the water soluble antioxidant 

activity in soybeans and noted that soy protein concentrate 

and defatted soy flour had approximately the same antioxidant 

activity and that it was greater than any fresh or dried soy

bean extracts. Fresh and dried soybean hot water extracts 

possessed appreciable activity, however, cold water extracts 

possessed no antioxidant activity. After heating cold water 

extracts to 100° C the antioxidant activity was approximately 

the same as hot water extracts, but further heat treatment 

did not alter the antioxidant activity. Appreciable anti

oxidant activity was shown in all cases when the beans were 
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heated and the enzyme activity destroyed. This probably 

indicates that the antioxidant activity observed in the 

fermented soy products (35) was the result in part from 

heat inactivation of the prooxidant. 

Antioxidant Property of Cottonseed Protein 

Cottonseed flour has been used in amounts between 

1 to 6 percent to prepare bakery products such as cookies, 

crackers and doughnuts (37) . It also has been used as an 

extender in frankfurters (38). Results indicated that ( 

cottonseed flour reduces dough stickiness, binds water, 

benefits machining properties, reduces absorptions and in

creases shelf life because of antioxidant properties (37) . 

Overman (7) also studied the antioxidant effect of cotton

seed flour in raw mixes and baked pastry. She found that 

cottonseed flour antioxidant availability was higher than 

that of soy flour, though no statistical analyses were 

available. 

Desirable qualities of food antioxidants include 

(a) effective in low concentrations; (b) easy incorporation; 

(c) non-toxicity; (d) contribution of no objectionable flavor, 

odor, or color; (e) carry-through properties; (f) readily 

available; and (g) reasonable cost. (39). A mixture of anti

oxidants and synergists frequently is used in food products. 

Such a mixture gives greater potency with smaller total quan

tity of antioxidant. Better antioxidant systems are still 

needed. 
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Determination of Autoxidation 

Objective tests for analyzing deterioration of food 

products are highly desirable to aid in specifying product 

quality. The thiobarbituric acid (TBA) procedure is com

monly used to determine rancidity of food or oxidation of 

biological tissue. This test involves measurement of the 

red color produced by the reaction of 2-thiobarbituric acid 

with malonaldehyde. Malonaldehyde and/or similar substances 

occur in foods as decomposition products of oxidized fats. 

Glavind et al. (40) compared the TBA reaction with the Kreis 

test for aldehyde and the dichlorophenolindophenol reaction 

for peroxide on fatty acids from cod liver oil, methyl 

oleate hydroperoxide, epihydrin aldehyde, and benzoyl per

oxide. They reported that the TBA test paralleled the alde

hyde test rather closely but that there was no agreement with 

peroxide values, as determined by their method. However, 

Kenaston et al. (41) compared the TBA test with the method 

used by Lundberg and Chipault for peroxides, the Kreis test 

for aldehydes, and with the degree of conjugation, using 

fatty acid esters exposed to ultraviolet light for various 

periods. The TBA test paralleled the other methods for 

methyl linolenate and methyl linoleate but was essentially 

negative for methyl oleate oxidation. The sensitivity of 

the TBA test for linolenate was 30 to 80 times that for 

linoleate at the same peroxide values. They suggested that 

the TBA test appears to be a reliable method for estimating 
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the oxidation products of unsaturated fatty acids in tis

sues and other biological materials. 

Kohn et al. (42) observed various animal tissues 

after incubation under aerobic conditions, resulting in 

production of compounds which gave a color with TBA. They 

did not demonstrate the nature of the color producing com

pounds; their research established the absorption spectrum 

of the color complex and certain chemical characteristics 

of the color reaction. Bernheim et al. (43) found that the 

pink color of the TBA test was the result of a complex com

pound formed from oxidation products of unsaturated fatty 

acids and 2-thiobarbituric acid. The TBA reaction there

after became an empirical assay of lipid autoxidation and 

has been widely used with biological materials such as 

tissues and food products. 

The application of the TBA test to detect milk fat 

oxidation was investigated by Patton et al. (44) . They con

cluded that the principal TBA reactant was malonaldehyde. 

Dunkley and Jennings (45) published a procedure for appli

cation of the TBA test to milk. Data reported illustrated 

the reproducibility and applicability of the test and the 

influence on the results of factors such as the pH of the 

reaction mixture, heating time, method of measuring color 

and copper contamination. Biggs and Bryant (46) modified 

the method which could be applied to the determination of 

oxidation in powdered whole milk, cheddar cheese and butter 
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The results on milk powders showed a correlation between 

test values and organoleptic flavor scores and indicated 

that the test was capable of measuring a degree of oxida

tion below the level of organoleptic sensitivity. Yu et al. 

(47) applied the TBA test on fishery products to determine 

oxidation. As a result, a quantitative, 2-thiobarbituric 

acid procedure for measurement of malonaldehyde was pro

posed, however this research did not definitely establish 

that free malonaldehyde exists in rancid fish products. A 

simple modification of the TBA test was applied to test for 

rancidity in oysters. As measured by this test, refriger

ated cooked oysters had a definite induction period during 

which the TBA values do not increase over those for freshly 

cooked samples. At the end of the induction period there 

was a very rapid increase in the TBA values which corre

sponded closely with the development of "rancid fish" odors. 

Uncooked, refrigerated oysters did not show consistent in

crease in TBA values nor did they develop rancid odors. 

Koskinal et al. (48) determined the oxidative changes in 

raw meat by the TBA test. Cooked ground meat samples showed 

slightly higher TBA values than did the raw ground samples. 

However, cooked, ground pork showed higher TBA values than 

did the raw ground pork. 

The TBA test is advantageous in that the principal 

reactant is a water-soluble substance formed or released upon 

heating the sample in an acid medium, and the intensity of 
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color of the red pigment formed in the TBA reaction is so 

great that the method offers great sensitivity in detection 

and measurement of lipid autoxidation. 

Malonaldehyde (MA) is produced during the r-irradi

ation of amino acids as arginine, glutamic acid, methionine, 

and homocystine (49) . It has been shown to be the major 

constituent in water extracts of oxidized methyl arachidonate 

and methyl linolenate (50,51). It interacts with DNA in 

vitro and in vivo as demonstrated by thermal denaturation 

profiles, chromatographic behavior, and incomplete degrada

tion of the reaction product by deoxyribonuclease (52) . MA 

has been reported to be formed in the irradiation of glycerol 

60 solution and in Co y-irradiation of glucose solution (53, 

54) . The aldehyde formed could react with primary amines, 

such as amino acids, and could produce adverse effects dur

ing the radiation preservation of foods. The imines pro

duced may play important roles in the browning of certain 

foods. In the non-enzymatic browning systems of glucose-

glycine and of sucrose-glycine, fluorescence and browning 

were observed to increase with concomitant decrease in the 

content of cs<-amino groups (55). 

According to Witte et al. (3) two procedures may be 

employed for determining TBA values, the extraction method 

and the distillation method. The extraction method is a 

simpler but less sensitive procedure. Kwon et al. (56) con

cluded that the results from the water extraction method 
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cannot be considered satisfactory, because aqueous extracts 

contain only the free TBA reactant substance and water solu

ble products, but would not include the TBA reactant sub

stances bound to water-insoluble proteins and other food 

constituents. They also suggested that nonvolatile MA can 

be converted to its volatile isomer by acidification only, 

but acid and heat are necessary to release MA from its 

bound state in proteins. 

As to the mechanism of the TBA test, no completely 

comprehensive explanation exists. In 1947, Bernheim et al. 

(43) concluded that the red color of the TBA test was the 

result of a complex formed from oxidation products of un

saturated fatty acids and 2-thiobarbituric acid. Wilbur 

et al. (57) attempted to find the compound responsible for 

the red color of the TBA test. They explored the TBA color 

reaction with regard to certain sugars and aldehydes as well 

as the oxidation products of linolenic and certain other un

saturated fatty acids. These studies revealed no specific 

compound which gave a color spectrum identical with those 

obtained from oxidized lipid materials or aerobically in

cubated animal tissues. Patton et al. (44) used MA to react 

with TBA reagent. Spectral analysis of the resulting color 

revealed it was identical with that obtained similarly from 

oxidized milk fat and to closely resemble colors secured in 

like manner from a number of oxidized lipid materials and 

animal tissues containing unsaturated fatty acids (43,57). 
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Thereafter, the principal TBA-reactant was considered to be 

malonaldehyde. In advanced studies, Sinnhuber et al. (58) 

crystalized the pure purple-black needle TBA pigment from 

rancid salmon oil, sulfadiazine and MA. The results ob

tained by elemental analysis, absorption spectrophometry, 

and paper chromatography all suggest the pigments are iden

tical. The data indicated that the crystalline pigment is 

a condensation product of one molecule of MA with two mole

cules of TBA and the probable elimination of two molecules 

of water. The proposed scheme of formation of TBA pigment 

from MA is shown in Figure 5 (58). 

Dahle et al. (59) studied the TBA reaction and the 

autoxidation of polyunsaturated fatty acid methyl esters. 

They found linoleate free of higher polyunsaturated fatty 

acids gave no TBA color at early stages of oxidation. At 

early stages of oxidation TBA values of triene, tetraene, 

pentaene and hexaene were found to vary linearly with diene 

conjugation, peroxide balue, and oxygen uptake. A mechanism 

was proposed for TBA reactant formation from methylene-

interrupted in the formation of MA. The existence of a 

cyclic five-membered ring peroxide in the oxidation products 

of polyunsaturated acids was postulated. The mechanism of 

oxidation of methylene-interrupted trienes, tetraenes, 

pentaenes, and hexaenes postulated an additional step in 

chain propagation involving intramolecular rearrangement of 

the hydroxy free radical to a free radical bearing a closed 
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five membered ring peroxide. in the early stages of autoxi

dation when o< , ̂  - unsaturated aldehyde would be at mini

mum, the ^ , ̂  -unsaturated hydroperoxides could be pre-

cusors of the cyclic peroxides and of MA. 

Kwon et al. (50) wanted to identify the 2-thiobar-

bituric-acid reactive substances (TBRS) in the TBA test. 

They fractionated the substances (TBRS) from oxidized and 

uv-irradiated fatty acid esters and squalene by Sephadex 

G-IO columns. Then the fractions were characterized by elu-

tion volume, uv-absorption spectra, and behavior on TLC 

plates. By these criteria the main component in all cases 

was unequivocally identified as MA. They also suggested 

that the TBA test as a quantitative measure of lipid oxida

tion may be meaningful only in the initial stages of oxida

tion, and that the fate of TBRS produced in a complicated 

food system was somewhat different from that in a pure lipid 

system. The differences were explained on the premise that 

lAA occurs in both free and bound forms within food constitu

ents. Bound MA can be completely recovered through acid 

and heat treatments, if the food had been stored at low 

temperatures. 

The interaction of MA with other compounds has been 

studied by several researchers. Andrews et al. (60) showed 

that in an autoxidized lipid-protein system, lipid inter

mediates reacted with the free amino groups of protein. 

Kwon et al. (56) reported the reaction of MA with various 
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food constituents. MA reacted with aldolase, as an example 

of a water soluble protein; myosin, as an example of salt-

soluble protein; a water-soluble protein free fraction from 

fish muscle; and glycogen. As a result, it can react with 

amino acids, protein, glycogen, and other food constituents 

to form products in which the MA exists in bound form. In 

addition, they found aqueous MA can be converted to its 

volatile isomer by acidification only but acid and heat are 

necessary to release MA from its bound state in protein. 

Crawford et al. (61) studied the reaction of MA with glycine 

and found that a 1,4-addition of the nucleophilic nitrogen 

atom of glycine to the enoliccarbon atom of the c< , ̂  -un

saturated carbonyl system, of the enol of MA formed the ena-

mine. Roubal (62) using gel filtration and hydrogen fluoride 

solubility studies, concluded that oxidized lipid-protein 

reaction products resulted in protein-protein crossed-linked 

polymers which were formed by a free radical chain polymeri

zation mechanism. By advanced studies, MA was shown to react 

with bovine plasma albumin under aqueous conditions by a 

pH-dependent reaction exhibiting first order kinetics. The 

maximum reaction rate observed was near pH 4.30. The reac

tion was shown to involve the £. -amino lysine and N-terminal 

amino aspartic acid groups on the protein. MA did not ap

pear to participate in an intermolecular cross-linking re

action with gelatin sols. Presumptive evidence was obtained 

for the MA with £^-amino lysine functions on bovine plasma 
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albumin (63) . 

Buttkus (64) studied the reaction of myosin with 

MA. The rate of reaction with the £_-amino groups of myosin 

was greater at -20° C than at 0° C and was almost as great 

as that at +20° C. The same relationship was observed when 

the decreasing MA concentration was measured in the protein-

MA reaction mixture. Amino acid analyses before and after 

reaction at 100° C for 60 seconds showed that MA reacted 

preferentially with histidine, arginine, tyrosine and 

methionine and arginine with decreasing order of intensity, 

but it did not react with histidine. The increased rate of 

reaction in the frozen system is explained as a concentra

tion effect and as a catalytic effect involving the ice 

structure. Buttkus concluded that the nature of the products 

(from protein-MA reaction) was not known, but suggested that 

they were carbonyl addition products, with the respective 

amino acid side chains acting as nucleophiles. 

Chio et al. (65,66) attempted to find the mechanism 

of reaction of MA and protein (or amino acids). Amino acids 

(glycine, valine, leucine) or their esters and 11-hexylamine 

were used to react with MA to yield the conjugated Schiff 

base. Through absorption spectrum, electronic absorption 

spectral characteristics and fluorescence properties of these 

Schiff bases, the reaction scheme was postulated as shown in 

Figure 6 (65,66). 
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0=CHCH=CHOH + RNH2 ^2Q ^ 0=CHCH=CHNHR 

enol form amino acid enamine 
(ester or 
n-hexylamine) 

0=CHCH=CHNHR + RNH2 ""^2^ ;, RN=CHCH=CHNHR 

N,N'-disubstituted 
l-amino-3-iminopropence 

(a Schiff base) 

Fig. 6.—Proposed scheme of MA and amino acid 
reaction to form a Schiff base 

As to the enzyme protein, sulfhydryl enzymes were 

thought most susceptible to inactivation by MA. MA also 

inactivated nonsulfhydryl enzymes (ribonuclease A). Chio 

et al. (65,66) postulated that MA is probably the agent 

responsible for the intra- and intermolecular cross-linking 

of ribonuclease A. The fluorescence produced from the cross-

linking is attributed to the conjugated amine structure 

formed in protein between two £-amino groups and MA. The 

scheme is shown in Figure 7 (65,66). 

From the amino acid analysis of inactivated RNase 

by peroxides or MA, there was a decrease of tyrosine, lysine 

and histidine. The loss of these amino acid residues could 

account for the loss of enzyme activity. The mechanisms 

are postulated in Figure 7. 
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.NH2 ^NHCH 

1. 0=CHCH=CHOH + enzyme^ > enzyme 

NH2 ^N=CH 

MA active inactive 

Intra-molecular crossing-linking 

2. 0=CHCH=CHOH + 2 enzyme-NH2 —> enzyme-NHCH=CH-CH=N-enzyme 

MA active inactive 

Inter-molecular crossing-linking 

Fig. 7.—Scheme of inactivation of ribonuclease 
A with MA 

Bidlack et al. (67) also noted that free MA was 

present initially, but decreased with storage time as re

vealed by the TBA test on cooked pork. Witte et al. (3) 

found there are significant animal differences during stor

age at 40° C but changes at -20 C were insignificant. TBA 

and pH values were inversely related. When bacterial over

growth prevented the oxidation from occurring, the accuracy 

of the TBA values was influenced (67) . Buttkus (64) noted 

there was an increased rate of reaction of MA and myosin in 

a frozen system when compared to a refrigerated system. The 

acceleration in rate in the frozen state was attributed to a 

concentration effect during freezing where the molecules of 
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a bimolecular reaction system were brought closer together 

and to a catalytic effect involving the ice structure. 

Dahle et al. (59) suggested that if the composition of a 

lipid was known TBA reaction as a quantitative measure could 

be used to determine the extent of oxidation. However, with 

crude mixtures, measurement of TBA reaction can have only 

qualitative and comparative significance. 



CHAPTER III 

METHODOLOGY 

Preparation of Sausage 

The pork sausage used for this study was fabricated 

in the Meats Laboratory of the Department of Animal Science 

at Texas Tech University. A female Yorkshire pig weighing 

approximately 145 kilograms was slaughtered and the carcass 

was allowed to chill at 1.6° C for 48 hours. The meat was 

deboned and ground in the laboratory with the temperature 

maintained at 7.2° C. Spices and different levels of ex

tenders were added to the ground pork. For each 10 pounds 

of pork, 108 gm salt, 11 gm black pepper and 6.5 gm of sage 

were used. 

The extenders used were cottonseed flour prepared 

by the liquid cyclone process and soy protein concentrate 
2 

(Promosoy). Both extenders were slurried in water to hy

drate them and then all ingredients were put through a con

tinuous mixer grinder. The control product contained only 

ground pork, salt and spices. The experimental products 

were formulated to contain in addition the cottonseed flour 

Produced by Agricultural Research Service, South
ern Regional Laboratory, New Orleans, Louisiana. 

2 
Manufactured by Central Soya Company, 1825 North 

Laramie Avenue, Chicago, Illinois 60639. 
31 
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and soy protein concentrate at 2.5, 5.0, 7.5 and 10 per 

cent levels. The final products were packaged in poly

ethylene bags each to contain one-half pound of sausage. 

The packaged products were then placed in storage. 

Storage Conditions 

Eight samples of sausage with each level of extender 

plus samples of two controls were placed into a refrigerator 

kept at 0° C. Controls 1 and 2 had four hours difference in 

packaging time. Control 1 was packaged at the beginning of 

the preparation period and Control 2 at the end of the period 

A sample of each variety and of each control was removed at 

weekly intervals for 8 weeks to determine the rate of oxida

tion. 

Fifty lots of sausage, five for each level of ex

tender plus controls were placed into a freezer with a con

stant temperature of -17.8° C (0° F). The samples were 

removed at 4 week intervals for 5 months. 

Preparation of Sample for Analysis 

The chemical procedure used for determination of 

2-thiobarbituric acid was a modification of the method sug

gested by Tarladgis, et al. (20). When a sample was re

moved from storage for chemical analysis, each half pound, 

while still in its polyethylene bag, was cut approximately 

through the center with a serrated, stainless steel knife. 

Two to three slices were removed and 10 gm were randomly 
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taken from the sliced portions. Two analyses were con

ducted on each sample. 

The 10 gm of sausage were blended with 50 ml of 

distilled water in a Waring blender for 2 minutes and then 

transferred quantitatively into a beaker. The blender was 

rinsed with an additional 36 ml of distilled water. The 

pH was adjusted to 1.45 by the addition of 4N HCL solution. 

The mixture was transferred into a Kjeldahl flask with ad

ditional rinsing of the beaker. The final pH value of the 

solution at this point was 1.5 and the total water added 

amounted to 100 ml. 

A small amount of Dow Antifoam A was sprayed on the 

lower neck of the Kjeldahl flask before distillation was 

begun. About 10 minutes of boiling were required to collect 

50 ml of distillate. A 5 ml portion of the distillate was 

transferred into a 50 ml glass stoppered tube to which was 

added 5 ml of TBA reagent. The tubes were stoppered and 

immersed in a boiling water bath for 35 minutes. A dis

tilled water-TBA reagent blank was prepared and treated 

like the samples. 

After the water bath treatment the samples were 

cooled in tap water for 10 minutes and then transferred to 

cuvettes. The optical density of the solution was recorded 

at a wave length of 530 m on a Bausch and Lomb Spectronic 

20 spectrophotometer. The reagent blank was used for stan

dardization purposes. 
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Statistical Analyses 

Analysis of variance (68) and Duncan's New Multiple 

Range Test (69) were used in data analyses. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Refrigerator Samples 

The average TBA values of Controls 1 and 2 were 

adopted for use in comparing the TBA values of the cotton

seed flour and soy concentrate extended products. The TBA 

values of all refrigerated sausage samples are listed in 

Table 2. The higher TBA values indicate the existence of 

greater rancidity in a given sample. 

Analysis of variance of refrigerator samples showed 

that there were differences between sausage samples with 

different levels of extenders which had been stored for 

varying periods of time (Table 3) . When comparing the in

teraction effect of extender and time, the results were not 

statistically significant. When Duncan's New Multiple Range 

Test was applied to the TBA values of refrigerated sausage 

with various extender levels, a significant difference was 

noted between the control group and the sausage with various 

levels of cottonseed flour. However, the TBA values from 

the sausage with 2.5, 5.0, 7.5 and 10.0 per cent levels of 

cottonseed flour showed no significant difference from the 

low to the high level range (Table 4). 

The sausage with the lowest level of soy concentrate, 

2.5 per cent, indicated greater rancidity than did the con

trol. The sausage containing 5.0, 7.5, and 10.0 per cent 

35 
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TABLE 3 

ANALYSIS OF VARIANCE FOR REFRIGERATOR SAMPLES 

Source of 
Variance 

Extender 

Time 

Extender 
X Time 

Error 

Total 

*(P < 

SS 

1.5324 

0.1558 

0.1909 

0.1893 
2.0684 

.05) 

df 

8 

8 

64 

81 

161 

MS 

0.1916 

0.0195 

0.0030 

0.0023 

F 

83.3043* 

8.4783* 

1.3043 

TABLE 4 

ANTIOXIDANT EFFECTS OF VARIOUS EXTENDER LEVELS 
IN REFRIGERATED SAUSAGE 

Treatment 

Control 

2.5%C 

5.0%C 

7.5%C 

10.0%C 

2.5%S 

5.0%S 

7.5%S 

10.0%S 

Mean of TBA Value 

0.2240^ 

0.0618^ 

0.0477^ 

0.0329^ 

0.0323^ 

0.2747^ 

0.2448^'°'^ 

0.2257^'^'^ 

0.2071^'^ 

a, b, c, d, e jyieans with unlike superscripts differ 
significantly (P < .05). 
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soy concentrate showed no significant difference in rancid

ity (TBA values) when compared to the control group. When 

comparing the sausage with different levels of soy concen

trate, there were no significant differences in TBA values 

of sausage containing 2.5% and 5.0%, nor between that con

taining 5.0% and 7.5% and 7.5% and 10.0% soy concentrate. 

There is no justification as to why the sausage containing 

2.5% soy protein concentrate exhibited greater rancidity 

than did the control product. In the TBA test, malonalde

hyde (MA) is the main chemical compound which is responsible 

for the reaction with 2-thiobarbituric acid. MA is an in

termediate material of lipid oxidation and then is bound with 

food constituents, which can be converted to its volatile 

isomer by acidification and heating (56). Buttkus (64) studied 

the reaction of myosin with MA and concluded that the reac

tion rate was greater at -20° C than 0° C and was almost as 

great as that at +20° C. Whether the refrigerator storage 

conditions of 0° C were not cold enough to permit MA fixation 

properly is a possibility. The reason for the existence of 

insignificant differences between sausages containing various 

levels of cottonseed flour requires further investigation. 

Whether the differences in amino acid composition of the con

trol sausage and the sausage containing soy concentrate or 

cottonseed flour influenced the TBA values is not known. 

Several researchers (56,61,64) concluded that MA can react 

with amino acids, protein, glycogen and other food 
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constitutents to form products in which the MA exists in 

bound form. Even though the TBA test is widely used at the 

present time, its criteria of usage and its limitations re

quire further clarification. 

Differences in TBA values of sausage stored for vary

ing periods of time (Table 3) also were found to be signifi

cant. Duncan's New Multiple Range Test showed TBA values 

(Table 5) at the beginning of the experiment were signifi

cantly different from TBA values obtained from other storage 

times. However, no significant differences in TBA values 

existed when the interaction of time and type of extender was 

examined. The decrease in TBA values on the 5th, 6th and 7th 

week showed the unsteady fixation of MA in bound form at these 

times. The storage temperature was the main cause of the ef

fect as explained by Buttkus (64) . 

TABLE 5 

RANCIDITY EFFECTS PRODUCED IN REFRIGERATED 
SAUSAGE BY VARYING STORAGE PERIODS 

Time Mean of TBA Value 
(Weeks) 

0 0.0678^ 
1 0.1307^ 
2 0.1616°'° 
3 0.1627^'° 
4 0.1717° 
5 0.1532^'° 
6 0.1659° 
7 0.1634^'° 
8 0.1740° 

a, b, c, d, e Means with unlike superscripts differ 
significantly (P <.05). 
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Freezer Samples 

The TBA values of frozen sausage samples are listed 

in Table 6. The analysis of variance for these values is 

presented in Table 7, which indicates that there were sig

nificant differences between the various levels of extenders 

and between various storage times. Results of Duncan's New 

Multiple Range Test on TBA values of sausage with different 

extenders showed cottonseed flour and soy concentrate prod

ucts were significantly different from the control products. 

The TBA values of the sausage containing 10% cottonseed flour 

had a high antioxidant property as indicated by a low TBA 

value. The sausage containing 2.5% cottonseed flour was 

significantly different from the sausage containing other 

percentages. However, there was no significant difference 

in antioxidant properties between sausage containing 5.0% 

and 7.5%, nor between 7.5% and 10% cottonseed flour. 

In sausage containing soy concentrate, that with a 

10% level had the greatest antioxidant property. Sausage 

with 5.0% and 7.5% soy concentrate were not significantly 

different as shown in Table 8. When comparing the sau

sage with the cottonseed flour to that containing soy con

centrate, the cottonseed flour exhibited the higher anti

oxidant property. Sausage containing 2.5% cottonseed flour 

was not significantly different in antioxidant properties 

from the sausage containing 5.0% and 7.5% soy concentrate. 

Sausage with 5.0% cottonseed flour was not significantly 

different from sausage containing 10.0% soy concentrate. 

The results of rancidity incidence in frozen sausage 
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examples of this experiment are in accordance with the 

results of Overman (7). 

TABLE 6 

TBA VALUES OF FREEZER SAMPLES 

E x t e n d e r 

% 

Cont . I ^ 
Con t . 1 1 ^ 

2.5%C° 
5.0%C 
7.5%C 

10.0%C 
2.5%S° 
5.0%S 
7.5%S 

10.0%S 

0 

0.132 
0 .080 
0.050 
0.050 
0 .045 
0 .045 
0.118 
0 .075 
0.068 
0.053 

1 

0.248 
0.225 
0.067 
0.056 
0.059 
0.050 
0.193 
0.158 
0.130 
0.095 

Month 

2 

0.300 
0.290 
0.129 
0.078 
0.063 
0 .071 
0.233 
0.190 
0.175 
0.086 

3 

0.438 
0.448 
0.173 
0.072 
0.073 
0.065 
0.403 
0.208 
0.268 
0.110 

4 

0.640 
0.505 
0.268 
0.160 
0.091 
0.085 
0.425 
0.295 
0.235 
0.162 

5 

0 .925 
0 .805 
0.600 
0.420 
0.230 
0.120 
0.825 
0.590 
0.610 
0.455 

^Control 1 was selected at beginning of preparation 
period. 

^Control 2 was selected at end of preparation period, 
or 4 hours later. 

°C indicates cottonseed flour. 

^S indicates soy concentrate. 

TABLE 7 

ANALYSIS OF VARIANCE FOR FREEZER SAMPLES 

Source of 
Variance 

Extender 
Time 
Extender 
X Time 
Error 
Total 

SS 

1.3298 
2.4014 

0.5802 
0.0214 
4.3228 

** (p <. .001) 

df 

8 
5 

40 
54 

107 

MS 

0.1662 
0.4803 

0.0145 
0.0040 

41.550 
120.075 

3.625 
* * 
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TABLE 8 

ANTIOXIDANT EFFECTS OF VARIOUS EXTENDER 
LEVELS IN FROZEN SAUSAGE 

Treatment Mean of TBA Value 

Control 0.4198^ 

2.5%C 0.2145^ 

5.0%C 0.1393°'^ 

7.5%C 0.0935^'^ 

10.0%C 0.0727^ 

2.5%S 0.3662^ 
5.0%S 0.2527''̂  

7.5%S 0.2477''̂  
10.0%S 0.1602° 

a, b, c, d, e, f jŷ eans with unlike superscripts differ 
significantly (P < .05) . 

Both cottonseed flour and soy protein concentrate 

have antioxidant properties, however, cottonseed flour ex

hibited a higher antioxidant property than soy concentrate 

as shown by the TBA values in Table 6. Although the nature 

of the products resulting from protein and MA reaction was 

not known, the increased rate of reaction in the frozen sys

tem can be explained as a concentration effect and as a 

catalytic effect involving the ice structure (64). Thus the 

TBA test would be more desirable for use on frozen samples 

than on refrigerated samples. 

Table 9 shows the results of Duncan's New Multiple 

Range Test for sausage with 5 months storage under frozen 
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conditions. For periods of one to two months there was no 

significant difference in TBA values. The longer storage 

periods resulted in a significant difference in TBA values 

indicating higher rancidity. When comparing results in 

Tables 5 and 9, it is apparent that the TBA values change 

with time intervals. This is another indication of the cata

lytic effect of ice structure in relation to MA fixation. 

The variation in amino acid composition of the cottonseed 

flour and the soy concentrate probably affected the results 

of the rancidity test. In a freezer system, the catalytic 

effect of the ice structure may be helpful in decreasing the 

problem of protein-MA fixation. While in the refrigerator 

system there was no catalytic effect on the protein-MA reac

tion which was responsible for the main difference between 

cottonseed flour extended sausage and the control sausage. 

The effect was also noted in lack of interaction between 

extender and time in the refrigerated samples. The TBA 

results of the freezer samples can be satisfactorily ex

plained, however, in accordance with Dahle (59). It is sug

gested that the TBA test requires further evaluation and 

that the amino acid composition of the samples be known. 
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TABLE 9 

RANCIDITY EFFECTS PRODUCED IN FROZEN SAUSAGE 
BY VARYING STORAGE PERIODS 

Time 
(Months) Mean of TBA Value 

0 0.0678^ 
1 0.1161^ 
2 0.1467-^ 

3 0.2017° 
4 0.2549^ 
5 0.5239^ 

a, b, c, d, e jyieans with unlike superscripts differ 
significantly (P < .05) . 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

In the food industry, one of the most prevalent types 

of spoilage occurring in fat containing foods is oxidative 

rancidity. Synthetic antioxidants are generally used to con

trol this deterioration, however, with the use of such com

pounds problems frequently are encountered. 

Soy concentrate and cottonseed flour are excellent 

sources of protein. Several researchers have noted that soy 

and cottonseed flour both possess some antioxidant properties. 

The manufacturers of pork sausage make use of various types 

of binders and extenders and the use of soy concentrate and 

cottonseed flour could prove to be very beneficial. 

This study was undertaken to: 1) evaluate the anti

oxidant effect of soy concentrate and cottonseed flour in 

pork sausage by means of the 2-thiobarbituric acid test (TBA) ; 

2) evaluate the antioxidant effect of soy concentrate and 

cottonseed flour in pork sausage held under refrigerated and 

frozen storage conditions; and 3) determine the levels of 

soy concentrate and cottonseed flour which provide the great

est antioxidant effect. 

Results of this study indicated the following: 

1. In refrigerator storage cottonseed flour exhibited 

some antioxidant effect when used in pork sausage, however, 
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there was no significant difference among the different per

centage levels of cottonseed flour. 

2. Soy concentrate had no antioxidant effect when 

used in pork sausage stored under refrigerator conditions. 

In addition, the 2.5% level of soy protein concentrate ex

hibited a greater rancidity than the control product. The 

difference was significant at 0.05 level. The higher levels 

of soy concentrate showed greater antioxidant properties but 

the difference was insignificant. 

3. As storage time increased, the TBA values also 

increased. In refrigerated samples, there was a significant 

difference in TBA values in the time interval from beginning 

to the end of the first week. In freezer samples, there were 

significant differences in TBA values from the third through 

the fifth months. No changes were noted at the end of the 

first and second months. 

4. Sausage with cottonseed flour showed a higher 

antioxidant property than sausage containing soy protein 

extender under refrigerated conditions. 

5. Sausage with cottonseed flour and soy concentrate 

generally showed higher antioxidant properties when compared 

to the control group in freezer storage. 

6. Sausage containing cottonseed flour had higher 

antioxidant property than did sausage with soy protein. 

However, sausage with 2.5% cottonseed flour did not differ 

significantly from sausage containing 5.0% and 7.5% soy 
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protein concentrate when in frozen storage. 

7. The highest level, 10.0% of cottonseed flour 

exhibited the greatest antioxidant effect, but there was 

no difference between 5.0% and 7.5% nor between 7.5% and 

10.0% under frozen conditions. 

8. The 10.0% level of soy concentrate had the great

est antioxidant effect for this extender, but there was no 

significant difference between 5.0% and 7.5% of the frozen 

samples. 

9. The TBA test is a good quantitative measure of 

the extent of oxidation when the composition of the lipid 

is known. With crude mixtures, the test can have only quali

tative and comparative significance. From this study it can 

be concluded that the TBA test is suitable for samples held 

under frozen conditions. For samples stored under refriger

ated conditions, the TBA test is in need of re-evaluation. 
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