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STUDIES ON BUFFALO MILK FAT OXIDATION

II,—The Variation in Peroxide, T.B.A., and Iodine
Value, and other Constituents of Buffalo Milkfat
During Autoxidation.

N. 8. AsmED, 1.D, Rivaar*, A. A, Howy,
AND A. M. EL-BokgiRY

The pattern of increase in the T.B.A. values, total sarbonyls, con-
jugntod dienes, and the free-mono-carbonyls contents are similar to-
that of tho peroxide values, during the oxidution period in both
butteroil and samn, while the iodine vslue takes an opposite trend.

There ara pasitive significani correlations between the peroxide
value and the T B.A. values, totsl carbonyly, conjugated dienes, and
free-mono-carbonyls classes in butteroil and sammn.

Butteroil oxzidizes more rapidly than samn, sines it gives lower:
values for the peroxide, T.B.A., iodine values, total carbonyie, con-
juted dienes, fréc-monoc.-earbonyls classes during autoxidation.

The corporation of atmospherie 0, with millfat, known ag sutoxidation, causes
the development of oxidized flavour in milk, butter, and other dairy products,
It iz well known that when fat oxidizes, carbonyl compounds are formed which
contributes mainly to the oxidized flavour deffect. Most chemical tests used
are termed indirect, since they do nov measure the amount of the oxidized
flavour compounds but mesure other chemical properties indicative of the oxid-
ation reactions. These teats, however, do not give good correlations with the
sensory tests, which are necessary in quality control purposes. Therefore,
the purpose of this study is to follow the oxidation process of buffalo milkfat
by determining the peroxide valies, T.B.A. test, IV,, conj. fatty acids, total
carhonyls, and free monoecarbonyl conmtents which are correlated with the
autoxidation reactions and involved in the off-flavour deterioration.

Experimental and Methods of Analysis

Fresh buffalo milk samples wre obtained from the herd of the Faculty of
Agriculture, Ain Shams Univerity. The cream was separated, washed with
hot distilled water, reseparated, and then churped to butter. A portion of the
butter was melted at 55°C, washed several times with hot distilled water and the

. butteroil layer was separated and filtered. Another portion of the butter was.
converted to camn by the Boiling off-method. Both butteroil and samn were
left to stand in & loosely covered flasks in a place in the laboratory where they
were exposed to a maximum amount of diffused sunlight and air.

* Food Technology & Dairy Dept. N.R.C., Faculty of Agricultare, Ain Shams University
and Food Indusiries Foundation.
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The peroxide value (P.V.), conjugated fatty scids (conj. F.A.) wera
determimed aocording to the AOCS method (1957), while the thiobareturic acid
test (TBA) by the method of Patton, & Kurtz (1951), the iodine value (I.V.)
by the British Pharmacopoeia metbod (1963), total carbonyls content by the
method of Berry & Me Kerrigan (1958) and the Preemonocarbonyls (F.M.C.)
by the method of Keith & Day (1963).

The P.V., T.B.A., and LV, ; T.C. and Conj. F.A. contents of freshly prep-
ared butteroil and samn were estimated. At the end of the induction period
the F.M.C. were determined simultaneously with the previous determinations
every 10 days for the first 100 days, then every 30 days over a period of
380 days, in order to follow the variations that took place during the
oxidation process until it was completed. .

Resulis and Discussion

Storing the butteroil or samn samples in diffased daylight and air was
necessary to induce and accelerate their autoxidation (Badings, 1960 ; Keeney
and Doan, 1951; and Lea, 1953).

The P.V. was determined and used as a quantitative test for measuring the
quantity of peroxide formed (Badings. 1960; Holman, 1954 ; and Morris, 1954).
Since it measursthe peroxides ; the primary products of fat oxidations, there-
fore, it is not adequate in giving the history of the oxidation of the fat concern-
ed. The T.B.A. test is more sensitive and was used to detect the early stages
-of autoxidation, and here or to establish its state of oxidation. Although,
P.V. measure the amount of oxidation, yet, they do not estimate a specific
determination of the oxidative rancidity whichliahle to appear at the different
peroxide levels. Determining the carbonyl compounds will give more exact
informations concerning the state of oxidation of the fat. The carbonyl
compounds produced during oxidation are extremely complex, since they.
include volatile and non volatile, saturated and unsaturated compounds.
However, the greatest part of them are non-volatile with high molecular
weights, which are the precursors of the volatile odours substances (Berry
and McKerrigan 1958 ; Gaddis, e «l, 1959). Only the short chain volat-
ile carbonyl compounds are the cause of the off-flavour that appear during the
autoxidation of edible fats (Berry and McKerrigan, 1958 ; and Gaddis et al.,
1959). The U.V. light absorption characteristics of oxidized fats indicated
that most of the mono-hydroperoxides formed during autoxidation were
conjugated in nature. In addition, when oils containing linoleate or more
highly unsaturated systema were oxidized the conjugeated dienes systems
increased parallel to the 0, uptake and peroxide formation (Bading, 1960 ;
Holman, 1954 ; Lea, 1953 ; and Morris, 1954),

The values and trend of incesss of the P.V. and T.B.A. values ; as shown
in tables 1 and 2 and Figs. 1 & 2, in buttercil and samn respectively, were
relatively amooth during the induction period. A sharp rise in both values
was followed and the increase continued until the 100days of storage, After
‘this period, it was noticed that the increase in both values were fast and with
wide range of variations.
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Opposite to the P.V.; the I.V. decreased during the storage ; Fig. 3.
and did not show noticeable variations during the induetion period. It then
decreased slightly with ununiform flustuations {ill the 80 days where it dropped
suddenly. The decline that was followed was more pronounced during the
rest of storage period.

F1a. 3.—Rsletionship of
P. V., and I. V. During
Autoxidation of Buffalo
Butteroil and Samn.

> | —DButrerart
- Saman .
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In the conjugated unsaturated fatty acids, only the variations in the conj.
dienes concentrations were of value in the autoxidation of fats, since they
constituted the major part of the conj. unsaturated acids. However, the
i:ncrlgfzse in both butterciland samn followed similar trend as the P.V. as shown-
in Fig. 4.
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~ I'1¢. 4.—Relation ship of
_g e P.V.,and Conj. Dienes During
¢ :: Auntoxidation  of Buffalo
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Tmmediately after the end of the induction period, both the P.V. and
T.B.A. values increased rapidly indicating a progressive and fast oxidation of
the fat. Moreover ; the increase in both values was significantly positive and
parallel.  On the other hand the 1.V. showed an opposite trend as it decreased
during the oxidation process. However, the decrease was slight at the early
stages of storage but became more pronounced later after almost 100 days.
These findings agreed with those of Achaysa, 1947 ; Necheav, 1956 ; Karths,
1957, 1958 ; and Glimm et al., 1939}, while disagreed with those of Naegamwala,
et al., 1954 ; and Nelson and Dahle, 1940), who noted that the LY. of milkfat
did not decrease during the period of gieatest increase in P.V.

The relation between the increase in P.V. and the incerase in conj. dienes
systems was positively significant in both butteroil and samn. This indicated
that during the advancement of the autoxidation process the conj. dienes
systems incroased. This relation was confirmed by several inves.igators
{Badings, 1960 ; Holman, 1954; Lea 1953, Morris, 1954 ; and Lundberg, e al.,
1946) as they pointed ouc that tho increase in the conjugated unsaturated
systems containing carbony groups or the conjugated polyenes formed from
these systems were directly proportional to the peroxide contents during the
autoxidation of fats. To the contrary, Ocake (1961), claimed that the diene
and triene acids of fresh butterfat were not affected by oxidation.

There were adeguate evidencesto suggest that measureing the amounts
of the carbonyl compounds would give exact informations concerning the state
of oxidation of the fat, which was found 10 be in the Iine with the development
of off-flavours. The freshly prepared milklat samples contained only saturated
carbonyl compounds. After the end of the induction poriod the unsaturated
carbonyls devoloped in the samplos in small concentrations. DBoth the
eaturated and nnsaturated carbonyls increased as the oxidation advanced.
Sintigtical analysis of the data indieated that there was a close association
botween the total earbonyls and the peroxide value of the fat (Fig. B).
These results agreed with those of Gaddis el al (1959), who claimed that
there was & linear relationship between the total, and mono-carbonyls on
one hand, and the peroxide value on the other hand, in both heated and
unheated Pork fat.

In. the early stages of oxidation, the rate of increase in total unsaturated
carbonyls in saumn exceeded those of buttercil. Saturated carbonyls, on the
other hand, showed an opposite trend Gaddis et al. (1 959), found the same
when they heated Pork fat, the unsaturated carbonyls increased with a more
rapid rate than those of unheated fat. At the advanced stages of oxidation,
however, both saturated and unsaturated carbonyls increased with approxi-
mate equal rates in butteroil and samn. This disagreed with the results of
Graddis, e ol. (1959), who found that in advanced oxidation the formation
of carbonyls of unheated Pork fat exceeded that of heated fat.

In general, butteroil contained more saturated carbonyls, and increased
more rapidly than in samn. The unsaturated carbonyls, however, were found
in approximate equal amounts ip both At the advancement of storage, they
increased more rapidly in butteroil than in samn. They also constituted a
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higher percentage of the total carbonyls in samn than in buttercil, as they
were 5 9, of total carbonyls after 20 days, and increased to 14 % at the end
of the storage period, but in buttercil, they were 4 9, increased to 12 % at
the same respective periods,

<. )
Butteroil
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T1¢. 5.—Relationship of P.V. and Total Carbonys
During Autozidation of Buffalo Buttercil
and Samn.
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The free mono-carbonyls ; the volatile fraction, was identified mainly
to % classes as: (o) alkanals: saturated aldehydes and methyl ketones,
(b) alk-2-enals, and (¢} alk-2-4-dienals. The interrelationship between the
peroxide value and the free-monocarbonyls was highly significant with posi-
tive correlation. (Mig. 6). These findings were confirmed by the results by
Gaddis, ef al. (1959). They reported that the peroxide-monocarbonyl rela-
tionship tended to be linear especially in the early stages of oxidation, and
all the mono-carbonyl classes increased smoothly with oxidation. The unsa-
turated mono-carbonyl classes formed a higher percentage of the mono-
carbonyls fraction in samn than in butteroil. The 2-enals formed 12 9, and
the 2,4-dienals formed 6 9, in case of samn, while they were 7 %, and 3 %
respectively in butteroil. With advancing oxidation, all the 3 classes in-
creased with a more rapid rate in buiteroil than in samn. Also, the ratio of
the 2-enals, and 2,4-dienals were higher in butteroil than in samn ; 10 %, and
9 9, respectively in butteroil and 9.5 % and 7.0 % respectively i samn.
These results agreed with those reported by Gaddis, et al. (1859), as they found
that the 2,4-dienals class increased rapidly in the monocarbonyls fraction of
heated fat, but it tended to decrease slightly with advanced oxidation.

In general, it is fairly clear that heating of milk fat, as m samn was accom-
paried by some loss in the carbonyls content, especially the volatile monocar-
bonyls. This was shown by the higher concentrations of these compounds
in fresh butteroil than in fresh samn. This assumption aws confirmed by
Gaddis, et af. {1961), who reported that the greater formation of carbonyls
of unheated Pork fat than those of heated fat was partly due to their vola-
tilezation and decomposition.

It was also clear that butteroil oxidized more rapidly than samn, This
conclusion was reached from several facts which were noticed along the course
of their autoxidation. First, the P.V. & T.B.A. values increased more rapid-
ly than those of samn. Second, the rate of saturated carbonyls formation
was faster and higher in concentration in butteroil than in samn, keeping in
mind, however, that fresh butteroil bad higher concentrations of these com-
pounds to start with. Third, the rate of increase in conjugated dienes, 2-
enals, and 2,4-dienals was more in buttercil than in samn, inspite of the fact
that fresh butteroil were contained less amounts of them than in fresh samn.
Forth, allanals were formed in a faster rate in butteroil than in samn. Fifth,
the decrease in 1.V, were more noticeable. _ '

These results would ba explained on the basis that the temperature en-
countered the Boiling-Off process of making samn seemed to be enough to
stabilize the fat against oxidation and decomposition. Thus the component
fatty acids would polymerize or isomerise and leading to the formation of
conjugated systems or long chaim compounds which were pobobably difficult
to exidize than the non-conjugated systems present in butteroil (Badings,
1960 ; Burger and wideman, 1952 ; Lundberg, et ol., 1946 ; and Markeley,
1961). Also, it is possible that the temperature involved in making samn
is high enough to induce the production of active sulfhydril groups which
would act as antioxidants (Aurand, ef al, 1959). Furthermore, the tempera-
ture of processing would inactive the zanthine oxidase enzymes found in
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butter which was considered responsible for the oxidation of the fat (Aurand
et ol, 1959 ; and Smith and Dunkley, 1962). It is a fact also that some fat
goluble vitamines would act as pro-oxidants when present in evidently small
amounts (Smith and Dunkley 1962, 19622 ; and El-Negoumy and Hammond,
1962). Thus, during the preparation of buttercil, little proportions of these
vitamines might fiffuse and accelerate the oxidation during storage.
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