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INTRODUCTION

It is an established fact that flavor is one of the most important
factors governing consumer acceptance of dairy products. Many of the
desirable flavors of dairy products are due to the natural flavors of
milk fat. However, some of the most serious flavor problems arise from
this same milk fat. One serious flavor problem results from the re-
éction of milk fat with atmospheric oxygen causing an undesirable flavor
termed "oxidized" (1, 4, 8). It is necessary to control this flavor in
order to attain maximum storage stability of milk fat and maximum con-
sumer acceptance of dairy products.

Certain phenolic antioxidants have been found which will prevent
the formation of oxidized flavor in fats. El-Negoumy and Hammond (9},
however,scast doubt on the effectiveness of these compounds in butter,
hence additional efforts to find potent antioxidants are essential.
Several authors have concluded that amino acids sometimes have antioxi-
dant effects in various fat systems (18, 19, 20, 24). Surve (26) tested
tryptophan, histidine and glycine in milk fat and found them to be
effective antioxidants. This research was a continuation of the work
started by Surve. The purpose of this study was to measure the antioxi-
dant effects of histidine and cysteine in combination with sucrose and
milk solids»not~fat (MSNF), substances which are present in many dairy

products.



REVIEW OF LITERATURE

Oxidized flavor in lipids has been of great concern for many years
and the literature on this subject is voluminous. This literature has
been reviewed by several authors (1, 2, 6, 17, 27, 28). Oxidized
flavor is actually a group of flavors, whiéh originate from the unsatu-
rated fatty acids in lipids. These react with atmospheric oxygen, to
form a séries of carbonyl compounds (4, 5, 8, 10, 13, 16), which cause
the flavors. The mechanism of oxidation and the formation of carbonyl
compoundé have been summarized by Surve (26), Keeney (15) and others
(8, 11, 12).

Antioxidants are used in many foods to prevent or delay the devel-
opment of oxidation. These compounds function as inhibitors, to stop
free radical formation, thus terminating the chain reaction mechanism,

These mechanisms have been explained by the following equations (28).

RH + initiator > Re
-~ R+ 0y ROO-
* —>
H
chain reaction 3 ROO- + RH : ROOH + §°
I
| S
ROO. + ROO-
chain
termination ROO- + R- . termination
(antioxidant - products
action) R- + R-




where: R = any fatty acid or antioxidant radical
« = free bond on radical
% H = hydrogen.

In general antioxidants may terminate oxidative chain reactions
by donating an electron to a peroxy radical before or after being
partialiy:oxidized (28).

Several authors havg studied the effect of added amino acids in
connectioﬁ with oxidation. Saunders et al. (24) found that the pro-
oxidativeﬁaction of histidine was retarded by the addition of phosphates
and emuls%fiers, or by pH values above or below the optimum range of
4.3 to 6.%. Histidine acts as an antioxidant at concentrations of less
than 0.00@1 M, and as a pro-oxidant at higher concentrations. Clausen
et al. (3; reported that various amino acids act as synergists when
used in combination with phenolic antioxidants. Marcuse (19, 20) found
that tryptophan, histidine and glycine act as antioxidants in linoleic
acid and %ts methyl ester. Surve (26) found that histidine, tryptophan
and glyci&e were effective antioxidants in milk fat.

The 2-thiobarbituric acid (TBA) test as reported by Dunkley (7)
has been QSed as a measure of oxidized flavor in dairy products. This
test is carried out by heating a sample of fat with TBA in the presence
of acid (30, 31). During this reaction, one molecule of malonic
dialdehyde reacts with two molecules of TBA to give a pink color which
can be meésured colorimetrically (25).

Pohl% et al. (23) said that the flavor score of oxidized lipids
could notjalways be predicted from TBA values; however, the test can

sometimes{be used to follow the development of oxidized flavor in a



given sample or in samples of similar composition. Some authors have
reported (9) that there was little correlation between the oxidized
flavor of milk fat and its TBA test, whereas others (26, 29) have
found correlations between the TBA test and flavor scores ranging from

0.70 to 0.93.



EXPERIMENTAL METHODS

A 3 x 3 experimental design was used in this work. The nine milk
fat samples were divided into three sets of three samples each. One
set of samples contained 5% MSNF and a second set contained 5% sucrose.
The third set of samples was used as a control and contained neither
MSNF nor sucrose. A group of samples, one from each set, had 0.147
histidine added to it and a second group contained 0,14% cysteine. The
third group of samples contained no added amino acid. Four of the nine
samples Were duplicated to obtain an estimate of the experimental
error. This design can be visualized by referring to Table I. The
concentrations of MSNF and sucrose were determined by preliminary trials
in which selected levels of these constituents were added to different
samples of milk fat. Levels of 57 were chosen since these concentrations
did not add any detectable "unnatural' flavors to the fat. The 0.147
concentrations of amino acids were selected on the basis of information
in the literature. At this level histidine was expected toc act as an
antioxidant but at higher concentrations it has been reported to act as
a pro-oxidant (24).

The fat for this study was obtained by melting 92 score butter.
The melted fat was decanted and filtered through a gauze-faced filter

pad1 to remove the last traces of water and coagulated proteins. This

1Rapid=Flo Fibre-Bonded Milk Filter Disks. Johnson & Johnson,
4949 W, 65th St., Chicago 38, Ill.



TABLE 1

EXPERIMENTAL DESIGN--ADDITIVES IN MILK FAT SAMPLES

Additives Amino Acids Added (groups)
(sets) None Histidine Cysteine
None Milk fat Milk fat & Milk fat &
(control) Histidine Cysteine
MSNF Milk fat & Milk fat & MSNF Milk fat &
MSNF & Histidine MSNF &
Cysteine
Sucrose Milk fat & Milk fat & Sucrose Milk fat &
Sucrose & Histidine Sucrose &

Cysteine




anhydrou; fat was stored at -15°C until used. During storage an
"oxidize&-like" flavor developed in the milk fat. This flavor was
thought to be similar to that reported by Wyatt and Day (29). There-
fore, the fat was "deodorized" before use at a temperature of 90°C and
a pressure of 526 mm mercury for four hours. This treatment removed
the "oxidized-1like" flavor from the fat.

To prepare each sample, 70 grams of deodorized milk fat were heated
to 90°C and 13 ml of water were added. 1If the sample contained addi-
tives, tﬁese were dissolved or suspended in the water prior to adding
it to the fat. Five percent MSNF2 and sucrose3 were suspended or dis-
solved iﬁ 10 ml of distilled water, while 0.147% histidine and cysteine4
were susﬁended in 3 ml of distilled water. These additives were calcu-
lated as.a percentage of the fat weight.

To obtain a uniform mixture of water-in-fat, the samples were
emulsified in a 'laboratory churn” similar to that described by Mickle
et al. (Zl). In this apparatus, the samples were cooled from 90 to
15°C withicontinuous agitation and a stable, semi-solid emulsion was
formed in 4-5 minutes. These emulsions were placed in 250 ml beakers,
covered with aluminum foil and stored at room temperature (20-24°C)
until analyzed. Only three samples could be analyzed at one time,
Thus, one'sample was chosen from each set, at random, and the experi-

ment involved the analysis of three lots of three samples each.

2Spr%y process Extra Grade Non-fat dry milk. Distributed by Golden
State Sales Corporation, San Francisco, Calif.,

3Finé granulated sugar. The Great Western Sugar Company, Denver,
Colorado.

4His.jtidine (free base) C.P. and cysteine hydrochloride, C.P. Mann
Research Laboratories, New York. '



The samples were analyzed after O, 4, and 8 days storage for oxi-
dized flavor intensity. These time periods were chosen because of
Hunziker's report that oxidized flavors usually developed in butter
within a 4 to 8 day period (14). Flavor intensities were estimated
with the TBA test which was conducted according to the procedure of
Patton and Kurtz (22) with some of the modifications suggested by
other workers (30, 31). Oxidized flavor intensity also was estimated
"by a taste panel of three "trained" judges. These were selected from
an original group of eight people on the basis of their ability to
replicate their flavor scores when evaluating samples with similar
flavor intensities. The judges were asked to score four samples at
each tasting period. These included the three experimental samples
plus a s;mple of fresh milk fat which was used as a standard of ref-
erence. The judges were asked to evaluate the oxidized flavor inten-
sity of the samples and to score this intensity using a scale of 1-6.
An example of the score sheet used to record the judges opinions is

shown in Figure 1.



Name 1 Date Judge No.

The characteristic flavor of butterfat is nutty, mild, sweet,
clean and pleasant, while oxidized butterfat has a tallowy or cardboard
like flavor. Use the scale below to indicate your ranking of the ex-
perimental samples and write the number on the score sheet which best
describes your feeling about the fat.

A fresh sample of butter is provided as a standard for comparison.
Score each sample and then wait for 30 seconds, rinse your mouth with
the standard sample between tastings of the experimental ones.

You are the judge! An honest opinion will be helpful in deciding
your likes or dislikes concerning the flavor of this fat.

Rating Scale Description

lo----- --very good - no oxidized flavor and no other undesirable flavor.
2mmmnn- Questionable - neither good or bad, not sure if oxidized or not.
3e------ slightly oxidized flavor - dislike slightly.

b4owonen- distinctly oxidized flavor - dislike moderately.
5.------pronouncedly oxidized - dislike very much.

Gownmmm= extremely off flavor - not fit to eat.

Sample code and description Flavor score Remarks (if any)
a. Standard - fresh butter .

b. Experimental sample .

c. Experimental sample .

d. Experimental sample .,

Comments or suggestions

Figure 1. Representative Score Sheet for Evaluating Oxidized
Flavor Intensities by Taste Panel Members.



RESULTS AND DISCUSSION

Table II is a summary of the taste panel scores for oxidized flavor
intensity. The TBA test results on the same milk fat samples are shown
in TableEIII. The correlation coefficient for these two sets of data
was O.78iand this relationship is shown as a scatter diagram (Figure 2).
This correlation coefficient agrees with the value of 0.70 obtained by
Surve (2@) from milk fat emulsions of similar composition and it is in
general %greement with the recent data of Wyatt and Day (29) for deodor-
ized milg fat samples. These correlation coefficients indicated that
the two sets of data in this study probably had similar tendencies.
Thus, the same decisions could be made by examining either set of data.
The TBA test results appeared to be more repeatable than the results of
the tasté panel analysis. Therefore, these data were analyzed and the
conclusions from this study were based only on the TBA data.

Statistical analysis (analysis of variance) of the TBA data (Table
1V) indiéated that the increase from one sampling time to the next was
statisti;ally significant (P <€ 0.10). This was the only trend in
the data @hich was statistically significant (P 2» 0,10). The lack of
significant differences was expected, though, since only four duplicate
samples w?re analyzed and the difference between these duplicates was

relativel& large. Nevertheless, the data had certain trends which were

worthy of comment.
{
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Wheé considering only the control set of samples, it appeared that
histidiné might have an antioxidant effect but that cysteine acted as
a pro-oxidant (Figure 3). -The conclusion drawﬁ from the histidine data
is in ag%eement with the findings of Surve (26). The addition of 57
MSNF had a pro-oxidant effect on most of these samples, but the added
sucrose ﬂad little effect on the TBA values of those samples which con-
tained né added aminé acids (Figure 4).

The effect of combinations of additives were variable (Figures 5
and 6), %nd it appeared that some of these variations might be due to
interact{ons among additives. These interactions would be worth
further %tudy, especially those between amino acid antioxidants and

MSNF, additional knowledge about the effects of these additives on

oxidized flavor in milk fat could be of value to the dairy industry.



D FLAVOR SCORES® OF MILK FAT EMULSIONS CONTAINING MSNF OR SUCROSE

TABLE 11

AND/OR HISTIDINE OR CYSTEINE

Days of Analvysis

0 Day 4 Day 8 Day
Additives Amino Acids Added (groups)

(sets) None Histidine Cysteine None Histidine Cysteine None Histidine Cysteine
None 5 . 4 6 5 3 14 7 7 17
(control) (&) (3) (3) (3 (6) (6)
MSNF 4 8 3 5 11 5 11 18 14
Sucrose 4 3 4 13¢ 4 4 18°¢ 8 8

(4) (4) (4) (3) (3) (4

8Totals of three judges' scores.
bNumber in parenthesis is analysis

CThought to be an error.

of duplicate samples.



TABLE III

TBA VALUES FOR MILK FAT EMULSIONS CONTAINING MSNF OR SUCROSE
AND/OR HISTIDINE OR CYSTEINE

Days of Analysis

0 Day 4 Day 8 Day
Additives Amino Acids Added (groups)

(sets) None Histidine Cysteine None Histidine Cysteine None Histidine Cysteine
None 0.18  0.19 0.40 0.24  0.12 0.62 0.40  0.37 1.90P
(control) (0.19)2 (0.17) (0.22) (0.23) (0.31) (0.40)
MSNF 0.34 0.33 0.37 0.37 0.27 0.36 0.45 0.61 0.49
Sucrose 0.49°  0.25 0.28 0.80° 0.35 0.37 2.00P  0.34 0.38

(0.29) (0.27) (0.23) (0.32) (0.32) (0.41)

8Numbers in parenthesis are analysis of duplicate samples.

bThought to be an error.

€1



TABLE 1V

ANALYSIS OF VARIANCE FOR TBA DATA

14

Source df ss MS F
Total 39 12.6474

Time (Linear) 1 0.8227 0.8227 3.508
Time (Quaaratic) 1 0.1252 0.1252 0.53
Additive (MSNF, Sucrose) 2 0.1469 0.0735 0.31
Amino acids (Histidine,

Cysteine) 2 0.0469 0.0235 0.10
Add. x a.a. 4 0.8313 0.2078 0,09
Time x Add. 4 0.0579 0.0145 0.06
Time x a.a. 4 0.0726 0.0181 0.08
Time x Add. x a.a. 8 0.6328 0.0791 0.0336
Error i2 2.8242 0.2353

8Statistically significant (P <2 0.10).
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SUMMARY AND CONCLUSIONS

Thig research was a continuation of the work started by Surve (26)
in which he demonstrated that certain amino acids were effective anti-
oxidants in milk fat emulsions. The object of this research was to
measure the effect of MSNF and sucrose on the antioxidative properties
of the amino acids histidine and cysteine., Milk fat emulsions contain~-
ing 5% MgNF or sucrose and/or 0.147 histidine or cysteine were prepared.
The oxidized flavor intensities of these mixtures were measured after
0, 4 and 8 days storage at room temperature (20-24°C) using a taste
panel and the TBA test.

The correlation coefficient for taste panel scores vs. TBA tests
was 0.78, indicating that these two sets of data had similar tendencies.
Oxidized flavor intensities and TBA tests increased with storage time
(P &, 0.10), Histidine acted as an anticxidant in this study, but
cysteine was a pro-oxidant. The addition of 57 MSNF increased the oxi-
dized flavor intensities of these samples while sucrose had little or

no effect on the flavor.
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