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INTRODUCTION

The solar-activated flavor is one of the major problems in the dis-
tribution of homogenized milk. The flavor defect occurs frequently, and
gives rise to consumer complaints. At the present time no easy or prac—
tical means for preventing its development in commercially produced homo-
genized milk is available, The term solar-activated flavor as used
throughout this study embraces a number of flavors such as "sunshine,"
"burnt," "burnt-feather," "burnt-protein," "cabbage," "mshroom," and/or
even "medicinal.”

Many investigators have shown that homogenized milk was far more
susceptible to off-flavors as a result of exposure to daylight than the
same milk not homogenized., The occurrence of the solar-activated flavor
in homogenized milk exposed to daylight was rather disheartening in view
of the gratifying discovery that homogenization retarded or inhibited the
development of the copper-oxidized flavor. Thus, while homogenization re-
tarded susceptibility of milk to one undesirable flavor, it enhanced the
development of another off-flavor, if and when certain conditions prevail.
Although the solar-activated flavor has caused much concern among the com-
mercial dairy plant operators, the available data regarding the various
factors involved in the development of the solar-activated flavor and an
easy and practical method to prevent its inception are limited.

The purpose of the work reported herein were: (a) to study the var-
jious factors related to the off-flavor development; (b) to attempt to

find a practical method to prevent the activated flavor development and
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further; (c) to attempt to establish the identity of the constituent

affected when a solar-activated flavor developse.



REVIEW OF LITERATURE

The deleterious effect of sunlight upon the flavor of milk has been
recognized for many years, Brouwne (1899) early observed that oxidative
rancidity was catalyzed by the exposure of the butterfat to the light.
Since this early observation, various investigators, Hammer and Cordes
(1920), Frazier (1928) and Henderson and Roadhouse (1934) have studied
the effect of light upon the flavor of milk as being associated with a
lipid oxidation. Hammer and Cordes (1920) reported that Yoff" flavors
developed in certain milk samples after 10-minute exposure to light and
further, that a definite tallowy flavor appeared after 45 minutes expo-
sure to light., They noted also that an abnormal flavor developed rapidly
in skimmilk upon exposure to sunlight. The flavor that developed in the
exposed skimmilk was not the typical tallowy flavor. These workers dis-
covered that the Y“off" flavor development could be retarded by the use of
brown glass bottles, However, their use resulted in increased milk tem~
peratures, thus favoring bacterial growth. In the light of our present
knowledge it appears that the "off" flavor that Hammer and Cordes (1920)
observed in exposed skimmilk was in reality the activated flavor so com—
mon today in commercially produced homogenized milk,

Frazier (1928) found that diffused daylight acted as a catalyst in

‘the oxidation of the butterfat. He postulated thﬁt although the heavy
glass of the milk bottle screened out the ultra-violet rays, it did, never-

theless, allow to pass through the longer rays which exerted the catalytic

effect,
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Tracy and Ruehe (1931) found from their studies of flavors in mar-
ket milk that milk exposed to sunlight for short exposure periods in
uncolored glass bottles developed the typical tallowy flavor. They ob-
served that as the period of exposure of the milk to sunlight was in-
creased, a point was eventually reached where the tallowy flavor was
masked by the burnt flavor; They believed that the presence of metal-
lic salts was not a factor in the development of the burnt flavor, and
that skimmilk and low-fat milks were more susceptible to the burnt fla-
vor than were whole milk and cream. The burnt flavor described by
Tracy and Ruehe (1931) was attributed to the action of sunlight upon
the milk proteins.

Henderson and Roadhouse (1934) stated that cream exhibited a great-—
er susceptibility to oxidation when exposed to diffuse or direct sun-
light,

Doan and Myers (1936) observed that skimmilk, whole milk and but-
termilk could be protected from the catalytic action of sunlight by the
use of paper milk containers. However, they found that paper milk bot-
tles offered no protection against the tallowy flavors caused by sun~
light. The authors postulated from the above findings that the photo-
chemical reactions producing the tallowy flavor and the burmt flavor
in milk were separate and distinct.

The study of the solar-activated flavor prior to the acceptance
of homogenized milk as a marketable product received little attention.
Since the solar-activated flavor was not a serious flavor defect in
nonhomogenized milk, but rather more noticeable in skimmilk, the urgen-

cy for a complete study of the activated flavor was not deemed necessarye
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The phenomenal acceptance of homogenized milk in America during the past
decade (to the extent that in some plants 100 percent is homogenized) has
extended the possibilities of the occurence of the defect, Hood and White
(1934) early pointed out that homogenized milk was far more susceptible
to off-flavors as a result of exposure to daylight than the same milk not
homogenized, This observation has since been substantiated and/or reported
by many workers., (Doan 1937a, 1937b, 1938, 1943; Tracy 1936, 1938, 1948;
Corbett and Tracy 1937, 1939; Flake, Weckel and Jackson 1939; Dahle 1941;
Babcock 1942; Henderson 1944; and Burke 1948.)

Tracy (1936) in a discussion of homogenized milk stated that homoge-
nization was a factor in the case of milk exposed to sunlight since homo-
genized milk would acquire an off-flavor sooner than nonhomogenized milk,
He found that when a bottle of each of the two milks was exposed to either
direct or indirect sunlight for 10-15 minutes, the nonhomogenized milk
developed a slight bumt flavor whereas the homogenized milk had developed
a much more pronounced burnt flavor, Tracy (1936) theorized that while
light rays would oxidized the butterfat, the effect of the sunlight on
the milk proteins was responsible for the activated or burnt flavor,

Although the development of the solar-activated flavor gives rise to
consumer complaints in the homogenized milk product, mach of the work has
been carried out using skimmilk or whey.

Weckel, Jackson, Haman and Steenbock (1936), in an effort to deter-
mine the effect of irradiation on the flavors of milk, exposed milk to
irradiated energy for various periods, The flavor that developed follow-
ing irradiation in the incipient stage was described as "flat.," Upon con-—

tinued exposure, this flavor gradually changed into what the authors
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described as "burnt," "burnt feather," "burnt protein" or "mushroom fla-
vor." They concluded that the activated flavor must be distinguished
from the papery, cardboardy, tallowy flavors which they believed resulted
from the action of radiant energy or metals on the lipids in milk,
Weckel, Jackson, Haman and Steenbock (1936) in reference to the division
of the spectrum responsible for the off-flavor stated:
The effect is due to radiation from that part of the spec~-

trum which is known to have an antirachitic effect as well as to

parts of the spectrum devoid of such properties. An analysis of

the emission of the various arcs permits the conclusion that

energy ranging in wave length from 2,600-3,100 Angstrom units

is less active in flavor production than energy of wave length

less than 2,600 Angstrom units.
Josephson (1946) is in disagreement as to the wave length responsible
for the off-flavor development. He stated that the sunlight flavor
would develop on very cloudy days when little, if any, ultra-violet light
penetrated the outer atmosphere. Josephson (1946) employed specially pré—
pared exposure cells and light filters of known transmission and concluded
that no protection against the off-flavor development was afforded even
when all light below 5,900 Angstrom units was excluded. He reported that
for complete protection against the off-flavor development all light be-
low 6,200 Angstrom units must be excluded. He believed the active wave
lengths of light were within 5,900 and 7,400 Angstrom units. Since the
heavy glass of the milk bottle would tend to filter out the ultra-violet
light rays, it seemed logical to assume that the range proposed by
Josephson (1946) was the effective range.

Weckel and Jackson (1936); Flake, Weckel and Jackson (1939); and
Flake, Jackson and Weckel (1940) are chiefly responsible for the few

facts we know concerning the chemistry of the activated flavor compound.
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The authors concluded that the constituent affected when a solar-activa-
ted flavor develops is protein in nature, Flake, Jackson and Weckel
(1940), in an attempt to determine specifically the constituent affected,
subjected casein, lactalbumin and various amino acids to ultra-violet
radiation., They concluded that albumin, and to a lesser degree casein,
acquired a flavor and odor typical of that which develops in milk similar-
1y exposed to radiation. Of the amino acids studied, cystine, methionine,
tryptophane and histidine were found to develop flavors suggestive of
irradiated milk. The authors' attempts to measure the effect of ultra-
violet light upon the protein structure by means of the Van Slyke amino
nitrogen and nitrogen distribution determinations were not successful
since the analytical procedures used were not sensitive enough to show

a measurable structure change. Flake, Jackson and Weckel (1940) obtained
concentrated solutions of dialyzable substances from milk and exposed
them to irradiation. These dialyzable solutions upon irradiation gave

rise to a disagreeable flavor and odor which were definitely not typical

of the activated flavor of excessively irradiated milk. The authors also
carried out dialytic experiments and concluded that the removal by dialy-
sis of a large portion of the dialyzable substances of milk did not alter
its susceptibility to the development of the activated flavor and odor.
Ansbacker, Flanigan and Supplee (1934) suggested the possibility

that sulfur compounds might be involved in the activated flavor formation.
Upon subjecting a foaming agent of milk to ultra violet light they noted
an odor which was similar to that of over-irradiated milk. These workers
theorized that the basie mechanism involved the mobilizstion of sulfhydryl

groups. Flake, Jackson and Weckel (1940) further indicated the possible
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role of sulfur in the development of the activated flavor when they ob-
served that the intensity of the activated flavor was accentuated by heat-
ing milk to approximately 180°F. which is in the temperature range at which
the cooked flavor becomes evident.

Doan and Myers (1936) believed that the burnt flavor due to solar ra-
diation originated in the casein-and albumin-free serum of milk., Flake,
Jackson and Weckel (1940) were able to concentrate a "fraction" that they
believed responsible for the activated flavor development. They did not
analyse the concentrated fraction. However, they did secure a positive
nitroprusside test after reduction with potassium eyanide, which indicated
the presence of disulfides, The authors reported that when a very small
amount of the concentrated fraction was added to milk it imparted to the
milk a flavor and odor very similar to that of milk exposed to radiation,
Keeney (1947) was able to induce the activated flavor in a casein-, albumin-,
and globulin-free milk serum., He succeeded also in concentrating a heat-
floceulable, dialyzable substance which he believed to be one of the come

ponents responsible for the sunshine flavor common to homogenized milke.



PRCCEDURE

The milk used in these studies was obtained from the Michigan State
College dairy and experimental barns and the college creamery, All milk
was holder pasteurized at 143°F. for 30 minutes, after which the milk was
homogenized at 2,506 pounds pressure in a laboratory model, 25 gallon-per-
hour homogenizer. The homogenizer was flush-washed with one-half gallon
of 150° to 160°F. water after processing each sample to prevent any pos-
sible intermixing of samples. Following homogenization, the samples were
ice colled at once to 50°F.

In an attempt to keep the source of radient energy uniform all exposed
samples were exposed to clear solar radiation between the hours of 10 a.m.

and 2 p.m.

Isolation of Minor-Protein Fraction

The isolation procedure of Aschaffenburg (1946) was modified to meet
the experimental problems encountered in this study. One gallon of fresh-
ly separated skimmilk was rennet-coagulated at 26,7° C. (80° F.)., The
coagulum was cut into O.5-inch cubes and heated to 50° C, (122° F.) to
expel the whey. The whey was separated by vacuum filtration, transferred
to a 4-liter beaker and heated to 95° C. (203° F.) for one hour to remove
the heat-coagulable proteins. A mechanical stirrer was employed during
the heating process to insure uniform heat distribution. Following the
heat treatment, the mixture was filtered through a milk filter cloth and
the resulting serum was clarified by centrifugation at 50,000 r,p.m. for

15 minutes in a Sharpless steam-turbine supercentrifuge. The centrifuged
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serum was crystal-clear and was assumed to be free of the heat-coagulable
proteins, The clarified serum was treated with 3L.5 g. of C. P. ammonium
sulfate per 100 ml. of serum. After standing for three hours, the precip-
itate was separated by centrifugation at 2,000 r.p.m. for 30 minutes. The
resulting precipitate was washed in about one=fourth of its wvolume of dis-
tilled water and again re-separated by centrifugation. The washed precip-
itate was dispersed again in a small volume of distilled water, transferred
to a cellophane dialyzing bag and dialyzed for 2L hours against running
tap water and then for an additional 2l; hours against slow-dripping dis-
tilled water., The non-=dialyzable fraction was removed and dried from the
frozen state under a high vacuum. The weight of the freeze-dried sample

was 3.768 g. The yield was 0.10 percent,

Amino Acid Determinations
Amino acid determinations were carried out microbiclogically by using

Lactobacillus arabinosis, Streptococcus faecalis and Leuconostoc mesenteroides

P-60. The media used in the various determinations were essentially the

same as those described by Sauberlich and Baumann (19,6) with the excep-
tion of those used for isoleucine and methionine, which were prepared ac-—
cording to the method of Kuiken et al. (1943) and Lyman et al. (19L6).

The hydrolyzates for the determination of arginine, cystine, glutamic acid,
histidine, isoleucine, leucine, 1ysine; methionine, phenylalanine, threon-
ine and valine were prepared according to the method of Stokes et al. (1945).
One gram of the material was dispersed in 25 ml. of 6N HCl and autoclaved
for eight hours at 15 pounds pressure. The hydrolyzates were cooled, neu-
tralized to pH 6.6-6.8 with 18N NaOH, made up to 100 ml., filtered, covered

with a few drops of toluene and stored in the refrigerator until analyzed.



. I P

The enzymatic digestion procedure of Wooley and Sebrell (19L45) was used
for the tryptophan assay. One gram of the material was weighed into a
100 ml. volumetric flask, 20 mge of pepsin and LO ml. of 0.1N H,SOj, were
added and the flasks incubated at 37° C. for 24 hours with constant shak-
inge. The contents of the flasks were then transferred to 100 ml. beakers
and 3.0 g. of KZHPOh were added to each beaker and the pH adjusted to 8.h
with 3N NaOH. The solutions were transferred to 100 ml. volumetric flasks
and 20 mg. of trypsin were added and allowed to incubate at L40° c. for 2
hours with constant shaking. The contents of the flasks were cooled, ad=-
Justed to pH 7.0, diluted to 100 ml., centrifuged, filtered, preserved
with toluene and stored in the refrigerator,.

DL-Configurations of isoleucine, leucine, methionine, phenylalanine,
threonine. and valine were used in the preparation of standards for these
amino acids, whereas, the L-configurations were used for the preparation
of the standards for arginine, cystine, glutamic acid, histidine, lysine
and tryptophan. In all cases the assays were run after the proper dilu-

tions had been made,



RESULTS
I. The Susceptibility of Individual Cows' Milk to the
Development of the Solar-activated Flavor
Quart samples of morning's milk collected from individual cows of
the milking herds at the Michigan State College Dairy and Experimental
Barns were pasteurized, homogenized and cooled as outlined under proce=-
dure, FEach sample was then divided into three lots: Lot 1 served as a
control; Iot 2 was exposed to clear solar radiation for 30 minutes between
the hours of 10 a.m. and 2 p.m. during the first weeks of September; and
Lot 3 was exposed under the same conditions, but for 60 minutes. Imme-~
diately after exposure the samples were dark stored at 40° F. for L8 hours.
Flavor examinations were made at 2 and li8 hours by experienced judges
who did not know the identity of the samples.,

Susceptibility of individual cow and breed milk to solar activation.

The susceptibilities of milk from cows on pasture to the solar activated
flavor are shown in table 1. The results comprise three trials on each
cow at three~day intervals and include milk from nine Ayrshires, 12 Brown
Swiss, 10 Guernseys, 11 Holsteins and four Jerseys. The data indicate
that of the 1j6 cows whose milk was studied, 1ll; of them, or 30 percent,
were non~susceptible to the solar-activated flavor in all trials after
homogenization and exposure to solar radiation; while the milk from two
Guernsey cows, Nos. 71 and 75, exhibited a non-susceptible tendency in

two of the three trials. The correlation between breed and susceptibility
of milk from individual cows in regard to the solar-activated flavor seems

slight., Of the milk studied, 36, 33, 23 and 20 percent of that from the
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Holstein, Aryshire, Brown Swiss and Guernsey breeds respectively proved
non-susceptible to solar activation., Studies on Jersey milk were limited
since only four Jerseys were in lactation. However, of these four, two
of them, or 50 percent, yielded milk susceptible to solar activation,

From the data obtained there appears to be no correlation between so-
lar activation and stage of lactation. The results outlined in table 1
show that the cows producing non-susceptible milk represented, in general,
all stages of lactation,

Fortunately, during the course of this study milk from the experimen-
tal herd of 20 Holsteins that were on dry feed for a period of time was
available for investigation. Since approximately 30 percent of the cows
on pasture yielded milk which upon pasteurization, homogenization, and sun
exposure was stable to solar activation, this herd afforded the opportun=—
ity to study the relation of non-pasture or dry feed on the solar-activated
flavor of the milk produced, The results of this phase of the study are
given in table 2, The data indicate that milk from cows on dry feed is
more susceptible to the activated flavor than from cows on pasture. Milk
from the Holstein breed on pasture, reported above, exhibited a non-sus-
ceptible tendency to solar activation in 36 percent of the milks studied.

However, all the milk studied from cows not on pasture feeding showed a

susceptibility to solar activation.

During the course of this study an off-flavor developed in a few so~-
lar-exposed samples which was not typical of the true solar-activated fla-
vor. It is noted by symbol Z in table 1. This atypical flavor is best
described as “unclean," "nauseating," and as of a decomposed-protein nature

suggesting that of milk sometimes noted from cows having a serious
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physioclogical disturbance, This off=flavor has been noted previously, in
samples brought to the laboratory for flavor examination, but heretofore
was not associated with solar activation., The off-flavor is so distinct
and different from the easily recognized true sunshine flavor that no sug-
gestion is forthcoming that it is light induced., It is not improbable
that some of these off-flavors in milk such as encountered in this study
and which have heretofore given rise to consumer complaints are due to ex—
posure to daylighte.

Influence of time of exposure and period of storage on solar activa-

tion. The time of exposure and length of storage seem to have some effect
on the intensity of the activated flavor. A 30-minute exposure to solar
radiation in most cases resulted in a more intensified flavor development
than did a 60~minute exposure} This may indicate a partial decomposition
of the flavor component, From the data obtained and presented in tables

1 and 2 the intensity of flavor development after 2l; hours appears to be
very slight. However, some inconsistencies were noted. This would seem
to indicate a maximum reaction rate is reached within the first 2, hours
after exposure.

Relation of percentage fat. There seemed to be no correlation be-

tween the fat percentage and the susceptibility of the milk to the devel-
opment of the activated flavor (tables 1 and 2). Activated flavors were

noted both in low=and in high-fat milk,



~15-

Z Z - yA Z - £
Z 4 - Z y4 - 2
Z 2 - Z A - L 07 T zee
Z 4 - Z Z - £
Z 4 - Z A - [
yA yA - Z Z - 9 L°E T hee
- - - - - - ¢
- - - - - - (4
- = = = = - 9 6°¢ T (444
- - - - - - 4
- - - - - - 4
- - - - - - ¢ ¢t T Tee
++ ++ - + + - ¢
+4++ + - + ++ - P
+F ++ = + + - [4 6°¢C T 8ce
++ ++ - ++ ++ - ¢
++ ++ - ++ ++ - VA
++ +++ - + +++ - Z LY T gee
WU THSHAY (*om) (#) (fow) — (ou)
UTE 09 U 0f ‘UM 0 ‘U@ 09 ‘UM 0f UM 0 UOTFEJORL 984 LeE4l  HOD
JOJ pasodxs UsyM sdnoy g% JOJ pasoaxs UaUMm sJanoy g Jo a3®eqg

T8 wIOAEL] PoTeATIOY

Epoodg A ‘Pa%TUSSOWOH USUM UOTTEATIOY

Je[0g O] sanyeed UQ SMO) WOXJ MTTH JO X3TLTqT3de0sng

*T 79Vl



16~

++ ++ ++ ++ - £
++ ++ ++ ++ - 2
+ ++ + ++ - 8°¢ T Tee
Z YA Z Z - ¢
Z A Z 4 - [4
2 Z Z Z - e T 99¢
+++ +4+ 4+ +++ - €
+++ 1+ 4+ 4+ - r
+++ +++ 4+ e+ - 8¢ T 69¢
+++ ++4 4+ ++ - ¢
+++ +++ +++ ++ - 4
o+ ++ + ++ - A T 11944
++ ++ ++ ++ - £
++ + ++ + - g
+ +i+ + -+ - A [ x49
SSINS NMO¥d
+++ ++ ++ ++ - €
+++ ++ + + - (4
+++ 4t + +H+ - 0% T 0£e
- - - - - ¢
= = - = = [/
- - - - - $*9 1 ¢Te
++ ++ + + - €
4+ s - = - @ * m T MMN

(Ponurquod) T TIAYL



-17-

(ponutquod) T FIEVL

++ ++ ++ ++ - £
+++ +++ +++ +++ - Z
++ o -+ - - H Oo m H mo
LHESNYIND
+++ ++ + + - ¢
++ ++ ++ + - Z
i+ i+ ++ ++ - A 8°t T 09¢
- - - - - £
- - - - - o] Al Y T 20¢
- - - - - ¢
- - - - - 4
- - - - - 6 £*s T V(4%
++ ++ + + - €
- - - - - 4
++ 4+ + +++ - 8 6°¢ T 0S¢
+ ++ + ++ - €
++ ++ ++ 4+ - Z
++ e+ + ++ - L 8¢ T q9¢
+++ ++ +4++ ++ - €
1+ ++ ++ ++ - [4
+++ +++ +++ +++ - 9 UAlS 1 1%¢
- = = = - ¢
= = = = = 4
- - - - - g 6'¢ T 149



TABLE 1 (continued)

1t

E

i'l-

++

++

:t*l-

R i ¢

:

67

4+
++

46

=] 8

73

75

71

1‘11 I I |
2N I | o I
++¢ IR I |
I-!-:t B A |
1t 1t 1
o~ o~
o O
* .
- o\

72
76



TABLE 1 (continued)

10

642

70

HOLSTEIN

e

525

+ +

++

i E 3

i+

4

e

1

L66

-19-

i1

1+1

T+ T

492

t+

++4+

+ +
L

+ +

R

3.8

~ N

503

35

522

N o

o o\
o ~
. .
-t -
~ N — o

295
451



20—

I0ABT] Suryeosneu ‘useToun ‘JeTTnoeg 2
JOARTJ DOJEATIOR DOOUNOUOIJ +++

JOABTT P93eATIO®R JOUTISTd ++
J0ABTJ] Po3eATIOR JUITIS +

JOARTJ POTeRATIOR O = $ XDt
- - - - - - ¢
- - - - - - (4
++ ++ - ++ ++ - £
+ ++ - + + - 4
++ +++ - ++ +++ - £ 9*Y T %8t
- - - - - - €
- - - - - - [4
- - - - had - N H.m .H N@.H
++ ++ - + * = ¢
++ + - + + = ¢
++ ++ - + ++ - T G*s T 941
AASHEP
++ ++ - + ++ = €
++ +4++ - + ++ - P
++ ++ - ++ ++ - 8 é°¢ T LoY
- - - - - - ¢
= = - - = = [4
- - - - - - N. w.m T 03
+ -+ - + ++ - 1
e 4+ - ++ +++ - 4
+ + - + + - m
o+ -+ - + +++ - 4
N . - + + - ¢ e 1 6sH

(penutquod) T HTIAYL



2]

+++ ++ - +++ ++ - [4

++ 4+ - ++ + - (4 °¢ T LY

++ + - ++ + - (A

++ ++ - ++ ++ - Z rAdd T Ly

++ ++ - ++ ++ - rA

++ it - + ++4 - 4 f1°¢ T 99V

+ ++ - + + - rA

+ F++ - + + - ¢ 0°¢ T (A

++ + - ++ + - z

- + - -+ ++ - 4 Ad% T 09V

+++ +++ - 4+ +++ - ¢

++4 g - L ++ - H ._qom .ﬂ 84

. et OTIT®IOH  +++ — OTIT®e3sH c

4 bt OTTTRISH  +++ 4+ OTTTeIoH T (A T eLy

++ ++ - ++ ++ - 1

+++ ++ - ++ +++ - sdep T Q¢ T G5 Y
(*ou) (g)  (‘ow) (*ou)

‘um 09 ‘utu Of ‘umm Q ‘umm 09 ‘umw of ‘um 0 uoT3eqoel Jed TeTLL Mop

J0J posodXe UsUm sanoy g% J0J posodxXa UsUM sJanoy g Jo a3eqg

JE %IOABL] POTEATIOV

(peaag UTe}STOH) Pa2ZTUSSCUCH UeUp

UOT}EATIOY JELOS O] aanjsed U) JON €MO)

¢ TVl



TABLE 2 (continued)

3.6
3k
3¢5

L61
A33

A26

=P D

t} tt 1t
tt o $t of+
(I} I | 11
ty *+ it

SRS &

= PN Vo)
< 5 2
o o 32}

A53
499
A27

++
++

3¢5
3¢5
3.8
3.7

AL6
A6l
12
A2



~23-

JOARTJ POJBATIOR POOUNOUOXJ 4++
JOABRTI PoJeATIOR JOUTISTY ++
JOARTJ PO9BATIOY HUSTIS +
JOABTJ PO9BATIOER ON = $ K¢
+ +4 + ++ - N
++ ++ + ++ - TL 8¢ T o7y
++ + ++ + - [4
+ ++ ++ ++ - 6 6°¢ T 8hy

(ponutquod) z IV



2=

II. The Role of Oxidation and the Effectiveness of
Certain Treatments on the Solar-activated
Flavor of Homogenized Milk
The mixed milk used in this study was pasteurized and homogenized as
outlined under procedure. Antioxidants used and/or antioxidative treat-
ments included: (a) Ascorbic acid, (b) nordihydroquaiaretic acid, (c)
alpha tocopherol, (d) hydroquinone, (e) hydrogen peroxide and (f) high-
temperature heat treatment. The antioxidants studied were added to the
milk following homogenization., The samples were then exposed for 30-,
60=, and 120-minute intervals after which they were stored at };0° F. for
1,8 hours. Organoleptic determinations for flavor were made at 2L-and at
li8=hours storage. The nitroprusside test used in these studies was carried

out in accordance with the method of Josephson and Doan (1939).

Ascorbic acid. The results obtained in 10 trials on the effect of

various levels of ascorbic acid in preventing the scolar-activated flavor
in homogenized milk are shown in tablie 3. The organoleptic determinations
for flavor made after 2l hours are not included in the table since the fla-
vor determinations at L8~hours storage were representative of the results
obtained at 2L~hours storage.

In general, ascorbic acid at the concentrations used had no preventive
effect on the solar-activated flavor. The mechanism for the oxidation of
ascorbic acid by solar radiation appears to occur in such a manner as to
accelerate the oxidation of the milk constituent responsible for the solar-
activated flavor. This mode of action seems to be in direct contrast to
the mechanism postulated for the c0pper-indﬁced oxidized flavor, in which
the ascorbic acid retards or prevents the oxidized flavor development, the

ascorbic acid being oxidized preferentially by the copper present.
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Nordihydroguaiaretic acid (N.D.G.A.). Since ascorbic acid exhibits

a synergistic rather than a true antioxidative action, a series of trials
were conducted to determine the action of nordihydroguaiaretic acid, a
true antioxidant, both with and without added ascorbic acid, on solar ra-
diation.

The results obtained in 10 trials on the protective action of nordi-
hydroguaiaretic acid alone toward solar activation are swmmarized in table
L. The data show that the addition of 25 mg/l N.D.G.A. was sufficient to
prevent the development of the solar-activated flavor after 30- and 60=
minute exposures, and in eight of the 10 trials after 120-minute exposure.
Addition of 123 mg/l of N«D.G.d. exhibited a protective action in seven
of the 10 trials after a 30-minute exposure, but had no protective action
after 60~ and 120-minute exposures to solar radiation. The addition of
75 mg/1l NeD.G.A. exhibited a bitter taste in the milk in all trials and
exposures. These results indicate that (a) the solar-activated flavor
can be retarded by the addition of 25 mg/l of N.D.G.4. and (b) that the
mechanism for the development of the solar-activated flaver is oxidative
in nature.

Nordihydroguaiaretic acid in combination with ascorbic acid. Since

ascorbic acid is a synergist capable of donating its hydrogen ions to re-
generate an antioxidant, a series of trials were conducted to study the
effect of nordihydroguaiaretic acid in combination with ascorbic acid.

The results obtained in 10 trials on the inhibitory action of NeD.G.Ao
and ascorbic acid in combination are given in table 5. These results dem~
onstrate that when N.D.G.A. is added in combination with ascorbic acid the

threshold level of N.D.G.A. of 25 mg/l (table L) must be increased to
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secure protective action against the solar-activated flavor. In these
trials, 75 mg/l of N.D.G.A. in the presence of 35 mg/l of ascorbic acid,
protected the milk against solar activation. This quantity is three
times the threshold valuve of N.D.G.A. when used alone. The ascorbic acid
appears to reduce the efficiency of N.D.G.A. at all exposure times. The
bitter flavor noted when 75 mg/l N.D.G.A. alone were added (table l;) did
not appear when 35 mg/l ascorbic acid were used in combination.

Alpha tocopherol and hydroquinone. Alpha tocopherol and hydroquinone

have long been accepted as antioxidants in the food industry. Since the
solar-activated flavor of homogenized milk appears oxidative in nature,
knowledge of the specific inhiyitory effect of these antioxidants seemed
desirable,

The results obtained in 10 trials on the protective action of alpha
tocopherol and hydroquinone are given in table 6. The data show that,
in general, hydroquinone in concentration of 0,0005 (five p.p.m.) percent
was more effective in preventing the solar-activated flavor than was al-
pha tocopherol, at 50 mg/l. However, complete retardation of the solar-
activated flavor was not exhibited when alpha tocopherol and hydroguinone
were added in combination; also, no beneficial action not shown by hydro-
gquinone itself, was exhibited.

Hydrogen peroxide. Krukovsky and Guthrie (1945, 1946) reported that

ascorbic acid was a key factor in the development of the copper-induced
oxidized flavor on non-homogenized milk and that complete, rapid destruc-
tion of ascorbic acid resulted in a retardation of the oxidized flavor.
From our studies (tables 3 and 5) it was shown that added ascorbic acid,

either alone or in combination with N.D.G.A., had no beneficisl effect
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in inhibiting the solar-activated flavor of homogenized milk. It was
deemed advisable, therefore, to determine if complete, rapid destruction
of ascorbic acid would prevent the solar-activated flavor in the homo=-
genized product. Consequently, 0.028 ml. of 30 percent Hy0o was added

to milk prior to pasteurization and homogenization to oxidize the natur-
ally-occurring vitamin C. Ascorbic acid determinations were made 30 min-
utes after the addition of the Ho0o to check the completeness of this oxi-
dation.

The results comprising seven trials on the effect of adding Ho0p be-
fore pasteurization and homogenization on the solar-activated flavor are
presented in table 7. The data show that 0,028 ml. of 30 percent Hy00
added previous to pasteurization and homogenization prevented the soclar-
activated flavor in all trials at 30~ and at 60-minute exposures, How=
ever, the milk thus treated and exposed developed an old milk-powder or
rubber-like flavor, When 25 mg/l of ascorbic acid was added after the
Ho05 treated milk was pasteurized and homogenized, the solar-activated
flavor developed in five of the seven trials at 60-minutes exposure. By
the addition of 2 mg/l of riboflavin along with 25 mg/l of ascorbic acid
to the hydrogen peroxide-treated milk the solar~activated flavor could
be further intensified. In this respect Reed (1949) reported as follows:

Riboflavin absorbs light of the visible portion of the spectrum,
and this light promotes the oxidative breakdown of riboflavin and
of other reducing substances, such as ascorbic acid. ILight of 36
milli~microns wave-=length accelerates this oxidation in the presence
of riboflavine. The most rapid oxidation takes place at pH 6.5

which is approximately the pH of fresh milk,

High-temperature heat treatment. Gould and Sommer (1939) reported

that the production of reducing substances in milk at high temperatures



-2 8-~

is capable of preventing the copper-induced oxidized flaver. To acquire
information on the effect of high-temperature heat treatment (176° F. for
five minutes) in preventing the solar-activated flavor of homogenized
milk, a series of trials were conducted.

The results, representing 10 trials, on the influence of high=temper-
ature heat treatment on stabilizing the milk against solar activation are
given in table 8. Strikingly, the pronounced typical cooked odor found
in milk after heating to 176° F. for five minutes was noticeably lacking
after 60-minutes exposure to solar radiation. After 2li=hours storage the
cooked flavor was replaced by the activated flavor, showing that the re-—
ducing compounds were not present, perhaps in sufficient gquantities to
inhibit the solar activation or else they were readily oxidized. Thus,
the protective action of the high-temperature treatment against copper-
induced oxidized flavor of non-homogenized milk was not exhibited when
homogenized milk was similarly treated and exposed to solar radiation.
The addition of 25 mg/l ascorbic acid did not alter these results mater-
ially. On the other hand, the addition both of ascorbic acid and of ribo-
flavin increased the incidence of the sclar-activated flavor., These rem
sults would seem to indicate that the reducing substances produced by
high=temperature heat treatment resulting in the cooked flavor are oxi-
dized quite rapidly by solar radiation.

Cysteine hydrochloride. Since the cooked flavor in high heat-treated

homogenized milk was dissipated after exposure to solar radiation, a
study was conducted to see if, in the absence of the cooked flavor dissi=-

pated by solar radiation, a nitroprusside test would yield more exacting



-29-

information. To this end the cooked flavor in milk was produced by the
addition of from 20 to 4O mg/l of cysteine hydrochloride, a recognized
sulphydryl containing compound.

The results representing three trials are presented in table 9. Here
it is clearly shown that all the samples before exposure gave a positive
nitroprusside test while after 30-, 60-, and/or 120-minutes exposures a
positive test could not be obtained, This would seem to substantiate the
observations that the cooked flavor components are oxidized by solar ra-

diation.



=30~

TABLE 3

Influence of Ascorbic Acid on the Development of the
Solar-activated Flavor in Homogenized Milk

Activated flavor* in exposed homogenized milk when various
amounts (mg. / 1.) of ascorbic acid were added:

Trial Expo-
sure Control 0 35 50 75 100 200
(no . ) —Tmin .)
1l 0 -
30 + - + + + +
60 + ? ? ? ? ?
120 + + + + + +
2 ¢ -
30 + -+ + + + +
60 + + + + + +
120 + + + + + +
3 o] -
30 + - + + + +
60 + + + + + +
120 + + + + + +
4 o] -
30 + + + + - +
60 + + + + + +
120 + + + + + +
5 0 -
30 + ? ? + + +
60 + + + + + +
120 + + + + + +
6 0] -
30 + ? + + + +
60 + + + + + +
120 + + + + + +
7 0 -
30 + + + + -+ -+
60 + + + + + ?
120 + + + + + +
8 0 -
30 + + - ? ? +
40 + + + + + +
120 + + + + + +
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TABLE 3 (continued)

9 0 -
30 + + ? + + +
60 + ? ? + + +
120 + + + + + +

10 0 -
30 + + + + + +
60 + + + + + +
120 + + + + + +

+KEY s No activated flavor

4+ w1

Questionable activated flavor
Activated flavor
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TABLE 4

Influence of Nordihydroguaiaretic Acid in the Absence
orf Added Ascorbic Acid on the Development. of the
Solar-activated Flavor in Homogenized Miik

Activated flavor¥ in exposed homogenized milk when
various amounts (mg, / liter) of N.D.G.A. were added:

Trial Expo-
sure Control 0 12,5 25 75
(no.) (min.)
1 0 -
30 + - - Bitter
60 + + - Bitter
120 + + - Bitter
2 0 -
30 + - -~ Bitter
60 + + - Bitter
120 + + - Bitter
3 0 -
30 + + - Bitter
60 + + - Bitter
120 + + - Bitter
4 0 -
30 4 + - Bitter
60 + + - Bitter
120 + + - Bitter
5 0 -
40 + ? - Bitter
6 0 -
30 + + - Bitter
60 + + - Bitter
7 0] - .
30 + - - Bitter
60 + + - Bitter
120 + + - Bitter
8 38 + - - Bitter
%0 + ? - Bitter

120 + + ? Bitter
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TABLE 4 (continued)

9 0 -
30 + - Ritter
60 + + Bitter
120 + + Bitter
10 0 -
30 + - Bitter
60 + + Bitter
- 120 + + Bitter
IKEY s - No activated flavor
? Questionable activated flavor
+ Activated flavor
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TABLE 5

Influence of Nordihydroguajiaretic Acid in the Presence of
35 mg. / Liter of Added Ascorbic Acid on the Development
of the Solar-activated flavor in Homogenized Milk

Activated flavor* in exposed homogenized milk when
various amounts (mg. / liter) of N.D.G.A. were added:

Trial Expo-
sure Control _ 0 12,5 25 75
(no . ) (min. o)

l 0] -
30 + + + -
60 + + + -
120 + + + -

2 0 -
30 + + + ?
60 + ? + -
120 + + + -

3 0 -
30 + + + -
60 + + - -
120 + + + -

L 0 -
30 + ? ? -
é0 + + + -
120 + + + -

5 0 -
30 + + ? -
60 4+ + + -
120 + + + -

6 o -
30 + ? + -
60 + + + -
120 + + + ?

7 0 -
30 + + + -
é0 + + + -
120 + + + -

8 0 -
30 + + ? -
60 + + ? -
120 + + + -
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TABLE 5 (continued)

9 0 -
30 + + -
60 + ? ?
120 + + 2

10 ¢ -
30 + + -
60 + + -
120 + + -

*KEY

“— No activated flavor
o

Questionable activated flavor

+

Activated flavor
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TARLE 6

The Influence of Alpha Tocopherol and Hydroquinone on the Development
of the Solar-activated Flavor in Homogenized Milk

Activated flavor# in exposed homogenized milk when alpha
] tocopherol and hydroguinone were added to homogenized milk
Trial Expo-

sure Control Alpha Hydroquinone Alpha tocopherol
(not exposed) tocopherol plus hydroguinone
0 50 0 0.0005 50 (mg. / 1.) +
i 0.0005
(n;.) (mlg;) (mg. / 1.) () (mg./1.) (%)
30 + + o+ - -
60 + + -+ - -
2 0 -
30 + + o+ ? -
60 + + + + -
3 0 -
30 + + + - -
60 + + + - -
4 0 -
30 + ? 0+ - -
60 + + o+ - -
5 0 -
30 + + + + ?
60 + + + + +
6 0] -
30 4+ ? + - -
60 + ? + + -
7 0 -
30 + ? + - -
60 + + + ? -
8 0 -
30 + + + - ?

o
+
t

+

60 +
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TABLE 6 (continued)

9 0 -
30 + - ?
60 + ? +
10 0 -
30 + ? -
60 + ? ?
#KEY ¢ -~ No activated flavor

? Questionable activated flavor

+ Activated flavor
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TABLE 7

Ihe Effect of Treating Homogenized Milk with Hydrogen Peroxide
and the Subsequent Addition of Ascorbic Acid and Riboflavin
on the Development of the Solar-activated Flavor

Series Treatment Exposure Activated flavor# at 24
hours in trial

l 2 3 4 5 6 7

(no.) (Hlin.)
I Addition of 0,028 ml,
of 30% Hp03 per liter 0 - e m = = -
to milk prior to pas- 30 L N S R R
teurization and homo- 60 L . S T N
genization
II Addition of 25 mg./ 1. o} - . e = = e
ascorbic acid to perox- 30 ?2 0+ 4+ 7?7 4+ o+ 0+
ide~treated milk. 60 + 4+ o+ o+ 4+
IIT Addition of 25 mg./ 1. o] - . = e w - -
ascorbic acid and 2 30 I N R R
mg./1l. riboflavin to 60 A+ bt A+ b+

peroxide~treated milk,

No activated flavor
Questionable activated flavor
Powder milk-rubber like flavor
Slight activated flavor

++ Distinct activated flavor

+++ Pronounced activated flavor

+ %ol
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TABLE 8

The Effect of High Temperature Treatment (176° Fe-5 min.) and the
Subsequent Addition of Ascorbic Acid and Riboflavin on the
Development of the Solar-activated Flavor in Homogenized Milk

Activated flavor® when milk is pasteurized by high
temperature treatment on the subsequent addition of
ascorbic acid (25 mg./1) and riboflavin (2 mg./1)

Trial Expo- Ascorbic Ascorbic acid
sure Control 0 acid and riboflavin
. added added
(no,) (min.)

1 0 cooked

60 ? * +
2 0 cooked

60 + + +
3 0 cooked

60 + + +*
L 0 cooked

60 + + +
5 0 cooked

60 ? b d +
6 0 cooked

60 - + +
7 0 cooked

60 + + +
8 0 cooked

60 * ? +
9 0 cooked

60 + ? +

10 0 cooked

*KEY s -~ No activated flavor

? (Questionable activated flavor
+ Activated flavor
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TABLE 9
The Effect of Solar Radiation on the Sulfhydryl Group of

——————

Cysteine Hydrochloride as Measured by the Nitroprusside
Test and Organoleptic Flavor Determinations

Activatedit flavor when cysteine HC1 Nitroprusside
(mg./1,) is added to homogenized test™*
milk
Trial Faxpo- before before
sure 20 L0 exposure exposure
(no . ) (nlj-n . )
1 0 cooked cooked +
30 + - + -
60 + + + -
120 + + + -
2 0 cooked cooked +
30 + ? + -
60 + + + -~
120 + + + -
3 0 cooked cooked +
30 ? ? + -
60 + + + -
120 + + + -
#KEY 3 No activated flavor

? Questionable activated flavor
+ Activated flavor

Negative nitroprusside test
+ Positive nitroprusside test

FHKEY ¢
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IIT. Effect of Deaeration, Surface Area of Fat Globules
and Relation of the Kreis Test

The milk used in this study was pasteurized, homogenized and ccoled
as outlined under procedure. 1In the deaeration studies, the ice=-cooled,
50° F. milk was divided into three lots: Tot I was used as a controlj
Lot II was not deaerated but was exposed to solar radiation for one hour,
then stored at 4L0° F. for 48 hours; and Iot IIT was deaerated in a 500
ml, flask under partial vacuum, then similarly exposed and stored,

The milk used in the surface-area studies was mixed, pasteurized
non-~homogenized milk obtained from the College Creamery. The milk was
divided into three lotss: Lot I served as a control; Lot II was exposed
to the sun for 60 minutes; while Lot III was similarly exposed then homo=-

genized after exposure at 2,500 pounds pressure. All samples were stored

at Lo F., for 2L hours and then examined for the activated flavore.

The homogenized milk used in the Kreis test was divided into fiﬁe
lots: Lot I served as a control; Lot II was exposed to solar radiation;
ILots IIT and IV were treated with 35 and 50 mg./l of ascorbic acid respec=-
tively; while Iots V and VI were treated with 12.5 and 25 mg./1l of nordi-
hydrogquaiaretic acid (N.D.GsA.) respectively. The milk to be exposed to
solar radiation was further divided into three lots which were exposed
for 30, 60 and 120 minutes respectively. After 2, hours storage at 4O° F.
the samples were examined organoleptically for the off-flavor and chem-~
ically, using the Kreis test, to note oxidation.

Deaeration. The results, representing five trials, obtained on the
effect of deaeration on the solar-activated flavor in homogenized milk
are shown in table 10, The data show that the solar-activated flavor did

not develop when the milk was deaerated and then exposed to solar radiation,
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However, when air was incorporated into the deaerated and exposed milk
and then reexposed to solar radiation for 60 minutes, the milk developed
the typical solar-activated flavor. The exposed milk not deaerated ex—
hibited the typical solar-activated flavor, while that serving as a con=
trol was indistinguishable from that deaerated and exposed., These results
would seem to substantiate the observations made under section two to the
effect that the development of the solar-activated flavor in homogenized
milk results from an oxidative process.

Increase in fat globule-surface area. Although many observations

have been made showing a greater intensity of activated flavor develop-
ment in homogenized than in nonhomogenized milk similarly exposed to day-
light, no data were noted showing the potential activated flavor develop=-
ment of exposed milk when the surface area of the fat globules was increased
by homogenization subsequent to exposure. Such a study would seem to
show whether surface area of the fat globules was a factor in the develop=-
ment of the off~flavor,

The results, representing five trials, are presented in table 11,
The data show that the nonhomogenized milk exposed to the sun (Lot two)
did not develop an activated flavor in two of the five trials and only
a slight off-flavor in the remaining three trials. On the other hand,
portions of the same milk homogenized immediately following exposure (Lot
three) and then stored developed a very strong activated flavor in all
five trials., These results would seem to indicate that total surface
area of the fat globules may be an important factor in the development

of the solar-activated flavor,
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Relation 2£ the Kreis test., Since the solar=activated flavor has

been shown to be oxidative in nature, a clue in regard to the constituent
oxidized was sought by the use of the Kreis test. The chief phospholipid
of milk, lecithin, is postulated to be the constituent oxidized when the
copper~induced oxidized flavor develops, and further that the milk fat
itself becomes oxidized during this process, following its induction period.
The Kreis test denotes oxidative rancidity with the formation of color

due tp the presence of epihydrin aldehyde, Although the absence of color
formation in itgelf is not definite proof of the absence of oxidative ran-—
cidity, the Kreis test remains a very good presumptive test. To this end
studies were made.

The rgsults on the relation of the Krgis test to the development of
the solar-activated flavor in homogenized milk, representing 10 trials,
are given in table 12, The data indicate that a positive Kreis test did
not develop in any milk not exposed to solar radiation. A comparison of
the flavor and the Kreis test examinations seems to indicate a trend be-
tween a positive organoleptic taste sensation and a positive Kreis test.
The failure of a positive Kreis test to correspond with a positive solar=- .
activated flavor in all cases does not, of course, preclude the possibil-
ity of a Mlipid=-fractiocn® oxidation, but it does, however, leave the way
clear for further studies on the isolation and characterization of the

constituent affected when a solar-activated flavor develops.
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TABLE 10

The Effect of Deaeration on the Development of the Solar-activated

Flavor in Homogenized Milk

Lot Treatment of milk Trial Activated flavorit at
2, hours 48 hours
(no.) (nos)

1 Control - not deaerated or 1 - -
exposed 2 - -
3 - -
L - -
5 - -

2 Not deaerated - exposed to
solar radiation for 60 mine 1 +++ e
2 S et
3 4+ +++
L +++ +4+
5 +++ -+
3 Deaerated and exposed to 1 - -
solar radiation for 60 min. 2 - -
3 - -
L - -
5 - -
L Deaerated and exposed to 1 +++ b
solar radiation for 60 nmin. 2 it Ft
then treated so as to incor- 3 A+ 4+
porate air and reexpose for L +++ ot
60 min, 2 +++ A+

¥KEY ¢ « No activated flavor

++ Distinct activated flavor
+++ Pronounced activated flavor
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TABLE 11

The Ef?ect_gg Surface Area of the Fat Globule as Influenced by
Homogenization, on the Development of the Solar-activated Flavor

Lot Treatment of milk Trial Activated flavor® at
24 hours
(noC) (nO.)
1 Control ~ not exposed 1l -
2 -
3 -
L -
5 -
2 Exposed to solar radiation 1 -
for 60 min.- not homogenized 2 +
(Normal surface area) 3 +
h L4
5 +
3 Exposed to solar radiation 1 +++
for 60 min, and then homogen- 2 +++
ized (Increased surface area 3 ++
after exposure) 4 4+
5 -+

#KEY ¢ No activated flavor
Slight activated flavor
Distinct activated flavor

Pronounced activated flavor

Fr.,
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IV. Isolation and Characterization of a Whey Constituent
Capable of Producing the Solar-activated Flavor

Since previous studies using the Kreis test (section III) demonstra=-
ted that the activated constituent was probably not lipid in nature and
further since the observations of many investigators have demonstrated
that solar radiation does have destructive effects upon proteins and is
capable of producing unpleasant odors and flavors, a whey constituent was
isolated, as detailed under procedure, to ascertain the possibility of
its susceptibility to off-flavors through solar radiation. Approximately
200 mg., of the freeze-~dried material was dispersed in 100 ml. of distilled
water and divided into two lots. Lot I was not exposed to solar radia=-
tion but Lot IT was exposed for one hour. Both of the samples were
stored for 2l, hours at L0° F., after which time they were examined organo=—
leptically for the actiwvated flavor,

The data obtained from the solar radiation of aquasols prepared from
five different isolations are given in table 13, The results show that
aquasols prepared from the freeze-dried powder (hereafter referred to as
a minor=protein fraction) were readily photosensitized to impart the ty-=
pical solar-activated flavor which is characteristic of homogenized milk
treated in the same manner,

Characterization of the compound. The lycphilized minor-protein

fraction is a very light, fluffy, white crystalline powder having a dis-
tinet sheen. Its crystalline appearance may have resulted from the meth-
od of drying. It has a bland taste and is devoid of odor. The compound
has surface-active properties, is water dispersible and, in this respect,

is eimilar to Aschaffenburg's (19L6) sigma-proteose,
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Aquasols made from the minor-protein fraction have the following
qualitative characteristics: positive biuret, Millon, xanthroproteic and
Molisch reactions. The aquasols have an isoelectric zone between pH liel=
Le3e

Standard microchemical methods were used to determine carbon, hydro=-
gen, nitrogen, phosphorus, sulfur and ash in the anhydrous sample. The
factor of 6.38 was used to convert nitrogen to protein, The elementary
composition of the anhydrous minor-protein fraction is presented in table
14. The carbon, hydrogen, nitrogen, phosphorus, sulfur and ash content
of Aschaffenburg's (1946) sigma=-proteose, and casein (1918b), lactalbumin
(1918a), beta=lactoglobulin (19L5), pseudoglobulin and euglobulin (1946)
are includéd for comparative purposes. An examination of these data show
that the minor-protein fraction is not identical with sigma-proteose, ca-
sein or any of the characterized whey proteins., The minor-protein frac-
tion contains considerably less carbon and nitrogen and a higher ash con-
tent than the other milk proteins. The elementary analysis of the minor-
protein fraction shows that the oxygen to nitrogen ratio is approximately
3:1, whereas, the ratio is less than 2:1 in all of the other milk pro-
teins. The relatively high sulfur content of this fraction, plus the
positive Molisch reaction, furnishes evidence to substantiate the postu=-
lation of Keeney (1947), namely, the substituents necessary to develop
the activated-flavor embrace an aldehyde-~sulfur reaction., The minor-~pro-
tein fraction, however, is a different compound from that isolated by
Aschaffenburg (1946) as is indicated by his elementary analysis, negative

Molisch test and different isoelectric zone (pH l.5).
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Amino acid composition of the minor-protein fraction. The microbio-

logical techniques employed are outlined under procedure. The analytical
results obtained from the microbiological analysis of the essential amino
acids and cystine and glutamic acid are given in table 15. The amino
acid composition of casein, lactalbumin, beta=lactoglobulin, pseudoglob=
ulin and euglobulin are also included for comparison. The data on the
minor-protein fraction show the analytical agreement obtained from the
analysis of three isolations from different mixed milks. All of the valw=
ues show good agreement, indicating the reproducibility and homogeneity
of separate isolations.

The minor=-protein fraction differs markedly from the other milk pro-
tein fractions in its amino acid content when all of the values are ex=-
pressed as grams per 100 g. of anhydrous, ash-free protein, The amount
of arginine, glutamic acid, histidine, leucine, phenylalanine and trypto-
phan is markedly less than that reported for the other identified milk
proteins, whereas the amount of threonine and valine is significantly
hisher than that reported for casein, lactalbumin and beta-lactoglobulin.
The cystine content of the minor-protein fraction is more than twice as
high as that found in casein but significantiy less than that found in
the other milk proteins. The isoleucine, lysine and methicnine content
of the minor=-protein fraction is about one~half of that found in casein,
lactalbumin and beta-lactoglobulin but nearly equivalent amounts are pre-
sent in pseudo- and euglobulin. The amount of arginine, cystine, histi-
dine, leucine, phenylalanine, threonine and tryptophan is markedly less
than that reported for psuedo- and euglobulin whereas the valine content

is approximately the same.
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The amounts of cystine, histidine and tryptophan and leucine and
lysine are present in about equal concentrations in the minor-protein frac-
tion. The lack of similarity between the amino acid content of the minor-
protein fraction and the other recognized milk proteins is evident., There
is no information available on the amino acid composition of the other ‘
proteins shown to be present in whey by electrophoretic analysis (1946).

Minimum molecular weight of the minor-protein fraction. The minimum

molecular weight (glmin.) can be calculated by the equation:

Ra X Ma X 100
(1\_4_ min.) (%) a : (1)

Ra is the integer representing the number of specific amino acid residues
in the molecule, Ma is the molecular weight of the amino acid, and (%) a
is the percent of amino acid in 100 g. of the anhydrous, ash-free protein,
In the determination of (Eomin.) of the minor-protein fraction, the amino
acid present in the smallest concentration (tryptophan) was used to make
the adjustment to integers within three percent of the whole number. The
figures used for the calculation of (Mlmin.) are presented in table 16,

(M min.) was calculated for each amino acid and for sulfur. The value
70,300 represents the average value obtained from the 12 amino acids and
sulfur. The values reported in the literature for (M_min.) of casein and
beta=lactoglobulin are included for comparative purposes. The yield in
percent and moles per 10S ge. of protein are given in columns two and three
in table 16, In columm four, the molar ratios calculated on the basis

of one tryptophan molecule are obtained by dividing by the number of moles

of tryptophan (L.26). In column five, these molar ratios are multiplied

by three and all figures are rounded out to the nearest integer within
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three percent., The only amino acid which deviated more than three per-
cent was methionine (5%). Data are also included in table 16 for the
comparison of the literature values of the number of amino acid residues

in casein and beta~lactoglobulin,



-53-

TABLE 13

The Effect of Solar Radiation on the Development of the
Activated Flavor in Aguasols Prepared from the Mlnor-proteln
Fraction in Whey (after l-hr, exposure and 2h-hr, storage at LOCF.)

Sampl e Activated flavor
(no.) Lot I Lot II
(unexposed) (exposed)

- +

- +

i WD
!
+




(9%61) urTwsg

(§%6T) puead,

(e8T6T) ouzoqsQe
(aBT6T) ourogsQ,
(9%6T) 3anquazzeussyy

~51,—

e

T2 132 T2 T2 Tz T3 T3¢ oT3ed "N:0
Z8° 12 9e* e 6122 ot g9'ee ,oo.am 86°0¢ (*33P) O
$0°0 $°0 - - - AL 6°9 ysy
10°1 00°1 09°1 6T 28°0 ANV 0£°1 s

- - - 808I}  28°0 89°0 L0 d
$0°91 62°9T 09°¢T greeT 99041 G6°¢€T 00°0T N
L 96°9 ZeL ot°4 q0°L 0*4 ¢€*9 H
S6°€S 16° 19 6£°€S T6'ze  TI°tS 98 6% zr 0

nm.vﬂﬂn :.ndmmw.mﬂ ﬁdmm_wam cﬁmmw,._”a sl @momwﬁ aoﬂmwnm

¢~qoTdng ¢opunesd ¢owMM.mH ¢~P®T uTese) ._”lmsﬁm utejoxd=iouty  $UsNITISUOY

UTLnqoLsng pue Ur[nqo[sopnesd ¢ U NGO 0308 [~B30 ‘UM [B30€] ‘ULosE) ‘950970a0=BUZ TS
70 JeU} UM UOT30BI] UTOJ0Jd-IOUTH oyl JO ©4e( LB0TIA[eUy JO UOSTABAUO)

YT TV



*UO0T}0BIJ UTeJoxd=JOUTH SNOIPAYUE UT UsFOIJTU qUedI8]

*

(8%6T) urTWSy
(S76T) pusag,
($6T) SUTTTOH pus }o0Td,
(6%761) uopaony

- - - - - Lo*0T _ wrot 9.°6 % 9 USBOXYTN

- - 09*91 - £9°¢T L9°ST  L9°ST  L9°YT ueSoxaTu Te30]
of7*0T o6 08°¢ 00*Y (7 AdA 26°%6 1406 96°6 2UTTEA
oYr*e 042 16T 0€*e VAN L8°0 68'0 880 weydoqdLa],
0$°0T 0T° 0T 08°¢ (1]944 06*Y L*9 96°9 99°9 SUTUOSI Y]
09°€ 08°¢ 08¢ 09°¢ 00°¢ gz ofr*e 0gee oUTURTeTAUS U]
86°0 80°1 ALY 082 08*2 ge°1 HeeT g T BUTUOTYICH
0€*9 0z2°L o 1T 00%6 0z*8 69°¢ 9L°S 98°¢ aursi]
of* ot 016 09°49T 00°¢T 0z*6 Z8*¢ YA €96 SUTONa]
0Tt otT°¢ oY7*s - 0T°*9 19°¢ L€ 29°¢ auTonsTos I
68°1 12 89T 00°2 oT’¢ 63°0 88°0 06°0 OUTPTISTH

- - 05°6T - o7*ze TEET  SO°ET  W9*€T  PTOR oqmenTd
0g*e 00°¢ 622 oty %e°0 L8*0 £8°0 £8°0 suTysLp
06 0s°c 88°2 0¢°¢ oty 't 1T 69°T OUTUTEIY
UTLNGOLs  UFLMJO(8 ULLNQOL4 uumq “ToST ¢ °108] T "1051

4o anovswmm maopomq 2~ TePTl Hnwv urese) UOT30®IJ UTO30Xd=IOUTH JUSN} TISUOY

~gleg

(utejoad eadj-ysy ¢ snoapAyuy mo *F Q0L a8d suear) s® vommmamxm mwﬁamb PTOY outuy ﬁﬁ4v
ULTqoTsng pue nﬂﬂﬂ@oﬁwovsmmm ‘UTMqOTH0308] .zasﬁpﬁmpomq UTase])

“UoT30BI] U[830I0~IOUTH U3 JO JUSJUCJ PTOY OTWEIN[D DUE SU[3SA) ‘SPToy OUTIY (e[3usssy oug

ST TVl



56

TABLE 16

The Number of Amino Acid Residues in the Minor-protein

Fraction as Compared to Casein and Beta-lactoglobulin

Minor~protein fraction

Constituent Yield Mgégsé?er Molaer ratio whem Caseinl E:Z:;—
% protein T;yptophan = globulin?
1 2 3 5 6 7
Arginine 1,70 9.80 230 7 2L 7
Cystine (1/2) 0.86 7.20 1.69 5 3 8
Glutamic acid 13,30 90.40 21.20 64 38 24
Histidine 0.89 570 1.34 L 20 4
Isoleucine 3.66 27,90 6455 20 L7 27
Leucine 5.71 43.60 10.20 31 70 50
Lysine 5.74 39,30 9.20 28 56 33
Methionine 1.34 9.00 2,10 6 19 9
Phenylalanine 2.35 144,20 3.30 10 30 9
Threonine 6.56  55.10 12,90 39 41 21
Tryptophan 0487 L,26 1.00 3 6 L
Valine 9.7h 83,30 19.60 59 61 21
Sulfur 1.40 43.80 10.30 31 - 21
(M min,) 70,300 12,800 42,020

lgordon (1949)
2Brand (1945)
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V. The Electrophoretic Analysis of‘a Contributing
Minor-protein Fraction

It has been reported previously (section IV) that a minor-protein
fraction had been isolated from skimmilk, after the major proteins had
been removed, which is capable of being photosensitized to produce the
typical solar-activated flavor of homogenized milk. Furthgrmore, the
elementary analysis and the percentage composition of the amino acids in
the minor-protein fraction differed markedly from the other characterized
whey proteins. Since the characterization and properties of this com=-
pound indicated that it was not a previously recognized whey protein, it

was thought desirable to make an electrophoretic examination of the mi-
nor-protein fraction.,

Various other investigators, Deutsch (1947), Smith (1946, 1948) and
Stanley et al. (1950), have studied whey proteins electrophoretically,
but their methods of preparing the whey proteins varied considerably and
none was comparable to the method of preparation employed in this study.

Freshly separated skimmilk obtained from the Michigan State College
creamery was rennet-coagulated according to a procedure outlined pre-
viously under procedure. Figure 1, however, shows graphically the frac-
ticnation proceaure employed in the isclation of the various whey protein

fractions which were examined electrophoretically.

Electrophoretic analysis of the minor-protein fraction. One percent
solutions of the minor-protein fraction (fig. 1; fraction III) were pre-~
pared by dissolving a definite amount in four different buffer solutions
and then dialyzing them to osmotic eguilibrium at 5° ¢. for 24 hours, or

until constant conductivity was reached on both sides of the membrane,
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The electrophoretic resolution of the minor-protein fraction in the var-
iocus buffers was then studied at pH ranges from 3.3 to 9.3 with a Perkins-
Elmer Tiselius Electrophoresis apparatus at 1.2° C, The electrophoretic
patterns of unit magnification of both the ascending and descending boun-
daries obtained from the electrophoretic examination of the minor-protein
fraction are illustrated in figure 2, The horizontal arrows in figures

2 and 3 indicate the direction of migration. The diagrams on the left

side of figures 2 and 3 represent ascending boundaries while those on the
right represent descending boundaries. The tail of the arrow in both cases
gignifies the positicn of the starting boundary.

Electrophoretic analysis of whey proteins and heat-coagulated-whey

serum proteins., In an effort to follow the various steps in the isolation

of the minor-protein fraction electrophoretically, a series of patterns
were obtained from the whey proteins and heat-coagulated-whey serum pro-
teins, These two protein fractions were obtained in the course of the
isolation of the minor-protein fraction and were removed and dried from
the frozen state under high vacuum (fig. 1, fractions I and II). Tt
should be mentioned that prior to lyophilization a precipitate was formed
during the dialysis of the whey against water which was discarded.

Samples of the uhey proteins (fig. 1, fraction I) were made up in
concentrations of 0.22, 0,24 and 1.0 percent in three different buffer
solutions and dialyzed to osmotic equilibrium at 50 C. for at least 24
hours.

The serum protein fraction (fig. 1, fraction II) was madelup in one
percent concentration in veronal-citrate buffer and dialyzed as indicated

above., The veronal-citrate buffer suggested by the work of Stanley et al.
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(1950) was used because poor electrophoretic resolution was evident from
the use of acetate and phosphate buffers (fig. 3).

The resulting patterns at unit magnification of both the ascending
and descending boundaries obtained from the electrophoretic analysis of
the whey and heat-coagulated-whey serum proteins are shown in figure 3.

Any screening effect due to opalescence has been eliminated in the

photographic reproductions of both figures.
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Fig! FLOW SHEET DIAGRAM FOR FRACTIONATION OF MILK PROTEINS

Skim Milk
(Rennet Coagulated)

I

1 \
Whey Casein
(Divided into 2 lots, Aand B) (Discarded)
| _
Lot A Lot B|
I
(Dialyzed 24 hrs.; (Heated at 95°C.| hr.;
and lyophylized) centrifuged clear)
FractionI : |
(Whey Proteins) T
Supernatant Precipitate
# (Discarded)
(Divided into 2 lots, C and D)
'Lot C Lot D
(Dialyzed 24 hrs.; (34.5 g. ammonium sulfate added to
and lyophylized) I00 ml serum; centrifuged clear)
FractionIL
(Serum Proteins) {
Supernatant Precipitate

(Discarded)
(Dialyzed ion Free;

and |yophylized)

Fraoction IO
“Minor -Protein- Fraction"
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Fig.2 ELECTROPHORETIC PATTERNS FROM [% SOLUTIONS OF
MINOR -PROTEIN-FRACTION AT VARIOUS pH AND BUFFER MEDIA

ASCENDING DESCENDING
| ( -
r 4 — e
Veronal -
pH 7.6, . }Buffer-, u=0.09; 4500 sec.; B.7 volts cm. !
Citrate
pH 6. 8 0.05 M Phosphate Buffer + O. 05M Na Gl O.1; 5400

sec.;, 5.6 volts cm.™

e g

pH 3.3, 0 O5M Acetate Buffer + O. OSM Na Cl; u=0.1; ?200 sec.;
18.2 volts ¢m, ™'

wan A

pH 9.3, O.IM Ammonia Buffer, u= 0., 3600 sec.; 7.8 voHs cm.
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Fig.3 ELECTROPHORETIC PATTERNS OF WHEY AND HEAT COAGULATED
WHEY SERUM PROTEINS.

ASCENDING DESCENDING

b = H -

pH 7.6; Verona! - Citrate Buffer; u=0.09; 5500 sec; 9.l volts cm.™';
Whey Protein Concentration |.0 %.

pH 6.8, 005M Phosphate Buffer + 005M Na Cl; u=0.4; IBOO sec.
8.1 volts cm.”'; Whey Protein Concentration 0.24%.

7

o

pH 3.3; OOSM Acetate Buffer + 0.05M No Ci;, u=0.; 5000 sec.;
5.8 volts cm.”'; Whey Protein Concenirotion 0.22%.

i { l—— ——

pH 7.6 Veronal - Citrate Buffer; u=0.09; 4500 sec.; 9.1 volts cm.™;
Serum Protein Concentration |%.




~653=

DISCUSSION

Many data are found in the literature relative to the factors re-=
sponsible for and associéted with the copper-induced oxidized flavor.
Recorded data, however, relative to those factors associated with the so=-
lar-activated flavor such as susceptibility of individual cow's milk,
antioxidant treatments, deaeration and surface area of the fat globules
were not noted.

The data presented in section I showed that of the L6 cows on pas-
ture feeding whose milk was studied 30 percent, were non-susceptible to
the production of the solar-activated flavor after homogenization and ex-
posure to solar radiaticn. However, all the milk from cows not on pasture
feeding showed a susceptibility to solar activation. This observation
is similar to that reported by many workers on the copper-induced oxidized
flavor., The variations as regards the solar-activated flavor development
within individual cows both of the same bréed and of different breeds
cannot be fully explained. However, it may indicate that under certain
conditions some of the mammary secretory areas may not function properly.
The higher incidence of off-flavor development found when cows are on dry
feed can be attributed to the lack of green feed in the diet.,

The use of antioxidants and other treatments (discussed in section
TI) seemed to indicate that the development of the solar-activated flavor
was oxidative in nature., This fact was substantiated by the deaeration
studies. The results presented in section IIT showed that the total sur-~

face area of the fat globules appears to be an important factor in
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accentuating the intensity of the activated flavor development., The Kreis-
test for oxidative rancidity did not confirm a lipid-fraction as the con-
stituent oxidized by solar radiation, giving rise to the activated flavor
development. This reaction, however, did not definitely preclude the pos=-
sibility that a lipid-fraction was involved in the oxidation. Since non-
homogenized milk does not develop the solar-activated flavor to the same
intensity in a given time as does homogenized milk, and since the lipid-
fraction has not been shown definitely to be the constituent affected, the
key to the development of the activated flavor may be found in the selec-
tive rearrangement of the fat globule membrane following homogenization,
The constituent affected may be a protein constituent adsorbed on the fat
globule, Since homogenization gives rise to increased protein adsorption
on the fat globule, this possible selective protein adsorption on the in-
creased fat surface may explain the marked increase in the intensity of
the solar-activated flavor in the milk that was homogenized following ex=-

posure.,

Isclation and Characterization of a Minor-protein Fraction

A whey protein fraction has been isolated and characterized (section
IV) which possesses the ability, after being photosensitized, of produc=—
ing the characteristic solar—activated flavor commonly found in homogen-
jzed milk. These findings are in accord with the observations of Doan
and Myers (1936) and Keeney (1947) that the solar-activated flavor origi-
nates in a serum component that remains after the removal of all of the
major milk proteins. Keeney (1947) was able to produce the solar-acti-
vated flavor in a casein=-, lactalbumin- and globulin-free serum and it

may have been construed by some to mean that the flavor originated from
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a protein~-free serum, The isolation of a minor-protein fraction from the
"protein-free" serum stresses the possible importance of milk proteins
other than the major protein fractions. Since biological systems are dy-
namic rather than static, the possibilities and relationships of other
minor proteins and/or protein transformation products in milk and whey
are of fundamental interest., The minor-protein fraction obtained from
the "protein-free® serum may be a normal constituent of milk, or it may
have been due to an abnormal functioning of the mammary glands, or it

may conceivably be accounted for by some degradation product of milk pro=-

tein due to heate.

Electrophoretic Analysis of the Minor-protein Fraction

An inspection of the four patterns obtained for the minor-protein
fraction shows that this fraction does not necessarily represent a homo=
geneous compound (fig. 2). The curves seem to indicate that at least two
components or complexes are present in the so-called minor-protein frac—
tion., There was no pH range or buffer system used in this investigation
that appeared to suggest otherwises The best resolution and enantiography
for this fraction occurred when the veronal-citrate buffer system was
used at pH 7.6 rather than at any other pH or buffer systems This conclu=~
sion is also evident from studies reported by Stanley et al. (1950) and
Deutsch (194L7).

Preliminary calculations showed that when mobllity values of the ma-
jor components were plotted as ordinates against the pH values of the buf-
fer system as abscissas an isoelectric zone of the minor-protein fraction

was evident at pH 3.7 to L.k This range is in good agreement with the
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isoelectric range of l,1 to 4.3 previously obtained by minimum solubil-
ity-pH relationships (section IV).

Inasmuch as this study was intended only to establish preliminary
data on the electrophoretic character of the minor-protein fraction, it
was not considered desirable to measure the individual mobilities and per-
centage composition for each component until further controlled work could
be completed,

The patterns obtained on both the whey and heat-coagulated=whey serw=
um proteins (fig. 3) in veronal-citrate buffer show conclusively that
some of the components are lost after heat treatment of the whey. This
would indicate that the heat labile components of whey are relatively well
sepérated by this fractionation procedure., As was mentioned previously
(section V), some precipitation occurred when the whey (fig. 1, fraction
I) was dialyzed against water. The discarding of this precipitate may
account for the small number of components in this whey fraction than
would otherwise be anticipated.

The degree of resolution and enantiography was not affected notice-
ably by the concentration of the whey proteins when the veronal-citrate
buffer was used. A preliminary pattern (not shown) of this fraction at
a concentration of 0.2k percent showed essentially the same resolution
as that obtained when the concentration was one percent,

A comparison of the electrophoretic pattern obtained at pH 7.6 in
the veronal~citrate buffer of the serum protein (fraction TII, fig. 3) with
the pattern of the minor-protein fraction in the same buffer and at the

same pH (fig. 2) shows that the twc complexes are dissimilar.



SUMMARY AND CONCLUSIONS

Approximately 30 percent of the milk from individual cows on pasture
failed to develop a solar-activated flavor following pasteurization, homo-
genization and 30~ and 60-minutes sun exposures, Homogenized milk from
all of the cows on dry feed was susceptible to solar activation. There
appears to be no correlation between breed, stage of lactation, and fat
percentage and the susceptibility of milk to develop this off-flavor.
Milk from some cows on summer pasture, which upon pasteurization, homoge-
nization and exposure to sun, yielded a nauseating flavor distinctly un-
like the true activated flavor,

The addition of ascorbic acid had no preventive effect on the devel=-
opment of the solar-activated flavor of homogenized milk.

The addition of 25 mg./l of nordihydroguaiaretic acid alone, or 75
ng./l in combination with ascorbic acid, prevented the activated-flavor
development in homogenized milk after 60-minutes exposure to solar radia-
tion.,.

Alpha tocopherol and hydroquinone added separately or in combination
did not offer complete protection to homogenized milk against the off-
flavor development.

Homogenized milk treated with hydrogen peroxide to destroy the nat=-
urally occurring ascorbic acid rapidly, prior to pasteurization and homc-

genization, did not develop a typical solar-activated flavor when exposed

to solar radiation.
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The development of the solar-activated flavor was not retarded or
prevented by high-temperature (176° F. for five minutes) heat treatment.

The typical cooked odor noted in adequately heat treated homogenized
milk was dissipated after a 60-minutes exposure to solar radiation. When
the cooked flavor was produced by the addition of cysteine hydrochloride
and exposed to solar radiation for various periods of time, oxidation of
the sulfhydryl group of the cysteine hydrochloride was indicated by a
negative nitroprusside test.,

Deaeration studies on homogenized milk indicate that the development
of the solar-activated flavor results from an oxidative process.

Increasing the surface area of the fat globules of milk by homogeni-
zaticn subsequent to exposure accentuates the development of the solar-
activated flavor and indicates tﬁat the surface area of the fat globules
is a factor in the development of the off-flavor.,

A definite correlation between a positive organcleptic taste sensa=
tion of the solar-activated flavor in homogenized milk and a positive
Kreis reaction was not obtained in all cases. The identity of the con=
stituent affected when the solar-activated flavor develops in homogenized
milk was not established by the Kreis test.

A minor-protein fraction has been isolated from skimmilk after the
major proteins had been removed, which is capable of being photosensi-
tized to produce the typical solar-activated flavor of homogenized milk,

The elementary analysis, amino acid composition, isoelectric zone
and the average minimum molecular weight (g.min.) have been determined.
From the data, a (Elmin.) of 70,300 was calculated along lines of ortho-

dox organic chemistry. The determination of 12 amino acids shows that
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the minor-protein fraction contains the following amino acid residues:
Argq, CySg, Gluéh, Hish, Tleuyq, Leu31, Lyspgs Mety, Pheqq, Thr39, Try3
and Va159 (the first three letters of each amino acid is used as the sym-
bol).

Electrophoretic analyses of the minor-protein fraction in various
buffers and at various hydrogen-ion concentrations indicate that this frac-—
tion is composed of at least two components or complexes.

Best electrophoretic resclution and enantiographic patterns of all
of the whey proteins were effected with veronal-citrate buffer at a pH
of T.6.

Electrophoretic patterns obtained with whey and heat-coagulated=-
whey serum proteins indicate that the heat labile whey components were

effectively removed by the fractionation procedure employed in this work.
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