
EFFECT OF HTGH-TEMPERATTTRE SHORT-TIME STERILIZATION

ON THE FREE AMINO ACTD CONTENT OF MILK

by

'-Tohn G. Parsons, B.Sc.

University of Manitoba

A Major Thesís sr:bmitted to the

Faculty of Graduate Studies and Research

fhe University of Manitoba

in candidacy for the degree of

Master of Science

1 a6?



ACKNOVüLEDGEMENTS

The writer is pleased to express his gratitude to

Dr. J. M. Nesbitt, Chairman, Department of Dairy Science,

for suggesting the problem and for his guidance and

encouragement in this study. Thanks are extended to Dr.

A. D. Robinson, Professor of Biochemístry, and Professor

C. H. McNaughton, Departnent of Dairy Science, for their

criticisms and suggestions in writing this thesis.

The writer would also like to thank Mr. A. Reinart.

Chemist in Charge, Department Dairy Science, for his

technical- advice in carrying out thís project.



-a

TTE EFFECT OF HTGH-TEMPERAITIRE SHORT-TTME STERÏLTZATÏON

ON TEIE FREE AMTNO ACID CONTENT OF MILK

by

,fohn G, Parsons, B . Sc ,

University of Manitoba

Abstract of

A Major Thesis subnuitted to the

Faculty of Graduate Studies and Research

The University of Manitoba

Ín candidacy for the degree of

Master of Science

'l a6?



ABSTRACT

Twenty samples of raw rnílk \^rere steril-ized at 2!B-

3OOo f'for 4 seconds by direct steam injection using a

modified vacreator. Samples of míIk were taken before

preheating to I75o F and after sterilization. The free

amino acids were extracted by dialysis and purified on a

cation ion-exchange column. The individual amíno acids

were separated by one dimensional paper chromatography.

The individual amino acids vrere identified by comparison

with known amino acids chromatographed on individual paper

strips.

The amino acids on the paper strips were cut out and

eluted with distil-l-ed water. The opticat density of the

color was measured with a spectrophotometer at a wavelength

of 570 mp. These units when transformed to mg/tOO mt gave a

quantitative estimation of the concentration of each amino

acid found in each sample.

On the basis of the statistical analysis using a

paired rrttr test, the increasesin concentration between raw

and sterilized milk of qlutamic and cr aminobutvric acids



were found to be significant at the Lfi anð, 5/o revels. The

increases in the other amíno acids were not found to be

significant at eíther level although, in generar, there

lvas a higher concentration of amino acids Ín sterilized

than in raw mil-k.

Consequently, the effect on the free amÍno acid

content of heating mirk to 298-3ooo F for 4 seconds ís not

sígnifícant and, as far as free amino acíds are concerned,

the biological value of the milk Ís not greatly changed.
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The Effect of High-Temperature short-Tíme sterilizatÍon

on the Free Amino Acid Content of Milk

TNTRODUCTION

There has loeen a general trend, over the past ten

years, toward high temperatures and shorter heatÍng times

for the processing of mílk and its products. pasteurLzation

ínvolves such tíme-temperature relationships as t43o r for

J0 minutes and t6to r for 16 seconds. sterilization, in
which all microorganisms and theír spores are destroyed, i=
accomplíshed by in-contaÍner heating at z4to r for 1! mÍnutes

or heatíng of the product to 3ooo e for 5 seconds. fol-l_owed

by aseptic packaging.

Ttrere are at least two reasons for this trend:
fírstly, short time operations rend themserves to

continuous processíng, while at, the same tíme meeti_ng the

requirements for the destructÍon of microorganisms and

enzymes; secondly, hígh temperatures for shorter times

minimíze the detrimentar effects of heat on tfie fravor and

other properti-es of milk.



As a result of extreme heat treatments. the natural_

characteristics of milk are changedr e.g. there ís

increased viscosity, reduced curd tension, increased

resistance to oxídation, changed flavor and color and

altered protein stabílit,y. These changes are usually the

result of heat effects, direct or indirect, on the serum

proteins of milk.

According to Jenness and patton (6), pasteurizatj-on

does not affect the nitrogen distribution in mílk. However.

increased temperatures produce progressive changes in this

distribution. fhe amounts of proteose-peptone and non-

protein nitrogen (rree amino acids and ammonia) íncrease.

These increases are the result of fragmentation of the mil_k

proteins. At the same time amino acids are heat labile

compounds and temperatures greater than 95o F tend to

inactivate and destroy them. Therefore, the action of heat

on milk proteins may result in an increase in the content

of free amino acids, through fragmentation of serum proteins,

or a decrease of existíng free amino acids, due to the

direct effect of the heat t or there may be a balance between

these two actions.
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ït is possible that a change in the free amíno acid

content may be responsÍble for problems in the production

of sterile mi1k. The problem of flavor is of sreatest
importance in this case. Also a significant change in the

content of the essential amino acids may bring about a

change in nutrítional va1ue.

The purpose of this investigatíon was to determine

the effect on the free amino acid content of heatinq milk
to 2!8-396o p for 4 seconds.



REVIEW OF LTTERATURE

There are three main methods for the determinatíon

of amíno acids - paper chromatography, ion exchange

chromatography and microbío1ogical assay. Bl_ock (r) has

compared these three methods for determinl-ng the amÍno

acids in p-lacto-globulin and found that the results are

substantially the same.

Paper chromaLography was chosen for this problem

because of its simplicity and economy. rt is one of the

few methods which permit the separatlon of a large number

of sr¡bstances (up to po), from each other simultaneousl_y.

Paper chromatography has been used for the

separation of amino acids from many bíologícar fluids and

food products (ro). However, very little work has been

done on the determínatíon of the free amino acids in milk.

Lindqvist et al (ro) have used buffered paper and

buffered solvents wíth one-dÍmensional chromatography for
the determÍnation of amino acids in cheese. They state

that this method uses only L/r6 of the paper required for
two-dimension testing. By using buffered paper, they found



that desalting of the sample was not necessary. They

adjusted the pH to 6.2 to prevent shifts of the spots of

the individual acids, with consequent changes of shifts

in the R¡ values. The amino acids vzere extracted by

alcohol precipitation. By usíng a series of standard

mixtures of known amino acids (and I different pH,s) they

\^¡ere able to deLermine which amino acids were present.

They found this method lent itself to a quantÍtative

determination of the amino acids more readil-v than two-

dimens ional chromatography .

Kosíkowsky (B) studied the free ami-no acids in

American cheddar cheese by two-dimensionar descending paper

chromatography. I^Tith this method he was able to ísol-are

abouL 20 of the more common amino acíds ín cheese.

storgards and Lindqvist (13) investigated the changes

in the composition of free amino acids in milk kept in cord

storage. To purify the arnino acids they used dialysis

instead of alcohol precipitatíon. At equilibrium (after

24 hours ) t¡" dialysate \^ias evaporated to approximately !

ml and analysed by the Spackman, Stein and Moore method in

an automaLic amino acid analvzer.
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Van Der Zani- and Nelson (f4) reported the presence

of alanine, glutamic acÍd, glycíne, leucines and valine

in fresh skimmilk heated for 20 mins. at B5o c . Bl-ock (Z)

reported the presence of free amino acids in proteín free

extract of mil-k with glutamic acid being present ín the

largest quantity of any of the free amíno acids. Deutsch

and Sam,uelsson (¡ ) conf irmed the presence of free amino

acids in milk produced under practically sterile conditions.

Hetzel (¡) states that both fresh and pasteurized

skimmílk contain distinct amounts of the common amino acíds.

with a preponderance of glutamic acid. He reported some

unídentified material, probably peptÍde, \^ras also present.

Sterilized milk was found to contain more free amino acids.

especially proline, than raw milk. Kon (f) suggested that

some of the more drastíc heat treatments of mílk. such as

in-bottle sterilization and evaporation reduced the protein

value of milk, particularly through their effect on lysine.
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METHOD

The free amino acids \^rere determined according to
the method of Hetzer (S), except that dialysis was used to

obtain the crude amino acid extract instead of acid and

alcohol precipitation, and the project was designed to give

quantitative rather than qualitative results.

Twenty samples of raw milk were used ín the project.

sixteen samples \^rere obtained from individual can milk

shippers in the winnipeg milkshed and four samples from the

university of Manitoba Dairy. The samples were taken one

day and stored at 4Oo f' until_ the following day.

The individual milk sampres (Bo rbs/B gal. can) \^/ere

preheated to a temperature of lTDo F by immersing the cans

in hot water. The samples were hel-d about lf minutes at

this temperature and then were sterilized bv direct steam

injection using a modified vacreator.

The milk was pumped under pressure by an homogenizer

into the bottom of a stainless steer tube z feet long and J

inches in díameter . High pressure steam (f f lbsr/sq. irr. )

entered the tube at right angles, directly into the milk and
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heated it to 3OOo ¡'. A smal_l orif ice (t/4,' dia. ) at the

top of the tube created the high pressure required toreach

this temperature. The length of the tube was such that a

holding time of 4. seconds was maintained. The milk was

discharged from the hotding tr:be into the vacreator where

it was flash cooled under vacuum to ÇOo f.

Five hundred ml aliquots vrere drawn off before

preheating and after sterilization. A total of twenty pairs

of samples, one raw and one sterilized, \^zere obtained.

Tol-uene was added at the rate of Lft to each sample as a

preservative. The samples were then cooled to 4Oo F and a

lOO m1 aliquot was poured into a dialysis cylinder. A

dialysis tube containing 4o mt of distill-ed water was placed

in this cylinder. The cylinder was then stored in a

refrígerator at 35.60 p for 16 hours. A narrow cylinder

was used as the dialysis vessel, so that the dialysis tube

woul-d be surrounded by a relatively thin layer of milk,

thus elimínatíng the need of shaking for the system to

reach equilibrj-um. The volume of the dialysate \das Lhen

measured and the pH adjusted to 6.2 wittr 0.5 N HCt.

The amino acíd extracts were purified on an íon



exchange colunìn (tZ cm x O.! .*). The

resin, Dowex 50WX4 (aOO-4OO mesh) was

ptl 6.2, was passed through the column

drops per minute. The column was then

of distill_ed water or until_ an aliquot

showed a negative Molisch test.

cation exchange

used. The dialysate,

at the rate of 6-8

washed with 200 ml

of the washings

The adsorbed amino acids were eluted from the ion
exchange resin with 50 mr of 4/" Ntt4on, followed by loo ml

of distilled water. The column was regenerated by the

addition of l0 ml of 2 N Hcr-, followed by water until the

washings \^zere neutral .

The purifíed ami-no acid extracts were evaporated to
dryness in vacuum at a temperature not oveï 95o p. The

amino acids were taken up in 0.9 ml distilled water and o.1

mI isopropyl alcohol. rsopropyl arcohor was added as a

preservative and as a solvent. Most amino acids are more

solubl-e in a rofi ísop.ropyl alcohol solution than in distirled

water.

The one dimensional method of paper chromatography

was used with buffered firter paper and buffered solvents as

suggested by Líndqvist et aI (fO).
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Whatman No. l- chromatography paper was used through-

out this investigation. The dimensioirs of the paper strips

were 22" x I.5". A spot was marked 6.5 cm from one end of

the strip to denote the position of the amíno acid mixture.

The strip was folded at a distance 4.T cm from the same end

so that the required end woul-d fit in the trough of the

chromatographic apparatus and the rest of the strip would

hang over the support rod, as in descending paper chromato-

graphy.

A phosphate buffer was used to buffer the paper

strips and to make up the solvents. The buffer consisted

of B ml of 0.067 M KH2eO4 and 2 ml of O .067 M NarHpo4 which

gave a pH of 6.2. The paper strips were dipped in this

phosphate buffer and dríed ín a fume chamber. These could

be prepared ahead of time and stored in a cl-ean, dark place.

Several solvents were used in the separation and

identifícation of the individual amino acids on the strips.

Water saturated phenol failed to give discrete spots and few

amino acíds were completely separated. The solvent

suggested by Hardy et aI (4), ethanol-butanol-H2O-

dì-cyclohexylamine (fO:tO zJz2), separated several amino acids
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because of the fact that they showed up as differentry
colored spots after development with ninhydrin. Lysine

and arginíne were identified in t.his r^7ay. The 4-r-5
solvent of partridge (eutanol-Acetic Acid-H2o) gave varying

results and also very Iow R¡ values.

For the quantitative part of the project a butanor_-

acetic acid sotvent (eutanol-Acetic Acid-water (48-rz-ao))

(rz) was used, modified by the use of phosphate buffer
instead of distilled water. This solvent mixture formed a

monophasíc solvent stable down to J2o F, and also gave the

most discrete spots for quantitative work.

standard solutions of known amino acids were made up

as suggested by Lindqvist et ar (ro). A total 0f Lg amino

acids was used to make up eleven standards. For the

qualitatíve determination of the amino acids ín the sampres,

a J aliquot of each standard was placed on a separate strip
of filter paper and these were chromatographed together with
those containing the amino acid extracts.

TwenLy of the amino acid extracts \^rere spotted

onto paper strips in duplicate. These strips were placed

in the chromatographic tank with the standards. a short time
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before the solvent was added, to all-ow for equil_ibration

of the system. With a l!-hour (overnight.) ru.n, the solvent

travelled nearly the length of the strip, IB-19 inches.

The strips \^7ere next dried for L/2 hour in a fume

chamber . After drying, they were develo¡:ed by a dipping

procedure in an acetone solution containing O.4% ninhydrin

and 2/o acet'ic acíd. The strips rnzere dried again ín a fume

chamber for l-0 minutes and finallv placed ín a hot air oven

. --aO -at 15ö- F for 10 mÍnutes, to develop the col_ored spots.

R.F. val-ues were calculated and the amino acids identified

by comparison with corresponding results obtained for each

standard strip.

The indivídual spots were cut out and the color was

eluted with 6 ml of distilled water in three successive

washings , 2 mL at a time. The optícal density of the color

was measured with a Beckman DU Spectrophotometer at a wave-

length of f/O m¡r (maftalin, tl).

To prepare standard curves for each amino acÍd, 20À

of the standards \^rere spotted onto paper strips and

chromatographed. The individual spoLs corresponding to the

various amíno acids \^/ere cut out and eluted with distil]ed
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\^¡ater as were the samples. The 6 mI quantity was measured

in the spectrophotometer and then the sampre was diluted to

10, 15, 20 50 ml and the corresponding optical

density recorded. Ttrese values \iüere spotted against the

known concentration of the amino acids contained in the

standard in mg/tOO m1.

From the optícal density measurements the individual

amino acid contents of the mil-k samples \ivere determined as

follows; Díalysis of 10o ml of milk with 40 mt of distilled

water gave a quantity of dialysate (which Ìvas measured)

corresponding to a number of mI of normal mi1k. For example:

30 ml of dialysate correspond to 30 x IOO or 21.49 mL
140

normal milk. trrie used a 20À sample equivalent to

1000 x 2L.49 or 0.43 mI normal milk. This sample was taken
20

into 6 ml distilled H2O for measurement and became

equivalent to ry x loo or 7.77 ml normal milk, since the
O

standards !üere in 1oo ml. fhus the o.D. reading corresponds

to that for a sample of T.LT ml normal milk. From the

standard curves, the o.D. reading is converted to mg/too mI.

By applyíng a correction factor of, in this case, f3 .947,

we can quote the true amino acid content of normal milk as
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m9l100 mI.

The original data on the free amino acid content

of raw and sterilized milk is given i-n Appendix I.
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RESULTS

The amounts of the various free amino acids found

ín the ra\^t and sterilized miJ-k are presented in Tables 1.1

to L.9. fhere is a consíderable variation ín the

individual- amíno acid content between samples. ÏtÏe were not

concerned in this ínvestiqation wÍth the amino acíd content

of the original milk, but rather with the changes which

occurred due to sterilízation. fhe variation between

samples may possibly be influenced by the amino acids

líberated through the growth of microorganisms. The amount

of amino acid present would then depend to some extent on

the number of microorganísms present ín the raw milk, i.e.

the quality of the raw milk. The change in the amino acid

content due to sterilization ís ín most cases slight. The

increase in concentration of the two amino acíds (glutamic

and c¿ amínobutyric) between raw and sterilízed mílk is

statistically s ignif icant .

The measurement of several amino acids present in

trace amounts in some samples was dÍfficult. These coul-d

not be measured with the spectrophotometer, so they vüere
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Lvsine Content

Table 1 .1

of Raw and sterilized Milk (mg,/fOO mf )

SampIe Sterílized Difference

I
2

3

4

5

6

I

B

v

10

11

T2

t{

14
'l 6

IO

17

l_Õ

tv

ct 1?

T

C) ??

+

+

+

o .r2

+

rì ôtr

U.UO

+

+

+

-F

^ 
aì/l

IT

'1-

0 .04

+

T

+

+

^ njr

+

o.03

U.UO

+

+

nnQ

nr\Ã

U.UO

o.04

t

-o.13
+0.04

-0. oB

-0.02

+0.08

+0. 01

+o.06

+o .04

f r"l o.73

0 .04

-0.0f7 ôl
-v. (J't

o.0202

0 .40

0 .02

u . l-¿+o

a\ l'\1 .7
-v. v-L I

L{u'¡ =
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Table L.2

Arginine Content of Raw and Sterilized Milk (*g,/fOO mf )

Raw Sterilized DifferenceSample
no. xl x2 xI-xZ-d

l-

2

3

4

5

6

7

B

9

l_o

11

T2

t<

14

16

IO

17

l_ c)

1q

o.45

0 .06

(-) ÃÃ

0 .61

o.62

0 .04

0 .37

0 .28

o.66

o.36

o.47

o.29

o.T5

o.66

o.L2

o .Bg

U. O)

t-. l_Õ

0.58

0.31

o.39

u.ol-

o.54

o.3T

0 .4r

o.46

o.62

o.20

o.39

o?Ã

o.7T

0 .81

o.T6

L.O2

o.7T

o.73

o.76

-0.14
+0.33

+0.o6

-o .07

-ô )q

+0 .37

+0.18

+0 .18

-0.04

-u .l_o

-0.08
+0.06

+0.02

+0 .15

+o .64

+0.13

+o.12

-0 .45

+0.18

fr xl oÃo

0.50

U. UOl

^ ¡sx6,v . v))v

r0. 82

o.57

+t.23
T.L37
o.065x

't- - 1 1t
I.!l

L( az)=
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Tabl-e 1 .3

Serine Content of Raw and Steritized Mil-k (mgrlfOO mf )

Raw Sterilized DifferenceSample
x1 x2 xl-xZ-d

1

2

3

4

5

6

T

B

9

10

1I

L2

13

14

16

t_o

IT

IÕ

'14

o.24

+

o.15

o.L2

o.26
-T-

o.L2

o.0r

0.20

o. r_0

a) lÃ

0.08

o.18

0.13

o.2r

0. 09

o .20

0.09

0. tl
0.10

0.15

0.19

0.14

+

0 .28

0.14

0. 13

0 .09

0.09

0.11

0.14

o.26

0 .05

o.2L

0. 12

0.15

0.20

-ô '1 ?

+0.10

r-0.07

-o.12

+0.16

-Lô 1?

-0.07

-0.0r
-U. UO

+0 .03

-0.04
+0. t3

+0 .05

+0.04

-o .05

+0.11

frx) ,??

o.L2

u.ul_Õ = ô o?
' - ' lJ

o . o1g4

2.67

0.14

+0.34
aì'1 ?Ãv.¿J)

+0. ol8x
+
L-

L( ur)=



Table 1.4

Threonine Content of Raw and Sterilized Mitk (mgrlfOO mf )

Raw Sterilízed DifferenceSample
no. x1 x2 xI-x2-f,

I
D

J

4

ã

6

T

B

9

10

11

T2

13

14

15

I6

L7

1B

1q

1tr.7

nF',

'¿.o¿

'r Ào

t 6.)t

)t 
^7

A. OJ

1.38

o )t"z

,7D

r tt 
^r.+¿

o.69

r.29

L. ¿O

2Ç^á'

1 .84

2 17

? 12

nQn

r.0B
'r Ão

2.L7

2 .02

2.o4

20?

2 .10

2.38

'¿.oö

2.68

L.96

I .08

r.47

r.96

3 .39

'r on

',) h rì

2.30

I.L2

-ô /io

+1.07
l,r

+1.00

-r. .L1+

+c, )J7

+1.00

+o.21

-0.04
+a) ÃI

+0.18

+0.70

+al 1-La

+0.06

+0.39

-0. 82

+0.32

Lr"> < h r-ìrì

1. BB

o.229
0.1381

40 .01

2.TL

+4.35
7 .5L6
Õ D)Ax

+-
= I.66

flaz) =
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Glutamic Acid Content

Tab1e I.5

of Raw and Sterilized MiIk (mg,/fOO mf )

Raw Sterilized DifferenceSample
x1 Xna xl-x2=d

1

2

3

4

5

6

7

B

q

l_o

tl_

12

1?

14

lh'

l_o

17-¡
1B

'la

n ut I

?ôq

c )t2

RÁz

7IR

7?Â

rl <rì

8.60

B .40

l.oo

T.T2

6 Ãrì

T.9r
Q a,z\).¿[

/t Ão

10.09

oÃR

6.44

Áca

À ?¿t

Þ\ UX

a lrq

O. Jf

R??

B.r9

10.64
a al^

B .Bg

o)1

77F

aÃÃ

700

Â v6,

T2 .82

CÁz

Rnz

-o.67
+L.26

+o.56

+0.78

-I.L7
-0. BB

+1 2?

+1. 83

+2.04

+0.50

+L.23

+2.O9

+1 Dq

+r.64

-0.28
+2.IT

+, '7?

-( ) \J I

{-1.63

ft* t aat<u nhLJJ . ev

7?4
I 'JJ

ô BoÁ
-=2--=-

^ 
ô?^^w.¿.Iv¿

156,69

Brq_ . _/

+17.03
40.234
o.896x

,t-

=??2*J ' J-

L(az)=
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Table I.6

Alanine Content of Raw and Sterilized Milk (mg,/fOO mf )

Sample Sterilized Difference

I
L

3

4

5

6

7

B

9

10

11

L2

l<

14

1Ã

I6

TT

1B

19

1.05

l_ . t-Õ

o.99

o.98

1. OB

O.BB

O.BB

L.12

l_ . _Lo

L.22

ooÃ

I .08

1. 04

L.2I

0 .80

L.L2

r.64

0 .85

o.64

1.14

r.4T

1.06

ôoÃ

r c¿r

T.T2

1?7

J- .J-O

1?D

1 ]Ã

r.o2

1.19

1.02

1.15

1 .40

r.22

I.O2

-0 .41

+0.64

+0.17

+0 .48

+o.08

-t i I <

-IU. OO

+0.24

+o.25

+0.10

+0.20

-0 .06

+ô'lÃ

-ô 10

+0 .35

'.O.28

-o.42
+0.17

t"t 'lo 7?

1 .04

o.135
o .0681

T.IT

+) tr,6

I u <lt*.rJ I

I I | <ts\
".rJ,x

+
_ t J_

L(a4:
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Table I.T

a Aminobutyric Acid Content of Raw and
(mg,/roo mr )

Sterilized Milk

Sample Raw Sterilized Difference
x1 Xna xl-xZ=fl

I

2

3

4

5

6

T

B

9

10

11

I2
'l?

14

l_o

17

l_Õ

'lq

0 .63

o.45

0.30

+

o. B1

o.T2

-r

+

o.20

0.31

o.35

o.49

o.T3

o.56

o.24

o .40

0.18

0.60

0. B0

o. B0

0.18

o .38

o.6T

o.25

o.37

0.10

ô??

o.57

0.68

U.OJ

0.60

0.91

o.77

+o.24

+0 .40

+0.18

+0.60

+0.17

-r-n ?Ã

-o.L2
+0 .38

^r)r-v .I¿+

-o.47
+o.37

rr\ 1^

+o t?

+o.22

+o.37

+0 .28

-Lô 't'l

+o.18

+0 .21

l*r
n ?l

al tc.z
rt nr/rav.v)a)

9.46

o.50

-a+< hh
<_ J.Jv

LGz)= r.6TT
x
+

= 3,44*

0.187
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Vali-ne Content of Raw

Table 1. B

and Sterilized Milk (mg,/fOO mf )

SampIe Raw Sterilized Difference*l X.ra xl-x2-d
J.

2

3

4

5

6

T

B

9

10

11

l2
tl

I4
16

t_o

r7

t_Õ

lo

o'72

+

o'7o

+

o'92

o.73

o.41

a 1-

o.To

o.16

o.42

o.57

0.63

t J ts\<

U. OO

0.41

o. B0

o.16

u.ol-

+

u. o)

0.90

o.54

o.3B

0.41

ÔTO

0.85

o.54

0.34

o.54

o.46

4.73

o.s4

o.58

0.41

o.T3

-l 
I | |

-0.05
+ô or^i' v . Jv

-n ?Rv.Jv

^ --
".J)

^a
-tt ¡lhv.VU

-tt<flv . Jv

na
-tl ln

-Lfì 1^tv.J_a

-v. J_t_

-L^ 'Ì 
^

+0 .01

-o.08

-o ô"

I,"¡ tr.42

0.60
^a--U. UOI-

o ßú,

rv.¿o

^ 
r)rv.)+

't 6,aÃ¿. VVU

-U. UOJ-
x
+

^ ^a- -1 , vlv.)L

Zut)=
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Leucine* Content of

Table I.9

Raw and Sterilized Milk (mg,/roo mr )

Sample Sterilized Difference
xl-x2=

3

4

n 1)

rl 1?v.rJ

o.26

o.24

0 .18

0 .05

0 .09

w.¿J_

0.14
ô 'ro

0. 05

0 .09

o.17
o 1?

0.08

0.03

0.08

0.08

u. tl

olog

o.2B

Õ ?'l

0.10

0 .04

0.13

o.2T

0.18

0.11

o.1B

0.11

0.18

0 .18

0 .08

0.10

0.09

0.09

-ô o]

-0.04
+0 .02

+0.02

-0 .08

+0.04

+0.06

+0. 04

-0. oB

+0.13

+0. 02

+ô n]

+O .05

+0. 07

+0.01

+0.01

5

6

T

B

9

10

l_1

12

'l?

t+
lÃ

I6
L7

1B

la

fr"l D?)

o.12
0.016 = r.3(
0.01u

2.62

0.14
Itu'¡:

+o.31
o,o5LT

+o,016

*J,eucine and Isoleucine



recorded merely as a plus (+). rn some samples various

amino acidsr e.9. lysine, were not detected at al_l. fn

this case they were recorded as a minus (-).

values for the amíno acid content of total milk
proteins are presented in Table 2. Tf:ese show the

relative proportion of the different amino acids in the

total- milk proteins. The free amino acids in raw and

sterilized milk míght be expected to be found in the same

refative proportion as they occur in the total milk
proteins.

A paired ''t'|r test was used for the statistical
analysis of the individual amino acids found free in raw

and sterilized mÍlk. The null hypothesis tested was that
the mean of a population of dífferences was zero; the

alternative was that the mean was not zero. The test
criterion vTas di-stríbuted as "t', when the assumption that
differences were normally distributed was correct and the

nuI1 hypothesis was true. sã in Tables r.1 to 1.Ç was

computed as foJ-lows:

2\
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Table 2

The amino acid composition
of total milk

(g/ß g nitrosen)
proteins*

Amíno acíd Block
&

Weiss

Orr
&

Vüatt

Alanine

Arginine

Aspartic acid
ar-.^{-.i - ^vy Ð Lrrrtr:

Methionine

Total sulphur
amino acids

Glutamic acíd

Glycine

Histidine
fsoleucine

Leucine

Lysine

Phenylalanine

Proline

Serine

Threonine

Tryptophare

Tyrosine

valr-ne

<rì

?Ã

7Ã

oo

^l¡

2L.T

2.I
27

q^

tr\l

^2
lto

t<

ir ^

rìl

?Ã

?7

7)J

OO

?)l

)?o
)n

27

10.0

7A

)r n

tl

o.u
lto

r lrI u

^2
7C)

*Kon, S . K. (f )



Zaz - (Za)2sa

e.g. Calcul-ations for Table 1.1 are

sã o . 146 - (_o .ss )z
1q o.0202

In the divisor. n-l is the deqrees of freedom and n ís

the number of sample differences or pairs.

"t" v/as calculated as foll-ows:

^ ^1ry-Y-:v+.J-

o.0202
-0.84, for 18 df.

fhe tabulated t and t for 18 deqrees of freedom and a.0r- .05
two-tailed test are 2.BTB and 2.101.

A summary of the paired rrt,rr tests for each amino

acid is presented in Table 3. The dj-fferences for glutamic

acíd and o aminobutvric acid hiere both found to be

significant at the Ly'" and 5y'o LeveLs and therefore the null

hypothesis was rejected on the basis of the evidence

presented for these two amino acids. The differences for

d=
vo
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Table 3

Summary of the Paired rrtrr Tests

Amino acid rt rl

Critícal Value

5% L%

l,ysine

Argínine

Serine

Threonine

Glutamíc Acid

Alanine

o Aminobutyric acid

val-lne

I,eucíne and Isoleucine

-0. 84

1 '1.7¿.rl

ôo?

r. oo

? ?2rê

rnQJ. tv

< | F\Î

-rì o'r

1?7

2.101

2 .101

2 .101

2 .101

2.101

2 .101

2.101

2.101

2. I01

2.BTB

2.BTB

2.878

2.BTB

2.BTB

2.878

2.BTB

2.878

z.BTB



the other amíno acids were not found to be sígnificant at

either level and therefore the nulr hypothesís was

accepted.
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DÏSCUSSTON

Data for nineteen samples (faf te 1.1 to 1.9) instead

of twenty are presented because the free amino acid content

of sample number 20 was so low that results could not be

rannrÄaÄ

Some difficulty was experienced in identifying

certain spots on the paper strips. A total of L9 amino

acids in a combination of 11 standards \^7as used to identifv

the individual amino acids. Trace amounts of ninhydr j-n

positive compounds were detected usually at a position

lying between alaníne and c¿ amínobutyric acid. Also two

spots were present in the region between c¿ aminobutyric acid

and valine. These spots did not correspond to any of our

standards. Further work would be necessary to identify

these compounds but, since they are present only in trace

amounts and varied Iittle from raw to sterilized samples,

they were not explored further in thís investígatíon.

Leucine and ísoleucine were measured together sínce they

could not be separated bv our methods.

In general the methods used for the quantítative



?'l

determínaLion of amíno acids are not too accurate. The

greaLest source of error ís in the method of erutinq the

color from the spots for measurement. The large error in

the blank determination may be minimized by a careful

extraction procedure.

This method of determining the free amino acid

content has several advantages. one ís that the colored

compounds on the strips are easily eluted for measurement

in a spectrophotometer or similar instrument. rn additj-on

ít is relatively rapid and ínexpensive as compared with

column chromatography. The latter is more accurate but,

if several analyses are to be carried out, the time and

labor required increase greatly.

The general patterns showíng the disLribution of the

amino acids on the developed strips for each sample were

remarkably similar, however the concentratíons of the

indÍvidual amino acids varied considerably.

The temperatures used in sterilízation would be

expected both to produce and to destroy amino acids.

sterilization temperatures used can cause fragmentation of

the míIk proteíns thus producing more ami-no acids. At the



same time amino acids are heat labile compounds and as such

are destroved or inactivated bv heat.

There are, therefore, four possible effects on the

concentrations of the amino acids i-n sterilized milk.

First, more are produced than are destroyed and we would

find a greater concentration of amino acid in the sLerilized

milk, as happened with glutamic acid On the other hand,

the sítuation could be reversed " The oriqinal amíno acid

content may be changed in that more amino acids are

destroyed than are produced. ltie would then find a lower

amíno acid content in the sterilized milk. This is

probably the case with lysine and valine. Most of the

amino acids give evidence of little change. This could be

due to a thírd possíbility that the temperature and time

used in sterílization were not suffícient to destrov the

amino acids and to produce fragmentation. Or it might be

due to a fourth possíbilíLy that a combj¡ration of

fragmentatíon and destruction took place to the same extent.

There was a statistically significant increase ín

the glutamic acíd and cr,-aminobutyric acid content of milk

t^ - - ^ \(Table 3) due to the effect of sterilization. The
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concentration of lysíne and vatíne were found to have

decreasêd after sterilization of milk. The other amino

acids Ìvere present in nearly the same concentrations before

and after treatment. The amounts of amino acids detected

in this investígation agree closely with the findings of

other authors (2, 3, 14). In general there was a higher

concenLration of amíno acids i¡ sterilized than in raw mi1k.

A significant increase in the content of glutamíc

acid was found loetween raw and sterilized milk. Tab1e 2

shows that glutamic acid is present in a far greater

concentration in the tota] milk proteins than is any other

amino acid. This may account for the increase in

concentration of glutamic acid due to sterilization because

of the fact that gtutamic acid has a larger chance of being

produced by fragmentation of the milk proteins'

A large change in the free amino acid content might

affect the flavor of the sterílized product " In this

ínvestigation very little change was found in the amino

acid pattern and also a relatively smalI change in the

concentration of the individual amino acids. From these

results, it would appear that insofar as the free amino



-llJ+

acids are concerned, the biological value of the milk has

not been greatly changed and the effect of heat on the free

amino acid content of milk has not been significant.



35

SUMMARY AND CONCLUSIONS

1. Sterilízing of raw milk at 298-3OOo F for 4

seconds by direct steam injection using a modífied vacreator

produced increases in the concentrations of glutamic and

cr aminobutyríc acids which were found to be significant at

the Ifr anð, 5% Level.s.

2. Seven other amino acids or groups of amino acids--

alanine, arginíne, Ieucine and isoleucina 'l r¡s,i nc sorine,

threonine, valine--did not show signíficant increases

although, in general, there was a higher concentration of

amino acids in sterilízed than in raw milk.

3. The effect on the free amino acid content of milk

produced by heating at 298-3000 F for 4 seconds is not

significant and, as far as free amino acids are concerned,

the biological value of the milk is not changed

significantly.
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APPENDÏX I

Lysine and Arginine Content of Raw and Sterilized Mílk

Lysine Argíníne

Raw Sterilized Raw Sterilized

Sample- o.D.* ^n '/
^ ñ LrrY/o'D' roo mr o'D'ms/

lOO ml - ^\s/ - o.D.
]UU MI

m9/
lOO mI

1

2

3

4

5

6

7

B

9

10

11

I2
1?

14
r-

t-o

LT

1B
'1 0

0 .008
+

0 .024
-t-

+

T

0.007
+

0.0o3
0 .0o3

+

+

T

+

0 .002

T

-r

(^) 1?

+

n??
-t-

+

-F

o.t2
+

nôÃ
U. UO

T

+

-t-

+

0.04
+

+

o.oo, o.o+ ;:;;;
+ + 0.040
+ + 0.042
+ + 0.044
+ + 0.003

0 .0o2 o. 04 o .o2T

+ + 0.020
o.oo1 o.03 0.046
o. oo3 o. 06 o .026
+ + 0.034

o.o22
+ + 0.05I

o ' oo5 o-ou 
3:3ll

0.003 o.05 o .062

o.oo3 o.06 0.045

0.0o2 o.04 o.oB3
+ + O.O4o

o.45 O.O22

o.06 o.o27
o .55 0.039
0.61 0.o35
o.62 o.o2T

o.04 0.031

o .37 0.037
o. zB 0.032
o.66 o.o4o
0.36 0.0r5
o .4T o. o2B

o.2g o.026
o .75 o. o5o

o.66 o.056
o.L2 O.O52

o.Bg o.071

o .65 0.051

1.18 o. o5O

o.58 0.o54

a) ?1

ô?o
U.OJ-

o.54
o.3T
0.4r
oÃ6
0.46
u.o¿
o.20
0.39
a) ?Ã

o.7T
o. B1

nz6
r.02
o.7T
o.73
o.T6

/\Leqend- (+) trace amounts
(-) not detected
*O.D.optícal density
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APPENDIX I cont'd

Serine and Threonine Content of Raw and Sterilized Milk

Serine fhreonine

Raw Sterilized Raw Sterilized

Sample o.D.l+
mg/

lOO ml o.D. mg/
100 ml o.D. m9/

IOO ml o.D. mg/
100 ml

1

2

3

4

5

6

T

B

9

10

11

I2
t<

14
'l 5

l_o

LT

1B

1q

0.023

0 .001
rì ô1Ã

0.01r
o.o2T

+

0 .011

o. oo2

0.0r8
o.oo9
ô ô11r

0 .006

o .016

o.o12
+

0 .020

0 .007

o .018

o.oo8

o.24
+

ô'rñ
o. t2
o.26

+

0.12
0.01
0 .20

^ r^

0 .08

o.18
ô '1 ?

'1-

o .2L

0 .09

0.20
0 .09

o .0fo
o. oo7

0.013
0 .016

0 .013
+

o.o2T
0 .012

0 .011

o.006
0 .0o7

o .010

0 .013

a.026
0.004
o .021

0.01r
o .014

O.OIB

0.11
o.10
0.15
ô 10

o.14
-1-

0 .2ö

0.14
n'1 ?

O. 09

0.09
o.11
o rÀ

o.26
0.05
0 .21

0 .13

0.15
o.20

o.062
0 .020
O. lII
0.055
0 .063

0.180

o.062
o.o52
o.o92
0.101

o.o52
0 .028

0. o4B

ô rìllo

0.130
o. o7r
0.081

o .031

t.)l

o.52
2.62
l /ro

r.64
)J- Õ7

r.63
raR

D )f7

r lr nr.+¿
u. oy

120

L.'¿O

2.96
r !-{ /¡f.UT

2.TT
? 12

^Qn

0.o41
o.056
o.076
o.069
0.103
er 12Q

o.0T6
o. oB5

o.096
o,o95
o .074

o .040

o.o52
o.o74
u. r-4J

0.073
0.o93
n nRx

0.044

1. OB

iÃo

^ 
1r7

2.02
2.64
20?

2 .10

2.38
¿.oo
2.68
10Á

rnQ

t )t.zI.T I

L.96

1 .90
'2 hn

2?O

L.L2

Leqend- (*)
(-)

*o.D.

Lrace amounts
not detected
optíca1 density



/r a+_L

APPENDIX I contrd

Glutamic Acid and Alanine Content of Raw and Sterilized Milk

Glutamic Acid Alanine

Raw Sterílized Raw Sterilized

SampIe
no. o.D. * mg/

lOO ml o.D. ms/
1O0 ml o.D. ms/

lOO mI o.D. mg/
100 mt

1

2

3

4

5

6

T

B

9

10

11

12

l<

1 Jl¿T

't5

t6
rT
tc)
1al

ô )7)

o.o99
o.2r2
o .34r
o.2gB

o.365
0.284
0.248
(^) ??o

0 .317

o.296
ô DO)

o.244
0.317
0.348
U. IOO

0.404
o.396
o 2?a

6.9o

3 .08
q )sç

8.67
7ÀB

9.21
7.38

8.60
B .40

7.66
7.L2
6.ro
T.9T
B.zT
)! Ão

10.09

6.44

tì 2??

0.138
o .203

o .334

o.236
n alro

tt <')^

o .3oB

0.398
u .5¿o

o.351
o.365
O .2BB

n aRr

0 .309

o.266
o.5oB

0.342
o a.ç)s

r-\ ') <

)) ?4

troR
oÀc
n <l

o.ot-
R ro

r 
^ 

6,)t

Ron
RRo

77^

oÃÃ
7AO

6.76
1^ QnLl .\)a

RÁz
Qnv

o .053

0. olB
ô o6,zv.vvl

o.045
0.047
0.056
o.o3B
0.039
o .054

U.U:)O

U. UO)

o.047
o.o52
0. o51

0.068
0.035
0.054
o. 100

0.036

1. 05

0.50
I.IÕ
ôoo
o.gB

r.oB
O. BB

O. BB

r.72
1.16
r.22
o.95
1. OB

1 .04
1.2L
0. B0

t.t2
t-. 04

^Qn

o.048

o .051
¡ n6,z

o .070

0.050
0.047
0.084
ô ôtr^

0.068

0.071
o. o5B

0 .045

0.061
0.047
o. 06r
o.073
o.067

0.050

^ 
6,)t

1.14

1 )f7

't ¡6.

oo^
r qLr

L.L2
| <'l

I.IO

1?D
I 1-

I .02

1.19
r.o2
L,75
I .40

L.22

L.O2

f,egend- (+ )
(-)

*o.D 
"

trace amounts
not detected
optical densíty

rf;:¡iksg/
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APPENDIX I cont'd

c¿ Aminobutyric Acid and Valine Content of Raw and Sterilized Milk

c¡ Aminobutyric Acid Valine

Steri lized Raw Sterilized

Sample
trä. o 'D '*

mq/
lOo ml o'D' mq/

lOo ml o'D' ms/
l-0O ml o.D. ms/

100 ml

1

2

3

4
q

6

T

B

q

10

1l_

T2

l?

14
1-

IO

17

IB
'la

o.63
o.45
0 .30

+

0 .81

o.T2
-r

+

0.20
tì ?q

o.31
n ?Ã

0.49
o.T3
U. )O

o.T2
+

0.70
-1-

no,
o.73
0.41
(^) ÃÃ

1.15
o.70
o.T6
o.42
o.5T
0.63
a) Ã?

u.oo
o.4r
o. B0

o.T6

0.064

0.044
0 .03o

+

l-) rìR^

o.069
T

+

o.o20
0.037
o'o3r
0.036
o. o4g

o .073

o.053

o.o25
o.03B

0.018
o.053

o.o79
o.oB3

o.0rB
0.037
o.062
0.024

0.037
0.010
o.03o
o.o5T
o.06T
0 .064
ô arÃ,q

o. o8g

o.oTg

o.24
0 .398

o.18
lì Ãoo

o.799
o.795
o.18
0 .38
o.6T
o.25
o.37
0.10

o.5T
o.68
0.63

0 .91
o.T7

o.o2T
o.005
o.o2T
o. oo8

0.037
o.026

o. o15

o.021
o .044

o.o25
0 .028

0. o17

o.021
0.024
o.021

o.o25
o.015
0 .032

0. 02B

o .023 o .6L
0.002 +

o.o22 0.65
0.030 0. go

o. o2o o .54
0.015 0.38
0.016 0.41
o.018 0.49
o.o3r 0.85
0.019 0.54
0.012 0.34
o.020 0.54
o.017 o .46
o.026 o.T3
0,020 o .54
o .o22 o.58
o. o2o o .56
0.o15 0.41
0.028 o.T3

Leqend- (+)
(-)

*o.D"

trace amounts
not detected
optical density



l¡¡+5

Leucine and

J\PPENDIX T

Isoleucine Content

cont r d

of Raw and Sterilized Milk

Raw Sterilized
Sample

"ã . 
o.D. * roä'ír o 'D.

ms/
100 ml

I
2

3

4

5

o

T

B

a

10

tl_

12
'l?

14
't6

t-o

17
-l

t-Õ

10

fì r.lv . -L1::

0.13
v.¿o
o.24
0.18
0. 05

o.0g
w.¿L

n r/l

o.19
0.05
o.0g
O.LT

U. J

o.0B

o.03
0.oB

o. oB

o 1'r

-r

0.og
0.28
U.JJ

o.10
0.04
0.13
tt.¿l

0.18
a)'r1

0.18
u. l-1

0.18
o.18
o.0B

0.10
o.og
0. og

0.014

0.015

o.o2T
o.028
o.0og
0 .005

o .010
o .023

0. o15

o.020
0,005
0 .010
o. o1B

0.015
0. oo8

o.003
0.oo8
0.008

o.013

l-

0.008

o. o2B

0.035
o.013

0.004
0.014
0.028

0.017
0.013
0.018
o. ot_I

o.018
o. ol8
0.008
0.010
o .0og

0 .010

Leqend l+)\//\t-l\./*o.D.

trace amounts
not detected
optical densitv


