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The participation of methionine and cysteine
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1. The influence of temperature, moisture content and the presence of glucose on the level
of available methionine and cysteine in casein was studied.

2. Differences between total and available methionine and cysteine contents of heated
casein (9o° for 24 h) were determined by an in vitro method. The maximum losses in total
and available methionine content were 22 and 51 % respectively. The losses in total and
available cysteine content were 24 and 100 Y%, respectively.

3. The results indicated that for heated casein the release of amino acids by proteolytic
enzymes was less complete than for native casein.

4. 'The results of rat growth assays suggested that diets containing oxidized casein are less
well utilized by rats than those containing native casein. The decrease in body-weight of rats
receiving the diets containing oxidized casein could be counteracted by the addition of methi-
onine and 20 g unoxidized casein/kg diet.

5. There was a lower level of some available amino acids (determined after enzymic hydro-
lysis using pancreatopeptidase E (EC 3.4.4.7), leucine aminopeptidase (EC 3.4.1.1) and
prolidase (EC 3.4.3.7)), including those essential for the rat, in oxidized casein as compared
with native casein.

6. Cysteic acid, in oxidized casein, probably makes impossible the utilization of the amino
acids in its neighbourhood.

7. From the differences in the available amino acid contents of the native, oxidized and
heated casein it was concluded that the oxidation of casein causes the formation of complexes
in the polypeptide chain, resistant to enzymic hydrolysis, but to a much lesser extent than
does heating.

The effects of high temperatures and the presence of reducing sugars during pro-
cessing are the most common reasons for the reduction in the biological value of
proteins of food products. This reduction is only to a small extent correlated with
destruction of amino acids, and is mainly the result of a decrease in the available amino
acid content associated with the formation of polypeptide fragments resistant to the
action of proteolytic enzymes (Miller, Hartley & Thomas, 1965).

The changes which occur in proteins as a result of technological processing are
generally measured by methods based on changes in available lysine content, as this
amino acid is very easy to determine both chemically and biologically.

It is known that the decrease in available lysine in proteins subjected to thermal
processing is due to the blocking of e~amino groups, which occurs both in the presence
and absence of reducing sugars, although the mechanism in the latter instance is
not known.

Some workers have suggested that in the absence of carbonyl components character-

@ CrossMark

ssa.d Anssaniun abpriquie) Aq auljuo paysiiqnd 022000545 L LL000S/ZL0L 0L/Bio 10p//:sdny


http://crossmark.crossref.org/dialog/?doi=10.1017/S0007114575000220&domain=pdf
https://doi.org/10.1017/S0007114575000220

164 DaNuTa PIENIAZEK AND OTHERS 1975

istic of the Maillard reaction, the formation of glutamyl-lysine or aspartyl-lysine in
drastically heated proteins could explain the decrease in biological value (Bjarnason &
Carpenter, 1969, 1970).

However, Waibel & Carpenter (1972) have reported that these types of bonds are
hydrolysed by proteolytic enzymes and the liberated lysine can be utilized by the
organism. Thus reactions of this type cannot be responsible for the decrease in the
available lysine content and, as a consequence, the biological value of the protein.
Although the available amino acid content can be determined microbiologically, this
method cannot be used to study the mechanism of changes occurring in the other
amino acids in proteins, which lead to a decrease in biological value.

Therefore because of procedural difficulties little is known about the effects of
processing on the formation, in proteins, of forms of amino acids which are not avail-
able to the organism, e.g. methionine sulphone or cysteic acid (Njaa, 1962; Carpenter
& Bjarnason, 1968) and the participation of amino acids other than lysine in the
formation of polypeptide fragments resistant to the action of proteolytic enzymes.

In the present work both in vivo and in vitro experiments were done to study the
effects of the presence of oxidized forms of sulphur amino acids (methionine sulphone
and cysteic acid) in casein on the liberation of amino acids, and how methionine and
cysteine in casein subjected to high temperatures participate in the formation of
bonds resistant to hydrolysis by proteolytic enzymes.

EXPERIMENTAL
Materials and methods

Casein (BDH Ltd, Poole, Dorset) was oxidized by the performic acid method of
Toennies (1942). Air-dried casein and casein containing 8oo mg moisture/g were
heated in an oven at 9o° for 24 h in the presence or absence of D-glucose (50 mg/g
casein).

Enzymic hydrolysis of casein using pancreatopeptidase E (EC 3.4.4.7) (K & K
Laboratories Inc., California, USA) was done by the method of PieniaZek, Rakowska,
Szkillagdziowa & Grabarek (1975). After 24 h hydrolysis the pH of the hydrolysate was
adjusted to 2-0 using 1 M-HCI and the sample was evaporated to dryness; 5 ml
o005 M-Tris-HCl (pH 8-5), o'1 mi toluene, o-1 ml 0-04 M-MnSO, and o-2 ml leucine
aminopeptidase (EC 3.4.1.1) (Sigma Chemical Corp., St Louis, Missouri, USA) and
o-1ml of a solution containing 10 mg prolidase (EC 3.4.3.7) (isolated from pig
kidney by the method of Smith (1955))/ml, were added and the mixture was incubated
at 40° for 24 h with continuous shaking. After hydrolysis, the samples were desalted
using Dowex 50W x 8 (Serva Feinbiochemica, Heidelberg, Germany).

The available methionine and cysteine contents of casein were determined by the
in vitro method of PienigZek et al. (1975).

The total amino acid content of casein was determined by the acid-hydrolysis
method of Moore, Spackman & Stein (1958). The amino acid contents of enzymic
hydrolysates and acid-hydrolysates were estimated using an amino acid analyser
(TSM; Technicon Instruments Corporation, Tarry Town, New York, USA).
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Table 1. Composition (gkg) of diets containing 110 or 180 g protein/kg,
with casein or oxidized casein as the sole source of protein, for rats

Diet§
I8 A Al
Ingredients D1 D1 D2 D2 D3 D3 D4 Ds
Casein 140 230 —_ — — — 20 20
Oxidized casein — — 140 230 140 230 120 120
Wheat starch 416°5 327 406 316 402 310 406 403
Potato starch 50 50 50 50 50 50 50 50
Sucrose 200 200 200 200 200 200 200 200
Soya-bean oil 120 120 120 120 120 120 120 120
Cod-liver oil 20 20 20 20 20 20 20 20
Mineral salts* 40 40 40 40 40 40 40 40
Vitamin B supple- 10 10 10 10 10 io 10 10
mentt
Amino acid supplements]:
L-methionine — — — - 35 57 — 30
L-cysteine 3°5 32 40 40 40 4'0 40 40
L-tyrosine — e 8-0 8o 80 80 8o 8-0
L-tryptophan — — 20 20 2'0 2-0 20 2°0

Energy
(M] (Mcalfkg diet) 16-7(4) 167(4) 167(4) 167(4) 167(4) 167(4) 167(1) 167(a)

* Hawk, Oser & Summerson (1947), modified as described by Kunachowicz (1970).
+ Prepared as described by El-Maraghi, Platt & Stewart (1965).
1 Cysteine, tyrosine and tryptophan were added in amounts recommended by Schweigert & Guth-

neck (1954).
§ Di1-Ds, 110 g proteinfkg; D’1-D’3, 180 g protein/kg.

Rat assays

Wistar rats, 25 d old, (from the Institute colony) were divided into groups of five
and given diets containing 110 or 180 g protein/kg, with casein or oxidized casein as
the sole protein source, for 11 or 14 d. The compositions of the diets are shown in
Table 1.

Diets D2-D35 and D’2-D’3 were supplemented with tryptophan, tyrosine and
cysteine (Schweigert & Guthneck, 1954) and diets D3-D5 and D’3 were supple-
mented with methionine, because oxidation of casein is associated with the complete
destruction of tryptophan, the partial destruction of tyrosine, and the conversion of
cysteine to cysteic acid and methionine to methionine sulphone, neither of which is
utilized by the organism (Miller & Samuel, 1968; Ellinger & Palmer, 1969).

The methionine supplement was equivalent to the methionine content of diets
D1 and D'x respectively. Food intake and growth rate were recorded after 11 or 14 d.

RESULTS

Effects of temperature, moisture content and the presence of glucose on the available
and total methionine and cysteine contents of casein

The available methionine and cysteine contents of casein with various moisture
contents heated (go° for 24 h) in the presence or absence of D-glucose were deter-
mined after enzymic hydrolysis of the casein using pancreatopeptidase E (PienigZek
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Fig. 1. The effect of D-glucose and moisture content on the total (3) and available (W)
methionine contents of casein heated at go° for 24 h. Casein containing 40 or 800 mg moisture/g
was heated in the presence or absence of 50 mg D-glucose/g casein. Total and available
methionine contents were determined after acid-hydrolysis (Moore, Spackman & Stein, 1958)
and by the in vitro method of Pienigzek, Rakowska, Szkilladziowa & Grabarek (1975) respect-
ively.
Fig. 2. The effect of pD-glucose and moisture content on the total (7J) and available (M)
cysteine contents of casein heated at go° for 24 h. Casein containing 40 or 80o mg moisture/g
was heated in the presence or absence of 50 mg D-glucose/g casein. Total and available cysteine
contents were determined after acid-hydrolysis (Moore, Spackman & Stein, 1958) and by the
in vitro method of PienigZek, Rakowska, Szkilladziowa & Grabarek (1975) respectively.

et al. 1975), and the total methionine and cysteine contents were estimated by the

method of Moore ef al. (1958).

There was a reduction in the amounts of available and total methionine and
cysteine (Figs. 1 and 2).

The total methionine content of heated casein ranged from 8 to 229, of the value
for unheated casein, with the greatest reduction occurring when casein containing
8oo mg moisture/g was heated in the presence of glucose. Values for available methi-
onine content ranged from 24 to 519, of the value for unheated casein, and both
moisture and glucose caused a reduction in the available methionine content.

The total cysteine content decreased by 10249, when casein was heated and, as
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Table 2. The total amino acid content of unheated casein, and of casein with different
moisture contents, heated at go° for 24 h in the presence or absence of D-glucose (50 mglg
casein), determined after acid-hydrolysis*

(Mean values for two determinations)

Casein
r A )
Unheated Heat-treated Heat-treated 4+ glucose
(4 A Al (4 A Rl
Moisture content {mg/g) ... 40 800 40 800
I A N I A S I A S I Ay
Content Content Content Content

(g/lkg  (g/kg Losst (g/kg Losst (g/kg Losst (g/kg Losst
CP) CP) (%) CP) (%) CP) (%) CP) (%)

Amino acid
Cysteic acid 46 3-8 17 42 10 40 14 35 24
Methionine sulphone 31°5 262 16 290 8 283 10 24'5 22
Aspartic acid 821 832 o 824 o 829 o 816 I
Threonine 390 40'0 o 384 4 397 o 387 o
Serine 61°3 558 9 555 10 597 3 590 4
Glutamic acid 176'0 1765 o 1768 o 1773 o 1769 °
Proline 1070 1034 3 089 8 1008 6 1072 o
Glycine 20°2 22°4 o 22-9 o 22°4 o 24'2 o
Alanine 318 346 o 354 <) 320 o 34'1 o
Valine 598 592 1 606 ) 58-9 2 55'4 7
Isoleucine 485 49°1 o 488 o 483 ) 45°0 7
Leucine 885 9o 0 <] 88-8 o 869 2 858 3
Tyrosine 508 53-8 10 55°1 8 52°8 12 54'9 8
Phenylalanine 538 51°3 5 48-6 10 500 7 526 2
Lysine 800 69-4 13 664 17 62-5 22 66-1 18
Histidine 293 306 [ 298 <) 31°2 o 32'1 3
Arginine 394 35°3 10 35°5 10 345 12 361 8
CP, crude protein (nitrogen X 6-25).
* Method of Moore, Spackman & Stein (1958). 1 Relative to unheated value.

for methionine, the total cysteine content was affected by moisture and glucose and
the effect was greatest when casein containing 8oo mg moisture/g was heated in the
presence of glucose (249, reduction). The reduction in the available cysteine content
was very high (64-1009,) and although moisture content did not affect the cysteine
content, glucose caused a marked decrease.

Differences between the total and available methionine and cysteine contents of
casein were not caused by the lowering of the total values in the sample during
enzymic hydrolysis, since the recovery of nitrogen was 9698 %,.

To study changes which could occur in the amino acid composition of casein as a
result of heating, and which could cause some differences between the total and avail-
able S amino acid contents, the amino acid compositions of the test samples were
determined after acid-hydrolysis, and after enzymic hydrolysis procedures using
pancreatopeptidase E, leucine aminopeptidase and prolidase. The results are shown
in Tables 2 and 3. There was a slight decrease in the total amount of some amino acids
when casein was heated, and moisture content and glucose affected only the S amino
acid contents, which were lowest in casein containing 800 mg moisture/g heated at
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Table 3. The available amino acid content of unheated casein, and of casein with different
moisture contents heated at go° for 24 h in the presence or absence of D-glucose (50 mg|g
casein), determined after enzymic hydrolysis with pancreatopeptidase E (EC 3.4.4.7),
leucine aminopeptidase (EC 3.4.4.1) and prolidase (EC 3.4..3.7)

(Mean values for four determinations for unheated casein and for two determinations for
heated casein)

Casein
— - —
Unheated Heat-treated Heat-treated + glucose
(‘g g A 1
Moisture content (mgfg) ... 40 800 40 800
s A N r A N e A N r k*‘ﬂ
Content Content Content Content
(g/kg (a/kg Losst (g/kg Losst (g/kg Losst (g/kg Losst
CP) €CP (% CP) (%) CP) (%) CP) (%)
Amino acid
Methionine 30°I 75 75 93 70 36 88 26 91
Aspartic acid 17:8 114 36 48 73 10°I 43 34 81
Threonine 429 266 38 187 56 232 46 17:6 60
Serine 323 18-2 44 11°9 63 125 61 106 67
Glutamic acid 73°3 557 24 189 74 398 46 19°§ 73
Proline 963 826 14 184 81 646 23 17°0 82
Glycine 210 152 28 74 65 101 52 58 72
Alanine 259 222 14 149 42 15'5 40 131 49
Valine + cysteine* 59'5 57°4 4 329 45 27°5 54 286 62
Isoleucine 448 46°1 o 213 52 186 58 171 62
Leucine 77°0 746 3 583 24 398 48 523 32
Tyrosine 546 554 o 536 2 37X 32 416 24
Phenylalanine 437 466 [ 42°2 3 371 13 334 24
Lysine 66:4 555 15 461 31 451 32 365 45
Histidine 259 19'5 25 17'9 31 14°0 46 46 82
Arginine 406 315 22 347 15 250 38 258 36

CP, crude protein (nitrogen X 6-25).
* Cysteine was not determined as it co-chromatographed with valine.
1 Relative to unheated value.

go° in the presence of D-glucose. Higher levels of some amino acids (glycine, alanine
and histidine) were found for heated casein.

There was a significant decrease in the amino acid content (determined after
enzymic hydrolysis) when casein containing 40 mg moisture/g was heated at go° for
24 h. Valine, isoleucine, leucine, tyrosine and phenylalanine were exceptions and the
levels of these amino acids were unchanged. The greatest decrease in amino acid
content was found in samples containing 8oo mg moisture/g, heated in the presence
of p-glucose.

On heating there was a 759, decrease in the methionine content of casein con-
taining 40 mg moisture/g, but no further reduction was found when the moisture
content was increased, although heating in the presence of glucose produced an 889
reduction. The greatest decrease (919,) was found in the casein with 800 mg
moisture/g, heated in the presence of D-glucose.
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Table 4. Body-wt gain for rats fed for 11 d on diets containing 110 g protein/kg, with
casetn (D1), oxidized casein (D2) or oxidized casein+ methionine (D3) as the sole source
of protein

(Mean values for five rats/group)

Body-wt gain
A

—

Diet* g/rat per 11 d % D1 value
D1 +20 100
D2z —12 -~ 6o
D3 +6 30

* For details of diets, see Table 1.

Table 5. Body-wt gain, food intake and food conversion efficiency for rats fed for 11d
on diets containing 180 g protein|kg, with casein (D'1, control), oxidized casein (D’2)
or oxidized casein + methionine (D'3) as the sole source of protein

(Mean values for five rats/group)

Body-wt gain Food conversion efficiency

p Al N Food intake — — S
gfrat % D’1 (g pM/rat g body-wt gain/ % D1
Diet* per 11d value per 11 d) g food intake value
D1 +43 100 846 0'508 100
D2 —13 —30 20'6 — 0636 —125
D3 +14 32 413 0°341 +67

DM, dry matter.
* For details of diets, see Table 1.

The effect of methionine sulphone and cysteic acid in oxidized casein
on its utilization by rats

The values for body-weight gain for rats (in the 11 d experimental period) given
diets D1-D3 (casein, oxidized casein and oxidized casein + methionine respectively)
and weight gain as a percentage of that for rats given diet D1 are shown in Table 4.
The weight gain for rats given diet D3 was only 309, of that for rats given diet D1.

To determine whether this low growth rate was associated with a toxic effect of the
oxidized casein, the growth rate of rats fed on the same diets but with 180 g protein/kg
(D’1-D’3) was studied; the results obtained are shown in Table 3.

The growth rate for rats given diet D’3 was 32 9 of that for rats given diet D'1 and
the food conversion efficiency was 67 %, of that for rats given diet D'1. As growth rates
obtained with diets containing 110 or 180 g protein/kg were similar, it was assumed
that poorer growth of animals was not due to the toxic effect of oxidized casein, but
to the amino acid deficiency in diets D3 and D’3 which had the same amino acid
content (determined after acid-hydrolysis).

When 20 g oxidized casein in diets D2 and D3 were replaced by 20 g casein (diets
D4 and Dj respectively), the weight gain and food conversion efficiency for rats given
diet Dgwere 76 and 93 %, respectively of that for rats given diet D1 (Table 6). These
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Table 6. Body-wt gain, food intake and food conversion efficiency for rats fed for 14 d
on diets containing 110 g protein/kg, with casein (D1, control), oxidized casein+ casein
(D4) or oxidized casein+ casein + methionine (D5) as the sole source of protein

(Mean values for five rats/group)

Body-wt gain Food conversion efficiency

, A N Food intake — A —
glrat % D1 (g pmfrat g body-wt gain/ % D1
Diet* per 14d value per 14 d) g food intake value
Dix +55 100 1028 0°534 100
D4 —1r -20 233 —0475 —88
Ds +34 +76 696 0489 +93

pM, dry matter.
* For details of diets, see Table 1.

Table 7. Amino acid content (g|kg crude protein (nitrogen x 6-25)) of casein and oxidized
casein determined after acid-hydrolysis* and enzymic hydrolysis with pancreato-
peptidase E (EC 3.4.4.7), leucine aminopeptidase (EC 3.4.1.1) and prolidase (EC 3 .4.
3-7)

(Mean values for two determinations)

After acid-hydrolysis After enzymic hydrolysis
e A Y r A Y
Oxidized Differ- Oxidized Differ-
Amino acid Casein casein ence (%) Casein casein ence (%)

Cysteic acid 45 4'4 o — ) —
Methionine sulphone 31°5 30°'5 o — 22°4 23
Methionine — — — 30°'1 — —
Aspartic acid 821 800 3 17°6 166 7
Threonine 39°0 465 o 429 440 o
Serine 613 623 o 32°3 32-8 o
Glutamic acid 1760 168-0 6 733 802 o
Proline 107°0 985 3 963 800 17
Glycine 202 204 o 21'0 173 18
Alanine 318 31°I 1 259 266 o
Valine 59'8 586 2 59°'5 52°5 11
Isoleucine 485 45°5 4 448 419 6
Leucine 885 885 o 77°0 668 13
Phenylalanine 53-8 52°0 3 437 439 o
Histidine 293 274 6 250 231 I
Arginine 39'4 365 7 406 o 100
Tryptophan 22°¢ — 100 F— t— —
Tyrosine 598 39°5 34 546 344 37
Lysine 800 794 b 66-0 66-0 o

* Method of Moore, Spackman & Stein (1958).
+ Tryptophan was not determined after enzymic hydrolysis.

results suggested that the addition of 20 g casein/kg to a diet containing oxidized
casein and methionine (Dj3) allowed growth at a level comparable to that of rats fed on
the control casein diet (D1) and that the lower growth of rats given diet D3 (oxidized
casein + methionine) compared with that for rats given diet D5 (oxidized casein +
casein + methionine) was due to incomplete hydrolysis of oxidized casein by proteolytic

ssaud Aussanun abplquied Ag auluo paysiignd 02z0005.Sk L L£000S/£L0L'0L/610"10p//:sdny


https://doi.org/10.1017/S0007114575000220

Vol. Complexes resistant to the action of proteases 171
34 7

enzymes in vivo. Therefore in vitro studies of the action of proteolytic enzymes on
casein and oxidized casein were done.

The amino acid contents of casein and oxidized casein were determined after
enzymic hydrolysis with pancreatopeptidase E, leucine aminopeptidase and prolidase,
and also after acid-hydrolysis as a control; the results are shown in Table 7.

Oxidation of casein was associated with the total destruction of tryptophan and
34% loss of tyrosine (determined after acid-hydrolysis) while values obtained after
enzymic hydrolysis suggested that oxidized casein was less well hydrolysed than
casein in respect of the release of amino acids such as proline, glycine, valine, leucine,
histidine and arginine; the latter occurred only in trace amounts. Values for the release
of cysteic acid and methionine sulphone were o and 779, respectively. Of the amino
acids mentioned, valine, leucine, histidine and arginine are essential to the rat. It was
assumed therefore that the deficiency of these amino acids in diet D3 (oxidized casein 4
methionine) was the cause of the poor growth rate of the animals.

DISCUSSION

Differences were found in the available and total contents of methionine and
cysteine for casein heated at go° for 24 h. In a further stage of the study an attempt
was made to interpret these differences. The amino acid composition of casein con-
taining different moisture contents, heated in the presence and absence of p-glucose,
was estimated after acid-hydrolysis (to obtain the total amino acid contents) or after
enzymic hydrolysis (to determine the amounts of released forms of the amino acids).
It was found that the total amino acid content was not significantly affected by
moisture content or by the presence of glucose. Similar results were reported by
Bjarnason & Carpenter (1970) for heated bovine serum albumin, but they found no
decrease in methionine content, although there was a 609, reduction in the cysteine
content. Our results suggested that there was a decrease in both methionine and
cysteine contents (Table 2), which in the latter instance was 179,. It should be
stressed, however, that different workers have reported different values for losses of
cysteine depending on the type of protein passing through the technological processes
(Ellinger & Boyne, 1965; Miller e al. 1965). Increased levels of some amino acids
have been reported by other workers (Dawson & Woodham, 1966; Bjarnason &
Carpenter, 1970).

The use of pancreatopeptidase E, leucine aminopeptidase and prolidase for enzymic
hydrolysis, as an optimal system for the liberation of amino acids in vitro, made
possible a complete comparison of amino acid composition of heated and unheated
casein.

A significant decrease was found in the amino acid content of casein on heating, and
there was a further decrease in the presence of increased moisture and of glucose.
The reduction in methionine content (Table 3) was g1 %, for casein containing 8oo mg
moisture/g, heated in the presence of glucose.

When amino acid contents were determined after acid-hydrolysis, heating of casein
resulted in a slight destruction of amino acids but there was a significant lowering of
the amino acid contents of heated casein analysed after enzymic hydrolysis, suggesting
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that polypeptide fragments were formed which were resistant to the action of proteo-
lytic enzymes.

It has been suggested that when high temperatures are applied to § amino acids
they may be partly converted into their oxidized forms, which may result in the forma-
tion of peptide fragments resistant to enzymic digestion.

In the present work we found a lower growth rate for rats given a diet containing
oxidized casein, compared to that for rats given the casein diet, although the total
amino acid contents of the diets, as determined after acid-hydrolysis, were identical.

The use of enzymic hydrolysis (pancreatopeptidase E, leucine aminopeptidase and
prolidase) to study the amino acid content of oxidized casein allowed this difference
in the growth of rats to be interpreted. The concentrations of the available amino
acids were found to be different for casein and oxidized casein; for oxidized casein
the content of some essential amino acids, particularly arginine, was lower (Table 7).
The reason for the lower growth rate of animals given the diet containing oxidized
casein was presumably that the available amino acid contents were different. This was
confirmed by the high food conversion efficiency obtained when 20g oxidized casein/kg
diet was replaced by 20 g casein (93 %, of the value for the diet containing casein only).

The results of in vivo and in vitro studies have suggested that oxidation of casein
not only causes the destruction of some amino acids (tryptophan, tyrosine) and the
oxidation of S amino acids to forms (methionine sulphone and cysteic acid) not avail-
able to the organism, but also leads to the formation, in some fragments of poly-
peptide chain, of bonds resistant to the action of proteolytic enzymes, which in turn
leads to a decrease in the concentration of available amino acids.

In the present work cysteic acid was not released from oxidized casein by proteases,
and the available proline, glycine, valine, leucine, histidine and arginine contents of
oxidized casein were lower than those for casein. These results are similar to those
obtained by Wilkes, Bayliss & Prescott (1973), who found that no amino acids were
released from peptides in the neighbourhood of cysteic acid.

Oxidation of casein was found to be associated with the formation of complexes
resistant to proteolytic enzymes but to a considerably lesser extent than for heated
casein (see Tables 3 and 7), suggesting that the decrease in available amino acid con-
tents for heated casein was not correlated only with the presence of cysteic acid in the
polypeptide chain.
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