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ABSTRACT

The reported work on changes in lysine content
in milk and dried milk is examined. The cause of these
losses, the Maillard reaction, and the methods of lvsine
determination are discussed. All methods have recornised
faults. Little information is available to the food
processor regarding the kinetics of these losses, and the
methods of their determination are not simple enourh for
routine quality control application.

Although the lysine content of milk products
determined after acid hydrolysis is known to be higher than
nutritional studies indicate the causes of this are being
established, Therefore acid hydrolysis in conjunction with
a GLC method of amino acid analysis was adopted after some
modification. (It was found that dialysis of the milk
prior to hydrolysis resulted in cleaner chromatograms and
that as the recovery of several amino acids, such a proline,
leucine, and isoleucine, was not affected by heat troatment:

then these were used as internal 'internal standards‘.)

No simple rate expression could be found to ©it the
kinetics of the loss of acid released iysine. A first order
model requiring the losses to be increased by a factor of
.45 was devised and this could be used to satisfactorily
predict values for acid available lysine in the heat ~reatad
milk. The possibility of the 3.43 factor being due to the
regeneration of lysine by acid from Maillasrd intermeciates,
although requiring assumptions, was found to be not

unreasonable.

The energy of activation of the reaction leading to
a loss 1n acid released lysine at 31.5 Kcal/mole is similar
to literature values while the model value of 37.2 Kecal/mole
is rather higher.

The literature findings of little or no loss of
lysine during pasteruization, evaporation, and sterilization
of milk are supported.
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The technique of protein determination by dye
binding was examined and applied to following changes
in lysine in heat treated milk. The inconsistencies
in reporied work on dye binding, is of little consequence

as relative changes only are required.

Changes in dye binding using amido black did
not follow simple order kinetics, even when allowance
was made {or the constant binding by arginine and histidine.
A first order model requiring the changes to be increased
by a factor of %.68 was developed. About 46% of this factor
can be explained by assuming constant binding by arginine
and histidine, the remainder of the factor possibly being
due to Maillard intermediates binding dye, and/or a change
in binding stoichiometry occurring. Ffrom the model it is
possible to predict the cbserved changes in dye binding.
Literature findings were supported.

The energy of activation for the dye binding changes
is 28.6 Kecal/mole, and for the model, 30.8 Kcal/mole.

Ancillary investigations showed that the concurrent
¢olour changes due to heat treatment have an energy of
activation of about 30 Kcal/mole, and that there is a
relationship between colour and dye binding capacity in heat
treated milk.

The relationship between the Pro-filk and a typical
absorbance spectrophotometer was determined, and an
expression found which would enable a spectrophotometer to
be used for protein determination.



"I do not think that with products
manufactured by modern advanced techniques the
losses in protein value are of much importance.
It is more important to avoid waste and prevent
spoilage.™
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CHAPTER I

1.4 INTRODUCTION
Lysine deficiency is a common and serious problem,

particularly in countries where the diet is based on
cereals and cereal products. (Yannai and Zimmerman, 1970).
The nutritionally available lysine content of foods can be
severely reduced by improper processing, and poor storage
conditions. This loss of nutritionally available lysine
can result in some foods becoming nutritionally deficient
in lysine, i.e. lysine can become the limiting amino acid.

It was observed that the biological value of the
protein of dried skim milk stored at room temperature, but
under conditions which excluded pickup of atmospheric
moisture, decreased with the length of storage (Henry and
Kon, 1945). After 18 months the biological value had
fallen from 88.5 to 71.1. This observation resulted in
further investigations into the cause of this loss. The
subsequent research showed that the change in biological
value was a result of the Maillard or non-enzymic browning
(NEB) reaction between the aldehyde group of a reducing
sugar (lactose in the case of milk powder), and the free
amino groups of the protein which are largely the € -amino
groups of lysine, and the A-amino groups at the end of the
protein peptide chains. (Henry, et al, 1946). The effect
of the terminal ) -amino will be small as there are so few
(2%) in comparison to the number of the £-amino groups of
lysine.

This discovery of the involvement of the Maillard
reaction in the nutritive deterioration of milk powder
stimulated research into the Maillard reaction and changes
in proteins in the presence of sugars, particularly reducing
sugars. Amongst this early work was that of Henry et al,
1948; Lea and Hannan, 1949; 1950a, 1950b, 1950¢, 19504;

Lea 1950; Hannan and Lea, 1951; Lea et al 1951 and Lea and
Rhodes, 1952. This work, mostly with milk powder and
casein-glucose models, showed thateven in relatively dry
materials (<€ 10% H:0) the carbonyl groups of reducing sugars
could react with the free €-amino groups to form compounds
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that had no nutritional value but from which free lysine
could be released when hydrolysed by the strong acids,
typically used in the hydrolysis of proteins prior to amino
acid analysis, This explained, at least partly, why some
materials had lower nutritive values than would have been
predicted from the amino acid analysis of acid hydrolysates
of the material. This discrepancy was noticed with materials,
particularly milk products, that had been processed or stored
under adverse conditions. (Block and Mitchell, 1946-47).

More information about the role of the Maillard reaction in
these nutritive changes and also a method of analysis that
would indicate the amount of nutritionally available lysine
was needed.

1.2 THE MAILLARD REACTION

After the initial work of Lea, Hannan and co-workers
of the late 1940's and early 1950's there have been continuing
investigations into the browning reaction, particularly in
the 'dry' state using model protein-sugar systems (such as

casein and lactose). Included in these studies is the work
of Hodge, 1953, (Chemistry of browning reactions in model
systems), Richards, 1963, 1965 (Degradation of lactose by
interaction with casein), Cole, 1967 (The Maillard reaction
in food products; carbon dioxide production. This was in a
liquid model system), Spark, 1969 (Role of amino acids in
nonenzymic browning), and Ferretti and Flanagan 1970 and 1971
(Nonenzymatic Browning in a lactose-casein model system).
There have also been a number of specific investigations into
restricted areas such as the formation of specific compounds
(eege 24,3 = Dihydro -3,5 - dihydroxy-6-methyl-4H-pyran-4-one)
(Mills et al, 1970) and into the kinetics of the reaction
(Song et al, 1966).

There have been a number of comprehensive reviews
covering the Maillard reaction in detail (Hodge, 1967, Hodge
et al, 1972; Reynolds 1963, 1965, 1969, 1970; Greenshields
and Macgillivray, 1972), some with particular reference to
foods and food flavours.

While free amino acids can become involved with
reducing sugars in the Maillard reaction, in foods the free
amino groups are largely the € -amino groups of lysine, as
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apart from the few terminal J/-amino groups, the amino groups
of the other amino acids are incorporated in the peptide
chain. It is not clear what ultimately happens to the amino
groups involved in the Maillard reaction but nitrogen seems
to be incorporated in some of the pigments and melanoidins
formed. In the initial stages the amino acid acts as a
catalyst but the reactions they undergo after release is not
clear.

It is generally accepted that the Maillard reaction
follows the following reaction steps (considering aldose
sugars only).

a) Aldose + amino acid ——————\ Aldosylamine
For lysine, in a peptige chain, reacting with lactose

HO CH{SH CHz OH Ho CH, (11-1 H, OH
0
H 0. € OH NH OH o, COH  >—IiH
o : OH OH LH
OH OH H, r.z
s o8,
| 2
CH CH,
N be
o e \1/ \I\-\ i k
\\\ o5 N ¥
NH C 15} |
I 0
0
Lactose lysine in peptide €- N - lactosyl - lysine

chain

(The £ -amino group is in the peptide chain and is not
involved in the reaction).

Acid catalyst
(rapid)

This is known as the Amadori Rearrangement. The
aldosylamines are unstable and rapidly undergo this
rearrangement to form ketoseamines (also termed deoxyketo-
seamines). In the reaction between lysine and lactose in
food the first stable product formed is€ - N - (1=deoxy-D-
Lactulosyl) - L - lysine (also called lactulose lysine) where

b) Aldosylamine > Ketoseamine
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H 0

€~- N~ (1~ deoxy - D -lactulosyl) - L - lysine
(Lactulose lysine)

the glucose moiety of the lactose molecule has rearranged
to give a fructose moiety associated with the lysine.

Ketoseamines as a class are stable colourless solids
but in solution they are reactive, rapidly forming a variety
of products.

¢) The ketoseamines can undergo a variety of reactions
giving a wide range of products.

Ketoseamine + Aldose ——> Diketoseamine
(very reactive)

d) The various aminosugar moieties (ketoseamine, aldosea-
mine, eand diketoseamines) formed in the first three steps
can individually undergo a series of degradation reactions
to both amino and non-amino compounds. These may have
distinctive flavours or react further to give flavours or
brown colours. It is this series of reactions and the wide
range cf compounds formed that has attracted the attention
of many carbohydrate and food flavour chemists.
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The degradation proceeds by two distinct pathways,

viz, 1,2 enolization and 2,3 enolization.

(i) 1,2 enolization of a ketoseamine gives the
corresponding 1,2 enol with the amino group in the €1
position. The 1,2 enol can then undergo /3 elimination of
the C3 hydroxyl group to give the 2,3 enol, which being a
Schiffs base is readily hydrolyzed to the enolic form of a
3=-deoxyosulose, or else by /5e1imination of the C4 hydroxyl
group gives the Schiffs base form of an unsaturated osulose.
These products can then react further to give a variety of
furfural and pyrrole type compounds.

The 3-deoxyosulose forms have been found in foods
and are stable., The unsaturated osuloses though are much
less stable,

The degradation via 1,2 enolization appears to be
the main pathway to brown colours in foodstuffs while the
osuloses subsequently formed can also give flavours via the
Strecker degradation involvingel-amino acids. (Flavours
produced directly as a result of 1,2 enolization of keto-
seamines are very limited.)

(ii) 2,3 enolization of ketoseamines is not very
significant in food in terms of yield, but is important in
terms of flavour production. (Reynolds, 1970). It is
therefore unlikely to be of importance in terms of changes
in lysine status in the protein.

e) Condensation reactions occur in which many of the
compounds formed in step d) are involved. These may also
involve additional amino compounds which can become incorpor-
ated into the brown pigments produced. Further details of
these colour and flavour producing reactions are covered in
the reviews listed earlier. (See also section 6.1)

The chemistry of the Maillard reaction is not yet
completely understood (Finot, 1970) but for lysine in milk
proteins the major steps appear to be (a) and (b), involving
the formation of

(i) aldosylamines and the Schiffs base forms
(ii) deoxyketoseamines
In heated milk, and milk powders both of these states
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exist (Finot, 1970) which contradicts Reynolds (1970) who
states that the aldosylamines are unstable and immediately
form ketoseamines.

1,3 METHODS FOR DETERMINATION OF LYSINE

With the realisation that conventional acid hydrolysis
of some protein resulted in high estimates of nutritionally
available lysine attention was given to finding a method for
measuring only the nutritionally available lysine by chemical
means., (It was possible to make an assay by microbiological
means, and the reference method was by growth studies.)
Although there are various biological methods each having
faults and limitations (FAO, 1969, Reeves, 1973) the ultimate
evaluation must involve an "in vivo" test in some way.
However, if a chemical test could be developed which correlated
highly with a biological test then it may be possible to
routinely use the chemical method.

One of the first modifications was to change the acid
hydrolysis step to an "in vitro" enzymic hydrolysis method.
Certain enzymic methods have been able to give results that
are comparable with those given by growth tests. A review
has been published recently covering "in vitro" methods.
(Mauron, 1970) It is claimed that "the sophisticated "in
vitro" tests have served to demonstrate the physiological
basis of differences in protein quality but they do not
provide an economical means of quality control in practice."
(Carpenter, 1974)

Work was also directed towards finding a straight
chemical method and from the increasing understanding of the
Maillard reaction it was apparent that for lysine availability
there was likely to be some relationship with the free
€ -amino groups. Research concentrated on this aspect and
various methods were examined.

a) Dye binding in which a coloured dye is reacted with
the protein where the basic amino acids (histidine, avginine
and free € -amino lysine) bind the dye molecules. Typically
acid orange 12, orange G, and amido black 10B have bgen used.
Ney and Wirotama, 1970; Pruss and Ney, 1972 have ey2mined
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the use of Remazol Brilliant Blue but this method still
needs refinement. (See Chapter 4 et seq.)

b) Modified Van Slyke procedure in which the free amino
nitrogen content is determined. This has been used in
casein/glucose studies (Lea, 1948, Lea and Hannan, 1950a,
Richards, 1963) but requires special skill (Carpenter, 1974),.

c) Trinitrohenzenesulphonic acid (TNBS) which reacts with
the free ¢ -amino groups to give trinitrophenyl (TNP) lysine
derivative (Kakade and Liener, 1969, Hurrell and Carpenter,
1974)., Unfortunately the reaction is not specific and will
give significant values for lysine moieties involved in the
Maillard reaction and therefore requires modification or
correction for satisfactory use with milk powders and milk.

d) Fluorodinitrobenzene (FDNB), which undergoes the Sanger
reaction with free amino groups forming dinitrophenyl (DNP)
derivatives. After acid hydrolysis and separation, or
extraction the yellow DNP derivatives can be determined
spectrophotometrically. Various modifications to the procedure
have been devised to overcome problems encountered during
hydrolysis (the presence of sugars during hydrolysis of the
FDNB-protein can drastically reduce the recovery of DINP-
lysine), and to overcome the problem of high apparent readings
due to the presence of other DNP derivatives other than lysine.
A full review of the FDNB method is presented by Carpenter,
1973 and further information by Finot and Mauron, 1972.

It has been used in modified forms extensively, and
has been found to give, in some cases, a good correlation
with "in vivo" and "in vitro" evaluations. (Bujard et al.,
1967); Mottu and Mauron, 1967; Creamer et al., 1976 . Even
so it has been reported that FDNB will give an indication of
free € -amino lysine for pure Maillard compounds such as
o =formyl-€-deoxyfructosyl lysine (Finot and Mauron, 1972;
Hurrell and Carpenter, 1973, 1975). FDNB still seems to be
the preferred reagent in many studies.

e) Methylisourea (MIU) has also been examined (Mauron and
Bujard, 1964; Finot and Mauron, 1972; Hurrell and Carpenter,
19743 Creamer et al., 1976), and has been found to give
similar results to those by the "FDNB-difference" method
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(Roach et al., 1967). In the MIU reaction a guanidine
derivative of lysine is formed which on subsequent hydrolysis
yields homoarginine. No homoarginine is formed from lysine
with the €£-amino groups bound to a sugar moiety and for this
reason it is preferred by Finot and Mauron (1972). It was
also recommended (Creamer et al.,, 1976) because only one
amino acid analysis is necessary, as well as its freedom

from side reactions.

£) Sodium borohydride has been found to give results
comparable with the FDNB and TNBS methods (Couch and Thomas,
1976) in the testing of bovine serum albumin and various
cottonseed meals., As these do not contain significant
amounts of reducing sugars, and as milk products were not
examined, its suitability formilk products is uncertain.

Its principle is similar to that of the FDNB method.

1.4 ACID HYDROLYSIS OF HEATED MILK PRODUCTS

Although there are problems with the methods out-
lined above in predicting the nutritive values of protein
containing foods, some have been found to indicate more

precisely the nutritive value than does the conventional
method of analysis after 6N HCl acid hydrolysis. It has

been found that some Maillard reaction products (particularly
lactulosyl lysine, and fructosyl lysine) which contain
nutritionally unavailable lysine, released lysine on hydro-
lysis with 6N HCl. An examination of the acid hydrolysates
of overheated milk powder revealed a basic amino acid not
present in the original protein (Erbersdobler and Zucker,
1970). This compound was prepared, its chemical structure
determined and given the name "Furosine” (Finot et al., 1971)
while chemically the compound is - N -(2-furoyl-methyl) -

L - lysine. During the preparation of furosine a second
compound, termed "pyridosine" ( € -=(3~hydroxy-li-oxo-6-methyl-
1-pyridinyl)-L-norleucine) was also detected.

Furosine and pyridosine are isomers and are derived
by the elimination of 3 molecules of water from €-N-(1-
deoxy-D-fructosyl)-L-lysine, also termed fructose lysine
(a ketoseamine produced in step (b) of the Maillard reaction
as outlined earlier).
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In heated milk powders the major ketoseamine
produced is €=N=-(1-deoxy=-D-lactulosyl)-IL-lysine, also
termed lactulose lysine, which under acid hydrolysis can
give the deoxyfructosyl lysine and galactose. The following
is believed to be the reaction scheme:

a) Lactulose lysine Hyggé%ysié> I'ructose lysine + galactose

b) TFructose lysine cgg;gtiongr Furosine + Pyridosine
-BHQO + Lysine

As stated earlier the ketoseamines are the first
stable intermediate in the Maillard reaction and have been
isolated from heated milk powders. Confirmation of lactulose
lysine being one possible starting material for furosine
and pyridosine was provided when pure lactulose lysine was
prepared and then hydrolysed in 6N HCl. (f'inot et al., 1971).
The amount of lysine regenerated, furosine and pyridosine
formed as a result of acid hydrolysis of lactulose lysine,
was determined (Finot and Mauron, 1972). Their results
expressed in terms of lysine recovered as a % of the original
lysine in the lactulose lysine is given in Table 1.1.

TABLE 1.1 Lysine recovery from lactulose lysine
by acid hydrolysis
Conditions % lysine X o of lysine % of lysine
of regenerated recovered as recovered as
hydrolysis furosine pyridosine
6 N HC1 49,5 20.3 104
775 N HCL 4%.8 29.3 114

(xThese values are estimates based on chromatogram areas,
and used lysine colorimetric factors, which may be not
accurate for furosine and pyridosine.)

The proportions of the hydrolysis products were
unaffected by the presence of reducing sugars during the
hydrolysis, nor was there any statistically different
recovery from fructose lysine and lactulose lysine. Only
the strength of the hydrolysing acid was found to alter the
proportions of the products. From this it was concluded
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that approximately 50% of the lysine in the form of the
Amadori derivatives will be recovered by the classical

6N HCl hydrolysis technique. This explains the higher than
expected values for "total 1ysine" given for processed
foods by this technique whereas in unprocessed foods, with
no Maillard damage the "total lysine" is effectively the
same as that given by nutritional studies. (As stated
earlier lysine on the Maillard products lactulose lysine
and fructose lysine is nutritionally unavailable (Finot and
Mauron, 1972)).

1.5 THE RELATIONSHIP BETWEEN ACID DETERMINED AND
NUTRITIONALLY DETERMINED LYSLINE

The following discussion has been adapted mainly
from the work of Bujard and coworkers which has been
summarised by Finot (1973). Ffrom their work a number of
relationships were derived regarding the availability of

lysine, in heated milk products, as determined by acid
hydrolysis, FDNB, "in vitro", and "in vivo" methods. The
findings of their work can in part be summarised by figure
17,

It was found for heated milk products that

ALV = 2,70 TLY - 167 (1.7)
(r = 0.99)
where ALV = enzymically available lysine, and
TLV = total lysine, by conventional acid hydrolysis

Unfortunately the equivalent equation for nutritionally

determined ALV values is not given, and as their datae is
presented in summarised form only it is not possible to

derive the relationship. It had also been found (Mottu

and Mauron, 1967) that the "in vivo" ALV and enzymic ALV
were related by

ALVV

(r

There is no statistical difference between the two ALV
values, i.e. 1.02 is not significantly different from 1.00
and 0.23 is not statistically different from O. The two

1.02 ALV, = 0.23 (1a2)
0.98)
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methods are apparently measuring the same thing. Therefore
equation 1.1 can be assumed to indicate the relationship
between nutritionally available lysine and "total lysine".

These equations indicate that it should be possible
to predict the nutritional availability of lysine in heated
milk products (particularly skim milk powder) from the TLV
of the milk product. Care may be needed in its widespread
application as the data from which the relationship was
derived included only one sample of Maillard damaged fluid
milk, the remainder being powdered milk, although the range
of ALV covered in the data was from 100% to 24%. It should
also be noted that in equation 1.1 the values are expressed
as percentages and it is therefore necessary to know the
TLV of the non-damaged/unprocessed product before the
percentage TLV in the damaged/processed product could be
calculated. This will limit the usefulness of the relation-
ship.

1,6 THE ROLE O FUROSINE AND PYRIDOSINE
Equation 1.1 implies that the change in ALV is
2.7 times greater than the change in TLV,

i.e. AALV = 2,7 0 TLV €41:3)
and in relation to figure 1.1,
ATLV = DLV
and AALV = DLV ILV
oo ILV = 1.7 DLV (l.4)

When the experimentally determined pairs of values for ILV,
and DLV are correlated it was found (Finot, 1973) that

ILV = 1.93 DLV - 6.2 {1.5)
(This includes the results of 2 other experiments as well
as the results reported by Bujard et al., 1967, which
explains the slight difference between 1.4 and 1.5.)

Now during the Maillard reaction in the initial stages
the €E-amino groups of lysine are present in
(a) the free form,

(b) the aldosylamine (and its Schiffs base)
form and,

(¢) the deoxyketoseamine form.
On acid hydrolysis of Maillard damaged milk powder the
lysine in the free amino form (the only nutritionally
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available form of the three listed above), and in the
aldosylamine (and its Schiffs base) form will be recovered
100%, but as shown in Table 1.1 only 49.5% of the deoxyketo-
seamine form (lactulose lysine) will be recovered.

On the basis of these recoveries, and equation 1.5,
Finot concluded that in heated milk of the nutritionally
unavailable lysine, 28.5% is present in the aldosylamine
and Schiffs base forms, while 71.5% is present in the
deoxyketoseamine form.

Finot and coworkers also used this information to
derive the predictive relationship
ATV = 103 = 6,72 IUR (1.6)
where FUR is the lysine recovered in the form of
furosine, during hydrolysis of the milk with 6N HCl.

This equation assumes that some lysine (28.5%) is
present as the aldosylamine and Schiffs base forms. Reynolds
(1970) states that these are unstable intermediates and
readily form the deoxyketoseamine derivative. If there is
little or no aldosylamine and its Schiffs base then equation
1.5 would become

ALV = 100 - 4,92 TJFUR (1.7)

These relationships (1.6, 1.7) have the advantage
over 1.1 in that the initial TLV is not required as the
quantity of furosine is a direct indicator of the impairment
of lysine availability. In the experimental work of this
thesis the TLV of the unprocessed milk was determined and
also as the characteristics of furosine in relation to gas
chromatographic determination are unknown, the logical
equation to use is 1.1.

All of these relationships apply only to heated
milk products as they are based on the regeneration of
lysine and the formation of furosine (together with pyrido-
sine) from the deoxyketoseamine formed during the Maillard
reaction. In pure proteins, or foods with a lesser content
of reducing sugars the importance of the deoxyketoseamine
as a form of nutritionally unavailable lysine is consider-
ably reduced (Carpenter, 1973).



1.7 EXAMINATION OF LITERATURE DATA

Comparatively little work is available for
examination in terms of fitting to the relationships 1.1
and 1.3 as few workers have determined both the ALV, and
TLV for heated milk samples as percentages of the ALV and
TLV of the unprocessed product,

Even less data is available than cesn be substituted
into 1.7 as few workers apart from Finot and his coworkers
have reported furosine values. Erbersdobbler (1970)
reported furosine values but used 7.75 M HC1l which as shown
in Table 1.1, gives a higher yield of furcsine, and therefore
1.7 cannot be applied. (It would be possible to derive a
form of 1.7 applicable to the results of the hydrolysis
using 7.75M HC1).

One set of values (De Vuyst et al., 1972) is in a
suitable form, and for variously treated milk products |
(sterilised, pasteurised, sweetened condensed milks, and two |
powders) it is found that compared to the TLV value for fresh |
milk, on average for the products examined |
A ALV = 2.66 A TLV
The fit is not as good for another set of values, in
the same paper, for a series of heated (at 100°) fluid milk
samples for which
AALV = 1.98ATLV

1,8 THE KINETICS OF THE MAILLARD REACTION
The difficulty in deciding what method of measurement,

other than actual growth tests gives the best indication of
nutritionally available lysine, has probably been the reason
so little attention has been paid to the kinetics of the
loss of availability. This applies not only to milk, but
also to other food products. Further, many experiments have
been conducted using a wide selection of treatment times

and temperatures but without a consistent series being used.
This makes the extraction of rate data very difficult. The
prime reasons for this lack of attention are believed to be
the complexity of the Maillard reaction, the fact that there
are other mechanisms (especially in foods with little .
reducing sugar) that can cause lysine losses, and the
difficulty of determining which measurement system should
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be used., These problems have meant that attention has
been focussed on understanding these other aspects first.

lowever, there has heen some work which can be
examined in terms of rate constants, even if it is not
possible to determine the order of the reactions involved.
A summary has been published (Carpenter and Booth, 1973)
in which there is clear evidence that for 'dry state'
(6% to 18% moisture) the rate of loss of lysine is highly
dependent on the presence of reducing sugars. Generally
the presence of a reducing sugar increases the rate of the
reaction by a factor of about 10,000. Using the Arrhenius

relationship
- B
RT
= A e (1‘8)

k
where k is the reaction rate constant
A

is a frequency factor, a constant
for a given reaction.

e is the exponential e

R is the Universal Gas Constant
T is the Absolute temperature
E 1is the energy of activation

the following relationship can be derived,

g _RT, T K
T ——2_ 1n 2 (1.9)
(T2 - T) €5

and applying this to the graph published in the review
(Carpenter and Booth, 1973) it is possible to calculate.that

(a) for the loss of reactive €=-amino groups in
lysine in protein, in the presence of reducing sugars,

Ea = 27.6 Kcal.mole™, and

(b) for the same loss, but not in the presence
of reducing sugar

Ea = 31,7 Kcal.mole"1

(As the plot of the logarithm of the rate constants
against the reciprocal of the Absolute temperature (other-
wise called an Arrhenius plot) was linear, for both systems,
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over a range of about 100°, the Arrhenius relationship
can be applied to the results.)

In calculating the rate constants from the published
literature fipures Carpenter and Booth assumed that first
order kinetics were applicable., This is in effect the
meaning of the statement "the rate of loss was assumed to
be proportional to the concentration of reactive groups
remaining "

. dc
146 T = -k ¢ (1.10)

which is the traditional rate form for a first order
reaction. As the values calculated from this relationship
regulted in a linear plot it seems that even if first order
kinetics could not be applied exactly to the reaction
system studied, any error introduced as a result is not
significant in relation to the values found.

A further qualification is provided in the statement |
that "wherever possible, a period, (H, hours) in which
there was a 15 to 35% loss was used for calculation" of the
rate constant. The formula used was the integral form of
equation 1,10, i.e.

k =(—%-99-)ln(—%:) (1.11)

In the same review a summary is presented in
graphical form for the loss of reactive € -amino groups of
lysine in foods. This shows that a close similarity exists
between the loss rates in a food containing reducing sugars
(milk powder) and the model systems containing reducing
sugars (mostly casein/glucose or casein/lactose systems).
Also there is close agreement between the rates for loss in
protein foods which contain little or no reducing sugar
(such as ground nut flour and dried fish), and the rates for
loss in isolated pure proteins heated without reducing sugar.
Therefore the model systems do reflect the changes that
occur in foods.

The kinetics of the Maillard reaction are complicated
and this is exemplified by the little published work on
determining the order of the reaction. The kinetics of
browning of glucose-glycine can be expressed as (lMollah,
1968)
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2
Cp = k. ¢ .€ .&° (1.12)
gly glu
where Cp is concentration of pigment
k is the rate constant

C... 1s the concentration of glycine

sly
Cglu is the concentration of glucose, and
t is time.

The form of this equation suggests that there is some rate
limiting intermediate that involves at least glycine and
possibly glucose, in which case the intermediate may be
glucosylglycine of step (a) or fructoseglycine of step (b)
in the Maillard reaction scheme outlined in Section 1.2.
Both of these intermediates are required for the formation
of colour.

In contrast for a fructose-glycine system the
kinetics can be represented by

Cp = k.Cyy . Cp.t (1.13)

where Cf is the concentration of fructose.
Here the intermediate may be the only rate controlling
moiety and the reaction is second order, with subsequent
steps being zero order.

The complexity is further shown by the work of
Richards, 1963, which showed that there was production of
galactose, lactulose, tagatose, changes in reducing power,
and the formation of deoxyketoseamines in the initial stages
of the Maillard reaction occurring in both dried skim milk
and a 'dry' lactose-casein mixture and after an initial
increase there was a general decrease, This would imply
that there are a number of sequential reactions occurring
and that the system is not just a simple one step sugar/
amino acid interaction. Carpenter and Booth circumvented
this problem in their analysis of the literature data by
considering only the initial stages of the reaction.

This and other data relating to browning has been
summarised in the Table 1.2
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1/2 order for
colour with
respect to glu-

cose concentration

Reaction Reaction E Reference
System Order (Keal/
mole)

Loss of € =NH, Assumed initially Lea and
groups in to be zero order, 29 Hannan, 1949
casein/glucose, but true order

0=90°, 70% ERH not determined
Colour in a

solution of T.Ds 30.3 gl
bovine serum 1949 e
albumen and

glucose
Loss of € ~NH, Assumed second Lea and
groups in order; when Hannan,
casein/glucose, glucose in I.Ds 1950
(1:1.5 equiv.) excess ( 3:1)

7 - pseudo- first

at 70% ERH Syden
Formation of I.D. 26 Hendel
fructoseglycine et al.,
during dehy- 1955
dration of
potato,
13=17% HO
Colour in
heated cows Zero 283 Burton,
milk 1954
Colour in

heated goats zero 27.6 Burton,
milk 1963
Fructose/glycine 1st order

in a syrup initially 26 Reynolds
containing 25% 1963 and
water 1965
Destruction of Taira
lysine in I.D. 20 et al.,
heated soybean 1966
meal (100-127°)
Colour in Zero order for 2247 Song,
glucose/glycine colour; pseudo et al.,
1M:0.25M first order for 1966

PH 5.5 = 5.6 fructoseglycine;
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Table 1.2 (cont)

Reaction Reaction L Reference
System Order (Kecal/
mole)

Loss of free Zero order I.Dew Spark,
NII in glyecine/ 1969
reducing sugar
solution present in
(xylose;mannose;
galactose;
lucose)

when reactants

excess

Loss of Assumed first 276 Carpenter
reactive € =Nl order and Booth,
sroups in * 1973
casein/glucose

(Literature

data)

Loss of Assumed first 21 .7 Carpenter
reactive € -NH, and Booth,
groups in 1973
heated casein

(Literature

datn)

Colour format= Zero order i A 5 98 Schnickels

: . et al.
ion in an 1977, A

intermediate
moilsture food
containing
mixed proteins
and excess
zlucose

I.D. = Insufficient Data Available for calculation

from Table 1.2 for colour development, the reaction
is of zero order, (although not indicated in Table 1.2 there
is usually a lag phase first), while for the loss of free
€-amino groups a first order or pseudo-first order is
commonly assumed, and sometimes reported. As shown by Song,
et al., 1966 the reaction becomes very complex as it
progresses and simple integral order kinetics is unlikely to
apply to the reactions of the Maillard intermediates once
formed. Further just as the conditions of the reaction
(pH, temperature, type of sugar, protein, amino acid, water
content, and ERH), all influence the rate of the reaction,
the same factors could well affect the order and energy of
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activation for the Maillard reaction.

It thus appears that the Maillard reaction is of
a variable order, depending on what species are reacted,
and the method used to followthe progress of the resction.



CHAPTER Z

EXPERTIMENTAL GAS CHROMATCGRAFIIIC
ANALYSIS OI' LYSINE

2.1 IHTRODUCTION
TI'he successful development of a method of analysing

amino acids by gas-liquid chromatography (GIC) depended on
the finding of a method of quantitatively converting the
amino acids in a protein hydrolysate to volatile derivatives
that could be separated on a GIC column. Several methods
using a variety of derivatives have been developed including

(a) N=trifluoroacetyl n-butyl esters (Gehrke,
et al., 1968)

(b) Trimethylsilyl derivatives (Gehrke, et al, 1969)

(e) N,O—%iisopropyl derivatives (Pettitt and Stouffer,
1970

(d) N-isobutyloxycarbonyl methyl esters (Makita,
et al.; 1975

(e) Bisneopentylidene ether ester of lysine
(Zscheile and Brannaman, 1272)

(f) n-propyl, N-acetyl derivatives (Adams, 1974)

This list is not intended to be exhaustive but rather
to indicate the variety of methods developed, some of which
have only a restricted specific application. Of the methods
developed the most commonly used appears to be the direct

sterification method developed from method (a). This was
reported by Gehrke and Roach, 1969, and its use by them has
been reported many times. (Gehrke, et al., 1971a, 1971b,
1971c, Zumwalt, et al, 1971). The method has also been
used by many other workers on food and biological materials
(Bognar, 1970, Lachovitzki and Bjorklund, 1970 Conkerton,
1974). Very good precision and accuraby has been claimed
by comparison with conventional ion exchange column
chromatography (Kaiser, et al 1974 Conkerton, 1974).

While the GLC method offers a worthwhile reduction
in time over the time required for analysis by the tradition-
al ion exchange analyzer, both procedures are still lengthy
when allowance is made for the necessary protein hydrolysis
step. The conventional hydrolysis technique using HC1
(6N, under reflux, or in a sealed tube in an atmosphere of
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nitrogen, at a temperature of 110°) takes 24h.

To complement the speed of GLC analysis a study
was made by Roach and Gehrke, 1270, into possible ways
of speeding up the hydrolysis step. Using 6N HCl a variety
of times and temperatures, for protein hydrolysis were
investipated and compared with the results given by the
conventional method. It was found that hydrolysis at 145%5°
for 4h compared favourably with the 110° for 24h process,
especially for proline, threonine, serine, methionine,
hydroxyproline, and arginine which are particularly prone
to hydrolytic losses. With regard to the present study it
was found that the hydrolysis of bovine serum albumin at
145° for 4h gave a lysine recovery that was less than 3%
higher than the recovery given by the conventional process.
Additionally for a standard mixture of 18 AA's after
treatment with 6N HCl at 145° for 4h the average recovery
was 99.7% with an average relative standard deviation of
0.92%. The recovery of lysine was only 97.4%, but for this
planned study provided all hydrolyses are carried out under
identical conditions and the recovery is consistent, the-
actual response 1s of little consequence in terms of
studying; the kinetics of lysine loss in heat treated milk.

Therefore because of the time reduction in the
hydrol;sis process, and because of the claimed accuracy,
reproducibility and acceptance of the Gehrke GLC method
it was decided to use the Gherke and coworkers methods of

protein analysise.



SECTION I

AN EXAMINATION OF THE GEURKE METHOD
OF AMINO ACID ANALYSIS PY
GAS LIQULD CHROMATOGRAPHY

2.2 BQUIPMENT REQUIRED
(a) Gas Hquid chromatograph: a twin column temperature

programmable instrument fitted with two flame ionisation
detectors is needed.

(b) Integrator: required to give accuracy. The most
suitable is an electronic digital type.

(c) Recorder: a twin pen type capable of matching the
GIC/integrator output, typically a minimum sensitivity
of 1mV is necessary.

(d) Ultrasonic bath: to assist mixing during derivatization.
(e) Cil baths: for esterification and acylation steps.

(£f) Rotary evaporator: is essential for vacuum evaporation
of solvents.

(g) Vacuum pump: for dearating protein/acid mixtures prior
to hydrolysis.

(h) Hydrolysis tubes: for protein hydrolysis.

(i) Reaction vessels (glass): for esterification and
acylation steps. Must be capable of withstanding and
maintaining pressure.

2.5 REAGENTS REQUIRED
(a) Chromatographically pure amino acids for use as

standards, and for quantification.

(b) 6N HCl, AR grade for protein hydrolysis.

(c) Internal standard: Butyl stearate, ornithine, and
trans-4-(amino methyl) - cyclohexanecarboxylic acid
(tranexamic acid) are all claimed to be suitable internal
standards.

(a) 7N IlH,0H, AR grade for elution of amino acids from
the cation exchange column.

(e) Cation exchange resin for hydrolysate clean up.
(f) n- butanol, AR grade, for the production of 3N HCl
in butanol reagent.
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(g) 3N HCl in butanol is made by dissolving dry HC1
(produced by slowing adding conc.HCl into cone.i, 80, ,
followed by bubbling to the gas through conc.H2804) in
butanol until 3N in HC1l (checked by titration).

(h) Anhydrous methylene chloride.
(i) Trifluoroacetic anhydride, AR grade, for acylation.

2.4 SELECTION OF COLUMN PACKINGS

Roach and Gehrke, 1969 used three different
stationary phases for the separation of the AA N-TFA-
n-butyl esters viz, ethylene glycol adipate (EGA) on acid
washed Chromosorbh W, OV=17 and OV=22 siloxane phases both
on high performance Chromosorb G. It was claimed that the
OV=17 and OV=22 columns could be used interchangeably as
they gave essentially the same elution pattern, Later,
Zumwalt, et al., 1971 reported the use of OV=-101 as well as
EGA and OV17. In a following paper Gehrke, et al., 1971b,
reported that a mixed phase packing of 2% OV-17 and 1%
OV=210 on 100/120 mesh Supelcoport was superior to 0OV=17
alone. It was found to give quantitative elution arnd highly
efficient and complete separation of histidine, internal
standard (trans-4-aminomethylcyclohexanecarboxylic zcid,
commonly referred to as "tranexamic" acid), lysine, arginine,
tryptophan, and cystine. Using the two different cclumn
packings enabled the separation and quantification cof the

20 protein amino acids.

The mixed 0OV=-17/0V-210 packing appears to have been
accepted, together with the EGA packing as the most suitable
for the separation of the N=TrA n-=butyl esters of AA. It
can be purchased ready made as either a packing, or in pre-
packed columns from some of the major GILC supplies
companies (Regis Chemical Company of Chicagoj Supelco, Inc.
of Belefonte, Pennsylvania).

Two column packings are required to separate the 20
common amino acids released by acid hydrolysis from
biological proteins.

(a) 0.65%W/W ethylene glycol adipate on Chromosorb W
(80/100 mesh, acid washed)

(b) 2.0% W/W OV=17 and 1.0% W/W OV=210 on Gas Chrom Q
(100/120 mesh)
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2.5 PRIEPARATION OF PROTEIN HYDROLYSATES

(a) Ilydrolysis Procedure
This procedure was developed and examined by Roach

and Gehrke, 1970, and has also been examined by Kaiser, et
al., 1974.

(i) Samples containing 20-25 mg of protein are
weighed into 25 x 200mm pyrex glass screw top culture tubes.

(ii) 6N HC1l (25ml) is then added.

(iii) Using a glass "T" piece and appropriate valves the
hydrolysis tube is evacuated and then nitrogen flushed
alternately for three cycles. The evacuation is done with
the tube in an ultrasomic bath.

(iv) The hydrolysis is then carried out at 145° for
4 hours.

(v) The hydrolysate is filtered through glass fibre
paper and made up to 5Oml.
(In the intial application of Gehrke's methods to
milk the following changes were made:

(i) An aliquot (1ml) of 1:2 diluted milk was
transferred to a hydrolysis tube fitted with a gas
connection and teflon valve. These tubes were made locally.

(ii) The pressure inside the hydrolysis tube was
reduced to about 0.2mm Hg by a vacuum pump. After the
initial bubbling off of the dissolved air had ceased, the
tube with the vacuum still applied was placed in an ultra-
sonic bath causing the release of further dissolved air
which was pumped out. The headspace was then flushed with

nitrogen. )

(b) Cation Exchange Clean-Up of Hydrolysates

(i) To aliquot containing about 10mg of amino acids
an internal standard (0.5 mg of tranexamic acid is added
and the whole is dried under vacuum using a rotary evap-
orator (when butyl stearate was used as an internal standard
it was added after the ion exchange cleanup).

(ii) After dissolving the dried mixture in HCl (10ml
of 0.1N), it is placed onto a cation resin bed (7ml of
Amberlite IR 120) in an ion exchange column and left in
contact for approximately 10 min.
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(iii) After the solution has slowly passed through
the bed (11ml/min) the resin is washed with deionized
water (50 ml).

(iv) The amino acids and internal standard are then
eluted from the column with ammonia (20ml of 7N), followed
by a deionized water rinse.

(Preparation of Cation-Exchange Resin

(1) Amberlite IR-=120 (ea 10g) was covered with
glass distilled water and periodically stirred over a
period of 2«~3h., The water was then decanted.

(ii) The resin was then covered with 7N NH,OH and
stirred periodically for ca 2h, after which the resin was
allowed tc»ﬁgttleand the NII,OH decanted. This NH4OH
treatment was repeated twice, and then the resin washed
with glass distilled water until the effluent was neutral.

(iii) The resin was regenerated into the H® form
by the addition of enough 3 N HCl to form a slurry. This
was stirred for about 1h, the resin settled and the 3N HC1
decanted off. This was repeated twice, and washed with
glass distilled water until the effluent was neutral. The
resin was kept wet with glass distilled water until ready
for use.)
2.6 PREPARATION AND SEPARATION OF N-TRIFLUOROACETYL

n-nUTYL ESTERS OF AMINO ACIDS
The initial method of obtaining the N-=trifluoroacetyl

n-butyl esters (hereafter N-TFA n-butyl esters) of amino
acids involved the formation of methyl esters followed by

an interesterification step (Gehrke, et al., 1968) which

made the process time consuming, requiring 3.5h for the
complete derivatization. However the same workers developed
the following method for direct esterification of the protein
amino acids (Roach and Gehrke, 1969). The procedure below

is represented in the block diagram, figure 2.1a, and the
reaction scheme in figure 2.71b.

(a) To a protein hydrolysate, or pure amino acid mixture,
containing 1-20mg of amino acids (AA), add an internal
standard (0.2-4mg n-butyl stearate or 0.5mg tranexamic acid)

(k) Dry the mixture under a partial vacuum in a rotary
evaporator in a 60° water bath.



Protein Hydrolysate and internal
standard after ion exchange
clean-up

Dry under
vacuu

5N HC1l in butyl alcohol added and
mixed ultrasonically

Esterific?tion
(100° / 1% min)

Butyl esters of amino acids

|
Dry u?der
vacuun

Trifluoroacetic acid anhydride and

anhydrous methylene chloride

Acylation
(150°/5 min)

lH=trifluoroacetyl n-butyl esters
of amino acids

FIGURE 2.1a BLOCK DIAGRAM I'OR THE PRODUCTION OF
N-TFA n-BUTYL ESTERS OF AMINO ACIDS

(GEHRKE METHOD)

2.7
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ESTERI F'TCATION

R - CH- COOH 3N HC1 in -
WA, 100°/15min NH, " €17
Amino acid Amino acid butyl ester

ACYLATION

R - CH= COO = C, H Trifluoroacetic
G 2l anhydride > R -CH = COO - 04}19
&

NH. T c1” (F.C - C0). 0 NH = C = CF
3 3 2 3

Amino acid butyl ester Ne~trifluoroacetyl
amino acid butyl ester

FIGURE 2.1b REACTION SCHEME FOR THE PRODUCTION
OF N-TFA n=BUTYL, ESTERS OF AMINO ACIDS

(c) To the dried mixture add 3N IiCl in dry n-PuOH (1.5ml/
1.0mg AA) and then mix ultrasonically for 15 sec before
esterification (100°/15 min).

(d) After esterification evaporate the butyl ester mixture
to dr ., ness under partial vacuum in a rotary evaporator in
a 60° water bath.

(e) Add dry methylene chloride (ca 10ml) to form an
azeotrope with any remaining water, and then dry again under
vacuum in a rotary evaporator in a 60° water bath.

(f) Add dry methylene chloride (ca 2ml), and trifluoro-
acetic anhydride (1ml) to the butyl esters in the flask,
ultrasonically mix then transfer to two culture tubes, and
cap with teflon lined screwvcaps.

(g) Immerse the tubes in an oil bath (150°C) for S min,
cool the derivatives, and store at 0° until chromatography
is performed.

Separate the derivatives using both the EGA and mixed
OV columns with the chromatograph temperature programmed
from 70° to 235°, at 6°/min.
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2.1

2.7 RESUITS

Figures 2.2 and 2.3 are typical chromatograms for
milk produced by the Gehrke method. Pigure 2.2 is the
separation achieved on the EGA column whereas Figure 2.3
is that [or the same sample on the mixed OV column.

2.8 DISCUSSION
Comparing the two figures shows a considerable

difference between them in elution order of the amino acids.
It is this difference which enables certain of the amino
acids (AA's) to be identified and quantified, since where
there is simultaneous elution of two AA's on one column,
their pairing does not occur on the other column.

In the case of the EGA column, there are also some
significant changes in the elution order when compared with
that achieved by Gehrke and coworkers, as shown in Table
2.’1.

TABLE 2.1 ELUTION ORDER OF DERIVATIVES
FROM EGA COLUMN

Experimental Gehrke
Alanine Alanine
Valine Valine
Isoleucine Glycine
Threonine,Proline
and Glycine Isolencine
Ieucine and Serine Leucine
Methionine Proline
Aspartic Acid Threonine
Fhenylalanine Serine
Glutamic Acid Methionine
Tyrosine Phenylalanine
(Butyl Stearate)* Aspartic Acid
Lysine Glutamic Acid
Tyroéine
(Butyl Stearate)*
Lysine

* Internal Standard
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The reason for the marked differences could have
been that the experimental column was locally packed and
was made with Varaport 30 instead of the acid washed
Chromosorb W used by Gehrke and coworkers (Kaiser, et al.,
1974 ), although Chromosorb G has been used (Zumwalt, et
al., 1971) with no change to the elution order.

for the 0V=17/0V=210 column there is better
correspondence in the elution order, and in fact better
separation was achieved (although as the column aged the
separation of valine and threonine, and serine, isoleucine
and leucine decreased). Table 2.2 gives the elution order.

TABLE 2.2 ELUTION ORDER OF DERIVATIVES FROM
OV=1//0V=210 COLUMN

Experimental Gehrke
Alanine Alanine
Glycine Glycine
Valine Valine and Threonine
Threonine
Serine Serine
Isoleucine and Isoleucine and
leucine Leucine
Proline Proline
lethionine Methionine
Phenylalanine and Phenylalanine and
Aspartic Acid Aspartic Acid
Glutamic Acid and Glutamic Acid and
Tyrosine Tyrosine
Lysine Lysine
Arginine Arginine
(Butyl Stearate)* (Butyl Stearate)*

* Internal Standard

In this case the separation was achieved using a
commercially prepared column (Varian Aerograph, California,
U.S.A.). In the initial investigation a laboratory
prepared column was used and this also gave poor separation.
Of the first five peaks glycine and valine almost co-eluted,
and serine, isoleucine, and leucine did co-elute. However
tyrosine was separated from glutamic acid, eluting about
30 sec. or 2° earlier. When the commercial column became
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available it was used in preference. Further, as only

one integrator was available this was used almost
exclusively with the commercial 0OV=17/0V=210 column.
Separations were performed using the EGA column which was
occasionally connected to the integrator but all the major
studies were performed with the 0V-=17/0V-210 column.

SECTION LI

INVESTIGATION OF GENRKE'S METHOD,
TOR_APPLICATION TO NMLLK PROTELNS

2.9 ION EXCHANGE CLEAN-UP

As outlined earlier the Gehrke method included an
ion exchange clean-up step. This was tc selectively
adsorb the AA from the hydrolysed protein and allow removal
of other hydrolysis products some of which may have reacted

with the derivatizing agents giving spurious interfering
peaks on the chromatogram.

Because skim milk has a limited range of non protein
constituents it was thought that the interference from non-
amino acid peaks may be limited. Therefore a comparison
trial was made in which the ion exchange clean up step was
omitted.

The resulting chromatograms appeared to show no
significant difference and particularly there was no
increase in any spurious peaks in the region of lysine,
or the IS which at this stage was butyl stearat >.

Because the ion exchange step involved further sample
handling, and possible losses which would not be measured
since the IS (butyl stearate) was added after the clean-up,
and because there was no improvement in the separation by
the inclusion of the clean-up process, this step was
omitted with a consequent saving of time.

There was one major difference between the chromato=-
grams before and after clean-up. On the 0V=17/0V-210
column the threonine peak increased in size by a factor of
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about 5, and a similar increase occurred in the alanine
peak on the EGA column with the omission of the clean-up
step. (See fipures 2.4a, 2.4h)

2,10 IINTERNAL STANDARD
(a) DButyl Stearate
"hen butyl stearate was used as internal standard

and the ion exchange clean-up step was included, the IS
was added to the sample after the clean-up step. However
when this clean-up step was omitted the IS was added
immediately after the hydrolysate had been filtered and
dried. It was important to dry the filtrate first as the
butyl stearate was dissolved in IIeCl2 and this tended to
cause over-vigorous evaporation with occasional loss of
I8 and/or sample,

tutyl stearate proved to be an unsatisfactory
internel standard. There was greater consistency between
the ratios of the areas of the various amino acid peaks in
duplicate derivatizations, than there was between the amino
acid: internal standard peak area ratios.

This inconsistency was probably caused by the
insolubility of butyl stearate in the hydrolysate. It
appeared to form a greasy coating on the internal surfaces
of the esterification tube, and it was not easy to transfer
quantitatively. (It was not completely soluble in the
3N IIC1L in n=-DBuCH).

Putyl stearate was dropped as an internal standard
when tranexamic acid became available.

(b) Tranexamic Acid
This latter internal standard was soluble in 0.1 N

fICl and therefore it was possible to add this directly to
the hydrolysate once it was cooled and prior to filtration.
Any transfer losses occurring subsequent to this stage were
then of much less consequence. The tranexamic acid proved
to be a much more satisfactory internal standard than the
butyl stearate originally used.

2.11 REAGENT PREPARATION

Careful reagent preparation and storage is necessary.
As the esters are hydrolysed by water all reagents must be
dry, and to prevent artefacts and spuricus peaks they should
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be of high purity.

While the preparation method ultimately used will
be given later,together with other details, one aspect
of the vpreparation can be discussed appropriately here.

In the preperation of the 32N HCl in butanol it was
found essential to use an all glass system. When some
polythene tubing was incorporated in the system some of
the plasticizers from the tubing dissolved in the 3N HC1
BuOH reapgent. These carried through into the final
derivatives and gave numerous peaks, especially at the
higher elution temperatures in the region of the lysine
derivative and butyl stearate peaks.

2.12 HYDROLYSIS PROCEDURE
A simplification was made to the hydrolysis technique.
As this investigation was primarily conecerned with lysine,

and not cystine or methionine the hydrolysis procedure
could be speeded up by omitting the deaeration /N2 flushing
step that Roach and Gehrke, 1970, employed. Lysine is
stable to oxidation under hydrolysis and therefore the
presence of dissolved air is of little consequence. In a
comparative study no significant difference was detected
for the recovery of lysine from hydrolysates that had not
undergone deaeration compared with hydrolysates that had
been deaerated prior to hydrolysis.

This also had the advantage that it was now easy to
use glass culture tubes, for the hydrolysis as a side arm
and valve was no longer needed for deaeration (N2 flushing).

The filtration of the hydrolysates was also modified.
Gherke and coworkers used glass fibre filter paper to filter
the hydrolysate, before it was made up to volume. This
was replaced with hydrophobic glass fibre filter paper
(also used in the Foss Electric Pro-Milk instrument, see
Chapter 4). The hydrolysate was filtered through a small
(ca 1 cm’ ) piece of this filter paper held in a two piece
stainless steel mini-Buchner funnel. The filter paper was
washed with distilled water (ca 2ml) after the hydrolysate/
internal standard mixture had been put through it. The
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hydrolysate mixture and washings were collected in a

glass culture tube within the Buchner flask, so that

the transfer losses were kept t¢ a minimum while still
retaining the speed of vacuum filtration. (The hydrolysate
would not filter through the hydrophobic paper without
vacuum being applied.) After the water wash only 'dry'
humin particles remained on the filter paper with no
moisture remaining in the paper.

2.1% TOUIPMENT CHANGES AND MODIFICATIONS
With the hydrolysis, esterification, and acylation

steps all capable of being performed in the same type of
culture tube there was an advantage in performing the
drying operations also in the same tube, thereby keeping
translers to a minimum, This reduced time, contamination
and helped ensure good quantification. An adaptor was

made up for the rotary evaporator so that the culture tube
could be fitted directly to it and operated without loss |
of vacuum. A quickfit flass reduction adaptor was modified
by removal of the male end and replaced by a short length
(ca 2.5cm) of 2 cm diameter glass tubing which was slightly
flared. It was then possible to fit a short piece (ca

2.5 cm) of polythene tubing of suitable diameter past the
screw thread of the culture tube, and splayed by the
shoulders of the culture tube. This polythene tubing then
formed a seal between the culture tube and the splayed end
of the glass adaptor on the rotary evaporator. This was
the most satisfactory solution out of numerous systems
tried. The tube was easy to centre so that it rotated on
the axis of the rotary evaporator, the seal did not leak,
and the tube was easy to fit and remove. Virtually a glass
to glass seal was achieved by this arrangement. (See figure

2.5)

FIGURE 2.5: ADAPTOR FOR FITTING CULTURE TUBES TO A
ROTARY EVAPORATOR
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The polythene seal was kept soft and flexible
by a stream of hot air (ca 90°) from an electric tangential
fan heater. Initially this was required as it was found
that during the removal of the BuOH after esterification,
the BuCIl tended to condense cn and reflux from the cooler
internal upper parts of the rotary evaporator. (This
effect occurred with both flasks and culture tubes, and
was not a consequence of evaporating from a culture tube.)
Mot only did this refluxing increase the time for solvent
removal but also it increased the risk of contamination
from within the evaporator. Vhen the heater was placed
under the adaptor joint any refluxing BuOl was evaporated
again before it could return to the culture tube (or flask)
containing the butyl esters.

An additional advantage of the fitting of culture
tubes to the rotary evaporator was that it was now possible
to evaporate the milk sample under vacuum prior to hydrolysis.
This meant that there was no change in acid normality
(which can affect the yield of furosine, pyridosine, and
lysine f{rom lactulose lysine during hydrolysis, see Section
1.4 and Table 1.1)

(It is worthy of note that the culture tubes proved
to be more satisfactory a vessel for the acylation reaction
than the special vessels designed by the Regis Chemical
Compan; for the purpose.)

2.4 MODIFICATION OF THE HYDROLYSIS PROCEDURE:
DIALYSIS STUDY
During the course of a computer analysis of some

early chromatograms of derivatives made without the
inclusion of the ion exchange clean-up of the protein
hydrolysate it was realised that the 0V=17/0V-210 results
indicated the presence of excessive amounts of threonine
in milk protein. Data from compositional tables suggested
that the valine and threonine peaks should be of similar
size, whereas the valine peak was about 1/5 to 1/3 the
size of the threonine peak. Ixamination of the EGA column
chromatogram revealed an apparent increase also in alanine,
but a multiple peak of about the expected normal size for
the glyvcine and threonine which eluted together. Reference
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to the earlier chromatograms of the derivatives prepared
from hrdrolysates that had been cleaned-up by ion exchange
showed no such large peaks for alanine and threonine on the
IGA, and OV-17/0V-210 columns respectively. Apparently
the contaminant peak was not an amino acid. Subsequent
investication showed that this peak was due to a lactose
degradation product produced during the hydrolysis stage
(fee Appendix 9 for details of this investigation.)

"o prevent this contaminant peak from appearing the
removal of the lactose before hydrolysis was considered
necessary and this was achieved by dialysis (See Section
III). It was also thought that the lysine released from
the protein during hydrolysis might react with the lactose
during subsequent processing thus altering the epparent
'total lysine value' (TLV), but investigation showed no
significant difference in TLV figures obtained from non
heat fireated and heat treated milks that were hydrolysed
in the presence and absence of the naturally present lactose
(see Appendix 10 for details and results of the dialysis

study ).

4

As noted in Appendix 10, that as a result of the
dialysis procedure the ratios of internal standard peak
area to the areas of proline, phenylalanine, and tyrosine
plus glutemic acid peaks can be used as indicators of the
change in concentration of the milk protein. It was
therefore unnecessary to perform Kjeldahl protein determin-
ations to follow any dilution changes.

As a result of this dialysis study all subsequent
hydrolysates were made from dialysed milk.

2.15 RENOVAT, OF TRINLUOROACETIC ANHYDRIDE

The TFAA remaining in the acylation reaction mixture
after the acylation step attacked the rubber backing of
the teflon liner of the culture tube screw cap, even when
stored at 0°. The rubber backing caused some contamination,
and atmospheric moisture could now penetrate the tube
causing hydrolysis of the esters.

To overcome this problem of derivative storage the
TFAA—MeClz solvent was removed under vacuum at room
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tempernture on a rotary evaporator. The derivatives

were then redissolved in dry HeCle(1ml). The derivatives
were stable, when stored at 4° for up to a year, and no
deterioration was noticed in the condition of teflon liner.
This process also had the advantage of decreasing bhe
aample volume thereby reducing the volume injected onto

the column of the GIC. The solvent peak was smaller and
the return to base line was rapid.

SECTION LLL

Tills METHOD ADOPTED FOR THis ANALYSIS OF
| YSINE IN MILK PROTLIN BY GLC FROCEDURLE

26 » U IPNNT

(a) GiY — Varian Aerograph lModel 2100 gas chromatograph
fitted with two glass columns, two flame ionization
detectors (FID), and a dual differential electrometer.

This GT has an oven capable of taking up to four 2m x
Q.tmm 1.)). ll-shaped glass columns, and has direct on column
injection. It is fitted with separate, controllable
injector and detector blocks. An essential feature is the
linear tomperature programmer.

(b) Integrator. For accurate work with amino acid analysis

it is cssential to use an electronic integrator. A Varian
Model /.5 Digital Integrator was used in this study to
determine peak areas.

(¢) wrecorder. Rikadenki Model B261, two pen, (Rikadenki
Kogyo Co., Tokyo).

(d) Ultrasonic cleaner (Varian Aerograph, Walnut Creek,

Calif.) was used as a mixer agitator for the contents of
tubes at various stages of sample preparation and mixing.
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(e) Constant temperature oil bath set at 150° for
acylation of the butyl esters.

(£f) A hot air oven controllable to 100% and 145° for
gsample esterification, and hydrolysis respectively. It was
convenient to use the GLC oven for these purposes.

)  Hobary evaporator: a variable speed Buchi Rotovapor-R
Pitted with an adaptor for the culture tubes.

(h) Cuiture tubes: glass culture tubes fitted with teflon
lined rubber back screw caps were used for hydrolysis,
esteriiication, acylation, and evaporation steps (Kimax,
16 = 1-Umm Catalogue No. 45066GA)

(i) Ultrafiltration cell: an Amicon 402 ultrafiltration

cell (Amicon Corp., Lexington, Mass,U.8.A.) fitted with a
PM10 membrane (M.Wt. cut off 10,000 ) was used for the
dialysis of the milk samples. The cell (400ml, max.capacity)
was fitted to a 2L 316 stainless steel pressure vessel used
as a reservoir for the dialysis wash water. The pressure was

maintained by a cylinder of compressed nitrogen.

£4) ilter paper: for the filtration of the protein
hydreolyoates hydrophobiec glass fibre filter paper (Foss
tllectric, Denmark).

2.17 RuAGENTS AND REAGENT PREFARATION

(a) Methylene Chloride, AR grade was refluxed over anhydrous
calcium sulphate ('Drierite') for 3h before being triple
distilled, with the fraction distilling over between 40° and

41° being collected. This was stored over anhydrous calcium
sulphate in a glass bottle fitted with a ground glass top.

(b) n-Putenol (BuOH), AR grade was also refluxed over
anhydrous calcium sulphate, distilled, and then stored over
further anhydrous calcium sulphate, in a glass bottle fitted
with a ground glass top.

(¢) The 3N HC1l in BuOH was made as discussed in Section 2.11,
by bubbling dry HCIl gas into the purified n-BuOH. To make

3N HC1l in n~BuOH, 14.6g of HC1/100g of BuOH is required.

(d) 6N HC1l for protein hydrolysis was made up from concen=
trated 1C1l, AR grade.
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(e) Trifluorocacetic anhydride, AR grade, was obtained
from various sources including BDH, and Eastman Chemicals.
When not in use it was stored at -20° in a freezer to
reduce hydrolysis by atmospheric moisture.

(f) Internal standard: The 4-(amino methyl)=- cyclohex-
anecarboxylic acid (tranexamic acid) was obtained from
Aldrich Chemical Co. Inc., New York.

2.18 PREPARATION OF CHROMATOGRAFPHIC COIUMN PACKINGS

The packings were made according to the method of
Gehrke, et al., 1971, and Kaiser et al., 1974, but used
Varaport 30 as the support.

(a) Column packing number 1. 2.0% W/W OV-17, 1% W/W OV=210
Materials OV=17 (Varian Aerograph, Walnut Creek, Calif.)
0V=210 ( " )

Varaport 30 it )

Varaport 30, 100-120 mesh (29.1g) was weighed into
an U.%51 round bottom quickfit flask, and then covered by
distilled anhydrous AR grade acetone until the liquid level
was ca S=-4mm above the packing. Then 3Cml of solution (i)
containing OV=17 (0.6g) and %0ml of solution (ii) containing
OV=21¢ ((..%g) in the same grade of AR acetone were added to
the flask containing the Varaport 70 in acetone. The solvent
was slowly removed with the rotary evaporator under partial
vacuum over a period of about 0.75h. Care was taken as
dryness was approached not to rotate the flask on the
evaporator too quickly thus minimising the fracturing of the
Varaport 50 support.

The prepared packing was then transferred into clean,
dry glass chromatograph columns (ca 2m x 4 mm I.D.). This
was most easily accomplished by plugging one end of the
column with silanized glass wool, and this end then attached
to a water operated vacuum pump. To the other end of the
column & small filter funnel was connected by a short piece
of rubber tubing. With the vacuum pump drawing 2 ‘cmall
quantity of air through the column the dry, free flowing
column packing was poured into the funnel. The sir flow
progressively packed the packing material from the glass
wool blocked end back to the funnel end. Gentle tapping
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asgisted the settling. The funnel was then removed and

that end plupged with silanized glass wool as well.

I'rior to use the columns were conditioned in the
GLC oven at 250° for 12h with a gas flow of about 25ml/min
of dry, oxygen free nitrogen carrier gas.

Lt was found that the commercially prepared 0VA7/
0V210 column (Supelco. Inc., Bellefonte, I'ennsylvania) gave
superior separation (See 2.8).

(b) Column packing number 2. 0.65% EGA

Materinls: EGA (ethylene glycol adipate, from Varian
Aerograph, Varaport 70 80/1C0 mesh

The method used was very similar to that used [or
packing 1. Varaport 30, 80/100 mesh (29.805g) was weighed
into an v.51 round bottom quickfit flask and then covered
to aboult %-4mm by anhydrous AR grade acetonitrite. Then
25ml of a solution of EGA (0.195g) in anhydrous AR grade
acetonitrite was added to the contents of the flask which
was then attached to a rotary evaporator. The packing was
then dricd slowly over about 0.7Sh. VWhen the packing was
still damp but not adhering to the side of the flask, the
flask was removed from the evaporator and the inside walls
of the (lask were washed with a few ml of anhydrous
acetonitrite. The flask was returned to the evaporator for
further evaporation of solvent. When the packing was only
slightly damp the vacuum was increased and the flask
immersed in a 60° water bath until solvent removal was

complete,

The glass chromatography columns (ca 2m x 4mm I.D.)
were packed by the method described for packing 1.

I'rior to use the columns were conditioned in the
GIC oven at 215° for 12h with a carrier gas (oxygen free dry
nitrogen) flow of about 25ml/min.

2.19 TFREPARATION OF THE PROTEIN HYDROLYSATE
(a) Dialysis

Skim milk (30ml) was pipetted into the ultrafiltration
cell and diluted with distilled water (ca 120ml) from the
pressurized reservoir. The distilled water in the reservoir
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maintained the total volume in the cell at 150ml, The

reservoir and cell were run at a pressure of 2 bars

(ca 50 n.s,.,1) Tfor about 10h during whiech time a total of
1.2 1. of wash water passed through the cell. After 10h
the wash water flow was stopped while the pressure on the
cell was maintained until the total volume in the cell was

maintained until the total volume in the cell had dropped
to Just under % times that of the original aliquot of milk,

i.c. a 1'inal volume of about &0ml.
A

A biuret test on the permeate gave a negative result,
and a lolisch test on the final few millilitres of permeate
was also negative, indicating complete, or near complete
removal of lactose had been achieved without detectable
loss of protein.

The dialysed milk was then made up to 90ml, and an
aliquot (1ml) transferred to a culture tube for hydrolysis,
and another aliquot (15ml) to a Kjeldahl digestion flaslk.
(As was mentioned in 2.14 it was actually unnecessery to
make the protein determination, but it was used as a backup
check,

(b) Hrdrolysis
The sample of milk was dried under vacuum in a ©60°

water bath, and then 6N HC1l (12ml) was added. The tubes
were then put in a hot air oven at 145° for 4h, removed,

cooled, and then internal standard (5ml of O.1mg/ml tran-
examic 2cid in 0.1N HC1l) was added. The tube was recapped
and the contents thoroughly mixed before being filtered
throurh hydrophobic filter paper (see 2.12) and the filter
washed with distilled water (ca 2ml). After thorough
mixing the solution was evaporated to dryness in a rotary
evaporator in a water bath (60°).

Anhydrous MeClz(ca 5ml) was added toform an azeotrope
with any remaining water, and this was then removed under
vacuum.

2.20 PREPARATION OF THE DERIVATIVES
(a) Esterification

To the dry hydrolysate/I.S. mixture, 3N HC1l in
n=-BuCH (10ml) was added, and mixed in the ultrasonic bath
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for 1min, before being put into a hot air oven at 100°

for 15min. After cooling the excess 3N HCl in n~BuOH
reagent was removed under vacuum in a rotary evaporator in
a 60° watcr bath.

A further aliquot (ca 10ml) of MeCl, was added and
then removed under vacuum as hefore, to assist with complete

Pull removal.

(b) Acrlation

Trifluoroacetic anhydride (ca 1ml) and methylene
chloride (ca 2ml) were added to the butyl esters in the
culturce tube. The screw cap was tightened firmly and then
the tube was put in an oil bath at 150° for 5 min. (The
bath was behind a safety screen in case of explosion.)
The tubes were only 25% immersed and the reaction mixture
refluxed inside the tube on the cooler, exposed tube walls,

After cooling the mixed solvent was removed under
vacuum, using a water bath at room temperature (ca 20°),
and anh;drous HeCle(ﬂml) was added to redissolve the N-TFA=-
n-butyl! esters. The derivatives were then stored at 0°

until chromatographed.

'he overall process is outlined in block diagram

from in figure 2.6.

2.21 RYFRODUCIBILITY

Although difficulty was experienced in the initial
development of the method once the tranexamic acid was
adopted as the internal standard the method became much

more reproducible.

In one study four samples of the same milk were
independently hydrolysed and derivatized. (The preparation
of the samples did not include the dialysis step as that
development had not been investigated at that time.) The
derivatives of each sample were chromatographed once and
the ratio of peak areas for lysine:internal standard
calculated. The coefficient of variation between the four
ratios was 0.6%%. This is exceptionally low and is not
considered to be typical, even though the investigeation
was made in order to determine reproducibility. It should
be noted that these samples were all hydrolysed and
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l Skim milk  (30ml)

Dialysed
(40 v?lumes)

Dialysed skim milk (ca 0.3ml)
(Lactose free)
1
Hydrolysed
(6N HC1, 145°/4h)

Protein Hydrolysate, internal
standard added

|
Filt?red

Filtered hydrolysate/internal
standard solution

x 1
Dried under vacuum
with addition of
MeCl
l 2

AN HCL in BuOH added and mixed
ultrasonically

Esteéified
(100°/15min)
|

Butyl esters of amino acids

r

Dried under vacuum

with addition of
MeCl2

TFAA and MeCl2 added

Acyiated
(150°/5min)

l=-TFAA-n=-butyl esters of amino acids

1
Removal of TFAA/MeCl
Redissolved in MeClz2

N-TFAA-n-butyl esters in MeCl2

Figure 2.6 BI.OCK DIAGRAM FOR THE PRODUCTION OF
[-TFA-n-BUTYL ESTERS OF AMINO ACIDS
(METHOD DEVEILOPED FOR SKIM MILK)
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derivatized simultaneously and this would reduce the
variability of the results.

inalysis of a total of 10 duplicates gave a
coelficient of variation between duplicates of 2.4%, i.e.
a standard error of the mean of duplicate analyses of 1.7%,
or a 2% confidence range for the mean ratio of lysine area:
I.8. arez of = Z.4¢° (based on the results of single

injections).

A study was made of the reproducibility of the
chromatorraph/integrator combination by injecting the same
derivatized sample 6 times over % days. ©Standard deviations
of the amino acid peak areas:1.S5. peak arcas ranged from 1%
to 12%. The ratios with the largest standard deviation were
for small peaks (such as methionine), or else peaks which
were nolt readily separated from another peak eluting at about
the same time (such as serine which elutes just prior to the
isoleucine plus leucine peak).

In the same study it was found that the ratios of the
lysine peak area to the areas of proline, phenylalanine,
tyrosine, iroleucine, and alanineall had coefficients of
variation of about 1.9%. This figure is not significantly
different from the figure of 1.6% obtained for the ratio of
lysine to internal standard. Therefore a significant
proportion of the error between duplicate samples is due to
variability between injections of the same sample derivatives.
To give mean values for a given sample accurate to 1% with
05% confidence would require 16 repeat injections to be made.

Fecause of the number of variables it is difficult to
effectively assess the reproducibility of the method, but on
the bagis of the analysis of simultaneously derivatized
duplicates, the confidence range for the mean of one injection
of each duplicate is likely to be approximetely 3% to 3.5%.

2.22 QUANTIFICATION OF THE LYSINE RESPONSE
(a) Preparation

A standard solution of lysine monohydrochloride
(0.25mg/ml in Q.1N HCl) was prepared, various aliquots (from
0.0ml to 10.0ml) were derivatized in the presence of I.S.
(5ml of 0.1mg/ml tranexamic acid), and the ratics of lysine
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I.0%, penk areas determined.

'me moisture content of the lysine monohydrochloride
was determined by drying at 100° Z 1° for 16h.

(b) Resulls and Calculations:

(i) loisture content of the lysine monohydrochloride
s &_00
L e

Therefore the effective dry lysine content of
Lhe standard solution was

0.25mg 146 .19 96.1
mi 162.69 =~ ~100

= 0.1922 mg/ml
(ii) leak area ratios. The values of the ratios found

for the corresponding number of millilitres of standard
solution derivatized are given in table 2.3.

TABLE 2.5  TYSINE RESPONSE STANDARDISATION

[Lysine

(ml of std) 0 0 2 2
mrljiizgre 0 0 0.3844 0.5844
Lysine area 0 0 Q725 0.706

1.5. area

[ysine 5 b 5 10 10
(ml of std)
e auee 0.9610 0.9610 0.9610  1.922  1.922
Iysine area | 1.793 1.6%  1.733 3,424 3,452

L.5. area

Kerression analysis of this data gives equation 2.1
for the determination of pure lysine (L), for a given ratio
(R) for lysine: I.S. peak areas.

0.5606R - 0.0092 (2.1)
0.9998 )

Using equation 2.1 it is possible to calculate the
number of mg of lysine in an aliquot of milk tested.

L
(=

2.2% LASINE CONTENT OF MILK FPROTEIN
An sliquot (1ml) of diluted (1ml milk + 2ml water)
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raw milk (3.7% protein content) was tested by four separate
hydrolyses and subsequent derivatizations. The average
ratio of the lysine peak area to the internal standard
peak area (5ml of O.1mg/ml tranexamic acid was added to
each hydrolysate) was 1.854, Substituting this value in

equation 2.1 the lysine content of the aliguot as 1.03Cmg.

Allowing for dilution, and converting to the vasis
of protein content the lysine content of the milk protein
is 83.Smg/g, or in terms of nitrogen content, 8.%53z/16g N .

4

This figure is higher than the average given in
compositional tables (KACQ, 19/0) viz. V6.3 mg/g or
7.798/16g N, but close to the upper value viz. 8.50g/16g N
quoted in the same tables.

2.24 CHROMATOGRAPHIC CONDITIONS USED

Gehrke and coworkers have reported using slightly
different conditions in different papers but generally they
are similar to the following. For EGA columns an initial
temperature of ©0°, rising at a programme rate of ©°/min to
a final temperature of 210°. For the 0OV-17/0V=-210 columns
the initial and final temperatures were 90° and 235°, with
the same programme rate. (Temperature programming is
essential.) The injector and detector temperatures were
typically 250°.

In this study an initial temperature of 70° was
used when the BEGA column, or both columns were being used,
otherwise for OV-17/0V-210 columns a temperature of 90°
or 100° was found to be satisfactory. A programme rate of
4°/min was found to give good separation and reproducibility.
The final temperature was generally 235°. The injector and
detector temperatures were both 250°.

The carrier gas (Nz) flow rate was 30ml/min.
Flame ionization detectors were used exclusively. The glass
U-tube columns were about 2m x 4 mm I.D.

The amplifier was set at 1 x 10~19 a.f.s. attenu-
ation. The integrator was set to give optimum results
- according to the manufacturers instructions. The recorder
was set, as required at between 5 to 20mV.f.s. About 3 to
4 pl of sample was injected in a typical separation.




CHAPTER

iy KINSTICS OF LYSINE TOSS' DURING
P AT TREATMENT OR
SKIM MITK: FXPERINISNTAL

5.1  1LHTRODUCTION

daving adapted a method for determining lysine so
that it could be used to determine lysine in milk, a trial
was made in which some skim milk was canned, heat treated

under known conditions, and then the acid available lysine
level <determined.,
Ser HOAT TREATMENT OF THE RAW SKIM MILK

taw skim milk (3.7% protein) was filled into

301 x 407 cans (160z) and sealed under vacuum. The cans had
previously had thermocouples fitted to them so that the
temperature of the milk could be measured.

The cans were then heated in a horizontal retort
for various times and temperatures as indicated in the
results section (3.4). The thermocouples were connected to
a flenerwell multipoint chart recorder calibrated in degrees
Celsiuc, so that the overall heat treatment could be

evaluated.

5.5 11'DROLYSIS, DERIVATIZATION AND SEPARATION
A1l heat-treated samples and the unheat-tre=ted

contre sample were handled in an identical way. All wers
dialysaed, hydrolysed, and derivatized according to the
method fiven in 2. The separation of the derivatives was
made using the OV-17/0V-210 column, fitted with an F.I.D.
detector connected to an integrator and recorder.

As it was not possible to process all the milk samples
concurrently, repeat samples of the control milk, and
occasionally the most severely heat-treated milk were included
with each group that were hydrolysed and derivatized. This
provided a check and reference on the uniformity of the
hydrolysis and derivatization procedures. The standard
deviation between duplicates was less than 2%.

3.4 RESULTS
(a) Colour
The heat treatments used caused definite browning of
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the colour, as is shown in the photograph, figure 3.1. No

attempt was made to measure the colour because no suitable

instrumoents were available. [owever, it was observec
the 100°/2.67h treated sample was of a similar colour to the
110°/0.7°0%h, treated sample, while the 110°/2.72h sample was

almost ‘dentical to the 120°/0.980h sample. Within a given

temperature series all samples were noticeably different

l« Control

2« 100°/2.,67h
5. 120°/0.86h
4. 110°/2.72h

5  FI15%/72 .11h
« T20972.94%

GURE %,1: A PHOTOGRAPH OF A SELECTION OF
RETORTED MILKS

(b) ivaluvation of Heat Treatment

sl

'he temperature/time history of each set of
processing conditions for the canned milk was evaluated
from the lloneywell recorder chart. Three different temper-
atures were used in the heat treatment, and a number of

different times were used at each temperature.

Although the retort was fitted with an automatic

o

Ji Ta A

temperature control, the temperature fluctuated about the
set temperature by up to - 0.5°. For this reason, and

because of the need to allow for the come-up~-time Ior the
temperature of the milk in the can, in order to evaluate

the heat treatment it was necessary to assume & value for
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the enar;;» of activation of the reaction causing the loss

of "LV. I'rom the literature (reported in 1.8)a typical
encriy of activation appeared to be about 28Kcal/mole.
Using the Arrhenius equation, 1.9, in a modified form
4, T =i
E& ) [u AT Tq)]
- > 1 LI (Z’-’])

i R, J

and ucin;: the fact that for a given change in concentration

of a component, occurring at two different temperatures,
T1 and 7 , the ratio of the times required for this change
to occur is related to the rate constants at the two

temperatures by equation 3.2

t,l kz
—— E:I—_ (3.2)

vhere t:,i is the time required at temperature T’l"
t. is the time required at temperature T
1{1 is the rate constant at temperature '1‘,],

kz is the rate constant at temperature 7,

and by combining equations 3.1 and 3.2 to give equation 3.3

: 20 om)
:E:- - RT.T (3-3)

e 12

it is poyssible to calculate the effective time at the

nominal processing temperature. The effect of the come-up-
time, and any deviations from the nominal process temperature
can in this way be allowed for in calculating the overall
effective heating time.

All times reported in Table 3.1 have been calculated
using equation 3.3, and are therefore equivalent times.

(¢) Chromatographic Separations

The chromatograms produced are typically represented
by figures A10.% and A10.4, and to that of the ion exchange
hydrolysate shown in figurecs 2.2 and 2.5.

The area ratios were analysed using as 'internal'
internz1 standards the five peaks, alanine, isoleucine plus
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leucine, proline, phenylalanine plus aspartic acid, and
tyrosine plus glutamic acid as discussed in 2.14, 2.21 and
A10.3. The ratio of the lysine peak arem to the area of
each of these five peaks was calculated for each sample,
the results being averaged for replicate injections and
duplicate samples appropriately. These average ratios were
then calculated as a proportion of the corresponding ratio
in the unheated control milk sample. As a result five
estimates of the proportion of acid available lysine (TLV)
left in the milk after heat treatment were obtained for
each set of processing conditions. These five values were
averaged to give an overall estimate of the TLV in the
processed milk relative to the TLV of the control. Table
3.1 gives the relative TLV (RTLV) values and the correspond-
ing heat treatment conditions. ¢

In addition to the series of times at the three
temperatures, 100°, 110°, and 120°, one run was done at
115°, as is shown in Table 3.1.

TABLE 3.1 RELATIVE LYSINE CONTENT OF HEAT TREATED MILK

Tenmperature Time RTLV

(°C) (h)

Control 1.000

100 0.707 0.986

1.690 0.975

2.670 0.957

110 0.548 0.988

0.905 0.974

1.920 0.888

2.720 0.876

120 0.417 0.923

0.657 0.905

0.863 0.862

0.980 0.8%1

2:155 0.767

115 240 0.828
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3.5 CALCULATIONS

Accuracy
It is difficult to statistically analyse the results
for reproduceability and accuracy because of the complex
way in which the RTLV values were estimated, and also

because some milk samples were hydrolysed and derivstized
more often than others (such as the control, and the 120°/
2.135h samples), and also the number of separations made of
each sample was variable for many reasons. As shown in
Appendix 10, Tebles A10.2a and A10.2b, the average
coefficient of variation in the ratios was found to be

1.7% and 2.4% respectively. The average of these is 2.1%
and this is probably a reasonahle estimate for the RTILV
values in Table 3.1. For the case where duplicate analyses
were performed and multiple injections were made the
standard error of estimates of RTLV in Table 3.1 would be
approximately 0.5 to 1%, so that the 95% confidence limits
would be about 1% to 2% either side of the values o iven.

3.6 DISCUSSION

In examining the data more weight should be put on
the lowest RTLV values as the relative accuracy of these
results will be greater than for the higher values where
the change in RTLV is smallest. This means that generally
the results of the 120° trial should be considered to be
more important than those of the 110° trial which in turn
should be weighted more than those of the 100° trial.

(a) Zero Order Reaction
Plotting the RTLV values against heat treatment time

on natural scale graph paper gives three lines corresponding
to the processing conditions (figure 3.2), that fit the data
poorly, except for the 100° data, which fits reasonably
closely. No clear trends are visible and it is not possible
to state that the reaction has been found to be of zero
order, nor is it possible to state unequivocally that it is
not zero order.

(b) First Order Reaction
The rate equation for a first order rate reaction

is equation 1.10, i.e.
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:gg = ke €1.10)

or in its logarithmic form

In ~~ = kt (3.4)
0]
(for reactant loss, k is negative)
which implies that if the logarithm of the RTLV values is
plotted against time, and if the reaction is of the first
order then, at a given temperature a straight line will

result.

When this is done for the RTILV values (figure 3.3)
while the fit is better than for the zero order plot, it
is not good enough to conclude that the reaction is
definitely a first order one.

(¢) Second Order Reaction
Consideration of the reaction believed to be involved

in the loss of lysine availability suggests that being a
bimolecular reaction it may well be a second order reaction.

F'or a reaction of the type

A + B ~———> products

if CA is the concentration of A at time t,
Q

Cqy is the concentration of B at time t,
o
Xy is the fraction of A converted to product and
XB is the fraction of B converted to product then
-dC -dC
A B
canis &5 B B, = (3.5
dt ol dt
and Cho ¥a = Cp, T, (3.6)

from which it is possible to derive

1 - X
1n (_.____.B_) -_-...(C

where k is the rate constant, and

t is time.
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But as CB and CA are constant, equation 3.7/
o -]
can be rewritten as

1n (———————m——) ==Kt (3.8)
substituting the relationship 3.6 in 3.8 gives

C - C

Bo A,
1n (
(’Bo -.C

A
) = =Kt (3.9)

While for the milk used it is possible to calculate
Cﬁo’ and CBo where A, and B are lysine and lactose respect-
ively because of the lactose is present in a 7 times greater
concentration than the lysine (on a molar basis), the
change in the numerator of the log.term is small, i.e. the
numerator is effectively constant and equation 2.9 effect-
ively becomes

CB0
1n = —Kt

Cz, = %g,%a

or equation 5.8 becomes

,1
1n ( ) = =Kt (5.10)

or in concentration terms
(6:
o 2]
CA°

Equation 3.11 is in the form of the first order rate
relationship 3.4. Therefore although a second order reaction

Kt (3.11)

[}

may be possible it is unlikely to give changes in lysine
concentration that are significantly different to those
calculated by equation %.4. In light of the general
inaccuracy of the data as shown by the previous two figures
(3.2 and 3.3), there is no point in considering the second
order possibility any further.
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It is therefore not readily apparent what reaction
order is followed by the loss of lysine availability in
heat treated milk.

3.7 DEVELOPMENT OF A MODEL
Since neither the first order (and the pseudo first

order), nor the zero order rate expressions give a good fit
to the data and while the measurement errors are larre and
hence a close fit cannot be expected it may still be possible
to derive a model that can be used to predict values for

TLV more closely than either the zero order or first order
rate equations tried.

(a) Theoretical Considerations

According to earlier discussion (Section 1.5 et seq)
Mauron and coworkers, and Erbersdobbler demonstrated that
acid hydrolysis of heated milk proteins gave a lysine

recovery that was considerably higher than that given by
nutritional, and certain other chemical tests. This is due
to the partial regeneration of lysine from lactulose lysine

formed during the Maillard reaction.

If the initial stage of the Maillard reacticn, in
which lactulose lysine and its intermediates are formed, is
first order (or pseudo first order with lactose present in
excess) then the loss of nutritionally available lysine, ALV
can be calculated from the rate expreasion, 3%.12

ALV
in (-—*——— = kt (3.12)
ThLV
where ThLV is the theoretical, initial lysine content.
But if RAIV = Hq—
then In (RALV) = kt {3.15)
.o In (1 - ARALV) = kt (%.14)

But from equation 1.3

DALY
A RALV

2.70 A TLV (1:3)
2.70 A RTLY (3.15)

i

Substituting equation %.15 in equation Z2.14 gives .16
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In (1 = 2.70ARTLV) = Xkt (3.16)

i.e. a semilog plot of (1=2.70ARTLV) apainst time is
linear with slope k. If this is linear thken a semilop; plot
of (1 =ARTLV) i.e. RTIV against time would not be linear
but rather concave upwards as is shown in figure 3.4

FIGURE J.4: THE RELATIONSHIP BETWEZN RALV AND RTLV
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If the mechanism for the loss of lysine in heated
fluid milk is the same as in the powders used by Mauron and
coworkers (they also had one sample of heat treated fluid
milk), and the same regeneration of lrsine occurred during
acid hydrolysis then this relationship (3.16) would be
applicable to this study.

3.8 THE MODEL DEVELOPED
In view of equation 3.16 a study was made to find

if the experimental data would give an improved fit to a
first order model if the observed ARTLV were first multiplied
by a constant greater than unity. A computer programme was
developed that would increase all the ARTLV values by a
constant multiplying factor and show at which value for all
data the optimum fit to a first order model occurred. (See
Appendix 8 for the computer programme and the basis of its
operation.)
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The optimum fit occurred when the observed values
for ARTIV were increased by a factor of 2.43, i.e. the
data showed an optimum fit to the model described by
equation 3.17

1n (1=~3.43ARTLV) = kt (3.17)

For this model the three rate constants for the
three trial treatment temperatures are listed in Table 3%.2.

TABLE 3.2 MODEL RATE CONSTANTS

Temperature (°C) 100 110 120

Rate Const.(h™ ') ~0.058 -0.208 -0.760

For the single trial made at 115°, applying the same
multiplying factor of 3.43, the k value obtained is = 0.423.

These values can be used to predict RTLV values if
tthe time of heating at one of these temperatures is known,
using a different form of equation %.17. Changing the
subject of the formula gives equations 5.18a and %.18b from
which the predicted RTLV values in Table 3.3 have been
calculated.

A =
ARTIV = (3.183)
5.45
and as ARTLV = 1 - RTLV
kt
my - 2045 ¢ o (3.180)
2e43
TABLE 3.3 MEASURED AND PREDICTED RTLV VALUES
Treatment RTLV Values
Temperature Time
£{°C) (h) Observed Predicted
100 0.707 0.986 0.288
1.69 0.975 0.972
2.07 0.957 0.958
110 0.548 0.988 0.969
0.905 0.974 0.950
0.920 0.888 0.249
2.72 0.876 0.874
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Table 3.3 (cont)

Treatment RTLV Values
Temperature | Time Qbserved Predicted
(°C) (h)
120 0.417 0.93% 0,918
0,657 0.905 0.882
0.863 0.862 0.856
2.155 0.76%7 0.762

These figures have been plotted in figure 5.5
3,9 EXAMINATION OF THE MODEL DEVELOPED
(a) Multiplying Factor (F-Value)
Table 3.3 and figure 3.5 show that the model predicts
the observed values reasonably well, and that the data

overall is a better fit, than is given by the zero order,
and first order rate equations as plotted in figures 3.2 and
3«3« The improvement in fit is largely in the results for
the 120° trial. The computer analysis showed that for the
100° and 110° trials the best fit of the data occurred for

a multiplying factor of 1.0, i.e. the best fit occurred when
the log. RTLV values were plotted against time without any
modification. (i.e. time or pseudo first order reaction was
involved). However the improvement in fit for the 120° data
when a multiplying factor was applied to the RTLV values
more than compensated for the loss of goodness of fit for
the other two sets of data. This is shown in Table 3.4
which lists the rate constants, and their standard error
expressed as percentage of the rate constants listed for

the multiplying factors (F) of 1.0, and 3.43

TABLE 3.4 IMPROVEMENT IN KFIT PROVIDED BY THE MODEL

Temp. | F =:1.0 B = 3 4%
(°C
Rate g?nst. % Std Rate Const % Std
(h') error 6 i 8] error
100 =0.0162 G s =0.0584 15.5
110 -0.0507 275 -0.2085 29.2
120 -0.1419 2146 -0.7595 .2




5.1 5
(b)_ _Accuracy

The weighted mean value for the % standard error
for the rate constants at I = 3.4% is 19.1%. Therefore
the % standard error associated with the geometric mean
rate constant (=0.210) found for the model is piven by

Std. error of GMRC = 19.1
v n

where n is the number of determined rate constants on
which GMRC is based

.~ Std.error of GMRC = 11.0%

Applying a range of i 2 standard errors for 95%
confidence limits, the GMRC could have a value in the
range - 0,210 £ 0.046, i.e. the GMRC lies in the range
DIA64 to =-0.256. These values correspond to the GNMRC
values for F = 2.87 and F = 5.86 respectively. Therefore
the 95% confidence limits for the optimum F are 2.87 to
3.86. This wide range is a reflection of the high standard
error associated with the calculated wvalue for the GHMRC.

This range almost includes the 2.70 value determined
by Mauron and coworkers, and if the 99.7% confidence range
is examined, the lower F value is 2.54 which then includes
the Mauron value. An additional factor to be considered is
the possible error in the literature value. No indication
is given of the confidence interval for the 2.70 factor
found. However Finot, 1973 also derived the relationship
(equation 3.19)

ILV = 1.93 DLV - 6.2 (3.19)

where ILV is the % lysine available to acid hydrolysis
but not nutritionally available, and
DLV is the % lysine lost to acid hydrolysis.

Equation 3%.19 was derived by Finot from rather more
data than was used in calculating equation 1.1 and yet for
some reason equation 1.1, from which the 2.70 factor was
extracted, was used in the remainder of his examination.

Equation 3.19 implies that a change of 1 unit in DLV
gives a change of 1.93 in the ILV value, i.e.
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Reference to figure %.© shows that

NTLV ARALV -ARTLV, and
A DLV ARTLV

FIGURE 3.6 THE RELATIONSHIP BETWEEN DIF{ERENT
LYSINE VALUES
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Therefore equation 3.20 becomes

ARALVY = 2.93 A RTLV (3.21)

The factor of 2.93 is within the 95% confidence
range of the F value found in this study. It also shows
that some variation in the coefficient has been found.

(c) Energy of Activation for the Model
Using the Arrhenius relationship, in the form of

equation 1.9

RT,‘ T‘Z
B - —

Tz -'I‘,]

k
2

kq

1n (1.9)

and substituting the relevant k, and T values from Table
3.4 gives two estimates for the energy of activation for
the reaction represented by the model, viz. 38.5 Xcal/mole,
and 36.0 Kcal/mole, based on the ratio of rate constants
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at 120° and 110°, and 110° and 100° respectively, the
average being 37.2 Kcal/mole.

The standard error of the GMRC is 11%, and using
this as an indicator of the standard error for the energy
of activation then the 95% conflidence range for £ is 29.0
to 45.4 Kcal/mole. This is higher than many of the values
reported in Table 1.2 but the lower limit still includes
gsome of the literature values. For the temperature range

100° to 1209, for the model, Q,, is given by

10

K120

~-0.0584

oo qu ® 5.6
However the energy of activation for the loss in
RTLV, calculated using equation 1.19, and the corresponding
Q10, calculated from the unmodified data (i.e. F = 1.0)
are found to be 31.5Kcal/mole, and 3.0 respectively.

The effect on the treatment time of the energy
of activation being higher than the assumed 28 Kcal/mole
is not great. On average it will reduce the process times
by about 1%. As the reaction being measured (the change in
RTLV) has an energy of activation of 31.5 Kcal/mole, no
alteration to the treatment times is required, as other
errors are greater.

%.,10 Comparison with Literature Findings

Only a limited amount of data has been reported for
changes in either AlVand/or TLV for heated fluid milk,
especially for prolonged periods of heat treatment. DMost
work has concentrated on examining the effect of normal
commercial heat treatments, such as pasteurization,
evaporation and sterilization. The majority of these studies
have been non quantitative in terms of the heat treatments
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given, and for most treatments including pasteurization

and evaporation no significant chanpge hes been reportad

in either TLV or ALV (Carpenter and RBooth, 1974). Adrian,
1974, states that "pasteurization and spray drying are
looked upon as being inoffensive. Lvaporation however along
with sterilization, condensation, ultra high treatment and
roller drying provoke 5 = 15% lysine destruction.”

Other reports have examined the nutritional eoffects
by following NPU, PER, and BV values for heated milk and
these are not readily converted into relieble estimates of
lysine content (Porter, 1964; Msuron and Mottu, 1962). In
one study (Bujard, et al., 1967) in which a sample of
sterilised evaporated milk was used, although the final
sterilization conditions were given, the effect if any of
the initial evaporation on lysine availability is not stated.
Further as a comparison with this study the values for ALV,
and TLV quoted are of limited value as the protein and
lactose concentration were much higher due to the evapor-
ation prior to sterlization. (Increasing the concentration
increases the reaction rate.)

Using an FDNB method that has since been criticised
on the grounds that it gives high readings for heated milk
proteins, Schober and Prinz (1956) found that after 20 min.
heating at 100°, 110°, 120° the FDNB available lysine
reduction was, for the average of three samples 1.1%, 3.6%,
and 9.6% respectively. This gives approximately a three
fold increase in rate for a 10° rise in temperature. These
losses are slightly greater than the losses found in this
study, but this is to be expected as the FDNB method is
sensitive to the free €-amino groups of lysine. (The
criticism of the technique used was that it gives higher
values due to the FDNB reacting with some Maillard reaction
products. Therefore the results could be expected to be
higher than those of the more recent FDNB methods as covered
in Chapter 1, but lower than those given by acid hydrolysis.)
Therefore Schober and Prinz's work is in line with the
results of this experiment.
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De Vuyst et al., 1972 made a study of the effects
of boiling fluid milk on the ALV and TLV levels. Although
the precise temperature is not stated, the results are
given in Table 3.“ (de Vuyst et al., 1972).

TABLE %.5 EFFECT OF HEAT TREATMENT ON LYSINE
(after de Vuyst et al,, 1972)

Sample Lysine Boiling Time
0.5 140 3.0 4,0
Fresh milk RTLV 0.98 0.93% 0.84 0.81
RMJV 0090 ().82 O.?LI" 006?
fresh milk RTLV 0.96 0,89 0.76 0,74
plus 5% é s
EiCTBEe RALV 0.94 0.86 0.80 0.69

The loss of RTLV as is shown by the results in Table 3.5

is much higher than the present study (as is shown by Table
3.1). LEven allowing for some temperature increase in the
boiling point of milk above 100° due to the effect of the
dissolved milk solids this appears insuilicient to cause

the far greater loss of RTLV observed by de Vuyst et al.

De Vuyst, et al., also concluded that the presence of sucrose
did not increase the rate of loss of lysine. (They did find
that 5% lactose and 5% glucose increased the rate of loss

by a factor of about 2.)

Plotting the data of de Vuyst, et al,, on semilog
paper shows that neither the change in RTLV or RALV follows
first order kinetics.

For the fresh milk de Vuyst et al., found

ARATV = 1.98 ARTLV,
and for milk plus 5% sucrose
ARATV = 1.58A RTLV.

They did not examine this aspect and consequently no
comment is made about this relationship. These values are
below the 2.70 value used by Finot, 1973, and considerably
less than the optimum F of 3.43% found in this study.
Comparison with the latter value is not entirely valid as
de Vuyst, et al., did not obtain RALV values that reduced
in a first order fashion whereas in this study such a model
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has been used, and it is just supposition that the model
actually may represent de Vuyst's RALV values. The fact
thatde Vuyst's data is still noticeably curved on semilog
paper indicates that if the data were fitted to a first
order model, then the multiplyin;; factor required would
be larger than the 1.98 and 1.58 values found.,

%11 CONCLUSIONS
(a) In determining the acid available lysine in heated

milk there is a large error associated with a single
analysis.

(b) Heating of liquid milk causes progressively larger
losses of acid available lysine.

(¢) The rate of loss of acid available lysine increases
threefold for a 10° increase in temperature in the range
100° to 120°. The energy of activation for the reaction
giving this loss is about 30 Kcal/mole.

(d) The reaction is of indeterminate order.

(e) A model has been devised which enables the relative
acid available lysine values to be calculated after a
given heat treatment.



CHAPTER IOUR

DYE BINDING BY PROTEINS

4,1 INTRODUCTION

The ability of proteins to bind dyestulfs has long
been recognised and used. Dyeing of textiles including
proteinaceous woollen goods has been practised for
thousands of years. However, the use of dye binding for

the determination of protein content is a much more recent
development., In 1927 (Chapman et al., 1927) the first
major study on the nature of the combination between acid
dyes and protein was reported. Orange G was later found
(Fraenkel-Conrat and Cooper, 1944) to combine nearly
quantitatively with basic amino groups of proteins, and
nearly all the dye binding procedures that have since been
developed are based on their method.

4,2 BASIC TECHNIQUE
Although there have been many modifications and

adaptions to the original procedure the ifundamentalis have
remained the same: viz.

a) The material to be tested is intimately mixed with a
buffered (ca pH2) solution of dve.

b) The reaction mixture is allowed time for the b.nding
to reach completion. This may take a matter of less than
a minute or some hours depending on the dye and the
proteinaceous material being tested.

¢c) A clear supernatant is obtained by filtration or
centrifugation.

d) The absorbance of the supernatant containing the free
unreacted dye is measured by spectrometric means. The
amount of dye bound by the protein is calculated by
difference between the dye concentration in the initial
dye solution and in the supernatant.
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4,3 DYES USED

A number of dyes have been investigated but the
three most widely used are the following acid azo dyes:

(1)

(ii)

(id4)

Amido black 10B, also known as C.I, Acid
Black 1, Naphthalene Black 10B, Acid Blue
Black 58685, Napthol Blue Black.
Naphthylamine Black, which willhereafter be
referred to as AB.

Orange G, also known as C.I. Acid Orange 10,
which will hereafter be referred to as 0G.
Acid Orange 12, also known as C.I. Acid
Orange 12, Acilane Orange G, which will
hereafter be referred to as AO12.

These dyes have the following structures:

N

2

H OH
0 N={ H—N=N—71" ——N:l‘?@
)

Na0 S 0 Na
3 3

(i) Amido Black 10B
M.W. = 616

NaO, S T=N-@

H

NaO, S

(ii) Orange G
M.We = 452
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OH
NaO_S
3

(iii) Acid Orange 12
M.W. = 350

All these dyes have been extensively studied.
(Udy 1956a, 1956b, 1964, 1971; Dolby 1961; Tarassuk et al.,
1967; Ashworth et al., 1960; Ashworth and Chandry 1962;
Lakin 1970, 1973 a,b,c, 1974, 1975; Sherbon 1967,1974,1975),
and applied to a wide range of animal and vegetable proteins
including milk, whey, casein, fish meal, wheat, barley,
soybeans and rice.

4,4 REACTION THEORY
(a) Fundamental Principle
In pr1n01ple the following reaction occurs (Udy 1971)

SIDUE = .
Protein + dye (X8) Protein: dye+—d3e

In particular in milk at the normally used pH's
(2.0 - 2.2) the dye sulphonic groups are negatively charged,
and the € —amino group of lysine, guanidine group of arginine,
and the imidazole group of histidine are positively charged.
The A ~amino terminal groups on the protein chains are also
positively charged, but the number of such groups is
insignificant in relation to the total number of positively
charged basic amino acid groups (hereafter referred to as
BAA), Tn fact it has been shown that £ -amino groups have
no significant effect on dye binding by protein, almost all
Jd~amino-groups being bound within the peptides (Cohn and
Edsall, 1943).

The cationic BAA binding sites are shown in the
simulated protein chain
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Further at the typically used pH's the protein-dye

complex is insoluble and can be readily separated to allow
accurate spectrometric determination of the free dje
concentration. It is then possible to correlate the.dye
bound with protein content as determined by the Kjcldahl
procedure, and thereafter use the dye binding technique

to measure protein levels.

b) Practical Considerations and Findings
(i) Ratio of Dye:Protein
It is important that there is both an excess of

dye present, and that this dye is above a limiting concen-
tration, for complete protein precipitation. For AB Gmg of
dye would precipitate satisfactorily up to 12 mg of milk
protein, provided the final free dye concentration was

about 130mg/£ (Dolby, 1961). Ratios in excess of the above
ratio and free dye concentrations below this figure resulted
in significant changes in the linearity of the relationship
between the amount of protein and the change in absorbance.
Figures are also available for OG (Dolby 1961, Udy, 1956).

(ii) Dye Preferences
The literature indicates that European workers
favour AB while American workers first favoured OG and then
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A012 (Sherbon, 1967). Both AR and A0O12 are used in
commercial protein testing systems. Opinion is divided
as to which dye represents the optimum., The relative
absorbance indexes for the three dyes are, for AR:AO12:
0G, 1.91:1.26:1.00 (Sherbon, 1967), while the relative
binding capacities are 1.8; 1.7:1.0 (from Lakin, 1974),
showing that overall not only does AB have a greater
extinction coefficient, but more dye is bound/g of protein,
so that it has a far greater sensitivity than either AO12
or OG. Other workers substantiate these findings. AB is
difficult to purify, although a technique has been devised
to remove salt, the major contaminant other than water
(Lakin, 1970). AO12 on the other hand is readily available
with greater purity, is easier to purify and is not as
hygroscopic (Udy, 1971). Where relative changes in the
absorbance are required however the greater extinction
coefficient of AB gives greater changes and it therefore
appears to be the most suitable dye.

(iii) Stoichiometry

Almost all workers have found that the extent
a given protein binds dye varies with the concentration of
free dye remaining in the supernatant liquid. While various
theories have been proposed to explain this phenomenon none
have been entirely satisfactory. The mechanism of dye
binding by milk protein was investigated (Alais et al.,
1961) by adding increasing amounts of dye to a known amount
of milk protein. The reaction was found to be irreversible,
and to progress with the formation of a protein/dye complex
involving increasing amounts of dye as further dye was added.
At some point during the dye addition the protein/dye
complex became insoluble in the reaction medium and precipit-
ated.

The nature of the protein: dye bond has also
been examined in the form of a multiple equilibrium
situation and various mathematical treatments were developed
to explain the equilibrium state (Rosenberg and Klotz, 1960),
but none are entirely satisfactory when applied to dye
binding by milk because of the wide variety of proteins
present in milk., It is stated that "the experimental
quantity which is most useful in describing dye-protein
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interaction is r, the average number of moles of dye
bound per mole of protein". Most other workers have
preferred to use the dye binding capacity (hereafter

DBC) which is usually quoted as mg. of dye bound/g. of
protein. The DBC has also been reported as milliequi-
valents of dye bound/100g of protein (Lakin, 1973 a,b,c).
This latter unit while making comparisons between dyes
easier, is not so satisfactory as it mixes the units of
measurement, but is useful when discussing bonding
gtoichiometry.

While some workers have referred to Rosenberg and
Klotz, none have successfully applied their theories to
the practical situation of dye binding by milk protein.
For example it was shown that the linesr relationship
between the inverse of the free dye concentration in the
supernatant and the inverse of the DBC of pure serum
albumen found by Rosenberg and Klotz does not hold for
milk (Tarassuk et al., 1967). In explanation of this it
may be that a certain proportion of binding sites have a
lower affinity for dye than others, or alternatively they
may be more inaccessible leading to preferential binding
at some sites, or it may be that interaction between sites,
such as steric blocking or charge reduction occurs as more
sites are occupied. This latter view is supported by
Vickerstaff, 1954, and also by Rosenberg and Klotz, 1960
who state "it is doubtful that there is a fix~d number of
binding sites per protein molecule". Deviations from the
linear relationship have also been attributed to increasing
electrostatic interaction between the bound dye and free
dye. It is doubtful whether this is significant in the
case of milk protein because the primary binding is
believed to be electrovalent involving the ionized sulp! onic
group and this would not then be 'available' for repulsion
of further dye molecules.

In contrast to the possible repulsion it has been
stated that non stoichiometry at higher dye concentrations
could be due to increased association between dye anions
from solution and the dye already bound to the protein by
the primary binding mechanism (Lakin, 1973b). The primary
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binding is believed to be an electrostatic association,
as discussed earlier, and an additional amount of dye is
also removed from solutions by hydrophobic association,
It has been observed, with pure proteins, that dibasic
dyes show greater non linearity than monobasic dyes.
However this generalisation is not borne out in an
examination of some work on milk in which AB, a dibsasic
dye, shows great variation in DBC with variation in free
dye concentration, while OG, also dibasic shows less
variation, but AO012, a monobasic dye, still shows some
variation in DBC.

While non-stoichiometry may not be explained by the
monobasic, dibasic differences, it has been found that
secondary binding will be affected by the structure of the
dye, in a manner similar to the way structure is believed
to affect substantivity.

Substantivity is the property of a dye being able
to bond 'fast' to cellulose fibre. High substantivity dyes
have a structure which apparently allows the dye molecule
to align itself along the cellulose chain, and any residual
attractive forces can then be effective. Many substantive
dyes conform to the general type:

Ry = N:tN = X = N:N =~ Rz

1

where R, and R, are benzene or naphthalene derivatives,

and X can be based on naphthalene,or some other
residues (Vickerst ff, 1954)
Nearly all substantive dyes can be formulated as
extended molecules, and deviations from linearity are
generally accompanied by a reduction in substantivity.

Cleariy AB could be expected to be substantive and
A012 and OG less so. In fact OG has poor substantivity
(Lakin, 1973a). Care must be exercised in transposing this
effect with cellulose to the binding of dye by milk protein,
as it is believed that the primary form of dye: cellulose
binding is due to the formation of hydrogen bonds rather
than through ionic binding (Vickerstaff, 1954), whereas in
milk the primary binding is believed to be an electrovalent
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association between the sulphonic acid groups and the BAA
sites as outlined earlier,

Substantive dyes give solutions containing aggregates
and this shows that such dyes have a tendency to inter-
molecular association which could be due to hydrogen bonds
between the -NH2 group of one mnlecule and the -0OH group
of another, Such forces of association are effective only
at very short distances so that for aggregation to occur the
two molecules must be capable of approaching each other
closely, especially in the region of the -NE-Iz and ~OI]
groups. This would be possible with AB as the —NHz and
the =0H groups which could be involved are in the trans
position relative to the primary binding -SOI (roups.

Azo dyes by nature are hydrophobic and are made
soluble by the addition of pulphonic acid groups. As well
as leading to aggregation, this could give dye to protein
hydrophobic bonding since substantial parts of the casein
molecules are hydrophobic,

It is therefore not surprising that the binding of
AB by milk protein has been found to be non-stoichiometric,
especially at high free dye concentrations (Dolby 1961,
Tarassuk et al., 1967, Sherbon 1967, Lakin, 1973a,b,c, 1974).
It is interesting to note that milk protein binds the three

dyes, in terms of milliequivalentS//g of protein, in the order

of their substantivities, viz. AB> A012> 0G (Lalkin 1973%a).

It was found that while the dye-protein complex, when
suspended in the same buffer solution as used in the buffer-
dye solution, did not lose any dye on dialysis, but when the
complex was suspended in buffer to which urea (2M) had been
added, dye in fact did dialyze out. This indicates that
hydrogen bonding is involved (Tarassuk et al., 1967). It was
not reported whether the separation by dialysis in the
presence of urea was complete., If it were it would be
contrary to expectations if the primary binding is electro-
valent. Lakin, however, does include the possibility of
hydrogen bonding occuring as a secondary mode of bonding
between already absorbed dye and free dye.
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¢c) Summary
Work reported suggests that the acid azo dyes bind
largely to the BAA groups of the proteins, However, the
binding of acid azo dyes is not constant for all dyes in

terms of milliequivalents of dye bound/g. of protein.
Further, for a given dye the DEC of a protein is not constant
with varying supernatant dye concentrations., Of the three
dyes examined, AB is the most sensitive to a2 given change

in protein concentration.

It seems that there may be up to three types of
binding in the protein-dye complex:
(i) Primary electrovalent, between the BAA and
dye sulphonic acid groups.
(ii) Hydrogen bonds between the free dye and the
bound dye and/or the protein,
(iii) Hydrophobic bonds between the free dye and the
bound dye and/or the protein.

4,5 DYE BINDING CAPACITY OF MILK PROTEIN
a) Non-Heat Treated Milk

There is considerable variation reported in the liter-
ature for the DBC of unheated milk. Variations due to
district, breed, and season have been demonstrated(Tarassuk
et al., 1967). Late lactation milk has a different DBC to
early and mid-season milk (Dolby, 1961). This may be due
to variations in non-protein nitrogen which is determined
by Kjeldahl digestion but not by dye binding methods. Also
different protein fractions have different DBC values
(Tarassuk, et al., 1967), and the relative proportions of the
protein fractions change throughout the lactation period.

Some of the variation reported may be due to
variations in the purity of the dyes used, and the purity
quoted must be closely examined. This is especially
important for AB which is more difficult to purify and is
hygroscopic. This topic has been dealt with separately in
Appendix 5.

The concentration of dye, the protein:dye ratios,
and pH used each can, to some extent affect the DBC value,
but most workers have used very similar general conditions.
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The dye concentrations used lie within the range

O.44g/1 to 0.62g/1, and about 10ml of dye is used in the
testing of 0.5 ml of milk, The pH values of the buffers
used were in the range 2,0 to 2.35 (various workers,
reported by Tarassuk et al., 1967). Using a short path
length cell the commercial Pro-Milk Mk.II uses AB at a
concentration of 0,9384g/1 and 20ml of this dye is used
in testing 1ml of milk. This gives a working range of
2.0% to 5.5% protein (A/8S N.logs Electric, 1976). Under
these general conditions the DBC changes non-uniformly by
up to about 3% for protein values in the range 2.8% to
4,5%, i.e, the DBC changes by an amount equivalent to
between 0.,1% to 0.14% protein (Tarassuk et al.,, 1967).

The values reported in the literature for the AB,
DBC of milk protein, in mg dye/g. protein include

Fresh skim milk 342 to 352 (Ashworth and Chaudry,

1962)
Whole milk 344 to 354 " L
Non-fat milk
powder 345 to 367 " "
Milk protein 314 (Lakin, 1977b)
Fresh whole milk %25 (Hadland and Johnson,

reported by Tarassuk
et al., 1967)

Various whole
milks 290 to 342.7 (Tarassuk et al ., 1967)

Examination of the reported results indicates that
unless experimental conditions are specified the pseudo-
scientific term DBC has little meaning, and may even prove
misleading (Lakin, 1973a).

b) Heat Treated Milk
(i) Theory.
The major chemical reaction that the protein in

milk undergoes on heating is the Maillard or 'Non Enzymic
Browning' Reaction which has been examined elsewhere in
this thesis. This reaction in milk principally involves
lactose and the € -amino groups of the lysine moieties in
the various milk proteins. As dye binding is also believed
to involve the € —amino groups of lysine it is reasonable
to assume that a milk which has undergone sufficient heat
treatment for the Maillard Reaction to occur would show
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a decreased DBC and that the decrease in DBC should bear
some relationship to the extent of browning, and therefore
the heat treatment. Further since such heat treatment is
known to affect the nutritional availability of lysine, the
DBC should also give some indication of this. This
expectation is complicated by the dye binding to both
arginine and histidine which also become nutritionslly less
available after protein heat treatment. Repardless of this
complication many workers (Lakin, 1973a; Tarassuk, et al.,
1967; Carpenter, 1974; Udy, 1971; Hurrell and Carpenter, 1975;
Holsinger and Posati, 1975) have expressed an expectation of
a change in nutritional availability of lysine correlating
with a change in DBC.,

(ii) Reported Findings,

The correlation of dye binding with the BAA's as
well as with whole proteins has been extensively reported
and a good summary has been compiled (Gullord, 1974). A
typical BAA,DBC correlation coefficient found is that for
barley, wheat, oats, and triticale of 0.940 (Mossberg, 1966).
This correlation has been used in the selection of barley
varieties rich in protein, and with a high lysine content.
Heat processed cereals and protein foods have shown reduced
DBC, although the r~sductions have not been very large.
Autoclaving of soybean at 120° for 45 min., and 120 min.
resulted in DBC changes of 3% and 13% respectively (lMoran
and McGinnis, 1963), while amongst many values reported
(Hurrell and Carpenter, 1974) was that for a mixture of
albumen and glucose which after heating at 121° for 15 min.
showed a 21% drop in DBC.

Unfortunately little real quantitative data is
available for heat treated milk. Much of the work using
dye binding techniques has been directed towards developing
methods for determining the whey protein nitrogen index of
skim milk powders (Sanderson, 1970; A/S N.Foss Electric, 1973;
T.C.A. McGann et al., 1972 a,b). Some work has beecn done on
liquid milk (Tarassuk, et al., 1967) and it was found that
skim milk heated at 120° for 8 min, and 10 min., showed a
decrease in DBC (for AB) of 1.8% and 2.8% respectively.
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It was found that pasteurization of milk has no
effect on DBC, (Vanderzant and Tennison, 19604 Alais, et
al., 1961; Tarassuk, et al., 1967). In view of the small
differences in DBC detected in milk heated to 120° for 8
and 10min normal kinetic considerations would suggest that
under these milder processing conditions the Maillard
reaction will not have progressed measurably and no
significant reduction in DBC could be expected. In fact
no change was detected for milk heated at 90° for 15 min.
It was suggested that the denaturation cof casein during the
initial heating could counter a fall in DBC (Tarassuk, et al.,
1967) but this is not likely in view of the fact that casein
is considered to be unfolded in its natural state and is
little affected by mild heat treatment. It is of interesnt
to note that commercially sterilized milk does not show &
significantly reduced DBC for 0.G. (Ashworth, 1966) while
in contrast it was found that such milk has suffered a 20%
drop in biologically available lysine (lMauron and Mottu,
1962). A 10% drop in available lysine in heat sterilized ‘
evaporated milk has also been reported (NIRD, 1966). These
findings are also supported by the observed 26% reduction
in available lysine (as determined by the trinitrobenzene
sulphonic acid), in sterilized evaporated milk (Erbersdobler,
1970 reported by Holsinger and Posati, 1975).

Table 4.1 summarises the reported findings;

TABLE 4.1 RELATIVE DYE BINDING CAPACITY OF HEAT

TREATED MIIK
Sample Treatment Dye RDBC Reference
[Mixed Herd | 62.8°/60 min | Buffalo N.S.C.| Vanderzant
Milk 91.7°/15 min Black " anggggntlson,
87.8°/ 5 min "
[Mixed Milk | 63°/60 min AB N.S.C.| Alais et al
100°/10 min 0.989 1961
115°/20 min 0.976
Mixed Herd | 63°/60 min AB Ne.S.C.| Tarassuk et
Milk 74°/15 min Bl, 1967
85°/15 sec
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Table 4.1 (cont)

Sample Treatment Dye RDBC Reference
Mixed 88°/15 min AB N.8.C. | Tarassuk ot
120°/8 min 0,982
120°/10 min 0,972
Skim Milk 3:1 Evaporation AR N.S.Cs. | Tarassuk et
al, 1967
Milk Commercial CG N.S.C. | Ashworth,
Evaporated 1966
Condensed | 120°/2 min AR 0.987 Extracted
i o : from a
Skim Milk | 120°/4 min 0.979 graph in
(Diluted 120°/6 min 0,977 | Terassuk et
2.33:1) | 120°/8 min 6,974 | 2ls 1967
120°/10 min 0,961

N.S5.C. = no significant change

Although the reported changes in DBC for heat
treated liquid milk are not large, significant changes have
been found in heated skim milk powders., Changes of 13%,
and 31% in OG DBC was reported for skim milk powder
heated at 100° for 1 hour and 5 hours respectively (NIRD,
1961), while a treatment of 150°C/1hr resulted in 95%
destruction of lysine (Adrian, 1972). Changes have also
been reported for whole and skim milk powder stored at room
temperature. Unfortunately these studies are of little
benefit as the moisture content and/or equilibrium relative
humidity values were not reported. (As shown by Ebersdobler
1970 and reported by Adrian, 1972, the moisture content of
milk powder can greatly influence the rate of loss of
available lysine.) It has been found that at 68% ERH,

(ca 7.6% moisture) skim milk powder shows a drop in AB DBC
of 23% after heating at 70° for 6 hours (Chalmers and Him

1976) .
The changes in nutritional properties of skim milk

powder as a consequence of storage and heating have been
reported elsewhere (Mauron and Mottu, 1962) but as the
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reaction medium is in quite a different state compared
with liquid milk, and as the Maillard reaction is affected
by the moisture content of the powder, any further
discussion would be of only minor relevance,

Therefore in the absence of adequate information
a study of the effect of heat on liquid milk and on its
DRC was undertaken.



CHAPTER FIVI

EXPERIMENTAL: DYE BINDING BY HEAT PROCESSIED MITK

5«1 INTENTION
To determine the effect of heat treatment on the

DBC of milk protein by processing skim milk for a variety
of temperature/time combinations, and then testing for
AB DEC,

5e2 HEAT TREATMENT

Culture tubes (Kimax 16 x 150mm, cat no, 45066+A)
fitted with teflon lined screw caps were filled with skim
milk and preheated to 85° in a boiling water bath. They
were then transferred to a hot high velocity air oven, set
at 20° above the ultimate treatment temperaturs, This
temperature was maintained for 5 minutes, to bring the
temperature of the milk rapidly to the desired treztment

temperature, after which the oven was cocled to the desired
treatment temperature. The nett effective treatment given
during the temperature come up time was calculated as being
equivaient to 3 minutes at the treatment temperature.

The oven temperature was stable to - 0.3°,

5.3 ANALYTICAL METHOD
(a) Reagent: Amido Black solution. This was made by
(i) dissolving AB (9.87g) in distilled water
(ca 31) heating to 70°, and allowing to

cool, and
(ii) dissolving citric acid monohydrate (158.40g)
dibasic sodium phosphate dihydrate (19.80g),
thymol (3g), and Triton X (1g) in distilled
water (ca 21).
The two solutions were mixed and made up to volume
(101) with distilled water.

This is essentially the formula of Sherbon, 1974.

(b) Spectrophotometer: A Bausch and Lomb Spectronic 20
fitted with a flow through cell adjusted to have an
0.2mm light path.

(c) Centrifuge: A BTL Bench Centrifuge.




(d) Technique Used:
(i) Dye blank. Distilled water (1.0ml) was
pipetted into a stoppered cylinder (25ml) and
AB solution (20.0ml) was added, the mixture
shaken and an aliquot (10.0ml) was centrifuged.

(ii) Milk. After thorough mixing to resuspend any
solid that had separated out during the heat
processing, & portion (1.0ml) was pipetted into
a stoppered cylinder and AB solution (20.0ml)
was added and then the mixture was vigorously
shaken, An aliquot (10ml) was transferred to
a polypropylene conical centrifuge tube,
centrifuged (1000g) for 5 minubes to settle the
protein-dye precipitate. All tests were done
in duplicate.

The supernatant from the milk-dye reaction mixtures
were sampled directly into the short path length cell. An
initial sample was drawn through the cell, followed by a
plug of air and then another sample of supernatant, and
the absorbance noted. The duplicate reaction mixture was
then sampled similarly. All the samples from a given
processing temperature were read in order of increasing
time of heating, and then all the reaction mixtures were
tested again in the reverse order. After every six
readings the cell was washed out thoroughly and the zero
absorbance reading checked using distilled water.

The four readings per temperature/time treatment
from the replicate readings on the duplicate samples were
averaged,

5.4 RESULTS
Absorbance Readings:
Dye blank = 1.3029

TABLE 5.1 ABSORBANCE READINGS FOR HEAT TREATED MILK

Treatment Treatment Sample Absorbance Mean
Temp (°C) Time (h) Readings Absorb?nge
A
Untreated i Q.447 0,448  0.4473
ii O.448 0.446
100 1 i O.464 0,467 0.4623%




Table 5,1 (cont)
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Treatment  Treatment Sample Absorbance Mean
Temp.(°C) Time (h) Readings Absorbance
(A)
ii 0.459 0,459
2 i 0.476 0.476 0.4748
i1 0,474 0.473
L) i  0.492 0.492 0.4888
ii 0.484 0.487
15 i 0,570 0.570 0.5703
< 0,571 0.570
110 1 i 0.480 0,480 0.4810
ii  0.481 0.483
2 i 0.503 0.505 0.5063
ii  0.509 0.508
3 i 0.528 0.527 0.5300
il 0.532 0Q.55%5
6 i 0578 0577 0.578%
i3 0.578 0.580
120 1 i 0.5322 0.53%4 0.5308
ii  0.529 0.528
2 i 0.574 0,578 C.5763
i1 0.577 0.576
3 i 0613 0.611 0.6140
ii  0.615 0.617
55 CALCULATIONS
(a) Reproducibility:
(i) Between Replicate Readings:
The mean difference between replicate
readings = 0.,0013
The standard deviation of the
difference between replicate readings = ©.0011
(ii) Between Duplicate Means:
The mean difference between duplicate
means = 00,0026
The standard deviation of the
difference between duplicate means = 0.0016
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(b) Relative Dye Binding Capacity (RDRC)
The RDBEC is the DIiIC of milk relative to the DIC
of non-heat treated milk, i.e.

Adye = Aireated (5.1)

A

RDBC

dye = Aintreated

1.3029 - Atreated
0.8556

I

TABLE 5.2 RELATIVE DYE BINDING CAPACITY OF
HEAT TREATED MILK

Treatment
Sample 100/1 100/2 100/3 100/15 110/
RDBC 0.982 0,968 0.951 0.856 0.961
Treatment
Sample 110/2 110/3 110/6 120/1 120/2 120/3%
RDRC 0.931 0.903 0.847 0.902 0.849 0.805

5.6 DISCUSSION
Theoretical Considerations:
Plotting the RDBC values against the time of heat
treatment (figure 5.1) gives three curves corresponding

to the progessing temperatures indicating that the loss
of DBC does not follow zero order kinetics. The equiv-
alent log plot (figure 5.2) also results in three curves,
indicating that the reaction is not first order either.
This is not surprising as there are at least 7 BAA's
binding the dye, and possibly 3 mechanisms involved in
the actual binding of the dye to the milk protein.

The extent to which arginine and histidine react
with lactose when liquid milk is heated has not been
reported in the literature. Lysine is the major amino
acid that reacts with lactose, and it is this reaction
that has been widely reported. The lack of literature
data would suggest that histidine and arginine in milk
are more stable than lysine to heat treatment, and
therefore even if all the € -amino lysine moieties have
reacted with lactose, there would still be available some
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BAA sites for dye binding and so even when the majority

of the lysine binding sites are blocked by lactose, the
milk protein would be expected to show & considerable

DBC. Assuming that the arginine and histidine binding
properties are not significantly affected by the processing
then the residual DBC after the loss of the lysine sites
would be in proportion to the relative number of moles

of arginine and histidine to the total moles of BAA's.
Typically the composition of cow's milk, with regard to

the BAA's, is as follows, (FAO, 1970):

TABLE 5.3 BASIC AMINO ACID COMPOSITION OI" MILK

BAA mg/gN mM/gN % of BAA
Arginine 205 1.18 21,1
Histidine 167 1.08 19.2
Lysine 487 %35 5967

Assuming that (i) the three BAA's have equal dye affinities,
(ii) the arginine and histidine binding sites

are not significantly affected by the heat treatment,

then the limiting value for the RDBC will be 40.3%%.

Therefore if the change in DBC represents the change in

lysine binding sites, the relative loss of lysine available

for binding ( ARDL) will be related as below

100
ARDIL, = (TOO - 40.5) ( ARDBC)
= 1.675 ARDBC (5.2)

where ARDL is the change in relative dye
available lysine (RIL)
This is represented in diagramatic form in figure 5.3.

Two other forms of this relationship are

ARDL = 1.675 (1.0 - RDBC) (5.3)
and RDL, = 1.675 RDBC = 0.675 (5.4)

The values calculated from the experimental data
using equations 5.3 and 5.4 are listed in Table 5.4.
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TABLE 5.4 RELATIVE AVAILABLE AND CHANGE IN
X LAT LV E JJs LYSLNE 14Y

DYJls BINDING

Treatment | 100/ 100/2  100/3 100/15 110/

ARIL 0.029 0.054  0.081 0.241 0.066

RDL 0.971 0.946 0.919 0.759 0.934

Treatment | 110/2 110/3 110/6 120/ 120/2 120/3%

A RDL 0.116 0.162 0.256 0.163 0,253 0.326

RDL 0.884 0,838 0.744 0.827 0.747 0.67

Plotting these results for RDIL (figure 5.5) on
semilog paper gives a series of curves, instead of
straight lines indicating that the order of the loss of
lysine dye binding capacity through lysine/lactose
interaction is not first order.

The kinetics of the Maillard reaction has been
discussed earlier in this thesis and a variety of reaction
orders and activation energies from the literature were
noted. (Chapter 1, Section 8).

While there is no compelling reason for presuming
that the lysine/lactose reaction, insofar as the formation
of €-lactulosyl lysine is concerned should be of second
order it would not be surprising if in fact that were the
case, as it involves two reacting species in a single step
(the aldosylamine step is stated to be an unstable inter-
mediate which repidly forms the deoxyketoseamine) in
unimolecular amounts (see section 1.2.28)

As was shown in section 3.6 for a second order
reaction, the rate equation is

Ol Yk, XA) - -Kt (3.9

1n
(CBO - CBo XA

where CA is the concentration of A at time to
L+ ]

CB is the concentration of B at time to
=]
X, is the fraction of A converted to product,and

XB is the fraction of B converted to product.
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Applying this to milk, if A is equivalent to lysine,
and B is equivalent to lactose, for the approximate
lysine to lactose molar ratio of 1 to 7 that exists in
milk, the relationship becomes

9 - X
1n( A ) = Kt 550

9 X
- 7X
; A

Substituting the calculated ARIL values for XA in
this relationship estimates of the rate constant, K, can
be found. If the reaction is second order then the
estimates)of K at any one temperature should be constant.
When this substitution is done the following K values are
found.

TABLE 5.5 RATE CONSTANTS

BASED ON SECON

FOR THE CHANGE IN RDL
I

Temperature 100°
t(h) 1 2 3 15
ARDL 0.029 0.054 0.081 0.241
K 0.025 0.024 0.024 0.016
Temperature 110°
t(h) 1 2 3 6
ARDL 0.066 0.116 0.162 0.2506
K 0.059 0.053 0.051 0.043
Temperature 120°
t(h) 1 2 3
ARIL 0.163 Q6253 0.316
K 0.154 0.127 0.116

There is a definite reduction in K as the reation
progresses., It is to be expected that for small, similar
Xy (i.e. ARDL) values the computed K values will be similar
even if the reaction is not second order. The similarity

for the first three K100 values is not unexpected, and they

should be viewed in relation to K100 for the 15h heat
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treated sample.

To summarise the reduction in RDEC does not
follow zero or first order kinetics, and the reduction
in RDL as determined by dye binding does not follow
zero, first, or second order kinetics.



CIIAPTER SIX

DEVELOPMENT Oit A PREDICTIVE MODEL

6.1 KINETIC CONSIDERATIONS
The intention of this experiment was as much to

formulate a predictive model to represent the protein/
lactose reaction. While the most obvious starting point
for a model is the second order supposition Just examined,
the simplest starting point is the first order model.
Further justification for using the first order reaction
as a base for a model is that in a bimolecular second
order reaction where there is a relatively large excess
of one reactant, the reaction becomes a one of pseudo=-
first order due to the nearly constant concentration of
one of the reactants.

i.e. in the second order rate equation

In

= Kt (3.9)
CBQ = CBQ XA

where CBO > CAO, the equation becomes

1
1In ( ) = Kt (6.1)

l.€0 -1n (1 - X = K¢t

2)
which is the conventional form of the rate equation for
a first order reaction in fractional conversion (XA) terms.

Returning therefore to the first order study, in
which a semilog plot of RIL was made against time,
comparison of figures 5.2 and 5.5 shows that multiplying
the term RDBC by 1.675 to obtain ARDL resulted in a more
linear plot. Therefore it appeared possible that by
increasing the multiplying factor for ARDBC a series of
values which when plotted on a semilog basis against time
may'result in three straight lines.

6.2 DYE BINDING CONSIDERATIONS
There could be a number of reasons why the
multiplying factor should be larger than 1.675, including
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(i) the lysine content of the milk being tested
is lower than the !'AO average, which would mean that
overall the constant binding of dye by arginine and
histidine would reduce the proportional change due to
changes in lysine availability.

(ii) The lactulosyl lysine complex or its subsequent
derivatives exhibit an affinity for dye giving higher
than expected RDEC and RDL values.

(iii) another component in the milk, other than
the BAA's binds dye

(iv) the characteristics of the dye binding
mechanism change with the change brought about by the
Maillard Reaction on the milk protein.

The first point, that the lysine content of the
milk is considerably lower than that given in the FAQ
table is not supported by the value found by the GIC
analysis of the milk. The FAO values are used in this
section as no attempt was made to measure the arginine
or histidine in the GILC study. As shown later in order
to give a straight line the change in RDIC needs to be
increased by about 3.7 times indicating that the lysine
is binding only 27% of the total dye bound by non heat
treated milk protein. While this might be possible there
seems to be no reason why the €-amino group of lysine
is less available than the equivalent sites on arginine
and histidine in which case the lysine should be binding
about 60% of the total dye.

The second possibility, that the lactulosyl lysine
complex or its subsequent products exhibit an affinity for
dye has been suggested. It was reported (Hurrell and
Carpenter, 1974) a glucose-albumin mixture in which
Maillard damage had occurred under mild conditions, i.e.
37° for 10d and 30d, the DBC value for A012 showed
virtually no change although the reactive lysine, determined
by the fluorodinitrobenzene method, had fallen by 63% and
80% respectively. It has also been reported that casein
stored at %7° for 5d showed no change in DBC for OG, whereas
the reactive lysine had fallen by 70%, while after 30 days
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the DBC for OG had dropped by only 10%, but the reactive
lysine content had fallen by 91% (Lea and llannan,1950),
With this type of damage the 'early' Maillard products
such as fructosyl-lysine still predominate, and it is
probable that they are basic in nature and so react with
the dye (Hurrell and Carpenter, 1975). Further, it was
stated that "when protein-glucose or proftein-sucrose
mixtures were more severely heated, some reduction in

DBC resulted, but this was much less than the fall in
the reactive lysine content. These materials still
contained small amounts of fructosyl-lysine units which
could combine with the dye and in addition, some of the
'advanced' Maillard products that they contained may
also have been basic." They lfurther reported that a
sample of 29 year old milk powder had the same DRBC value
as that which would be expected for undamaged milk powder,
and yet its reactive lysine was 70% lower than that of an
undamaged powder. I'rom this it was concluded that "the
dye binding is unable to detect the serious deterioration
in such materials as a source of lysine.,"

further evidence that Maillard products may not bhe
entirely unreactive to acid azo dyes is provided in the
behaviour of fructose lysine and lactulose lysine in which
the o{ ~amino group was protected to simulate a protein
chain) towards FDNB. It was found (Finot and Mauron, 1972)
that these deoxyketoseamines gave dinitrophenylated
compounds i.e. were reactive . Likewise TNBS also is
bound by o, protected fructose lysine. Both FDNB and TNBS
were originally believed to be specific for free €-amino
groups. Possibly an acid azo dye, such as AB, could also
be partially bound by the deoxyketoseamines. Such
behaviour could account for some or all of the observed
deviation from first order linearity.

The third possibility that there are other materials
present (other than Maillard Reaction products discussed
above) which bind dye can be ruled out by the many
literature reports to the contrary. (Dolby, 1961; Alais,
1961; Tarassuk, et al., 1967; Ashworth, 1971; Hurrell and
Carpenter, 1975). These workers have established that the




el

minerals, lactose, and non-protein nitrogen which make
up the majority ol non-protein solids in skim milk de
net bind dye.

The only remaining possibility would be that there
is a concurrent reaction not involving the lysine, arginine
or histidine which results in the formatien of products
which bave the ability to bind dye. This seems unlikely.

The fourth point that the dye binding mechanism
changes requires a close examination of the current theories
on the dye binding mechanism and the reported values.

6.5 FPOSSIBLE CHANGES IN THE DYE BINDING MECHANISM
OF HEATED MILK FROTEIN
It is proposed that the principal mode in which the

dye binding mechanism could alter would be in the stoichi-
ometry of the dye to BAA reaction. As stated earlier the
DBC of milk protein is not constant and is dependent on
many factors. However, there is substantial agreement
amongst workers that the DBC of milk protein is in the
range 300 to 340 mg of dye/g of protein. Although there
are figures outside of this range, the basis of these
figures in terms of dye purity (see Appendix 5) has either
not been clearly stated or not allowed for. LFor example,
the DBC for casein is given as 360 mg/g, but this was for
undried impure dye, which when converted to a dry, pure
dye basis changes to 306 mg/g. (Alais, 1961). The same
worker gquotes milks having DBC wvalues in the range %59
to 390 mg/g, which on allowing for dye moisture and purity
convert to 305 to 331.5 mg/g.

In milk of the FAO composition quoted there is a
total of 0.8755 millimoles of BAA per g of protein.
M.W. of AB is 616.5 and as it has two binding groups per
molecule, for protein dye binding its E.W. is 308.25.
Therefore the DBC range of 300 to 340 is equivalent to
0.97 to 1.10 meq/g protein or in stoichiometric terms for
milk of average composition the equivalent dye bound by
one equivalent of BAA is in the range 1.11 to 1.26. This
value is similar to those reported in the literature, viz
1.02 meq/g milk protein (Lakin, 1973b), which converts to
1.17 meq of AP to 1 meq of BAA. For casein a near perfect
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equivalence was reported with the experimentally found
DBC of 306 being very close to the calculated value of
307 (Alais, 1961). This range of veluesz reported for
milk DEC is a reflection of the different milks, different
experimental conditions (amounts of dye,milk, reaction
mixture volume, and pl), brands and purity of dyes used,
In this study the emphasis is on the changes to RDBC
values, and the actual DBC values found is of lesser
importance and has been presented in Appendix 5. However,
ag shown in Appendix 5 the DBC value found for non-heat
treated milk of 268 is approximately equal to a 1:1
binding ratio on the basis of molecular equivalents.

It has been shown that for a given protein the ratio
of the milliequivalents bound per milliequivalent of BAA
varies with the dye used, and that the relative difference
between the dyes is not constant for all proteins, i.e.
while with milk protein the AB DBC : OG DBC is 1:1.42,
for wheat protein this ratio is 1:1.74 (Lakin, 1973b).
Therefore while the nature of the dye aifects the DBC there
is also a change in the relative DBC between dyes with
different proteins. Change the nature of the protein
and the basis of the dye binding mechanism is altered.

It is possible then that when milk protein is heated
the protein is changed in such a way as to affect the dye
binding mechanism and the stoichiometry in relation to the
remaining free BAA binding sites. That the physical nature
of the protein is changed is shown by the gelation of milk
on heating for prolonged periods, but the extent of casein
denaturation under milk processing conditions is considered
to be small ('eth and Johnson 1965) so this is unlikely to
be important. However, the loss of free &€-amino groups
of lysine would increase the distance between dye binding
sites on a protein chain maeking it more difficult for the
dibasic ABmolecule to utilise both binding sites while
binding to just one protein chain. Further the binding of
the lactose molecules to the protein chain could sterically
interfere with the binding of the AB molecule to the
remaining free BAA sites. It is thus likely that not all
AB molecules would be able to use both of the sulphonic
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groups for bindin;,, and that some may only be able 3o
use 1 such group. The effect of this would be to ingrease
the ratio of dye lLound to sites available.

The DRC is influenced by the protein/dye ratio,
increasing as the quantity ol protein is decreased for
a constant quantity of dye and in this experiment the
protein of the unlieated milk is 3.7% and by dye binding
the 'apparent protein' of the most severely heated milk
is 3.04%. This represents a change in the ratio of protein
to dye of 17.7% (i.e., the ratio changes from 2.42 to 1.99
mg/mg) which from the literature (Terassuk, et al., 1967)
will increase %le DPRC by about 3%. This means that the
observed ARDIC oi 0.185 may in ract be larger by 3%, or
0,006 which is noif significant. Further this increase in
DBC should not apply in this experiment as the true protein
level did not in ract change from %.7% during processing.

6,4 THE KINETIC NODEL DEVELOPED
All of tThe above arguments supporit the observed

deviation from non linearity in the semilog plot of both
RDBC, and 'available lysine' against heat treatment time
but none actually offer an obviously correct solution. In
practical terms the exact solution is not necessary bul
it can be useful to derive a model that catisfactorily
predicts the observed results. In view of this, and the
obvious linearizing effect that multiplying the loss in
RDBC had on the semilog plot, a computer programme was
developed to find the optimum multiplying factor required
togive the best fit of the data to a first order model
(See Appendix 8 for a full discussion of the basis and
solution of the computer programme,)

The computer analysis shows that the optimum
multiplying factor for ARDBC was 3.68, i.e. the optimum
fit of the data to straight lines occurs when (1-3.68ARDRC)
is plotted against heat treatment time, as indicated in
figure 6.1.

Assuming that this first order model represents

the actual loss of free €-amino groups of lysine caused
by the Maillard reaction (ARAL) then from the computer
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6. 9

gsolution the rate constants listed in Table 6.1 are
obtained for the reaction,

TABLE 6.1 MODEL RATE CONSTANTS

Temperature (°C) 100 110 120
Rate Constant (h™) ~0.057 ~0.141 -0.418
ARAL = 3.68ARDBC (6+2)

But for a first order reaction the following rate
equation is applicable
8 ekt
0

where Co is the initial concentration of a reactant
C is the concentration at time t and
k 1is the rate constant
o.o RAL = T (6.4)
‘0
Eliminating RAL from equations 6.3 and 6.4 gives

RDBC = 2.68 + &5V (6.5)

2.68

From equations ©.3% and 6.5 it is possible to predict, for
the experimental conditions used, the RAL and RDRC values
listed in Table 6.2 . (See figures 5.1 and 6.2 )

TABLE 6.2 ACTUAL AND PREDICTED RDEC AND RAL VALUES

Treatment RDBC VALUES RAL

Temp (°C) | Time(h) | Observed|Predicted | Observed®| Predicted

100 1 0.982 0.986 0.934 0.950
2 0.968 0.974 0.882 0.903

5 0.951 0.961 0.819 0.858

15 0.856 0.854 0.469 0.464

110 1 0.961 0.964 0.856 0.868




Table 6.2 (cont)

6.10

Treatment RDEC VALUES RAL
Temp (°C)| Time(h) | Observed | Predicted Observed | Predicted
110 0 '0.931 | 0,933 0.745 | 0,754

3 0.90% 0.906 0.642 | 0.655

6 0.847 0.845 0.435 | 0.429
120 1 0.902 0.907 0.638 | 0.657

3 0.849 0.846 0.443 | 0.432

3 0.805 0.806 0.280 | 0.284

#(Calculated [rom 1 = 3.68 A RDBC)
6.5 EXAMINATION O' THE MODEIL, DEVELOPED

(a) On a Stoichiometric Basis

The fact that this model fits the observed data so

well, justifies a closer examination.

If the model is

correct the multiplying factor of 3.68 would suggest that
the change in DBC is not very sensitive as an indicator of

the changing availability of the lysine £-amino groups.

However, this situation is at least partly remedied when

allowance is made for the assumed constant levels of histidine

and arginine.

As lysine provides only 59.7% of the BAA in

milk of average composition, the 3.68 factor is at least
partly due to the theoretical multiplication factor of
1.675 for converting theroetical changes in DBC to changes

in dye available lysine ( RDL).

multiplication factor of 2.20 to he accounted for.

This still leaves a

Althourh the model fits the observed data it does
not necessarily refllect accurately the practical situation.

The model incorporates two assumptions which may not be
entirely valid, namely that it is first order and that the
change in €-lysine groups are a constant multiple of the

ARDBC values.
the 3.68 multiplication factor.

Any measurement errors are increased by

The model reliably predicts *he RDBC values, but
further experiments are needed to confirm that it also
represents the change in lysine € -amino groups availability.

For the model to be correct the stoichimetry of the

dye binding mechanism must change.

The theoretical RDBC
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(TRDBC) of the milk protein is given by

_ available (arginine + lysine + histidine)
il Total BAA

0.211 + 0.192 + 0.597 (6.6)
1

.O
Initially for non-heat treated milk the TRDEC = 1.0 and
in heated milk, assuming only the available lysine is
affected, then
TRDEC = 0.211 + 0,192 + 0.597 x RAL
0.403 + 0.597 x RAL (6.7)

-

As an example the model predicts for milk heated
at 120° for 3h will have an RDBC = 0.806, and an
RAL = 0.284, from which the TRDEC = 0.57%3. In terms of the
model the ratio RDBC:TRDBC is a measure of the required
change in stoichiometry in the dye binding mechanism.
This indicates that after this heat treatment the available
binding sites are now binding 1.41 times the number of dye
molecules that they bound in the unheated milk.

When there is complete loss of available lysine
€-amino groups, the RDL = O, the TRDEC = 0.40%. However,
the model predicts an RDEC = 0.729, indicating that the
binding stoichiometry will change by a factor of 1.81, after
sufficient heating to reduce the available lysine € -amino
groups to zero. (See figure 6.3)

This increase in binding stoichiometry could be
explained as outlined earlier, i.e. that lactosyl lysine
or its subsequent products exhibit an affinity for dye; and
that heating brings about a change in the protein causing
a change in dye binding mechanism. It is possible that it
is a combination of both these effects.
(b) On the Basis of Dye Binding by a Maillard Reaction

Product

If the reaction between lysine and lactose were first
order and was represented by the model, then to explain the
greatly reduced change in dye binding on other than
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change required.
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stoichimetric/steric interference grounds, would require
that a product or products of the Maillard reaction has the
capacity to bind Ail. The observed change in dye binding is
only 1/%.68 (i.e. 27.2%) of that predicted by the model.
This indicates that 72,.8% of the change is obscured by

the production of a new species able to bhind AB. The
possibility of lactulosyl lysine binding dye was discussed
earlier (section ©.2) and considered to be possible.
Further, it has been calculated that of the nutritionally
unavailable 1lysine, in heated milk 71.5% is present as the
deoxyketoseamine (i.e. lactulosyl lysine)(section 1.7). If
this reaction product does bind AB on approximately a 1:1
stoichiometric basis, then the small observed drop in RDBC
is explained. This does not allow for any further reaction
the lactulosyl lysine may undergo itself. The fact that
colour develops, and that deoxyketoseamines are important
in this pathway (Reynolds, 1969) indicates that dye binding
by lactulosyl lysine is only a partial explanation.

6.6 ACCURACY O TIE MODEL

While a multiplication factor (F) of 3.68 for
RDBC gives the best it of the data to a straight line, the
accuracy of the model must be kept in perspective. As

outlined in the discussion of the computer programme
(Appendix 8), the average coefficient of variation for the
rate constants was a minimum at F = 3.68, and this can he
used to calculate confidence limits for the geometric mean
rate also calculated by the programme.

Table 6.3 is the computer printout for the calculated
values for F = 3.68

TABLE 6.3 COMPUTER PRINTOUT AT OPTIMUM F

F = 5-68

TEMP RATE CON MEAN SQUARE cov
100 ~0.4178852 0.0007530 ~5,57
110 =0.,1406754 0.0003075 ~-4,08
120 -0.0510577 0.0009543% -6.53

GEO MEAN RATE COEF = =0.144249 '

TOTAT, SUM SQUARES = 0.005292

GEO MEAL RATE COEF = 0,000667

AVERAGE COET OF VARN = 5,69548
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The 95% confidence limits for the geometric mean
rate coefficient are + 2 standard errors yi.e.¥2(Ave.
coeff. of variation/ /" 5

i.e. - 0.144 2 (B.78)/ 7 5

= 0.154 to = Q.1%4

1
I+

]

The lower limit corresponds to the geometric mean
rate for F = 3.51, and the upper limit corresponds to the
geometric mean rate for F = 3.55. Therefore the 95%
confidence limits for F are 3.9 and %3.8% This indicates
that the fit of the data to first order kinetics at F = 1,
(for RDBC), and F = 1.68 (for apparent lysine) are signif=-
icantly worse than the fit at F = 3.6& (the model for RDL).

Co.7 ENERGY O ACTIVATION
The energy of activation for a reaction can be

calculated as developed in Chapter 1 by applying egquation
1+9
s S
viz: = i R I, 12 -
(T, = T,) K,
Applying this equation to the three 'reactions, viz
(a) loss of DBRC for which F = 1,
(b) apparent loss of lysine =-amino groups, for
which F = 1.68,
(¢) loss of free lysine€-amino groups using a
first order model at which F = 3.68 the following values
for E are found

(a) E.- 198x373x395 4, (: o:o;g;.’e)

= 28,7 Kcal/mole

e (1.9)

(b) E

1.98 x x 1n (-0.1 o)

L

29.0 Kcal/mole

(¢) E= 1.98 x 37% x 393 _1In (-0.41 8)
20 -

= 30,5 Kcal/mole

While there may be doubt regarding the validity of
the model (i.e. case (c¢)), as far as the reaction is
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concerned it does not make a great deal of difference
to the E value caleulated for the reaetion that causzes
a change in DI'C through heat treatment.

Another way of interpreting these values is to
show the relative increase in the rate ol reaction for a
10° increase in reaction temperature., JFrom equation 1.9,
equation 6.8 can he derived.

K, B ('”4 - Ta)

While the value T, - T, may be constant (such as
here where a 10° change is being examined), the actual
value of the ratio of the rate constants will vary according
to the value of T,, or T,, i.e. at 0°C (273°K), and at
100°C (373°K), and so the value of the ratio will vary.
It is therefore necessary to specify at what temperature
the ratio between the rate constants is being examined. |

Within a narrow temper:ture range, however, the ratio
is relatively constant, especially when the temperatures
under consideration are above about 370°K., Therefore the
ratio of the rate constants for 100°C (372Z°K), and 110°C
(383°K), and the ratio for the rate constants for 110°C
(383°K) and 120°C (393%°K) will be nearly identical. For
this experiment, using the two temperatures of 105°C (378°K)
and 115°C (388°K) as being typical for tlc three 'reaction’
situations for which E values were calculated it is found
that for a 10° rise, the ratio of the reaction rate
constants are

1) X (28,700x10)/(1.98x578x588)
S = e
ks
= 2,69
(ii) fl ) C(29,000x10)/(1.98x§78x388)
ks
= 2.7
(iii) Ei J e(30,500x10)/(1.98x378x588)
k
2

= 2.86
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Therefore regardless of which reection is
considered, a chanire that takes 1 hour to occur at one
temperature will take about £.7/0 hours Lo occur at a
temperature that is 10° lower than the original. This is
illustrated in fifures 6.1 and 6.2.

6.8 COMPARISON WITH LITERATURE VINDINGS
fecause of the limited data reported in the
literature, and because the reported changes in DBC are

small, it is not possible to completely corroborate the
data found in this experiment.

Aleis, et al., 1961, reported RDIC's of 0,989, and
0,976 for milk after 100°/10 min, and 115°/20 min.

The experimental model gives !;ynr-» = 0,051 and
RDEC = 2.68+ et
2.68

which predicts that for a treatment of 100° for

10 min,
RDBC = 0,998
Applying the Arrhenius equation (©£.8) to the
experimentally determined reaction data to find a rate
constant for 115°, it is found that

30500 ( - )

2
kg5 = Kqpp e 100 588x395 |

= = 0.252

Using this value for 115, after heating at 115°
for 20 min., the predicted RDBC is 97.&. This compares
more favourably than does the first calculated figure with
its corresponding literature figure.

It is apparent from the rate constants, and the
first RDBC calculation above that at temperatures below
100° long holding periods will be required before any
significant change could be expected in the RDBC (assuming
the reaction mechanism is the same in alli cases). The
model predicts that heating at 7/0°C for 100h would give
an RDBC of 0.972.

Tarassuk, et al., 1967 reported that heating at
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120° for 8 min and 10 min resulted in RDBC values of

0.982, and 0,972 respectively. Applying the medel to these
conditions gives corresponding RDBC values of 0,985, and
0,981, Considering; the mapgnitude of the changes and
possible experimental errors in the reported data, the
model fits the observations of Alais, et al., and Tarassuk,
et al,, satisfactorily, as well as predicting no significant
change in milk that has undergone only mild heat treatment
such as pasteurization.

6.9 SUMMARY

(a) Experimental evidence published has established that
the BAA's of proteins bind acid azo dyes and under
conditions ol excess dye a protein/ dye precipitate is
formed. The amount of dye bound under excess dye conditions
is nearly stoichiometric.

(b) Of the acid azo dyes used, opinion is divided as to
which is the optimum. For milk protein determination both
AO12 and AB are used in commercial equipment.

(¢) The dye binding mechanism is not just a simple BAA/dye
bond but is believed to involve up to 7 different types of
bonds; (a) primary electrovalent, between the BAA and dye
sulphonic acid groups, (b) hydrogen bonds between the free
dye in the supernatant and the bound dye and/or the protein,
(¢) hydrophobic bonds between the free dye and the bound
dye and/or the protein.

(d) The protein/dye stoichiometry is aflfected by the
protein, the dye, and the experimental reaction conditions.

(e) A wide range of values has been reported in or can be
extracted from the literature for the AB DBC of milk protein.
However, comparisons are difficult because these figures are
often based on dyes of unknown or unstated purity.

(f) Heating liquid milk decreases the DBC of the protein
and this is most likely to be due to the Maillard reaction
occuring between the lactose present, and the €-zmino groups
of the lysine in the protein, although there may be a
contribution from changes in the arginine and histidine
moieties.
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(g) The change in DBC depends on the severity of the
heat treatment, with a process such as pasteurization
giving no noticeable change in DBC,

(h) The loss cf DIC does not follow first order kinetics.
(i) If the loss of DBC is assumed to be due solely to
changes in €-amino groups in lysine, and if allowance is
made for this, then the loss of €-amino group availability
as determined by dye binding also does not follow first
order kinetics,

(3) A model, in the form of a first order reaction was
established and this could be used to satisfactorily
predict changes in RDBC caused by heat treatment,

(k) Application of the model to various heat treatments
in the literature predicted RDBC values that were in geood
agreement with the literature reported values.

(1) The energies of activation for the three possitle
'reactions' were found to be similar (see Table 6.4) and
all in the region of the reported values for the encrgy
of activation of the Maillard reaction.

TABLE 6.4 CALCULATED VALUES yOR E AND Q10

Reaction Fa Q10 for range
(Kecal-mole) 100=120°C

Change in DBC 28.6 2.68

Change in DBCx1.68 29.0 2e71

(equivalent to change
in lysine only)

Change in DBCx3%.68 %0.8 2.88
(first order model)
|

6,10 CONCLUSIONS
(a) Heat treatment reduces the AB DBC of protein in
liquid milk in non first order manner.

(b) Allowing for other dye binding amino acids and
assuming only the lysine is affected by heating of the
protein in the presence of lactose, the loss of lysine
for AB dye binding is not first order.
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(e) A firstorder model ean be fitted to changes of up
to 0.2 in RDBC, i! it is assumed that

(i) the dye binding reaction stoichiometry is
affected hy the change in nature ol the protein brought
about by the react.ion hetween the lactose and E-amino
groups of 1lysine. The stoichiometry of dye binding using
this model, is such that when all the €-amino groups are
unavailable to AB the amount of dye bound per PAA is
increased by a8 factor of 1,81, There is a progressive
increase to this level as the reaction proceeds and under
the most severe heat treatment process used in this
experiment required the dye binding per BAA to increase
by a factor of 1.41;
or (ii) the change in free €-amino groups is represented
by the model but the Maillard reaction results in 71.5%
of the unavailable lysine being present as lactulosyl
lysine and that this compound can bind AE on a 1:1 basis.



APPENDIX 1

THE CORRELATION BETWEEN DYE CONCENTRATION
AND ABSORBANCE

Al.1 _Theory
beer's Law states that the absorbance of lipht
passing through a solution is proportional to the
concentration of solute in the solution,
A = Ebe
where A is absorbance

E is molar absorptivity, a
const. for a given substance

b is light path length in cm.
¢ is concentration in g/l

It is however not uncommon to find at high
concentrations that there is some deviation from this law,
with absorbance being lower than the law would predict.

It was therefore important to determine the
behaviour of the AB solution at the concentrations used
in the dye binding tests. Steinsholt (1957) claimed that
AB follows Beer's Law only at concentrations below 6.2mg/l.
It was also reported that Beer's Law is followed by AB
solutions which have absorbances of up to 1.0, which under
the conditions used corresponded to 13mg/l (Dolby, 1961;
Tarassuk, et al., 1967). In these tests a 1cm light path
length cells was used and with this path length the accuracy
of the absorbance reading would tend to become the limiting
factor rather than the deviation from Beer's Law. This is
a consequence of the relationship between % transmission of
light and the absorbance, viz:

A = 2 ~-1log T

where T = % transmission
and the fact that the instrument scale is normally linearly
calibrated for % transmission. Thus the relative accuracy of
a reading is constant over the transmission scale but not
the absorbance scale. For example, it might be possible to
make & reading with an accuracy of * 0.2 units on the
transmission scale. A typical T reading may be 75%, with
error limits of 74.8% to 75.2% which convert to absorbance
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values of 0.,12617 and 00,1233, a renpe of 0,002% absorbance
units, but at T = 10% then the corresponding limits of
error for the absorbance readings are 1.0088 and 0.9914,
giving a range of 0.,0174 absorbance units. Further the
absorbance scale of most spectrophotometers are not

finely calibrated for absorbance readings in excess of 1.0
which makes the determination of accurate concentrations
difficult where the absorbance of the seclution is in excess
of this figure.

In more recent studies this problem has in part been
reduced by the used of cells with light paths as short as
O.2mm, which enables reasonably accurate measurements to
be made of the absorbance of solutions that are 50 times
more concentrated than those that could be handled by the
older 1cm light path cells. Such short light path cells,
usually of a flow through type are now readily available,
and in fact have been the basis of the successful develop-
ment of such instruments as the Foss Pro-lMilk and Udy
Analyzer protein determining instruments.

A1.2 Practical Study
A solution of AB made up, as previously described
(Section 5.3) for use with the Foss Pro-Milk instrument

was diluted to give 10 lower concentrations as listed in
the Table below. The absorbance of the standard dye, the

10 diluted dye samples, and water was determined using a
Bausch and Lomb Spectronic 20 spectrophotometer fitted with
an O.,2mm flow through cell. The average of two readings
was taken, the first set of readings being made starting
with the lowest concentration, and the second set with

the highest concentration. The cell was cleaned after
every three measurements.

A1.% Results
The absorbance readings are listed in Table A1.1
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TABLE A.1.1 ABSORDANCE OF DILUTE PRO-MILK DYE
SOLU'T LONS

Dye Conc Trensmission Readings [Mean Absorh«- Ax
(D) % of (%) U ance Dil.,
Std Ascending Descending 7 (A) l'actor
0.0 100.0 100,0  100.,0 0.0 “
5.0 84,6 84, & G4 & 55 0.0729 1.458
10.0 2.0 22«71 2«05 Q.1424 1024
20,0 b2el [?.L prapiie 0.2807 1. 404
28.6 398 729.¢ 39.80 0.4001  1.399
40,0 28.% 25,0 2315 05505 1.376
50.0 211 270 21.05 0.6767 1555
60.0 15.8 15.8 15.80 0.8013 1.336
70.0 11.2 110 11.70 0.9547 14364
80.0 81 1e0 1.05 1.0942 1.368
90.0 640 640 6.00  1.,2218 1.358
100.0 4.2 h,2 4,20 13768 1.577

This concentration corresponds to the concentraticn used
in setting the '4%' calibration reading for the Pro-Milk
protein tester.

Figure A1.1 is a plot of these results.

A1.4 Analysis
As a result of the method o! calibration the

correlation line must pass throurh the point, 0.0 concen-
tration, 100% transmission. Therefore the regression equation
was forced through this origin. The equation obtained, is
A = 0.,01368 D (A1.1)
where A is the absorbance oif the dye, and

D is the % of the original dye concentration,

Equation A1.1 implies that the absorbance of the
undiluted dye is 1.2%68, and the predicted absorbance values
are listed in Table A1.2.

TARLE A1.,2 TFREDICTED AND MEASURED ABSORBANCE VALUES

Dye % 0.0 540 10.0 20.0 28.56 40.0

A measured |0.0 0,0729 0.1424 0.2807 0.4001 0.5505
A predicted | 0.0 00,0634 0.1368 0.2736 0.39086 0.54723
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Table A1.2 (cont

Dye % 500 600 70.0 20.0 90.0 100,0

A measured |0.6767 0.8013 0.9547 1,094 1,222 1.377

A predicted| 0.6940 0.8210 0.9575 1.094 1.231 1.368

I'oy 7% tronsmittance and % dye concentration the
relationship is

= 100 (0.9690)7 (A1.2)

A1.5 Discussion
Beer's Taw implies a linear relationship between

absorbance and concentration. The form of the regression
equation indicates GLhat over the ranpe of concentrations
studied such & straipht line relationship exists and this
is confirmed when the values predicted by the correlation
equation are compared with the experimental values.,

As the standard dye used in the experimental work
on DBC of the milk protein is equal to the maximum used
in this Beer's Law study it can be concluded that the dye
concentration encountered elsewhere in the DBC study will
be in the ranre complying with Beer's Law.
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THE RELATLONSHIP BEMWER] THE PRO=MILK
PROTELN AL D IRANBMITTANCE BCALLS

A2 .1 TIHEORY
Beer's law as discussed in Appendix 1 is expressed

ag the followiny; equation,

A = R o
and as A = 2 =« log ¥
then ¢ = 2= log®
Eb

If the initial concentration of the AB dye is Ci
= - ?
and the protein binds dye to the extent that the concen-
tration chanpes by CD then the resultant final concentration,
Cf, is given by
Cr = €; = O
f i p
Further if{ the reaction between the milk protein
and the AB dye does not change its stoichiometric behaviour

with a change in protein or djye concentration, the in excess

dye

iy ~— “l P
C’p B. [1]
where B is a propertionality constant

P is % protein in the milk
3 i
S 6 -B.|pl= 2-30g ° i

From which can be derived
1 /] m
Pl = const K log 1
[
where K is a2 constant.

There is a slight complication with the Pro-Milk
instrument in that the instrument's transmission scale is
zeroed with the dye that is used i{or the protein tests.
This allows about 4.2% transmittance of the incident light
through an 0.2mm path length cell (the length used in the
Pro-Milk). Therefore the correlation between the Pro-Milk
transmission scale (hereafter Pro-lMilk transmission values
will be designated PT values, as distinct from T represent-
ing transmission values on the Bausch and Lomb Spectronic
20), and the protein (P) scale will not be of the exact
form formulated above.
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Agditionally as many workers have shown, (Dolby,
19613 Tarassuk, et al, 1967; Lakin, 19738) milk protein
has a DBC value that is a function of the excess free dye
concentration (i.e. Cf), and this will give further
deviations from the theoretical equation.

A2,2 PRO-MILK MARK II INSTRUMENT SCALE

The Pro-~Milk MkII instrument has two graduated
scales, one of which is linear, the transmission (PT) scale
reading from O to 100, and the cther, the protein (P)
scale, which is graduated from 2.0% to 5.5%

From the dial of the Pro-lMilk MkII the corresponding

readings of PT and protein were taken, as listed in Table
A2.1.

TABLE A2,1 TRANSMISSION AND PROTEIN READINGS
HROM PRO= NSTRUM

Tr?ggg*issi‘m o4 | 20,5 | 27.4 | 35.7 |45.6 |57.3 [71.2 |87.7

Protej.n (P) 2.0 2.5 3.0 5.5 "-L.O 405 5‘.0 505

It was later confirmed that two equivalent pecints
on the scale are 20.5%, 2.5%; and 87.65%, 5.5% (A/S N,Foss
Electric, 1976).

A2.,% ANATYSIS
Plotting the log PT scale values against the P values,
(figure A2.)shows that the relationship deviates significantly

from the linear form developed in the theory, but as stated
then this is not entirely to be unexpected. Although not
linear the deviation from linearity is not large and it
seemed possible that the relationship between PT and P could
be approximated by a function of the following type:

Y = a +b.c X
which applied to PT and P becomes

PT = a #+#b .cP
or P = b'y+e¢' 1In (PT+ a)
where a,b,b',c and c' are constants

Using asymptotic regression analysis (Snedecor and
Cochran, 1965), it is found that
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- 17.76 + 16.293 (1.40424)F (A2.2)
- 8.221 + 2.9458 1n (PT+ 17.76) (A2.3)

P
o P

i

Substituting PT values into equation A2.3, gives
the calculated values for P listed in Table A2.2.

TABLE A2,2 MEASURED AND CALCULATED PROTEIN VALUES
~ FOR PRO-MILK TRANSMISSION VALUES

FOR_PRO-MT T <

PT W, 20.5 27.4 35,7
P measured 2.00 2.50 3.00 %o S0
P calculated 2.00 251 3.00 %50
PT 45.6 57.3 71.2 87.7
P measured 4,00 4450 5.00 5450
P calculated 4,00 4,50 5,00 5,50

For the two scale points stated by A/S N.Foss to
be equivalent (20.5%, 2.5%; and 87.65%, 5.5%), the function
predicts P values of 2.51% and 5.50%. These predicted
values as well as the others in the Table are in very
* close agreement with the observed scale values, therefore
the function satisfactorily represents the PT and P
relationship.

The fact that the logarithmic function contains a
constant is a result of the unusual method of zeroing the
trensmission scale, and the changing stoichiometry of the
protein/dye reaction. The equation also implies that the
dye is at a concentration equivalent to 5.826% protein.

The standard dilution of the working fluid to
provide the PT = 45 calibration solution is equivalent to
P = 3.972, by the equation. This compares with the figure
quoted by McGann, et al., 1973 of 3.97.



APPENDIX 3

THE RELATIONSHIP BETWEEN THE PRO=-MILK
TRANSMISOION SCALE AND

(A) AMIDO BLACK DYE CONCENTRATION

(B) THE BAUSCH AND LOMB SPECTRONIC
20 TRANSMISSION SCALE

A3.1 PRACTICAL COMPARISON

Using the same diluted samples of the Pro-Milk
AB solution as were used for the Beer's Law study (Appendix
1), the readings in Table A3.1 were found on the Pro-Milk
MkII (average of two readings).

TABLE A%.1 TRANSMISSION READINGS OF THE SPECTRONIC 20
D : M N

D 0 5.0 10.0 20,0 @ 28.6 40.0
T 100.0 84,55 72,05 52,40 39.80 28.15
PT 100.0 86,50 75,80 57.40 45,00 32.90
D 50,0 60.0 70.0 80.0 90.0 100
21.05 15.80 11.10 8.05 6.0 4,2
2T 24,00 17.40 11.90 7«20 4,00 0.0

A%.2 ANALYSIS
(a) For Pro-Milk and Amido Black

It is evident from the above Table that if a plet
of logT vs D is linear then the equivalent plot logPT vs D
will not be linear, figure A3.1. The PT curve is near
linear for D values between O and 40%, and thereafter
becomes progressively curvilinear. This is due in part
at least, to the peculiar method of calibrating the Pro-
Milk instrument. To find the relationship between PT and
D, use was made of the same asymptotic regression method
(Snedecor and Cochran, 1967) as was used to find the
relationship between PT and P. (Appendix 2).

The relationship found was

PT = 107.72 (0.9762)0 - 8.548  (A3.1)
which gives the predicted PT values in Table A3.2
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TABLE A3.2 PREDICTED AND MEASURED PRO~-MILK
TRANSMISSLON VALUES

D 0 2.0 10.0 20.0 28.6 40.0 50.0

PT(predicted)
99.2 86.9 4 | 58.0 45.5 525 257

PT(measureﬁ)qoo 86.5 75.8 57.4 45,0 22.9 24,0

D 60.0 70,0 80.0 90.0 100.0
PT(predicted) 16.8 1M.4 7410 5e8 1.1
PT(measured) 17 . 4 11.9 7ol 4.0 0.0

The fit of equation A3,1 is not as good as for
either the T vs D, or PT.-ve P relationships derived earlier
(equations A1.1, and A2.2),

While equation A3.1 gives the line of best fit it is
apparent that there is quite a high measure of error in the
predicted values. As most of the protein testing work
results in the remaining supernatant solutions having PT
values of less than 60%, and since below this value the
relationship is more linear, the regression relationship
between PT and D was calculated for D values between O and
60. The relationship found was f

PT = 103.68 (0.9742)0 - 1.034 (43.2)
from which the values in Table A%.3 can be calculated

TABLE A3,% PRO-MILK TRANSMISSION VALUES CALCULATED

FROM EQUATION A3,.2

D 0 5.0  10.0 20,0 - 1 28,6. 40,0
FRpred) | ‘of ge i 8600 L WEA 5.6 &84 33.h
ETCRBASD X7 400 . i 86a5. L. Bl 7 OO

D 50,0 60.0  70.0 80.0 . 90.0 100
PI(pred) | 540 19.6  12.6 8.8 i o 386
PT(meas.) 28,0 7.4 11.9 7.2 4.0 0.0




LN
There has been a significent improvement in the fit of

predicted values 1 the range of values used for fHhe
repression. ‘Thins indicates that althou h an equation of
the form

Y = a h(c)X
does nob adequate.y represent the relationship between PT
and D for all D values, it would be possible Lo derive two
equations Lo cover different ranges of 'y or Lhe nadition
of another parameter, or an extra term involving ¥ would

pive an improved {it.

(b) For Pro-Milk and Spectronic 20 Transmission Values |

Relationships between T and D, and PT and 1. have |
been derived, and by elimination of the term D, &
relationship between T and I'l' can be found, Althoizh the
initial: relationships have been individually optimised, it
is8 quite likely that a third relationship derived “rom
them will not necessarily be the optimum for the third

pairing of the variables.

Thas relationship between PT nnd obtained -y

eliminating D,using equations A1.2 and AZ.2 is
R
PT = 2.2693 T 082973 _ 4 o3 (A3.3)

This gives the values in Table AZ.4 which o7iy
covers the relationship of P1 and T coriresponding wo D
values of O to ©0% as eguation A3.2 is applicable only over
that range.

TABLE A3.4 PRO-MILK TRANSMISSION VALULS CALCULATED
FROM EQUATION A5.5

i 100.0 84,55 72.05 52 .40
PT predicted 99.6 36.1 74.9 56.6
PT measured 100.0 86.5 758 574

/b 29.80 28.15 21.05 15.80
PT predicted ng,2 32.2 2h ,n 18.4
PT measured 45.0 32.9 24,0 17 4

Even when the range of application is restricted
the fit of the predicted values is not very good, and on



average the predicted PT values are low by 0.3%3. In fact

the two sets of values give lines with different slopes.

An examinaltion of the logarithmic form of equations

Al1.2 and AZ.2, Vviz:

InT = -~ D 1n 1.0320 + 1n 100
In (PT 4.024) = = D 1n 1.02648 + 1n 103.68

supgests that the lorm of the relationship between I'T and
T would be

In (PP+ec) = ln a4 b Ian P

where a, b, and ¢ are constants

and that the log 7, log (PT + C) relationship would be linear.
Therefore application of normal linear regression techniques
should give the relationship, and by trial and error =
value of ¢ found that would regult in the minimum error in
the predicted values., The relationship found, for all
pairs of PT, T values was

1n (PP 8.2) = 1n 3%.070 + 0.77%6 1n T
m 1.29266 £ A
orTr T = 0.25"‘6 (P_]_ + 8.2) ‘.\}'\j'-“)
7
or P = 3,070 7 97738 _ g.00 (A%.5)

from whicli the values in Table A3.5 can ve calculated.
Unlike the earlier Table equation A3%.5 is accurate for all
T (or all D) values.

TABLE A3.,5 PRO-MILK TRANSMISSION VALUES CALCULAT.SD
FROM BQUATION A%.5

T 100.0 84.55 172,05 52.4  2%9.8  28.15

PT(predicted) |100.02  86.84 75.78  S57.44 44,86  32.3%9

PT(measured) [100.0 86,50 75.80 57.40 45,00 32.90

T 2".05 ‘15.8 1" .10 8.05 6.0 L"o2

PT(predicted) | 24.22 17.76  11.56 Zal 4,08 1.12

PT(measured) 24,00 17 .40 11.90 720 4,0 0.0




ln‘q j - ‘D

The values in this Table are in Laiter apgrecment,
with the difference in mean PT wvalues fcr the predicted
and obhserved valuesn |}

eing less than O,1. In statistieal
terms the standsxd devn. is 0.41, which while beinpg larse,
is mostly caused !;; the devialions ol two readinpes {rom
their correspondirs predicted values, viz. 3.0 and 37,79,
and 0.0 and 1.12. These two readinps ccatribute 7w of

the standard error., It is likely that tiese readinrs are
in error. The meneral close arreement suppests thel

where the deviations are lar e this would be of experimental
origin rather than being actual differences. The relation-
ship found can be used to satisfactorily predict PT values
from given T vslues.




APTENDIX i

THE RELATIONSIHIP ﬂl‘th“ TUE CAUROT
A J)IJ7H SIFCTRONIG 20 TRANSUILSS.LOI
SOALiL, AND PILE IQ{O_EIIIJ\ PROTELN SCALE

A direct comparison of readings covering the whole
range ol the scale was not made, but frem the derived
relationships betwecn P and I, and PI' and T, viz.

P = =8,22+ 2.,9458 1n (PT + 17.75) (A2.2)
Pm - [V z 0-7'(15@
and 1 }_ = -kJ.CL‘ + ).O?O T ( Jﬂ Tw )
elimination of PT Vives the following eauation
P o= 4,917 +2.945 1n (T°¢770C L 3,014)  (An.1)

Some direct comparisons were made over n limited
ranpe for protein values between 3.1% Lo 3,8%, In all

17 pairs of P and T values were available, Bubstitutiocen
of' the T values in A4.1 gave P values which were on
average 0,06% lower than the observed P values, Typiecal
examples are given in Table 2,1

TABLE 4.1 [EASURED AND CALCULATED VALULKS OF P
FOR GIVEN T VALUES

T 36,2 351 354 Bl o1 356
P(predicted) 3.78 3.72 5.?2. 3.67 3.l
[P(measured) 2elY 3.74 372 3.69 S0

T 32.1 i M 29.4 277 258
P(predicted) Ze 55 3¢52 3429 G L » 15
P(measured) 2.57 3,48 5.56. Z a2l 2.1

This Table indicates that equation A4.1 can be used
to predict P values from Bauch and Lomb T values.

_ A Turther comparison can be made utilising equation
A3.4., TFor a PT value of 87.65%, the dial calibration of P
is 5.5% (Foss Flectric, 1976). Using A3.4, the predicted T
value corresponding to a PT of 87,65%, is 85,487, which
when substituted into A4.1 gives a P value of %.50%. The
equivalent calculations for PT of 20.5%, P of 2.50% (Foss
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Electric, 1976), ¢ives a T of 17.98% and {rom Al.,1 a P
of 2518,

Therelfore equation A4.1 can be uszd Lo debermine
the protein conten!t of milk when the exparimenhbal
conditions used (volume of milk, volume and composiiion of
dye) are the same as for the Foss Electric Pro-Milk. The
relationship would need to Le adjusted for any change in

condibions.




ATPENDLY 5

DYE PURITY AND ABSORBANCIE, AND 91l
DYE, BINDING GAPAGITY OF MLILR PRUJ LN

45,1 INTRODUCTION

lecause of the BAA's in the prot.in ¢hain, nilk

protein will bind acid azo drves, as previously discusred
(Chapter 4). Many workers in this fielid have invesatipated
énd reporbted this reaction in terms of the DBC of whe millk
protein. Some of the causes for variation in Lhe IIiC o
milk protein have heen discussed earlier, but one of the
major sources of variation ii. the quoted figures a pears
to be the purity of the dyes used.

AS.2 THEORY
In Appendix 1, it was shown that leer's Law applies

to solutions of AR at concentrations used in milk orotein
studies. llowever in dye binding work rather than use tne
Beer's Law constants and symbols it has heen found useflul
to use the system suggested by Ashworth and Chaudr -, 1952,

which was to define an absorbancy index K, for a dve, where

A :
o ——— (J,f\l-,
K - (A1)

where A 1s the absorbance
C is the dye concembration in mg/ml .or #/1)
hence from !‘eer's Law 2 = K

Hereafter the Ashworth and Chaudry system will be
adhered to.

It is therefore possible by knowing K for pure dye
to determine the purity of dye of unknown purity by
measuring the absorbance of a solution of the dye, provided
the weight of dye and the cell path length are known. This
technique has been used (Dolby, 1961; Lakin, 1973; Alais,
1960) to examine dye purity. Where published papers give
suitable information it is possible to use this relation-
ship to estimate The purity of the dyes used, and so make
valid comparisons of the DBC figures obtained.

A5.3 LITERATURE
(a) Dye Purity

As has been noted (Lakin, 1970), the difficulties
in making comparisons are almést entirely sssocisted with
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variations in the purity of the dyestuifs used. ot only
do dye samples vary according to their source (Dolby, 1961;
Alais, 1961; Lakin, 1970) but separate hatches {rom the
same manufacturer have been shown to di!fer (Alais, 1961;
Radeliffe, 19066). Of the dyes commonly used, AB, is the
most dirficult to purify and the most iipure (Lakin, 1970).
The main impurities in AB which is hygroscopic, are water
and sodium chloride. However, a method for purifying Al
has been developed (Lakin, 1970), and this has enablad an
absorbancy constant (K) to be determined.

The values used in the following; discussion will all
be in terms of K, but may have been derived from values
quoted in terms of other units,

Lakin, 1970, found that 'Merck's AB 10B for =:lectro-
phoresis' contained, on a dry basis, 6./ % NaCl, and that
after purification the dye which still contained 0.1% 'aCl,
had a K value of 92,1, Different brands, after puvification
but still containing up to 0.3% NaCl, had K values var iny
from 8%.6 to 91.1. This indicates that water, anc =odium
chloride are not the only impurities in some brand: of Al
and that these may be considerable amoucts oi obthe: dye=
stuff which is not entirely removed by purification. These
dyestuff impurities could possibly be a problem in dye
binding studies as they may compete for BAA sites .n the
milk protein (Dolby, 1961). Lakin therefore decidad that
the dye which was initially the purest, and which alter
purification was the purest, would be used to determine the
K value for AB. This was found to be 9. .1.

Sherbon, 1967, reported a K value of 89.6 for AB,
and referred to other publications in w!ich he, and another
worker (Herrington) compared the properties of AB, A012, and
0G. It was also stated the purity of AR is 90%, but it was
not stated if this was on a moisture free basis.

Tarassuk, et al., 1967 found that commercially
prepared dyes were not 100% pure. The best grade of AB 10B
available was only 86% pure. In addition it was hygroscopic
and changed in moisture content on storage. A solution of
0.4400 g/1 of Merck AB 10B in a buffer solution (pi2.35),
when diluted 100 to 1 had an absorbance of 0.320 in a 1 cm
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cell. This gave 5 K value of 72.7, corrzsponding to
79.7% purity bassd on Lakin's K value, or $1.2% based on
Gherbon's K walue. "o statement was made repardins
moisture, bubt it ies probable tnat undried dye was used as

no reference is made to any drying process.

Ii i elearl; difficult to exbLrac!l consistent dsata
on the purity and sbhsorbance constants lfor bhe dyes used.
ladland and Johnson appear to have been optimistiec in
guoting, Tipures of 95% to 97% purity Ffor their dye, while
the analysis of Alais, et al, (1961) gives a guide to the
composition: 85%¥% purity cn a wet basis, 92% on a dry basis.
This allows up to £ impurity on a dry basis which is
comparable with Lakin's 6.7% NaCl content in the best
sample of dye used (Merck AB 10B for electrophoresis).

Ashworth and Chaudry, 1962, using Merck AB 10B,
standardized their dye solutions by using an experimentally
determined K wvalue of 81.5., Using a vacuam nven the dye
was dried at 75° for 4.5h, and solutions snades up frcoa the
dry dye at concentrations of 0.005 to 0.G1% mg/ml. The
highest value founc ‘or X was 81.6 and tlis was assuned to
be the value for pure dye. However, it is stated tliat
"since this work was completed, a letter [rom E.Merc:,
NDarmstadt, states that the pure dye has zn absorbancy
index of 82.6 at a pH of 2.0." lierck furcner state that
"on the average the assay of our product is 80-86%".
Ashworth and Chaudry calculated their data from 3 kK value
of 81.5. Based on llerck's K value, whick agrees witin
Sherbon's figure quoted above, Ashworth and Chaudry‘s dye
was 91% pure, on a moisture free basis.

Dolby, 1961, quotes Hadland and Johnson (195%) as
finding ''erck's AB for electrophoresis' as being oi
05=97% purity. Dolby found that a 10mg/l (0,01 mg/ml)
solution of AB to have an absorbance of C./5, which gives
a K value of 75. Unfortunately i* is not stated if the
weight of dye is on a moisture lree basis. The purity of
Dolby's dye appears to be 81.4% relative to Lakin's purified
dye, or 83.7% relative to Sherbon's dye. Dolby alsc found
some samples that were only 58% of the purity of the one
having a X of 75. FElsewhere in his paper a graph shows
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that the absorbance of a solution of AB at 1 p/1 was 50
(determined by dilution), which after allowing for other

procedural dilutions, gives a ¥ of 75 as well.

Alais, et al., 1961, reported for Merck AR 1GR for
electrophoresis (lo. 1167) that a solution of dye, diluted
to 0.7% ol ils oririnal concentration ol 0.616% mg/ml, had
an absorbance ol 0,440, in a 1.25 cm cell, This gives a
K value of 81.6. Plsewhere in their paper it is stat~d that
AB typically contained 62 to &% water, and that all dye
weights reported in paper were on an undried basis. It
appears therefore that the dye used was 9.5” pure reiative
to Lakin's, or 91.1% relative to Sherbon's dye, Mipures
are also given lor various other brands ol dye and these
contained up to 482 more impurities, A chemical analysis
was also performed on the dye which indicated that the
Merck dye, No. 11/, was about 85% pure in the undried
state, and 92° after drying.

(b) Dyes Binding Cepacity of Milk Protein
Mot all woriters have calculabed a DiC volue - rom

their work and it is only possible in these cases to make
an estimate from a graph or regression equation provided
sufficient other data is available.

Lakin, 197%b, quotes milk powder 2s having en AR
DBC of 102 meq/100¢ which is equivalent o 314.%4 mi/p.
Jecause this same worker reported earlier (Lakin, 19/0)
a method for purifying AB it is likely that this is
reported on a pure, dry weight basis. o experimental
conditions were stated. This assumption is supported by
a statement in Lakin 197%a, that "AB was purified by
recrystallisation", and a graph in that paper appears %o
show a DBC value of about 310 for skim milk powder protein.

Sherbon, 1907, quotes without qualification =zn AB
DBC value of 315, and that the purity of AB is about 90%.
It is not clear, but is possible that an allowance has
been made for the 10% impurity.

Tarassuk, et al., 1967, while stating that the
purity of the best grade of AB is only 8&%, does not make
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it clear whether subsequent dye weights and/or results are
reported in terms of impure, wet dye, impure dry dye, orv
pure dry dye substance, Throughout his paper, the DRC
values vary from 240 to 380 depending on the condiliions
used, Iiinder the conditions adopted lor experimental
investigalion reported values for skim milk range [(rom
289,.,9 to 342.7, without any comments being made as to the
cause of the variation. For nne Table the regression
equation linking % protein and absorbance given by Tarassuk,
et al., 1967, is

P = 5.111 = 4,4893 A

From this for a P of 1%, the absorbance would change by
0.,2228, which for an absorbancy value, K, of 89.6 (lMerck's
figure), means that the AB congentration will alter by
0.002486 mpg/ml. Allowing for the dilution (26X) before bthe
readings were taken, and for the total volume of the
reaction mixture (20.5ml) the nett change is 1.32% ng of AB.
As onl; 0.5 ml of milk was tested the change of 17 protein
is equivalent to a change of 5 mg of milk protein. Thercefore
the apparert DB is 265. Applying the same proced . re to
another regression equation (P = 5.905 - 4.684 A) given
elsewhere in the same paper, a calculate.i DBC of 254 is
obtained. Yet another similar equation (P = 5.155 -~ 4.2290A4)
gives 2 DBC of 277. In one part of the paper where differ-
ences between milk producing areas was teing investipgated,
one area produced milk which resulted in the equation

P = 5.6629 - 5.3445 A, giving a DBC of 223! No reason for
this difference could be found. However it is also stated
that a solution oif 00,4400 g/1, diluted 100:1 had an absorb-
ance of 0,320 £ 0.005 in a 1 cm cell which corresponds to

a K value of 72.7 which is 81.2% of the K given by Merck for
their AB. This would change a DBC value of 265 calculated
above to a value of 326.5, which is in the region of those
quoted by Tarassuk et al. This highlights the importance
of the need to state the dye purity.

Dolby, 1961, derives from his work the regression
equation

P =6.,9 A + 0,09
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Therefore a change of 1% in protein would give
a change of 0,1449 in the absorbance reading, which for
a K value of 89.6, and allowing for dilution (%3.%3X),
reaction volume (1%ml) and volume of milk used (equivalent
to 0.2%ml, diluted to 5 ml) implies that milk protein has
a DBC of 32%.5 Another equation is also given (P = 2.274 A
-~ 0.0%) from which the DBC is apparently 300G.9. Dolby does
not give any fipures for DBC, bubt he investipated the
binding of AB by milk protein using the (ollowinp, procedure:
"Pulfered solutions of AB at three different concentrations
(0.62 g/1, 0.75 g/1 and 1 g/l) were prepared. To a number of
10 ml portions of each were added 5 ml volumes of diluted
milk containing various quantities of the same whole milk.
After centrifuging (the 15 ml of reaction mixture), 3 ml
of the supernatant liquid were diluted to 100 ml and the
absorbance measured. The absorbance of the undiluted
supernatant liquid was calculated." The results were plotted
as the change in absorbance against the number of mp of
protein added to 10 ml of dye solution. The graph shows ihat
at lower levels of protein to dye ratio Lhe change in absorb-
ance is constant. The regressinn line pssses through the
origin, and the point A = 0.48, and 10 mg of protecin,

Therefore it the addition of 10 mg of protein charies
the absorbance in the dilute supernatant by Q0.48, then the
true change in the supernatant, applying equation AS.1 is

Apn - 0.48 x 100

5

Using Merck's absorbancy index of 89.6 this corres-
ponds to a dye concentration change, C given by

_0.48 x 100 .
OC = S=TT% m;/m1.

Given that the volume of the reachtion mixture was
15 ml, the dye bound (AD) by the 10 mg of protein, is
given by

AC x V

0.48 x 100 x 15
3 x 89,6

2.678 mg
es For milk protein, the DBC = 258

AD

]

mf




Ashworth and Chaudry, 1962, quote DBC values of
304, 349 and 35" but this is based on dye which had a3 K
value of #1.5, The values become 312.9, 317.4, and %22.0
when converted to pure dye using a K of £9,6, In the same
way as has been calculated for other workers, using, from

their paper the equation

Po= B0 = 1,72 A
the DBC is found to be 308 (based on K = §£9,6), or 338
(based on K = 81.%) the latter being identical to a value
guoted in their paper.

Alais, et al., 1961 report that their standard dye
solution, containing 0.616% g/l of AB, when diluted to
0,7% of this concentration (i.e. 0.0043%155 g/1) had an
ahsorbance of 0.440 in a 1,2% cm path length cell., This
gives a calculated K value of £1.6 for 8 1 em cell. ‘The
dye used was Merck AB for electrophoresis, number 11G/.
This dye was nof dried, or purified, and was the same baltch
as had been chemically analysed at 85% purity on an undried
basis, and 92% on a dry weight basis. This would indicate
that the K value for pure, dry dye should be 94.9. Their
equation for liquid milk was

]f\ = ”.632 - Bct:‘d.

where P is total protein precipitated from 0.75 g of liquid
gample (diluted to 10 ml), expressrd as a % of 0.7% g, anl
d is the absorbance ol the excess dye in the supernatant

solution.

This implies that when #4,632% of 0.75 g of probtein
is precipitated the supernatant absorbance is zero, i.e.
34,74 mg of protein is precipitated by the quantity ol AR
used in the test, viz. 20 ml x 0.6165 mg/ml = 12.%7 mg, from
which the DBC of the precipitated proteins is 355. This,
however, is not the same as the DBC of milk protein fraction
given by other workers since non protein nitrogen, and some
of the soluble proteins which do not bind dye (Aleis et al.,
1961; Tarassuk, et al., 1967) are included when the protein
content of milk is determined by the conventional Kjeldahl
procedure., This non dye binding nitrogenous fraction of
milk is equivalent to about 6% of the total nitrogen content.




Johnson,1959

Worker Crude Dye Purity X Purity Basis Purity Rasis On basis of
for K Protein for DB K = 89.5
for pure dye
TLakin, 1970 92.3 % after 92.1 99.9 Presumaoly 323
drying 99.9%
Sherbon,1967 90%, basis 89.6 Presumably 5 Presumably 315
unknown dye assuned dye assumed %o
to be 9045 be 90% pure
pure
Tarassuk, s &% 72.7  FPresumably Presunacly 269
al., 1967 undried, undried,
impure av.approx. impure
[lerck,1962 80=- 86% 89.6 100% - -
& % HO on SE Dry basis p
Chaudry,1962 average
Dolby, 1961 - 75 Presumably Absorbance 268
undried, difference wit 207320
impure dye K=89.6,1.€. - -
100% pure
Alais,et al. 85%, Undried, Undrisd 206
1961 e=8% H O 51.6  lapure impure (234 for
= (B5% purity their pure
apurox) dye)
Hadland & 95 to 97% - - 325 - ~

SNEEY
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Therelore on a conventional protein content basis, the
DRC of milk protrin as debermined hy Alais, et al., 1961,
i8 3%23./ and allowing lor dye moisture snd impurii . ez,
the DBC value is veduced to ¢33.6 (using their K o0 96

o ¥ = 1A

for pure dye based on K of 81.6 for 85% purity dye).
The literaiture data for dye absorbance consvsnis,

dye purity and Didl is summarised in Table A5.7.

AV  T'RACTICAL IH!VESTIGATION

(n) Dye Purity
(i) Moisture: Four samples (ca. “ig) of AB (Merck,

No., 1166 and No. 1167) were accurately weirhed into
aluminium drying dishes, and dried in a vacuum oven af 80°
for 4 h, After cooling in a desicator the samples wor»
weighed and the moistures determined by difference.

(ii) ARB Content: The purity of the AB supplisd bty
A/S N.loss Electric, flillerod, Denmark [or usc with the
Pro-Milk MkIIL was determined by establi~aing the 2a-gorbance
characteristics ol dilubte samples of tha shendard Pro~tiik
solution used lor the lecr's Law Study { dppen'ix 1. The*
weight of dye supplied by Fosg Electric was 9.81 =z, to ce '
used to make 10 1 of working dye .

(b) Dye Binding; Cupacity
The dye binding capacity of the milk protein in 412

milk used for the DPC kinetic studies was estabiisned [ron
the results ol that study.

AS5.5 RESULTS AND DISCUSSION

TABLE A5.2 MOISTURE CONTENT O MERCK AMIDO BIACK 10B

Dye 'Age" Moisture(?)
Merck No.11506 I'reshly opened 4.9
Merck No.1166 Previcisly opened 153
Merck No.1167 Previously opened 10.6
Merck WNo.1167 Previously opened,old 16,0

As reported extensively in the literature, and noted
elsewhere in this thesis, AB is hygroscopic, as clearly
indicated by these results. There does nct appear to be
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any difference in the hysgroscopic nature of the two AB
dye types, but rather the moisture content appears to be
a function of apge. No data as to how long the nreviously
opened samples had actually been opened was available,
These moisture levels are in line with literature values.

AB Content: From Appendix 1, equabion A1.1 stntes
A = 0,013%368 D
where A is absorbance in a 0.2mm path lenpgth cell,

/

v of the concentration of the working
dyee.

and D is ?

Therefore the absorbance of the working dye is
1.568. This is equivalent to an absorbance of 68.40 in a
1 em path length cell. This is for a solution containing
9.81 g of crude dye in 10 1 of solution, i.e. 0.9871 mg/ml.

But using the manufacturers absorbancy index of
89.6 (quoted by Ashworth and Chaudry, 1962), the absorbance
of a solution containing 0.981 mg/ml of pure dye is

A = KC {:f‘rg_/:\‘}
= 87.90
Therefore the purity of the dye supplied and used
was
= B8.4 = 100
8790 ) 1

Lased on the K of 92.1 found by Lakin, 1970, for

purified dye, the purity of the dye supplied becomes 74.37%.

These figures, while being low, are not impossible
given that AB was found to have up to 16% moisture, and
that Lakin found about 7% NaCl.

AS5.5 EXPERIMENTALLY DETERMINED MILK PROTEIN
DY BINDING CAPACITY

(a) Based on the Pro-Milk Scale

~ Trom the derived relationship between P and T
(equation A4.1) it is possible to find the DBC of milk
protein. As A%4.1 was based on two other relationships,
equations A2.2 and A3.5, the first of which is for P and
PT, the second for PT and T, the value of DBC found will
be that on which the Pro-Milk instrument is based. From

the regression equation A4.,1
P o= =4,917+ 2,945 In (T°772%+3.918)  (A%.1)
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it is seen that the relationship is curvilinear as there
ig a constant ineluded in the logarithmiec term. If this
constant were O Lhe term would become an expression of
the absorbance of the supernatant of the iorm
A= 2. 3og P

The appearance of the constant indicates that tChe
protein scale on the I'ro-Milk is adjusted to allow for
the increase in DBC which occurs when the concentration
of dye in the supernatant solution increases., (The eifect
of the constant is mreater at low T values, i.e. higher

dye concentrations).

It is therefore necessary Lo express the DRC with
reference to the protein level at which the DBC is beinp
measured,

When the formula A4,1 is changed to make T the
dependent voriable, and this then converitad fto an
expression for A, it is found thsat

{'._"1" J

A = 2 = 1.2927 lorz {ﬁ

When the protein level in the milk is 3.7%, the
absorbance of the excess dye in the sup rnatant is 0.4598%
The drop from the initial dye absorbance. correctes for
dilution by the addition of 1 ml of milk to 20 ml of dye,
of 1.%3029 to 0.45437 is due to the 37 mg of milk protein,
As the I'ro-Milk instrument uses an 0.2 mm light pathk cell,
the appropriate correction factor (50) must be used in
calculsating the change in dye concentration.

.‘. C

]

(1.3029 ~ 0,4599) x 50
89.6

Ul

0.47044 mg/ml
The total amount of dye bound by %7 mg of milk

protein is given by
AC x V
92.879 mg

which gives a DBC value of 267.

D

i



(b) From the Specironic 20 lMeasurements

While the above calculation necessarily invoives

the use ol the Spectronic 20, as this was used to determine

he P, T relationship, & single point estimation czn also
be made [rom the absorbance value determined l'rom tihe
Gpectronic 20 for the non heat treated milk sample of
3.70% protein. This value was 0.4477%, which mives uy tho
above procedure a NBC of 291, The difference im noat &
real difference but one due to the Pro-lilk derived walue
being based on @ series of ohbservations and regression
equations, and the latter value being bated on one sample.
The values of 26, and 271 are amongst Lthe lowest reporited
in the litervature, but given Lhe numher of fasalors Luai,
influence the DI, and the highly varialle nature o/ Lhe
dye used,the values are not unusual or contradiectors in
relation to the literature values,

“he DDRC value of 26/, expressed is milliequivalents
of AB is 0.866. #As given earlier Mg of milk protein sontaius
U4t 8 millieguivaients of BAA proups. e DBE waivs o 297
corresponds to 0.4079 millieguivalents o4 dris. On tuis pasis
in unheated milk there iz eiffectively 1:7 binding betweon
the binding groups available on the dye, and the si -es
available on the protein. This does not nccessuril: mean
that all potentisl bonds are actuslly fr-zed bhecause Lthere

e

are other mechanisms by which dye can be bound to
protein. If these are operating then net a1l direct, primany

x

bonds are being formed. This has becn discussed earlier.

AS5.6  CONCLUSIONS
The dye, amido black, is kighly variable in purity

on both a dry and undried basis. The pr»ity of the dyve can
alter to such an extent that the apparent DBC values can be
greatly affected. When DBC values are being compared the
purity of the dye used, as well as the other experimental
conditions must be teken into account.

In the study of the effect of hesting on DRC of milk
this problem was svoided by converting values to one relative
to the DBC of the unheated milk. It was not necessary to
actually have an absolute value for that study.
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Tl BPFECT OF [EAT ON TI[E COLOUR QI
S MLbh, AND LTS RELATTONSILLE WU
'Tiy DYy BINDING CAPACITY

Ab,1  LITIRATURE ROPORTS
The progression of the Maillard rraction is

characterised by the formation of brown pigments, related
to the poorly derined class of high molecular weight
pipments often termed melanoidins (Vebb and Johnson, 1965,
Reynolds, 19G9) (See also 1.2) The weipht of experimental
evidence supports Lhe view that this browning in heated
milk is a result or the Maillard condensation of lactose
with the milk proteins, principally with the €-amino
groups of lysine, rather than as 2 result of lactose
caramelisation,

Brown pigments would be expected to show an absorb-
ance pesak in the blue region of the visible spectrum, i.e.
about 400 to 480 nm, and that this absorivance would increase
with the increase in pigment iformation. ‘fhis in [act has
been found (Burton, 1954; Dura, et al., 1958).

With increasing concentration, temperature, and pH
the rate of browning is greatly increased (Burton, 1254),
but in normal fluid milk browning was nof significant below
80° under normal piH conditions, althourh sugar-protein
complexing has been detected (Tumerman and Wetb, 195%).
ffor normal skim milk in the temperature range of 95%° to
120°, the rate of hrowning increases 5.1 times for an
increase of 10° in temperature, (Burton, 1954) indicating
that the reaction has an energy of achtivation of 30Kcal/mole.
It was found that reflectance of heat treated milk relative
to the reflectance of non heat treated milk is approximately
linear with heat treatment time. The maximum change in
this relative reflectance covered in the experiment reported
was about 50%.

Similar behaviour was noted for goats milk (Burton,
1963%) but in that case the Q10 was 2.6 for homogenised milk,
and 2.7 for non homogenised milk. This means that the
energy of activation for the development of colour was
27 Kcal/mole.
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Other literature reports tend to ¢loss over

the quantitative measurement oi the colour of browned
food produects and Lend to report the colour in subjective
visual terms such as "straw coloured", "slightly browned,"
"scorched", and so on (Finot, et al., 1971; Tarassuk, et al,,
1967)«. fior pure mixtures kinetic relatiornships have been
devised such as, for glucose and glycine (Mollal, 1968)

ep = K oti e % C12)

vl Vg

and for fructose and plycine

Gp = K Gq O (1.1%)

where Cp is pipment conceniration
Cﬁl is rlycine concentration
Gﬁ is plucose concentrsalion
ﬂf is fructose concentration, anrd
t is time.

The method of pigment measurement, or the identity of the
pigments was not given. The possible range of pigments
would probably be more limited than in heated milk d&:n to
the limited and pure nature of the reaction substrates,.

As discussed earlier in this thesis (Chapter 1)
lactose reacts with the available €-amino groups of lysine
in a 1:1 ratio, forming heat labile, colourless comi:lexcs,
which breakdown on further heating to form & wide range of
compounds many of which are brown or may serve as | rTowning
intermediates. While the reaction pathways are many,
complex, and still not fully understood, the €-amino proups
of lysine are significantly involved (see figure A6.1). It
can therefore be expected thal as the formation of brown
pigments progresses the DBC of the milk protein will be
affected. Consequently it may be expected that some type
of relationship may be found to exist between the RDBC
and the extent of browning. For evaporated skim milk which
was subsequently diluted to about 20% solids, and ithen
heated at 120° for a range of times, up to 10 minutes it
was found that browning, as measured by a reflectarce
colorimeter using a blue filter was linearly related to
DBC (Tarassuk, et al., 1967)
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Figure 6.1 _RELATIONSIIPS BETWEEN PIGHMENT, CARBON
DIOXIDE, AND FURFURAL PRODUCHELON
(COLE, 1967)

AG.2 PRACTICAL TIMVESTIGATION
The same samples that were used (or the dye binding;

tests were also tested for their C.I.B. tristimulus values
(X, Y, Z2), using a leotec Du-Color reflectance colorimeter.,
The samples were put in a sample holder which had uniform
optical density over the visible spectrum, and the X,Y,Z
values were determined through the base of the sample
holder. The depth of fluid in the sample holder was at
least 1.5 cm. This depth was found to be critical, as

at lesser depths the colour coordinates were found to be
a function of the depth of sample. The sample holder was
shielded to prevent daylight penetrating the sample and
thereby affecting the reading.

The samples were also usually ranked by several
observers in order of increasing browning. This was done
without the experimenter being aware of either the heat
treatments used or the X,Y,Z values for any of the samples.
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AG.3  RISULTS

TARPLE AG.,1 C.I,.E. REVLECTANCE VALUES FOR HEAT
TREATED MITK

Heat Treatment C.I.E, Reflectance Visual Ranking
Temp (°C)| Time(h) X ¥ Z (1 = lipghtest)
iio heat treatment 62.9 66,1 74,0 Not rsnked

100 1 615  BS.2 T2.2 1

e 50,4 627 1.7 2

3 e Sst 511 &

= 27«3 26:1 5.8 &

110 1 Gl 6h.0 B0.6 5

r? u?.” “r/ab 35?0 5

5 37.2 26.0 22.9 7

6 2757 26,0 Y 10

120 3 40,2 39,6 27.8 &

c 29.0 273 155 <

A4  DIBCUSSION

m

‘he wvisual ranking agreed exactly wibth the order of

the 7 values even though the differences between some szmples
is very small, e.g. between samples 100/1% and 120/2.
Although not shown in the table, nine of the samples were
duplicated in the visual grading, and all pairs were
correctly identified. Figure A6.2 shows the samples arranged
in order of increasing browning and they can be identiiied

by reference to the Results table. The visual similarity

of samples of similar Z values is readily appreciated even
allowing [or some colour distortion during the photographic
processing.
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heated aii 120°., This is the case for millkk heated at 110°
and 100°, and has been found (Burton, 1954) to be tie
cage for Lemperaiures belween 9%° and 1.0° inclusive,
for changes in relalive reflechance of up Lo 50%.
Therefore a corresponding linear portion for the 1Z0°
relationship Letween 111% and H42 relative rellectsnce
has been plotted in lipure Ab.3. The development of

browning; appears to be zero order during the initiel sbnres,

sxvrapolation of the linear section of the 100° and
110° relationships jsives a pseudo relalive rellectance of
non heat treated milk ol 1113 of that achually found. This
was also reported by Burteon, 1954, In faet during the
initial stages o1 heatiny fluid milk there is a noticeable
inereasc in bthe X,Y,% values. {(burton, 17%4; Reeves,10V/6).
This rise probably masks the lag phase usnally nobted with
colour devel. pment in mnodel systems and (oods undercoing:
browning. (DBurton, 19673 Cole, 1967; Spark, 1969; fchnickels

"r

1976). From Fisurs A%, the reilentancez values ghow 9
‘lag phase' insofar as the rellechkance readings are less
than the initial readings only after 40 min, for huz 10G0°
t.rceatment, 20 min. Cor the 110° treatment, and 7 min. for
the 120 treatment. At 100° the maximum relleciance values
occur alter about 7 minutes and are about 3% to 107 higher
than for the non hieat treated milk. After this time all
values decreased. Therefore a pseudo reflectance value

for zero time of heat treatment obtained by extrapolation

will be used where appropriate in this analysis.

Recaleculating the 7 values relative to the pseudo
initial Z value of 111% x 74, i.e. 82.14 gives the adjusted
relative reflectance values listed in Table AG.Z2.

TABLE AG.2 ADJUSTED RELATIVE REFLECTANCE VALULES

k]

Reflectance (% 100 87:9 75.1 €2.2 19.2 73.8 42.6

Temperature (°C) - 100° 110° 1
Time (h) - 1 2 7 1, 1 2
Relative

Temperature (°C) 110° 120°

I
W

Time (h) 6 1

AN

Relative

Reflectance(®) 2'7.9 17.9 37 .8 18.6 14,9
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A semilog, plot of these values gives a series of
sigmoid shaped curves, [(ipure A6.A, ind?cating tha!
browning as meagurod by 7 values doos neit l'ollow ['iat
order kinetice. When this pleoi is made on natural groph
paper, Vipure Ab.D, as would be expected [rom figurn A.3,
the initial stages during which there ie approximatcly
a 507 change in relative reflectance ir linear. [Drom

this it is possible to derive the rate equation A&G.1

RZ = 100 # kt (AH.1)
where R7 is % relative reflectance ior 2
ik is the gero order rate conztant, »nd
t is time.
The three rate constants ior the linear (hence
zero order) sections are

Ka20 = w 8140 B

durton,; 1954 found that the rate constants cof
browning, as determined by reflectance rolorimetr; using
a filter with a peak at 426 nm, to be

) -
Kq00 = = 174 h
-1
kﬂﬂO = = 56 h
K120 = ~ 185 1~

(These figures were calculated from Burton's
published graph and were not included in the text of the
paper.) These figures are different from those calculated
in this experiment. The ¢ reflectance loss dopends on the
nature of the lilter used (see the X,Y,7 values given
earlier in this Appendix), and as the rate of browning is
greatly influenced by the solids content and pH of the
milk, the differences are not unreasonable.

From the three experimentally derived rate constants
for brown colour development two estimates of Q10 (the
increase in reaction rate when the reaction temperzture is
increased by 10°) are 2.2, calculated from the ratic of
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kﬂﬂO to kqun,“nd 2.9 calculated from kﬂfo and qug. The
latter figmre arrees quite well wilih the literazture
figure of 3.1 (Furlon, 1954). The corresponding; two
estimates from Lhis experiment for bthe enappy of
achivation for Lhe reaction piving colour development are
22.% Keal/mole, and 30,1 Keal/mole.

Theoretically 1t was predicted that because the
free €-anino lysine groups are involved in both %Lthe dyo
bindiny mechanism, and the browning reanction there could
be some relationship between RDIC and the colour as
determined by reflectance wvalues. Plolbting the [ifures

from ''aeble AGLE jives Cipure Abhd

TARLE AG.3 RELATIVE REFLECTANCIS AND RDIC I'OR
HEATED MILK

Temperature 100

Time 1 2 3 1!

R 2 B'7:9 7 P (3P o2 1.2

R.D.B.CL(T) | 902  96.8 05,1 856 = 1
Temperature | 110 e
Pime 1 z % .

B & 7%5:8 426 27249 179 i
R.D.B.Ca() 9641 92.1 0.5 81,7
Temperature 120
Time 1 2 %
R Z 3348 18.6 14.9

ReDoBCL(%) 90.2 84..9 80,5

This shows that there is a very definite relationship
between the two variables and that it does not matfer at
what temperature the milk is treated, the results follow
a consistent pattern.

While Tarassuk, et al., 1967, do not quote their
results in the same terms, and used a different colorimeter,
and therefore 2 filter that is likely to have different
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characteristics, it is possible o extract from their
graph the resulfs in Table A4 [or a8 rondensed ajaim
milk that had Lecn partially diluted, . pgive 22,
total solids, -nd Lhen heated i 120°,

TARLE AG A LITERATIRE VALUES FOR RiLAT TV
R TANG S AN ROEG '

Time ‘min) & e " i 8 uih

Relalive
heflectance 1060 81.8 PheH 655 52e7 %55

RTDRBC 100 Q.7 a9 97.c  97.0 95.9

These values have also been plobbtad on ligure A&,
The [fipmres are not expected to e divcetly comparable with
the results ol this present study as nil incrensed . gacentral-
ion of solids browning is more rapid, @ .d as shown tho
filter used can al'Tect the ratie of deec..sge in rel iGive
reflectance, The main point ir the ¢or a2risgen ig .he fach
that the felatiofishinp Ffound was a'so or. sikiall UYL 1

over Lo range of heet treabiionbs: nsor,

The st ne ol the J1ine {ound in 18 gbndy o9 noR
readils suppest 2 possible hinetie relsilonship o
mechanistic basis. A log plot doer not result in -
recognisable relstionship. This should not Le unc mocthed
as the loss of free eamino proups is no- proparhti - oo 3
coleur intensity nor dees it indicale L= axbent ¢. the
reachtion since the leoss occurs mainly iu the initisil shages
of the lMaillard reaction (Spark, 1969; wurrell and Javpeater,
197%) and pirment lormation begins after a lag phase.
Further the absorbance (or reflectance) of a brow:n mixtura
cannot be taken as a measure of Ghe amount of pigments
present, nor as a quantitative indicator of the extent of

a particular reaction due to the many pathways leading Lo
brown colour formation, and furthermore it is likely that
the ab.sorbance ol the end products varies from pigment to
pigment. The proportions of pigment formed can be chanpged
simply by altering conditions such as *e temperature,
sugars present, solids, water confent znd protein type
(Mollak, 1968). Illowever for a pgiven product under a egiven
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set of experimental circumstances it should be possible

to experimentally derive a relstionship, such as

Lipgure A6,6, which would be applicable Lo a similar product
that has underpgone similar treatment,



APPENDIX 7

OBRSERVATIONS ON 'THE TINE/TEMPERATURE
KL ATLONGHIP TN T COAGULATION OF
M LLiI

In the experimental dye binding section of thisg
investipmation il was observed that some ol the heated
milks had coapulated, Albhousl: no atlempt was made to
aquantity bhe coapnlabion it wrn nolicealle thal Lhere
was very slicht coapulation in milk heated at 100° for
15h, and in the 110°/6h, while in the 120°/3h sample
there was slight coagulation. A sample hcated at 120°
for 4h was so coapulated that il was impossible to
satisfactorily break the gmel for dye binding tests.

These observations il the reported {ipures of
coagulation occuring at 100° after 12 h, and at 130°
in 1h (Tumerman and Webb,1965), Irom this it appears
that for coagulation the Q10 is aboul 2.7, i.e.
approximately the same as for the colour change (Appendix
6), and for the rate of change of TRDBC. Thus these very
diverse properties are all affected n approximately the
same manner as the temperature is increased. While bthis
does not mean that they are necessarily related, it is
interesting to record that these Q10 values are all
significantly lower than typical Q10 values for protein
denaturation. If is therefore unlikely that protein
denaturation is important in the way heat affects the
three properties studied.
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CONDUTER PEOGRAMMES FOR THE DIV FLONERD
OF T KINBTLC TI0051 .0

ABL T PURTOSH

"o following compuber progsrammes wereé devisod to

find the eoptimum Pactor required to modii. Lhe observed
chanpes in

(a) acid available lysinc (TLV), =ad

(b) dye bhinding capacity (DBC),
to mive {irst order models. There ig little reason in
either case to belicve that the [irst order model represents
an actual chanpge in the heat treated milk, and its main use
ia to provide a banig for bthe darivabion of predietiva

relationships [Lor 11V and DiC.

AB.2: TROCRANMME STRUCTURE
(a) lor Acid Available Lysine (TLV)

3 RPLY values sre read in and L .o chanpes ia 7Y

found (C1TV¥). These chanpes are then mulliplied b a fasl o
(F) greater or equal to 1, from whieh Lhe @moadel RTIL are
calculated (1 - # x CTLV). ‘o develon firal order nodels
the modified data must be converfed to nebural logarithn
values (AT1IV). The data for the three !reatment i amperatures
must be fibtted to three first order model=. This iz aone by
the regression subroutine sum (T,%,N) which provides bthe
data for the calculation of the three rate constants (RC(I)).
To determine which F value gives the optimum fit of
the modified data to a first order rate cxpression t e sums
of squares (SSQ) for each of the three temperatures is
determined, which when added together gives the total sums
of the squares at a given F value. While this provides an
indication of the overall goodness of fit for the three
models at that I" value it places equal weighting on all
results. As the slopes of the three model rate equations
are the rate constants for the three temneratures the

covariance of the slopes (COV) provides thne
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hest indicabor for the model for ecach hLemperature. ''neae
can thei: be avern od with weighling dependent on tha2
degrees ol [reedom associlated wibth each estimale of 0V,

vt her parvamneters caleulated to provide addivionsd
atatistical informatiion are the tntal suw of the sgnares
('PeBG), and bthe we phted mean saquare (W% ). This latfiaer
guantit: ig based on bhe sum of bLhe sum o the aguaren (WOHD)
at a pgiven tempernbure multiplied by the corresponding rate
constant. This weighting puts more emph-sis on the veaulfs
of the hipher temperabture run which becsuse Lhe measured
differences are yiecater overall, could Le exreated o bhe
Telatively Ghe moal accurate. The WMHGH rs Ghen piven hy
WENY divided by the sum of the three racy consbants (ORC).

The pseomelric mean rate constant (LNKC) is calenlated
in order to follow the averape chanpe inn aodel rate constant
as the F wvalue is increased. If Che Arrisnius rela.lon hip
ig foliowed, +the 10 value should be ¢l 3¢ in valu: to Ehe
RE for “#he modeld at 110°.

(h) Jer Dye Rinding Capacity (DEC)

> ElEas]

rhis prorramme is essentially the some as for FTLV
with th: addition »f a subroutine (TRAHS.(D)), to conv r&
the Bpectronic 20 sbsorbance data to RDPC values wh.t i are
then analysed in the same way as the RTLY data in t -+ fivrat
programne.
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PBaesnsn of can apparens conbaminakion of fthe
chromatorraphs by o pon amino acid derivacive (nee 7.
a briefy non guantitative inveshigabion wan meade inbo Lhe
source ol the oboerved contaminant,; to esteblinh if there
were any other eontominant peaks, other than the major one
that coincided with nlanine (on the EGA ecoiumn), and
threonine (on the OV=17/0V210 column), #nd partiecularily il
any were coincidenli with or in the region of the lysine
derivative. A further aspeet was to detormine if Jyaine
wag affected by the production ol the conbtaminant peal since
it was thonght that (he contaminant mey livvd heen a producth
of hrowning in the millk, although this wag bhought unlikely
a5 the conttamination was deteeted in ghrenatoprams o non

heat Lreated mili.

292 X ERIFENTAL

fofir trinls were St up.
(a; laoctose (M5mg), and lysine monohydrochloride (). /5mg)
in distilled water (Inml) were heated at 13° for 16h. After
heating the mixture wan dried under vacuum on @ robany

evaporator and then derivatized.
The resulting CV-17/0¥210 and EGA chromaboprams
are shown in figure A9.1.
(b) The same mixture as (a) was first dried and then heated
68 HC1 (12ml) at 130° for 1h, after which
time the solution was dried and derivatized. The correspond-

in the presence of

ing chromatograms are shown in figures A9.2 and A9.3.

(e) To each of
(15mg) and lysine monohydrochloride (0.7%mg), o8 HCL (12ml1)
was added. One was deaerated and flushed with CO? , and the

wo culture tubes, each containing lactose

other was left with an air headspace. DBoth were then heated
at 145° for 4h (as per the hydrolysis procadure used for milk).
The hydrolysates were then derivatized. The chromatograms

are reprcduced as figures A9.4, A2.5, A9.6 and A9.7.
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methionine, but ill defined on EGA.
absent in trial (a)
Irresular and small

Peak 4 liysine, aimo-t
Peaks 2, and 5
Peak 6 Occurs close

CO2 atmosphere.

to lysine on EGA,

ration prowted

:'\.r'_.‘j‘ o 6 Y I{r‘{ 3 ‘,f”.“ l":' it |WF;JF f-l
T TS R TP § 11 Ak eronpo bouwe bheon | I VOTE
from T Le o reiralrencs.
| o eleny U hat Fhe r.'i."l";o]:' conlairryant pesat 3
haen producod dariae Lals invesiigation.
lig resnils of the shrponatorrams sre Gummar sl in
Patilie: BT
TABLE A%. 9 vl l OUAPETEAPIVE EVALTAPLON 3 'R
GriROATOGRANS
Prial Reackion L'eai Muamber
oo lour | ¢!
al 1ma°/7 ) Mesyie v.amall abaent smal ]
L& . § .
*BOT50°/1h) | Brown mediumn abhaent med,
. . e
(1450 /% 1)
ko ¢ Vobrowvn | large amal Syt 1.3
{' }I_I"_'.! "l’n‘-‘} o )
e {'v'.! ¥ LIPS R 3 B iarge ama] ¢ 8 )
~ B | o - S
Trial Reaciion Peak Numbes
colour T s f_ T
a(130°/1¢.) | none small vv.omall Alies sn;
*B(130%/7 1h) Prowit med. small Atrsan
*e(T45° /i)
Air V.brown med. vv.small fmail
* R co
c(145°/1h)
< = I % r.small
Co, V.brown| Med Ve medivm
r -
6N HCl present
Peak 1 Coincides with alanine on EGA, threonine on
OV=17/0V=210
Peak 3 O:ten a complex group on OV=17/0V2770 and coircides witkh

P
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trial (a) developed little colour, and most of
the lysine had bheen 1ost from the system. 'The lysine and
lacglogse have probably reacted bholb had not peodueed coloured
pigments oL the Lime Lhe heabing was shopped. lossibiy
colourlesrs lactulone lysine had bheen Lormeod and ns Lhiecre was
ne hydrolyain step helore the derivatizabicrn the lysine
would not have baen repenerated. If LThis wore ! lhe cane then
the major contaminant (peak 1) is anparentls not lachulose

1ysine.

Trial (b)) shows that mild heat treotment in the
presence ol acid is rufficient to cause vicihle bBrovning snd
the produclhion ol the major contaminant. Mlso produced are
g variety of olher contaminants ( peak 2 and peak % on
O¥=172/0V210) .

Prinl (e¢) showed that under normal hydrolysis

conditions bthe development of brown pigments is extensive,

and also the preduction of the major contaminant is promoted

sipnificantly. Peoak 7 is nobiceably reduncd in area and

-

complexity while a new peak (nurber %) appeers, particular’®w

in the cace of the deaerated/carbon dioxide headspace Tria:.

In trials (b) and (¢) the recovery of lysine doe-
not appear to have been affected, hence it is most un. italy
that a signiflicant amount of lysine bhas been incorporated
into the contaminants produced, and the contaminants are bhus

likely to be lactose derivativer

A follow up trial in which lactose was hydrolysed
alone at 145° for 41\, resulted in peaks 1 and 6 being produced,
as well as traces of the other peaks confirming this
conclusicii,

Barlier lysine had been hydrolysed alone, and the

resulting chromatogram had no spurious peaks.

A9.4 CONCLUSION
During the hydrolysis of skim milk the lactos:z present
undergoes a series of reactions which cause colour and humin

development. Some or all of the products of this reaction are
separated during the chromatographic analysis, causing inter-
ference particularly to alanine in the case of ¥GA chromato-
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eram, an« threconine in the case of the OV-17/0V-210

chromeborran.

+ine does nob appear Lo be alirehbed by this

raaclion.

[t appeare desirable Lo romove Lbue Jactome prior
to or to une an ion-exchange c¢'oan-np step alter hydrolysis.
The Tormer alternakbive has the advankare ¢! reducing colour
and humir development during b drolysis, ond also enouringg
that there are no possible complicating reacktions occurring
between lnetose and the lysine libherabted Irom Lthe protein

during hydrolysis.
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Mikh the realization that lacLome undersoes a

reaction durine hydrolysis and Lhal this causes smirious
peaks on the echromatograms ol Lhe amino acid derivalkives,
a study into the possibility ol lactose removal by dialysis

was necessary,

AMQe2 i ERIT Li_.'ji'”l‘fl..l‘:
(a) Equipment: An ultraiiltration cell (Amicon, 402,

Amicon Corp., lexitgbon, Mass, 1.8.A.) ikted with n mombrane
with a molecular weipht cut of L walue of 10,000 (Amicon PMI10)

wan used.

(b) Dialysis Frocedure

%

=

i Aansemhled

D

m oaliquot (30ml) of milk was placed in tH
UF cell and diluted with distilled wabter (e 80ml). "Mas
volume was maintained Ly distilled water heinr, Joresd inlo

N

the cell from a unitrogen pressurized (30 p.s.i.) ressrvoir.
After akout 10h the water flow was cult oL, but the pressure
maintained until the velome in the cell had fallen Lo leses
than 30ml. (The dialysis was carvied out on diluted milk

to reduce membrane clogging, and be increase the flow rate.)
In 12 hours of dialysis the wolume of filtrate, conftaining
lactose »nd minerals, collected was about 1.251., The milk
sample was transferred as quantitatively as possible to a
flask and the U[' cell was washed, the washings being collected
and added to the sample until about 90ml hawve been collected.

An aliquet (15ml) was used for protein determination
using the conventional Kjeldahl method, and a further aliquot
(Mml) transferred to a culture tube for hydrolysis and
subsequent derivatization. This the quentity of milk protein
transferred for h drolysis wes established.
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(8) Browvning snd Clhromatosram Changes

b Bhe initial Ieial comparison,c.ionr was L

obviecng d 1t Merencs selwean Lhe mannles L oopyiwenl e

i

hydrolys ia/derivakiasntion procadure, ™w eolour of Lhe

hrdrolyaate and L' derivalive ol the dinl@=sed milk pzonla
wea much paler than Lhab of the pon dial, sed, laefoos
containing normal milk sample. Avsociated wilh thie
reduction in laclose and eelour, Lhe amovinh o humin Larasd
during tho hrydrolynis was preatly veducen. The dificrence
made by Lhe dialrsis step is secon in fisare A104, whieh
shows tho |ilbered hydrolysate, and Lheli, corresponiin
filker papeprs. SHo 1ittle hunin was formed in bhe hedralynis
o) bthe dialysed samples thalb [(L1Levyinry ~entld have heen

omi.bted,

he di.fTerenes in colour also carvied Lhwomrel b4 Hhe

'inal devivatives na is shovn in Ddgare 170.2.

e chromabtonrems of tThe derivatives of the dialyrrned
and non-diaslysed milk samples showed the difference-
expected from the resulis of the investiration reporied in
Appendix 9, i.e. bthe spurious peaks, especially the aneluate
oi' alanine (on the IGA column), and threonine (on ' o mixed
OV column) had heen siynificantly reduced, if not ronoved

completely, as is shown in fifures A10.7 ~nd A10.4.

(b) Ixsine Recovery

The removal of lactose did not afiect the recovery
of lysine by acid hydrolysis. The ratios

Lysine Peak area/internal standard peck areca

% Protein
for the dialysed ard non-dialysed unheated milks arz not
significantly different from each other, nor are the ratios
for the dialysed and non-dialysed heated milks, as shown
in Table A10.1
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TABLLE Aiu. 1 LYSIHU RECOVERY IN DIALYSEL AND
NON—DLALTGED MITK

— - = e—— BT —-.q-.-c.-———-—|

Meeabment Protein Lysineyivbeymal Tysing ratio:
] b aned =0 Frosain
lon hess. treated,
not dialysed % Gl g PR (3 HODZ
Non heno Ftveaked,
dialysed e Frat R D, A5 f
Heat treated, not
dialysad 364 1a421 e 3201
|
fleat treated, |
dialysed %.16 1,227 0.3869 |
— — Jd

* uIL“ of duplicate hydrolysis.

SECTION 4f

(a) The iLfect oi Heating and Dialycis on other
Amiino Acids relative to Lysinc

1L some of the amino acidg in wmil . prolLzins vie nol
affected by heab teeatment, or by dialy:.s tren it should
be possil:le by leilowing the chanmes in 1w Ppatic o lLyvakn
peak ar a: other amino acid. peak areas o rollow tie
relative changes in lysine constant, i.~. to use i know-
ledsre of this ratio in unheated milk as 3 referenc raive,
and the value of the same ratio in heated milk to - diente
processig losses. In effect the obher amino acids would

be useé as 'internal' internsl standards

Before this can be done it is necessary to ¢.:tablish
which amino acids are unaffected in their relative
proportions by heating and by dialysis. Also these smino
acids mms=t show consistency during chror tography, and must
be free Ifrom iunterference from nearby peaks. This limits
the suitable amino acids (on the mixed OV column chromatogram)
to alanine, isoleucine plus leucine, proline, phenyialanine
plus aspartic ecid, tyrosine plus glutamic acid.

The ratio of peak areas for lysine to these selectsd
amino acids is shown in Tables A10.Za and A10.2b. These
have been taken from chromatograms of both unheated and
heated milks which have been either dia ! ysed or not dislysed,

da
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leucineg a0y G478 QLAR2 QA28 O 497 G/l (1. E
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oo ine FaB2% D06 OS5 0720 D951 O D%
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!."!’
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) S —
Amine Acid Hrial
Mean e T, o f

Non Dialysed Dialysed oi Un;

1 2 4 2 | g 4

Alanine 1757 A.055 1.894 1,892 1.85%4 Dt P0.48

isol.+
Leucinse Q568 05377 0380 0577 G.5375 1.4 284

Preline 0.577 0.589 0.556 0.565 Q.57 256
Phen.+ Asp. 0.418 0,430 0.422 0.428 0.425 13 79,0
Fyro.+ Glut Q.201 D208 0,208 0.21%5 00208 29

Average coefficient of variation =25

These tables show no significant diiferences across
the rows within a piven table, hence dialysis does not
affect the relative proportions of the amino acids.

Between the tables there is a difference between the
means of corresponding rows, but as is shown in Table A10.2b
this difference is nearly constant, at 73.5% for hecated



A10.8

againat the unhealted, The variabion in this difference is

not gipniflicant az Lhe standard deviabion fopr the diflerence
in row means behween the tables is 1,10, Therefore the [ive
peaks selected are either not affocted Ly heat treatment, or

are all allected equally.

hut, as reference to Table A1N.1 shows, the heak
treatment used in this study resnlbted in the lysine conbent
in the heated milk heing redineced to 6.7 of that in unhested
milk. The standard deviation for this {ijure is sboat 27,
from which the standard error of Lhe dillerence between the
two means isg 1.6%, i.e. the difference of 1.8% hetween the
means calculated in tables A10.1, and A10.2b for % lysine
retained after heat treatment are not sipnificantly different.
It can be concluded therefore bhal in miik tho acid nvailable
amino acids of the fiv» peaks selected sre not signiilicantly
reduced by the same heat treatment thal results in o
reduction in acid available lysine to 77.5% of the original
value.

(b) Comparison of the Selected Amino Acid Peaks
between themselves

By dividing the row means ol Tabla A1 .Z2a arsd Tahle
A10.2b by the other rowmeans in the gsame table, the
consistency between the peaks can be examined. This [ives
Tables A10.%a and A10.%b respectivel -.

ffor example from Table A10.2a8: (unheated milks)

Isoleucine + leucine mean _ 0.478
Alanine mean E.5ég

= 00,2002
(as is given in Table A10.3a)
and from Table A10.2b (heated milks)
Iscleucine + leucine mean L
Alanine mean i
= 0.2045

The effect of heating, if any is indicated by the
ratio of the two calculated values, i.e.

Z52ts = 1.02

i.e. there is an apparent increase in this ratio due to
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TABLE A10.4:

RELATIVE COUSISTENCY IN SELECTED AMINO

ACTT PEAX AREAS AIMTER EAT TREATMENT OF

MILK

Isol. +
T.eucine

Alanine

Proline

Phen.+
AsSp.

Tyro.+
Glut,

Alanine
Isol. +

Proline

Phen.+
Asp.

Tyro, +
Glut.

Leucine 1.022

1.00

1.00

1.048 1.022

1.029 1.007

i 1e s 0.995

1400

0.983

0.977

1.00

0.988

1. 00




A10.10

from Table A10./4, the averape recovery of the

selechbod amino acids in heatecd milk relative Lo the level
in unheated milk iz 91,000 or 100.8%. Boub as the standard
deviation of this averape is .4, 9% confidence limiks

for this recovery fipure (based on Lhe 10 estimatc in
Table A10.4) are 92.7% to 101.%0. Thus Lhe recovery ol
100.8% is not signilicantly dilferent ivom 100%. 'There is
thus no change in availability o7 these amino acids to

acid hydrolysis after skim milk has been severely healed.

A10.4  CONCIUSICHS
(a) The browning, of the hydrolysates and derivatives ig

larpely caused by the presence of lactose.

(b) The preszence ol lactose during hydrolysis does not
affect the recovery of lysine, bub does give rise to several
peaks, including & major one, in Lhe final chromatogram.

(e¢) ‘ihe amino acids, alanine, isoleucine, leucine, proline,
phenylalanine, tyrosine, and glulbamnine are not aifected i
their availabilil- to acid hydrelysis by Cthe heating of
milk. It is therelore possible to use these peaks as
"internal' internal standards while following chanjes to
lysine. This would remove the need to take into account
any dilution that occurs during the dialysis of the milk,
thus saving a further analytical step in the investigation.
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