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ABSTRACT 

'11he reported work on chane;es in l.; sinc content 
in milk and dried milk is examined . The cause of ttuse 

losses, the Maillard reaction, and the methods of ]~sine 

determination are discussed. All methods have recov:nisecl 
faults . Little information is available to the food 

processor regardin~ the kinetics of these losses, and t~e 
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 hiBhcr than 
nutritional studies indicate the causes o.f this are hcinr· 

established. ;rherefore acid hydrolysis in conjunctio11. with 
a GLC method of amino acid analysis was adopted after some 
modification. (lt; \'IRS found that dialysis o.f the mi llc 

prior to hydrolysis resuJted in cleaner chromatogramf' and 

that as t he recover./ of several amino acids , such a p ,_ olinr' , 

leucine, and isolcucine , w:1s not affected b;y heat tr"::i.tm0.r. t 

then these were usco os internal ' interna1 standard.L'. ) 

No simple rRte expression could be found to :it the 
kinetics o.f the loss of acid released lysi_ne . A first o·L·der 

model requiring the losses to be increased by a factJr 0 

3.43 was devised and this could be used to satisfact ,rjly 
predict values for acid available lysine in tJ1e heat real~d 

milk . The possibiJ it;y of the 3. 1+3 factor hcint_, due o t ·" 

regenerat ion of lysi..ne by acid from Maillard inter:"1c0u1t.cs, 

although requirin1 ~ assumptions , was found to be not 
unreasonable . 

1l1he enerr;;y of activation of the reaction leaciinE to 
a loss in acid released lysine at 31 . 5 Kcal/mole is similar 

to literature values while the model value of 37 . 2 teal/mole 

is rather higher. 

The literature findings of little or no losr oi 

lysine durin~ pasteruization, evaporation, and steri Lization 
of milk are supported. 



ii 

'['he technique of protein deter•rnination by dye 

binding was examined and applied to followin~ cha n~es 

in lysine in heat treated milk . The inconsistencies 
in repor :,ed work on dye bind in[', is of lit l~le consequence 
as relrd; ive c hanr,·es only- are required . 

Changes in dye bindin~ usin~ amido black did 
not follow simple order kinetics , even when a l lowance 

was made for the constant binding by ar~inine and histidine . 

A first or.dor model requirin~ the changes to be increased 
by a fac t;or of 3 . GB was developed. About 1-1-596 of this factor 

can be explained by assumin~ constant bindinc by arcinine 
and histidinc , the remainder of the factor possibly bein~ 
due to Maillard inLormediates bindi nr.; d,ye , and/or a change 
i n bindinB stoichiometry occurrinB . From the mode l it is 

possible to predict the observed chan~es in dye bi nding . 

Literature f i ndin~s were supported. 

'11he encrr;z,, of activation for the dye bindinr cban~es 

is 28 . G Kcal/mole, and for the model , 30 . 8 Kcal/mole. 

Ancillary investie;ations showed that the concurrent 

colour chane;es due to heat treatment have an enerc;:y of 

activation of about 30 Kcal/mole , and that there is a 

relationship between colour and dye binding capacit;y in heat 

treated milk . 

The relationship between the rro-Tlilk and a t:.rpica l 

absorbance spectrophotometer was determined , and an 

expression found which would enable a spectrophotometer to 

be used for protein determination . 



" I do not th.i.nk that with products 
manufactured by modern advanced techniques tl1e 

losses in protein vnlue are of much importance . 

It is mo ]'C important to avoid waste and prevent 

spoilae;e. rr 

Dr . G. I\ . 1( 0n 
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CHAPTER I 

1.1 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 f oods can be 
severely reduced by improper processing , and poor storage 
conditions. This loss of nutritionally available l ysine 
can result in some foods becoming nutritionally def icient 
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 oonditions which exoluded piokup of atmospheric 
moieture, decreased with the length of s t orage (Henry and 
Kon, 1945). After 18 months the biological value had 
fallen from 88.5 to 71.1. This observation resulted i n 
further investigations into t he cause of t his 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 t hef-ami no 
groups of lysine, and the A-amino groups at the end of t he 
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 g~oups 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, 1950c, 1950d; 
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% IhO) the carbonyl groups of reducing sugars 
could react with the free E-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, Thie explained, at leaet 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 
(e.g. 2,3 - 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 t -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 incorporat~d 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 ;=======~ Aldosyle.mine 
For lysine, in a peptiae chain, reacting with lactose 

H~~~O i~: 
~ ·~H 

OH OH + 

Lactose lysine in peptide 
chain 

€- N - lactosyl - lysine 

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

b) Aldosylamine Acid catalyst~ 
(rapid) Ketoseamine 

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 t - .N - ( 1-deoxy-D­
Lactulosyl) - L - lysine (also called lactulose lysine) where 



CH OH 

\ 'T H 
HO~ 

OHO Q ~ O OII 

Ort Cf\ rn 
C!f 
l 2 

c:r 
I 2 

yH2 
CII I 2 

·- .. A/, .. 
lI C 
I 11 
II 0 

f - 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 l ys ine . 

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

c) 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, e.nd diketoseamines) formed in the f irst three steps 
can individually undergo a series of degradation react ions 
to both amino and non-amino compounds. These may have 
distinctive flavours or react f urther to give f lavours or 
brown colours. It is this series of reactions and the wide 
range of compounds f ormed that has attracted t he 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 C1 
position. The 1,2 enol can then undergo/3 elimination of 
the 03 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 .,!.Selimination of the C4 hydroxyl 
group gives the Schiffs base form o·f 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 stabl.e. 

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 involvingo(-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) are1 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 stat es 
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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 e iven 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 modif ications was to chang~ the acid 
hydrolysis step to an "in vitro" enzymic hydrolysis met hod. 
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 s erved 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 s t r a i ght 
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 
c-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, a:rginine 
and free E -amino lysine) bind the dye molecules. TyPically 
acid orange 12, orange G, and amido black 10B have been used. 
Ney and Wirotama, 1970; Pruss and Ney, 1972 have eyemined 
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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) Trinitrobenzenesulphonic acid (TNBS) which reacts with 
the free 6-amino groups to give trini trophenyl ( 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 
spectropbotometrically. 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 DNP­
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 ~~s 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 E -amino lysine for pure Maillard compounds such as 
i-formyl-f-deoxyfructosyl lysine (Finot and Mauron, 1972; 
Hurrell and Carpenter, 1973, 1975). FDNB still seems to be 
the preferred reagent in many studies. 

e) Metbylisourea (MIU) has also been examined (Mauron and 
Bujard, 1964; Finot and Mauron, 1972; Hurrell and Carpenter, 
1974; 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., 1997) . 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 f -amino groups bound to a sugar moiety and f or 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. 

f) Sodium borobydride 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 for milk 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 f oods, some have been found t o 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 l ysine on by4+0-

lysis with 6N HCl. An examination of the acid bydrolysates 
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 E- N -(2-furoy l-methyl) -
L - lysine. During the preparation of f urosine a second 
compound, termed "pyridosine" ( E -(3-hydroxy-4-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 E-N-(1-
deoxy-D-fructosyl)-L-lysine, also termed fructose lysine 
(a ketoseamine produced in step (b) of the Maillard reaction 
as outlined earlier). 



In heated milk powders the major ketoseamine 
produced is €-N-(1-deoxy-D-lactulosyl)-L-lysine, also 
termed laetulose lysine, whic h under acid hydrolysis can 
give the deoxyfructosyl lysine and galactose. The following 
is believed to be the reaction scheme: 

a) Lactulose lysine Acid _._,__,,,,.. ___ >.., li'ructose l ysine + galactose bydrqlysis 

b) Fructose lysine Acid t · 1., . + p . d . condition !urosine yri osine 
-3H O + Lysine 

2 

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. (li'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 ac1d hydrolysis 

Conditions % lysine X % of lysine % of lysine 
of regenerat ed recovered as recovered as 

hydrolysis furosine pyridosine 

6 N HCl 49.5 20.3 10 .4 

7.75 N HCl 43.8 29.3 11.4 

(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 diff erent 
recovery from fructose lysine and lactulose lysine. Only 
the strength of the hydrolysing acid was f ound to alter the 
proportions of the products. From this it was concluded 
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that approximately 5096 o.f the l ysine in the f orm of the 
Amadori derivatives will be r ecovered by the classical 
6N HCl hydrolysis technique . This explains the hi e;her than 
expected values fo r "total l ysine " given fo r processed 
f oods by this technique whereas in unprocessed f oods, with 
no Maillard damage the "tota l lysine" is effectively the 
same as that given by nutritional studies. (As stated 
earlier lysine on the Maillard products lactulose lysine 
and fructose l ysine is nutrit ionally unavai lable ( Finot and 
Mauron, 1972)). 

1.5 THE RELATIONSHIP BFrWEEN ACID DFrERMI NED AND 
NUTRITIONALLY DETERMINED LYSINE 

The f ollowing discussion has been sdapted mainly 
from the ·work of Bujard and coworkers which has been 
summarised by Finot (197 3). Fror:i their work a number of 
relationships were derived regarding the ~vailability 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 f i gure 
1.1. 

It was found for heated milk produ~ts that 

ALV = 2.70 TLV - 167 (1.1) 
(r = 0.99) 

where ALV = enzymically available l ys ine, and 
TLV = total l ysine, by conventional acid hydrolysiP 

Unfortunately the equivalent equation for nutritionally 
determined ALV values is not given, and as their data 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 

= 

= 

1.02 ALVe 

0.98) 

0.23 (1.2) 

There is no statistical difference between the .two .ALV 

values, i.e. 1.02 is not significantly different f r om 1.00 
and 0.23 is not statistically different from o. The two 



1.11 

1"IGUHE 1 . 1 'l.'fl! i<J<:LA' .. 'J()fiU;:11' l31•:'L1\vJ~.J:;;·: AClD AVAILAP,T1E 
--------,-.):~ Ll-1.i', /u U 1,U'L'tU'i'l ON ALJ ,Y AV AJ.LAl', iJl'; 

. l I. I ,. I I . i t ' I .,, ()• ' . ) .~'.~:._..!..:..!~ ,::i. ,(~r u,i;n-r o . .i • , , ·;,u( 

100-------- ----------t---------

H 
U} ,,, 
~-1 

0 

DJ,V 

J 

r 
I LV 

1 l 
0 f· L' rni!f·: ,·· ;'.d·HC/11,LY ilflAVAIJ,AT.:iL:i.'.: (D,V·1DJ};' ) 10C 

1. 1,ysinc dcL·"'r-mined after acid hy dr-olys·s (·rj1-:i 

2 . Lysine Jcf:,_ 'mined after enzymic h;rdroly sis (ALV) 

'l'hJ.,V 'l1heorc ti cal l ysine Value 

l'l1V l nact.i ,, c lysine v a lue ( ava i ) able after. acid 

h,ydrcl;,·,, J.8 , not a v a ilable a f t e ~ enzymic 

hydro l,ys i.e..) 

DLV Des tro:y ,._ ~ lysine valu e (not a~ ai~ able a f~ er 

ac id h~,·c1. (·olysis, or enzymic hyd;:-olysis.) 



1.12 

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 remai~der 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.D' .D'UROSINE AND PYRIDOSINE 
Equation 1.1 implies that the change in ALV is 

2.7 times greater than the change in TLV, 

and 
i. e. 6. AL V = 2. 7 ~ TLV ( 1 • 3) 

in relation to figure 1.1, 
~ TLV = DLV 

and 
• •• 

~ALV = DLV ILV 
ILV = 1.7 DLV (1.4) 

When the experimentally determined pairs of values f or 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 !-amino groups of lysine are present in 

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

form and, 
(c) the deoxyketoseamine form. 

On acid hydrolysis of Maillard damaged milk powder the 
lysine in the free amino f orm (the only nutritionally 
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available form of the three listed above), and in the 
aldosylarnine (and its Schiffs base) form will be recovered 
100%, but as shown in Table 1.1 only 49.5% of the deoxy-keto­
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 Schif fs base f orms, while 71 . 5% is present in the 
deoxyketoseamine f orm. 

Finot and coworkers also used this inf ormat ion to 
derive the predictive relationship 

ALV = 103 - 6.72 FUR (1.6) 
where FUR is the lysine recovered in t he f orm of 

furosine, during hydrolysis of the milk with 6N HCl. 

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

Af.JV = 100 4.92 FUR (1.7) 

These relationships (1. 6 , 1.7) have t he advantage 
over 1.1 in that t he 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 f urosine 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 f urosine (together with pyrido­
sine) from the deoxyketoseamine f ormed during the Maillard 
reaction. In pure proteins, or f oods with a lesser content 
of reducing sugars the importance of the deoxyketoseamine 
as a form of nutritionally unavailable l ysine is consider­
ably reduced (Carpenter, 1973). 
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1.7 .EXAMINATION OF LITERATURE DATA 
Comparatively little work is available f or 

examination in terms of fittin3 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 can be substituted 
into 1.7 as few workers apart from Finot end his coworkers 
have reported furosine values. Erbersdobbler (1970) 
reported furosine values but used 7.75 M HCl which as shown 
in Table 1.1, gives a higher yield of furosine, and therefore 
1.7 cannot be applied. (It would be possible to derive a 
form of 1.7 applicable to the results oI the hydrolysis 
using 7.75M HCl). 

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 f or fresh 
milk, on average for the products examined. 

!::i. 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 

A ALV = 1.98D.TLV 

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 l ysine, 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 f i rst . 

However, there has been some work which can be 
examined i n 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 o.f loss of l ysine is highl y 
dependent on the presence of r educing sugars. Generally 

t he presence of a reducing sugar increases t he rate of the 

reaction by a factor of about 10 , 000 . Usin~ t he Arrhenius 
relations hip 

where 
k == A e 

E -w-
k is the reaction rate constant 

A is a f r equency factor , a constant 
f or a given reaction . 

e is the exponential e 

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

the fo llowing relationship can be derived. 

E 
ln (l) 

k, 

(1.8) 

(1 . 9) 

and appl y ing this to the graph published in the review 

(Carpenter and Booth, 1973) i t is possible to calculate.that 

( a) for the loss of r eact ive €-amino groups in 

l ysine in protein, in the presence of reducing sugars, 

Ea = 
-1 27 . 6 Kcal.mol e , and 

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

Ea :::: -1 31 . 7 Kcal.mole 

( As t he plot of the logarithm of the rate constants 

against the reciprocal of the Absolute temper ature (other­

wis e called an Arrhenius plot) was linear , f or both systems, 
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over a ran~e of about 100°, t he Arrhcnius relationship 
can be applied to the results.) 

In calculating the rat e constants f rom the published 
literature figures Carpenter and Booth assumed that first 
order kinetics were applicable~ This is in ef fect the 
meaning of t he statement "the rate of loss was Rssumed to 
be proportional to the concent ration of reactive groups 
remaining " 

i.e. de 
dt - k C (1.10) 

which is the traditional rate f orm for a first order 
reaction. As the values calculat ed f rom this relationship 
resulted 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 f or calculation" o.f the 
rate constant. The f ormula used was the integral form of 
equation 1.10, i.e. 

k = ( ~ OO ) ln ( *) (1.11) 

In the same review a summary is present ed in 
graphical. form for the loss of reactive(; - amino groups o r 
lysine in foods . This shows t hat a close similarity exists 
between the loss rates in a food containing reducing sugars 
(milk powder) and t he 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 f or 
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 ( Mollah, 
1968) 
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2 

Cp = k . C . C t 2 (1.12) 
gly glu 

where Cp is concentration of pigment 
k is the rate constant 

cgly is the concentration of glycine 

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 o.f these intermediates are required for the formation 
of colour. 

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

Cp = (1.13) 

where c1 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 deoxyketoseamin~s in the initial stages 
of the Maillard reaction occurring in both dried skim mill.c 
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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TABLE 1.2 BROWNING REACTION KINETICS SUMMARY 

Reaction Reaction E Reference 
System Order ( Kcal/ 

mole) 

Loss of _f -N1¾ Assumed initially Lea and 
groups in to be zero order, 29 Hannan, 194S 
casein/glucose, but true order 
0-90°, 70?6 ERH not determined 

Colour in a Mohammad solution of I.D. 30.3 
bovine serum et al., 
albumen and 194-9 
glucose 

Loss of E - NH Assumed second Lea and 
gJ:'OUpS in a order; when Hannan, 
casein/glucose , glucose in I.D. 1950 
(1:1.5 equiv.) excess C 3:1) 
at 70% ERH pseudo- first 

order 

Formation of I.D. 26 Hendel 
fructoseglycine et al., 
during dehy- 1955 
dration of 
potato, 
13-17% H 0 

2 

Colour in 
heated cows zero 28.3 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. 30 et al., 
heated soybean 1966 
meal (100-127°) 

Colour in Zero order for 22 .. 1 Song , 
glucose/,lycine colour; pseudo et al., 
1M:0.25M first order for 1966 
cr;>H 5.5 - 5.6 fructoseglycine; 

1/2 order f or 
colour with 
respect to glu-
cose concentration 



Table 1.2 (cont) 

Reaction 
System 

T,oss of free 
NII in e;lycine/ 
reaucinc sugar 
solution 
(xylose ;mannose; 
e;alactose; 
c;lucose) 

Loss of 
reactive E - ml 

• 2 groups in 
casein/e;lucose 
(Literature 
data) 

Loss of 
reactive E - NH 
groups in 
heated casein 
(Literature 
data) 

2 

Colour f.'o rmat­
ion in an 
intermediate 
moisture f ood 
containinr.; 
mixed proteins 
and excess 
glucose 

Reaction 
Order 

Zero order 
when reactants 
present in 
excess 

Assumed f irst 
order 

Assumed first 

Zero order 

E 
(Kcal/ 

mole) 

I.D •• 

27 . 6 

I . D. 

Reference 

Spark, 
195g 

Carpenter 
and Booth, 
1973 

Carpenter 
and Booth, 
1973 

Schnickels 
et Bl., 
107 -, 

I . D. = Insufficient Data Available f or c alculation 

From Table 1.2 for colour development , the r eact i on 
is of zero order, (althou~h not indicated in Table 1.2 there 
is usually a l ag phase f irst), while for the loss of free 
€-ami no groups a first order or pseudo-f irst 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 
appl y to the reactions of the Maillard intermediates once 
forme~ . Further just as the conditions of the reaction 
(pH, t emperature, type of sugar, protein , amino acid, water 
content , and ERH) , all inf luence the rate of the r eaction, 
the same factors could well affect the order and energy of 
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act ivation f or the Maillard react ion. 

It thus appears t hat t he Maillard r eaction is of 
a variabl e order , dependi ng on what speci P.s are r eacted , 
and the met hod used to f ollow t he progress of t he r eaction . 



CHAPTER 2 

EXPE'RIMEN~} AL GAS CHROMATOGRAPHIC 

ANALYSIS Olt' LYSIHE 

2 . 1 IlJ' L'HODUC'r ION 

'J'he successful de velopment of a method of analysing 
mnino acids b,y gas- liquid chromatography ( GLC) depended on 

the findinc of a method of quantitatively converting the 

amino acids in a protein hydrolysate t o volatile derivatives 

that could be separated on a GLC column. Several methods 
usin~ a variety of derivatives have been developed including 

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

(b) Trimethy lsilyl derivatives ( Gehrke, et al, 1969) 
( c) N, 0-diisopropyl derivatives (Pettitt and Stouffer , 

1g70 ) 

(d) N-isobutylox;ycarbonyl methyl esters ( Makita, 
et al., 197 5) 

(e) Bisneopentylidene ether ester of l ysine 
(Zs cheile and Brannaman, 1972) 

(f) n- propyl , N- acetyl derivat ives (Adams, 1974) 

This list is not intended to be exhaustive but rather 
to indicate the variety of methods deve loped, some of which 

have only a restricted specif ic application. Of t he methods 

developed the most commonly used appears to be the direct 

esterification 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 bas also been 

used by many other workers on f ood and biological materials 

( Bognar , 1970, Lachovitzki and Bjorklund, 1970 Conkerton, 

1974;. Very good precision and accuracy has been claimed 
by comparison with conventional ion exchange column 

chromatograp~y ( Kaiser, et al 1974 Conkerton, 1974 ). 
While the GLC method offers a worthwhile reduction 

in time over the time required for anal-·sis by the tradition­

al ion exchange analyzer, both procedures are stil l lengthy 

when a llowance is made for t he necessary protein hydrolysis 
step. The conventional hydr olysis technique using HCl 

(6N, under reflux, or in a sealed tube in an atmosphere of 
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nitrogen , at a temperature o.f 11 0 °) takes 24h. 

·ro complement the speed of GLC analysis a study 

h·ac made by Roach and Gehrke , 1 'Y/0 , into possible ways 
of speeding up the hydro lysis s tep . Using 6N HCl a variety 
of times and temperatures, for protein ~ydrolysis were 

invosti c;ated and compared vlit h the results given by the 

c onventional method. It was .found that hydrolys i s at 145° 

for 4h compared favourably with the 11 0 ° for 24h process , 

espec ially for praline , t hreonlne, serine, methionine, 
hyd.roxyproline, and arginine whi c h are particularl;y prone 
to lzydrolytic losses. With reGard to the present study it 
v,·as found that t he hydrolysis of bovine s erum albumin at 
145 ° for 4h gave a lysine recovery that was less than 3% 
hi~her than the recovery g iven by the conventional proqess. 
Additionally for a standard mixture of 18 AA's after 

treatment with 6N HCl at 145° for 4h the average recovery 
was 99 - 77~ with an average relative standard deviation of 

0 . 92 ~~ - The recovery of lysine \·:as only 97 .4%, but .for this 

planned study provided all hydrol;yses are carried 01....t under 

identical conditions and the recovery i s consistent , the ' 

actual response is of little consequence in terms of 

studyinp; the k inetics of l ysine loss in heat treat ed milk. 

Therefore because of the time reduction in the 

h,ydrol~·sis process, and because of t he claimed accurac:y , 

reproducibility and acceptance o.f the Gehrke GLC method 

it was decided to use the Gherke and coworkers met hods of 
protein analys is. 



SECTION I 

AN EXAMINATION OF THE GEHRKE METHOD 
OF AMINO ACID ANALYSI S BY 
GAS LIQUID CHROMATOGRAPHY 

2.2 EQUIPMENT REQUIRED 

2.3 

(a) Gas liquid chromatograph: a t win column temperature 
pro E;rammab le instrument fitted with t wo fl ame ionisation 
detectors is needed. 

(b) Integrator: required to Bive accuracy . The most 
suitab le is an electronic digital type. 

(c) Re corder: a twin pen type capable of matching the 
GLC/inte5r ator output, typically a minimum s ensitivity 
of 1mV i s necessary. 

(d) Ultrasonic bath: to assist mixing during derivatization. 
(e) Oil baths: for esterification and acy lation steps. 
(f) Rotary evaporator: is es s ential for vacuum evaporation 
of s olvents. 

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

( h ) Hydrolysis tubes: for protein hydrolysis. 
(i) Reaction vessels (glass): for esterification and 
acy lation s teps. Must be capable of withstanding and 
maintaining pressure. 

2.3 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. 

(d) 7N NH40H, 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 t he production of 3N HCl 
in butanol reagent. 
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(g) 3N HCl in butanol is made by dissolving dry IICl 
(produced by slowing adding conc.HCl into conc.12 so

4
_, 

follo wed by bubbling to the Eas through conc.H2so4) in 
butanol until 3N in HCl (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 f or the separation of the AA N-TFA­
n-butyl esters viz, ethylene glycol adipate (EGA) on acid 
washed Chromosorb W, OV-17 and OV-22 siloxane phases both 
on high performance Chromosorb G. It was claimed that the 

OV-1 7 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 t hat a mixed phase packing of 2% OV-17 and 1% 
OV-21 0 on 100/120 mesh Supelcoport was superior to OV-17 
alone. I t was found to give quantitative elution ar_d highly 
efficient and complete separation of histidine, internal 
standard (trans-4-aminomethylcyclohexanecarboxylic acid , 
commonly referred to as 11 tranexarnic 11 acid), lysine, arginine, 
tryptophan, and cystine. Using the two different cclumn 
packinES enabled the separation and quantification cf the 
20 prote in amino acids. 

The mixed OV-17/0V-21 0 packing appears to have been 
accepted, together with the EGA packing as the most suitable 
f or t he separation of the N- TFA 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 GLC supplies 
companies (Regis Chemical Company of Chi cago; 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 Cbromosorb W 
( 80/100 mesh, acid washed) 

(b) 2.096 W/W OV-17 and 1.0% W/W OV-21 0 on Gas Chrom Q 

(100/120 mesh) 



2. 5 PREPARATION OF PROTEIN HYDROLYSATES 
(a) ILydr ol;rsis Procedure 

This procedure was developed and examined by Roach 

and Gehrke, 1970, and has also been examined by Kais er, 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 HCl (25ml) is t hen added. 
(iii ) Us ing a glass "T" piece and appropriate valves the 

hydro lysis tube is evacuated and then nitrogen flushed 
alternat ely for three cycles. The evacuation is done with 

the tube in an ultrasomic batb . 

(iv) The hydrolysis is t hen carried out at 145° f or 
4 hours . 

(v) The hydrolysate is f iltered through g las s f i bre 
paper and made up to 50ml. 

( In the initial application of Gehrke's methods to 

milk t he f ollowing changes wer e made: 

(i) An aliquot (1ml) of 1:2 dilut ed milk wa s 

transf er red to a hydrolysis tube fitted with a gas 

connect i on and teflon valve. These tubes were made locally . 
(ii) The pressure inside the hydrolysis tube was 

reduc ed t o about 0.2mm Hg by a vacuum pump. After the 

initial bubbling off of the dissolved air had ceased , t he 
tube wi th the vacuum still applied was placed in an ultra­

sonic bath causing the releas e of further dissolved air 

which was pumped out. The headspace was then flus hed 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 t he 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 (1 0ml 

of 0 .1 N), it is placed onto a cation resin bed (7ml of 

Arnberlite IR 120) in an ion exchange co l umn and lef t i n 

contact f or approximately 10 min. 
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(iii) After the solution has slowly passed through 
the bed ('lml/min) the resin is washed with deionized 
water ( 50 ml) . 

(iv) The amino acids and internal standard ~re then 
eluted f rom the column with ammonia (20ml of 7N), followed 
by a deionized water rinse. 
(Preparation of Cation-Ex:change Resin 

(i) .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 NH40H and 
stirred periodically for ea 2h, after which the resin was 
allowed to settle and the NII40H decanted. This NH40H 
treatment was repeated twice, and then the resin washed 
with glass distilled water until the effluent was neutral. 

(iii) The resin was re~enerated into the H+ f orm 
by the addition of enough 3 N HCl to form a slurry. This 
was stirred for about 1h, the resin settled and the 3N HCl 
decanted off. This was repeated twice, and washed with 
glass distilled wat er until the ef fluent was neutral. The 
resin was kept wet with glass distilled water until ready 
for use.) 

2.6 PREPARATION AND SEPARATION OF N-TRIFLUOROAC.ETYL 
n-BU'.l'YL ESTERS OF AMINO ACIDS 

The initial method of obtaining the N-trifluoroacetyl 

n-buty l 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 2.1b. 

(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) 

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



Protein Hydrolysate and internal 
s tandard after ion exchange 

clean-up 

I 
Dry under 

vacuub 

3N HCl in butyl a lcohol added. anc 
mixed ultrasonically 

Esterification 
I 

(100° / 15 min) 

I 
Buty l esters of amino acids 

Dry I under 

' vacuum 

Trifluoroacetic acid anhydride and 
anhydrous methylene chloride 

Acylltion 
(150°/5 min) 

Jl-trifluoroacetyl n- buty l esters 
of amino acids 

:B'IGURE 2 .1 a BLOCK DIAGRAM Ji'OR THE PRODUCTION OF 
N- TFA n-BUTYL ESTERS 01" AMINO ACIDS 
(GEHRKE MEI'HOD) 



ESTERIPI CATION 

R C II - COOH 

l 
NH 

2 

Amino acid 

ACYLATI ON 

3N IlC l in ?" R _ 
n-C '+ H<)O ll 

100° /1 :,min 

2.8 

CH- COO -

I 
NH + Cl-

' 
Amino acid buty l ester 

Trifluoroacetic?" 
anhydride 

(F C - CO) 0 
J 2 

R - CH - COO - c4H9 I 
NH - C - C.D' 8 J 

Amino acid butyl ester N-trifluoroacetyl 
amino acid butyl ester 

FIGURE 2 . 1 b REACTION SCHEME J!'OR THE PRODUCTION 
OF N-TFA n-BUTYL ESTERS OF AMINO ACIDS 

( c) To the dried mixture add 3N IIC l in dry n-BuOH ( ' l . 5ml/ 
1 . 0mg AA) and then mix ultrasonically for 1 5 sec bef ore 

esterification (1 00 °/15 min). 

(d) Afte r esterification evaporate the butyl ester mixture 
to dr. /noss under partial vacuum in a rotary evaporator in 
n 60° wat er bath. 

(e) Add dry methylene chloride (ea 10ml) to form an 
azeotrope \·1ith any remaining water, and then dry again under 

va cuum in a rotary evaporator in a 60° water bath. 

( f) Add dry methylene chloride (ea 2ml), and trifluoro­

acetic anhydride (1ml) to the butyl esters in the flask, 
u ltrasonic a lly mix then transf er to two culture tubes , and 
cap v,i th teflon lined screwcaps . 

( g ) Immerse the tubes in an oil bath (1 50°C) f or 5 min, 
cool the derivatives, and store at 0° until chromatography­
is performed. 

Separate the derivatives using both t he EGA and mixed 
OV columns with the chromatograph temperature programmed 

from '70° to 235°, at 6°/min. 
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2. 7 RESUHI.1 S 
Fi gures 2.2 and 2.3 are t ypical chromatograms f or 

milk produc ed by t he Gehrke met hod. r ie;ure 2.2 is t he 
s eparation achieved on the EGA column whereas Figur e 2.3 
i s that .for t he same sample on t he mixed OV column. 

2. 8 DISCUSSION 
Comparing the two figures s hows a considerable 

difference between them in elution order of the amino acids. 
I t is this di f ference which enables certain of the amino 
acids ( AA 's) to be identified and quantif ied, since where 
t here i s s imultaneous elution of t wo AA's on one column, 
thei r pairin~ does not occur on the other column. 

In the case of the B3-A column, t here are also some 
s i gnifi cant changes in the elution order when compared with 
that achi eved by Gehrke and coworkers, as shown in Table 
2 .1. 

'I1ABLE 2 .1 ELUTION ORDER OF DERIVATIVES 
FROM EGA COLUMN 

£""')cperimental 

Alanine 
Va line 
Isoleucine 
Threonine,Proline 
and Glycine 
Lcmcine and Serine 
Met hionine 
Aspartic Acid 
Phenylalanine 
Glutamic Acid 
Tyrosine 
( Butyl Stearate)* 
Lysine 

* Internal Standard 

Gehr ke 

Alanine 
Valine 
Glycine 

Isolencine 
Leucine 
Proline 
Threonine 
Serine 
Methionine 
Phenylalanine 
As partic Acid 
Glutamic Acid 
Tyrosine 
( Butyl Stearate) * 
Lys i ne 
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'11he reason for the marked differences could have 
been that the experimental column was locally packed and 
was made \·1i th V,araport 30 instead of t he acid washed 
Chromosorb \•/ used by Gehrke and coworkers (Kais er, et al., 
1974), although Chromosorb G has been used (Zumwalt, et 
al ., 1971 ) with no change to the elution order. 

J..<'or the OV-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, iso l eucine 
and leucine decreased). Table 2.2 gives the elution order. 

TABLE 2.2 ELUTION ORDER OF DE'RIVATIVES FROM 
QV-1?/0V-210 COLUMN 

Experimental 

Alanine 
Gl ycine 
Valine 
Threonine 
Serine 
Isoleucine and 

leucine 
Praline 
f1e thionine 
Phenylalanine and 

Aspartic Acid 
Glutamic Aci~ and 

Tyrosine 
Lys ine 
Arginine 
( Butyl Stearate)* 

* Internal Standard 

Gehrke 

Alanine 
Glycine 
Valine and Threonine 

Serine 
Isoleucine and 

Leucine 
Praline 
Methionine 
Phenylalanine and 

Aspartic Acid 
Glutamic Acid and 

Tyrosine 
Lysine 
Arginine 
( Butyl Stearate) * 

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 f irst five peaks glycine and valine almost co-eluted, 
and serine, isoleucine, and l eucine 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 OV-17/0V-210 column. 
Separations were performed using the FJJA column which was 
occasionally connected t o the integrator but all the major 
studies were performed with t he OV-1 7/0V-21 0 column. 

SECTION II 

INVESTIGATION 0 1" GETIRKE'S METHOD, 
FOR APPLICATION 'I'O MILK PROTEINS 

2.') ION EXCHANGE CLEAN-UP 
As outlined earlier the Gehrke method included an 

ion exc hange clean-up step. This was to selective ly 
adsorb the AA from the hydrolys ed protein and allow removal 
of other hydrolysis products some of which may have reacted 
with t he 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 t he ion exchange clean up ~tcp was 

omitt ed . 

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 steara-t-3 . 

Because the ion exchange step involved further sample 
handline;, 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 proces~ this step was 
omitt ed with a consequent saving of time. 

There was one major diff erence between the chromato­
grams before and a f ter clean-up . On the OV-17/0V- 210 
column the t hreonine peak increased in s ize by a f .:..c t or of 
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about 3 , and a similar increase occurred in the alanine 
peaJc on the ffiA column with the omission of the clean-up 
step . ( See f i ~ures 2 .4a, 2 .4b) 

2 .10 I:lTERNAL STANDARD 

( a) Butyl Stearate 
1·!hen butyl stearate was used as internal standard 

and the ion excha.n c;e clean-up s tep was included, t he IS 

was aclt.lcd to the sample after the clean-up step . HO\vcver 
1.1hon thir; clean-up step was omitted t he IS was added 

immediately aft er the hydrolysate had been f iltered and 
dried. It was important to dry t he filtrat e first a s the 
but yl otearate was dissolved in f!eC \ and this tended to 

cause over- viDorous evaporation with occasional loss of 
I S and/or sample. 

Butyl stearate proved to be an unsatis factory 
internaJ. standard. There was greater consistency ~etwe en 

t he ratios o.f t he areas of tho various amino acid peaks in 
duplicate derivatizations, than t here was between the amino 

acid : internal standard peak area ratios . 

This inconsistency wa s probably caused by the 

insolubility of but;yl stearate in the hydrolysate . It 

appeared to f orm a greasy coating on the internal surfaces 

of tho csterification tube, and it was not easy to t r ansfer 

quantitG.tively . (It i·1as not completely soluble in the 

3N ITCl in n- DuOH). 

But;yl stearate was dropped as an internal standard 

when tranex:aJTiic acid became available. 

(b) Tranexamic Acid 
'.rhis latter internal standard was soluble in 0.1 N 

HCl 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 t han the 

butyl stearate originally used. 

2.11 REAGENT PREPARATION 

Careful reagent preparation and storage is necessary . 
As the esters are hydrolysed by 1:1ater all reagents must be 
dry, and to prevent artefacts and spuri0us peaks t 1~y should 
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be of hieh purity. 

\'/lli le the preparation met hod ultimately u s ed will 
be gi ven later,together wit h ot he r detai ls , one aspect 

of the nreparation can be dis cussed a ppropriately her e . 

In t he preparation of the 3N IICl in butanol it was 
found ec;sential to use an a l l glass s yst em . When s ome 

polyt11ene t ubing was incorporated in t he system some of 

the plasticizers from t he tubine; di s so lved in t he 3N HCl 

BuOH rcaccnt . Thes e carried thr ough into t he final 
deri vatives and ga ve numerous peaks , especially at t he 

bigher elution t emperatures in the region of t he l ysine 
derivative a nd butyl stearate peaks . 

2 . 12 HYDROLYSIS PROCEDURE 

A simplification was made to the hydrolysis technique . 

As thi s investigation was primarily concerned with l ys ine, 
and not cyst ine or methionine the hydrolysis procedure 

cou ld be speeded up by omittinG t he dea eration / N f lushin~ 
2 

step that Roach and Gehrke, 19'70 , employed . Lysine i s 

stable to oxidation under hydr olysis and theref ore the 
presence of diss olved air i s of l i ttle consequence. I n a 

c omparative s tudy no signif icariL difference was det ected 
for the rec overy of l ysine from hydrolysates t hat had not 

undergone dea.eration compared with hydrolysates t hat had 

been deaer ated prior to hydrol ys i s . 

Thi s als o had t he advantage t hat i t was now easy t o 

use glass culture tubes, for the hydrolysis as a side arm 

and valve was no longer needed for deaeration ( N f lushing ). 
2 

The f iltration of the hydrolysates was also 

Gherke and coworkers used glass f ibre filter paper 

the hydrolysate , be.fore it was made up to volume. 

modified. 

to filter 

This 

was r eplaced with hydrophobic glass fibre filter paper 

(also u s ed in the Foss Electric Pro- Mille instrument, see 

Chapter 4). The hydrolysate was filtered through a small 

(ea 1 cm2
) piece of this filter paper held in a two piece 

sta inless steel mini-Buchner funnel . The filter paper was 
washed with distilled water (ea 2ml) after the hydrolysate/ 

interna l s tandard mixture had been put through it. The 
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hydrolys ate mixture and v,ashings were collected in a 
e;lo.so culture tube within the Buchner flask, so that 
the transfer losses were kept to a minimum while still 

retaininr, t he speed of vacuum filt ration. (The hydrolysate 

would not filter through the h,ydrophobic paper without 

vacuum bcins applied .) After the water wash only 'dry' 
humin particles remained on the filter paper with no 

mois ture rcmainine; in the paper. 

2 .13 .EnUI.PM.e,'N'l1 CHANGES AND MODIFICATIONS 

\vith the hydrolysis, esterification, and acylation 

steps all capable of beine; performed in the same type of 
culture tube there was an advantage in performing the 

dryinG operat ions also in the same tube, thereby keeping 
trrms.l'ors to a minimu.m. Th;i.s reduced time, oonta.mination 
and helped ensure good quantification. An adaptor was 
made up f or the rotary evaporator so that the culture tube 

could be f itted 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 

(ea 2. 5cm) of 2 cm diameter g lass tubing which was slightly 

flared. It was then possible to fit a short piece ( ea 

2. 5 cm) of polythene tubing of suitable diameter past the 

screw t hread of the culture tube , and splayed by the 

shoulders of the culture tube. This polythene tubine; 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 t he tube was easy to f it and remove. Virtually a glass 
to glass seal was achieved by this arrangement. (See figure 

2.5) 

FIGUHE 2.5: ADAPTOR FOR FITTING CULTURE TUBES TO A 
ROT.ARY EVAPORATOR 
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The polythene seal was kept soft and flexible 
by a stream of hot air ( ea 90°) .fr om an electric tangent ial 
fan heater. Initially this was required as it was found 

that during the removal of t he BuOil afte r esterification, 
the 13u0 II tended to condense on and reflux from the cooler 
internal upper parts of t he rotary evaporator. ( This 

effect occurred with both f lasks and culture tubes, and 
was not a cons equence of evaporating from a culture tube.) 

Not onJy did t his refluxing i ncrease the time for s olvent 

remova l but also it increased the risk of contamination 
.from wi t hin the evaporator. When the heater was placed 
under "':he adaptor joint any refluxing I3u0II was evap~rated 

aGain l efore it could return to the culture tube (or flask) 
containinG the butyl esters . 

An additional advantage of the fitting of culture 

tubes t o the rotary evaporator was that it was now possible 

to evaporate the milk sample under vacuum prior to hydrolysis, 

This meant t hat t here was no change in acid normality 

(which can affect the yield of furosine, pyridosine, and 

l ysine 1·rom lactulose lysine during hydrolysis, see Section 

1 . 4 nnd Tnble 1 . 1) 

(It is worthy of note that the culture tubes proved 

to be more satisfactory a vessel f or the acylation reaction 

than t ~e special vessels designed by t he Regis Chemical 

Compan;-;T f or tbe purpose.) 

2 . 1 L.J. f10DI FICATI0N OF THE HYDROLYSIS PROCEDURE : 
DIAJ_JYSIS STUDY 

During the course of a computer analysis of some 

early chromatograms of derivatives made without the 

inclusion of the ion exchange c lean-up of the protein 

hydrolysate it was realised that the OV-17/0V-210 results 

indicat ed the presence of excessive amounts of thre onine 

in milk protein. Data from compositional tables suggested 

that the valine and threonine peaks shou ld be of similar 

size, whereas the valine peak was about 1/5 to 1/3 the 
size of the threonine peak. Examination of the IDA coJumn 

chromatogram revealed an apparent increase also in alanine, 

but a multiple peak of about the expected normal size fo~ 

the glycine and t hreonine 1hich eluted together. Referenc e 
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to the e;i:rl ier chromatograms of the derivatives prepared 

from hydrolysates that had been cleaned-up by ion exchange 
sho:·:cd no such large peaks f'or alanine and threonine on the 

.l.£A , anc"i. OV -1 7/0V-21 0 columns respectively . Apparently 
the c ontaminant peak was not an amino acid. Subsequent 

investi r:::ation showed that this peak was due to a lactose 

dcc;radntion product produced during the hydrolysis stae;e 

(::;ee Appendix: 9 f or details of this investigation.) 

rro prevent this contaminant peak f rom appearing the 

removal of the l actose before h,Ydrolys is was considered 
nec essary and this was achieved by dialysis (See Section 

III) . It was also thought that the l ys ine released from 
the pr.ol;ci.n durinr.; hydrolysis mir;ht react with the lactose 
durinc ::;uh~1equent processing thus altering the apparent 
' to Lo.J. 1;,s:i..ne value ' ( TLV), but investication showed. no 
sic;nit'icant difference in TLV f i [;ures obtained from non 

heat troated and heat treated milks that were hydrolysed 
in the presence and absence of t he naturally present l actose 

( see Apuendix 10 f or details and results of t he dialysis 

study ) . 

As not ed in Appendix 10 , t hat as a result of the 

dial;ysic; procedure the ratios of internal standard p eaJc 

area to the areas of proline, phenylalanine, and t yrosine 

plus c;lutamic acid peaks can be used as indicators of the 

chance in concentration of the mi lk protein. It was 
t herefore unnecessary to perform Kjeldahl protein dnt ermin­

ations to f ollow any dilution c hanges. 

As a result of this dialysis stud~r all subsequent 

hydrolysat es were made from di alys ed milk . 

2.1 5 HErIOVAL OF TRIELUOROACETIC ANHYDRIDE 
The Tli'AA remaining in t he acylation reaction mixture 

a f ter t he acylation step attacked t he rubber backing of 

the t eflon 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 

T.FAA-MeCl solvent \·Jas removed under vacuum at room 
2 
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t cnrpcr:1tu.r e on a rotary evaporator. ~rhe derivatives 

\·JCrc tlio n rcdisso:lved in dr~r l\leCJ. (1ml). 'l'he derivatives ., 2 

vrc r e st.ab l c, when stored at 4° for up to a year, and no 

det eriorat ion was noticed in t he condition of tefJ on liner . 

'r:iin -:,roe.on s also had the advantae;e of decreasinp; the 

sn111pl ,_, volume thereby reducir r; the volume injected onto 

tho c o l.umn of t11e GLC . rrhe s olvent peak was smaller and 

t he rcl.11r n to base line was rapid. 

S.ECTION III 
'L'!Le: l'JgrHOD ADOPTED l"OH TH.c ANALYSIS OF 
J ,y SINE IN J\1ILK PlWT..:..IN BY GLC PROCEDUR£ 

( a ) C, 1 U - Varian Aeror;raph f1odel 21 00 gas chromatograph 

f i tted ··:it h t wo glass columns , t ·:1 0 flame ionization 

det ec t~rs ( FID) , and a dual diff erential electromet er. 

1.1llis Gr r: },as an oven capab le of takinf; up to f our 2r.-: x 

L . ~mm 1 . JJ . IJ - s haped glass columns, and has direct on column 

in j ect i on . It is f itted wit11 separate , controllable 

in jec tor a nd detect or blocks. An essential feature is the 

linenr ~cmperature programmer. 

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

it i s essential to use an electronic integrator. A Varian 

r-Jodel 11 ·5 Die;ital Integrator was used in this stud~· to 

determi ne peak areas . 

(c) 1{ccorder . Rikadenki Model B261, t h'O pen, (Rikadenki 

Koe;yo Co ., Tokyo). 

(d) Ult rasonic c leaner (Varian Aerograph, Walnut Creek, 

Calif.) was used as a mixer agitator for the contents of 

tubes ~t various stages of sample preparation and mixing . 
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nc;yl.al:1. t1n or the butyl ester: • 
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( r) ./1. · 10 1. 2 lr oven controllable l;o 1 U0 ° and 111 5 ° for 

onmp1c o~tcrification, and hy drol.ysis respectively . It was 

convcn i.cn t to use the GLC oven for these purposes. 

( [J •:c t: ·.~r,J' evaporator : a variable speed. Buchi Hotovapor- H 

fittuu wi th an adaptor for the culture tubes . 

(b) Gu.Lture tubes: glass culture tubes fitted with teflon 

1ined i:·u.\Jbcr back s crew caps were used for hydrolysis , 

c:.; t; crli i.cation , acylation , and evaporo.t.i.on steps ( Kimax , 

16 :..,. ··1 ~,, 'mm Cataloc;ue No . 4 506GA) 

(.i.) 1J l f.rariJtratio n c ell : an Amir.on 1~02 ultra filtration 

c e ll (Amicon Corp ., Lexington, Mass .U. G. A. ) fitted with a 
Pf·i1 'J mc:nbrane (M . Wt . cut off 10,000 ) was used for the 

dialysis of the milk samples. The cell (L~OOml, max . capacity) 

was fitted to a 2L 316 stainless steel pressure vessel used 

as a r e.~ crvoir for the dialysis wash water . The pressure was 

riaint;.:,i. ncd by a c ylinder of c ompressed nitroe;en . 

(;i) i.Lt8 r paper : fo r the filtration of the p rotein 

\yclro1~, ,·ates hydrophobic g laFs f i hr8 f i lter paper ( Foss 

Blectric, Denmark) . 

2 . 1 '7 i i ·~AGUlTS AND REAG.l!.'N'l' PHtl AHA'rION 

( a) f.ic t: hylene Chloride, AH c;rade was refluxed over anhydrous 

calciu~ sulphate ('Drieri te ' ) for 3h before being triple 

distil le;<l, with the fraction distilling over between 40° and 

4-1 ° beinc; collected. This was stored over anhydrous calcium 

sulphate in a g lass bott l e fitted with a ground glass top . 

(b) n-1\uto.nol (BuOH) , AR e;radc was also r efluxed over 

anhydrous calcium s ulphat e , disti lled, and then stored over 

further anhydrous cal c ium sulphate, in a glass bottle fitted 

with a ground glass top . 

(c) The 3N HCJ. i n BuOH was made as dis~ussed in Section 2 . 11, 

by bub 1J line; dry HC l gas into the puri f i ed n-BuOH. To make 

.3N IICJ in n- BuOH, 14.6g of IJC1/100g of B,10H i s required. 

( d) 6 1'·' HCl for protein hydrolysis was r.iade up from concen­

trated lTC 1, AR grade. 
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(e) Tr'i.fluoroacetic anhydride, AR grade, was obtained 

from vn.riouo sources including BDII , and Eastman Chemicals. 

When not in use it was stored nt -20° in a freezer to 
reduce hydrolysis by atmospheric moisture . 

(f) Internal standard: The 4-(amino methyl)- cyclohex­

anccar.b ,1:xylic acid ( tranexamic acid) was obtained .from 

Aldric !1 Chemical Co. Inc. , Ne w York . 

2.1 8 l HEPA:UTION OF CHROMNEOGRAPHIC COLUMN PACKINGS 

The packings were made according to the method of 

Gehrke, et al ., 1971, and Kaiser et al., 1974, but used 

Varapor t 3u as the support. 

packint5 number '1. 2. 0% W/W OV-1'? 1 1% W/W OV-210 (a.) Column 
flu.tcrialG OV-17 (Varian Acrograph, Walnut Creek, Calif.) 

OV-21 0 ( 11 
) 

Varaport 30 " ) 

Vnrnport 30, 100-120 mesh (29 .1 g) was weighed into 

an U. :-=:l r ound bottom quickfit flask, and then covered by 

dicti lled anhydrous AR grade acetone until the liquid level 

was e a 3- 4mm above the packing . Then 3Cml of solution (i) 

con ta i ninG OV-1 7 (0.6g) and 30ml of solution (ii) containing 

OV- 21 c, ( l , . 3g) in the same grade of AR acetone were added to 

the fJask containing the Varaport 30 in acetone. Th e solvent 

Has slm·;l;y removed with t he rotary evaporator unde-e partial 

vacuum over a period of about 0.75h. Care was taken as 

drynes s was approached not to rotate the flask on the 

evaporator too quickly thus minimising the fracturing of the 

Varapo rt 30 support . 

The prepared packing was then transferred into clean, 

dry glass chromatograph columns (ea 2m x 4 mm I.D.). This 

was most easily accomplished by plugging one end of the 

column i'ith silanized glass wool, and this end then attached 

to a water operated vacuum pump. To the other end of the 

column a small filter funnel was connected by a short piece 

of rubber tubing . With the vacuum pump drawing a .... ma 1 

quantity of air through the column the dry, free f i o ing 

column packing was poured into the funnel . The air. flow 

progressively packed the packing material from the glass 

wool blocked end back to t he f unnel end Gent le tapping 
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assisted the settling . The funnel was then removed and 
that end plugged with silanized glass wool as well. 

lrior to use the columns were conditioned in the 
GLC oven n.t 250° for 12h with a e;as flow of about 25rnl/min 
of d.ry , 0,-:·,1,gen free nitrogen carrier gas . 

Jt was found that the commercially prepared OV17/ 
OV21 U c olumn (Supelco . Inc . , Belle'fonte, Pennsylvania) gave 

superior "~eparation (See 2 . 8). 

(b) Column packing number 2. 

Mat:erin.ls : EGA (ethylene e;lycol adipate, from Varian 

AeroGraph , Varaport 30 80/100 mesh 

1!'!10 method used was very similar to that used [or 

packin~ 1 . Varaport 30, 80/100 mesh (29 . 805g ) was we i ghed 
into an 0 . 51 round bottom quickf it flask and then covered 
t o o.bout 3- 11mm by anhydrous AH grade acetonitrite. Then 
25ml of a Ernlution of ffiA (0.1 95e; ) in anhydrous AR grade 

acetonitritc was added to the content s of the flask which 

was then attached to a rotary evaporat or . The packing was 

t hen dri ed slowly over about 0 . 75h . When the packinB was 

still damp but not adhering t o the side of the flask , the 
fla:.,k ~,ms removed from the evaporator and the inside walls 

of the f.'losk were washed with a few ml of anhydrous 

acetonitrite . The flask was returned to the evaporator fo r 

further evaporation of solvent. \v'hen the packing v1as only 

f,lic;ht l? damp the vacuum was increased and the flask 

immersed in a 60° water bath until solvent removal ·JB.s 

complete . 

1J1he e; lass chromatography columns ( ea 2m x 4mm I . D.) 

were packed by the method described for packing 1. 

r rior to use the columns were conditioned in the 

GLC oven at 215° for 12h with a carrier gas (oxygen free dry 

nitrogen) flow of about 25ml/min . 

2 . 12 FREPARATION OF THE PROTEIN HYDROLYSATE 
( a) Dialysis 

okim milk (30ml ) was pipetted into the ultrafiltration 
cell and diluted with distilled water (ea 120ml) from the 
pressurized reservoir. The distilled wa~er in the reservoir 
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maint :=i i ·wd the total vo J ume n the ce lJ at '150ml ~ The 

reservoir· and cell v,ere run at a pressure of 2 bars 
(cc j,' ·1 . t; .i) for ab out '10h durinr; whic1, time a tote of 

'1 . 2 J, c~J' wn.sh wat er passed through the cell. After '10h 

the ~ash water flo w was stopp ed whi le the pressure on the 

ceJl ~D~ maintained until the total volume in the c ell was 

mnintotned until the total vo lume in the cell had dropped 

to J u s t; under 3 times that of the orie;inal aliquot of milk, 
i . e . c:i J' innl volume of about 80ml . 

\ 

A biuret test on the permeate Bave a neBative result, 
o.nd a T' olisc h test on the finnl few millilitres of permeate 

was als 0 negative, indicatinc complete, or near complete 
removaJ of lactose had been achieved without detectab Je 
loss of protein. 

'l' •1c dialysed milk was then made up to 90ml, and an 
aliquot (1ml ) transferred to a culture tube for hydrolysis , 
and another aJ.i quot (15ml) to a Kje ldahl digestion f lask. 
(As \·•as mentioned in 2.'14- it v:as actually unnecess a .,...:r to 

make t 1111 prote in determination, but it was us ed as a ·oackup 

check ) 

( b) :t ·dro lys is 

The sample of milk was dried under vacuum in a 60° 

i,,at er h:ith , and then 6N HCl ( '12ml) was added . The tubes 
were t r-icn put in a hot air oven at '14-5° for 4-h, removed , 

cooled, and then internal standard (5ml of O.'lmg/ mi tran­

examic a cid in O. 'lN HCl) was added . The tube was recapped 

and the contents thoroughly mixed before being filtered 

throurh hydrophobic filter paper (see 2.'12) and tho filter 

washed v,ith distilled water (ea 2ml). After thorough 

mixing the solut ion was evaporated to dryness in a rotary 

evaporator in a water bath ( 60°). 

Anhydrous MeCl (ea 5ml ) was added toform an azeotrope 
2 

with any remaining water, and t his was then removed under 

vacuum. 

2 . 20 PREPARATION OF THE DERIVATIVES 

(a) Est erification 

To the dry hydrolysate/I.S. mixture, 3N HCl in 

n- BuOH (10ml) was added, and mixed in t he ultrasoni c 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 

reaGe~; was removed under vacuum in a rotary evaporator in 

a G0° ~nt cr bath . 

A furthe r aliquot (ea 10ml) o f MeCl was added and 
2 

then removed under vacuum a s heforo , to assist wit h complete 
HuOll ru·novn.1 . 

( b ) Ac,;rlo t ion 

Trifluoroacetic anh~vdride ( ea 1ml) and methylene 

chloride (ea 2ml) were added t o the butyl esters in the 

cult ure tube . The screw cap was tie;htened firmly and then 

the tube was put in an oil bath at 150° for 5 min. ( Th e 
bath wns behind a safety screen in case of explosion .) 

The tubes were only 25% immersed and the reaction mixture 

refl.uxocl. inside the tube on the cooler, exposed tube wa lls. 

After c ooling the mixed s olvent was removed under 

vacuum, using a water bath at room temperature (ea 20°), 

and anr .. drous MeCl (1ml) was added to redissolve t he N-TFA-
LJ 2 

n- butyJ cGtcr s . The derivatives were then stored at 0° 

until c hromatoe;raphed. 

The overall process i s outlined in block diagram 

from in ficure 2 . 6 . 

2 . 21 i>;r.~ODUC I 13ILITY 

Although difficulty was experienced in t he initial 

development of t he method onc e the tranexamic acid was 

adopted as the internal standard the method became much 

more reproducib le. 

In one study four samples of the same milk were 

independently hydrolysed and derivat ized. (The preparation 

of the samples did not include the dialysis step as that 

development had not been investigated at t hat time.) The 

derivatives of each sample were chromatographed once and 

the ratio of peak areas for l ysine:internal standard 

calculated . The coefficient of variation between the f our 

ratios was 0. 63% . This is exceptionally low and is not 

considered to be typical, even t hough t he investigation 

was made in order to determine reproduci bility . I t should 

be noted t hat these samples v1ere all hydrolysed anC:. 
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. I 
Dialysed 

(40 volumes) 
I 

DialyGed skim milk (ea 0 . 3ml) 
(Lactose f ree) 

I 

HydrolyGed 
(6N HCl , 14'.) 0 /L~h) 

Protein Hydrolysate, internal 
standard added 

Filtered 
I 

Filtered hydrolysate/internal 
standard solution 

Dried Jnder vacuum 
with addition of 

MeCl I 2 

3N HCl in Bu OH added and mixed 
ultrasonically 

Estei'ified 
(100°/15min) 

Butyl est~rs o~ amino acids 

Dried under vacuum 
with addition of 

MeC l 

TFAA and MeCl,~ :dded 

Acylated 
(150°/5min) 

JT-TFAA-n-butyl esters of amino acids 

Fie,urc 2 . 6 

Removal of TFAA/MeCl 
Redissolved in MeCl 2 

I 2 

N-TFAA-n- butyl esters in MeCl 
2 

BLOCK DIAGRAM FOR THE PRODUCTION OF 
N-TF'A-n-BUTYL ESTERS Oft AMINO ACIDS 
(ME.rHOD DEVELOPED roR SKIM MILK) 
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der.Lvnt:i ?.cc.l nimulte.neously and this would reduce the 
variebil it~ of the results. 

Ari.c1l~:sis of a total of 'W duplicates gave a 

coef.fici enl: o.f variation betwe en duplicates of 2 . 4-1, i . e. 

a standrird error of the mean of duplicate analyses of 1. 7% , 
or a "~-~ confidence range for the mean ratio of lysine area : 
I . S . nre~ 01· ~ 3.4( (based on the results of single 

intj0.ctioM') . 

A ntudy was made of the reproducibility of the 
chromato r__; r.nph/integrator combinat ion by injectine; the same 

der.ivatized samp le 6 times over 3 days . Standard deviations 

of the a.r.iino acid peak areas:I. S . peak areas ranged from 1% 
to -127~ . The ratios with the larc;est standard deviation were 
for small peaks (such as methionine), or else peaks which 
were nut; readily separated f rom another peak eluting at about 
the so.me time ( s uch as serine whi ch elutes just prior to the 

isoleucl-10 plus leucine peak). 

Jn ti1e same study it was found that the .ratios of the 

lysine peo~ nr.ea to the areas of pral ine, phenylalanine, 
t:,-rosine, i,·oleucine, and alanine al l had coeffi cients of 

variatio~ of about 1 . 9% . This fi cure is not significantly 
different from the f igure of 1 . 6% obtained f or the ratio of 
lysine to internal standard. Therefore a significant 

proporti_on oI the error between duplicate samples i s due to 

variability between injections of the same sample derivatives. 

To ~ive ~can values for a given sample accurate to 1% with 

957,; c onfidence woul.d require 16 r epeat injections to be made. 

J~ecause of the number of variables it is difficult to 

effectivel;y assess the reproducibility of the method, but on 

the basis of the analysis of simultaneously derivatized 

duplicates, the confidence range f or the mean of one injection 

of each duplicate is likely to be approximately 3% to 3 . 596 . 

2 . 22 QUANTIFICATION OF THE LYSINE RESPONSE 
( a ) Preparation 

A standard solution of lysine monohydrochlorJ_de 

(0. 25mc/ml in 0 .1 N HCl) was prepared , various aliquots (from 

0.0ml to 10 . 0ml) were derivatized in the presence of I .S. 

( 5ml of 0 .1 mf/ml tranexamic acid), and the ratios f lysine 



2 . 28 

r.1; . pc:1k orcas determined . 

' l1r1c 111oisture content of the l:t sine monohydrochlaride 
+ ·:~s cleL c r'mj_ned b~t dryin~ at 1 ()0 ° - 1° .for 16 b. 

( h) Ucn uJ.Ls and Calculations: 

(i) ho isture content of r.hc lysine monohydrochloride 

'L1herefore the effective dry l.:,:sine content oI 

1,11c BLanclnrd solution was 

O • 2 5 .!:!!6 
ml X 

= 0 .1922 mg/ml 

1L~6 .19 
1b2 . b9 X 

( ii) lJeak area ratios. The values o.f the ratios found 

ror t.he corresponding number of millilitres oI standard 

solution derivatized are ~iven in table 2. 3. 

TA nlrt~ ? • 2 ·r,ysrNE RESPONSE S'rAHDJ\RDISATIOfJ 

r ,yn i nc 
( Jll J f () -· std) 0 0 2 2 

me': o.f pnr.e 0 0 0 . 3E341+ 0 . 3844 l -:0 ine 

lysine :i..rca 0 0 0 . 723 0 . 706 

I . S. o.rca 

r,;ysinc 5 5 5 10 10 
( rnl of r,td ) 

ng of pnre 0 . 9610 0.9610 0 . 9610 1.922 1.922 l;ysinc 

L;ysine area 1.793 1.696 1.733 3.424 3 .452 

I . S. area 

Her;ression analysis of this data gives equation 2.1 

for t he determination of pure lysine ( L), for a given ratio 

( .R) for J;/ sine : I.S. peak areas. 

L = 0. 5606R - 0 . 0092 

( r = 0.9998) 

(2 .1) 

Using equation 2.1 it is possible to calculate the 

number of mg of l ysine in an aliquot of mi lk tested. 

2.23 LYSI .u; CONT.ENT OF MILK PROTEIN 

An aliquot ( 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 0 .1mg/ ml tranexamic acid was added to 

each hydrolysat e) was 1. 854. Subst ituting this value in 

equation 2.1 the lysine content of the aliquot as 1.030mf. 

Allowing f or dilut ion, and convertinf to t he basis 

of protein content the l ysine content of the milk prot ein 

is 83. 5mg/ g, or in terms of nitrocen content , 3 . 536/1 6g N 

'l'his f ic;ure i s hic:her t l'ar-, :, :,e avcrar._;e 
. . 

0 iver.. in 

2 

compositional tables (l"AO, 19?0) vi z. '/6 . 3 rng/c or 

7 -79g/16c; N but close to t he upper value viz. 8 . 50c/16g H 
2 2 

quoted in the same tables. 

2.24 CHROMATOGRAPHIC CONDI'rIONS USED 

Gehrke and coworkers have reported using slightly 

different conditions in different papers but generally they 

are similar to the following . l+'or EGA columns an initial 

temperature of 60°, rising at a programme rate of 6°/min to 
a final temperature of 210°. l<'or the OV-1 7/ 0V-210 columns 

the initial and f inal temperatures wer e 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 .EDA column, or both columns were being used, 

otherwise f or 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 a nd 

detector temperatures were both 250° . 

The carrier gas ( N ) flow rate was 30ml/min . 
2 

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 10-10 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 

4p.l of sample was injected in a typical separation. 
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'' 11.G KIN.E'l'ICS O.F LYSIN.E l,Oss· DURHH; 
'J.' ILt: iJ.EAT 1r REATM.ENT OF 
~:;KIM MILK : NCI? ERI r d.J!'.L'AL 

3 .1 J r !1rHODUC 1l1lON 

;1avins adapted a method for determininr; lysine so 

t 1w.t it; could be used to determine lysine in milk, a trial 

wns mnde i.n \·Jhich some skim milk was canned , heat treated 

under known conditions, and tr.1en the acid available lysine 
level '1etcrmined . 

3.2 lJ: ·:NP 'f'ltEATM.i.'..l'l'r OF THE RAW SKIM MILK 

i{aw skim milk ( 3. 7i5 protein ) was filled into 

301 x 1107 cans (1 6oz ) and sealed under vacuum. The cans bad 
previonr;l;v had thermocouples fitted to them so that the 

temperature of the milk could be measured. 

·11 l1e cans were then heated in a horizontal retort 
for va ,·i.ous times and temperatures as indicated in the 

results section (3 . 4). The thermocouples were connecteci to 
G llonc-·1· 1c lJ. multipoint chart recorder calibrated ir, derrees 

Celsiu: ' , so that the overall heat treatment could ~e 

evalu:i1:cd . 

3. 3 lT 'DlWLYSIS, D.t.l{IVATIZATI01'T AND SEPARATION 
All heat-treated samp les and the unheat-tre 8.ted 

contra samp le were handled in an identical way. Al l were 

dialys ~~ , hydrolysed, and derivatized according to the 

method r~ iven in 2 . The separation of the derivatives was 

made u~ing the OV-17/0V-210 column, fitted with an F .I.D. 

detect0r connected to an integrator and recorder. 

As it was not possible to process all the milk samples 

concurrently, repeat samples bf the contro l milk, and 

occasionally the most severely heat-treated milk were included 
with eac h 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 RC:SULTS 

(a) Colour 
1['he heat treatments used caused definite b::,vming of 
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the c ol,11-r , as is shown in th e photoe;raph , figure 3.1 . No 

att;crnn 1• , .. m.~:i made t o measure the co l ou r bocaur;e no s ,1ito.blc 

inr·trun, ~nt-~-; were avai lable . Hov1ever, it, was observed that 

the 1 ()( 10 I?. G7b treated s amp l e ·ms of a similar c o l ol r to t he 

11n°;,· 1 • ' 1 rh , treated s a mple , ··hile the 110°/2 . 72h sample was 

almost ·,1antic al to the 120 °/0 . 980h sample . Wi thin a Given 

temper, 1·nre seri es a ll samples viere noti~cr-ib l y different 

j_n col o,p·, . 

1 • Control 

2 . 1ou 0 ; 2 . ,,'/h 
j . 120°/0. dGh 
L,. • 1-10 °/2 . ·;~~h 
r 115°/2 . -· "lll ./ . 

( . 120°/2. 11+h 

1 r UJrn 3 .1 : A PHOTOGRAI)H Oli' A S£'L.1.:;C'rION 0.JT 
RETOH'l.1.lill l'J lLK.S 

(b) 1..:vriluation of Heat Treatment 

rhe temper a ture/ time history of eac h set of 

procesr;in;-~ c onditions f or the canned mi lk was evaluated 

frorn t,., Honeywell rec order c hart . Three diff erent temper­

atures vrcre u s ed in the heat treatment, and a number of 

different time s were used at each temperatur e . 

/1l t1.ough t h e retort was fitted wi t h an automat ic 

temper2~ure control , t h e temperature flu ctuat e d a bout the 
+ set to~ rcrature by up to - 0 .5° . For t his r eason, nd 

bec ause of the need to allow fo r the c ome-up- time , r the 

temperR~ure of t he milk in t e can , in order toe -RJ 1ate 

the hea; treatment it was necessary to assu me a Ve le for 
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t he en3r: ·.,· of activation of t he reaction causing the loss 

of '111,V . l1'r.om t he literature ( r eported i n 1. 8 )a typical 

en cr,_;; ,,i o.ctivation appeared to b e about 28Kcal/mo .lc. 

Uc- inc ;, 1H' Arrhenius equation, 1. 9 , in a modified f o::-m 

k 
2 

= (3 .1) 
e 

and u:::: ·. n, · t i..e f act that l'or a 1~i v en chan r;e in conc entration 

of n cn•1-:,oncnt , occurring at t wo d i f ferent temperatures, 

•r 1 nnd ·. , the ratio of the t ime s required for t hi s c han v e 

to or,c 11~ i£.; related to the rat e constants at the two 

l;cmpnrnl ures by e ']_uation 3.2 

k 
= 

2 

~ 
(3.2) 

\(",('1''; t1 is the time requ ired at t emperatur e T 1 , 
t is t he time required at t emperature .,, 

2 - 2' 

k1 is the rate constant at temperature 1'1' 
lr is the rate constant at tamperature r;i , ... .L 

2 2 

and lY C ~ .) co:-1b i nine; equations 3.1 and 3 .2 to £., ive equation 3.3 

= ( 3. 3 ) 
e 

it j s r )ssi1,le to calculate t he effective time at the 

nominal proc essin~ temperature . The effect of the c ome-up­

time , nnd any deviations from the nominal process te~peratur e 

c an j_n ";his wa:r be allowed for in calculating the over a ll 

effe ctive heat inc time. 

All t i mes reported in Table 3 . 1 have been calculated 

usinr equa tion 3.3, and are t herefore equivalent t imes. 

(c) Chromatocraphic Separations 

The chromatograms produced are t ypically rep resented 

by f i cures A10~3 and A10 . 4, and to that of the ion exchange 

bydrol:-sat e shown in figur , s 2. 2 and 2. 3 . 

r_ he area ratios were analysed us :i.ng as 'int erna l ' 

int ern<'l standards thefive peaks, alanine, isoleur.1nE- plus 



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 l ys in0 peak arc 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 

Temperature 'rime 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 0.831 

2.135 0.767 

115 2.110 0.828 
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3•2 CALCULATIONS 
Accuracy 

It is difficult to statistically analys • 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 deriv.s.tized 
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, Tables A10.2a and A10.2b, the average 
coefficient of variation in the ratios was found to be 
1.796 and 2.4% respectively. The average of these is 2.1% 
and this is probably a reasonable estimate for the H':I1IN 

values in Table 3.1. For the case where duplicate analyses 
were performed and multiple injections were made t he 
standard error of estimates of RTLV in Table 3.1 would be 
approximately 0.5 to 1%, so that the 95% confidenc e limits 
would be about 1% to 2% either side of the values fiven . 

3.6 DISCUSSION 
In examining the data more weight should be p n t on 

the lowest RTLV values as the relative accuracy of these 
results will be greater than for the higher values 1·1here 
the change in H.TLV is smallest. This means that generally 
the results of the 120° trial should be considered t o be 
more important than those of the 110° trial which i n turn 
should be weight ed 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 t hat 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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-de 
cTt = kc 

or in its logarithmic form 

C ln - = kt Co 
(for reactant loss, k is ne~ative) 

(1.10) 

c, .4) 

which implies that if the lof,arithm 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 wi ll 
result. 

When this is done for the RTLV 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. 

(c) Second Order Reaction 
Consideration of the reacti on believed to be involved 

in the loss of lysine availability su~gests that bein~ a 
bimolecular reaction it may well be a s econd order ~eaction. 

For a reaction of the t ype 

A + B > products 
if CA is the concentration of A at time to 

0 

CBo is the concentration of B at time to 

XA is the fraction of A converted to product and 

XB is the fraction of B converted to product then 

-dCA 
k CA CB 

-dCB 
(3 .5) -- = = 

dt dt 

and CAo XA CB XB 
(3.6) = 0 

from which it is possible to derive 

( 1 - XB ) =-( C - CA)kt (3.7) ln 
1 - XA Bo 

where k is t he rate constant , and 
t is time . 
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But as CB
0 

and CA
0 

are constant, equation 3.7 
can be rewritten as 

ln ( 
1 - XB ) =-Kt (3.8) 
1 - XA 

substituting the relationship 3.6 in 3. 8 2; ives 

( 
CBo - CAo XA 

) ln ,;; -Kt (3.9) 
CBo - . CBo XA 

While for the milk used it is possible to calculate 

CAo' and CB
0 

where A, and Bare lysine and lactose respect­
ively because of the lactose is present in a 7 times f.reater 
concentration than the lysine (on a molar basis ), the 
change in the numerator of the lof, . term is small, i .e. the 
numerator is effectively constant and equation 3.9 effect­
ively becomes 

= - Kt 

or equation 3.8 becomes 

ln ( 
1 ) = - Kt (3.10) 

1 - XA 

or in concentration terms 

ln( 
CA ) Kt (3.11) = 

CAo 

Equation 3.11 is in the form of the first order rate 
relationship 3.4. Therefore although a second order reaction 
may be possible it is unlikely to give changes in lysine 
concentration that are significantly different to those 
calculated by equation 3.4. In light of the general 
inaccuracy of the data as shown by the previous two f.'gures 
(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 . 

2•7 DEVELOPMENT Olf 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 l arGe and 
hence a close fit cannot be expected it may still be po~siblc 
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. 

~a2 Theoretical Considerations 
According to earlier discussion ( Section 1. 5 et eeq) 

Mauron and coworkers , and Erbersdobbler demonstrated that 
acid hydrolysis of heated milk proteins ~ave 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 lactulosc lysine 
formed during the Maillard reaction . 

If the initial stage of the Maillard reaction, i~ 

which lactulose l ys ine and i ts intermediates are formed , is 
first order (or pseudo first order with lactose present in 
excess) then the loss of nutritionally available l ysine , .ALV 

can be calculated from the rnte express ion, 3.12 

But if 

then 

. . . 

ALV ) 

ThLV 
= kt (3.12) 

where ThLV is the theoretical , initial lysine content. 

RALV = 

ln (RALV) = kt 

ln ( 1 - 6 RALV) = kt 

( 3.13) 

(3.14) 

But from equation 1 . 3 

• .. 
b.ALV 

b. RALV 
= 

= 

2~70 6. TLV 
2 . 70 6. RTLV 

Substitutine; equation 3 . 15 in equation ~ .1 4 p;ives :: .16 



ln ( 1 - 2. 70 L\ RTLV) = kt (3.1 6) 

i.e. a semiloc; plot of (1-2.70 ,l\ HTLV ) a c;ainst time is 
linear with slope k . If this is linear then a semilo~ plot 

of ( 1 - 6 RTLV) i. e. l?.'rI,V ap;ains t time would not be linear 
but rather concave upwards as is shown in fi~ure 3.4 

l'.z-l 
p-
H 

l!'IGURE 3.LJ-: THE R2,0A1l1I01'TSHIP 13ET\·JE.I:,1'1 HALV AND R'rLV 

0 . 0 

- 0 . 1 

RALV 1 - 2.7 ~ HTLV 

8 - 0 . 4 

~ 
p:: 

-0.5+---------------·-------
0 TIME 

If the mechanism for the loss of l ysine 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 re c;eneration of l ysine occurred durin c_: 
acid hydrolysis then this relationship (3~1 6) would be 

applicable to this study . 

3. 8 THE MODEL DEVELOP ED 

In view of equation 3 .1 6 a study ms made to find 

if the experimental data would give an improved fit to a 

first order model if the observed6RTLV were first mult:iplied 

by a constant greater than unity. A computer programme was 

developed that would increase all the 6 RTLV 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 

for6RTLV were increased by a factor or 3.43, i.e. the 
data showed an optimum fit to the model described b~, 

equation 3.17 

ln ( 1-3. 436 RTLV) = kt 

For this model the three rate constants for the 

three trial treatment temperatures are listed in Table 3 . 2 . 

TABLE 3.2 MODEL TIATE CONSTANTS 

-

Temperature ( 0 0) 100 '110 120 

Rate Const.(h-1 ) -0. 058 -0.208 - 0 . 760 

For the sinf, le trial made at 11 5°, applyinf, the same 

multiplying factor of 3.43, the k value ohtained i s - 0.1.~23. 

These values can be used to predict RTLV values if 

the time of heating at one of these temperatures is known , 

using a different form of equation 3.1?. Changing the 
subject of the formula gives equations 3 .1 8a and 3.18b from 

which the predicted RTLV values in 'J.1able 3. 3 have been 

calculated. 
1 kt 

- e 
6.RTLV = ( 3 . 18a) 

,3.43 

and as 6RTLV = 1 - RTLV 

RTLV 2.43 + ekt 
= ( 3 .1 8b) 

3.43 

TABLE 3.3 MEASURED AND PREDICTED RTLV VALUES 

Treatment RTLV Values 

Temperature Time 
(°C) (h) Observed Predicted 

100 0.707 0.986 0.988 

1. 69 0.975 0. 972 

2. 67 0 .957 0.9)8 

11 0 0.548 0 . 988 0 .. 969 
0.905 0.974 0.950 

0. 920 0 . 888 0.)49 

2.72 0 . 876 o. -~74 
I 
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Table 3.3 (cont) 

Treatment H'l.'TiV Values 

Temperature Time Obser v ed l 1r edi.cte<l 
(°C) (h) 

120 0 . 41 '/ o . q23 
0 . 6~;'? 0 . 905 
0 .863 0 . 862 

0 . 980 0 .831 
2 . 13;, o . 7F;7 

These figures have been plotted in f i curc 3. ~ 

3.9 .EXAMINATION OF THE MODEL DEVELOPED 
(a) Mu l tiplying Factor CF-Value ) 

0 . 918 
0 . 882 

0 . 856 
0 . 8 1~ 3 
0 . 762 

Table 3. 3 and fieure 3 . 5 s how that the model predi ct s 
the obs erved values reasonably well, and that t he dat a 

overall is a better fit , than is 3iven by t he ze r o or der , 
and first order rate equations as plott ed i n f i c~ures 3. ? and 
3. 3. Th e improvement in fit i s l a rgel y in the resu.lts for 
the 120 ° trial . The comput er anal ysis s howed that for the 
100° and 110° trials the bes t f i t of the data occurred for 
a mul tip l;yine; f actor of 1. 0 , i.e . the b esi .fit occn~Ted v:11on 

the log. RTLV values were plotted against time wi thout any 
modification. (i . e . time or pseudo fi r s t or der r eaction was 
involved) . However the improvement i n f it for t he 120° datn 
when a inultiply ing factor was applied to the RTLV val ues 

more than compensated for the loss of goodnes s of f i t f or 
the other two sets of data. 'rhis is shown in Table 3 . 4 
which lists the rate constants, and their standard error 
expressed as percentage of the rate cons t ants listed for 

the multiplyin~ factors (F) of 1.0 , and 3.43 

TABLE 3. 4 IMPROVEMENT IN FIT PROVIDED BY 'I1HE MODEL 

Tern) . F = 1.0 F = 3 . 43 
(°C 

Rate C~nst. % Std Rate Const o' Std /' 

(h-) error (h- 1 ) error 

100 - 0 . 0162 15 . 2 - 0 0584 15 .5 

110 - 0 . 0507 27.3 - 0 . 2085 29 . 2 

120 - 0 .141 9 21.0 - 0 . 7595 9 .3 
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(b2 Accuracz 

The weighted mea.n value for the ~~ standard erro,:­
for the rate constants at F = 3·.43 is 19.1%. Therefore 
the% standard error associated with the Geometric mean 
rate constant (-0. 210) found for t he model is r; iven b,y 

Std. error of GMRC z .12..:.1 
./ n 

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

:. Std. error of GMRC = 11. 0% 

Applying a r ange of! 2 standard errors for 95% 
confidence limits, the GMRC could have a value in the 

range - 0.210: 0.046, i.e. t he GMRC lies in the range 
:.0.164 to -0.256. These values correspond to the GMRC 

values for F = 2.87 and F = 3 . 86 respectively . Therefore 
the 95% confidence limits for the optimum Fare 2.87 to 
3 . 86 . This wide range is a reflection of the hi gh standard 
error a ssociated with the calculated value for the GMRC . 

This range almost includes the 2.70 value determined 

by Mauron and coworkers, and if the 99 -7% confidenc e ran~e 
is examined, the lower F value is 2.54 which then includes 
t he Mauron value. An additional factor to be cons idered 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 .1 9 ) 

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 £or 

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 t he ILV value, i.e. 



6IT.,V .. 1. 93 6 DLV 

Reference t o fi p.;ure 3.6 shows that 

FIGURE . 6 

6ILV = 6. RALV - 6 RTLV , and 
6.DLV 

r LI RAT,V 

6. ILV 

1.0 
LOSS OF NUTRITIONALLY AVAILABLE LYSHTE 
Therefore equation 3.20 becomes 

6RALV = 2. 93 6 RTLV 

( 3 . 20 ) 

(3.21) 

The factor of 2.93 is within the 95% confidence 

range of the F value found in this study . It also s hows 
that s ome variation in t he coefficient has been found. 

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

equation 1.9 

E = (1. 9) 

and substituting the relevant k, and T values from Table 
3.4 gives two es timat es for the energy of act ivat i on for 
the reaction represented by the model, viz. 38.5 Kcal/ mole, 

and 36.0 Kcal/mole , based on the ratio of rate constants 



at 120° and 110°, and 110° and 100° respectively, the 
average being 37.2 Kcal/mole. 

The standard error of the GMRC is 11 ~0 , and using 
this as an indicator of the standard error for the energy 
of activation then the 95% confidence range for Eis 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 
some of the literature values. For the temperature ranie 
100° to 120°, for the model, q10 is given by 

Q10 = 
k120 
k110 

- 0 .7595 

- 0 .0584 

Q10 = 3.6 

However the energy of activation for the loss in 

RTLV, calculated using equation 1.19, and the correspondi nc 

Q10, calculated from the unmodified data (i.e. 1i' = 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 ot her 

errors are greater . 

3.10 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. Most 
work lias concentrated on examining the effect of normal 

commercial heat treatments, such as pasteurization, 

evaporation and sterilization. 1 he majority of these studies 

have been non quantitative in terms of the heat treatments 
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given , and for most treatments includinc pasteurization 
and evaporation no sir,nifioa.nt chanr;o hes been repor.tEJd 

in either TLV or AJ,V (Carpent er and Booth ~ 19'?1!-). Adr ' an, 
1974 , states that "pasteurization and spray d.r;7ing are 
looked upon as being inoffensive. £,vaporation however a lone; 

with sterilization, condensat ion , ultra hish treatment and 

roller drying provoke 5 - 1 590 l ysine destruction." 

Other reports have exam· ned the nutrii;ional c erects 

by following NPU , PER , and BV values for heated milk and 
these are not readily converted into reliable astimaten of 

lysine content (Porter, 1964 ; Mauron and Matt u, 196? ). In 
one study ( Bujard, et al., 1967) in whicri a sample of 
sterilised evaporated milk was used, althoup_;h the fi nal 
sterilization conditions were 5iven, the effect if any of 
the initia l evaporation on l ysine availability is not stated. 

Further as a comparison with this study the values fo r ALV, 

and TLV quoted are of limited value as the prot ein Qnd 

lactose concentration were much hie;he r due to the evapor­

ation prior to ste:rilization. (Increasinc the c oncentrat;ion 

increases the reaction rate.) 

Using an FDNB method that has since been criticised 

on the grounds that it gives high readinc s .for heated milk 

proteins, Schober and Prinz (1 956 ) found that after 20 min . 

heating at 100°, 110°, 120° the FDNB available lysine 
reduction was, for the average of three samples 1.171,, 3 . 69,~ , 
and 9.6% respectively. This e;ives approximately a three 

fold increase in rate for a 10° rise in temperature. These 

losses are slightly greater than t he losses found in this 
study, but this is to be expected as the FDNB method is 

sensitive to the free €-amino groups of lysine . (Tbe 
criticism of the technique used was that it gives higher 

values due to the FDNB reactine; with some Maillard reaction 

products. Therefore the results could be expected to be 

higher than those of the more recent FDNB met ods ns 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. 



De Vuyst et al., 1972 ma.de a study of tbe effects 
of boiling fluid mi l k on !:;he ALV and TLV levels. Although 
the precise temperature is not stated, the :r.oouJ.ts nr0 

given in Table 3. ~ (de Vuyst et al., 1972) . 

TABLE 3•2 EF.FEC11 OF HEA'r 'J.'REA'.L'M~"'N'l' ON LYSINE 

(after de Vuyst et al, , 1972) 

Sample Lysine Boilinv Time 

0 . 5 '1. 0 2 . 0 4.0 

tFresh milk RTLV 0 . 98 0 .93 0.84 0 . 81 

RALV 0.90 0 .82 0 .74 0 .67 

!Fresh milk RTLV 0.96 0.89 0 .76 0 . 71~· 

olus 5% RALV 0. 9LI- 0 . 86 0 . 80 0 . 69 ~ucrose 

The loss of RTLV as is shown by the results in Table 3.5 
is much higher than the present study (as is ~own by Table 

3 .1). Even allowing for some temperature increase in the 

boilin5 point of milk above 100° due to the effect of the 

dissolved milk solids this appears insufficient to cause 

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

De Vuyst, et al., also concluded that the presenc e of sucrose 

did not increase the rate of loss of l ysine. (They did find 

that 51' lactose and 596 glucose increased the rate of loss 

by a factor of about 2.) 

Plotting t he data of de Vuyst, et al . , on semilog 

paper shows that neither the change in RTLV or RAIN fallows 

first order kinetics. 

For the fresh milk de Vuyst et al., f ound 

b.RALV = 1.98 D. RTLV , 

and for milk plus 5% sucrose 

b.RALV = 1.586 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 t hat r educed 

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 HALV v lues. The fact 
thatde Vuyst ' s data is still noticeably curved on semiJ.o~ 
paper indicates that if the data were fitted to a f irst 
order model , then the multiplying factor required would 
be larger than the 1. 98 and 1. 5l~ values f ound. 

3.11 CONCLUSIONS 
(a) In determining the acid available l ysine in heated 

milk there is a large error associated with a sin~le 
analysis . 

(b) Heating of liquid milk causes proe;ressively lare;er 
losses of acid available lysine. 

(c) 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 enab les the re l ative 

acid available lysine values to be calculated after a 

given heat treatment. 



CHAPTER .!!'OUR 

DYE BINDING DY PROTEINS 

4,1 INTRODUCTION 
The ability of proteins to bind dyestuffs 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 f undamental s have 
remained the same: viz. 

a) The material to be tested is intimat ely mixed with a 
buffered (ea 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 t he 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 dyeo: 

(i) Amido black 10B, also known as c.r. Acid 
Black 1, Naphthalene Black 10B, Acid Blue 
Black 58685, Napthol Blue Black, 
Naphthylamine Black, which willhereafter be 
referred to as AB. 

(ii) Orange G, also known as C.I. Acid Orange 10, 
which will hereafter be referred to as OG. 

(iii) Acid Orange 12, also known as C~I. Acid 
Orange 12, Acilane Orange G, which will 
hereafter be referred to as A012. 

These dyes have the following structures; 

OH 

0
2
N-O-N=N 

NaO S 

~~=N < > 
~ 0 Na 

J 

(i) Amido Black 10B 

M.W. = 616 

(ii) Orange G 

M. W. = 452 

J 



N=n-0 

OH 

NnO S ., 
(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 1967,19711-,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 principle the following reaction occurs (Udy 1971) 

Protein + dye (XS) Prot ein: dye+ dye 

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 charg~d. 
Theol-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). In fact it has been shown that ~-a~ino groups have 
no signif icant effect on dye binding by protein, almost all 

oL-amino-groups being bound within the peptides (Cohn and 
llisall, 1943). 

The cationic BAA binding sites are shown in the 
simulated protein chain 
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Further at the typically used pH's t he prot ein-dye 
complex is insoluble and can be readily separated to 8.llow 
accurate spectrometric determination of the free dye 
concentration. It is then possible to correlate the dye 
bound with protein content as determined by the Kj ~ldahl 
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 Grog 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 t he 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 1 1956). 

(ii) Dye Preferences 
The literature indicates that European workers 

favour AB while American workers first favoured OG and t hen 



A012 (Sherbon, 1967 ). Both AB and A012 are used in 
commercial protein ·t eating systems. Opinion is divided 
as to which dye represents the optimum. The relative 
absorbance indexes for the three dyes are, for AD:A012: 
OG, 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 huve a greater 
extinction coefficient, but more dye is bound./g o.f protein, 
so that it has a far greater sensitivity than either A012 
or OG. Other workers substantio.to these findings. AD is 
difficult to purify, although a technique has been devised 
to remove salt, the major contaminant other than water 
(Lakin, 1970). A012 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 f ound 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 report ed as milli equi­
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 
stoichiometry. 

While some workers have referred t o Rosenberg end 
Klotz, none have successfully applied their theories to 
the practical situation of dye binding by milk protein. 
For example it was shown that the linear relationship 
between the inverse of the free dye concentr at ion in the 
supernatant and the inverse of t he DBC of pure serum 
albumen found by Rosenberg and Klotz does not hold f or 
milk (Tarassuk et al., 1967). In explanation of this it 
may be that a certain proportion of binding sites nave a 
lower affinity for dye than others, or a lternatively they 
may be more inaccessible leading to preferential binding 
at some sites, or it may be that interact ion between sites, 
such as steric blocking or chare e 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 doubt f ul t hat there is a f i x"· number of 
binding sites per protein molecule". Deviations f rom the 
linear relationship have also been attributed to increasing 
electrostatic interaction between the bound dye and free 
dye. It is doubtf ul whether this is significant i n the 
case of milk protein because the primary binding is 
believed to be electrovalent involving the ionized sulp1 Jnic 
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 t he protein by 
the primary binding mechanism (Lakin , 1973b). The primary 



binding is believed to be an electrostatic association, 
as discussed earl ier , and an additional amount o f dye is 
alao removed from solutions by hydrophobic associat i on. 
It has been observed , with pure proteins, t hat dibasic 
dyes show greater non linearity than monobasic dyes. 
However this genera lisation is not borne out in an 
examination of some work on milk in which AB, a dibasic 
dye, shows great variation in DBC with variation in free 
dye concentration, while OG , also dibasic shows less 
variation, but A012, a monobasic dye, still shows some 
variation in DBC. 

While non-stoic hiometry may not be explained by the 
monobasic, dibasic differences , it has been found that 
s econdary 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 al lows the dye molecule 
to align itself along the cellulose chain , and any residual 
attractive forces can then be effective. Many subs t antive 
dyes conform to the general type : 

where 
and 

R1 - N:N - X - N: N - R
2 

R1 and R
2 

are benzene or naphthalene derivatives, 
X can be based on naphthalene,or some other 

residues ( Vickerst ,ff, 1954) 

Nearly all substant ive dyes can be formulated as 
extended molecules, and deviatious from linearity are 
generally accompanied by a reduction in substantivity . 

Clearly 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 i n transposing tbis 
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 



4.8 

association between the sulphonic acid eroups and the BAA 
sites as outlined earlier . 

Substantive dy s give solutions containing a ggreEates 

and this shows that such dyes have a tendency to inter­
molecular association which could be due to hydrogen bonds 
between the -NB group of one mnlecule n.tld the -OH group 

2 

of another. Such f orces of association are effective only 
at very s hort distances so that f or aggreBation t o occur the 
two molecules must be capable of approaching each other 
closely, especially in the rep.;ion of the - NH and -OJI 

2 

groups. This would be possible with AJ3 as the - NII and 
2 

the -OH groups which could he involved are in the trens 
position relative t o the primary binding -so- croups. 

J 

Azo dyes by nature are hydrophobic and are made 

soluble by the addition of Aulphonic 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 surprisin~ that the binding of 

AB by milk PTOtein 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 substantiviti es , viz. AB> A012> OG (LaJ... in 1973a) . 

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 ind·cates that 
hydrogen bonding is involved .(Tarassuk et al., 1967l 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 ~econdary mode of bonding 

between already absorbed dye and free dye. 



c) Summar;y: 
Work reported suggests that the acid azo dyes bind. 

largely to the BAA groups of thm proteins. However, the 
binding of acid azo dyes is not constant Ior all dyes in 
terms o! 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 a ~iven 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. Variat ions 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/l to 0.62g/l, 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/l and 20ml of this dye is used 
in testing 1ml of milk. This gives a working ranf, e of 
2.,0% to 5.5% protein (A/S N . F OijS Electric, 1976). Under 
these general conditions the DDC changes non-uniformly by 
up to about 3% for protein values in the range 2 . 8% to 
4.5%, i,.e. the DEC changes by an amount equivalent to 
between 0.1% to 0.14% protein (Tarassuk et al., 1967). 

The values reported 
DBC of milk protein, in mg 

Fresh skim milk 342 

Whole milk 344 
Non-fat milk 

powder 345 
Milk protein 314 
Fresh whole milk 325 

in the 
dye/g. 

to 352 

to 354 

to 367 

literature for the AB, 
protein include 

(Ashworth and Chaud:ry , 
1962) 

II II 

II II 

(Lakin , 1973b) 
( 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 
Browrii~g' Reaction which has been examined elsewhere in 
this thesis . This reaction in milk principally involves 
lactose and the€ -amino groups of the l ysine moieties in 
the various milk proteins. As dye binding is also believed 
to involve the t -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 ben.r 
some relationship to the extent of browning, and therefore 
the heat treatment. Further since such heat t reatment is 
known to affect the nutritional availability of l ysine , the 
DEC should also give some indication of this .. This 
expectation is complicated by the dye binding to both 
arginine and histidine which also become nutritionally less 
available after protein heat treatment . Hegardless 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 correl ating 
with a change in DBC. 

(ii) Reported Findings . 
The correlation of dye binding with the EAA's as 

well as with whole proteins has been extensively r eported 
and a good summary has been compiled (Gullord, 1974). A 
typical BAA ,DBC correlation coefficient found is t hat f or 
barley, wheat, oats, and triticale of 0 . 9L~O ( 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 shovn1 reduc ed 
DEC, although the r ~duct ions have not been very large. 
Autoclaving of soybean at 120° for 45 min~, and 120 min . 
resulted in DEC changes of 3% and 13% respectively (Moran 
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 ° f or 15 min. 
showed a 21 % drop in DEC. 

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 i ndex of 

skim milk powders (Sanderson, 1970; A/SN.Foss Electric, 1973; 
T.C.A. McGann et al., 1972 a,b). Some work has been done on 
liquid milk (Tarassuk, et al., 1967) and it was f ound that 
skim milk heated at 120° for 8 min, and 10 min., s howed a 
decrease in DEC (for AB) of 1 .8% and 2. 8% respectively. 
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It was found that pasteurization of milk has no 
effect on DBO, (Vanderz~nt nnd Tennison, 1960; Alaie, ot 
al., 1961; Tarassuk , et al., 1967). In view of the small 
differences in DDC 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 of 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 treatme t. It ia of interest 
to note that commercially sterilized milk does not show a 

significantly reduced DBC for O.G. (Ashworth , 1966) while 

in contrast it was found that such milk has suffered a 20% 
drop in biologically available lysine (Mauron and Mattu, 

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 

Sample 

Mixed Herd 
Milk 

Mixed Milk 

Mixed Herd 
Milk 

RELATIVE DYE BINDING CAPACITY OF HEAT 
TH.EA.TED MILK 

Treatment Dye RDBC Reference 
-

62.8°/60 min Buffalo N.s.c. Vanderzant 

71.7°/15 min Black II and Tem,ison, 

87.8°/ 5 min II 1960 

63°/60 min AB N .S.C. Alais et al 

100°/10 min 0.989 1961 

115°/20 min 0.976 

63°/60 min AB N.s. c . Tarassuk et 

74°/15 min al, 1967 

s5°/15 sec 
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Table 4.1 (cont) 

Sample Tr eutment Dye HDBC Reference 

Mixed 88°/15 min AB N.s .c. Ta.rassuk et 
Milk 93°/1 sec al ., 1967 

120°/8 min 0~982 
120°/10 min 0 . 972 

Skim Milk 3:1 1!,vaporation AJ3 N.s.c. Tarassuk et 
al , 196'/ 

Milk Commercial OG N.s .c. Ashworth, 
Evaporated 1966 

Condensed 120°/2 min AB 0 . 987 Extracted 
Skim Milk 120° /L~ min 0.979 from a 

graph in 
(Diluted 120°/6 min 0,977 Tara.ssuk et 

2.33 : 1) 120°/8 min 0.971 al, 1967 

120°/10 min 0.961 

N.s.c. - no significant change 

Although the reported changes in DBC for heat 
treated liquid mil k are not large , signif icant chanr,es have 
been found in heated skim milk powders. Changes of 13%, 
and 31% in OG DBC was reported for skim mi lk 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 l ysine (Adrian, 1972). Changes have also 
been reported for whole and skim milk powder stored at room 
temperature. Unfortunately these studies are of littl e 
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, 
(ea 7 . 6% moisture) skim milk powder s hows a drop i n 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 



reaction medium is in quite a different state compared 
with liquid milk , and as the Maillard reaction is affected 
by the moisture content or the powder, an.y further 

discussion would be of only minor relevance. 

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



CHAPTER F'IVJ~ 

EXPERIMENTAL : DYE BINDING BY IIEA'P PHOCESRED J\JILK 

~ .1 . IN'rEwpION 

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 DBC. 

5.2 HEAT TREATMEN'l' 

Culture tubes ( Kimax 16 x 150mm , cat no. 4·5066-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 aj.r oven, set 
at 20° above the ultimate treatment temperature . This 
temperature was maintained for 5 minute s , to bring the 
temperature of t he milk rapidly to the d0sired tre2.tment 
temperature, after which the ovon was cocled to the desired 
treatment temperature. The nett effective treatme .... t e;iven 
during the temperature come up time was calculated as being 
equivalent to 3 minutes at the treatment ternperatu:;~e. 

The oven temperature was stable to~ 0 .3°. 

5.3 ANALYTICAL MErHOD 

(a) Reagent: Amide Black solution. This wa.s made by 
(i) dissolving AB (9. 87g) in distilled water 

(ea 31) heating to 70°, and allowing to 
cool, and 

(ii) dissolving citric acid monobydrate (158.40g) 
dibasic sodium phosphate dihydrat e (19. 80g) , 
thymol (3g), andTriton X (1 g) in distilled 
water (ea 21). 

The two solutions were mixed and made up to volume 
(101) with distilled water. 

This is essentially the formula of Sberbon , 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 . 
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(d~ Technigue Us ed: 
(i) Dye b l ank. Distilled wat er ('1. 0ml) was 

pipetted into a stopp ered cy l inder ( 25ml ) and 
AB solut ion (20.0ml) was added , the mi xture 
shaken a nd an aliquot ('10.0ml ) was c ent r i f uged . 

(ii) Milk. After thorough mi x i nf, t o resuspend any 
solid that had s eparated out durine; the heat 
processing , a portion (1. 0ml) was pipet ted into 
a stoppered cylinder and AB sol ution ( 20 . 0ml ) 
was added and t hen the mi xture was vigor ously 
shaken. An aliquot (10ml) was transfer red t o 
a polypropylene conical centrifuge tube, 
centrif uged ( 1000g) f or 5 minutes to set tle the 
protein-dye precipit ate. All tests were done 
in duplicate. 

The supernatant from t he milk- dye r eaction mixt ures 
were sampled directly into the s hort path length cell . An 

initial sample was drawn through t he ce l l, follo wed by a 
plug of air and then another sample of super natant, and 
the absorbance noted. The duplicate reaction mixtu:ce was 
then sampled similarly. All the samples f rom a gi ven 
processing temperature were r ead in order of incr easing 
time of heating, and then all the react i on mixtures were 
tested again in the reverse order. After every six 
readings the cell was washed out thoroughl y 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 MI LK 

Treatment Treatment Sample Absorbance Mean 
Temp (°C) Time (h) Readings Absorbance 

(A) 

Untreated i 0.447 0.448 0 .4473 
ii 0.448 0.446 

100 1 i 0.464 0.467 0 .4623 



Table 5 .1 (cont) 

Treatment Tre tment Sampl,e Absorbance Mean 
Temp.(°C) Time (h) Readine;s Absorbance 

(A) 
-

ii 0.459 0.459 
2 i 0.476 0.476 0.4748 

ii 0.474 0.473 

3 i 0.492 0 .492 0.4888 
ii O.Ll-84 O .. L~87 

15 i 0.570 0 . 570 0.5703 
ii 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 
ii 0.532 0.533 

6 i 0.578 0.577 0.5783 
ii 0.578 0.580 

120 1 i 0.532 0.534 0 ~5308 
ii 0.529 0.528 

2 i 0.574 0.578 0.5763 
ii 0.577 0 .. 576 

3 i 0.613 0.611 0 46140 
ii 0.615 0. 617 

5.5 CALCULATIONS 
(a) Reproducibility : 

(i) Between Replicate Readings: 
The mean difference between replicate 

readings = 0 .0013 
The standard deviat ion of the 
difference between replicate readings= 0.0011 

(ii) Between Duplicate Means: 
The mean difference between duplicate 

means 
The standard deviation of the 
difference between duplicate means 

= < .0026 

= 0.0016 



(,b) ,Re+at ive Dye Binding Capa,cit;z: (R,DBC) 
Th~ RD13C :Ln ·the DJ5C or milk rel t-d,i ve t;o the D1 1.C 

of non-heat treated milk, i.e. 

RDBC = Adle Atreated 

= 

Adye Auntreated 

1 • 3029 - Atreated 

0.8556 

TABLE 5.2 RELATIVE DYE BINDING GAPACITY OF 
' HEAT TREATED MILK 

Treatment 100/1 100/2 100/3 100/15 Sample 

RDBC 0.982 0.968 0 . 951 0 . 856 

~reatment 110/2 110/3 110/6 120/1 120/2 Sample 

RDBC 0.931 0. 903 0 . 847 0.902 0 . 849 

5.6 DISCUSSION 
Theoretical Considerations: 

( 5 .1) 

110/1 

0 . 961 

120/3 

0.805 

Plotting the RDBC values against the time of heat 
treatment (figure 5.1) gives three curves correspondin~ 
to the prooessing temperatures i ndicating that the loss 
of DBC does not fo llow 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 t here are at least 3 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 i s heated has not been 
reported in the literature. Lysine is the major amino 
acid that reacts with l~ctose, and it is this react ion 
that has been widely reported. The lack of literature 
data would suggest t hat histidine and arginine in milk 
are more stable t han lysine t o heat treatment, and 
therefore even if all the t -amino l ysine moieties have 
reacted with lactose, there would s t ill 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 e considerable 
DDC. Assuming that the arginine and hiotidine bindinf~ 
properties are not significrurtly 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 RAA 's. 
Typically the composition of cow's milk, with ree;ard to 
the BAA's• is as follows, (FAO, 1970): 

TABLE 2•2 BASIC AMINO ACID COMPOSITION 011' MILK 

BAA mg/gN mM/gN % of BAA 

Arginine 205 1.18 21.1 
Histidine 167 1.08 19.2 
Lysine 487 3.33 59.7 

Assuming that (i) the three BAA's have equal dye affinities, 

(ii) the arginine and histidine bindinc sites 

are not significantly affected by the heat treatment , 
then the limiting value for the RDBC will be 40.39~. 
Therefore if the change in DBC represent R the chanf,e in 

lysine binding sites, the relative loss of lysine available 
for binding ( D.RDL) will be related as below 

l>RDI, = ( ~gg _ 40 • 3 ) ( l>RDBC) 

= 1.675 D. RDBC 

where 6RDL is the change in relati e dye 
available lysine (RDL) 

C 5.2) 

This is represented in diagramatic form in figure 5.3. 

Two other forms of this relationship are 

6RDL = 

and RDL = 

1.675 (1.0 - RDBC) 

1.675 RDBC - 0.675 
(5.3) 
(5.4) 

The valu·es calculated from the experimental data 

using equations 5.3 and 5.4 are listed i n Table 5.4~ 
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TA13LE IN 

Treatment 100/1 100/2 100/3 100/1 5 110/1 

6RDL 0.029 0.054 0.081 0.241 0.066 

RDL 0.971 0.946 0.919 0.759 0.934 

Treatment 110/2 110/3 110/6 120/1 120/2 120/3 

b.RDL 0.11 6 0.162 0.256 0.1 63 0.253 0.326 

RDL 0. 884 0.838 0.744 0. 837 0.747 0.674 

Plotting these results for RDL ( f i gure 5.5) on 
semilog paper gives a series of curves, i nstead of 
straight lines indicating that the order of the loss of 
lysine dye binding capacity through l ys ine/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 f ormation 
of €-lactulosyl lysine is concerned should be of second 
order it would not be surprising if in f act 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 rapidly forms the deoxyketoseamine) in 
unimolecular amounts (see section 1.2.a) 

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

C C -Kt (3. 9) ln ( Bo - C Ao XA ) 
:::: 

CBo B 0 XA 

where CA is the concentration of A at time to 
0 

CBo is the concentration of B at time to 

XA is the fraction of A converted to product,and 

XB is the fraction of B converted to product. 
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Applying this t o milk , i f A is equiva l ent to lysi ne , 
and B i s equivalent to l actose , for the approximate 

l ysine to lactose molar ratio of 1 to 7 that exists i n 
mi lk , becomes the r elationship 

ln ( _77 __ x_A_ ) 
- 7XA 

= I~t (5 . 5) 

Substitut i ng the calculated ~ RDL values for XA i n 
this relationship estimates of tic rate constant , K, can 
be found. I f the r eaction is second order t hen the 
estimates of K at any one temperature s hould be constant. 

~ 

When t his s ubstitution is done t he fo llowing K values are 

.found. 

TABLE 5.5 RATE CONSTANTS FOR THE CHANGE IN RDL 
BASED ON S.I:X;OND ORDER KI NErICS 

Temperatur e 100° 

t(h) 1 2 3 15 

6RDL 0 . 029 0 . 054 0 . 081 0 . 241 

K 0 . 025 0 . 024 0 . 024 C. 016 

['emperature 110° 

t(h) 1 2 3 6 

b. RDL O. Ob6 0 . 116 0 . 162 0 . 256 

K 0 . 059 0 . 053 0 .051 O. OLt-3 

Temperature 120° 

t(h) 1 2 3 

6 RDL 0 .163 0 . 253 0 . 316 

K 0 .1 54 0 .127 0 . 116 

There is a de.finite r eduction in K as the reation 
progresses. It is to be expected that for small , similar 
XA (i.e. 6 RDL) values the computed K values will be similar 
even i f the reaction is not second order. The similarity 
f or the f irst three K100 values is not unexpected, and they 
should be viewed in relat ion to K100 f or the 15h heat 



treated sample . 

To summarise the reduction in RDBC does not 
follow zero or fiN3t order kineticn, and. the reduction 
in RDL as determined by dye bindinc does tlot follow 
zero , first, or second order kinetics . 



.Q.LI.APTER SIX 

DEV.ELOP11EN'.r Olr A P HEDIC'rIVE r10DEL 

6.1 KINb"'TIC COrJSIDl!..'RATIONS 
'1.1h e 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 s upposition just examined, 
the simplest starting point is the first order model. 

Further justif ication 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 lnr~e excess 
of one reactant , the reaction becomes a one of pseudo­
first order due to the nearly constant concentration of 
one of the reactant s. 

i.e. in the second order rate equat ion 

where 

i.e. 

C C ) 
ln ( C

Bo - Ao XA 
= Kt 

B0 - CBo XA 

CBo >> C Ao, the equat ion becomes 

( 
1 ) ln = Kt 

1 XA 

- l n (1 XA) = Kt 

( 3 . 9) 

( 6 .1) 

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 RDI., was made against time, 

comparison of fi gures 5. 2 and 5.5 s hows that multiplying 

the term RDBC by 1. 675 to obtain 6.RDL r esulted i n a more 
linear plot . Theref ore it appeared possible that by 

increasing the multiply ing f actor for 6.RDBC a series of 
values which when p lotted on a semilog basis a gainst time 

may result in three straight lines. 

6 . 2 DYE BINDING CONSIDERATIONS 
There could be a number of reasons why the 

multiplying factor s hould be larger t han 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 bindinc of dye by ar~inine and 
histidine would reduce the p~oportional chan~e due to 
changes in lysine availability . 

(ii) The lactulosy l lysine complex or its subsequent 
derivatives exhibit an a .ffinit;y for dye givine; higher 
than expected HDfJC and RDL values. 

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

(iv) the characteristics of the dye binding 
mechanism chanr;e with the chane;e broue;ht 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 FAO 

table is not supported by the value found by the GLC 

analysis of the milk . The FAO values are used in this 

section as no attempt was made to measure t he arginine 

or histidine in t he GLC study . As shown later in order 

to give a straight line the change in RDDC needs to be 

increased by about 3 .7 times indicating that the l ysine 

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 37° for 5d showed no change in DBC for OG, whereas 
the reactive l ysine had f allen by 709; , wlu.le after 30 days 
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the DBC f or OG had dropped by only 10%, but the reactive 
l ysine, cont:ont hod fallen by 91~~ ( Lea r.m.rl H nno.n , 1950) # 

With this type o.C damage the ' early ' Mrdllard product El 

such as fructosyl-lysine still predominate , and it is 
probable t hat they are basic in nature and so react with 
the dye ( Hurrell and Carpenter, 1975). Further, it was 
stated that "when protein-glucose or protein-sucrose 
mixtures were more severely heated , some reduction in 
DBC resulted, but this was muc h less than t he fall in 
the reactive l ys ine content. These materials still 
contained small runounts of fructosyl-lysine units which 
could combine with the dye and in addition, some of t he 
'advanced ' Maillard products that they contained may 
also have been basic." They further reported that a 
sample of 29 year old milk powder had the same DBC value 

as that which would be expect ed f or undamaged milk powder, 
and yet its reactive lysine was 70% lower than that of an 
undamaged powder . From this it was concluded that "the 
dye binding is unable to detect the serious deteriorat ion 

in such materials a s a source of l ys ine .ri 

Further evidence that Maillard products may not be 
entirely unreactive to acid azo dyes is provided i n ~;he 

behaviour of f ruct ose l ysine and lactulose lysine in which 
the d.-amino e;roup was protected to simulate a prot ein 
chain) towards FDNB. It was f ound ( Finot and Mauron , 1972 ) 
that t hese deoxyketoseamines gave dinitrophenylated 

compounds i.e. were reactive. Likewise TNBS also is 
bound by o(protect ed fructose lysine. Both FDNB and TNBS 
were originally believed to be specific f or free E-amino 
groups. Possibly an acid azo dye, such as AB, could also 
be partially bound by the deoxyketosearriines . Such 
behaviour could account for some or all of the observed 

deviation from first order linearity. 

The third possi bility 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 



minerals, lactose, and non-protein nitrorcn which make 
up the majori t,y or 1ton-proteln solida in sltirn milk do 
not; bind dye. 

1'he only r<'i;w.ining possibility wo uld be that there 
is a concurrent rouction not involvinc the lysine , arBinine 
or histidlne wliich results in the .format. Lon o.f products 
which have tho ability to bind dye . This seems unlil<:ely . 

The fourth point that the dye bindinc mechanism 

changes requires a close examination o.f the current theories 
on the dye binding mechanism and the reported values. 

6. POSSIBL.E CJrl\i!GJ.::s IN 'rrrn DYE nnmnrc; MECTIAtlISM 
Ji II· ']1 1•:D Tll.LI( ')HO'r.v;ni 

It is proposed that the principal mode in which the 
dye bindi n g mechanism could a l ter would be in the stoichi­
omet ry of the dye to BAA reaction . As stated earl ier 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 mi lk protein is in the 

range .300 to 340 IDG of dye/g of protein. AlthouGh there 
are figures outside of this rane;e , the basis of these 

figures in terms of dye purity (see Appendix S) has either 

not been clearly stated or not allowed for . l1'or example, 
the DBC for casein ls given as 360 mg/g, but this was for 
undried impure dye , which when converted to a dry, pure 
dye basis changes to 306 me;/ g . (Alais , 1961) . The same 

worker quotes milks having DBC values in the ranc,e 359 
to 390 mg/g , which on a l lowing .for dye moisture and purity 

convert to 305 to 331 . 5 mf,/g . 

In milk of the FAO composi t i on quo \,ed there is a 

total of 0 . 8755 millimoles of BAA per g o.f protein. 
M. W. of AB is 616.5 and as it has two binding groups per 
mol ecule , for protein dye binding its E. W. is 308 . 25. 
Therefore the DBC range of 300 t o 340 is equivalent to 

0 . 97 to 1.10 meq/g protein or in stoi chiometric terms for 
milk of average composi tion the equi valent dye bound by 
one equivalent of BAA is in the range 1.11 to 1.26. Thi s 
value is simil ar to those reported i n the literature, vi z 

1.02 meq/g milk protein (Lakin, 1973b ) , which converts to 
1.17 meq of AB to 1 meq of BAA. For casein a near perfect 
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equivalence was report ed with the experimentally found 
DBC of 306 beinf very close to the calculated value of 
307 (Alais, '1 9Vl). T'his ranr;e or values reported for 
milk DBC is a ref l ection of the different milks, di f ferent 
experimental conditions (amounts oI dyo , milk, reaction 
mixture volume, and pH), brands and puri t;y of dyes used~ 
In this study the emphasis is on t he c hanges to RDBC 
values, and the actual DEC values f ound is of lesser 
importance and has been presented in Appendix 5. However , 
as shown i n Appendix 5 the DEC value f ound f or non-heat 
treated milk of 268 is approximately equal ton 1:1 
binding ratio on the basis of molecular equivalents. 

It has been shown that fo r a Biven protein the ratio 
of the milliequivalents bound per milliequivalent of BAA 
varies wit h the dye used, and that the relative diffe!'ence 
between t he dyes is not constant f or all proteins, i.e. 

while with milk prot ein the AB DBC: OG DBC is 1:1.42 , 
for wheat protein this ratio is 1:1.74 (Lakin, 1973b). 
Therefore wbile the nature of t he dye a r f ects the DBC t here 
is also a chanc e in the relat ive DBC between dyes with 
different proteins . Change the nature of the protein 
and the basis of t~e dye binding mechanism is altered . 

It is possible then t hat when milk protein is heated 
the protein is changed in such~ way as to affect t he dye 

binding mechanis m and t he stoichiometry in relation to the 
remaining free BAA binding sites. That the physical nature 
of the protein is changed is shown by t he gelation of milk 

on heating f or prolonged periods, but t he extent of casein 

denaturation under milk processing conditions is considered 
to be small ( P c't';) and Johnson 1965) so this is unlikely to 

be import ant . However, the loss of free €-amino groups 
of lysine would increase the distance between dye binding 
sites on a protein chain making it more difficult f or the 

di basic AB molecule to utilise both binding sites while 
binding to just one protein chain. Further the binding uf 
t he lactose molecules to the protein cha~n could s terically 
interfere with he binding of the AB mo l ecule t o t he 

remaining free BAA sites. I t is thus l ikel y t he.t not all 
AB molecules would be able to use both of the sulphonic 
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groups for bindi1:;, , and that; some ma.y onl y be able ~o 

use 1 such croup. 'l1he e Cf ect oI t bio woulrl be to inc:1•00.so 

the rat io of dye ~, ound to sites available . 

The DllC is in.Cluenced by t he protein/dye r.s.t io, 
increasin~ as the quantity o r protein is decreased f or 
a const ant quantjty of' dye and in t his experiment; tue 

protein of the un1 ea.Led milk is 3. 7r;:i and by dye bindinc: 

t lie ' appe.rcnt pro!: ein ' o f tllc most tJcvr?rcl;7 hoed. 0d ini 1 k 

is 3.0L1.7'i . Tliis r"p t'esent s a chanu;e in L He re Lio o .f protein 
to d;re o r 1',1. :>.; (t.c . the ratio c l1 anr;es f rom 2 .L~2 t o 1.99 
me/mg) which J:;:-on th e literature (Tarassuk , et al., 1967 ) 

will increase tl c Dl',C by about yx, . This means t hat the 

observed 6.RD i.c O i O .1 85 ma;y in i'act bo l are;er by 3?), or 
0.006 which is no!.. si c;nificant; . Further this increase · n 
DBC should not apply in this eArperiment as the true protein 

level did not in ;·act change from 3. 79; during processine; . 

6.4 THE KI NETIC l!ODEL D:ti"'VELOPED 

All of the above arguments suppo:i.'t the obs erved 

deviation f rom non linearity in the semi loG plot of both 

RDBC, and 'available lysine' aBainst heat treatment time 
but none actually off er an obviously co:::-rect solution. In 

practical terms the exact solution is not necessary but 

it can be usef ul t o derive a model that satisfactor ily 

predict s the observed results . In view of t his, and t he 

obvious linearizing effect that multiplying the loss in 

RDBC had on t he semiloG plot, a computer programme was 
developed to f" ind the optimum multiplying f actor r equired 

togive the best f it of the data to a first order model 
(See Appendix 8 i"or a full discussion of the basis and 

solution of the computer programme.) 

The computer analysis shows that the optimum 

multiplying f actor for L\ RDBC was 3.68, i.e. the optimum 

.fit of the data to straight lines occurs when (1-3.686.RDBC ) 
is plot ted against heat treatment time, as indicated in 

figure 6 .1. 

Assuming that this first order mode l represents 

the actual loss of f ree e-amino groups of lysine caused 

by the Maillard reaction (.6RAL) then from the computer " 
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solution t he rate r.onstants l i ste.d i n rrable G.1 are 
obtained f or the reaction, 

'l'ABLE 6 .1 MODEL HATE CONS'r AN'l'S 

Temperature (°C) 100 

Rate Constant ( h- 1 ) -0. 051 

A RAL ::: 3. 686 RDBC 
or RAL = 1.0 - 3.686 RDBC 

11 0 

- 0 . '141 

120 

-0.418 

(6.2) 
(6.3) 

But f or a f irst order reaction t he following rate 
equation is appli cable 

C kt 
Co 

= e 

where CO is the initial concentration of a reactant 
C is t he concentration at time t and 
k is t he rate constant 

• RAL C (6.4) . . = c o 
Eliminating RAL f rom equations 6 .3 and 6 .4 gives 

RDBC = 2. 68 + ekt (6.5) 

3.68 

From equations 6 .3 and 6.5 it is possible to predict, for 
the experimental conditions used , the RAL and RDBC va l ues 
listed in Table 6 .2. (See fiGures 6 .1 and 6 . 2 ) 

TABLE 6.2 AC TUAL AND PRblJICTED RDBC AND RAL VALUES 

Treatment RDBC VALUES RAL 

.r 

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 

3 0.95~1 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 

I ... 



Table 6 .2 (cont) 
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Treatment RDBC VALUES RAL 

Temp (°C) 'Vi:110( h) Observed Predicted Observed Predicted 

110 ? 0.931 0.933 0.745 0.754 .... 

3 0.903 0.906 0. 642 0.655 

6 0.847 0. 845 0 .. 4-35 0.429 

120 1 0.902 0.907 0. 638 0.657 

2 0. 849 0 . 84G o., l~l.t-_3 0 . 1-1-32 

3 0.805 0. 806 0.280 0.284 

•(Calculated from 1 - 3 . 68 A HDBC) 
6.5 EXAMINA'l1ION 0 11' TfTE MODEL DEVELOPED 
(a) On a Stoichiometric Basis 

The fact t hat this model fi~s the observed data so 

well, justif ies a closer examination. If the model is 

correct t he multiplying factor of 3. 68 would suggest that 

the change in DEC 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 f or convertin~ theroetical changes i n DBC to chan~es 

in dye available lysine ( RDL) . This still leaves a 

multiplication fact or of 2.20 to be accounted for. 

Althourh the model fits the observed data i t does 

not necessarily re f lect accurately the practical situation. 
The model incorporates two assumptions which may not be 
entirely valid, namely that it is f irst order and that the 

change in €-lysine groups are a constant multiple of the 
ORDBC values. Any measurement errors are increased by 

the 3. 68 multiplication factor. 

The model reliably predicts 'he RDBC values, but 

further experiments are needed to confirm that it also 

represents the change in lysine e -amino groups availability. 

For t he 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 c iven by 

TRDBC = 
available ( argini ne +lysine+ histidine) 

total BAA 

= 
0 . 211 + 0 . 192 + 0.597 

1 . 0 
(6.6) 

Initially for non-heat treated !TI ilk the rrRD:~C = 1 . 0 and 

in heated mi lk, as s umin~ only t . e available lysine is 

affected, then 

'l1RDBC = 0. 21 1 + 0 ~ 192 + 0 . 597 x RAL 

= 0 . 403 + 0. ~97 x HAL (6 . 7) 

As an example the model predicts for milk heated 

at 120° for 3h will have an RDDC = 0 . 806 , and an 

RAL = 0 . 284, rrom whic h the TRDDC = 0 . 573 . In terms of the 

model t he ratio RDBC : TRDBC is a measure of the required 

change in stoichiometry in the dye binding mec hanism. 

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 c omplete loss of available lysine 

E-arnino croups, the HDL = O, the 1rRDEC = 0 . 403. However , 
t he model predicts an RDBC = 0 . 729 , indicating that the 

binding stoichiometry will change by a f actor of 1. 81, aft er 
sufficient heating to reduce the available l ysine € - amino 

groups to zero. (See f i gure 6 . 3) 

This increase in binding stoichiometry could be 

explained as outlined earlier , i .e. that lactosy l lysine 

or its subsequent products exhibit an affinity f or dye; and 
that heating brings about a change in the protein causing 
a change in dye binding mechani s m. It is possible that it 

is a combination of both t hese 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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stoichimetric/steric interference r-;rounds , would require 

that a product or products oi' the Maillnrd reaction hns the 

capacity to bind AH. The observed chanr;e in dye binding is 

only 1/3.68 (i .. e . 27 .2%) of tliat predicted by th~ model. 
This indicat es tho t-: '?2 . 8% oI. tl10 chanr;e is obscured by 
the production of a new species able to bind AB. The 

possibility of lacLulosyl lysine bindinc dye was discussed 

earlier (section b .?) and considered to be possihle. 

Further, it has been calculated. that or Lhc nutritionalJy 

unavailable lysinr, in heated milk 71.5% is present as the 
deoxyketoseamine (i.e. lactulosy l l ysine )(section 1.7 ). If 

this reaction p~oduct 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 lactulosy l 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 explanarion . 

6 . 6 ACCURACY O t1' THE MODEL 

\Jhile a multiplication factor (F) of 3 . 68 for 

RDBC gives the best fit 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 coef ficient of variation for the 

rate constants \·Tas a minimum at F = 3.68 , and this can be 

used to calculate confidence limits f or 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 CUI1PUT.ER PRINTOUT AT OPTIMUM F 

F = 3.68 

TEMP RATE CON MEAN SQUARE OOV 

100 -0.4178852 0.0007530 -6.57 
410 - 0 .1406754 0.0003075 -4.08 

120 -0.0510577 0.0009543 -6.53 
GID MEAN RATE COEF = -0.141+249 

TOTAL SUM SQUARES = 0.005292 

GEO MEAN RA'l1E COEF = 0.000667 
AVERAGE COE1 ' OF VARH = 5.69548 
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The 95% confidence limits fo r the geometric mean 
rate coeff icient are + 2 stand.ard errors ,i.e.:!:2(Ave . 
coeff. of variation/ I? 

i.e. 0.144 + 2 C 5. 795) I I 3 

= - 0 • 144 '" 0 • 01 ,, 

= - 0 . 1 C,J• '.; 0 - ,) • 1 y, 

The lower lir.:iit cor!:'esponds to the geometric mean 
rate for F = 3. 51 , and the upper limit corresponds to the 
geometric mean rate for F = 3. s.:,; . Therefore the 95% 
confidence limits for It' are 3. 5'1 and 3. 83. Thi s indicates 
that the i).t of the data to first order kinetics at F = 1, 
(for RDBC) , and F = 1.68 (for apparent lysine) are signi f ­

icantly worse than the fi± at ~, = 3. r..),. ( the ... odel for RDL) . 

o.7 ENERGY 011 ACTIVATION 
The ener~y of activation for a reaction can be 

cal culated as devel oped in Chapter 1 by applying equation 

1.9 
viz: R T1 T2 E = (1 . 9) 

(T2 - T1) 

Applying this equation to the three 'reactions , viz 
(a) loss of DBC for which F = 1, 

(b) apparent loss of lysine - amino groups, for 
which F = 1 . 68 

(c) loss of free lysine f- amino Broups using a 
first order model at which F = 3 . 68 the fo llowing values 
.for E are found 

(a) E = 1.98 X 37,2 X 392 
20 . ln (- o.o~b12) - o.o 72 

= 28 . 7 Kcal/mole 

(b) E = 1 . 28 X 373 X 22.2 l n (-0.1~~~0) 20 -o.o 3 
= 29 . 0 Kcal/mol e 

(c) E = 1.98 X 373 X 393 ln (-0.41~89) 
20 • -0 . 05 26 

= 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 e;reat deal of diJ ference 
to the E vr, lue cn.1 r.ula-t; ocJ . .r.or tho rcnc tj on t;hnt oo.usoa 
a change in DPC thr-ouc;h heat treatment . 

Another way or interpretinc these values is to 
show the relative increase in the rate of reaction fo r a 
10° increase in renction temperature. From equation 1.9, 
equation 6 . H can be derived . 

= ( 6 . 8) 

While the value T1 - T2 may be constant (such as 
here where a 10° change is bein5 examined), the actual 
value of the ratio of the rate constants will vary according 
to the value o.f T1 , or 1.r2 , i. e. at 0°C ( 273 °K), and at 
100°C (373°K) , and so the value of the ratio will vary. 
It is t herefore necessary to specify at what temperature 
the ratio between the rate constants is being examined. 

Within a narrow temper,, t ure range, however, the ratio 
is relatively constant , especially when the temperatures 

under consideration are above a bout 370°1' . Tberefor·e the 
ratio of the rate constants fo r 100°C (373°K), and 110°C 
(383°K), and the ratio f or the rate constants Jor 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 11 5°C (388°K) as being typical for t L,) three 'reaction' 
situat ions for which E values were calculated it is f ound 

that for a 10° rise, t he ratio of the reaction rate 
constants are 

(i) k1 (28,700x10) /(1. 98x378x388) 

k2 
= e 

= 2.69 

(ii) k1 (29,000x10)/(1.98x378x388) 
k = C 

2 

= 2 .71 

(iii ) k1 (30,500x10)/(1.98x378x388) 
e 

k2 = 

= 2.86 
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Therefore rcr;ardless of which react ion ia 
considered, a chanr'"e that takes 1 hour i o occur at one 
tempera ture wiJ 1 take about ::: . '/~ !:ours Lo occur at a 
temperat ure that is 10° lower than Lile original. Tbis is 
illustrated in f i rures G.1 and h . 2 . 

6 .8 c or1PARIB0Ir \'lI'~II LIT.ERATURE J 1'IllDJNGS 

f3 ecausc of the limited data reported in the 
lit erature, and bocnuse the report ed c}10.nges in DBC a.N) 

small, it is not possible to complet e l y corroborate ti::e 
data found in this experiment. 

Alais, et a.l ., 1961, reported RD,.3C I s of O. 9B9 , an.d 
0.976 for milk after 100°/10 min, and 11 5°/20 min. 

10 min , 

'I.1he experimental model e;ives k'l C'' 0 = 0 .051 and 

RDBC = 2 . 68 + e kt 

3 . 68 

which predict s that f or a treatment of 100° f or 

Applyins the Arrhenius equation ( () . 8 ) to tht:: 

experimentally determined react ion data t o f ind a rate 

constant f or 115°, it is found that 

= C ( 

I 

30500 - 5 \ 
1 • 9g 38t5x393 J 

= - 0 . 252 

Using this value f or k115, after heating at 115° 

for 20 min ., the predicted RDBC is 97 . r> . This compares 
more favourably t han does tbe f irst calculated figure with 

its correspondin~ literature figure. 

It is apparent f rom the rate constants, and. the 
first RDBC calculation above that at te ..• peratures below 

100° long holding periods will be requi::::-ed before any 

significant change could be expected in the RDBC ( assuming 
the reaction mec hanism is the same in al~ cases). The 

model predicts that heating at 70°c f or 100h would give 

an RDBC of 0.972. 

Tarassuk, et al ., 1967 reported ~hat heating at 
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120° for 8 min and 10 rnin r esulted in RDBC values of 
0, 982, and O. 9?2 rospecti vely.. Applyinr,; the mede l t o tbea e 

conditions ~ives correspondin~ RDBC values of 0,.985, and 
0.981. Consideri11f~ the rnap:nit;nde or tlie cha.ng oo and 

possible expcrimeutal errors in the reported data, the 
model fits t he observations of Alais, et al .. , and Tar assuk , 
et al., s atisfactorily , as well as predicting no significant 
chanr;e in milk t 1ml, has underc;one onl,y ml Ld heat treatment 
s11ch as pnsteuriz~ Lion. 

6.9 SUMMARY 

(a) Experimental evidence published has established that 

the BAA's of proteins bind acid azo dyes and under 

conditions of excess dye a protein/ dye precipitate is 
formed. The amount o.r dye bound under excess ~ye condit ions 

is nearly stoichiometric . 

(b) Of the acid azo dyes us ed , opinion is divided as to 

which is the optimum . For milk protein det ermination both 
A012 and AB are used in commercial equipment. 

( c) The d;ye bi ndinp; mechanism is not just a simple BAA/dye 

bond but is helicved to i nvolve up Lo 3 different types of 
bonds; (a) primary electrovalent, between t he BAA and dye 

sulphonic acid g,roups, ( b) h··dror;en bonds between the free 

dye in the supernatant and t he bound d.;ye and/or t hc- protein , 

(c) hydrophobic bonds between the f ree dye and t he bound 

dye and/or the protein . 

(d) The protein/dye stoichiometry is a.ffected by the 

protein, t he dye, and the experimental reaction conditions. 

(e) A wide range of values has been reported. in or can be 

extracted f rom the literature for the AB DBC of milk protein . 

However, comparisons are difficult because these figures are 

often based on dyes of unkno\tm or unstated purity. 

(f) Heatinf; liquid milk decreases the DBC of the prote; n 

and this is most Jj keJ y to be due to the Maillard reaction 

occuring between the lactose present, and thee-amino groups 
of the lysine in the protein, alt hough there may be a 
contribution from changes in the arginine and histidine 

moieties. 
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( g ) The change in DEC depends on the severity of the 
heat treatment, with a process such as pasteurization 
giving no noticeable change in DEC. 

(h) The loss of DDC does not follow first order kinetics­
(i) If the loss of DBC is assumed to be due solely to 
changes in €-artino e;roups in lysine, and if allowance is 
made for this, then the loss o.f €-amino group availability 
as determined by d;ye bindinp; also does not fol low first; 

order kinetics. 

(j) A model, in the f orm 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 treatmen s 
in the literature predicted RDBC values that were in cood 
agreement with the literature r ported values. 

(1) The ener~ies of activation f or the three possible 

'reactions' were found to be similar (see Table 6.4) and 

all in the region of the reported values f or the en ergy 

of activntion of the Maillard reaction. 

TABLE 6.4 CALCULATED VALUES li'OR E AND Q10 

Reaction Ea Q10 for range 
( Kcal-mole) 100-120°C 

Change in DBC 28 . 6 2.68 

Change in DBCx1.68 29.0 2.71 
(equivalent to change 
in lysine only ) 

Change in DBCx3.68 30 .8 2.88 

(first order model) 

6.10 CONCLUSIONS 
(a) Heat treatment reduces the AB DBC of protein in 

liquid milk in non f irst order manner. 

(b) Allowing f or 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 bindinr, is not first order. 
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(c) A firs t; order mode l can he fitted t:n changes o f up 
to 0.2 in RDBC, i :· it is assumed t~at 

( i) t .he d,ye bi nd ing reaction s t,o ichiometry is 
affected liy t he ci,anr~e in nat.ure o r l; hc prot ein brought 
about b_y tl1e reaction lJetween the lactose and f-amino 

groups of lysine. ~'he stoic lliomet r ;y o [' d;ye bindinc usine; 
this model , is su~h that when all the E-amino r..;roups are 
unavailable Lo AB the amount of dye bour1d per BAA is 
increased by a fncLor or 1.81. Thero is a pro~ressive 

increase to this level as the react ion proceodn and under 

the most severe lieat 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 beinp; present as lactulosyl 

lysine and that this compound can bind AB on a 1:1 basis. 



APPENDIX 1 

THE CORRfilA1l1ION BETWEb"'N DYE CONCENTRAT I ON 
- . 

AND ABS0RT3ANCE 

A1 .1 Theor,;y 
Beer's Law states that the absorbance of lieht 

pasaing through a solution is proportional to t he 
concentration of s olute in the solution. 

A == Ebe 

where A is absorbance 
Eis molar absorptivity , a 

const. for a given substance 
bis light path length in cm. 
c is conc entration in g/1 

It is however not uncommon to find at hi~h 
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 wit h t his path length the accura cy 
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 - log 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 a sorbance scale . For example, it might be possible to 
make a reading with an accuracy of + 0.2 units on t he 
transmission scale. A typical Treading may be 75%, with 
error limits of 74.8% to 75.2% which convert to absorbance 
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values of 0.1261 and 0.123n , a. renr';e or 0 . 0023 absorbance 
units, but at 11' == '1071, then t he corresponding limits o.r 
error for the absorbance readinc;s are 1.0088 and 0.991 1-l, 

givinB a rane;e ol' 0 . 01?4 absorbance units. ]'urther the 
absorbance scale of most spectrophotometers are not 
f inely calibrated f or absorbance readings in excess of 1.0 

which makes the determination of accurate concentrations 

d.i.ffic·-.1lt where ttie a bsorbance of t he solution is in excess 
of this figure. 

In more recent studies this problem has in part been 
reduced by the used of cells wit h ligh t; paths as short as 

0.2mm, which enables reasonably accurat e 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 s hort light path cells, 

usually of a flow through type are now readi l y available, 
and in fact have been the basis of t he successful develop­

ment of such instruments as the Foss Pro~~·lilk and Udy 

Analyzer protein determinin~ ins truments. 

A1.2 Practical Study 
A solution of AB made up , as previously described 

(Section 5. 3) f or 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, t he 

10 diluted dy e samples , and water t:as determined us.ing a 
Bausch and Lomb Spectronic 20 spectrophotometer fitted with 

an 0.2mm flow throu~h cell. The average of two readin~s 
was taken, the first set of readinc;s being made starting 

with the lowest concentration, and t he second set with 
the highest concentration. The cell was cleaned after 

every three measurements. 

A1.3 Results 
The absorbance readings are listed in Table A1 .1 
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A1.4 
TABLE A.1.1 ABSOH L',AilCE OF DILUTE PRO-rULK DYE 

oOLU1.r l ONS -
Dye Cone •rre.nsminoion Rcadinr,s f10i3ll Absorb~ Ax 
(D) % of ( ,,/) •11 a.nee Dll., 1·.l 

Std Ascend.inr; Descending n (A) I'actor 

o.o 100 . 0 100 . 0 100.0 o.o 
5 .0 HIJ .• s [),It • ', :Ji r , r·, 

~ . .,.,, .,,. 0.0'?29 1. '~58 
10.0 '/2 . 0 72 . 1 '/2 . O'.) 0.142ll 1 • ,,-2,~ 
20 .0 52 . 2 ~2. C I 2 .,/.j Q 0.,2807 1.,LI OlJ 

28 . 6 30 . n 79 () :,; • l J 
,9 c,o ..,.I • ( _, 0 . 4001 1.399 

40.0 28.3 2n .o ~;) .1~;, 0 . 5505 1. 376 

50 .0 21.1 21 . 0 21.05 0.6767 1.353 
60 .0 15 . G 15. (') 15.80 0 . 8013 1.336 

70.0 11.2 11.0 11.10 0.9547 1.364-
80.0 8 .1 e.o u .05 1.0942 1.368 

90.0 6 . 0 G. O 6 . 00 1. 2218 1.358 
noo.o 4 . 2 1~. 2 4.20 1.3768 1.377 

This concentration corresponds to the concentraticn used 

in setting the ' 4:) ' calibration r.cadinr, ror the Pro-Milk 

protein tester. 

Figur e A1 . 1 is a r,J.ot o.t these r~mil ts . 

Anal,rsJ.· C tl . ..... 

As a result of the method o ' calibration the 

correlation line must pass t hrour '1 !, he point , 0 . 0 concen­
tration, 100~ transmission. Tberef ore the regression equat ion 

was f orced throu[, h this ori r;in . The equation obtained , is 

A = 0 . 01368 D ( A1 .1) 

where A is the absorbancc of the dye , and 

D is the ?& of the orie;inal dye concentratiC'·1 . 

Equation A1 .1 implies that the absorbance of the 

undiluted dye is 1 . 368 , and. the predicted absorbanc e values 

are listed in Table A1 . 2 . 

'1.1ABLE A1 .2 PREDICTED AND MEASURED ABSOPBANCE VALUES 

Dye % o.o 5 . 0 10.0 20.0 28. 6 40 .0 

lA measured o.o 0 . 0729 0.1'124 0 . 2807 0.4001 0.550; 

~ predicted o.o 0 . OGJL~ 0 .1 368 0 . 2736 0.3908 0 . 547~ 



Table A1 . 2 cont) 
A1.5 

Dye % 50 . 0 GO .O '?0 . 0 no.o 90.0 100.0 
- --

A measured O. G76'/ O. G013 O. 974 7 1. Ol)lf. 1.222 1.377 

A predicted 0 • G.~l 1~ 0 o. n210 O. 9'.J'? ,., 1.0911- 1. 231 1.368 

Yor ~ Lrnnnmittnncc and~ dye conc entration the 

relations hip is 

(A1.2) 

A1.5 Discussion 

Beer' s T,r,. ·· i 1·1plies a 1inear relationship between 

absorbance and conr·cnt:ration . 'Phe form o f the regression 

equation indica I. er:; I: hat over L he ranr: o o f concentrat ions 

studied such a s ~rn.Lr)•t line reJ ationsbip exists and this 

is confirmed when l he values predicted by the correlation 

equation are co mpared with the experimental values. 

As the standard dye us ed in the experimental work 

on DBC o.f t he millc protein is equal t o the maximum used 

in this Beer' s Law study it c an be concluded that t he dye 

concentration cnco11ntcrcd else ·1lwrc in t 11e DBC study will 

be in the rarn·;e coripl,,.-ing wit lt :',eer ' s Law . 
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T[!8 w•;l,A'l.' IOi.rnUI' l,l•;l1l"i1';1•:f) 111[1.E PlW-flilJ{ 
P!10'!'tJ1 1 . 1\ D ~/l~Ai;S!-J I'.l"l'Ar r~ 1·'. ilGALl~c; - · . -·-·- ---- ------

A2 .1 11' fTEOH.L 

Beor'n lrnw :J s discus::, r,d i.n l\ppondix 1 in exprensed 
as the l'ol lou i11 ·; t•,11 wt lon , 

and us 
then 

A -:: J,,l C 

J\ 

C 

;: - loi~ 1' 

~) - loc 11' 
.Eb 

If t he :i.ni';.i.Fll concenfrol:.i.on or the AB dye is c. 
l. ' 

and the protein hinds cl.ye to t 11 e extent that tbe concen-

tration c hnni er. 

C r , is r;i vcn i-,;· 

CP t r1cn t., 1,c ros11l l~ant f inal concentration, 

er = c . 
l 

(1 - ' p 

Further i r t, he reaction t'etwcen the milk protein 

and the AB d~,c docs not c hanr~c its stoichiometric behaviour 

with a chanr,e in nrotoin or d.,-c concentration , the i n excess 

dye 

where 

• • • 

where 

C p 
13 . [ rl 

.B lS ,'J. proportiorn" 1 i ty constr:nt 

P is ~< protein in t·1c :nilk 

2 - log___: 
.t'b 

From '·!'1i<' h cnn be dcriv0cl 

[r]-= const 
1 

K lor 1' 

K1 1·s t t _ e cons -; an , • 

Ther0 is a slir,l1t comp] ication with the Pro-Milk 

instrument in that t::l e instr1m0"lt ' s transmission scale is 

zeroed with the a:-c that is used .i. Or the protein tests. 

This allows 'lbout 11 . ?~ transmittance of tl:le incident light 

through an 0.2mm path length cell (the length used in the 

Pro-Milk) . '..Pheref ore the correlation between the Pro-Mil k 

transmission scale (hereafter Pro-Milk t ransmission values 

will be desi~nated PT values , as distinct from T represent­

ing transmission values on tne Bausch a~d Lomb Spectronic 

20), and the protein (P) scale will not be of the exact 

form f ormulatcd ,ihove . 



A2. 2 
Additionally as many workers have shown, (Dolby, 

1961; Taraasuk, et al, 1967; Lakin, 1973a) milk protein 
has a DBC value that is a function of the excess free dye 
concentration (i.e. Cr), 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 Oto 100, and the other, the protein (P) 
scale, which is graduated from 2.0% to 5.5% 

From the dial of the Pro-Milk MkII the corresponding 
readings of PT and protein were taken, as listed in Table 
A2.1. 

TABLE A2.1 TRANSMISSION AND PROTEIN READINGS 
FROM PRO~MILK INSTRUMENT 

Transmission 14.4 20.5 27.4 35-.7 45.6 57.3 71.2 87.7 (PT) 

Protein (P) 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 

It was later confirmed that two equivalent points 

on the scale are 20.5%, 2.5%; and 87.65%, 5.5% (A/SN.Foss 
Electric, 1976) • 

.A2.3 ANALYSIS 
Plotting the log PT scale values against the P values, 

(figure A2.1 ,)'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.cx 

which applied to PT and P becomes 

PT = a + b • cp 

or 
where 

p = b ' + c ' ln ( PT + a) 

a,b,b',c and c' re constants 

Using asymptotic regression analysis (Snedecor and 
Cochran, 1965), it is found that 
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PT = - 17.76 + 16.293 (1.40424)p (A2.2) 

or P = - 8.221 + 2.9458 ln (PT+ 17.76) (A2.3) 

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 

PT 14.4 20.5 27.4 35.7 

P measured 2.00 2.50 3.00 3.50 

P calculated 2.00 2.51 3.00 3.50 

PT 45.6 57 .3 71.2 87 .7 

P measured lt.00 4.50 5.00 5. 50 

l? calculated 4.00 4.50 5.00 5 .50 

For the two scale points st_ated 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 
transmission 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 BE.rWEEN THE PRO-MIIJ< 
TRANSMISSION SCALE AND 

(A) AMIDO BLACK DYE CONCENTRATION 
(B) THE BAUSCH AND LOMB SP:EXJTRONIC 

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 A3.1 TRANSMISSION READINGS OF THE SP:OOTRONIC 20 
AND THE PRO-MILK INSTRUMENTS 

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 75.8D 57.40 45.00 32.90 

D 50.0 60.0 70 .0 80.0 90.0 100 

T 21.05 15.80 11.10 8.05 6.0 4.2 

PT 24.00 17.40 11.90 7 .20 4.0p o.o 

A3.2 ANALYSIS 
(a) For Pro-Milk and Amido Black 

It is evident from the above Table that if a pl,~rt 
of logT vs Dis 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 f~nd the 
relationship between PT and P. (Appendix 2). 

The relationship found was 

PT = 107.72 (0.9762)D - 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 
TRANSMISSION VALUES 

D 0 5.0 10.0 20.0 28.6 

PT(predicted) 
~9.2 86 .9 76.1 58.0 45 .5 

_I 
lPT(measured)100 86.5 75.8 57 .l.J. 45 . 0 I 

D 60.0 70.0 80.0 90 . 0 

lPT(predicted) 16.8 11.4 7 .10 3.8 

lPT(measured) 17.4 11.9 7.2 '-l .O 

40.0 50.0 

32.5 23.7 

32.9 24.0 

100.0 

1.1 

o.o 

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

While equation A3.1 gives the line of best f it 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%, ap.d since below this value the 
relationship is more linear, the regression relationship 
between PT and D was calculated for D values between O and 
90. The relationship found was 

PT= 103.68 D (0.9742) - 4.034 (A3.2) 

from which the values in Table A3.3 can be calculated 

TABLE A3.3 PRO-MILK TRANSMISSION VALUES CALCULATED 
FROM EQUATION A3.2 

D 0 5.0 10.0 20.0 28.6 

PT(pred.) 99.65 86.9 75 . s 57.4 45.1 

PT(meas.) 100 86.5 75.s 57.4 45.0 

D 50.0 60 .0 70.0 80.0 90.0 

PT(pred.) 24.0 17.6 12.6 8.8 5.8 

PT(meas.) 24.0 17.4 11.9 7.2 4.0 

40.0 

32.4 

32.9 
-

100 

3.56 

o.o 
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There h1s been 0 r,_;_(:nificant impr.overner.,. in tl1e fil; of 

predicted va1ncs ·: the ranp;c or values u~e<J for t;l.e 

rcpres8 ion. 'i":i:"'. indicates t;llat al t i,01, 1-i on oriu<' I LOil o.f 

LJ1c form 

Y =-= a 

<loes net; a.dequn.tc .,y represenL the relnL .. onr1hip net 1,1een P'T' 

:md D f'0r all D vn hws, i l~ would be posr,ib le Lo dn. ,.i vc two 
oquat ions Lo cove,· dif.f erent rnnbes or P, or I, lie :' 1 tdi b on 

or another: pararnol;er , or Rn ext ra term 1.nvolvj1 1c; 1 t·ronld 

~ive an improved fit . 

1h) For Pro-tlilk and Spectronic 20 '.T1ransmiss.Lon Valuos 

Helationships l.Jetween T1 and D, nnd PT and l, have 
been derived , and by elimination or the term D, a 
:relationship between '11 and rir can be found. Al t.bo t";lJ t.ho 

initiai relationships have bean individually optimlsotl, it 

is quite likely that a third re lationf.lli.Lp derived ··rom 

them will not necessarily be the optimvn .Cor tlle t :1ird 

pa.irins of the variable~. 

Tl·,,, relationship between P'r nnd obtained 3' 

eliminating D,usine; equations A"'.. 2 and ..:\5 . 2 is 

PT= 2.2693 T 0 •82973 - 4.03 (A3.3) 

This gives the values in Table A3.4 which 01iy 

covers the relationship of PT and T cor1 2spondinG ;o D 
values of Oto 60% as equation A3.2 is A.pp licable nnly over 

thr:it rrmge . 

TABL~ A .4 PRO-MILK TRANSMISSION VALUES CALCULATK"' 
li'ROM J.;QU 'rION Aj. 3 

T 100.0 81-1- . 55 72 .05 

lPT predicted 99.6 .SG .1 74.9 

PT measured 100.0 86 .5 75.8 

T 39.80 28.15 21.05 

PT predicted L~4.2 32.2 24-.4 

prp measured 45.0 32.9 24 .o 

52 .40 

56.6 

57 •11 

15.so 

18 .. 4 

17.4 

Even when the range oI application is restricted 

the fit of the predicted values is not very GOod, and on 



averac;e the predicted PT v r1 lues are 101,1 by O. 33. In fact: 

the two sc l;s of va 1nes r~i ve lines with diff crent slopes . 

An cxaminaLion o f the lop:;arithmic f or.in of equations 

./\..1 .2 an d A3.2 , viz: 

l n T = - 1) ln 1 • 0 320 + ln 100 

ln ( PT '~ • 0 3'+) -= - D ln 1 • 02E:AD + ln 10 3 . 68 
sur;gcsts that the i' orm of the relationship between l"r. and 

T would be 

1 n ( PT + c) =-= ln a 1- b ln T 

where a, b , and care constants 

and that the lof~ J', lop; (pr1~ + C) relationship would be linear. 

Therefore application of normal linear r c~ression techniques 

f>liould 1:·;ivt: l;he re1ot·onship, o,nd b,y ·t rial and error. a 

value of c found tl1at wguld resuJ.t; in t.ll e minimum error in 

the predicted valu es. The relationship f ound, f or all 

pairs of PT, T values was 

ln ( FJ.1 8.?) = l n 3.070 + o .773E- ln T 

or T = 0.231-1 6 (P'l' + 8 . 2) 1 . 2<)26:, ( / , 7, LJ) ' _, . 
or FT = 3.or;o T 0 . 7'/ 36 - G.20 (A.3.5 ~. 

from whic. 11 the ,,'"lluos in Table A3.5 can De c r1lculatod . 

Unlike the earlier rr1able equatio n A3. 5 is accurat e f or all 

T (or all D) values. 

'l1ABLE A3 . 5 PRO-MILK TRANSMISSION VALUES CALCULAT .LD 
FROM .EQUA'r ION A3.) 

T 100.0 84. 55 ?2 .05 52.4 39 .8 

PT(predicted) 100 . 02 86.84 75.78 57 . 4 1~· 41+.86 

PT(mec1sured) 100. 0 86.50 75.so 57.4-0 45.00 

T 21.05 15 . 8 11.10 8.05 6 .0 

PT(predicted) 24-.22 17. 76 11 .. S6 7.21 4.08 

l?T(measured) 24.00 17.40 11.90 7 .20 h.O 

2e .15 

32.39 

32.90 

4 .2 

1.1 2 

o .o 



'.'he vri.lucr. i.n this Table are in :,·~,, te:~ ar·-rct... ,cnt , 

w.i-!.h the difl'orcnco in mean P'r vnl.uc:-; re t; 1 ,0 nt'ccl. J. nl:0.d 

rrnd ohscT'VCcl vnluc:, :1ej.nr; less tllnn o. 1,. .ri1 r;Lati:.:ti.C-nJ 

tcr:ns the standa:t.'(' aevn . is 0 . 41 , v1hich · •1,i l.c t,ein; . 1 clr,,:c, 

is most 1:,- ccn1Sed '·., the deviations oJ' l;,· n r-cryri j nr:!'3 [·rom 

!;heir corrcsponcJi r ·- predictec valur,c, ,1i.7,. :.:,;:- .. ~1 n.nr1 3;'.,7,,(), 

ancl O. 0 Bnd 1 .12 . ·f'hesc two rcedinr.3 cc ~ii- ri b11 I; c '/ :," or 

tl,o sl r>YJdord erro r . It is lilrnJ;y i;bar. t ,~sc rcauir: "S nrc 

in error . 'l'hc r·cmoro.l close or-rccnv111I. s11r,rcs l;s t hot, 

i·!licre the deviations are lar: ,e tlli.s wou1d be or ('..f.pcrimr:;1tril 

orip:in rather than beinr~ actual diff ercn(:cs . The re lo. t-; i..01 t­

ship found can be used to satisfactor.il, .· predict F'J.1 vnluc-s 

from given T values . 



AI'I) ET! DIX 1~ 

•:• 1rn RFJ.JA'T1I0f1SiUP J;}}[11tn:;Ef) 'rlIE ''AIJ;'/''.1[ 
'.ATTI) T,Or:J' Sl'J'.;C'J 'HO]l [C 2( '- 'l'H A ,S[USE_LJ) 
;;<;A~1i, , l\.lW )'lJE P~?.o-ru.~J ~ -PR(Yi'E.I l 1 :·2'2_ALE 

A direc f; comparison of rcadinr,s eovcrinf~ t. he wi,o Jc 

ran1 -;o of t ho sea 1 c was not mr•dc, but from tJ-18 d cri ~:cd 

relationships bcLwoon P and 1'.L1 , vnd P'f' ,;ml '.r , viz. 

P = - ,'J . ?;_ + 2 . 94-58 ln (P'r, 1'/.', ''.:1) 

and P'r -- - 8 . 20 + 3 • 070 T O • 7'/ 3C> 
elimination of. 1''11 c; i ves the followine; cauation 

r -= - 11-.91 ·1 1- 2 . 9L1-5 ln (To. 7 ; 3e, ,_ 3 .11L1-) 

(·12.?) 

( Aj. ~>) 

( PJt- .1 ) 

;_~omc direct compar.iso11r. wore mod 0 over 11 lirn.i.1.;or1 

rnr1f';e for protein values between 3.11i I,(') .3 . e~'~ .. ]n nll 

17 pairs or P and T values were availnl~J c. Sul.lsti t:u t;i011 

ol' the J~ values in Alt.1 gave P values wi-,; eh were o n 

averap.;e 0.06% lower than the observed 1' values . ~L',: r,icnl 

cxRmples are ~iven in Table b.1 

TABLE 11 .1 IIEAS1JRJ~D Alm CALC lfLA'f' .ED \' AJ,Ui·'.S OF P 
11·0R GIVEN T VALUES 

-

T 3b . 2 35.1 3c> 1 -. 
P(predicted) 3 .78 3.72 3. 72 

-
31: .1 

3.6? 

~·~.(~ 
----

3.1-;1 

I 
~ 

I 

P(measured) 3- '79 3. 71+- 3.72 3.69 , ( .. ) .,,,, . ,• -~__] 

T 32 .1 31.5 29.4 27.1 2:-- .B 

P(predicted) 3. 55 3. 52 3.39 3 .24 3 ,, r:-, . . 

P(measured) 3.57 3 .. 4-8 3.36 3 .. 2lt- 3.1 1 

This Table indicates that equr>tion A4.1 can be used 

to predict P values from J~auch and Lomb T values. 

A further c umparison can be mRde utiliRine; equation 

A3 .4. For a PT value of R7 . G5% , the dial calibration of P 

is 5. 5~ (Foss Electric, 1976) . Usin5 A3.4, the predicted~ 

value correspondin[:_; to a PT or 8'7 . 65?\ is 8;· .489', which 

when substituted into A4 .1 gives a P value of ~ .• 5or/.. The 

equivalent calculations f or PT o r 20.5?\ P of 2.50) (Foss 

l 
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Electric, '1976) , f'j_vcs a T o : '1'/.90;; and Crom M- .. '1 n P 

'i1hercr.ore equation A'l .. 1 cR.n be ur';d. Lo dcter•·dnc 

the pro Lci n conLcn'. , of miJ.k w l1cn -L 1·ic nxp _! J'j_rnoril nl 

condi t :ions used ( volume o C milk, volum 0 :, ·,d c;(11nposi ,, ion of 

d.),.e) are the same as for the Foss El.cctr j_C Pro-fhlk. 'J~h'.; 

relationship would need to he adjusted f1r any cha~~c in 

conditions . 



Af'l1.ENDIX 

DY.e; I'UHI'l'Y AND AI3SORLM!C ~, AND ·1•: .,J 
D':'. i·. t,H!DlriG CAl'ACl'l1i U1< fill,l\ l'HU',11•,H! 

A5 .1 .Ul1l'IZODUC 1l1I01 : 

,',0cnusc o( the DAA 's in i:he pro·, in cbnin, ,1i l 1
: 

protein w.i.ll binri ncid a7,o d;·eo , as nr1;'' ; ousl;; di.~cu,:r:cd 

(Ghnpter- 11) . f1:iny wo-rkers ir. t;hi.s f'i.,"-id hove _invc':;ti;·:ri.t.ccl 

and roDorLcd th.i:-- rco.cl.ion iP terms ot i;t)c DDC of' 1,'1c mi JI~ 

p-rotcin. nofllc o, the cfluses f'or variTL-ion in t.hc ;: r, 01 

milk protein hGvo lJeen discuB.sed ear Li Pr', but one (. r 1;110 

major sources or· vririation i, . the quoted 1'ir;ure£' n ·pec1rr; 

to be the purity or the dyes ..1scd . 

fl.~ 1l.11ll~OJ?Y 

In Appcndi -~ '1, it wes 0hown thnt I eer' a Law n1)r L i0.n 

to solutions of AH nt concentl:'o.tions 1rn u.J. i.n milk Pro I;,~ in 

studios . f/owevcr in dye bindinr.; work r J. tnor thmi. ,isc :.nc 
f3eer ' s J,n.w conG t..:ir:.'~s and symbols it han ,1eec>n -founc1 u,;,-, '._, L 

to use the syst;c;; suggested 1J;y Asbwortl1 ·,nct Chauar ·; :')', · , 

which 1,m::; to de:ine an absorbanc,y index , for ~1 d · r , ·: ,1,_ r,,, 

K 

where A 

C 

hence from 

A -· er-
is the 

is the 

ecr 's 

absorb:'3.nce 

1ye C0'1.ce:::it r<1 l io,. in mr;/ml c-r f/i ) 

Law L'b -::c K 

Hereafter t:hc Ashwortn and Chaudry :=:;;0,stcm \•11.1 ,i. i·'· 

adhere,l t0. 

lt is therefore possible h,y know: ng r: for p ~,?'G dye 

to determine the purity of d_ye or unkno'vn purit;, 11y 

measur::.nc the absorbance of' a solution of the dye, _;)rov..:.1ed 

the weight of dye and the cell path lenr~th are known. /l-1is 

technique has heen used (Dolby, 1961; Lakin, 19'13; Alais, 

1960) ':o examine dye purity. \·/here published paper!: e;ive 

suitable information it is possible to u~~ Lhis relation­

ship to estimate the purity if the dyes used, ar.d so make 

valid ·~omparisons of the D13C figures ob vained. 

A5.3 LI1' ,;;-;HAT URE 

(a) Dye Purity 

As has been noted (La~in , '1970) . the difficulties 

in making comparisons are alm6st entire ; ?ssoci~t~d with 



variations in the purity o.r ... he d.T1·estu c.:·s used. lJot on J .Y 

do dye saniples vary accordin r: i-o their 2ource ( DoJ .\Y, 1ry_.,1 i 

Aln.is~ '1'!G'1; La.kin, 1970) but separate 1,...-,t~hos r·r,...,;" l,lic.' 

same n.s.nufncturer have been shown to cl.L. fer (Alais. 1')b'l; 

Radcliff0., 1C)G6) . Of the d;ycn cornrnonJs ,Jsed, AB, 1r; t.110 

most di.L°ficult to purify and t})e most ii :pure (]18.ki n , 1ry;o). 
'L'ltc main j_mpuritios in AB whicb is hyc,r0scopi.c, rirr vmtcr 

and sodium chloride. However, a method for p1lrifyinr~ A'' 

lws been developed (Lakin, 1 970) , a.nd t; n is has ennr..,J ed en 

absorbancy constant (K) to he determined. 

The values used in the .fo Llowinf'; discussion wiJ.J al 1 

bo j n terms of K, l>ut may hnvc been den.ved from vaJ ucs 

quoted in terms or other units. 

l,Dk:Ln , 19'/0, found l;haL 1 Ilerck 1 n AD 10D for ··lnct.ro­

pboresis' contained, on a dry basis, 6.,' % NaCl, nnd I hrit 

after purification the dye which still rontained O. ,% '','1CJ. , 

hnd a I', value o[ 92 . 1 . Different brands , after pu··:::fi.c nt.ion 

but still containinp; up to 0.3% rJ.-,f'l, burl. K values 'i(u .. ·in, 

from 8S· . 6 to 91.1. This indicates tlrn.t .1:1ter, anc. :c1ciium 

chloride are not, the only impurities in some brand:. o; A,;, 

and tbat these ma~/ be considerable amolJ, ' ts 01' othc. d.,,:­

stuff which is not entirely removed by r 1.1rificati0 . • rrhcsr~ 

dyestu.f f impurities c ould possibly be a rr·oblem i n d;yc 

bindinf, studies as they may compete .l'or 8.AA si tos , ri t r,1~ 
milk protein (Dolb;y, 1961) . Lakin ther ,,for e decicl ·.d tli;-, 1-

the dye which wns initially the purest, a nd which ;, :.'ter 

purification was the purest, would be used to detPr~ine the 

K value for AB . 'l'his was .round to be 9, .1. 

Sherbon , 1967 , reported a K value of 89 . 6 for AB, 

and referred to other publicatjons in w' ich he, an d anot he r 

worker (Herrington) compared the propert ies of AB, A012, and 

OG. It was also stated the purity of AB is 901, but it was 

not st~ted if this was on a moisture fr ~o basis. 

Tarassuk, et al. , 1967 found tha u commercia:ly 

prepared dyes were not 1 00~6 pure . The b c,st grade of AB 10B 

availab le was only 86% pure . In addition it was hycroscopic 

and chanc;ed in moisture c ont ent on stol'.'age . A soL1tion of 

0.4-400 ~/1 of Merck AB 1 0B in a buffer 3olution (p~~-35), 
when diluted 100 to 1 had an absorbance of 0.320 in a 1 cm 



A5.3 

cell. ~nis raven K value of 72 . 7 , corr2sponrlin~ to 

'/0 .7'!., purii,y las"d nn J,akin's i\ ~,aluc , or· >~ '1 .271 Li-:rn('d on 
1 !o sta tcment wn13 man o r0.j ordlnr 

moisture, hut; it i."' nror,ab le L 1n.t tmclri0(; d~,e W"S us,,d ar-, 

no refcr0.ncc is ;:1au" r o an~, dr. in r,; pror..C['iS . 

I" is clc:Jt'l ., cJif'Jicul L to cxf,ror,:. conRisl;enL rl:it:ri 

on the purity and ,.,., sorhancc c ons tant s f'r:,r t 11c n.rcc 1.scd . 

il:id lRnd :i.ud ,l olmsor1 nr:,pcor to have bcon 0pt;j ,·1 isl:ir.. j ! , 

qnoLinr .. ir·:urcn or· v:,7~ to 9'7% ;:.,urit,y ror Lhc.ir d,vc , \·•!1.i.l t' 

the anal;vsis of Aln1.s, ot al , (196'1) c;ivcs n. r;1 d .dc Lo tk) 

cornposi ti on: e~f purity en a wet basis, 1)~.:.'.'S on :i dry basi3 . 

'l1his allows up to e,;' impurj.ty on a dry bnsis which i., 

compara1,10 with Lakin' s 6 . 7?J NaCl content in the best 

r.wmplc of' d_yc us ed. (r~crck Al3 10H .ro Gloctrophoronis)., 

Ashworth nn r'l Chaudry , 19G2 , usirw Me,··ck An 1 0B , 

standarcl i zed their d.y e solutions by usinr, an expor:i.mcntnJ 13• 

determin ed r valuE:: ,)f 8 '1. 5 . Us inp; a vacu .m 0ven the dye 

'.1 10.S dric~ n.t '/5° L:: · 11 . :h , and solutions ,-:ir;c~ up f:rr,l r. 111)· 

dry dye at conc cnt-rJ.tions o r· o . oo~) to 0 . 0"· ' 'Tlf,/ml . n1e 

11ifhest VB l u e rounc f· or K v1as 81 . 6 and 1 1~ is was asst' 11ed to 
1) e the vc:1.lue r nr p1,re dye . However , it :is stated t} .. 1.t 

"since tnis wo rk wos completed, a letter Crom E . f'lerr· · , 

.rarmstadc , states t 1 :n.t the pure dye has 'J:1 absorbanc ,. 

index O J 8<) . 6 at a ;i lf of 2 . O." fle rck fur , 'le r stat~ ·, hat: 

" on the averoge the assay of our product :..s 80-8fl'~ " ., 

Ashworth and Cho.udr,y calculated their dat-i fron :; t: ·-r0..luc 

of 8 '1. 5 . Bas ed on Merck 's K value, which agrees wi~ :1 

Sherbon' s Iicure quoted above, Ashworth 1..,1d Chaudry' s dye 

was 91;; pure, on a moisture free basis . 

Dolby , '1 96'1, quotes Hadland and Jomson (1 95s) as 

finding ' · 8rck' s AB I or electrophoresis' as being oi.' 

95- 97% purity . Dolby found that a 10~~/ l (0.01 mg/~l) 

solutior1 oI AB to have an absorbance of 0. /5, whic h 3ives 

a K valt,e of 75. Unfortunately j f is no ~ s tated if 1;'1e 

weight of dye is on a moisture : ree basis.. 'Pbe purj t ;;r o f 

Dolby 's dye appears to be 81.4% relative to Lak.in's purified. 

dye, or 83 . 7% rela t ive to Sherbon's dye. Dolby alsc Iound 

some samples t hat Wt' re only 5s5:; of the p t rity of the one 

having a K o f 75 . .Elsewhere i n his pape~- a e;raph s 11ows 



that the absorb,::ince of a soJ.utioll of AB 8+; '1 r:/1 WFl.S 50 
(determin0rl. b." <li1ution), whir u c1+-Lcr :iJi0~.-.rinr·· for ct1w:r­

procodu:rnJ clilutior,s, r;ives o. F o+' '7'.7 0r: well. 

AJair,, ot 0:l- , 1 9f-i1 , reported Jor f-1:;r c k ii}~ 1(;2, f'or 

elect:rophoresis (no . 11G7) that a soluLi0r~ 01· ·l;rc, niJ.ut:od 

to 0.7/, O-i.. its or:i 1·innl conccnl::rn.tion nr· :).U1<~~- inr~/p:l, l1nrJ 

.ci.n nbsor 1)nncc or· 0 . 1111.0 , in a 1 . 25 cm c c1l. 'l'hi.r; ri;ivr,n ,-., 

K vnluc of ,'11.() . l~JGcwhere in Lheir pnpc,· it is RLn: ·"d Lho.l; 

AB typicnll.v contfl i. 1 10d o~· to ~)'}1 water, nnrl thrit riJ.J rl:r(~ 

weie;hts reported i n paper were on an undried ,)asis. It 

appears tl1erefore tllat the d;ye used was :·.<) . 57' pure rcl.nt;i_vc 

to L:Jld ri 's, or 91.1:··; relative to G1rnrbon'n d,ye . Ji'i·~ure;.s 

nro 1-:1 lso id vcn for vnrious other brnncls or dy8 nnd t l1c£HJ 

containe;d ttp Lo 1t tt'· rnore impur l Lies. A c homicnl. nnal;;'H.i.:! 

was also perf ormccl on t be dye which indicated that t 110 

Merck dy 0 , Nn . '11 , · , i-ms about L15;6 pure _;_n th~ m1drierl 

state , Jnd 0~- Rfter dryin c . 

(b) Dye Bindine Capacity or Milk Protei~ 

f:ot all wor~::ers hav e calculated ;:i i·,nc vt lue · on­

their worl:: and it is on l y p ossible in t; JvG8 casPs ,.~,. :nn1:e 

an estimate from a r;rapb or r0p;ressinn cr:unti Ln pro"J:._r:]cd 

sufficient other duta is avai lable . 

Lakin, 19'/3li , quotes milk powder -'JS havinr: en J\n 

DBC of 102 mcq/100v whic}1 is equivalent l; o 31'+.IL m;·jF. 

J ecause this same worker reported earlier (Lokin, 40}0) 

a metbod for purif;,' inp; AB i t is likely t'1at this is 

reported. on a pure, dry weic;ht basis . no c xperimer.·i,al 

conditions w0re sta t.'Jd . This assu:nption i :3 supported by 

a statement in Lakin 1 973a , that II AB was purified bj;­

recrystalli::; r:ition " , and a gr aph in +,hat naper appea.cs to 

show a DEC value of about 31 0 f o r skim milk powde::-- protein. 

Sherbon , 19b7 , quot es without qualification an AB 

D.BC value of 3"15 , and that t he purity o f AB is abot:..t qo~1
:, ,. 

It is not c lear , but i s possible that an allowance h=1s 

been made for the 10% impurity . 

Tar a s s uk , et al., 1967, whi l e stating t'1at tte 

purity of the bes t g rade of AB is on l y 9,r-,~1
, does ")i-; mak e 



Ac, r~ 
~ . , 

it clo:.:ir whet Iler subsequent dye we ir;hts ."nd/ or resu J •.s ,, re 

reported :i.n terms l)f impure, v;cL d,vc, i:1p111:u clJ'.Y d: c , nr 

pure dry dsc rmbr. f ·"nee . 'l1hr oup;hou L !111. Wiper , l: he ,me 
valuf'c vn. ry r rom ;,,,o to ,380 dL"pcnd i.nr; on the cnnd.:i.l .LonG 

ur3cd . Under the conditions adopted Lor expcrJmentvl 
lnves t;ir:n I. i.on reported values for skim rr. ilk rrin(';e r'om 

2d9 . 9 to 3t1? . 7 , \·ii\;hout any comments hoinr; made n.s Co t.hc 

co.use of the vo.ri:it ion . For me '['able cric rerrcssi on 

equation linkinc; ~~ protein and absorb/3ncc r-;iven b.Y ·r.aro.D[.·mk, 

et al., 19G'/ , is 

r ~ ~ . 11 1 - 4 . 4893 A 

FJ'om thio for a J of 1% , th0 abnorhancc would chn·1 1~c ll.Y 

0 . ?2?8 , which for nn absorbancy value, K, of 80 . 6 (f'lcrel{ ' s 

f ip.;urc ) , means thnt the AB conocnLrat ion will nlt;cr l>,y 

0 . 002486 mpJml. Allowing for the dilut. lon (2GX) h,:>f'oro !;he 

readint~s were taken, and for the total volume oJ 1; 1 ,r.: 

reaction mixture (?0.5ml) t he nett chanrc is 1 . 32~, 11r~ ol AI3. 

f\.s onl 0 . 5 ml oi' milk was tested the ch:.mge of 1, prof. 0 irl 

is equ1vnlent to o. cbane~e of S> me; or milk protein .. 'i1herci:'ore 

the aprjarc· t DLG is 265. Applying the s:-i.me proc ~c1 .re to 

nnothor regression equation (r = '.;) . 905 - 11. 604 A) .i vcn 

e lsewhere in the same paper , a calculate t DBC or 2>'l is 

obtained. Yet another similar equat i on (P - 5 . 155 - 4.?.'''}t.) 

r;iv es e DBC of 277 . In one part of thP paper whor e:· diJ"f'er­

enc es 1'etween milk producing a r eas was ~ einc; invcs'·i.3ated , 

one area produced milk which r Psulted in the equ at:ion 

P = 5 . G629 - 5 . 3445 A, gi vinp; a DBC or ;23 ! no rcnr--;on for 

this djfferencc could be found . However it is also stated 

that a solution or 0 . 4 1+00 e;/J , diluted '100 : 1 had ar absorh­

ance of 0 . 320 ! 0 . 005 in a 1 cm cell w~ich corresponds to 

a K value of 72 . 7 which is 81 . 2% of the K given by Merck for 

their AB. 'Phis woul d chan~e a DBC value or 265 calculated 

above to a value of 326 . '.) , which is in ,J1e region of those 

quoted by rrarassuk et a l. This highlie;hts t he importance 

of the need to state the dye purity . 

Dolby , 1961, derives from his work the regression 

equation 

P = 6 . 90 A+ 0.09 



Therefore a change of 1% in protein would ~ive 
a chnnp;e of o .1 1i 119 in the nbsorboncc rcndinr;, which for 

n K value of 89 . 6 , and allowinr: for dilution (33.~,3x) , 
reaction volume ( 1 ~-, ml) and volumo of mi 1 k used ( cquivnlcn t; 
to O . 2~:iml, diluted t:o 5 ml) inip lies thaL mi] k pro t, e Ln has 

a DBC of 3;l3. '.) Another eqnation is alfio r,i ven (P .,,, ? • 2•;11 A 

- 0.05) from which the DBC is apparentl~f 3oc.9. Dol~:,y doon 

not gi vc :m;y l'ir:urcs r or TlDC , hur. he invur1 t.ir~at od i.l1c 

oindinp; or AD by milk protei.n uninr; the f'ollowinr: proccclt1rc : 

"f1u f'fercd solution:, of AB at three d.ifJerent concen-Lrn.tlons 

(o.62 eJJ., 0.75 f/1 and 1 g/1) were preprired . To a number of 

10 ml portions of each were added 5 ml volumes of diluted 

milk containing various quantities o[ the same whole milk. 
After centrifue;ing (the 1S ml or reaction mixture), ) ml 

of the supernatant liquid were diluted to 100 mJ and the 
absorbance measured . The absorbance of the unclilutNl 
supernatant liquid was calculated." The resultn were plotted 

as the change in absorbance acainst the number of rnr of 
protein added to 10 ml of dye solution. 'I'he ;:;roph .shm-m 1;•1.-it 

at lower levels of protein to dye ratio the c h;:inr:e J.11 ~1..,sorh­

ance is constant. The rep;ress i 0n line I''"R R<'R throu1\h the 

origin, and the point A = 0 .4 B , and 10 mg of proto:~n. 

Therefore i f the addition or 10 mr; of protein cha :,.-es 
t 11e absorbance in the dilute supernatant h~;· 0 . 1+8, P,~n t~:e 

true cll:=i.nge in tbo supernatnnt, applying equation A'j.1 is 

0.48 X 100 
3 

Usine; Merck's absorbancy index o.C 89 .6 this corres­

ponds to a dye conr.entration chanc;e , C e;iven by 

6c = 
0 . 4-8 X 100 

3 X 89.6 me/ml 

Given that the volume of the reac'!;ion mixtur 0 was 

15 ml, the dye bound ( 6.D) by the 10 me; of protein, is 

given by 

.6.D = .6.c X •T y 

0.48 X 100 X 
,, C 

= I _) 

3 X d<).b mr 

= 2 . 67 ,':> ·nc . For mj lk: protein, t~ he TYBO -::- ; ~,:8 . . 



Ashwortl1 und Chaudry, '1962, quote DI\C valucG or 

311 11, 3W) and j'.,)!1 but this is based nn d,y0 whicb hnd a K 

value of H1.5, r1111c- values become 312 . <), 317 .,1, nnd 32;~.o 

whon converted to pure dye usinG a Kor P9 . 6 . Jn the same 

wFI.y R s fws hcon ea 1-cula ted. r or ot }·1cr workers , nDin f', from 

tbeir pnper th(:: erpw.tion 

r 11 • 70 - 1 • 72 A 

the DBC is founrl to be 308 (baaed on I-:- "" f',C).b), or 33n 
(based on K = D1. ~) the latter beinc identical to a value 

quoted in their pnper . 

A]ais, et al. , 1961 report that their standord dye 

Golution, conl;aininr~ 0 . 6165 r,/1. or AB, when diluted 1:o 

O.'?% or this concontra.t ion (i.e. 0. OOL1315r1 g/1) hn.d an 

absorbo.nce of O.L1110 in a 1.25 cm path lene;th cell. ~1hi.r. 

r;ivcs a calculated K value or· n 1 . 6 for n 1 cm cell. 'l'he 

dye used was Merel~ .11.B for electrophoresis, number 11G'/. 

'J1h is d;yc was not dried , or purified., rmd was tbe same bcitch 

as had teen chemically analys8d at n57,; purity on r-i:n undricd 

basis, and 9271, on a dry wei ;:-~Y 1: basis . 'l1his would in.dicnt e 

that the K value for pure, dr.,· d;yc should be 91-1. 9. 'rheir 

equation fo r liquid milk was 

1' = 11-. 632 - 5. Sd. 

where P is total protein precipitated from 0.75 ~ or Ji1uid 

nt1mple (diluted to '10 ml), expresP 0 cl as a ;'~ oI 0.'77 ,~ , · n; : 

d is the absorhance o f.' the excess d,Ye in t;he superr,;:itw :~ 

solution. 

This implies t hat when l.J- . 632;1. of 0.75 c of protein 

is precipitated the supernatant absorbance is zero , i.e. 

31~ . 71+ mp; of protein is precipitated by the quantity of' AB 

used in the test, viz . 20 ml x 0 . 6165 mg/ml= 12.3~ mE , 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 s ~.nce non protein nitrogen, and some 

of the soluble proteins which do not bind dye (Alr i_s 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 b inding nitrogenous frac~ion oI 

milk is equivalent to about 6f of the total nitroc;en content .. 



. -
Worker Crude Dye Purity K Purity Basis i;!ilk P11ri +;y Basis On basis of 

:or ~{ Protein .f:>r DEC K = 89.o 
DBC for pure dye 

Lakin, 1970 92. 3 ;) a.ft er 92.1 99.9 314- Presu:naoly 323 
drying 99 cw • .,,,o 

Sherbon, 1967 90% 
' ' basis 89 .6 Presumably 315 Presumably 315 
unknown dy~ 1SS~Lned dye assu:ned to 

to be 9or) . 30 ~1 oe ' 1.; pu.:-e 
pure 

Tarassuk,0t 26;'6 72.7 Prssuwably 290- PresuI:iaoly 26S 
al . , 1967 und.ried , 3LL3 u..>J.dri ed, 

impure a •r. ap?roz. i::npu::-e 
330 

Merck , 1962 30- 86~6 89 . 6 100~~ - - -
Ashworth i?r. 7 . 3% HO on 81 . 5 Dr;7 basis 342- Dry basis 315 Chaudry , 1962 

., 
352 average 

Dolby, 196'1 75 Pr esu:::~.bly 268 At:sorbar..ce ~ - ..., - .:::r::: 0 
u:-:dri ed, 307- di.fferer:ce with -zcn-32u i r:1pure d.7e 32LL 1=89.6,i.e. ./ I 

a~r.315 100'"': pure 

Alais, et al. 85%, r...rndried, 331.:. Undried 3C6 
'1961 c - 89{- H 0 ::.·i .6 LJpu_·-:; i::p'..lre ( 2 3Ll. : 0.:' 

2 ( o;.·) purity t::ieir nure 
approx) dye) 

- . 
Hadland & 95 to 97% - - 325 - -
Johnson,1959 > 

# ... --.. ......... __ ... __ ...... ____ ___ 



'Phere Co rs on R c:-0 r"e0t i.onal rrotcin con-'- eni hnsJ G, 

JlHC o[ ;:1i]I( prot:r, ,] OS del,errii .. 1)8(1 by J\l ,., jn, et 011. 

is 333~/ nlld ~l.1owi.nr: for ct:-' c moisl;urc : od .i.mpur.i · 

the DP,( vo.luc ·is ,'ed uced Lo ~d3 . 6 (usin.; • l . 
1,, lClI' K O ' 

[or pure rl ye b~scr on K o f 81 . 6 for ~5~ purity dyc J . 

()!' 

'!.'he litcrn i. urc data for d.ye absorbance cons ,nt, s, 

d~r·c purit,:,, rind. Jl1 ·,c; i.s rrnmmar.isccl in 'l'rJb-. e /\'.;.~. 

&·'' l'JU\OJ1ICAJ, J7lV J~S'rIGNQl.Q.U 

~0 Dye l 1urity 

(i) Moistnrc·: Four samples (ea. ":f~) of An ( i-1c•1:c1:, 

No. 11 6b und TJo . 11Vl) were vccurat;ely t·.,· ir;licd int c 

aluminium dr,ying dishes , and dr.ied in D 1acuum over' n I; ?0° 

Ior 11 b. After coolinG in a dr.sicol;or ,1,c snrnplf,s ,,.1:,-:-··"" 

weighed and thci w,isturcs de t, er.mined l>,y c1 i. fr orcnce. 

(ii) An Con1A·nt : The purity or i, 1;r ,,13 nuppl_:i. :s (' '. .,· 

A/S N . 1 :::iss Electr; c , ffi llerocl, Denmark '0Y' 1sc w:. 1-i, !:;lie 

rro-Mj) le f'lkII was dete rmined b~.' estB.bJj · ,1.i 1:.1-:: ".he ,, · r;oi:'b:->rcc 

solutio11 used f'or the j\ er r ' s Lc11:, Stud.-y ·~ 1~-r,p e ;J,1 i_)' -1' . ·;_,;.-_.,. 

weight of dye supplied by Fos s Elect;ric 

used tc make 10 l :>f workin,e; dye • 

(b) D;ye Dindin...5....i_·:pacity 

; ·, f. {) i (• 

'.l1he dye bindinr; capacity of thn ,ulk pr0tei~; in :,' ) 

~ilk used for the DJ~ kinetic studios was estaJlis ,eu frsD 

the results o.C t110.t study. 

A5 .5 RESULTS AND DISCUSSIOI! 

1rABLE A5 .2 MOISTURE CONTENT 01" MERCK AI'.IDO rn CY "!OB 

-
Dye 'Age' Moisture( 9t) 

Merck No .11 66 Freshl,7 opened 4.9 
Merck Fn .11 66 Previ0 rs ly opened 1 C, .. 3 

Merck n o.11 67 Previousl:y opened ·10,.~ 

Merc k No .11 67 Previously opened .old 1S.C 

As reported extensively in the l iter ature, a.~J.ci. noted 

elsewhe re in this thesis, AB is l131e;roscopie,, as clearly 

indicated by these results . There does :·ict appear i~o ')e 



J\5.10 

any dif forcnco in t; lie hye;roscopic nature o.f the t\·10 AB 

d_yo t;ypes, bnt r:iLl1Cr the moisture content appears to be 

a functj_ou of nc:c. No data as to how lone; the · '"'eviousJ;t 

opened samples hnd actunlly been opened ~as availaole. 

These moisture levels are in line with literature values. 

AB Content: J?rom Appendix 1, cqnr.Lion A1.1 st;,:iLcs 

/1.,., 0 . 01368 D 

where A is absorbance in a O.?mm pat!i lenrt.li cell, 

a.nd D is ~~ of t 11e concentrntioi, of 1. he workinp; 
dvc · ., . 

'11hero fore L he absorbs.nee of the workinf; d;ye is 

1.36B. 'J'his is nquivalent to an absorbancc o.C 6e.,,o in a 

1 cm path lencth cell . This is for a solution cortnining 

9 .. 81 p; o.r crude d,yc in 10 1 of solution, l .c .. 0 .9tY1 rn~/ml. 

Dut usin~ the manufacturers absorbancy index of 

B9 . 6 (quoted by Ashworth and Chaudry, 1962), Lho o.bsorbanco 
of n. solutio11 containinc; 0 . 9B1 mr;/ml or pure d~/e is 

WD.S 

A = KC 
t37 . 90 

Therefore the purity of' the d;,,o Enpplicd ,'J.nd used 

68 . 1i 
n'/ . 'JO Y. 

10() 
-1--

~Bsed on the K of 9?.1 found b;-/ I,akin , 1';('0, .for 

purified dye, the purity oI the dye supplied becomes 74.3r . 

1.'hese ficuros, while bein r::; low, are not impossible 

given that AD was found to have up to 167,j moisture, and 
that Lakin f ound about 7% NaCl. 

A • EXP~t1Ir-1ETJTALLY DEI1.ERMINED rJILK PROTEHl 
DY.C: 13INDIHG C CI'l1Y 

(a) Based on the Pro-Mi lk Scale 

From the dcri v ed relationship 11,,.tween P and T 

(equation A4 . 1) it is possib l e to find the DBC of milk 

protein . As AL+-.1 was based on two other relationships, 

equations A2 . 2 and A3 . 5, the first of which is ior P and 

PT , the second for PT and T , the value oC DBC found wi11 

be that on which the Pro- Milk instrument is based. From 
the regression equation A4 . 1 

P -- - 1-1.917 + 2 . 9'-l:, ln (T · 7736 + 3 .11L!) (A4.1) 



it is seen that the relationship is curvilinear as there 

is r:i. coiwl;nn.L i11cl 1idcd in the lor,nrithmic l;erm. rr this 

cons Lant WQrc O LI 1•' term woul<J become nn ex pr0ssion n.f' 

the absorbRnce or I, lJe snpernatant of t I 1e form 

A ::c 2 - lo t; T 

'i1hc appeor:1nce o.f.' the constnnt indicntcs thr1t the 

protein scale on tlie Pro-Mi lk is adjust0d to allow for 

the incr:-ease in DHC which occurs vrhen t}10 Gone en l~rnr;ion 

of dye in the supc!'natant solution increases. ('rho cl.'f'cct 

of the constant is r;reat er at low 11 vaJ.nes, i. e . higher. 

dye concentrations) . 

It is therefore necessar.v to expr~r:;s t1ie DBC wiL.h 

reference t;o the protein level at, which ~, 11e I1BC is t)ei:nr; 

mon.surcd. 

When the formula A4.1 is c han~ed uO make T the 

dependent V''riablc, and this then convcr ,; -:d to an 

expression fo-r A, it is found that 

/1 

i 

l
i(A r: ')) 

\ }\. .• ) .'- . 
i 

7, 1 -·, . ! 
./ . _j 

\"/hen tlle protein level in the rru .. J.i ~ i .s 3 . 77.'>, t i 1e 

absorbancc of the Gxcess dye in the sup rn"tant is :J .11.59w;. 
The drop from the initial dye uh sorbanc f- . correct e .. f or 

dilutin.n by the i:irHit ion of 1 ml of mili0 to 20 ml r,f d;yc, 

of 1. 3029 to O.IJ;,\!i~7 is due to the 37 mr o f milk protein .. 

1\.s the .Pr o- Milk instrument uses an O. 2 v m light patb cell, 

tbe appropriate correction factor ( 50) must be used in 

calculatinr; tbc change in dye c oncentrat ion . 

• C ~1-2022 - 0.45992 X 
r,"""\ . . = "' V 

89.6 
= 0. L~70L~4 me;/ml 

The total amount of dye bound by 37 mg oI milk 

protein is c;iven by 

1J = 6.C X V 

= 9.879 mg 

which e;ives a DJ3C value of 267 . 



(b) From the S~ci;ronic 20 r-ic0surcmcnts 

\·lhi.Jc the n-~nre r;F1.lcul- ,t, ion noces.-:--iril.'.; invc-Lvc::; 

the USC' 0 [' t;l,ri ;'p'_'r;i-ronic 20 , ns this W(l'"" US8d t:o rj0t cr,rpj n0 

the P, ,· rclaLio,u· ·j p, fl single point es~-imation e:: · n.l:-rn 

be made from the a. sorbance value <lctor.rn1.ncd j'ror.i t,v) 

i3rcctr.o<tic ?U for. i,!w non hent tront; 0 d. rni.lk .s:.·rnpl<: of 

,3 .. ';o:·:) prot.cin. \"·1:-; v·1luc wn~ 0 . 1111/..,, w,iich r·::i.vcr; r_./ 1,:,\' 

above procedure 11 "BC oi· 2'/1. '.L'ho diff'crrmcc i.:: nci· u 

real dift'cronce b1· one due to the Pro-i1:lt dcrivcrl ·.r:tl11.r. 

bcin1~ r'"'r;ocl on ;· :;cries of observations --nd rcr,rc.s: .. '..vr, 

f'(tURtions , nnrl t;ht latter valiic ilc.Lrw; brvr•d Pn 0ne ~a,,, 11lo . 

'i.'lw vnl ·1cr, or ?· ,',', :-ind 2'/1 ar() nr,onr.s 1; r. r1c lowr;-;i; .!'i:po:;·i,('(1 

ln I hn .: it.nrrif:url~, :;11t 1·,i.ven :.110 n1tmhcr n!' l f"lG:,orr.; ! !1nt. 

inl'lucnco I.he Ill C , nnd L'10 lLiFhly va:r.Ln: 1.c n11t,JT") 0 'J,n 

dy'"' used,tl,c vul110•; arc not; unt1sual or c·);11.rl3dir OT',' 111 

rPlation to 1;1,,, l:i',erntur0 vah1es . 

'!'he DiC v~l .c or ?6'?, exprcnscrl i:; ;-:iillicrpu· '>.lent_.:., 

C"lf' AB i.s (•.dbf,. ]\,; r:i.vcn C/1.Y',l.ier 1g er ·•i.]l: r-coLr 5_1, r.(•Y ·~,1.l:JS 

l
\ (, 't r ' .. ,1} () 

,..., . -
' ' I ' 

correspo'1ds to(! . ,';t:i millicn11i.,ra10.n;;s c,1 ,~-.- :. On - ns , ,;, ..,_ir; 

in unhe::i.t cd miJk i·LcJ.'C i:~ ed :ctivc-1::· !)~_ndin::: r,: 1·v.-.,ecn 

the bi 11.-~inc ('Toupr- ::rvnilablc 011 

avai_Lable on the protein . 'Phis doc::; not; ':-;cc-·::: 0 • 1~i~ · !:1c:-:1r, 

that all potcnLin.l bonds ar ·-~ n ctu.::l.!j' f,, 10d ber·,ur.c 1,i,",'(' 

are other ,ncch:inis·ns oy whicl d;:;·c co.:1 l;c ,101..nd i;O · 

protein. If those ere npe:rntir1~·: f,l1cn nC' 1- ·:.}l dire<;f,, r--.1.~i''!;i"T';y 

bonds arc bcinr: rormed . This has been ,_ , ~cussed ~n-;:-lici:-. 

A5 . 6 COHCLUSIONS 
'flho dye, am_Ld.o black , is l·ir,hl;v- ~J :--•riable in p•1rit:y 

on 1Joth a dr;/ a.nd undried basis. 'l'he n 1 ":Lt:,, 0" the d:'fe can 

alter .o such an e~tent that the apparent DBC values con be 

r,reo.tly affected. When DBC values are b3i ng compa:rerl the 

purit;r of the dye used , as well as the othor exper, 11cntel 

conditions must be taken into account. 

In the study of the ef feet oI her·';inp; on n:m of m:i..lk 

this pr;)blem was Dvoidect by converting V:J.lucs to 01-e rclDti vc 

to the DBC of the unheated milk.. It wa}:- not neces :o"J.ry to 

actually have an ahsolute value for tha.t study . 



APP.i'..'NDIX 6 

fJ: lT.i·~ l~li'li'.ECT OJ!' f1.t•J\.1l1 ON Trm COLOUR 01" 
UkU'l r!.LLh , Alrn l'L'B lU.!;:LA'L'lOl'Jt)i 111' I:, -;'ff i 
- 'L'lL ·, LJ1 j~ 11].N.DlNG (;Kf 1.Ac1ff:'l 

A6 .1 Llr11 ~:lU1.'l 1Ultl.:: !L,1'0H'rS 

'l'! ,c pror;reosion of the M:J.illn:rd r(""\actio11 is 

characte:rised h;y i,1 10 formati on oC brown pigmc.rnts, related 

to the poorl~,r de t'ined class of 1d .r~h molccul o.r weir:ht 

pir;ments often termed melanoidins (Webb rm,l ,Johnson,19G; ; 

Reynolds, 1<)09) ( 8cc also 1. 2) ;rhr; weir·· 'it of c:x peri. men 1,nl 

evidence supports L llc view that this hrovr.1i.n(r, in lrna.l ed 

milk is a resuJt o • Lhe Maillard condensat ion of J.actosc 

with the milk: proteins, principall;y with the (-amino 

p;roups of lysine, rather than as D resulL of Jactose 

carnmcl.Lr;n L.t..on, 

Brown pigments would be expectetl to chow Rn o.bsol'b­

ance peak in the bl uc ree;ion oJ.' tb 0 visi :) le spectrum, l. c. 

about 400 to 480 nm, and that this absor1 ance would increase 

with the increc=ise in pigment J.'ormation. "'n is in Crtc1 h.8.s 

been fou11d ( Durton, 1954; Dura, et al ., 'i 95?, ). 

With incrensinfj concentration, temperciturc, P.nd pH 

the rate of brownin ~ is ~reatly increased ( Gurton, 1~54), 

but in normal fluid milk browning was not significa.:t below 

U0° under normal nTI conditions, altl1ourrh sur-ar-protP.in 

cornplexi.nr; has been detected (Tumerman and we -;_ h, 1"G5 ). 

!•or normal skim milk in the temperature ro.np.:e of 05° to 

120°, the rate or hrowninB increases 3.1 times f or an 

increase oi' 10° iri temperature, (Burton, 1954) indicatinv 

that the reaction has an energy of activation of 30Kcal/mole. 

It was found th~t reflectance of heat treated milk relRtive 

to the reflectance of non heat treated milk is approximately 

linear ·with heat treatment time. Tl1e maximum change in 

this relative reflectance covered in the experiment reported 

was about 50;.6 . 

Similar behaviour was noted for c·oats milk ( ] urton, 

1963 ) but in that case the Q10 was 2.6 for homogenised milk, 

and 2.7 for non bomogenised milk. This r11eans that t he 

energy of activation for the development of colour ·was 

27 Kcal/mole. 



AG.2 

Other J iteroture reports tend to 1·loss over 

the quantitoti.vc rncnsurcmcnt o:' Lhe colo,1r of browned 

food produ~ts and Lend to report t;he colour in subjective 

visual terms such ·1s "straw coloured 11, ".sJ ic;htly l>:en'l:mcd, 11 

11 scorcl1tJd", and so on (Finot, ot o..l .. , 1':?1; Tarossuk, et al., 

1967). for pure mixtures kinetic relatin~ships have been 
devised such as, ['or glucose and r,lycinc (MollRl, '19U3) 

and 

Cp = Tr ('2 C t2 " ~ ['~l r.; 

for fructose R.nd c;lycinc 

Cp = K C Gl cf 

where C P in p i.r:ment; conccn f,rn f. ion 

c~1 i~ rlycine concentralion 

r:r: in t"l!l~ose concont,rnt.i.011 

Ci' is .fructose concentration, nr·.cl 

t is l;jme. 

C 1 .. 12) 

(1 .. 13) 

The method of pir;ment measurement, or l;J,e idcntit;r or the 

pigments ~1as not r:i ve11. 'rhe rosoj_blc J':'flP,"~C o t' pirrnents 

would probably b 0 more limited LhGn in hc0tod milk d·:: to 

tl1e lirn i. ted and pure 11ature of tf1e react i.011 s11.b3trr7.:tcs" 

As discussed earlier in this thes~s (Chapter 1) 

lactose reacts with the av:1ilo.blc E-amino r-;ro-ups of lysi ·1e 

in a 1: 'l ra r.i_o, f orJ11inc; heat labile, col0urless cor, lexrs, 

·which hrco.kdown on further hcatinr-; to form a Nide r.1n;a:e of 

compounds many of which are brovm or ma,y serve as r-o ,mine: 

intermediates. \in1ile the reaction patl1wnys are man,>', 

complex, and still not fully ~ndcrstood. the f-amino ~ro11ps 

of lysine are significantly involved (s ee fip;ure A(,."1). It 

can therefore be expected that as the formation 01· )rovm 

piGments pro.:;rcsser the DBC of the milk protein will be 

affected. Consequently it may be expected tbf-lt some t;ypr· 

o.f relationship ma.y be found to exist bett·1een the HDBC 

and the extent of bro~ine; . For evaporated skim milk which 

was subsequently diluted to about 209:< solids, and. \ 11.en 

heated at 120° for a range of times, up co 10 minuces it 

was found that brownine;, as measured by ri reflectarce 

colorimeter usinr, a blue filter was linea:rl: relatrd. to 

DBC (Tarassuk, et al., 1967) 



r'1ss1on 

Brown Pigment 

Al dose Sugar 

+ amino com r• ~d 

N substituted 

glycosyl amino 

Amadori rcorrongement 

l • amino - t- oeox y- 2 • keto\e · 
( 1 1 2 enol form) 

dchydro­
reouctoncs 

+ amino compound 

+ amino 
compound 

Carbon Dioxide Furfural or 
hydroxy methyl 

furfural 

A6.3 

Fic;ure A6.'1 RELA·1'IONSIIIPS D.ti'T \rJEEN PIGMEN'l1
, CARBON 

DIOXIDE , AND l1'URFURAL PHODUC'J1lOH 
C COL.t:, '1967 J 

A6.2 PP..ACTICAL IITVESTIGATION 
The same samples that were used 1·,)r the dye bindinr.; 

tests were also tested for their C.I.E. t ristimulus val11)s 

(X, Y, Z) , using a Neotec Du-Coler reflectance colorimeter. 

Tlle samples were put in a sample holder which had uniform 

optical density over the visible spectrum, and the X, Y,Z 

values \' 7ere determined througb 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 coorrlinates ·Jere found to be 

a function of the depth of sample. The sample holder was 

shielded to prevent dayl.i ght penetratine; the sample and 

thereby affectin~ the reading . 

The samples were also usually ranked by several 

observers in order of increasing browninE. This was done 
without the experimenter being aware of e;ther the heat 
treatments used or the X,Y,Z values for any of the samples. 



AG.3 HESULT8 

1.PAf~LE 116 . 1 c.1.1~ . 1u:l''L:E:CTANC1~ VALUES l'OR HEA'L1 
'l'Ji'J•;A'f1J'.;D MlJ;I\. 

AG.I+ 

!feat 'l'rcatment c.r.E. norJ.cct:inco I VisuRl J?nnkinr; 

rro1np (°C) Timc(li) X y z (1 = lir·:,tcst) 

llo heat treatment 62 . 9 r·ie-, .1 '/ll . o Pot rcnkcd 

100 1 () 1 • ~) 
r ,. 

'1 • ( '?'"" ') r . r 1 
..., 

~!) . ,, ( :? • '7 1..,1. '/ .... , r . r' 

3 SL! • 'I :. '/ . 1 51 . 1 ,, 
1 () ...,, ~ 7. ,.._ ( . ') ?G .1 1 S . 8 f3 _,____ 

·-110 1 v 1. 7 VJ . 0 b0 . 6 3 
..., 
r_ ,, 7 . li ,, '/ . G 35. 0 5 
3 3'7.2 )L:J . 0 22 . <) 7 
6 27.7 26 . 0 14.'7 10 

120 1 40 . 2 39 . b ?'/ . G 6 
,_., 

' 29 . 0 2'/ . 3 15 . ) Q 
/ 

;z; 
./ 24 . 9 ?3 . 1 1 2 . ;.1 11 

AG . LJ. DIGClJRSIOI1 

't'he visu8l rankinr; ar-rn,)d exact l;' 1-,i!;h tr1e orde 0 f' 

the 7. ,:nlucs even thouf:h the difference--; i)c:;wcon some sunplcs 

is ver.y srnB ll, c.r; . between snrrpJes 1on;1r and 120/? . 

Alt hour 11 not shown in the tn'. le, nine o · I he samplC's we,,c 

dupljca~ed in the visual rrarlin[, ~nd all pnjrs WLrc 

corrcctJ.;y i dent i fied . Fir,uro A6 . ?. sl10\·J.S the sampJ.eo orranred 

in order of increasinc; browninr: and they can be identif'icd 

hy reference to tba Results table. The visual similarity 

of samples of similar Z values is readily apprcci"~cd even 

allowinr; for some colour distortion durj_nr, the photoGrn.phic 
processinp;. 
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Proce"::. 

T o . 

.1 'r.occ,33 

. ,. ') 

/\. ) . ' 'rhc I 10a t procer,,r• 
, rj_ ;; ll n J b:ro,·minr • 

1 

100/1 

7 

2 

100/ 2 

0 ,., 

3 
110/1 

9 

"'d rr i] lr r,r~ 
~,r • ';,C"'-

/J 

100/.., 11()/2 

10 'i 1 

1'10/j 1u0/15 120/2 110/i.J 1?r/3 

1 '1 C () 

() 

1~0/ . 

All the trist imulus value::, show [ lccrr,ace ,., a,1 

jncreas(i in her-it; treatment time, and tl1c -:-ate or d( r,,....r r;,:; 

incrcas/"'s wi t;11 c.•n increase in t cmpcrai; P'C. 'l11-·is i r· 

demons r;rated in i:~ure A6 .3, P plot of 7 v::ilue::" ro · 'iv L0 

that o.r unheated mi 1.k, ae; · inst ti·nc o 1 l·c·1tine·. Tr" r~rcat­

est chanr;e in reflectance occurs in t c ~· value ,,tr ('. , 1.n 

the C.I . E . s,ystcm corresponds to ' 11e , lu ~ r1;rion o~ 

visibl8 sp ectrum . 'rhercfore the J ollav i.r '; ar J :. s ·"' 

hasc~ on the Z values. 

Insufficient data is avai 1 :i.ble to sho ·1 cle· 

whether the relative roflect a,1cc heat tr •tment t;i 

relatio11ship is linear in the initial st.· or · 

~
1

tG 

C 
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1 ('' ,, ) 1'·.-

A( q . . 

;·o,· cllan: c:; in rc,111!,ivo ro!'J.cr.:l ,:in~r) 01 11p l,r1 1 10~; . 

'l'tHircf'orc n <'OJ r~':·p ('nrli.nr; lincn.r porl;i.n11 ;or f,.10 1; ,, ... 
rcln'f.ionG 11~p t·,)tvJ<\1·;1 1 ·11 ;' and~,,,,, . :rclnf,iv(• rcf'l cci :,;,co 

brown.inr: oppGnrs l.o he 7,Cro or·d.sr <hn·j n1 !,he in:i.Li..:11. f.\l;·•r t·r.; .. 

. :;:l, i .'£'l_po.l::iLJ.vll of Lile ] 1.ncr>r section ol' tfl,· 'i'.: ~0 r, 1d 

110° rew.Lion:-;hip~; .~.Lv<~s A. ps 1'11do ri::luf.1 ,rc 1·cJ 'J,-..C't'1 ncc o:' 

n( .. rn hcu4 l r-cal;c!l mi.lk ol' 111;, or· t,t1c1t :~<; 1,11:\]1.Y f.'otJt;d. '·'his 

v,.::i.r ; n] ·;0 ,'')porl;c(] '.,· J<1n I on , 1';'.)'t . In f'-1.cL c.iu1·inr; L:ir 

i nU.i:i J :"ltc'lf":CG 01 ltCA.tin , J 1 tucl milk Llicrc is n 110 1 j ~Ceil lo 

i1tt:rcP ~:l .i.11 (;lie x, ·.- ,:,- vnJucs . (l)url.on , l'''.'l; l?oLW'fi, I'"/,). 

'l'h.is ri_.,..c proh;1 hJy t:,,,'.";l:s the: ]nf · pltase 11. ~'111;; noLc. v,1i.1. 1, 

co l0u:r dove] ,,.,nr;,l', i :1 , 10,)cl r-;,";;t0ms nnd oodc 1n1<irr· ·nj :,1 

1 ),...0l•'nl· ~, r~ ( '• 1r·t "" t ; • 1 L, 'I • 1 t, , , ",/ f L 4, 

t· 11nn L 1( :i n.il;jr,1. ·1 "ldir:J8 or~l ./ nt.'t,C'r I,() .,i.n . tnt·' · 1C.;0 

:ho 1?u.., ::re:i ',mo,1 ;_. 

or Ute 11u0 tr0·Jt.mcr.·_., r·t,d '! ·.1.. ·• for 

At 100° L 11e mmcimn: ;·o1 lc· . n:--1·,e; ·.•,• 1 u8:; 

minutes 011d o.rc nbo11 t :'( !:o 1c:· iii· her 

1. hnn f'o:r L :,c n•:rn r,:i t: treated milk . Ar t;c .: t;b :i.s ti:,.c .., i l 

J'l1cro f orc a ns'.:mdo r ef loct:Jncc ·;lJ uc 

Cor 7,0.ro t i.rnc' of 11 ~:1 t, LrcPtrn,.m L obt aincrl bJ" ext -~:i.po l.(ii,, tH" 

1.·;ill be used whcr<~ nppropriuto j_n this r 1al:::;is. 

f/o co.lr.n] !'1 :..i.nc; the ~ vnlucs re l ative to the ns~udo 

initial Z va.luc o r 111~~ x ?Lt , i . e . 82 . 1LI r:;ivc.s the c1:ljn::;tcd 

relative ref lectance values listed in Table P6 . 2. 

:r.lU!.LE Ah . 2 ADJUST ED Rfil.A'J.1IVE REF'LJ~TANCJ:, '!1\LU.E,J 

Temperature (°C) - 100° 

'J'ime (;1) - 1 2 3 1 ' ) 1 
·--

Re l ative 
Reflec nee (?') 100 8'/ . 9 ' 15 .1 G2 . 2 19. 2 7-:,.. 8 

Temperature (°C) 110° 120° 

rrime ( h) 3 6 1 3 

Rel ati.vc 
Ref lcctance(, '\ 

) 
r" <) 
l { • . 1? . 9 ;i~ . P "j Je 
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N ~10 

/\ nemilor, pl.o I, of t;hesr; values r;i ve.s 8. serj r~~3 of 

Rip;rnoid r-hnn"d rm .. 0R, 1·inn'r> /IC;.' 1 , .i.nd~ :;r.ib:i.nr~ t.Jin' 

orrl0r kincl;jcr.. \:fi,r·n this ploi; is mricfr· .rn nnl;nra.1 f1"1·: 1 11l 1 

pc1pcr,.L°i1'Jn·c ACi. 1-1, as would he 'Jxpcct0rl rror1 J'.Lur·" /\ ;.:~, 

the initi.u.L st1:q";CS cl11rin 1~~ which l;h0rc ir' :ippr0xime'.r•ly-

o. '.JO'.'~ c 11anr~c in rc::Jntivc rc.fl('Ctancc -i,· l.i.nonr .. 

thiG it; is possihJn to derive l.:l)c rnte nr:;uo.t.ion .Ah .. 1 

n r;, 
n I 1 i .c, ".', relative refloctencr· 

( .IH~ .1) 

,.'or Z 

l~ J_s t-:he zero order ro.tc con s !;ant. ::ind 

t; is time. 

'l1hc thre~ r.<.lte constants ,or the linr,ar (hen~e 

zero order) scctiono :ire 

-'1 
·- - 12 . 5 h 

- t?.1 • o 

_,, 
h 

i',11rl;on, 10~11 f ound that the rate con~_,'.onts c~· 

bro\·Jni111~~, '4.S d_c·tcrmir1ed by rcflectoJ1cc colorimetr. ;_~:.L11r.. 

a filter with a penk at 426 nm, to be 

-= - 17. 1+ h 
- 1 

k110 = 

k120 = -
-1 185 h 

(~hese liFures were calculated rro~ Burton's 

published rraph an~ were not included in the text of the 

paper.) rrl1cse .f'ic;ures are different fro:n i:hose ea] culated 

in this experiment . The 9', reflectance loss d' pends on the 

nature of the r ilter used (see the X, Y,Z values given 

earlier in this Appendix), and as the rate of browning is 

greatl~.- influenced by the solids content and pH of tho 

milk, tlK differences are not unreasonable. 

From the three experimentally derived rate constants 

f or brown colour development two estimates of Q10 (the 

increase in react :i ,n rate when the reaction temper;_ ~'.1re is 

increased by '1 0°) are 2 . 2 , calculnted f~om the ratic nf 
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k 110 to k.100 ,,'l.nrl ?.9 calculated frrnn k,i?O rtnd k:1 .10 • 'T'hc 

ln.tl:er fir·:1i-rc 8FTC"'8 quit:e we] 1 i1i i 1, tllo 1 itcr;::;turc 

fic:urc or 3.·1 ( 11r:.on , '1':YJL.J.)., '1 1he corrr·,;)On.d.in!'; t1,,0 

OGt:imnl 1 <; r·ro11 i.i11::; c-xpcri'11on-f. 1·or 1.11~ r·1,'~I'1".'. or 
ncl,i.va.tion ror l,r1, ,,eacLion rivint: coln.,r <lc•ic'l.op,11~'1L nrc 

?Z' .. 3 f(C'~l/1nol,..,, n:1'i 30.1 Kcol/rnoJ.e. 

'l'heoretir~r:ill:, it was predicted i,:,. ,, h1)cn.usC' tli1.: 

J:rcc ( -riin:i PO L·r;·i.'1•: i:· ronp,; or.n invol vr)d i;, i'o t )1 ·t;ii 0 ","c 

bindiui- '11r'(:ltnnisi11, ai:1cl. the browninr-; roP~'. i.on ther0 could 

be some relation:.,iiip l·c1·.v1Gcn 1rn1:,c and t·r,e colonr as 

determined h~f rcf'l 0ct;oncc values . Plol !: i.n( the .ficnrcs 

Crom '.L'ui>J c, 

R1•a,NPJVt,_; I?El1'l,1:'C'L1AtlCl~ AIID HD,·,-: J''0H --' !J~/\.'1 1 r :IJ M [J.iK 
... -~-

rl1empera turc 100 

'rime ') ') 
L 3 1' 

') ,.., 
, J/r' • Q I 1r· .1 ( ,? • ~) 1 ri. le I.J 

1) D I' (' (r') () ' ~ o,· . ., 
()'. ' . 'l nr 

. ----·-···-··-· ---·-··-1 
r) __________ __J I' • . • • ,/ • , . . { ) .. (. .. ---·- -·-~ 

----·--·~------- ------ -· ------
'.l'cmn0r:1ture 1Vl 

·-
'~imc 'l " 3 ':.· c. 

-· ·-
T) ,7 1·17 () '~2 . 6 27 .. 9 1" a " I! ( /. '-' r • ) -· 17 J) 1, r, ( r') ... • r-'•'-'• ,, 9 (· .. 1 <)3 .1 C)O . ~· [ii :7 

1remp0raturc 120 

Time 1 " 3 c. 

R z 33 . 8 1 8 . G 1L~. 9 

R • D • R • C • ( ;'i) 90.2 84.9 80 . 5 

This shows that there is a very definit e relationship 

between the two variables and that it does not matter at 
-,hat temperature the milk is treated, tl1e results r ·)1.low 

a consistent pattern. 

While Tarassuk , et al., 1967, do not quote their 

results in the same terms , and used a different colorimeter, 
and therefore fl filter that is likely to have different 



t,ot:-11 noJidn , 

1f' A1H, 1:; /\(,. 11 l,.]''l;<i·.:/ll'ITRf~ VAl,U};,'-; fC)'{ Pi-:-r.J\ ··;,,; 
H1·;v1,, ,,,;·i\.r;cJ._: J\ •: .f j 1,1q,c 

·r111csc V:J.111 ' S !J.gvc :1lso L'CC'1 pJ o l. ,::;(l 0 11 .1 l.f'"l ,-:-c ,~r .,:) . 
1111·10 f'5.rTU'('8 rn·n not cxrccted L0 ·11; 1 l.i_rc1:Vl.~ eor:ipo, ,:·,J( t•Ji.l:;• 

t:lic r cf;u]tG oi Ll1.iro prcr;cnL ~LtH.J:: nn :i i, .irierr.'ri:-;c•,: •><1r'('i:t.r1.1.-

ref J ee :,anr.c. 

thot: t 1v' i:·,::Jor,.i..or ~,,tip Found ·;1~· ;--, -.o , .. 

ovc~r !· 1 ,, rarw:c.' of hent troo . -~,,; t·:. u;-cr 

i'';c sh·1r,c o C th.e 1.i nr- ··ow,ci Jn 

.:r;cc 1:-101' i_ s t i_~ I )0 .~ i. r·. A lor, pl oL :ior.r nnt 

co 1 o i 1 " i. · t r; c n s i. i.:· .n or d o e s l L i ·1 cl i ': ., 1 
• ( 

rcacl,ion sinco t,; 1(' lons or,c tH'S r1:- .i • .. ,.l ;, .i. 

l ... . . 

or the• 1:,illurcl reac ~ion (Spark, 'J C)6~l; .,.i.r.re lJ an,, ·~;:·· ~1c 1 ~.er , 

197~·) and pi r·;rrri t. .1.· ormation oegi.n;, aftC':- n lac nl'2.Sf;. 

J<'urthcr the al)sorbance ( or reflC' e t'J.nc0 ) of a brow,. inixt1.rr--" 

cannot bo ta.ken as a measure of the amo: .. 11.t oi.' pisr11...;ntr; 

prcr- cn' , nor as a quantitative iIJdica 1:o,: of the ex' 8nt 01 

a particular reaction due to the many p:ctthwayr lea.din;::; to 

brown colour f ormation , and furthe rmore ~.t is likLly that 

the at~orbance of the end products vvrie s from p~ sment to 

pigmen-i • 1
[

1he proportions of pie;rnent i'c::-med can h•J chanv,ed 

simpl;7 by alterinz; conditions such as i ·:e tempera -',u:re, 

sugars present, solids , water content ~----d pro t;ein t.vpe 

(Mollah, 1968). However for a p:iven product und o,- a r->;iven 



A6.1'+ 

sot of t;~··oe:ri.ment!.. l circums·l;nnccs it ~,i-o,, J d be possi:->lo 

to cxrcrimcnLnll :, dcr.Lve a .rcloi;j_o nnld.p, ::rnch 88 

.Li.r•;urr..: /'1.:) . C, Wi.dJ i•. ~·1oulcl be £lpplicnbl"'l .o a r:i111.i.ln , f)1od1.w·1; 

tbo.t. ha::; undr:rr-011<~ nirni.lnr treoLrncnt . 



ArPENDIX n 
( 

on~;ER',TA'l'Jo:--rs on 'r:rE rnrn/'rH·iT'J·,rNL'URJ~ 
1: t',.l Ai' 1_0i J;c. I I U 1 Hl 'I1 I I I~ cofi (; I J] ,/\'P J.() ; ., cw 

rnLl \ 

Ju t;hc expcri.m0ntal dye bi 1 1dinc r·ccr:.i.on of t 11is 

invesi;i r· e Lion i L \-r:, s observed I. !iat oornc oJ' 1, he heat od 

milks hrid coar,;ulBLf' r1. Al thouP:11 no ntl.cmpL wo.s n1::ido to 

qu:1ntit",,, thr) c.onrnlaf;ion j t w·r; noLicoal iJc Lhn.t Lhcrc 

~Ias ver: sli ri; ht coacnlation J_11 1·1iJ.k hcnLP.(l nt 101 "
0 for 

1 :;h , and in l,lic 110° / 611. , while in the 1 20c / 3h snrnple 

there was slir,11t con.f~ulation. /1. s;:implc iv·ated at 1;)0° 

.for 11-11 wns so conr·;uloted L.hot. il: Ho:; ii: ;posslbl(' to 

sntis f act;Qr.il,y brcn l~ the r~c 1 for clyc b.i nd .i.nr, Lusts . 

Tl1esc ohscrvu_t ions J'it Ll1e repor.l :ed. fi11;ures or 
conp;ulation occuri1v; at 1 00 ° orter 12 b , nnd at 1 30° 

in 1h (Tumcrmen antl Wcbb,1965). 

that for coagulation the Q10 i.s 

l•' rom ti.is it oppea.,.,s 
'> r 
C:. i.e. 

approximatel:y t 11c same as Ior the colour change (Anpcndix 

6) , a11d f or the rate of c ha nr:;0 or 'rmmc. Thus tbes ,: vr· ,_-~ 

diverse properties are all affected ·1 opproximatoly the 

same m', ,1ner as the t emperaturc i1=, incrcosed. 1'Tl iile this 

d oes no!; mean thA.t tbe:y are ncccssnrily re l ated, it is 

interestin~ to record that these Q10 values are all 

signiJicRntl:; J.m•,er than t~rpicol ()10 vaJ ues for protein 

dennLurat;ion. IC is t herefore unlike l y that protein 

denaturation is important in the way heat affect~ the 

three p.roperti.es s 1 udied . 



1\J r r:i: n rx 

(;()ftI.~'J'j'li,;: ! ;,·()(;L't\f'11'1l~f) ji'()j;) 1TiP·: f,f/1 ,. T/ '\'l1<T(! 1 

- - i' ',' .,; .'i., J, J }•/J 1;'jl I(; ~ 1(\/i i1,J 1~' ·- ,. ___ _ 

1\r;. 1 : 1 'l! i'l ·< )r_;Ji; ------- -. -·----

C.ind L;llc 0pt:im11r·1 1·rir,tor requircrl Lu 1,-;ocli1. .he obncevc-·d 

C l1Ai1f',8 G i n 

(n) ::iei<l :1v::iilablc l;ysi.nc ('i'JN), .'1·10 

( b) d.1· : i:incU.ne cc1.pacj t J (J'i\/'), 

an ncton: rll.Anr"r. in !:ho lJOr-it lTGD~:cd r1il1, :,ncl :i.l,s r1·1in 11::c 

J.;. Lo prnv .ll)e: n \lntiin f'or l.lw t),11.·i.vnl:i.tn1 .,,· J1i'CJ1.JLr,l,1·.,·: 

relntion.-;Ji:ips J'c1 r '1'1,V and J)1\C. 

N·1.;:,: 1 · h'( , · r.' A.rmE r:;'J' r-;i, c 1•rn u~ 

' . 
/ ,' 

ro\ln•l (C'·.'li'-:' ). 'i.'J·,csr chane;es a-re t:·,cr1 ..,1u · .ir,l.:i.cd L. r, , r;:. ),' 

(fi') ~T'P"'cr or cq11a·1 to 1, fT'Oi'l v.rbic:1 i::" ,',it'I I('·,,. r;"f; 

ca1cuJat:,.,r1 (1 - ;·' Y C'i'LV) . '!10 dcvclon .fi~·,'31 ord.-;r r"'·:,cJ~· 

the modi Lied data. milst be convcr!; ed to n,"t11ral 1.0La1., .. : r.1 

values (t1T; :''f'LV) . 1'hc data for the t;h:ree · rco.tmc->nt 

mn[,i; be fitt;ed to three .first order rnodoi·'· ';•Jl.ir· i., Cd)n-:· t,.y 

l:hc r11r~rcssion r,1Ji>r(mtinc sum (T,J1,J:) VJ 11i::h provide::,. t;rr-' 

data fox !;ho cGlcuJation of the three rate constants (RC(I)) . 

~o determine which F value ~ives ~ne optimun Iit of 

the modified data to a first order rnte c ·:press ion t ,e sum;-; 

of squares ( SSQ) for each of th" three temperatures is 

determined, which when added to~ether Gives the total sums 

o.f the squa:rcs at e. given F value. \\fhi le this provides an 

indication of the overall goodness of fit for the three 

models at that~ val ue it places equal woi~hting on all 

results. As the slopes of thP three model rate equa~ions 

are the rate constRnts f or the three tern• craturcs thP 

covariance of the slopes (COV) provides tne 



/t( ) . (.:. 

dOf~T'f:er. ,,1.· L'r 1 '('t1t.ii f.l (1f.\S0Cia.tc.:J. '.: itl"J t.'n<~}j t;r~;L-~rp:11,r~ (_1i' ·"< 

ul;hcr pt11··,·;1,ll;crr, ca1c11"1nt:cd (..,: r· J\:i l:: nddi,,.i,)nr 

r:t:J.t t:;t:; r.al .int'orn;··,i, ion are the l~""t.:,.:i l '';1. 0' ,·;Jir; ;;q.;nrc1' 

I l) r\ \ • ..-, 'f ]l[;('(' •nr 'l' - ,.., .... ,. ,-,l"'f'' l I, ... ,,-. ) , · '· • , , l " '- , I! ,., : J <f , \ , i I , · .. ~ 1 : , Li r ... ·1, 

c311rmL it.· i:_; bn.,· 1 :,1 ,,n t;hc c,um .,f' l.[w rti;,, 

at a f;iven temper-;,! 11rE! mul Lipl icd h, t;! 1r: .~c-r· ··,..,::-;po,v.1 · ,, r:·t;., 

constant. 

rcJat;i:.rnJ;y [,he Tf.l),· 1 accurnto. 

'Phn 1·;c'1)mcl.1 i.c mcnn rrd,(·· con;-;t:m1i 

, X"T' (' "! L (' (1 tl [H' 

·: Li1e11 r--i, ·:, \ .. 
•' 

'I • J(') ( ',: i" _, i r; ~' 1 l I (: 11 1 ;1 t (; '. i 

in ordc ~. · to follow l:;he averrw,c ehnu;,c .in nodcJ. "at;,:. l'.'On· r,ai,. 

1J'. for ~- hr; mode 1 ;:,i: 1 1 U0 • 

( b ). _£:_ Dv c .i',.i.nd jnr. Ca pad t,l~J,C) 

i1'Ti s T'T'0 : rnmmG j_s es::-;c:nt i::i. l 1 ·: t Yt· , .. ·,-. 

1-jiti1 tJ, ! orldi.tion ·)t' a suhrout.ine ('l'RANf:.•\D)), to c, ,-,· ~• 

i. ~0 r;p•;r'tToni.r ?O ,bsorbance dsta to RDP/' values wr 1 , :·;,,, 

r .,,t 

pror:rrinne. 



ACID RELEASED LYSINE PROGRAMME 

C* CHANG E TLV TO 1. TLV 

2 
UU ~ I= l, 1 2 
CT Lv<I )::l•fL V(l ) 
po y9 F=3,J,3.7,u,v1 
.~kITE.C6,l02)F 

C* !N!TlA LlZ ATIU ~ 
00 3 ! =1,J 

A8.3 

3 
KC ( 1 ) = 0 i. S ~ T l I ) :: U; :) f L ( l ) = u J S :::. L C l ; ::z O; ~UM T C I ) = \J J SU r-1 L ( I ) = 0 
ClHl1lNUt. 
T S 5 Q = 0; 11 S 5"':: 0 j St< C = v; u ii I{ 1. = V 

C* MULTIPLY C ILV( l) BY F tACfuR AiiD t.:,rnvE1H TJ L UuS uu 4 1= 1,lc:! 
4 

7 

b 

l l 

99 
10 1 
1v2 
1U3 
1U4 
lu6 
1U5 
107 

AbfTLV ( I )= ALO \J( 1•f *l. fLVl I)) 
U 7 1 =1, 3 
C A L L S U ~1 ( T I h E: C I ) , A L F T L V C I ) , l ) 
iJU d !=4,7 
C A L L S u d ( T 1 ,·1 E ( I ) , A L f T L V l I ) , 2. ) 
UU.., I=d,li 
CALL SU~ C !' 1Ml(l), ALF TL VC 1) , 3) 
uu 10 1 =1, J 
kCC!l = STL(1 )/SSTCI) 
~SO C I ) ::: ( S $ L ( l ) .. $ T L < l ) * ~ 2.1 S ::i TC 1 ) ) I ( rl ( l ) • l ) _ 
SS(l) =tSS L ( l) - ~TL(l)1<.,i/SSI ( lJJ/( il(I)•t) 
S S L V f' E = ::, Q R ·1 ( S ~ ( 1 ) t ( , '.:> f C 1 ) • S u M T < l. ) * ~ 2 I ; l ( l ) ) ) 
Cu V ( l ) = ( SSL UP t. / d ~ ( i j ) _. 1 v J 
L=Y v+-l* lO 
\~ R l r E ( 6 , 1 (.) J ) L , R l. C .( ) , ::i S '1 { I ) , C O V ( 1 ) 

cuv 



A8.4 

SAI-1:PLE PRIN1'0U'L' 

rE1·1P • KATE CON MEAN SQUAHE CuV F= 3,42 
lOU ·u 0 0 5~22 1::> o,ou uu 7d4 "'1)•49 
110 .. o,~gn~ol U• OV 7!f~ ·29-14 
~2U *u, 485UJ 0 , 0()6 '+ • "t • j IJ 

li t: u HE Ar~ RA TE cu1 ,s r = O.ll)y v Q6 

f OTAL SUM CJF SWUARES = O,v4 7d 79 

1~ E. I G t1T E l) MEAN SCIUAF<E = 0 , U06Jt'} 

~VE l<AGE CDEF OF V AH il :: l'id4U )4 

lEMP • kA TE CON :1 £AN SQUAKE r.;, uv F= J,43 
lUO -u . ~5o4 0 .3'i O,Ouuo7d9 -1 5,SO 
1 10 ·o , Ot:15397 u, ou r 2ov2 -2-;o1 5 
12 0 .. 0,7595354 0,0006267 · ·},32 

u[O HEAN RAT E CU 1'1S T = Oo209'i23 

fUTAL SUM uF SQUARE S :: vnJ4a~6 :, 

HEIGH TE.u MlA,'l S1uAr<E ::: O, U(J6J71 

1-1Vt::RAGE CO E.F OF VARN :: lYtl'+l9C> 

1uw . KATE CUN :•l~AN ::; 1; u A. :i E Cuv p: J,44 
100 .. u •05o5b6J V• 0UjU7'1t~ -1.)•'.;)Q 
q0 ·o ,2U9 334J U • OU 25 ')4 "'2;. 16 
l tO ·u. 764 26:, o u,Ou66 ,jJ r) •-J,JQ 

u E. u ME.MJ RA TE Cu,~ ST :: 0, .2 10044 

10TAL SUH OF SQUARl::S = 0 • 04 8<'.> 69 

nli1..Jrt TEO ME. A r1 S:,JyA_!~f :: u,U06Li25 -

A VE. f.< ~GE CCJEF OF VA~N = 19,14017 



A8.5 

DYE BINDING PROGRAMME 

O I Hi. :-JS 1 U rl U A TA C ! l ) , T t ;,1 P C t l > , R C < J ) , S (~ C 3 ) , N C J ) , SS C 3 ) , CO V C 3) 
C u i-1 M G N / C 1 / S T ( 3 ) , ;) A .3 ( 3 ) , ~ <\ t.i 2 ( 3 ) , ~ A ~, T ( 3 ) , :> T ~ ( j ) - . -
UATA N/J,411+/ 
f<EAu <::i,n l)~Tt\ 

C* PRJ.tiT AB 5CJrH3/1,' lCE . DA TA 
DO l 1::1 ,11 

l ~Hl TEC6, 10 lJI,U AT ACll 

C * T R MJ SF ij f(l,j U t1 r ,.\ r U ;, Jc< l (j l i j AL ~ r3 C * j ~ l lj [ ( R (l;:,; C ) 
C ,C\ L L l i1'"' ~i '., ,- ( 0 A r A ) 

8 : r ig, f<E. },\ .s E , 1 u L T r i' L I c " r 1 d,, f ,\ 1. r u ;~ c F l s r Er ., I s l 
DO 9 F= 3 , ~U,3,10 ,, J1 

2 
C• 

rl id l [ < 6 , 1 0 2 ) F 

C It Mu LT I ~-\.. f C :1 A t1 LI c.. 1 ~, I~ 0 J t; lj t r j C (J I' ER T ·r Q L. n (.is 
UG J I=ld l 

) 

4 

5 

lf(l-f • ut, T.!Hl) LL, J) yL) T,J 9 
TE. tl t' ( I ) :: A L !) u ( 1 .. F * u A f 1\ ( I J ) 
uO 4 J'.=1 ,3 
T = l 
CijLL SJ rt ( r , J f:(1:->< I), l) 
Uu 5 l ='+,f 
r=t-3 
1 F r • E 1 • 11 ) r == 6 
l. A L L S 'J . I C T , [ [ . I P ( l J > i ) 

-1) D . {, - I = ti ; 1 l 
T;: l .. 7 
l F C T , l ·• • 4 ) T :: 1 :> t _ C~_L_b._ _ _$UH(L_,_Jl:/4.P (i) 1J)___ __ _ ------ ---- - - - ----- · -

c: CA LCULAT[ At, U 1; R! Tt. : l'(ATc.. c u,~S T, S u ,1 uF ~ ·..)UA.~[S A!~D C.JiF°F 
C * OF \' A 1, 1 A l I L) t i F lJ k [ A ~ ti T 1.. , 1 P t.rH T u •{ c.. i C fJ ',J 'i E H T _ I T U T Ef.i P 

1.: U , I = 1 , j _ ___ _ _ _ _ 
-----RT· n : r:::.f-1T n /~TT" r) --· s~tc l ):( ~ tJ ~( I J-~A.31 < I )*•2/ ::i T'2C J.) )/{ !J ( 1 J• l) 

I. SSCl)=CSAB2Cl)·~A~T~I)* *21Sr?C1Jl/CN(I)~2> 
S~L~PE ;5Q~1(5SlLJ/ ( ST2<r>-sTC1J••2/N(IJ)) 

I 
t. U If ( f ) ::: ( S S L O P t: / R ( C I ) ) .,. l :) •J _ 

7 --- - -~ ~ rtl c1;1 g-J) ~-~ ~~--;-:-~ s ')-~r ~ -::~; -~-(-;;------ -- · -
1C• 

C * CAL CUL ,1 1 E tJ £. O .~ LT I~ I(.; :-1 [ A Ii 1< AT t(· C fJ rJ:::, 1 f\ •JT 
- -- ·t, Mr< c~ =i ,; 11s-<rrc-t"1-Y* 11t c:-2-17 r-< c 3 J ;-:, • •-c T .-o 13 • J~- -· -- --

1/ R l 1 l < o , 1 U 6 J GM R C 
C• 

I C• CAll_UL~Tf. ~UM lJ.F S1:JLl,\f<l::> F~K ALL J t. 1 p:Rt1..TtJtlj:S~ HEiu lilC..Q 
t; '2· :~~A~ -s_o_uAr:t - nO AVEt<A--cr-cpuF 1crr.~1 , r vAR !t\TEJ; 1- Jr< 

1\L.L 1~,.:PE:<i-\fUR lS 

8 

D1J 8 f = r,--;r-
TSSQ = ssa + SSQ (I)•(r1CP•l} 
WS5~=WSSQ +~SQ(I)*RC (i) 
!)RC =snc + RC (I) --·- WM s-J- :: \f5"5 Q-/ $ I~ c- - --···- - ... --·- - -- - ·-· -· ---
AC LJ v =S~kT( ((C OV(l )** 2 )*2+C cov,~ )**2 )*2+(CQl/(3)**2)*1)/5) 
\·IRI l"EC6 , 104)T5SQ 
~ R I l EC 6 , 1 0 5 ) \~ / I S i., - --- riITTTEC6, 107)!\"C OV - ··----.. - --- • --- ---·--·--------

9 C0 1H I NuE 
C• 
lvl nr2 

·1 u 3 
1 u 1i 

,1 us 
106 
lu7 

- Ff 0o··~{;P.A 1T ( 1' 11 
:;ii- 1 f 1 0r t~l 2, -- -,5-A-TE- ·c ', ., . --- .. . 

r\ ,., c. r r· , .., 11 M £A ,~ ~QUA I~ E CO V 
F GP. :·I A r ( l i, F" 1 4 • 7, Ff J , 1 ~ F 'J , 2 ) F :i ' ; F 4~-2 >. 
F o B 1 1 11 T c 1 , r !J ; ~ L ~ u ,., ~ J u A ~ E s . ~ , , F O • 0 ) 

. F l:! K ,·I A T ( I 11 t ! \,l H T l J : I L A N ::, !J l) A :i c. ::: 1 , f B , v ) 
FOR 1·1 ATC/ ' u E J t I EA ,f" rU,. n :--· CO t. F" - . :: .. t ; (a·• 6 f 
FO k11A TU' AVEi~Aut:: CU~F r1r l/4t<J = 1 ,F 9 e:)) ENU . 



~ U t:h ll u T l I I l :, U I I ( l , ,\ ·3, . I J 
c u ,.; , . . , . 1 c 1 1 ~ r c 3 ) , J ... .:. ~ j ) , ~ . , q I c J J , ~ A :1 r < 1 ) , s T ~ ~ 3 > 
~ T t I.)=~ l ( tJ h T 
ST 2 ~ \ ) :: ~ T 2 C i~ ) + T * T 
~ Id:~ t /. J = ~Au ( ;, ) + Ad 
~At.;t l ;.) =Sf1ln( 1J )+l-\d*T 
~A I:, :C ( r~ ) = S 1U ~ C · J ) + {1 :J * i ...> 
t.1\1.; 
:, uu ,: :.J u ilol L l R1n~f ( !J J 
u I '.-1 L r 1 ~ l u il J l l l ) 
u·1 l 1=1,11 
ot l> =1+co< 1 )-1 , 3v2 ~) f .oS5 6 
l No.1 

f£ t1P• 
120 
lIO 
100 

r< f.. ·1 £ C lJ i~ 
•u,t.158233 
- 0-.1£1 0 1192 
- u ,u5 UB 5S 2 

~lU MEAN ~ATE CUiF 

1 U l A L S U 1·1 ~ lJ lJ A ~ l ~ 

SAMPLB l'HI~J·.ruU\1 

ii t. ,, 11 ~ •J u A t< f 
0 , Ou G 7 4 ~ 11 

O•OvU ) lJ6 .. 
u . ouoYs .,7 

=:•0, 14JOJ1 

H £ I t> ri TE. i.J :-, l A f., Su u ARE = u , vu".) l 3 1 

A v EH kc.. E c LE. F or v AK ~l = :, • 7 1 3 ~ r 

rEMP• i-(l: TE Cori 
120 Mvt4 l1ob ~ i 
110 ~0 •1 4v6 7Sq 
100 ·---- - o,0s 1os17 

~EU HEAN RA T[ CU(F 

TOTAL - SUM SQUARES 

l·i t. A1·: ~ i~ J Ai<£ 
(J , UJJ7':> JO 
U , CJ v,JJOf ':> 
O•Ov.i 9543 

=-J. 1qq ~4 '} 

o.00 ·3292 

n £ I G t1 T E U H E A i i S \J LJ A R E = 0 , U O :, / 7 4 

AVERAGE CDEF OF vAfHJ = 

l[ MP • 
12 0 
l l (J 
lvU 

1.AE.U 11EA il n.ATt::: t.LJLF 

1,I E A d S t-l u A R E 
O, uuv / 647 
V• UJU.3U l 4 
O• Uvv 9::> i9 

= - 0 , l ~ 4 ~ 6 •) 

TUTA L S~M ~l.lUARtS = u . v(J~i92 

td:. I \j r1T l Li J,1 l A d 5 1.1 U A t, E = 0 , (J U 6 ~ 2 l 

:> 16vQ54 

t:, u ., 
- 6 .:35 
.. -. • l 4 
• u•S6 

1.,uV 
• (J .:) 7 
- -. • U 8 
- ::i • j 3 

F :: 3 •'>7 

.:.uv F = 3 , 6-:, 
• v • :> 8 
- 4 • 02 
• ,.'j o')Q 

A8 .6 



~ Uc :;UU T l r. L ~U 11C 1, ,'l, :j , .l) 
Cu : i 1·. ' · t · / C 11 ~ T C 3 ) , ~ 'i:.; ( J ) ' ~ ":i I ( J J , ~) A :1 T ( 3 ) , ST 2 ~ 3 ) 
~TC 1.)=:>l CtO+ T 
ST ~ C ri ) = ~ T 2 C ii ) + T * T 
~A t t r. ; =~ Au t ;, ) -t A b 
~ A I:; ·1 t t , ) = S /1 ~ l C r J ) + 11 ;3 t T 
~ A L ~ ( I·! ) = S i\;.J ;:.: ( ' l ) + 1'\ o * i,, u 
l r-; l) 

!JU0 1:Uvil il l l k l-l i l~f'( [J ; 
u1 t1u1~lu ri ul 11) 
u U l I = l , 1 l , . .-
O Cl> =1+CDt l)~l , 302~;!, b5~6 
lNi.J 

SAMPL.E: PHIHTOU'l' 

f£MP, r<ld[ C(JiJ ~lt:A rl SUvAttF. l:.u '/ F = 3•'>7 
120 ·u,41 50 233 0,00074i9 •6,55 

A8.6 

1 ro---- · o. 1 LI O 1192 ---- --o-,-cruo J 1 Y6 ___ - .. , 14 ----·- --- ------ - ----- ---
100 ·u,05UbSS2 U,Ou095)7 •u,S6 

La E O f·i t::_ A i J t·. Ii T E C_ U t: F 

TUT AL S Uh S"U AR I:.:> 

=· O.l 4 ~oJl 

:: 0 o VU'.)~Y4 

Ii E Ill Ii TE. Li ~i l A ri S 110 ARE . :: U, U CJ'.) l 31 

AV(HkGE C. GE.F OF \IAR!l = S.?1327 

f E j,t P • k "· T E C O r I 
120 •u ,4lfbb~~ 
11 0 ·v,l 4U 67S q 
1 o o -- ---- - o ; o 5 1 o s 7 r --· 
~EO HEAN RA T[ C0£ F 

TOTAL - SU K SQUARES ­

~EIGHTEU MEAN SWUARE 

t1lA1 1 ::, f~1..JI\Rt: 
u.uvv7::> .JO 
u,Uv ,iJOI':> 
O, Ou0954 J ·- -

=- o .14q~49 

= · 0 .- 00529 2 -

= 0 ,UO S/74 

AVERAGE CDEF OF - vAfHI = 

..;. u V 
• (.) . :J 7 
- .. • 08 
·6,:j3 -

F:: 3,6~ 

lE.M P• 
120 

Rft.TE: CO ~i ­
- u .41Y9S'JU 

-r.l EA1f S-QUA RE . - C,.JI/ F = 3 • 6'f - . 

l l (J 
lllU 

- v , l :q 2 3 i 3 
•u • (;5 l 2 6U Cl 

Oell uU76~7 •v •~8 
u,Uu uJu l 4 -~·CJ2 
o .u uv95~9 ·j· ~O 

~£.u 1·1EA il h' AT ( CLl lF =- o. l•H-'6 ') 

T U T A L S l.Jt.1 5 u U A R t:. S = ll • v CJ 5 4". 9 2 

••EI Li r1 T l 0 l·t l A 11 5 u u At-< E = 0 • 0 u 6 ~ 2 l 

AVEK AG E CUlF 8f VA~ N = 



f; 1 l a'.,i: lHX r --------
l',1' •/'";'1 , I .l.·'1[ CJ!l' ('•i ?'' f,'•'.1(1hf~M 

r 1 '1 ./1fli"il /li'l( 1 , 

(il'. "l Ji'. ·~'' t)f!t 'l"ll~'t 

; (' (" i I I] f; (' l .. , nppnr.cn r,)11!.:""1r:1i.nn : 1.nn 1•1 1-1,,,, 

,.: 11:'omr11;cf'l','."',"!i ~; b.: :, ·''' 'l rt1•1in() nr::L•l rl1"";rivn .. ivc (',,,0,, .'', 

,, \q•ic.r, 1,on '"]lJ,11' 1
• 1 :i!,.i.V(' i_nvc;.L ·ir:-:1:i.on \.'!r· : ; jl}[_>rlr; inL 'l U1c 

H01.1t'G'; o ,· 1.1,r; oh~H;l'" l 'U cont:tm.i.nn ,1t , ~.r, ,,:· nllJj, ;11 if' I !-i1:rc' 

',VCJ'G an:y uL her C 1") : 1 : ,·1 i.no.ni, J:)Cr.11 ~:-. , O l;hor 

th·1 I; coi.ncicl(·<i •; ,:.!, ·•lnninc (on tile ,i;i;/\ c ;,ll·m), an·i 

t\JT'('<>ni.!J(' (,,11 tl11; 1;.- l //O\,';l·J 1 1 c 1 1lumn) , :111 , pr1r·Lir:ul;a, 1y ii" 

nn_y wcJ'C co i nr:.i cit'i!I, •,·:. i.l , n o I'.' i11 I; f·~ ro! ·;i111~ o f f he 1,v:- in~? 

v.rnn ~ff.'cci:nd by :.i ! · nroducti.nn ol ' l.!1(' co11 . ·11ninrin1. }Y; :·l, r.:Lncr; 

i. t: w:1s J;!1our'if I; ,·it 1. 1,c r:on t;nrni.nnnf; 1;·~:1 I , , honn 1J n : ,)1lt1e l-: 

!Y.2:..~) i·:x.1 ... ·.n , i i}.T>!'i' r:: , 
/nur l:r·i. ·1-1:· -.,,,1 ·?. ,,e L u.p . 

hcntiwr I.ho n1.i.-·L11rc ··1:-J:; dried imdcr v:->~1..1". ·, C'l1 3. r·ot ·~· · 

cvnr,ornt, ;r nnd t .ion r]cri.vnt;ized. . 

'i1hc ro:.,u _l_:., J.nf'; OV- ·1'// 0V21'J n.nd 'di!- chroRal;on·,:·:1 ·,;; 

[l.rc sho\'.'n i n fi.ri;ur·c A',t . 1 . 

(b) The some m_i.~·tnrr as (a) vm:3 f irr.t dr.i.r:?d and theri hcn.t.cd 

in the pr(':-:;cn ce or bi\' rTC l ( 12ml ) at 13t•0 f (r:-: 1h, a.ftc:"' \·:hic.h 

time t he solut j on vmr: dried and derivatized. 'l'11e corrcGpond­

inf c b r omator;rams nrc shown in fip;ure s N).?. and N).3 .. 

( c ) To 0'1ch of · :o ~uJ turc tuhr' s , eac h C'( +qinin::'; lact:oPo 

( 1 5rne; ) and lysine rn0no h;·dr oc h lor.ide ('L '/:'nW) , 6H ·:cl ( 12m l) 

wan a dded. One \·:a:: dJA.erated and f J us' .8d wit" CO , £P1 ri the 
2 

oth er was l eft \1ith an air h eadspace . Bot"!; '·Je'.l'.'e ther,, heated. 

at 145 ° .fol:' 1l-h ( r;3 p er the hydro l ss i s pr.oc -:) d1lre usccl ,;:or milk) . 

The hydrolysatcs were then d er i val;ized . rr:v'· chrom2trJg rams 

are r eprc ·luced. :is fi r·nr.es A<) . 1~ , A9 . S , Ar.i . G ~1nd A<) . 7. 
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A9.10 

'1 "i .--i I ( n) rl r vr.l np~d Ji.! L ].(' (~O I otu·. n.nd mo::" l) r· 

(!() I Olli' I (J:;: 1yr· Lne h,)r 1 1-"~' ;l r·,,rrn,,J nnd ri:: Li, 'r'e 

I.he rnn,jor e.onLDrnin::nt (pn.rik l) i:, :inpore:nt.1· not locl,nlnr;c 

lysine. 

'i'rial (r,.'l 1: 1,0,,;r:; tl1nt mild ·1 cnl: l.r,.nlmcnl; i.n i.lJP 

nrC','~r.ncc of' nr.irl i_,r; ,uf'ficient, ~o c-:i11;;c vi: :i..,1e broi·rni1~r" nnd 

the 1,rnd1vl.ic1n oJ' t,11c rnn,jor ccn1t.rwtinont .• 

FJ vnriet:;r )f" nf.i,!'!r· c,,nl:nmi..nnnl;r; ( pcflk 

O\i-'l'//O\i;1 ·J0). 

·;
1 ri::-il (r) r,:,,,,,1ed tho.t unrtc)r ri 1rwr:I h}rl.ro1ysi.s 

conclLLionr, LhE' d,,·,r,1::rimcnt of lT'•i,r r,i.r 0·1,;,n: :· is extcn~~.Lv ', 

[111d alr;o ,.lie TH'O(tuc:tLon. or tric r1Pj~'r c~rd;~11n1.11ant is p.,'<1rno:.,,,t1 

:-;irnifica,.:~1,y. 1 :~~1l~ ~: is 11oti..c, .. :1bly 1 ·cdur:----:i .. ~.n area .ir,ci 

co::1plc:;{_;t:· '1J 1, ilc., 11 1· · r1c,'1k (nir 1cr r,) t';'r,~,,.,...s, p:JrL~<'1,J.n-r 

in the cc1.1.(: 01' tl1,~ cJ,-.~eratcd/r.o ·hon rJio~-.1rlc hc,:,dsp8.c 0 1 .-,i_:,:. 

·: n tri.aJ s ( l,) and ( c) ti1c rccov<J:r·.,- n i' l;rsine ·u,"' .. 

not Hppec1r to have \,,.~en aff ectecl, 11cnce it is no;;t ·m l !., :, , • . 
-- ·' 

that a si ')"n ·. ri cRnt nmount of l y, ine bas ber;n incorroT ~ 1:rrJ. 

jnt-:o the eontnminants produced, ond thP corii;aminont ~, 'J ~,, f;h;,:-; 

i ikP.ly to be l.actr)r;e rlerivati vc'· 

A fo.110 1.-1 UD tria1 in vihich lactose •.•as r1Jdrol::·:v'rl 

alone at ·-; 't 5° for 11 I , resu 1 t ·"d in peaks 1 rnd 6 beinp pr 'i nc"'o) 

as well as traces of the other peaks confirming this 

conclusio •. 

Earlier lys i.ne had been h;ydrol:yoed. alone, and r;hc 

resulting chromatogram had no spurious peaks. 

A9.L~ CONCLUSION 

Dlrine; the hydrolysis of skim mill tne lactoG:: present 

undergoes a series of reactions which cau~:;e. colour and humin 

development. Some or all of the products of this re~ction are 

separated durine; the chromatoe;raphic analysis, causir.f; inter­

ference part:icularly to alanine in t:1e case of F" A c'h.rornato-



A9.11 

7-ra.rn, :i r: i n t: h c c a:-;<'' o r· !, : , o o ·:. · 7 / CY · -21 O 

- -r- 1 11"'"' 
.... J .... '· 

'Pnc f0rrn, ..,. ;_1 l l.crn:1 I. i vc has tl c :vl 1.n1n 1-:::ir•c 

rind. ]1rnnj1 , c\(:·1e 101•:i:c1,1- clurinr:; J, dr·n:l:,1,;ir;, ~,··.rJ. '1Jf;o cn:-·11r.i1:1"; 

t:hoL trH"·,..; ;q:,c no p(l';"iblc r.omn .licnl.i.nr'· i'"ncr.ion:· ('Cc- 1 1rrinp: 

t>cLw('r'n :.•,,--:tor;0 nnd 1;1F] l;yninr' li:lr;rr.r.r,d 1.rnrn f;lw prnt;o·in 

dUT'i rlf~ IJ_yd T'() l~,'f;l:-; • 



/\1 J.r-,v:_;r;- 1, f\! 1 J1 H,: 11.1 1: 1:; ,
1 1;_1·: rJ[1J1.J.r;·r:: 

1) :·1L!,f,_, f':i __ !.L J'i 18 _J~:f(J_r_i~r;·i' () I \'.1LiJf) 
---·~c:TTi .. c:-: ·'1,•1 r 11\.'L'OC !{Mi'-.~ --··-·---

f i .'1'l?OD1 fC'I' f ''' 

A10.2 1 ,xJ~ 1.,:i',l [ ,.;}IIJl/1 ! 1 ------~-·-----
1\11 111 t;ra_t'i l t n Li on C(' l l. ( Am"i.cori, 11 1)2, 

wit:h n r,•nlcr,11ln:r \;.Ji'i.r,ht cut o: t.' vnluc nf' '1,J,OOl) (.Arr.•.con T'!J;'lO) 

(,h) DinlvsiG rrocedure 
~-------·- -..J.L-...--- -· ---

· ,, n I i_q;J,,i, (30ml) ot ;r:i 11-: i..r:cir; plner-d .i.r, t:,e: :.:,t,~·c»"1i,j,:!,-J. 

UF cell .'l,-iri <h l.11·1 e,. •.-1ith clif~1. :. J l t;c; ,·.-1!,.;1· ._ (:r- f!,()r,;J) ~ 1 ; ::-· 

\·olume ,.•;,::; ,n~ii.nl:3.i.ncd by di.sL.i 11.cd \•'r>Lc.:· ciw, /ore r.1 i;' 1 c) 

th0 col · frorr1 n. nit.,...o~·,en prcsr1Jrizccl (;·, n.s.j_.) T'' ,r;r:10ir. 

kft;eT a1_.0ut· ·J()h the: water Clo·-1 \n'l:::~ cut c,, ·c , t" d; t.ho ;n'r::3s ffC 

maintri i;1ccl 1,nt;i.l t:10 vo 1 :ice in the cell ',,.d .c-rL: len ··o 1 c~::: 

( ·nl 1-,r. 
.. l ' ~...- r,a-rried out on dilute; miJ;.~ 

to reouc0 mcl':b:1 ·"nc cl oe;e;i.ng, ;,nrl i:o incrca::rn the 1', r)'·J r,1.tr·.) 

In 1? ho1irG of C1iai_y.:;;is the volume of .f:iJtrate , coni~nininc 

loctose ;, ,d mine:ral.s, collect ed was about 1.25l. 1P·1c milk 

snmplc ·,::1..s t,ransferred as quantitai:ivel;y as possib,.- to a 

flRsk and the U~ c 0 ll was washed, the washin~s being co]Jected 

and add 0d to the sample until a,, iut f]OmJ ha.ve been coJ J ected. 

An aliqunt (1~ml) was use{ for protei~ determiration 

usinG t 1~ convent;j onal Kje ldar 1 method, 1.nd a furtlier aJ.iruot 

( 1mJ) tJ·ansferred ·,o a culture tul1 e for h.0 drol. ·si~ and 

subsequsnt derivatization. 'l"1is the quantit~r of :11.· ll:: protein 

transferred fort lrolysis wan established. 



I'(' ([£)f. 

/\ .. 'l { ~. f' ; ' j '; I' i ; i 'I;\ I ;\ i ; ) 1 I ! : :r_ I ~ ; ; 1 I ' j { ~ r t 

-·-- -- - ...... _. __ ,. __ ·-- - -f"' ... ·- ---- -- -

i '; 1 l' '. ' i::1 f, , , (' 

(' I.~ .. j ,, .-~ r 1 ! J, 0 r: ;-1 T'' ' I (' ~ ~ I j ' ) 11 I ' '1 : I I ,, 

'fl 1,, r.,r, .1. · .. Hi '!'1 1·: ,..., ., } ,r ... 

'i11 0 di fL-rc11,· 1·• 

o,' l;hc din l:;:;ccl r;:w,: I c:-:; tl,::i.l; 

0m'i.ttcrl. 

:r ( ,1 J, : !·· • . ~ t, , ! ( 

c s po r. i_ cl 1 l .. r i, c ,. () r; 1 , 1 R ; r. 

o, alnnine (on : :,c 1-:r..A cohnn), ancl Ll1rc· Ji_,10 (c··. 

nv co]urnn) hnr1 Lr::01, ;ii, 1lii'i. r..onl,J~· reducer' iJ' 11of; 

~omp]ctc-1,~·, ns i,: ,;11c11,1n in f i r-u r es J\'10. :, ·-rrl A'1(1. , ,. 

(b) 

', -(\I!. 

The rernovc:iJ o C lactose did not eLC,::-ct the re,'nvcr,\' 

of J;ysjr e b;y acid lqdrolysis . 'f'he ratiot', 

1Qsine l'cok area/intcrna.J. standard penk area 

9~ l'rotein 

for the dial,Yscd arrl non-c1 ialyscd unheat ed. miJko ar;:. not 

sicnificant1y d.::.f ,·c·rent from each other , nor "°re the ratios 

for the dialysed on,1 non- dialj sed. heated. rni1ks, as s:10\·m 

in 'T'a.ble A10.1 
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j.1' ;\._UJ .. i.l~ it · I,)~ :~lL ~ 1(LC:C1V i~l{ Y l; J 

1;;_1 J-JJJ.,\J,'{./;1•:1) l1J.J.1· 

----·-· - ---·-·------

i: . i) 

• -1 • 
ll. \. 1 • (.) 

1 'i' ,,"l ' rn··j I T'rot;cin 

1_· l_' ~~:~-------· /; 

I .. · r~ in c : 1 • • , -- ·n ~ } I ··' · , , ,.. t· ·, o / 
- r > I I • (. '- J . - ~ I 

, ;1 ; n n1 i · , , 1. • I I: I ( ' l I l t 

11r·c~11 't10~ ; ,r, .... i·r.··1 
1 , • . "" t_.. I_, i .•. , . C.A,. ,1 \,.. \_I ' 

I not cli ,11.,-.·t,cr; 3 . C,11 1 • I./ 

-··· .. ··----·· --· ----1 
I I. I ( _:'~:. I 

i.'!nn },er• I ; ,'()cJtcd 1 

di_:, l:·';(;(J j.112 

l : (/!I 1, (; " (. ;4 i, !) ll , J10 :, 

I di~ 1 ." r- r (i 

ncnt t.rent,cd., 
di8 l;,T ('O 

) . (/1 

' l 
I 

\ I ) ,• 'I . ' ,. . ~.,. 

O.}_>/) 
- --·· ·------1 

(a) 

SH.;'.l1I0fl J _[ 

']'[11.:; J_.;i.' [cc!, Of. flcatinc eDl,; J~ J q 1_y~~.i.:· ')D 0l~)ic.:r. 
/\.r, :.1 no /\r~idr: . ,, Jr1t i vc to i ... Jr.,.i.1~-- · -----· 

·, C .·ornc of L h~ amino ,· r· i ds ., , , I'~' T' 

. -, 
. ,'lllJ.<. 

T:cak 3j' ::i: other n;nin o a c id. J.>Or-i ~, ·1 r" :' r· 

:rc1o.tiv t· cllenr;cs 1n lyf'i n e c (1nst·-~nt- , i. 

1odn: c this ratj_o i n unllcai.cd P1Ul~ a.'C' 

and :: 'C value of f, he s ame rat i c) in 1 0ai 

proces:c: i if': J osscr:; . 

1· . ,-. 
' . -

·· .~c.rercnr 

tl .n i J k Co . 

l)o uGe( Ds ' intcrnn l ' int er.n&.L stnudards • 

1rn0i 7._ 

~ . r..: ;-~ '"; 

. t3ei-ore tl1 is c an b e dor,' it: is neccscary to <2 ·tnb lish 

which ~1ino acids a r e unaffected in the ir relative 

proportions by heatin g and by dialysis. Also thos·~ .. .rnir,') 

acids 1i;1 1 ,'· t; show consistency duri.ne; chro voe.;raphy, r-r,1 must 

be free f rom il1terference f r om nearby peaks. Thi$ J.ir:iit'3 

the sui·:;abJ e amino acids ( on t h e m; ·.<cd C ; c olumn ,. ,n :.:na ,ogram) 

to a lar .ine , isol0ucine plus J eucine, prc• .... ine, phen ,1 alan.:.ne 

p l us as~artic acj~, tyrosine plus e luta· ic aciQ 

'rhe ratio o.i:' peak areas .Zo.r 1ysine to the"'e n elect>1d. 

am i no acids is shown in Tables £10 . t~a ar-.d A1 0 . 2b . 'I111esn 

have b e en taken from c hromat or.:rams of b ,th un h eate·· .. anr' 

heat e d. 11ilk s which have b e en ei t:hc:r C; a :·i:-'8d or not dia ly2ed, 
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r : . ~ .. · <' 

rl ,·,1 l;. :~ . 

------ -·---- ----1 l\l I, ; I .l.•;A l 1
J4~J; ~.L I 1:, 

• I '1'· 

·. ,. 

'I ,,f". 

,,11,-

[ bn1 i. no II c 1, 1 :-- • _ _ ..;.T_·.1_' j-'-_:-_11'-'-. _ _ -:_-::_ -_-_- _ - =---_- -----
ll _· u1_1._ ._.-1.l ,yscd llio 1 ,- t'd 

--·-·--.. .. , ,) (' . I 
\I• -.,, I. "' 

('f 

------ ---
i ~ 3 1 2 

,, 
I ';il' .. 

I - ----- --- -----· -----·- -----i 
l./1 10.u :i.nc 

1.1.rwl. ~ 
lC ll r';'l(. 

. •,, I i r1 · 

1'11rin • 

I 'l',y 1:0 • t 

? • ..-,.:_,11 ,, 7. 01; 
' • :,.>o 

() . i~'/(. () . 11'/is 

I.J . U) 1J . '/OG 

() • I .,lJ 1 (, . r,3<) 

('\ . 2 1..)1 () . 2(.1) 

2 . 1~21 

c1 . I ' 
') 
(. 

U. '/·1) 

0 . .,, ,, 
(l . ;1,1 1 

,. ) 7. ,..., , ) 
,.: • :_Jr:r 

0 . 11•;11 

() . '/?'· 

(_ 1. , ,;~',' 

() . ? (, 1 

[_\ _ii',.'/ 

' 
f 'i I • I -

(. \·,7 . ~-
' ) • ;~. { 1 

(_~ - ,· I, .,I 

f) • ( I •I 

• I I ; 
C • ( 

{ . ' 
' ,, 

' • I 

Aver:Ji ,, cr>o r· f'i c:i. ~,. t, ,., f • :-,r 1.~. ·,: 0n 
) ,, 

• '1 

.. 
... - ..... , 

: I' fi.'!' J!.1.L .! L' ------ -------··--------- ---·· 
I I\ . \ . l I - 'Ill no J r: J.l :ria l 

- -.- ~-. 

oi 

I 
- --·----------

T·ion :, i.alys cd 
( ()~ I • 

Dial ysed 0,. J ·-

I ,--- ,, '1 2 
------·---------

.... ~, ., ,-

Al::m:i.nc 

.lso l. + 

1 '/ r r 1 . , ( 

.Lcucine 0 . 3:~1B 

Proline o. 57'/ 
Phcn., AGp . 0 .41 8 

'.l1yro. + Glut 0 . 201 

Averare 

1 . )3 1.B:/1- 1. t.392 

() . )?'/ 0 . 580 0. 377 i j . 375 
0. 589 0 . '.,)56 0 . 563 0 . '.;71 

0 .430 0. 1Q2 0 . 11-28 0 . .'+25 

0 . 20b 0 .208 0.21 5 0 . 208 

coefficient of variation 

' l • , i 

2 . (:, 

1 . ~ 

2. 9 

:: 2.l.l. 

) . ' 
r,p /j /r.. •• . 

·10 ,'\ ,I • .,, 

Thes e t ables show no signi f icant a1:fercnce& across 

the rows within a Fiven table , hence dir.lysis does not 

aff ect ;:;he relati v~ proportions of t he i,111.r. o acids. 

Between the t a bles there is a differonce between the 

means of_' corr e!"pondin g rows, but as is ~;hown i n T:J.OJP A10. 2 b 

t his difference is nearly constant, Rt 3.5~ for h,ated 



nr;ninrtL !.lin m lwnl.cd . The variat;inn in Lhis d.i.ffGrc•nc0 in 

noL G.if ni f.'ir.nnl; ,1[; Lile stan<.lnl'rl dc·vinLimi [OJ.' -Lhc c1 1 f"f'n1•c-nce 

in :t'OW r,,0.fJ;1r; bcLWCt'n l;rrn tnbJ.•::-; ·iJ; 1.1/~ 1rh8rofore I )1 1: five.: 

p0okr: [H'l('('f;0cJ :irn Pit.her. not nffncted i,-. he::.d; l.re~t.m"rd,, or 

r,ut , rl.G J~e.ff''T'CJ1CC to 'f'~lJ,:-, Ji.'1 11 .1 rhol·i:,, ·1,]11.; ]·,,-:,1~!, 

treatment used .i.n t;his .sl,url;.r rcs11lL1"")d iq :.lw lyG:i.110 cnni;ent 

in the hcnf.cd n1·i lk hoinr; rcdnrc-d 1,r1 '/'·-.·.·.-· of thnt; j,, ,111:1r..1Jtcid 
';t'' , . 

.fr.nm wh ,.eh the r,tP;1dard error oC Lho di 1·~·11ren~o bet ·r·cn tilt) 

t:we1 means :i:-; -1.c~<, j_.c. ·f;JlC' 011·ccrcn<'(' ":. -1.e1> IH'l,•--c)c-11 t.hc 

menns ce.JcnJnte>d i11 l.abJec A:1<).1, nric, . .Al·).?b .feit· ~?'- '.t;i·r:lno 

rot.:iincd ofLor lir,nt: t:rr>nl;monl. r11·0 rrnt AJrn.i..C'cant:1:.- diffrn·cnt:. 

lt cnn ;,c (~Ot1eLL1<Je,.l Llierefc,re LhaL 111 ,11; ik t:ho o.cj_,J ;tvn.i.l;,L,l,: 

nmino ocicls of.' th') f'i·' peaks :-:cJ.ectcd :.r,~ not, sie;ni_ ;:_crint.;l;;r 

rPduccd bJ the :,:-n,1' heat trc::i-i-1ncnr. that; .rcsultG in 

rcduct:i.on in ,1 c:.i.d rivailniilc l .0.::;inE' ! n '/,"'.!:,;:( o.~· th 0 ,n·i..1,.LnoJ. 

vnluc. 

~b) Co.:ipari[;o;, 0 1• the Sclcct.0cl }\011.no Acid. P0aln~ 
b0tv,ccn l: ,1,:-,::-t;::;r, l vcs 

11.y divi<Jinr·: the row mcrm:, 0[ 1robl; .A'1 1 .2a ar · 111 ::i'· 1 c 

A'lO. 2b by the other rowmcans in t. :1e name t::ab le, the 

consist c: n_cy 1)et\·1een the peaks ca.r1 bP. ex,.,mined . TJ1is i."',.rr.:s 

Tables A10.3a Rnd A10 . 3b respective] 

/or example Jrom ·TabJe A10.2a : (uv, ~,eated miJks) 

Isoleucine + leucine mean 
Alanine mean 

(as is given in Table A10 . 3a) 
and from Table A10 . 2b ( heated milks) 

Isoleucine + leucine mean 
Alanine mean 

= 9 3~8 b 

= 0 . 2002 

= m 
= 0 . 2045 

The effect of heating, if any is indicated by the 

r atio of the two calculated values , i . e. 

0 . 201.1-? = 
0.200"-' 

1 
•
02 

i. e . there is an A.pparent incr ·ase in t•iis ratio dn0 to 
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Alanine 

Alanine 1. ()f) 

Isol. + 
JJeucinc 1.022 

r rolinc 
Phen.+ 

Asp. 

Tyro . + 

1 • 01~8 

1.029 

Glut . 1 . 017 

lso 1. ~ 

Leucine 

1 . 00 

1.022 

1 . 007 

0 . 995 

l'roline 

1 . 00 

0 . 983 

0 . 97'1 

Phen . + 
Asp. 

1.00 
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• (.)C.J 
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"'rom 'i1nhl c 1110.11. the ,'VCl'Hf',O rccov('T7 oi' t, l'c 

sc;locLC'd n1nino nc1ds i.·1 l;en.Lccl in;ll\ 1'01r>Li.vo t;n -t-;]ir, l':V' l 

dcv·i_;-,(;jon nf l;l1i:-: .·1vorrir·,t Ln , .. , q:,7-'., <.:()nl'.i.dencu U11,il~_; 

J'or thi.:-; rr;cov0r.; f'i.c:urc (t)m;crl on Ll 1c~ ·!.J cstim:,f.·; ,r. 

'L1r,l)J.e I\1(1./J.) :1rc 'Y', . '/r;' Lo 101.:/ ·~ l'Jnir; l,i1c reeovcr:, ()I 

100.h/'. i;-; nol.; sif.:1i..Li.ca.ntl;y d.i.L'fcrr-;nt .inim 100/. 'l'hc1:o ::1 

thus no cliancc in :ivailabilit.', o "' Lhc:::w n.inino ncidr; i:o 

ocicl h;:c!rolysis c11.'ter ski.m mi.lie has been scveroly ;1rs:-tt<;ri. 

A10 JI COf'!CJ iUSJUl18 

(n) 1r1,c, hrowni.n1', ol.' Lh0 11,ydrul,/nnLc~~ :i11d dm.·jvnl,i.vur; jc; 

larp;cl;y cn,ncccl b,y the proscncci o :: .lect·o::,c. 

(Ii) 'J'llc prCG('ttC c of lactose rl ur i.nr, hyclrolys5 c; d ocf1 not: 

a Cfoc t; tl1C rccovo 1·,y o.C lysine, but; docs 1r:i.ve rise to nnvcra 1. 

pcaJrn, jnc lud.i..nc; v major one, in Lhc r'"i.nal chrornetop;rain~ 

(c) Tl,c n.mino aci.<ln , alanine, .if.:;oleur.ine, }encine, praline, 

nllcnyla.l.anine , t~:rosinc , and p;l11i;ar,1i 11·: nre no!; ai.'f'c;r..:tcd 11, 

tlie .i.P avai Lnb.i I i.:. l:o acid hyrJr0J.;;,'r,is by l:l1e bcat.i.;1.f o.C 

milk. It is tbcrc[ore possible t;o use these peaks as 

' interm~l ' internal standardr3 wlii.le foJ lowine; chan cs to 

lysine. This wouJd remove tho need to ta~e into acc ount 

any di 1 ution that occurs during the diaJ;ysis of I 111: milk, 

thus savinr; a further analytical step in the i.nvesLi.e:ation ,. 
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