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ABSTRACT

Our recently developed method for the determination of the reactive
lysine content of soya bean proteins with the dye, Orange G, has been
extended. The interactions of several etalon proteins and high protein-
containing food and feedstuffs with Orange G, Acid Orange 12 and Amido
Black 10B have been studied. The stoichiometric investigations showed
that the reactive lysine content can be quantitatively determined by dye-
binding although total nitrogen content measurements are no more
advantageous than by Kjeldahl. A probable mechanism for the inter-
action has been given.

INTRODUCTION

Our earlier work (Perl er al., 1985a), aimed at the study of the

stoichiometry of soy bean proteins showed that, contrary to literature
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data, the dye Orange G (OG) reacts with only one molecule of basic
amino acid (BAA) per molecule despite its two sulphonic acid groups. In
the present work, we summarize research on the interaction of model
proteins and protein-rich matrices (their detailed description is
given in the ‘Experimental’ section) of economic importance with
AO 12 (1-phenylazo-2-naphthol-6-sulphonic acid), AB 10B (1-amino-2p-
nitrophenylazo-7-phenylazo-8-naphthol-3,6-disulphonic acid) and OG
(1-phenylazo-2-naphthol-6,8-disulphonic acid) dyes (Fig. 1) along the
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Fig. 1. Structure of dyes used.

following lines. Interaction of all three dyes with all the protein matrices,
applying the same procedures:

(a) Attention to the stoichiometric observation that AQO 12 interacts
with protein in a molecular ratio differing from 1:1.

(b) An attempted proof that OG combines with every model and
natural protein matrix in a molar ratio of dye: BAA ~ 1.

(c) Observation that sulphonic acid groups of AB 10B are involved in
the interaction with every protein.

(d) The efficiency and usefulness of the suggested procedure as
illustrated by the stoichiometric study of the total dye-binding capacity
(TDBC) and the dye-binding capacity after propionylation (DBCAP) of
numerous samples.
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MATERIALS AND METHODS
Model materials

Standard proteins: Bovine albumin (produced by Phylaxia; abbr., BA).
Albumin lyoph. (from human serum, produced by Reanal; abbr., HA).
Human gamma globulin (produced by Human; abbr., HGG). «’-Casein
(produced by Human). Protein matrices: Soy samples, numbered 1 to S,
of the same type (Varietas: NKS 1346, Glycine max.), from different com-
mercial sources; sample 1 is made fat free; samples 2-5 contain fat.
Subscripts show the treatment (samples 1-3) and the origin (samples
4 and S) of the samples. Samples |, and 1, were prepared by
microwave heat treatment (Benedek et al., 1984) at 100°C for 30 and
5min, respectively. Samples 1, and 2, were denatured by acid treatment
(Dévényi er al., 1981), sample 1, until pH ~2 was reached without
neutralization, with hydrochloric acid and sample 2, witha 2:1 mixture of
phosphoric and hydrochloric acids to pH=~2 by acidification and
subsequent neutralization with a mixture of sodium and calcium
carbonate. Milk powder samples were of Hungarian production. Skim
milk powder, prepared by spray drying, and milk proteins (treated first
enzymatically then acid treated) were prepared in 1981 and 1984,
respectively. Meat and bone meal samples | and 2 were also of
Hungarian origin, prepared by pressing and making fat free by
extraction, respectively. Fish meal samples | and 2 were commercial
products originating from the FRG and Sweden, respectively.

Reagents

Propionic anhydride, anhydrous sodium acetate and the components of
dye solutions were, all reagents of analytical grade; AO (CI 15970),
AB10B (CI120470) and OG (CI 16230) dyes were products of Sigma
(USA), Reanal (Hungary) and Reachim (USSR), respectively. Glass filter
paper was Grade GF/A Whatman (Great Britain). Standard dye
solutions (approximately 0-04Mm) were prepared by measuring (with
analytical accuracy) 7g and 9g of AO 12 and OG dyes, respectively, and
to each were added 300cm? of glacial acetic acid, 100 g of oxalic acid
dihydrate, 17 g of potassium dihydrogen phosphate and making up to 5
litres. The pH of these solutions, independently of the dye dissolved, was
1-3 (see below, buffer,). The 5 litres of AB 10B and AO 12 dye solutions
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contatned 12-5g and 7g of dye, respectively, as well as 10g each of
disodium hydrogen phosphate and 80 g of citric acid. The pH of these
solutions, independently of the dye dissolved, was 2-4 (see below, buffer,).
It should be noted that: (i) The dyestuffs used in preparing the stock
solutions were recrystallized twice and dried according to the method of
Udy (1971). Thus, the water content of the dyestuffs, maintained in a
glass-stoppered vessel, was constant, below 1 9, as controlled by repeated
measurements. (i) The reaction of OG was measured in buffer,, and that
of AB 10B in buffer,, respectively, in all cases. The dye-binding capacity
of AO 12, soluble and stable in both buffers, was investigated primarily in
buffer,, as advised in the literature (Tables 1-7) to obtain stoichiometric
data; checking the dependence of pH, i.e. the buffer composition effect,
on the dye-binding capacity, AO 12 was also used in buffer, for two
characteristic proteins (Table 8).

Apparatus

Electric shaker (Labor MIM), accommodating 24 flasks. Spectro-
photometer (Spectromom 361, MOM).

Procedures

All measurements were carried out at ambient temperature (20-22°C)
with the exception of investigations summarised in Table 9 which were
made at 50°C (4+0-2°C).

Determination of the total dye-binding capacity (TDBC)

The protein, or protein-containing matrix (weighed with analytical
precision* and powdered below the particle size of 60 mesh) was placed
into a 100cm? glass-stoppered flask; glass beads and 2cm? 2y sodium
acetate were also added and the flask was shaken for 10 min. After that
time, 40cm? of AO 12 or OG, or 20cm? of AB 10B dye is introduced,
followed by 30-120 mint of shaking. After quantitative dye-binding, the

* Optimum dye binding is achieved when weighing (in mg), based on the results
summarised in Tables 2-6; soy bean, 150; milk powder, 200; milk protein, 100: meat and
fish meals, 100; model proteins, 50.

+ Optimum shaking times needed for dye-binding are, in minutes: soy bean, 60; milk
powder and milk protein, 30; meat and fish meals. 120; model proteins, 30.
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precipitated solution was filtered through the glass filter paper. The
filtrate was diluted (in the case of AO 12 and OG dyes in a ratio of 1:100;
for AB 10B dye in a ratio of 1:200). The optical densities of the diluted
filtrates were measured in a | cm cuvette at wavelengths of 475 nm for
AO 12 and OG, and at 615nm for AB 10B against distilled water.

Determination of the dye-binding capacity after propionylation (DBCAP)

The procedure described for the determination of the total dye-binding
capacity is used, with the following difference: before the reaction of the
reagents with the dye solution, 0-4 cm? of propionic anhydride is added to
the sample homogenized previously with sodium acetate for 10 min. In all
cases, acylation is quantitative in 30 min. Thereafter, reaction with the
dye solution is carried out.

RESULTS AND DISCUSSION

(1) Conclusions about the uniform procedure. Our model investigations
were started for every protein and dye by establishing the optimum time
of interaction. In the course of these studies, we measured the reaction of
dye to protein BAA in a molecular ratio of 2:1, based on our experiences
with soy bean proteins. In all cases studied it could be proved that the time
needed for maximum binding is independent of the nature of the dye; it is
a characteristic feature of the protein (Table 1).

(2) Results of experiments with different molar ratios of dye to protein
BAA have shown that:

(i) Interactions in broad molar ratios are non-existent.

(i) On applying the proposed molar ratios, the quantitative change in
the reactive lysine content is nearly stoichiometric.

(iii) The optimum range for all three dyes and all protein matrices is the
molar ratio of dye:protein BAA =2:1, in accordance with our earlier
experiences.

(iv) On increasing the molar ratio of reactants (M/m > 2), binding
capacities larger than the theoretical value are obtained; on applying
smaller molar ratios (M/M < 2), smaller binding capacities are obtained
(M/M data in parentheses in Tables 2-6).
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(3) Experiences summarized in point (2) indicate that interactions
based on dye-binding are unfavourable for the determination of the total
nitrogen content of proteins; the results achievable with this method are
not equivalent to these obtained by the Kjeldahl method.

(4) The determination of the reactive lysine content of protein matrices,
based on the dye-binding capacity measured directly (TDBC) and after
propionylation (DBCAP), may be useful information. As may be seen
from the footnotes to Tables 2 to 6, our calculations are based on the
determination of the basic amino acid (BAA) and lysine (L) contents
measured by selective methods and taking into account a large amount of
literature data. It should be noted that the amino acid content of the
majority of samples studied and determined gas chromatographically as
N-TFA-n-butyl ester, agrees with the literature data within the limits of
experimental error.

The reactive lysine contents measured have shown that the theoretical
mole number was best approximated in the order OG, AB 10B and
AO 12.Itis a general experience that dyes of OG and AB 10B are bonded
approximately as expected, while the dye AO 12 agrees less with respect to
the calculated value.

From the above it is clear that, in order to determine the change in the
reactive lysine content during treatments, the untreated and treated
samples should be studied simultaneously under strictly identical
conditions.

(5) The differences in the reactive lysine contents of treated and
untreated soy bean samples were in strict accordance with the treatment
(‘denaturation’) and the saccharide contents measured (Perl er al., 1984,
1985b) in the samples. (Tables 3 and 4, samples 1-3.)

The greatest change in the reactive lysine content* was measured in
sample 1/1, heat-treated at 100 °C for 30 min; the decreases were, for OG,
AO 12and AB 10B, 279, 28 9, and 39 9, respectively. The changes were
also significant for sample 1/2, treated with hydrochloric acid and not
neutralized; in the reactions with OG, AO 12 and AB 10B they were 129/,
109, and 119, respectively.

Smaller decreases could be measured for sample 3/1 heat-treated at
100°C for 5min; they were 119, 11%, and 10% for OG, AO 12 and
AB 10B, respectively. In soy bean sample 3/1, denatured by mild

* Based on dye-binding capacities obtained with weighed amounts of 150mg
corresponding to the optimum molar ratio. dve:BAA ~ 2.
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acidification and subsequent neutralization, the measured reactive lysine
content was identical to that of the untreated sample 3 within the limits of
experimental error (Table 7).

(6) In milk powder, the amount of basic amino acids (BAA) was
smaller, whereas that of lysine (L) was higher, with respect to the
calculated values (sample 1 in Table 6). The composition of milk proteins
(sample 2/3, Table 6), according to our measurements, did not
significantly change in the three years of storage.

(7) Results concerning Hungarian meat and bone meals, as well as fish
meals from abroad, have shown that:

(a) The reactivity of these samples in interaction with AB10B is
uniformly lower than calculated.

(b) The reactive lysine contents of foreign fish meals and the meat meal |
(Hungary) are appropriate, as shown by their reactions with OG and
AO 12 dyes, whereas that of meat meal, (Hungary) is smaller (by 20 %))
than the calculated value; consequently, it does not conform to
requirements.

(8) The reproducibility of our procedure is illustrated in Table 7. The
relative standard deviation for the reactions of different matrices with
different dyes is less than 2-7 9.

(9) The different buffer systems applied are based on the following
considerations: (i) the buffer systems used for the three different
dye-protein interactions were identical with those in the cited literature,
(i1) the solubility of AB 10B in buffer containing oxalic acid, acetic acid
and KH,PO, (buffer,) is not sufficient (~0-01m) and is also (in this low
concentration), unstable. OG is more soluble in the buffer system
containing citric acid and Na,HPO, (buffer,) but at the standard
concentration of 0-04M, by shaking, 2-59/ of it became insoluble. Based
on the above detailed considerations, the only possibility was to carry out
the stoichiometric interaction studies with the dye AO 12, which was
soluble and stable in both buffers. Table 8 shows that the dye-binding
capacities of the characteristic proteins with AO 12 in both buffers are the
same within the experimental error of our method.

(10) Temperature studies reported earlier (Perl ¢z al., 1985a) for soya
bean—OG interactions proved that reaction temperature had no effect on
the dye-binding process. Temperature interactions in the present
experiments were carried out at ambient temperature (at 20-22°C).

To investigate the temperature (in)dependence of the interactions in a
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TABLE 8
Stoichiometric Comparison of the TDBC and DBCAP of Different Proteins Measured in
Two Buffers with the Dye AO 12

Sample Buffer Bound dye (mg/'g protcin)®
A* B® A-B

BA 1 617 (1-13) 276 341 (1-10)
2 610 (1-12) 247 363 (1-16)

HA 1 623 (1-14) 273 350 (1-13)
2 621 (1-14) 270 351 (1-13)

Soya bean, 1 469 (1-28) 295 174 (1-16)
2 400 (1-09) 273 127 (0-85)

Fish meal 1 330 (1-11) 180 150 (1-09)
(Sweden) 2 321 (1-08) 191 130 (0-94)
Skim milk powder 1 381 (1-39) 145 236 (1-17)
(Hungary) 2 399 (1-46) 195 204 (1-05)

Abbreviations, etc. ds in Tables 2-6, as well as:

“ Investigations were carried out with the ‘optimum’ amount of the matrices as detailed in
the “Materials and Methods’ section.

® All data are means of at least two measurements.

wider range we have measured the dye-binding capacity of all three dyes
under the optimal reaction conditions with bovine albumin and soya
beans at 50°C and also as a function of the reaction time. Data show
(Table9) that, in the case of AO 12 and partly also in the case of AB 0B
(soya beans), a lower dye-binding capacity at the elevated temperature
can be observed, probably due to the fact that the so-called ‘stacking’
effect (Rattee & Breuer, 1974) decreases at higher temperatures. This
effect was observed to a high degree in the case of AO12 without
exception. Thus, taking into consideration that a difference of
approximately 28 °C in the reaction temperature resulted in about a 6 9/
decrease in dye-binding, slight changes (+1°C) of room temperature
could not affect the extent of dye-binding interactions.

(11) Our hypothesis concerning the mechanism of these interactions
can be summarized as follows.

Earlier literature has qualified these reactions as salt-formation
(Chapman et al., 1927; Rawlins & Schmidt, 1929) or complex formation
(Goh ¢r al., 1979).
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TABLE 9
TDBC of Bovine Albumin and Soya Bean (Sample 1) as a Function of the Reaction Time
at 50°C (£0-2°C)

Sample Dye Bound dye (BAA =M M)
Reaction time (min)
10 20 30 40
BA oG 0-84 0-88 091 0-88 (0-87)
AO12 1-05 1-06 1-06 1-05 (1-13)
AB 0B 0-50 0-48 0-50 0-49 (0-48)

Reaction time (min)

20 40 60 90
Soya bean, oG 098 1-00 097 0-99 (1-02)
AO12 1-19 1-20 1-21 1-19 (1-28)
AB10B 0-52 0-54 0-53 0-55 (0-59)

Data in parentheses show the' TDBC at ambient temperature: 20-22°C.
¢ On the basis of the reactions carried out with optimal amounts of proteins: detailed in
the *Experimental’ section.

Since, in their free state, the basic amino acids of the protein do not
react with the dyes studied, the protein (as a giant molecule containing a
number of peptide bonds) should play a significant role in establishing the
dye-protein interaction. Thus, neither salt-formation, nor simple
complex formation can be responsible for these reactions. Probably the
initial step of the interaction between the dye and the protein is due to the
formation of hydrogen bridges by means of the NH— and —C=0
groups of the protein chain. The formation of hydrogen bridgesis also the
precondition for stabilization of the insoluble associates of dye and
protein molecules in a nearly stoichiometric ratio, being a weak
interaction through the hydrogen bridges.

(12) OG and AB 10B are dye molecules, both containing two sulphonic
acid groups; their different reactivities can be explained partly by the
different positions of the sulphonic acid groups inside the molecule and
partly by the structure of protein molecules, that is:

(a) The rotational possibilities of R groups projecting from coplanar
peptide chains of the plated sheet are restricted.
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(b) The reactant dye molecules are substituted sulphonic acids of the
naphthaline type.

It follows from the above that the sulphonic acid groups of the planar
naphthaline molecule (similarly to the R-groups of the coplanar protein
chains with their free basic amino acid groups) are restricted in their
movement and can only combine if their planes approach each other in a
parallel fashion.

Thus, both sulphonic acid groups, in the 3 and 6 positions, being in the
same plane, are reactive in the AB10B molecules; however, with
sulphonic acid groups in positions 6 and 8 in the OG molecule, only the
one—in position 6—is reactive. Inactivity of the sulphonic acid group in
position 8 may be caused by the space requirement of the neighbouring
phenyl-azo group in position 1. We expect to prove the modifying réle of
the latter substituent on the basis of the reactivity of 2-naphthol-6,8-
disulphonic acid.
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