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1. INTRODUCTION

For the determination of the total protein content in meat and

meat products the Kjeldahl method is generally used. As early as

1883 this method was developed and as a standard method it is excellent
but very time-consuming and therefore less suitable for application in
the analytic production control of the meat industry.

‘ Investigations have been made if the dye binding method, on a
large scale applied in dairy laboratories in particular, should do
better for this purpose. This method was first applied by Udy (1-2)

for the determination of the protein content in wheat flour, and since

-

ed by many investigators (3-8) for milk

[

that time it was develop
especially. Freimuth (9) applied the dye binding method to meat and
sausage.

The principle of the method is very simple. A solution or sus-

pension of a protein is mixed at a definite pH with an excess of dye

i solution, Part of the dye is bound by the protein present, after which
| the insoluble dye-protein complex thus formed is removed by centrifuga=-
E tion. The concentraticn of the remaining dye is then a measure for the
| protein content of the original solution. Previously a determination
can be made on the relation between the amount of dye bound and the

protein content determined according to Kjeldahl.

2, METHOD
2.1, General
The proteins of the samples of meat or meat products are to be
brought into solution or into an utterly fine state of suspension in
1 order to enable them to react quantitatively with the dye solution.
As grinding of the sample with the aid of a waring blender, a
? colloid mill or ultrasonic vibrations did not give satisfactory
results because of the often occurring coagulation, a high speed
mixer of the "Ultra-Turrax" type was used for this purpose. Thus the

samples can be made into a 'meat-milk' in a few seconds.
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not ground in water, but in

formic acid. the proteins appear to dissolve for the greater part,

whereas in addition the fat present is suspended well, In order to

save time in applying this method, previous defatting of the samples

Xy g J

was foregone.
The "semi-solutions" obtained from the samples in this way can

r
chosen as dye. A solution of amidoblackl10 B, as is mostly used for

protein determinations in milk ve equally good results, but

9 o
offers greater difficulty in visual check up of turbidities.
The method was applied on beef and pork as well as on samples

d
of sterilized luncheon meat.,

Laboratory-size meat mincer, fitted with a 3-mm plate.
h speed mixer, type T.P. 18/2, made by

s ER ) (Germany)o

Janke

Laboratory centrifuge, capacity of tubes about 15 ml.

Colorimeter, e.g. Engel-colorimeter; made by Kipp, Delft
(The Hetherlands)b Filter used: no. 53, about 530 mpe

2.3. Reagents
Formic acidy; a.r., 98-100 %.
Buffersolution of pH 2.2: 20.7 8 of citric acid monohydrate,

1,44 g of Na HPO,.2 aq and 0.5 ml of 10 % alcoholic
D thymol solution T;l.ilutei with water to 1 1.
Cochineal red A (C.I. 16255; Schultz no. 213) 1 mg per ml
buffersolution of pH 2.2,

Carbon tetrachloride.

no
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S
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Procedure

2.0 g of the sample, after having been minced twice in a meat
mincer, are ground for 30 seconds together with about 15 ml of
formic acid by means of an Ultra-Turrax high speed mixer., With the
help of formic acid the mixture is quantitatively transferred into

]

a 25 ml volumetric flask and filled up to the mark with formic acid.

After mixing, 1 ml of the resulting suspension is pipetted into

a centrifuge tube and 0.5 ml of carbon tetrachloride is added; this
mixture is shaken vigorously for a short time in order to dissolve

the fat.
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into the tube and

seconds. (Note that

the mixture is
with some kir obtained by adding
the carbon tetracl the addition of the 1Y9>o

Te Doy 1 ml of the
with buffersolution up to

solution is colori-

metrical r at 530 mp,with res-

S
B
%)

A

pect to The extinction E_ of the original dye

solution is determined in the same manner,

2.5. Calculation

The amount of cochineal red in mg bound per gramme of the sample

18 ) E vV
_ : c 0
Vo o ( + V)eCromr|o—x
| D J B Vo U
in which V = millilitres of added dye solution;
¢ = concentration of original dye solution in mg per ml;
O
“

v = millilitres of sample suspension useds

G = grammes of sar dissolved in VO ml of formic acid;
E = extinction of original dye solution;

ter centrifugation.

2.4. this consequently

v craphing the obtained values

Standard curves can be

the protein contents found according to the Kjeldahl method.

In order to save figure-work, the value of TC/EW can of course also
®

be used for it.

3. RESULTS AND DISCUSSION
3
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1. Cochineal red solution

ns of a cochineal red solution (concentration 1 mg per ml
their extinctions deter-

mined. From the results (see fig it appears that the cochineal red

: g e A\ -
used by ©s W. 509624) does not fully

v

and Beer. The deviation from the straight

conform to

line, however, is only slight and was left out of the calculations.




s 3 .
3+2. Reaction time

were shaken for 30 seconds
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oI Jluncneon meat

minutes respectively with the dye solution. From

ined after centrifugation it appeared that

not result in lower extinction.,
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s was determined by calcula-
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juplicate determinations.
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st samples of luncheon meat
appeared to be: s 0,0 IO ximum relative error amounts

< L e 1. 1 1 : g e * e . :
to about 3s = 0.047, which means about 5 % in the duplicates.

Tt is a well-known fact that the dye binding capacity of pro-
teins at a certain is not constant, but depends on the concentra-

jence was ascertained according to the

first by causing meat suspensions of vary-

the same cochineal red solutiony and

concentrations of dye solu-

on the other hand by causing increa

tion to act on one and the sa meat suspension. The results are

given in

2) the extinction

nimum, whereat

practically all dye is bound., In further increasing the protein con-

centration, however, less dye is bound; maximum binding occurs at

0

about 0O

From fig ars that with increasing dye concentration

there is a ise of the dye binding capacity of the protein,

until a maximum value is reached. With higher dye concentrations a

slight decrease of the binding occurs.

for by stating that after adding

These facts can be accounted

dye anions to the protein; a soluble dissociable complex is formed.
On increasing the quantity of dyestuff (fig. 3); at a definite ratio

between dye and protein all the cationic reactive centres of the

rotein molecules will have been occupied by dye anions and the com-

plex, insoluble now, will precipitate (isoelectric point), Then further

7
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| increasing the dye concentration only results in an increase of the
3 amount of non-bound dye in the T which means an in-
crease of EC,TA. e sontrary, at constant dye concentra-
ion, the protein concentratlion 1 increased (: 2), initially
all of the protein will be precliplvated as © (as there is
i , until, arriving above the protein dye ratio
here is too little dyestuff available to neutralize
charges of then a soluble
gain, the extir the amount of dye
nit falls.
to Russian investigators (10—11) the reactive centres
of the protein molecules consist of a combination of cationic and
nonpolar groups (the latter attainable for the apolar groups of the
. dye anions). Moreover, they are sssumed to exist in two types, one
occurring in a small number on tne surface of the protein molecules

d with a strong affini +o polvvalent dye anions, and the other

to univalent anions.

At low otein concentratio large eXCessS of dye this dye 1s
supposed to be taken ur by the second type; whereas the dye; as soon

tein. should preferably be bound by the

as there is an excess of proteln, SHOUL
first e of reacti i
7 1 » -
3.5. Relation between Kjeldahl-determil nd dye binding
As shown already under the dye binding method is rather
sensitive to variations in the dye oncentration., Besides,

the dye binding and the

the Kjeldahl method: the deviation

rom linearity, however; will be small; because in practice the

orotein concer ion i eat products varies only between fairly
narrow limits. This 1 emonstrated by the results of a series of

terilized s les of luncl eat \ifferent composition, of
which the relatior twes e binding and Kjeldahl findings 1is

iven in fig. 4. A | ¢ these standard curves are

3.6. Some factors influenci 1 1ve binding method
As the e bi ng ity depends on the nature of the proteins

used sat produc i hic ying proportions of the wvarious
carca par c how a different dye binding in

otein content. The manner of pre-

treatment of t r . ituents .t are to be processed is also
likely to play a part. These items will also have to be investigated,
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in doing which in particular the dye binding capacity of the carcass
parts shot e determined.
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As the protei stermination dye binding method

further attention

free amino acids

se of errors might be found in the different degrees

in the

heated in a tube
binding reaction

fter the heating.

s (see table 1) it appears that heat

denaturation has little or no effect on the cochineal red binding

investigations by Hamm

This is i
and Deatherage (12), denaturation of beef de-
ot B - = 0 IR . . Sy = il - ING 2 Y o ’
livered no significant change in the number of basic groups of

Extinction before and

efore heatir After heating
= “ g 2
{ | Ve 103

Samp

Sample 3 « 273

As in Germany milk protein and in the United States milk pro-
soya preparations are allowed in meat products, and these

capacity different from

it seemed useful to us also to investigate

that of meat protein

v &
a possible g influence of these kinds of protein.
From fig. 5 (Iuhei on the data of fig. 4) we get a picture of

ty of cochineal red bound per gramme of meat protein, for

in which no foreign

been processed. This quantity, as could be expected,

on the protein concentration; the average

»
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alle ad y a T a

however.
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Of soy pro 1 preparatlor too, colour-binding capacity
ect o be 1 1t shown by meat,
F of these jucts-for 11 . product with

the factor 6.25), the
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A q <ra - a "o ore 3 2 %
10 D€ COX lderably viz. an average of 6
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o these resul it readily € <% that these forelgn
protelin 1sed 1 in the meat products, will

From the d binding ssulte of series of luncheon meat samples

rely were processed,
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1S ] with those o { 1 series Wi ut foreign proteins
5 " S 2 / ° - 11 N . Y L s 2N i
s described earlier, it is to be seen (11g. | ) that 1t 1s S rely
possible to set up reaso: tandard if these proteins have
been ] in the meat oducts i1 nt known percentages.
«‘ 4
Te
o 1 od as dis ed ] e preceding presents
. 23 mmarediire for the determina-
S 1seful a rapid procedure for the detvermina

and meat products. The method des—

improved tech-

is rathe: X as but c no
icall 1d po S been done in dairy labora=

srobably not be possible to apply this method ¢

) LD LYV Il10O v C LC &
meat own formula in C laborato in substitu-
tion stermination, it be very valuable for the
laboratories of the meat ustr themselves, where, with the foIr ulas

upon, & 10 can be dr: up empirically
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