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In the evaluation of the nutritive value of foods, beside net protein content, the protein quality thdices, which can

characterize protein quality by numerical values, play a gradually increasing role:

As the direct estimation of protein quality by means of biological assays is an expemsive and time consuming process,
the importance of in vitro chemical methods, which can give as much Information concerning the quality of protein as

the biological assays at highly reduced expenses, is more and more acknowledged.

(f the chemical indeces based upon gross amino acid content data ( Morup~Olesen Index, FAG/WHO Index, Chemical
Score, Korpdczy Index ) only some are able to predict the quality and the biological valie of mixtures of proteins,
thus are applicable to meat products,

The present work is concerned with the applicability of the above mentioned indeces for the characterisation of protein

quality, demonstrated on the example of one of our best known export products, of dry sausage.

The results of our investigations have proved the biological quality of dry sausage is one of the highest among meat

rroshicts,

Untersuchung des biologischen Wertes der Dauerwurst

FERENC BEKES®, ATTILA ZSIGMOND' und AGNES JUHASZ ™

x Technische Universitiit Budapest, Lehrstuhl filr Biochemie und Lebensmittekechnologie
xx Ungarisches Forschungsinstitut fir Flelschwirtachaft

In der Beurteilung der Qualitit der Lebensmittel, neben Proteingehalt, kommen Kennziffer, die die Proteinqualitlit
numerisch angeben konnen,’ zu immer grisserer Rolle. Wegen der grossen Zeit- und Kostenforderung der blologi~
schen Methoden fur die direkte Bestimmung der Proteinqualitt kommen in vitro chemische Methoden in den Vorder-
grund, die tber Proteinqualitit die gleiche Informationen geben knnen, mit wesent lich kleineren Aufwiinden.

Aus den auf die AminosBurezusammensetzung der Produkte beruhenden chemischen Indexen ( Morup-Ulesen Index,
FAQ/WHO Index, Chemical Score, Korpéczy Index ) sind manche fihig, den biologischen Wert auch im Falle von
Proteinmischungen z,B. in Fleischprodukten zuv bestimmen,

In der vorliegender Arbelt wurde die verwendbarkeit der verschiedenen chemischen Indexe zur Charakterisierung
der Proteinqualitlt der der Produkte untersucht, als Beispiel diente die Dauverwurst.

Aufgrund unserer Ergebnisse kann man feststellen, dass der blologische Wert ( Biological Value ) der Dauerwurst

einer der htchsten unter den Fleischwaren ist.
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Use of chemical Indices for protein quality as

sment

The procedure of assessing protein quality from amino acld data is overwhelmingly simple to all other methods: only amino
acid data and a calculating machine are necessary for an estimate to be made, The blological valie of prateins Is ‘,,.f.,”\n_ul
by chemical Indices, which describe the relationship between amino acid date and biological value by means of matehemat!*

cal functions. Generally:

/ X
Rq.1 (BY) = f/( S ACEre T S
/ X 1 er

where the predicted biological value

X = the concentration of the j~th amino acid in the sample

1)
X4 =  the concentration of the j»th amino acid in the reference protein the amino acid compos tion of
) which is considered to be ideal
j = running index for amino acids which are considered to be indispensable ( essential )

= total number of essential amino acids

A great number of chemical indices have heen suggested and used for protein quality evaluation, which differ from one

another in the following assumjption:

- which amino acids are considered to be essential
- what 1s the amino acid composition of the reference protein l.e.
which amino acld pattern is considered to meet the requirements ideally

- what type of mathematical formula is used for calculation of the index.

Nowadays there is a general agreement that the following amino acids are - essential for humans: threonine, valhe,

isoleucine, leucine, tyrosine and phenyl=alanine (aromatic amino acids) cystine and methionine (sulpbur amino acids),

lysine, tryptophane,

Since egg had been demonstrated as a protein of high blological value, it was suggested as a reference standard for
scoring purposes (5), later it was replaced by a hypothetical reference protein (6), the composition of which was repea*
tedly revised (7,8) MORUP and OLESEN (9) suggested to use as a reference the amino acid composition of a mixture

(egg~potatoe ) which had been hitherto found experimentally to have the highest biological value (lo,11),

As far as the calculation of the chemical indices from amino acid data is concerned, the usual procedure {8 to compare

the given amino acid in the sample and in the reference protein, the fraction obtalned is used for further calculations.
x
i A
A method frequently used is the calculation of the geometrical mean of the i fractions, ( Essential Amino Acid Index,

4
Modified Essential Amino Acid Index )

Historically, the first approach to protein quality assessment by means of chemical indices was the Chemical Score (5)
based on the theory of imiting amino acids, The calculation of the Chemical Score is very simple: the leaet of the above
ment loned fractions is taken and expressed as percentage,
Although the Chemical Score is now superseded, the FAC/WHCU Index (8) veturns to this me thod of calculation, with the
difference, that instead of the amount of the individual amino acide, their ratios to the total essential amino acids are
used in forming the fraction, (Bq.2.)

e
k was of primary Importance to realize that amino acid ratios higher than 1 are unbeneficial for the optimal ratio, F th
sample cortains more of the amino acid in question than the reference protein, i.e, either of the above mentioned

fractions is greater than 1, the usual procedure is to use its reciprocal (Eq.3. )
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k was suggested by KOURPACZY et al.(12)to take in consideration the amount of the non-essential amino acids in
expressing protein quality as their role is not negligable in maintaining nitrogen balance:

KORPACZY Index = 11 11
Rq.4, Z Cj egg * °
=1 -
75 TR - R Y .
1y
Z. T
=]
(c, = the concentration of the j<th non-essential amino acid in the sample, c = in the egg )

) Jregr
All the above mentioned calculations yleld indices which are more or less able to characterize the blological value of a
Protein, their use, however, is limited because of the following drawbacks:
= Although they show a certain correlation with the biological value they are not capable of giving an absolute index number

representing protein quality, they can only be used for ranking between proteins,
= As a consequence of this; if these indices are used for the calculation of the biological value of a protein mixture, the

results are absolutely unreal and do not agree with those of the hiological assays,

While the above mentioned chemical indices are more or less ba jon theoretical assumptions, the approach of MORUP
and OLESEN (9) is essentially different, as the authors determined the correlation between the biological value and amino
acid data by regression analysis which ylelded the following function:
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Where a’ is the regression coefficient (exponential) for cach essential amino acid,
The fraction in paranthesis is substituted by its reciprocal if its value is greater than as defined in Eq. 3.

The MCRUP-ULRBSEN Index measures the biological value of proteins on an absolte scale, the correlation coefficient for
actual and predicted biological value was found to be 0,99, This index can be readily used for assessment of the biological
value of protein mixtures as well, giving esscntially the same results as the feeding trials.

The authors have also used the MURUP CLESEN index successfully in characterizing food and ferd formulations (13).
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Materials and Methods
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Samples

Flve dry sausage = Hungarian oalami = sampes were used for the Investigations, originating from varfous factories, They

were manufactured at beginning of 1979, at various points of time.

Preparation of the Samples

The samples were homogenized in a meat chopper. Samples for amino acid analysis and for digestibility determination were
defatted by fivefold extraction with pethroleum ether at room temperature. The nitrogen content of the samples was deter =
mined by the Kjeldahl procedure as specified by Hungarian Standard (14),

A factor of 6,25 was used for the calculation of raw protein. The digestibility of the defatted samples was determined by
prolonged digestion (48 hours) with pepsin in acidic medea ( pH~ ) as specified by Hungarian Standard (14),

Amino acid analysis

Samples (~ 70 mg) were hydrolized with 6 N HCI for 24 hours at 110°C in sealed tubes under nitrogen. The hydrolyzates
were neutralized according to SPITZ (15) and filled up to a volume of 25 ml, a 1 ml aliquot was used for the analysis. Two

parallel determinations were performed per samples,

Amino acids were determined by an automatic amino acid analyzer type AAA 881 (Microtechna, Prague ) using Ustion
LG*=KS o803 resin. Amino acids were eluted by a constant molarity buffer system ( 0,2 M Na+) with citrate buffers of
Increasing pH values (3,25, 4,25, 7,0, 9,5) Continous ninhydrine reaction was used for detection,

Tryptophane was determined by lon exchange chromatography, following hydrolysis with 4 N NaCH according to DﬁVéWI
(16), using an automatic amino acid analyzer type LYZ = 75 (CHINGIN, Budapest), Chromatograms were evaliated manu*
ally.

Computation

Chemical indices were calculated by the BIOLERT program, developed by the authors (17,18) using an ODRA 1204 compu~
ter of the Technical University Budapest. The program calculates the following chemical indices: Chemical Score, Modified
Bssential Amino Acid Index, Korpdczy lhdex, FAG/WHO index and Morup~Olesen Index,

Results and Discussion

Net protein content and amino acid data of the samples are shown in Table 1, Unly the amounts of essential amino acids are
detailed, sulphur=- and aromatic amino acids are shown togather, The data presented are serages of two determinations,
For the sake of comparison the chemical composition of a German salami is also presented as well as the amino acid com~
position of fat half -swine,

The digestibllity of the samples was found to be very high, close to 1, The digestibility was considered to be the same for
every essential amino acid for the calculation of the chemical indices,

The chemical indices calculated are presented in Table 2, As it seen in the table, all chemical * indices rank the dry
sausages very high, and there is a proper agreement among the various indices, There is only one exception, in case of
sample C, which was ranked by Morup=Clesen index to a low value, However, this fact is readily explained by the fact,
that the amount of threonine was found in case of this sample slightly higher, than in the other samples. The Morup~Clesen
Index is very sensitive to threonine, as the fraction containiug this amino acid has the highest exponent in the product of
mulkiplication, We remind that the analytical errors in amino acid determination strongly effect the chemical indices, as

recently demonstrated by the authors (19),

The data presented show, that there is no significant difference from the point of view of the biological value of sausages
manufactured at various factories by the same technology. Neither was a difference observed between Hungarian and

German salami samples, by comparison to literature data,
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The blolorical value of raw sausage {s comparable to that of its raw material: fat pork. This is very impartant

bec ause during processing technologies the biological value of the product is usually deteriorated as compared to the
Starting material because of protein denaturation, crosslinking reactions, loss of the availability of certain amino acids
etc, As contrasted with this, the digestibility of dry sausages significantly improves during ripening of the product,

and - as proved by amino acid analyses - the amino acid composition of the product is essentially the same as that of
the raw material. This is in concordance with literature data as the improvement in digestibility of raw sausage type
meat products during ripening has been demonstrated recently and was explained by limited protein degradation of meat

the oligo= and small polypeptides.

To sum up the results: we have demonstrated that Hungarian raw sausages have a good predicted bic logical vatue,

as calculated by any of the chemical indices. The blological value of raw meat, and the digestibility is improved,
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S e morees:

erman Fat half

able 1
——————— iy FESR NS S R 1
X Huugnrij?r' Salami ”(‘v‘l‘l““
|
L g ——— e
Net Protein % 18,2 17,6 17,2
THR 4,84 4,96 569
o VAl 5,0l 4,61 4,17
g w ILE 4,33 4,54 3,78
<8 LEU 7,90 7,64 6,
25 LYS 8.75 6,84 :
Em E TRP 1,13 1,15 1,53
= ; & CYS+MRET 3,64 4,26 3,36
W< 5 TYR+PHE | 6,67 6,55 5,85
— 4 S
Digestibility 0,91 0,% 0,92
Table 2
Chemical Hungarian Salaml| Samples
Indices A B C
MRBAI 70,2 72,4 65,2
KCRPACZY 62,8 63,3 57,8
F AU/ WHC 85,3 81,8 81,1
MCUCRUP=CLESEN 67,8 58,4 36,4

16,9

4,10
3, 00
4,83
7,19
8,03
0,84
3,47

L 6,91

German
Salami
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72,4
74,9
83,4
69,6
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