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l&f.purPOSc of analysing specific protein components in food products, it is sometimes possible to use a more
‘%Xh#nc?mmon amino acid as a quantitative index of the proteiv it forms part of. Tpe best examp}e may be

g - Oline which makes up some 12 to 14 7% of the amino acids in collagen and gelatine, whereas it hardly
~&hmn.any other food protein. It is a rather old idea to derive information about the identity of the

g, ' a food product from the latter's overall amino acid composition. Wheat gluten, for instance, shows an

‘lﬂw{ high glutamic acid content; the proline content is also comparatively high whilst, on the other hand,

i

% > Of aspartic acid and lysine are rather low. Each protein or complex of proteins has its own

ko Erist

Saley; %C mutual proportion of.CQntO?ts of Const%tu?i?g amino §Ci§s. It is only bfcausc of the gomp%03ity ?f
ligp, Atlons involved, that verification of the viability of this idea ‘had to wait for the availability of
loyi ., “Omputer facilities.

of mlEt al. (1) earned some success with this method in analysing dairy products and baby foods. They made
Q) IBM Fortran program for stepwise regression. At the latest meeting of Meat Research Workers, Martenms et
“L;emOUStrated the feasibility of the approach for the determination of the soya protein content in meat

Ur results obtained along this line have been mentioned earlier (3, 4), but will now be reported more

Loy,
als anq methods

. Proteins
B
iht?G}“S and non-meat proteins, which might come into consideration to be used in the manufacture of meat
-waﬁ;dr€ given in table 1. These proteins provide the collection A of amino acid patterns on which the
tep NS in this study are based. Lean beef and pork, liver, sinews and rind, used for amino acid analysis,
 &Mq§iint&tive SQmples'of the rgw‘materials used in the meat prodU§ts studied (see 2.3). Likewise, except
’Sam;le, Ehe amino acid composition of each gf the non-meat prolelnﬁ and the blood plasma was uhta%ncd
.i(bn 910{ the same batch as 9SCd for preparing the meat products. lhg blood p]asmq was a spray—drlgd‘ )
‘wnjk Falnlng 10.86 7Z N, supplied by Ruitenberg B.V., Amersfoort, the Netherlands. The nature and origin of
segaL Pfotpins were: ‘
M@% thto: spray*drlod,12.83'7 N, prgduﬁud by NIYU. Hardorwukj the Nethvrlnndsl , e
rﬂ1eln concentrate: spray-dried, 12.30 7% N, obtained by ultrafiltration by the Neth. Inst. f. Dairy
at Ede, the Netherlands

A fitt$n: 12,78 Z N, produced by Latenstein, B.V., Nijmegen, th Netherlands

g i Ql?: texturate ADM-180, 8.29 7 N, produced by Archer, Daniels and Midlands

Mty aSeinate: spray—-dried, type EM-6, 14.40 7 N, DMV-Veghel, the Netherlands

Totein: heat-coagulated, experimental sample, 12.92 7% N, Avebe, Veendam, the Netherlands
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€ mmolySatex were made per sample:

Yoy, erj. . . . . . ,

» "o . Tlal was boiled in 6 molar hydrochloric acid; test portions were 200 - 400 mg for the dry protein
55 and 600 - 1000 mg for the raw meat materials and the meat products.

oy ¢ amounts were oxidized for 16 h at 0 9C in 30 ml performic acid reagent, containing 3 % Hp0 and 88
‘ﬁ(anné subsequently hydrolysed as under a; methionine and cystine were thus transformed into methione sulfon
teg, teic acid respectively.

in?tion of = 2 g was‘autocluved for 8 h at 130 Seimia hariumhydroxid€ solution. )
(mlumumatographlc separations were conducted with hydroly3§tes a and b, using an automated ion-exchange
M system. In hydrolysate c only tryptophan was determined, as described by Slump and Schreuder (5).
Ingredients and in the meat products, hydroxyproline was determined manually in a separate fourth

» Obtained by treating 4 g sample with 100 ml 6 m hydrochloric acid as specified under a.

R bt
o, “Tent
e

i, N

products were made from the raw meat materials mentioned in 2.1, pork fat trimmings and two of

by Ve glprutuins of table 1. Lean meats and liver were freed as much as practicable from adhering‘

[be 15590, cut into cubes 1 - 2 cm sidelength, passed through a meat grinder, and homogenized in a

8, ¢ ) Sinews and rind were separately canned with water in the proportion 6 : 5 and heated at 70 ©C. After

Utgy  “Ontents of each can were homogenized in a laboratory cutter. The pork fat trimmings, which were

i Sre d mixed in a bowl chopper, were the only meat ingredient not subjected to amino acid analysis, as
UPposed to contain the same protein as rind or sinews. The batch of each ingredient, so obtained, was
0? the four products and the sample for laboratory analysis. The meat products furthermore contained

ltives (water, salt, nitrite, phosphate, ascorbate). The actual protein compositions of each
ailsﬁévulatcd from the amounts of the ingredients and the results of their proximate amalysis,




2.4 Multivariate analysis

The solution of the following series of equations must be found:

yl = blxl;l & ble;z i b3 1:3 s 58 O g e,

$2 = blxl;l sk bZXE;Z + 1)3:«:2,3 E G e B B B + e,

}

Y19 = DiX1g51 * Po¥ig;n * Pa¥iggz T oo =19,

)

where: Xi'j is the content of amino acid i in the basic protein j

Vs is the content of amino acid i in the sample
(maximally 19 amino acids were determined: the 18 most common ones and hydroxyproline (HYP?\'_
— b. is the fraction of protein j in the sample; the coefficient is subjected to the constralnts J
09<b: < 1 and L by = 1
- eigithEe difference between the contents of amino acid i, as determined in the sample and as
from the protein fractions bj of the sample. fEi
coe

Multiple regression analysis is performed for the complete collection of basic proteins A. The

are estimated by minimalising the residual sum of squares le.“. The proteins corresponding to those€ N
that exceed a pre—set treshold value, constitute the subcolléction B of A. Next, the regression Pfab¥;u31
for each combination of proteins of B. From the corresponding residual sum of squares (RSS), the rest
variance is calculated:
S 2 o RSS
e n-p
2 yill

where n and p are the numbers of proteins in A and B respectively. The combination with the lowest e ¢
the most probable protein composition. Usually, there are a number of combinations producing Solutloqnﬂw 5
equal probability. The coefficients bj in the corresponding regression equations are the cstimatcs‘ui rote
fractions of the basic proteins that make up the protein complex of the sample. Generally, the varl
compositions of almost equal probability differ only slightly in quantitative respect. S in 8
The amino acid contents of all basic proteins (table 1) and of the sample were offered to the FOmpUtLa:
normalised form: for each amino acid, the mean value of its contents in all proteins of uollsctiQH L
calculated, and subsequently all amino acid contents - including those of the sample - were div
corresponding mean value. In this way, allowance could be made for the fact the some amino acids

ous ¢
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cysteine, methionine etc.) always occur in lower quantities than others in proteins. Otherwise, the
e : ; i : = g A
information provided by these amino acids would not adequately affect the final result of the mult%
5 = ; : : . b L
analysis. The reverse 1s true for amino acids that are generally abundant 1in proteins (e.g. glutamt

glutamine) .

3. Results and discussion

The results of the multivariate analyses for the four meat products, each containing two nor
summarized in table 2. Three sets of solutions (calculated compositions) are given. For the f
of all 19 amino acids have been used. In the second set (II) tryptophan was excluded from the ¢a*" " e
order to determine whether the information provided by the tryptophan data was worth the effort e
alkaline hydrolysis; aspartic acid was left out because in the chromatographic separation a smﬂl? "~ of 59 Jeb
peak, due to a contaminant in the elution buffer, might have affected the results. The third ser §

was obtained by deleting tyrosine, phenylalanine and histidine as well. These amino acids are Pﬂrtl}rﬂ
during hydrolysis b. As this is the only reason for hydrolysis a to be performed, it seemed tO !
determine the importance of the information provided by the three aromatic amino acids. o

Solutions II do not appear to be significantly different from solutions I. With products 1 and 4> lutiﬂ
(so

be
; 56300 g1
182+ "1l
2 e
5 . i = . s . . 10WE
Asp and Try even resulted in lower residual variances. The exclusion of still more amino acids (? ﬂCE-HO
. . . - . . . . sar18 8
had surprisingly little effect on the calculated proteln composition as well as the residual var’ gnglu?d‘

- B s v = . firm C 2

these observations, being based on the analysis of only four meat products, do not yet allow 11? 3 jepe” ¢h

also an 07
¢hd

about the amount of amino acid data required to obtain satisfactory results. It will certainly

. . . L er
ceptional" amino acid patte
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Table 2 shows good agreement between the actual and the calculated composition for products | and 2. }:ein‘a
pre t

the particular non-meat protein(s) in the sample; some have a "more e:

the differences between both compositions was larger (esp. muscle and potato protein), but the no

were identified correctly. Product 3 is the only one, in which a protein component (whey prC[CLﬂ)xt ig
5 : . = resel et ot?

recovered in all of the solutions; on the contrary, hen's egg white was wrongly found to be Pltbll‘dg ake s
considerable amounts in all and sodium caseinate in nearly all solutions. That rind was sometimes = JgsU” 1p ¥

. 2 . . 3. . . ectlvVe
sinews (product 3 and 4) should not be taken too seriously. Discrimination between both connect (s
o I
rin¢
id

was o

ab*

sources was anticipated to be very difficult because of their closely similar amino acid patter™
Therefore, when the contribution of connective tissue is involved, the quantitative outcome O S
protein should rather be taken together. The amino acid patterns of lean beef and pork were almost e
and the composition for muscle protein in table 1 is the average of both. it f“tw
1f the solution showing the lowest number of protein components is chosen, it appears that the 1%% ects g
) re 5itl 'L.i"i
fo*
1u® “gat

designated as the protein constituents in three of the four samples. The residual variance Se’
goodness of fit of the observed amino acid levels and those derived from the calculated protei® -
the basis of long-term experience with the méthod, it would be possible to establish a treshol A
residual variance, above which a solution is rejected as not adequately fitting the sample
results would be precluded. The possibility that two or more completely different protein

n comP?

equal probability and sufficiently low residual variance would result from the calculations is
as long as the number of protein components in the sample remains well below the number of amin®
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'la}iofor the numerical characterisation of basic proteins and sample.

“\1 ;1130'3&’1")' analysing the amino acid composition of the sample in order to determine its protein composition,

Ufy,, DaVe to analyse the amino acid composition of all basic proteins that could possibly have been used in

‘[&re Urlng the product. This is necessary because of the existence of systematic between-laboratories

fd anaQ;:_in the results; there is no generally accepted reproducible standard procedure available for amino

e, -7 518,

;’amir;ng Fhe results of this study, it should be borne in mind that the multivariate analysis was based on

S Usg dcid data of material from the very batches of the 11 proteins ingredients (except caseinate) that

~ ddy, Ts;? the manufacture of the.fOL}r mez'at pr(')ducts: In this way optimal reslelts can be e.xpected wh}ch are

Se 5 y affected by small variations in amino acid pattern that always exist due to differences 1in origin

She; . 2Tlation, climatical conditioms, etc.) and processing of the raw materials.

Sty Weat products, which may contain protein hydrolysates, require a preliminary removal of low molecular
Containing compounds.

B
an“Sion

.\‘llti; Viability of multivariate analysis for the determination of protein compositions is now established,
,"he ea € success in practice will largely depend on three factors:

“}e 5 Producibility of the results of amino acid analysis.

::St()ryent to which the amino acid pattern varies according to its origin and its processing and storage
the A

o @
f Xt . . . . 5 =
Yoy €0t to which the amino acid pattern of a protein component, actually present in the sample, differs

1 5 . 7
llg e naF of the other proteins pre-selected as possible components of that sample.
" tinuation of the project special attention is paid to these aspects.
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Contents of 19 amino acids in 11 basic protein sources (collection A), in g per 16 g N

basic proteins
e + + + " . < + +
88 wh, billahpis whey wh. gl. muscle liver rind sinews Na-cas. soya pot.
12,9 1.2 10.3 3.7 9.9 DG o il Ee s 7.3 5.4 1 12.8
4.9 6.7 6.6 2.5 436 Aot L i 4.7 4.0 = 6.0
7.7 6.7 5.1 5.1 4.1 7 R T 6.2 BN6LT sts
143 (5 6.1 3L 6 16,3 12,3 10.1 10.2 23.1 18.4 11.3
3.7 5.6 5.6 12.4 3.4 G S 9.4 1.1 5.0 4.3
N 2-5 3.4 1.9 3.1 3.9 SNT 9.8 16h2 1.8 LioF s
N -4 5.2 4.7 5 5.6 5.6 7.6 7.1 3.1 4.3 5.1
by 3.0 3.6 9.3 Ghi 187 s 0427 0.48 0.40 151 273
T 8.0 7.7 5.9 i) 5.2 6.2 2.9 3.1 e S5 s
i 3.8 0.89 NG 2.8 2.6 1.11 1.45 2.7 e o
N 6.0 4.0 6.0 3.8 4.9 207 (ST ER6 500 11640
b 8.6 9.4 9.0 6.8 7.8 8.8 3.4 4.0 9.5 7.6 10.1
i 6.0 5.2 2.5 353 3.5 3.7  0.98 1.26 5.8 3.7 w546
! 6.1 5.4 2.8 4.8 3.9 7G5 S OV 5.2 5.0 6.
. 8.3 6.6 1.62 8.7 7.6 4.0 4.2 9.5 6.3 8.
N Lo 3.0 1.61 1.98 3.9 9.7 1.00 1.38 3.0 2.6 7.
by, w7 556 2.4 303 6.2 A s ena 3G 7.3 5.0
& 1.42 1.91 1.50  0.93 1.19  1.49 0.11 0.28 1.30 .47 1.46
‘ 0.00 0.00 0.00  0.00 0.57 0.39 10.55 8.73 0.00 0.00 0.00
o S W
\()diu:l'cl hen's egg white; bl. pl. = blood plasma protein; wh. gl. = wheat gluten; Na-cas. =

dseinate; pot. = potato protein




Table 2 Actual and most probable calculated protein compositions of four pasteurised meat productS

containing two non-meat proteins
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e

actual prot.

T

calculated protein compositions, in 7%

rotein =
P comp. 7% I l IT I1I '

all AA's included \ Try and Asp excluded Try, Asp, Tyr, Phe and Bi
15
muscle 11358 17 15 7/ 147 15 15 16 . 15
rind 41,1 40 39 40 40 40 40 40 40
soya 28.9 24 22 23 23 26 26 25 25
egg wh. 16.2 19 17/ 19 18 19 18 19 18
liver - - - - - - - -
sinews - - - 1 - - - = =
pot. = 4 = = 2 = 1 2
res. var. 52 (x 10') ¥ ol O Okl Bl (G .4 8.0 e
P R
muscle 622 61 63 64 57
rind 6.0 3 3 4 =
liver 19.4 25 23 19 16
Na-cas. 12.4 11 11 10 11
sinews = - - - 5
pot. = = = 3 11
res. var. 82 (x 10%) [15.0 15.0 15.9 12:4 0 00 .
3.
muscle 52.9 44 38 47 45 46 43 45 47 60 51 54 46
rind 12.3 - - 12 - - B - - 11 12 12 :
sinews 6.3 [15 15 = 15 15 15 15 15 - - ~ 1o
wh. gl. 16.3 19 12 12 2 15 12 16 18 17 13 14 14
whey 12.2 8 6 9 i - 6 - - = 5 = i
egg wh. - 13 10 13 13 16 12 12 9 12 12 13 1
Na-cas. - 8 8 7 8 8 8 5 - - 7 7 /
pot. — = = = = - - 7 11 = = = !
liver - - 11 - - - 4 - - - - = e
res. var. SZ (x 104) |22.7 22.1 23.0 18.2 24.1 19.6 23.1 24.1 |24.9 16.9 18.7 1/-1/
______________________________________________ e e e e e et e S S g e e e i S et s e el e R

‘ | |

4, ‘ ;
muscle 33.2 | 25 22 24 | 26 24 26 26 25 26 25 95
rind 12.7 | - - - i - - - - - - -
sinews 32.6 | 46 47 47 | 47 47 47 47 47 47 47 47
il il 10. 1 9 8 8 [ 8 8 8 7 8 8 8 6
pot. 11.4 | 20 18 19 l 19 19 18 18 19 19 18 18
whey = = = 2 [ - = = 2 = - = 4
soya = J - 5 - [ 2 = = = = = =
wh. gl. = = - = = = = = 1 = = T
Na-cas. = 4 | - - - | - = 1 = - = 2 =
res.: var. ST ((x 10)1516L5 16,00 172 | 8.9 9.4 9.2 8.8 9.4| 6.9 6.6 6.4
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