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Zusammen/assung 

Erhitzen yon ErdnuI]G1 auf 205 ~ w~hrend 18 Stunden fiihrte zu keinen merklichen Ver- 
~nderungen der Fetts~urezusammensetzung. Wiederholte Kartoffelzubereitung in auf 
180 ~ erhitztem ErdnuBS1 bewirkte einen deutliehen Riickgang des Linols~uregehaltes. 
In 80t~gigen Fiitterungsversuchen lieflen solehe 01gaben im Ausmal] yon 10 und 20% einer 
normalen Diiit zugefiigt bei waehsenden Ratten keine signifikanten Vcr~nderungen der 
Gcwichtszunahmen erkennen. 
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The va lue  of  food pro te ins  m a y  be rep resen ted  b y  var ious  coefficients, t he  
mos t  employed  one being the  biological  value ,  which  has become synonymous  
to  p ro te in  value .  This t e r m  was c rea ted  b y  THomAs (1909) and  comple ted  b y  
MITCHELL (1924) ; i t  cor responds  to  the  fol lowing def in i t ion:  Biological  Value  --~ 

100 X Ningested - -  (Nfaeces - -  NmetaboUc) - -  (-hTurine - -  Nendogenous) 
Ningested - -  (Nfaeces - -  2~'metabollc) 

The  biological  va lue  is de t e rmined  b y  means  of  the  ba lance  technique .  This  
supposes  t h a t ,  in  t he  course of  an  expe r imen t  per iod,  t h e  q u a n t i t y  of  inges ted  
food is measured  as  well as t he  q u a n t i t y  of  secre ted  faeces and  ur ine ;  there  t he  
n i t rogen  should  be  dosed.  

F u r t h e r  i t  is necessary  e i ther  to  have  de t e rmined  in  ano the r  e xpe r ime n t  
t he  me tabo l i c  a n d  the  endogenous  n i t rogen  or to  ca lcu la te  these  figures f rom 
genera l ly  ava i lab le  da ta .  Since i t  concerns  a biological  exper imen t ,  i t  ough t  to  
be  r e p e a t e d  severa l  t imes  in  o rder  t o  o b t a i n  re l iable  resul ts .  This  exp la ins  t h e  
fac t  t h a t  t he  de t e rmin ing  of  t he  biological  va lue  is a diff icult  a n d  del ica te  
method .  I t  is ev iden t  t h a t  m a n y  research-workers  have  t r i ed  to  in t roduce  a 
coefficient which  is easier  to  be  found.  



Henderickx, Biological Value and Ghem~cal Score 159 

BLOCK and MITCHELL (1946) proposed to represent the protein value by  
chemical score. This calculation is based on the determining of the amino acid 
composition of both  the examined protein and of a reference protein, in this 
case the whole egg. 

The chemical score of the examined protein is the proeentual proport ion of 
the amount  of the limiting amino acid in the protein to tha t  of the reference 
protein. 

I f  the biological value of a protein only depends on its amino acid compo- 
sition, the chemical score would then be numerically equivalent to the biological 
value. Br, ocK and MITCHELL (1946) have f rom literature, composed a list of  about  
40 proteins, the biological value of which is determined by  nitrogen balances 
on growing rats. They determined the amino acid composition and the chemical 
score of 22 proteins. For the relation chemical score/biological value these 
authors found a correlation coefficient of-~-0.86 and a regression equation 
B V = 39 -4- 0.63 CS. This equation shows tha t  the ehimecal score cannot  
be expressed directly as biological value. 

BENDmr (1954) however warned for three serious mistakes in the result 
given by  BLOCK and MITC~EL (1946) : 

l .  The reference protein 

BENDER (1954) showed tha t  the essential amino acid composition in the 
whole egg as determined by  BLOCK and M_VrC~ELL (1946) was too high for most  
of the essential amino acids. BENDERS reference basis were the result f rom the 
analysis of the whole egg published b y  the RUTO~.RS BUR~,AU (1950). For  the 
relation biological value/chemical score, he obtained a correlation coefficient 
of q- 0.82 and a regression equation B V = 24 ~- 0.74 GS. This s tudy approach- 
ed us to the desired equation. Still BENDER (1954) would conclude his work. 
" I n  conclusion it might  almost be claimed tha t  the biological measurement  of 
the nutri t ive value of proteins can be carried out more rapidly and more accu- 
rately than  the estimations of amino acids." 

Table 1. Composition of the reference protein 
(g. of amino acid]16 g. of nitrogen) 

Whole egg BL0CX and  Whole egg RUTGERS Target  values BENDRR 
Amino acid ~I~CItEI~]~ (1946) (1950) (1958) 

Histidino 
Lysine 
Phenylalanine 
Tryp~ophane 
Cystine 
Methionine 
Cystine + Methionine 
Threonine 
Leucine 
Isoleucine 
Valine 

2.1 
7.2 
6.3 
1.5 
2.4 
4.1 
6.5 
4.9 
9.2 
8.0 
7.3 

2.1 
6.1 
5.6 
1.I 
2.3 
3.2 
5.5 
4.9 
9.0 
6.2 
7.0 

1.8 
5.2 
3.8 
0.7 
2.0 
2.7 
4.7 
4.1 
7.5 
4.3 
5.0 

In  later papers BENDER (1960a and b) showed tha t  for growing rats the 
whole egg contains more than  their need of some essential amino acids. In  a 
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first approximation an over-estimation of 15% for the whole egg could be 
pointed out. Basing on experimental investigation BENDER (1958 and 1960a) 
could calculate the amino acid needed by  the growing ra t  as the procentual 
composition of the ideal protein. This hypothetical protein then completely 
corresponds to the actual needs and has a chemical score and a biological value 
equal to 100. 

Table 1 is a comparative table of the various reference proteins used when 
calculating the chemical score. We based on BEND~.RS target  values (1958) for 
recalculating the chemical score. 

2. Analysis of the proteins 

The amino acid analyses of the food proteins by BLOCK and MITCHELL (1946) 
were undertaken by  microbiological and chemical methods. This leads to a 
serious error. The considerable progress made during the last years as far as the 
amino acid analysis is concerned, especially the perfectioned resin chromato- 
graphic technique, assures a greater exactness. That  is why, when calculating 
the chemical score, we neglected the figures given by BLOCK and lYhTC~ELL 
(1946) as much as possible. The analytical figures were borrowed from the 
following works: DE MA~ and Zw,Ev (1955), HARVEY (1956), OR and WATT 
(1957) and DE VuYsT et al. (1958). 

-100 

} ..// 

,o  

/ 
/ / /  

/ /  
/ "  

/ / / 
/ 

, /  

f I 

BY=$+E~gJC3 r-*.q@7# 

ChemicQl &ore 
I f I i ~ I I f i i v ~ I , , _ . 1  

25 50 75 lO0 

Fig. i .  Proposed revision biological valu8 chemical acore, 



Henderickx, Biological Value and Chemical Score 161 

7oo / /~ 

"~ . / /  ....... X / 
~ "t"" f / / "  

- 75 i~ / / /  .......... ~ 

i / . /  /'" / / /  / " /  
/. //"/'" //" / /  

-50 ,i ' ' ' /  ............ / / ~ "  
L . . . . /  . ........... / /  

i j .  .......... ..... 

L. ~ . d  R~vJ~,o. By- s§ *o,,~s -~6 
I~ / / / /  - -  Theore~#cd BI/= Cg 

/ 

I / / ~  C~em/cal Score 
El i , ~ I [._ , _ j .  L_ t I r I p , I p ~_~ [ .I 
0 g5 5O 75 100 

Fig. 2. Relation biological value/chemical score. 

3. Estimation of the biological value 

We have been maintaining the figures of the biological value tha t  were 
gathered by  BLOCK and MITcr~ .~  (1946). Although these figures were obtained 
b y  several research workers and although the experimental  circumstances are 
surely not comparable, yet, for want  of more recent and bet ter  data, they  
remain the best reference list. 

The new reference basis and the other analytical figures lead to a regression 
equation B V = 5.3 4- 0.93 C S  and a correlation coefficient 4- 0.975 (see fig. 1). 

The value of the chemical score and tha t  of the biological value are repre- 
sented in table 2. This new regression equation is a much bet ter  approximation 
of the numerical equivalent B V -=- CS.  Figure 2 gives a precise idea of the 
obtained improvement.  I n  a later thesis B~NDz~ (1961) affirms the numerical 
equivalence of biological value and chemical score. We may  conclude: 

1. The calculation of the chemical score with regard to the actual need of a 
growing ra t  corresponds much bet ter  to the biological value. Although the  
to ta l  egg presented m a n y  advantages  as a reference protein, the fact remains 
tha t  it does not possess any  physiological relation to the growing rat.  To 
determine the biological value means to estimate to which extent  a feed protein 
covers the need of a given physiological condition. Tha t  is why a bet ter  result 
will be obtahled from an equation with regard to this physiological need. This 
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implies also t h a t  for each species of an imals  and  for each physiological condi t ion 
(growing, gestation, lactat ion,  product ion) ,  another  reference basis ought  to  be 
used. 

Table 2. Biological Values and Chemical Scores 

Biological Chemical score Limiting 
Protein value amino - acid *) 

BLOCK and BLOCK and ]~ENDER Proposed Proposed revision 
MITCHELL (1946) MITCHELL (1946) (1954) revision 

Egg, whole 
Milk, flesh 
Lactalbumin 
Milk, dried 
Egg albumin 
Pork tenderloin 
Flaxseed 
Maize germ 
Beef kidney 
Beef liver 
Beef muscle 
Cabbage 
Rice, white 
Wheat germ 
Beef hear~ 
Pork, ham 
Wheat bran 
Potato sweet 
Potato tuberin 
Sesame seed 
Coconut meal 
Casein 
Wheat, whole 
Oats, rolled 
Sunflower seed 
Barley 
Cottonseed 
Yeast 
Groundnut 
Soya beans 
Millet 
Maize, whole 
Flour, white 
Pea 
Bread, white 
Beans ,  navy 

96 
90 
85 
84 
83 
79 
78 
78 
77 
77 
76 
76 
75 
75 
74 
74 
74 
72 
71 
71 
70 
69 
67 
66 
65 
64 
64 
63 
58 
57 
56 
54 
52 
48 
47 
38 

100 100 
68 80 
66 84 

69 78 

35 41 
39 50 
65 76 
70 84 
71 83 

44 
38 
65 

39 

58 
37 
46 
53 

37 44 
45 53 
24 31 
49 

28 33 
28 33 

100 
89 
81 
89 
82 

67 

C + M  
M 

C §  
PHEN 
C W M  

L 
M 
M 

C W M  
C §  

M 
L 
M 

C T M  
C + M  

L 
C §  
C §  

L 
L 

C §  
L 
L 
L 
L 
M 

C §  
M 
M 
L 
L 
L 
M 
L 
M 

*) Limiting amino acid: C -~ M ~ eystine and methionine; L ~ lysine; M ~ methio- 
nine; PHEN ~ phenylalanine. 

2. The biological value of a pro te in  can be calculated very  accura te ly  on the  
basis of i ts  amino  acid composit ion.  This is also assumed b y  B ~ D ~  since 1959. 

3. As i n  most  feeding proteins  the  first l imi t ing  amino  acids is lysine or 
su lphur  conta in ing  amino  acids the  calculat ion of the  chemical  score can be 
reduced to an  es t imat ion  of these amino acids, as BENDER proposed (1961). 
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A l t h o u g h  t h e  n u m e r i c a l  e q u i v a l e n c e  B V = CS was  a l m o s t  a p p r o x i m a t e d ,  
we  m u s t  n o t  f o r g e t  t h a t  t h i s  i dea l  r e l a t i o n  is b a s e d  on  t h e  s u p p o s i t i o n  t h a t  t h e  
b io log ica l  v a l u e  w o u l d  e x c l u s i v e l y  d e p e n d  on  t h e  a m i n o  ac id  c o m p o s i t i o n .  N o  
o t h e r  fac to rs ,  s u c h  as  d iges t ib i l i t y ,  b io log ica l  a v a i l a b i l i t y  a r e  t a k e n  i n t o  
a c c o u n t  t h e n .  I f  t h e s e  f a c t o r s  p r o v e  t o  be  i m p o r t a n t ,  we  sha l l  h a v e  t o  be  ca re fu l  
w h e n  c o n v e r t i n g  c h e m i c a l  score  t o  b io log ica l  va lue .  

Summary 

Basing on the amount of essential amino acids needed by the growing rat  and on recent 
analytical figures, the chemical score of 36 proteins was recalculated. A regression equation 
was calculated: Biological value = 5,3 ~ 0,93. Chemical Score with r = ~- 0,975. Two 
facts were demonstrated: 1. for determining the chemical score, the best reference figures 
result from the need of essential amino acids; 2. it is possible, on the basis of analytical 
figures, to calculate the biological value of a protein. 

Zusammenfassung 

Auf Grund des Bedarfs an essentiellen ,a~Jninosi~uren bei waehsenden Rat ten  und an 
Hand rezenter Analysezahlen wurde die Chemical Score fiir 36 Proteine neu berectmet. 
Wit berechneten ebenfalls eine Regrcssionsgleichung: Biologische Wer~igke i t=  5,3 
~- 0,93. Chemical Score B = -t- 0,975. 

Zwei Tatsachen wurden dargelegt: 1. die hesten Referenzzahlen zum Bestimmen der 
Chemical Score ergeben sich aus dcm Bcdarf an essentiellen Aminosiiuren; 2. an Hand der 
Analysezahlen ist es m6glich, die Biologische Wer~igkeit eines Proteins zu berechnen. 
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