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and chit terling( approx. 0.3-0.6 %  creatine, calculated as a percentage of 
crude protein). Blood, skin, connective tissue, liver, and lungs are extreniely 
poor in creatine (0.0-0.2 % , calculated as indicated).

No decisive conclusions can be made with regard to the influence of aging of 
meat on the content of creatine (samples No. 3' and 4 ' ,  Table III; Nos. 10-17,
.table IV), although there seems to be a tendency to decomposition of creatine 
during aging.

These findings permit certain conclusions of the quality of the ingredients in 
meat products from the content of creatine as a percentage of crude protein.
One limitation, however, is the evaluation of the quality of products like liver 
paste and liver sausage. In addition, erroneous results will be obtained in the 
case of products manufactured from cooked meat without the cooking water, e.g. 
corned beef. In these instances the content of tryptophan can be used as guidance 
(cf. introduction to this paper). From an analytical point of view, however, 
the determination of water soluble guanidino compounds according to Method b, 
when applicable, is to be preferred because of its simplicity. The overestimation 
by this method of the quality, due to the presence of guanidino compounds other 
than creatine, which might occur in rare cases, is generally not serious.

The data obtained in this study compare essentially with the highest of those 
reported from earlier investigations (Table I and II). According to the present 
study the content of creatine in skeletal muscle is almost constant, while earlier 
investigators have found a very changing content. Very low values were recorded 
by Ennor and Rosenberg (5) for cardiac muscle of rabbit, cat and guinea pig.

From Fig. 1 the lowering effect of hydroxyproline, used as a measure of the content 
of connective tissue, on the content of creatine is evident. The content of crea­
tine in particularly beef head meat, beef and pig tongue, pig's heart, and to 
some extent also beef heart and frozen Argentinian horse meat (sample No. 38) is 
lower than could be expected from the content of hydroxyproline. Maybe creatine 
has been object to enzymatic decomposition in these tissues. In the case of 
Argentinian horse meat slight decomposition might be due to prolonged agingo 
Earlier investigators have shown that dark muscles have a lower content of 
creatine than light ones (4). If this holds, it may explain the said deviations. 
Anyhow, this must be object to special studies.

The content of creatine + creatinine in milk powder (Table III) is in fairly 
good agreement with that, which can be calculated from data reported by Shahani 
and Sommer (13). These authors found on an average 4.5 mg creatine + creatinine 
per 100 ml milk containing 493 mg total N in the sane volume. This means 0.15 %  
creatine + creatinine as a percentage of crude protein. The corresponding 
maximum value can be calculated to 0.22 % .
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S U M M A R Y

Analyses of various animal tissues and sausages have shown that the content 
of creatine, calculated as a percentage of crude protein, can roughly be used 
as an index of the quality of meat products with the exception of items such 
as liver paste and liver sausage as well as cooked products of the type 
corned beef.

Two different methods of analysis were compared. Among water soluble guani- 
. 0  compounds other than creatine, arginine was found to be present in 

significant amounts in certain tissues.

Z U S A M M E N F A S S U N G

Anaiysen verschiedener tierischer Gewebe und Würste haben dargetan, dass 
der Gehalt an Kreatin, berechnet als Prozent des Rohproteins, als Qualitäts- 
masstab von Fleischwaren verwendet werden kann, jedoch mit der Ausnahme von 
Leberpastete und Leberwurst sowie Corned Beef und ähnlichen Erzeugnissen 
mit gekochtem Fleisch.

Zwei verschiedene Analysenmethoden wurden verglichen. Unter den wasserlös­
lichen Guanidinverbindungen ausser Kreatin wurde Arginin in beträchtlichen 
Mengen in gewissen Organen gefunden.

R E S U M E

* « * * . animaux ont montré que la teneur en
créatine exprimée en pourcentage des protéines, peut être un moyen

estimer la qualité des produits de charcuterie, à l'exception des pStés 
de foie, boudin blanc et de certains produits cui es, tels le corned beef.

L'auteur compare deux méthodes différentes. Parmi les dérivés guanidiques 
solubles dans 1 eau, outre la créatine, il a été trouvé dans certains 
organes, quantité notable d'arginine.
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T a b le  III
C o n te n t  o f  c r e a t i n e  ( + c r e a t i n i n e ) an d  o t h e r  w a t e r  s o l u b l e  g u a n id in o  com pounds i n  v a r i o u s  a n im a l t i s s u e s  and  sk im  
m ilk  a s  d e t e rm in e d  w i t h o u t  and w i t h  c h r o m a t o g r a p h ic  s e p a r a t i o n  o f  th e  e x t r a c t s .

g

P
-ffl-

O 
¡0

Eh 
M 

CD

P
 

P
 Cd 

a
 

rH 
(U

®
 

ts d 
o

 
s 

^
S

 
& So o 

o 
o

3

COEd•H

•H*PcdCD
N~N N~\

-P
Eh 

co
CM tP

CM
cd

0
 

Ed
0

•H
CM CM

CM
Eh_o

■f 
Ed

P
i

•n
cd -h 

p
rH Td

tot) 
to 

(1) 
P 

Ed
O

Eh
p

•rH
0

•
-P

IT—
*3*

X
CD

Ed
Ed

pi
O

cd
OJ

LP\
CXI

P
p

rH
cd

a
rH

0
0

cd
0

p
0

cd
Eh

OJ
OJ

OJ
CO

5b
O

0
O

CD

O
 O

IP
 LP\ 

• 
.

CM CM
CM

C—
 

C—
 CTv VO O

 IP (TV CM tp 
O

 
CTvVffi r- tp IP

 LP CM "d- VO 
• 

•
•

•
•

•
•

•
•

«
CM 

T
-1

-0
0

0
0

0
0

0

tp t- tp IPs 
VO r- CM CM 

• 
• 

• 
*

o
 o

 o
 o

-3- sj-■'3' [—
 

<3 VO 
ON C—

T- s
-
v
O
N
t
A
i
n
v
-
O
'
'

ViL O
 Cvi C\l

T- O
 O

O
 O

O
O

O
O

O
O

O
O

O
O

 
O

O
O

O

tp r—
 

CM *=4- 
• 

•
CM CM

PI*

CM

P- 
CD CD 'V

 O
 C—

 CP O
 VO CM

CT\ CO LP h—
 CM 

s—
 r" fp

 LP
•«d- ^

 CM 'd- 
fP

 O
 CM CM

O
O

O
O

O
O

O
 

O
O

O
O

T- 
CO CM V

 IP P
- 00 VO CO IPs 

O
 

CVVO r
 r

 r
 r

 r
 fPK

V
vo tm

P
iO

v 
tp O

 CM CM
CM

T
-

O
O

O
O

O
O

O
 

O
O

O
O

T- 
C

7\lp V- ^
 CD tP

 in
tp

 M
1 

O
 

cvvo 
cm rp "vp ip

 tp "M- vo

K 
«

M 
«_

CD ^pvo CP 
VO 

r
- IP\ 'V

CM
O

O
O

O
O

O
O

 
O

O
O

O

M eth od  a

c r e a t i n e (+  
c r e a t in i n e j

X 
X

h- O
 

vo 
'V

 T-VO
 C—

 CO VO 
0

 V
 N

v
o

 
'‘3- VO CM CM 

IP VO 
CM 

O
 O

 VO h— 
t— CM CM CM fP

 IP
 

V
 O

 VO P
 

•
•

 
• 

•
•

•
•

•
•

•
•

•
•

 
•

•
•

•
CM CM 

CM 
CM

CM
t-

O
O

O
O

O
O

O
 

O
O

O
O

Ed IP
 

CD -H CM 
Td 

CD 
• 

d -p
v

c
^

. 
Eh 

0
 

«
O

 
Eh £o|

___J2i>p

(P
IP

 
VO 

C 
CD O

 VO IP
 IP

 CM CO CM VO 
r

 r
 O

V
O

O
J

t— 
C\J 

OJ VO t—
 

Kj- GO C—
 r- 

CO CD VO rO
 

OJ OJ 
OJ 

C
J

r-r-T
— T—

T—
r— 

t— T
-r- 

OJ N”\ fO\

Ai
l

i
Eh 

id 
eh

5)0 O
 

(hQ
a

«2
>5

13
tti 

Eh • 
Td 

fcb

cd
•V

0
0

cd
<0

0
 0

0
ttf)

0
0

¡50 Td -Ed
cd

•H
3

>>
cd

cd p
U

Pi
Eh Ed

to
tr—

00
co

t»o 0
£

a
»»

O
*s

«p
0

is
O

£
&

0
 VO

u
0

cd
0

0
u

cd
0

rP
0

0
cd 

•*
0

0
 to

cov
«»V

r^'H

co 
co 

td td 
P 

«3 
Eh 

Eh 
¡50 t>0

•|H! *H 1
•iH i

CO CO!
to

Eh Eh
U

O oj
OTd

*! •
coi to

•ito
tni to

to
•H ] -H

•H !
bO M 
pip1

a
°l °i

0!Pi1

3r

&
o

o
^

o
-

H
^

&
r

 
o

n
J

o
-p

o
t

n
o

o
 

o p 
00

0*S *(N 0*N
'*• r

1 f>) 
¡>1 

d
 

Ed 
r

 *r 
+>+> 

0) 
ffl 

®
 

J) 
ft 

fj 
f

H
^

E
d

E
d

c
O

C
O

C
O

C
O

 
c

d
n

d
'rd

'td
rH

i-i'td
 

S
 

CO 
<0 

-H
 

-H
 

Ei| a, -cd 
3

 
W

K
M

W
m

c
o

S
r

t

V 
V 

V 
V

■ CD cv O

P
 -H

(Oh P
 

Eh 
i-H

p
0

O
CD 

Ed< O
P

O
O 

CD
P

& 
to 

Eh
CD

P
P

S: 
EsO O

P
CD

O
P

 
H

O
a 

- 
-

P
Eh

•rH
cd

0
0 p

 p
O

0
0

rH
p

pH 
i-H rH

O
«H

Eh
X-—___

EH -rH -H
«H

0
&

0
a 

a
CD

•H
>

cfl 
f*D &

os
P

nJ
P

a 
p

p
w a 

a
-P

O
£30 *h *h

-P
O

rH
P

 P
 X

O
cd

Pd 
Eh

•H 
m

 
ta

0
CD

Eh
O

 
CD

rH
rH

Eh
O

(d P
P

 'P tS
O

pH
a p

O
0

0
O -H
p

 p
Eh 

Eh 
Eh

K
a aM

CD O
O

 (=) Pd

S 
N

S 
\ 

\
tp "p-

IPVO
 c—

T— 
—̂

T- r- T-

o P



patent of creatine ( + creatinine) and total water soluble guanidino compounds 
th Var^ous animal tissues as determined without chromatographic separation of 
ne extracts. Excludes data of the samples listed in Table III.

Aging of M. longissimus dorsi was performed at +2° to +5°C.

Table IV 9;

j Content calculated as .j 
•a percentage of crude |

^ P le ]
T i s s u e

Crude protein
protein :(No chromatographic 
(N*6.25). separation)________

1°
Method aj Method b 
creatine ¡water soluble 
j(+crea- ¡guanidino com- 
tinine) ¡pounds, calc 

¡as creatine
Longiss. dorsi; young bull, grade 1 +

old bull, 11 
steer, 2 years, 11 
heifer," " ,"

;o vi
If

Triceps brachii;" 
Longiss. dorsi: "

Longiss dorsi;
M

9

3
6
7
7
5
If

7
ff

" x  -XX )

1 -

1 + 
1 T 
1 
1 
1 
1
5+
1
If

1

Longiss. dorsi; " , 6
II II • I! II9
■I 11 . H

" " ; "
Beef meat, assortment II ^
I " " 9 " IIIXX }

« 1! " " .  ” i n “ ;
X IIIXX;;
(  • a Qivnl n "NT r\

! TV

aged 3 days;
11 2 " j
" 1 day |
fl -j ft

" 8 days
11 2 ”
11 4 11
» 4 I'
" 1 1  "
11 ^ 11
»  23 "  :
11 2 "

" 1 6 "
" 1 day |
" 8 days
" 14 "

21

11,
xx,

sample No. 1
tt ft 2
tf ft 5

21.0
21.7
20.1
20.2
20.8
21.1
22.3
20.0
21.6
2 1 . 2
22.1 
21 .6 
21 .2
2 0 . 8
21.4 
21 .6 
21 .4 
20.1 
17.9 
19.8 
16.6

2.40
2.52 
2.47 
2.51
2.41 
2.60 
2.50 
2.58 
2.30
2.42 
2.23
2.53 
2.46

If „ xx;: s it " 2
¿.I..*.
20.6

cow , 7 years 17.0
cow, 6 » 17.1
COW J 7 years, grade 1 20.5

ff
9

If fl
9

ff ff 14.6
ff

9
ff If 9 ff ff 18.4

If
9 8 " , It ft 16.9ff
9

if ff
9

ff fl 11.8
If

9 4 " , If expr 12.0
If

9 9 " , ff 1 + 12.5

11Kidney; 
jSpleen; 
'Lungs\ 
Udder; 
Rumen

Diaphragm; six cows 
Achilles tendon; steer, 
[Blood, beef

2 years, grade 1
19.7
29.6
18.0

2 .16
1.79
1.63 
1.89 
1.34 
1.44
1.64 
2.14 
0.14 
0.18 
0 .2 2  
0.18 
0.31 
0 .38  
0.37 
0.14 
0.07 
0.03

2.53 
2.62  
2.49
2.53 
2.56 
2.62  
2.43 
2-54
2.29 
2.40
2.25
2.42 
2.38
2.29
2.30
2.25 
2.24 
2.15 
1.72 
1 .6 6  
1.90 
1.31
1.43 
1 .6 8  
2.11 
0.08 
0.22 
0.36 
0.29 
0.42 
0.42 
0.39 
0.14 
0.03 
0.02

]jX) ¡Longiss. dorsi; newlyuborn calf 
k Veal, assortment IIX '

17.9
20.7

2.15
2.05

2.29
2.16

'3*) .̂ orse mea^» assortment IIXX'; frozen Argentinian] 19.8 
Horse meat, assortment IIXX'; Swedish 'lo *

" , " IIIXX*; "

r
18.3 
17.2

2.05
2.17
1.94

2.09
2.14
1.91

-continued



Table IV - continued

41
42

Longiss. dorsi; female bacon pig, normal
" " ; male " " , muscle degsne-

20.2 _ 2.64

43*)
rated

jfHam, fore part; bacon pig; no visible fat or
20.5 — 2.60

44*) '
) connective tissue 
^ " , hind " j " " ; no visible fat or

19-9 2.65 2.64

45*)
connective tissue

Shoulder; bacon pig; no visible fat or
20.2 2.56 2.46

46x)
connective tissue

Ham; bacon pig; connective tissue and part of
20.4 2.44 2.47

47X)

48Ï49
5 0 x )

the fat not removed 18.2 1.99 2.05yx )Lean pork, assortment I \
" » , " IIXX\; sample Ho. 1
ii h  ̂ ti . h " 2

19.4 2.38 2.46
15.7 2.05 2.06
18,5 2.12 2.19

Tongue; bacon pigs 16,1 1.48 1.53
51 Heart; " " 15,6 1.50 1.45
52 Liver; " pig 20.4 0.19 0.15
53 Kidney; " pigs 16.2 0.23 0.39
54 Lungs; " pig; sample No. 1 14.6 0.16 0.24
55 1! , 11 II . 11 1Ï O5 5  £ 12.1 0.20 0.34
56 Stomach (maw); bacon pig 15,0 0.54 O. 9 1  \ 

(0.52V
(°.42V
0 . 0 5 ^
0 . 0 ^

57 Pig skin (back rind), bacon nig; sample Ho. 1 29.0 0,11
58 it it f  ii ii \ ii ii • ii ii 9V Jo  5 - 34.0 0,22
59 h h f  h 11 ) ,  l! " ; !i 3 38.0 _
6o Il II ( Il II Il 1! • It M A

\ J i  ) a- 36.4 -
61 Blood, pig 17.6 0.04 0.05

x) Also the content of hydroxyproline was determined; see Fig. 1.
Xx) The content of connective tissue increases from assortment I to III. This 

is reflected by the content of hydroxyproline (Fig. 1). Assortment I has 
only an insignificantly higher content of hydroxyproline than pure muscle. 
According to Fig. 1 the content of connective tissue in head meat of beef 
is slightly lower than that of assortment III of beef.

y) The extracts were not clear. The results are influenced by the presence of 
protein.

yy) In these determinations the extracts were not heated; hence interfering 
heat soluble protein did not get into solution.
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Table V
Content of creatine(+ creatinine), total water soluble guanidino compounds 
and hydroxyproline in fresh sausages: Bologna (Falukorv) and Luncheon sausage 
(Frukostkorv).

Sample
No. Sausage

Content calculated as a percentage of crude 
protein (N«6.25)

Method a 
creatine 
(+ crea­
tinine )

Method b 
water soluble 
guanidino compounds, 
calc, as creatine

Hydroxy­
proline

No chromatographic separation
1 Bologna 1.55 1.60 3.43
2 tl 1.40 1.44 4*16

3 - 1.44 1.52 3.88

4 II 1.78 1.72 2.59
5 II 1.78 1.74 2.44
6 tl 1.83 1.77 2.66

7 II 1.74 1.68 3.26
8 II 1.61 1.66 3-79
9 II 1.54 1.56 2.97

10 II 1.63 1.71 2.92
11 II 1.56 1.51 2.63
12 II 1.64 1.62 2.72
13 II 1.53 1.58 3.27
U It 1.68 1.67 3.31
15 II 1.76 1.77 2.30
16 Luncheon sausage 1.76 1.78 3.22
17 It II 1.71 1.70 3.62
18 II II 1.48 1.54 3.42
19 II It 1.92 1.91 2.53
20 II " 1.89 1.89 2.49
21 II II 1.77 ; 1.72 2.63

It II 1.91 1.93 2.99

23 ! II II 1.64 1.72 3.25
24 II If 1.58 1.58 2.99
25 II ft 1.50 1.58 2.98
26 If It 1.54 1.58 2.82
27 II II 1.59 1.57 2.70

__28 II II 1.71 1.68 2.70

significant difference exists between the results obtained by Method a 
and b. When correlating the content of creatine (mean of the results of 
^ebhod a and b) with the content of hydroxyproline, the following results 
Were obtained (C = creatine, H = hydroxyproline):

Coefficient of correlation r -0.55 (Significance:
P < 0.01, P > 0.001)


