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INTRODUCTION

Meal quality is a composite manisfestat-
ion of various factors, which depend up-
on the metabolic states of the muscle ti
ssue, the environmental conditions of an
imal before slaughter and also the treat
ments after slaughter. The biochemical
events which occur in muscle tissues bo-
th in living animal and post slaughter
stage may give a clue to understanding
the quality attributes of meat. Choosing
enzyme__the unique, important bioactive
molecule as key substance, we attempted
Lo uncover the intrinsic correlations be
tween the biochemical characteristics of
muscle tissue and meat quality.

In the early sixties, Dahl (1) comfirmed
Hunter’s finding (2) that the creatine
content in lean meat was constant. Dahl
also used creatine as an index of meat
product quality. Zdenek Dvorak (3) after
a series determinations of creatine con-
tents of fresh pork, beef, mutton etc.
verified that there was a good linear re
lationship between creatine content and
net muscle protein. He suggested that
creatine content may be used as an index
of fresh meat quality.

As the interconversion of creatine and
phosphocreat ine--the energy reservoir
for muscle contraction, is under the ac-
tion of creatine phosphate kinase (CPK),
it is reasonable to deduce that there
may be a relationship between the creat-
ine content and CPK activity. After com-
paring three different assay methods for
CPK, we determined the CPK activities of
different kinds of muscles and at the
meantime, the creatine or total creatin-
ine content.

Inspired by some preliminary results,

we further broadened the enzyme spectr-
um of muscle to those enzymes such as
phosphohexose isomerase (PHI), which ge
netic locus has linkage with the HAL ge
netic locus (4) of the commonly recogni-
zed, in recent years, the stress-sensit-
ive gene of pig, and lactate dehydrogen-
ase (LDH) vhich is an important enzyme

in muscle glycolysis, in order to dis-

close the relationship between enzymes
and meat quality and moreover to search
for the biochemical mechanism of meat
gual ity changes.

MATERIALS AND METHODS

(1) Samples

(1) Muscles M.longissimi dorsi, M.(!)
M.psoas major, M.(I[), M.supraspinatus:
M.CITD1), M.lumbar eye, M.(1V), the lun~
bar part of M.(I), M.biceps femoris, M
(V). Others: Muscles from front and hinf
legs, from neck and back.

(2) Sera from the same animals
Diferent batches of samples were takel
instantly after slaughter at Hangzhou
Meat Factory, or supp!ied by Animal HUS
bandry Institute of Zhejiang Academy of
Agricultural Sciences.

(11) Preparation of test solutions

(1) For CPK assay To each muscle sampl®
(10g. minced), a sufficient amount of
0.01 M. KCL solution was added. Homoge"
ized, filtered and centrifuged. The S/
ernatant was diluted adequately and use
for assay. /
(2) For PHI assay Use 0.02 N. KOH 50!
tion, others as above.

(3) For LDH assay Same as for CPK fof
muscles, sera were diluted before use:
(4) For creatine and total creatinine
To 5g. of minced muscle sample, 100 Bl
of 3% CCL3COOH solution was added and
homogenized. The mixture was filtered
and the filtrate was used for creatin
and total creatinine determination.
(I11) Methods

(1) Assay for enzyme activity

(@) CPR (EEN2:7:3.2)

Inorganic phosphate (IP) method (5),
diacetyl (DA) method (6), pH method ¢
with modifications.

(b) PHI or GPI (EC 5.3.1.9.)
colorimetric method (8) ,
(c) LDH (EC 1.1.1.27.) Pyruvate color’
metric method (9) |
(2) Determination of creatine and totd
creatinine

(a) Alkaline picrate method (10) For
creatine and total creatinine

(b) Diacetyl method Referred to (6)s
with modifications.

(3) Protein content Biuret method
(1V) Definition of enzyme activity un
CPK:

IP method:

-
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7)

Fructos®

-ed
ug of phosphorus produc®

at 37 'C, 30 min.




D method:

> 1 mmole of creatline produc

at 37 'C, 1 hr.

%?*mmthod: 1 microequivalent of [HY]

mleased after 1| min.at 25 E.

w * 1 ag. of fructose produced at 30

1%- for 10 min.

ﬁ”} 1 umole of pyruvic acid formed at
C. for 15 min.

Instruments and reagents
M{l high speed homogenator, pH S-2 pH
m €r, TGL-16 high speed benchtop centri
Sge, 721 spectrophotometer, 751 UY/VIS
fettronhotometor, Reagents: biochemical
“ade or A.R. grade
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tﬁ Activity of CPK was correlated to
€ Creatine or total creatinine content

. IP method
N AT
\5 activity (units/g.meat) 159.77+15.60
Creat me‘ """""""""""""""""""""""""""""""""""""
\Eﬂtent (mg./g.meat) 2.7610.21
n§ ———————————————————————————————————
%mg, 95% confidence, r=0.88

Ple: Mixture of muscles from neck

back, front and hind leg and M.(I).

(>

«:i DA method
e e
ble M.(1) (N=10) M.(I1) (N=9)
CPK “““““““““““““““““““““““““““““
Gﬁnvity

s /01 94.84%0.99  90.933.48
. Clon)

( —————————————————————————————————————————
o total

Ninine 3.53+0.385 3.2940.299
(2) ““““““““““““““““““““““““““““
Chaqy .

“Aine  3,8910.443  3.5640.346
Qor ————————————————————————————————————
Qge;e!ation (1) 0.95 (1) 0.80

. Ticient  (2) 0.95 (2) 0.77

~
S~

(0

%é) Activities of CPK were different

(1 8 different muscles

ly, -Omparison of CPK activity between
I three kinds of muscles
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(a) DA method

sample M. (1) (N=9) H.(11) (N=9)
CPK
activity 94.84£0.99 90.39+3. 48
(units/ml.
solution p<0.01
soluble
protein 10.2940.25 9.9610.53
(mg./ml.
solution)
relative
activity 9.23£0.20 9.:15£0: 76

Sample M.(1) (N=9) M.(11) (n=9)
CPK
activity 1128.6+248.73 895.74203.75
(microeq. [H]
/g.meat) p<0.05

(c) Simultaneous method (DA method for
both items)

Sample CPK activity p value

(x10 units/ <
g.meat)

M. ) 8.64+1.21 - 0.05

M. (11) 7.83+0.94 >>20 001

M.CIII) 6.70+0.83 =~ 0.001

Sample creatine content p value
umole/g.meat <

MG 3.29+1.40 0.05

M. (11) 2.80+1.08 ;<<0.m

M. CLT) oS5t 28 === 0l05

N=10, 95% conf idence

Correlation coefficient

Sample CPK activity creatine content

M. (1) 0.88 iy o
M. (1) O<0.87 >>§0.% (n=10)
M. (111)250.89 =50.99




(IT1) Activity of CPK was correlated
with that of PHI

CPK 930.80+20.57 640.64+65. 45
activity p<0.001

PHI 2486+13.9 2378+448.5
activity p< 0.05
correla-
tion .85 0.72

coeff,

n=5, 95% conf idence

(IV) LDH activities were also different
between two different kinds of muscles
Sample M. (1Y) M. (V) Serum

LDH 1004. 4 785.3 6.56
activity +£111.11 +£166.03 +1.14
DISCUSSION

By comparing three different methods for
assaying CPK activity, we found that [P
method was redundant, pH-method showed
its merit in time-saving but regretful-
ly was found liable to fluctuation. Aft
er repeated tests with modifications, it
wvas accepled along with DA method.
Individual divergences were found among
different animals both in CPK activity
and in creatine content. But there were
correlations among different muscles i.e
if the CPK activity(or creatine content)
of one kind of muscle of animal A is hi-
gher than that of animal B, then the ac-
tivity (or content) of the second kind
of muscle of A is also higher than that
of B, and so forth. The correlation co-
efficient between creatine contents is
higher than that between CPK activity.
This can well explain why the correlat-
ion coefficients between CPK activity
and creatine content were different for
different muscles. (as 0.95 for HaoGIng,
0.77 for M.(I1)). And the difference in
crealine content were not in disconform-
ity with the work or finding of Dahl and
Hunter, who did not differentiate the di
fferent muscles but determined muscles
in whole.

So far as the variation coefficient is
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concerned, the value of CPK is close U0
that of PHI, But that of LDH is larger:
This situation occurred in hoth muscle®
And no matter which enzyme, the varial”
ion cofficient of M.(V) is greater thal
M.(IV). When comparing the LDH activill
es of pig muscles with the serum LDH &
tivity, we got the following relat jonsl’
ip: if LDH activity in muscle is high
the activity in serum will be low, a"d
vice versa. There were 11 pairs with tl
is ralationship. This phenomenon is iP
conformity with that found in human D€
ings and perhaps can manifest the diff
erent metabolic state of muscles of di°
fferent individuals.

The last and the most important aspect
is the corrclationship between PHI an
CPK. As in recent years, the halothanf
test used widely in testing PSS and Pt
lov quality meats, our finding of th?
corrclat ionship bc[weﬁn PH! and CPK i%
exciting. Since PHI is a promising en%
me in predicting meat quality at Jeast
in the aspect of edible protein, whil®
the link of genetic locus of PHI with
HAL" locus of porcine stress sensitive
gene is well established, (4),(11),
amino acid sequence data of PHI can b%
used to design an oligonucleotide whNH
would hybridize to the corresponding ¢
sequence. The cloned GPI gene would PP
used as a probe to look for RFLPs (12%6
linked to the GPI locus and hence 10 e
HAL™ locus. Thus as a tool to resolve !
problem of meat quality, more works C?W
be done with PHI as well as CPK, the !
portant enzymes in muscle.

CONCLUSION
[) Activity of CPK was positively cor®
lated lo the creatine or total creati?
ine contents. g
I1) Activities of CPK were dift‘erenla6
ong different kinds of muscles by tbrﬂ/
different assay methods and the acti'’
ies were correlated with the contents
soluble protein. ith
[11) Activity of CPK was correlated ¥
that of PHI. re
V) Activities of both PHI and LDH ¥€
different among different muscles Jju®
the same as that of CPK.
V) CPK, as an index of meat quallly’
been proved unequivocally. PHI, not Oe/
is valuable in predicting the normal id
at quality and in differentiating an




By ) <

ﬂ“‘fylng the normal from the low quali-
Y meat, but also in elucidating some lh
Soretical problems.

REFERENCES

D Dahl, 0. FEstimating protein quality
Meat products from the content of typ

'Cal amino acids and creatine

* Sci. Food Agric. 1965,16,619-621.

) Hunter, A. Creatine and creatinine

“Ngmans, Green & Co., London, 1973.

Zdenck Dvorak Creatine as an indica

T of net muscle proteins

+ Sci. Food Agric. 1981,32,1033-1036.

Mabry,J.¥., Christian, L.L. and

Qghlers Inheritance of porcine stress

“Mrome  J. of Heredity 1981,72,429-

430

e b L

)
V]

b o
~—

230,
;)6? Clinical Biochemical Tests and Det-
‘Minations  Part [, p.338,340,1982.
d11ed by Shanghai Municipal Medical Lab
Tatory

1191

7) Yao Qizhi et al An assay method for
creatine phosphokinase activity (pH col-
orimetry) J. of Biochemistry and Bio-
physics (China) 1981,13,1.

8)Methods in Enzymology Vol.l,(1955),
300.

Colowick,5.P. & Kaplan,N.O. (ed.)
Academic press N.Y.

9) Clinical Biochemical Tests and Deter-
minations Part I, P.314-315,1982.
Edited by Shanghai Municipal Medical
Laboratory.

18) ibid, p.108-110.

11) Smith,C. and Bampton,P.R. Inherit-
ance of reaction to halothane anaesthes-
ia in pigs Genetic Research 1977,29,
287-282

12) Beckman,J.S. and Soller, M. Restr-
iction fragment length polymorphisms in
genetic improvement Theoretical and
Applied Genetics 1983,67,35-43.






