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BIOCHEMICAL DISTINCTION OF d i a phrag ma p ar s lum balis 
FROM OTHER BEEF MUSCLES.
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SUMMARY

The biochemical composition of the muscle Diaphragma 
pars lumbalis (D) ((frequence o f each of the f iv e  iso
enzymes of the LDH (IS01, IS02, IS03, IS04, IS05), ra 
t i o  of heart to muscle form of LDH (H-M), amount of 
haem iron (Fe), to ta l  nitrogen (NT), soluble nitrogen 
(NS), sarcoplasmic prote ic  nitrogen (Nps) and non pro- 
te ic  nitrogen (Npn)) has been studied comparatively to 
that of 26 other muscles of the beef carcass in order 
to propose a simple and accurate method fo r  d is t in g u i 
shing D from other cuts of beef.

Analysis were made on 270 samples from ten beef carcas
ses chosen to represent a set of the carcasses exis
t ing  in the French market.

The composition of D was very d i f fe re n t  o f tha t of the 
other muscles, spec ia lly  as the fo l low ing ra t ios  were 
concerned : Fe/NS, Fe/IS05, IS05/IS01, Fe/Npn, Fe/Nps,

To d is t ingu ish  D from other types of beef muscles i t  is 
suggested to use the value of the ra t io  :

IS05 x NS
----re---

which value was found to be 0.278 + 0.098 fo r  D compa
red to 2.463 + 1.134 fo r  the set of the 26 other mus
cles.

INTRODUCTION

The carcass of meat animals comprises about two hundred 
paired but not s t r i c t l y  symmetrical muscles. Thesemus- 
cles, of d i f fe re n t  size and weight, perform the va
rious functions involved in locomotion and maintenance 
of the posture of the l iv e  animals. Id e n t i f ic a t io n  of 
the ind iv idua l in ta c t  muscles is eas i ly  achieved a fte r  
dissection due to th e i r  re la t iv e  size and th e i r  speci
f i c  shape, well described in texbooks of muscular ana
tomy (e.g. fo r  beef BROWN et al. 1978). On the cross- 
section of ind iv idua l muscles - presented as meat cuts 
- i t  is also feas ib le  to id e n t i fy  th e i r  anatomical 
o r ig in  from the appearance of the meat grain resu lt ing  
from the perimysium t r a i t s  (DUMONT, 1986). I t  is also 
well known that muscle composition varies great ly  from 
one muscle to another (LAWRIE, 1985) and such va r ia 
t io n  has been explored in beef fo r  some of the major 
chemical components (e.g. fo r  nitrogen content - 
BOUSSET and DUMONT 1984 or fo r  haem iron - BOUSSET and 
DUMONT 1985). Some recent studies have shown that i t  
was possible - namely in beef (TALMANT et al. 1986) - 
to characterize biochemically the co n tra c t i le  and me
tabo l ic  type of muscles. But up to now the re la t io n 
ships between components have not been studied 
thoroughly enough to d iscrim inate ind iv idua l muscles 
on the basis of th e i r  chemical composition. So that i t  
is not yet possible, only from some chemical determi
nations, to f ind  out the anatomical location any piece 
of meat is coming from. The chemical d is t in c t io n  of 
muscles would be of some in te res t in various instances, 
as well fo r  economic reasons ( fo r  the meat trade) as 
fo r  regulations. This is the case, fo r  instance, of the 
muscle Diaphragma which must be d i f fe re n t ia te d  from 
other skeletal muscles of ca t t le  fo r  customs inspection 
in the EEC. The present work reports the resu lts  obtai
ned in a comparison of the chemical composition of 
Diaphragma and other major skeletal muscles of the 
beef carcass to developp a method fo r  the detection of 
bovine diaphragma muscle.

MATERIALS AND METHODS

The animals used in th is  study (N=10) have been chos* ^  
to represent a very large sample of the d i f fe re n t  if 
pes of ca t t le  found in the French market of beef a5 
age, carcass weight and carcass conformation are’ co(’' f ( 
cerned. The average carcass weight was 316.2 + 56 9 k! 01

(estim?ted from teeth evolution according’ 
BRAZAL et a l .  ( l 97l )  was 51.2 + 23.7 months and the »  
conformation score (according DUMONT et al. (1975) w* f 
9.1 + 3.3 ( in  a scale from 1 to 16). The sample of am 
mals comprised six females (cows and h e i fe r ) ,  three 
steers and one b u l l .  ;

ine ammais were k i l l e d  at the aba tto ir  of the Meat 
Research Departement at the INRA Center of Theix and 
carcasses were ch i l le d  in order to avoid any cold 
shortening. 24 h post mortem carcasses were disssect«: 
and the muscles were then stored at 0°C up to th e ir  
sampling, made 3 or 4 days post mortem. On each mus- 
c le location one s l ice  5 cm depth, was taken and coif' 
p le te ly  trimmed of external fa t  and epimysium. The 
sample was minced and c a re fu l ly  mixed and the f o l l o 
wing chemical determinations were made fo r  a f i r s t  
group ( I )  of 27 muscles :

* haem iron according to HORNSEY (1956) (Fe)
* to ta l  amount of nitrogen (NT), water soluble n1' 

trogen (NS), sarcoplasmic prote ic  nitrogen (Nos) non
hv0RniKtrTt Mnon i(Np?,) ’ accordin9 the method describe1 
by 80USStT (1980), a l l  the determinations of nitroaef 
being made by the Kjeldahl ‘ s method).

* ^ te rm in a t io n  of the f iv e  isoenzymes of la c t i -  
codeshydrogenase (LDH) (IS01, IS02, IS03, IS04 IS05). 
a f te r  separation by acrylamide gel electrophoresis of 
one extract of muscle by C1K 0.15 M.

The ra t io  of heart to muscle forms o f the LDH (H-M) 
was determined by ca lcu la t ion from the known tetrame- 
r i c  composition of each isoenzyme and the re la t iv e  va
lue of each one.
Two groups of muscles were considered. The f i r s t  group | 
( I )  included 27 muscles. For most of them the samples f 
were taken in the middle part of the muscle : 
vastus lateralis (number 7 in F ig . l ) ,  tensor fasciae h 
latae (8), gluteus medius (9), triceps brachii caput , 
laterale (30), rectus femoris (36), supraspinatus (42)' p 
adductor (49), infraspinatus (57), transversus abdomi'  ̂
nis (61), rectus abdominis (62), semispinalis capitis . 
(67), serratus ventralis pars cervicis (72); fo r  the 1 
others, the sample was taken at spec if ic  places • f
semitendinosus (middle (4), l /3d cranial part (5) l/3d c
caudal part (6 ) ) ,  psoas major (4th lumbar vertebra ;
(12), longissimus dorsi ((3d lumbar vertebra (15), s
10/11th thoracic vertebra (18)), pectoralis profundus 
(middle (31), 1/3d cranial part (32)), semimembranosus i 
(middle (33), l /3d crania l part (34), l /3d caudal par"t t 
(35)), gluteobiceps (middle (1), l /3d  caudal part (3))'

The second group ( I I )  included a l l  the muscles of the E 
group ( I )  and twelve other muscles considered at the < 
middle part of the muscle (latissimus dorsi (19), pec' 
t ineus (39), gracilis (40), gastrocnemius caput media' ; 
le (48), subscapularis (60), iliacus (63), obliquus ( 
internus abdominis (65), splenius (68), vastus inter' 
n u $ (59), gastrocnemius caput laterals (70), or at * 
spec if ic  location (gluteobiceps ( l /3d cranial part (2)1 
cutaneus trunci (at the level of the navel (28))

The s ta t is t ic a l  treatement comprised calculat ions of
- mean and standard deviation of the d i f fe re n t  

t r a i t s  fo r  each muscle ;
- mean and standard deviation of each t r a i t  fo r  

the whole muscles of group ( I ) ,  except the mus
cle diaphragma pars lumbalis ; th is  set of data 
based on 260 determinations is proposed to be 
considered as representative of the "beef" com
posit ion (B) ;

- comparisons of means of ra t ios  of the most d is
crim inating va r ia tes, according Student's tes t 1

- analysis of the va r ia t ion  w ith in  muscles of the



group f l )  by the m u lt iva r ia te  method of centered 
data (LEFEBVRE 1976).

R£sULTS AND DISCUSSION

fo^e * gives the average value of the d i f fe re n t  t r a i t s  
k; of miJscle Diaphragma and fo r  the whole other muscles 

Or « e 9rouP ( I ) i  which may be considered as "usual"
Phi n°rmal beef muscles. Comparatively to B the dia- 

t can be distinguished by various chemical cha-
,i cteri s t ies ,

'  some being more important in D, l ik e  Fe, I SOI, 
H-M ra t io ,

'Others being less important (NS, Npn or Nps).

Table Composition of Diaphragma and other beef 
muscles

T ra i t Diaphragma Other beef muscles 
n=10 n=260

NT U9/9 
Ns 9/lOOg 

9/100g 
Nnn 9/1°0g
!p4 9/1o°9

°̂3 S04
is°5H/m 
¡JS/nt

^ÏSOSÎS05'/IS01 X
e/NT 
Ï?'NS/nt
F*^pn
f!/Npshe/NS

!
Î
!

31.85
3.01
0.63
0,30
0,33

29.93
X 20,67
X 25.00
X 10,43
X 13.97
X 1.57
X 0.21
X 0.48
X 0.10
% 2.62
X 0.48
X 10,58
X 153.40
X 105.80
X 103.65
X 50.99

18.25
3.43
0.82
0.39
0.44
8.42

11,84
18,35
1 2 . 1 1
49.28
0,45
0.24
0.47
0.11
0.40

13.55
5.35

77.04
47.89
43.38
22.62

the ,rne considers the ra t ios  between the values of 
ferent characters which are opposite such as 

d l s p  IS05/IS01, Fe/IS05, H-M, Fe/Npn, Fe/Nps, the 
tan+ance between D and B muscles is by fa r  more impor-■«nt.
The
Uscipr Sérierai d is t in c t io n  between D and the whole mus-

the t 1s el so found from the ind iv idua l comparisons by 
Test of Student of the mean of D and that of 

° f  the 26 other muscles.
Tabu 5 •
Ce$ '  ‘  gives the t  value of the s ig n i f ic a n t  d i f fe re n -  

°bserved between D and other muscles.
It t,
each Us aPPears that the differences between D and 
Cant ^6 other muscles are very highly signifi-

as a whole.
The
9hoû u] t iv a r ia te  analysis of centered data on the 
in t P (1) showed tha t most of the va r ia t ion  ex is t ing  
The Population is  explained ( fo r  67.6 p 100) along 
van-jfl2rs t  axis by the opposit ion ex is t ing  between the 
Tra l tces Fe and IS05. I t  is then clear that these two 
f|~om s

^  an
6̂ ch | XamPle Fig. 1 shows the location of the mean of 
 ̂ ° f  the 39 muscles studied in group ( I I ) ,

c lear taht D is discriminated -more or less 
V*1 ue - from usual beef muscles both by a higher

i  are major variates and may eas i ly  separate 
'■he d i f fe re n t  muscles.

° f  Fe and a lower percentage of IS05.
5se'ican tw° charac te r is t ics  have the same general s ig n i-  

,'-iap̂ Ce fo r  the metabolic o r ien ta t ion  of the muscle 
ra9wa which metabolic type is  a h ighly  oxydative

Table 2 - t  values of differences between Diaphragma 
(D) and other beef muscles

T ra its
Muscles Fe IS05 Fe

compared — —

to D NS IS01 IS05

1 -11.32 4.56 -5,55
3 -13,08 6.61 -5.71
4 -13.90 4.42 -5.92
5 -13.06 4.09 -5.86
6 -13.83 3,95 -5.96
7 -11,95 3,54 -5.78
8 -11.59 4,18 -5.69
9 -13.43 4.07 -5.49

12 -13.33 2.63 -5.52
15 -12.80 3.96 -5.70
18 -13.12 5.58 -5.75
21 -10.73 4,58 -5.45
30 -11.07 7.85 -5.35
31 -13.02 6.39 -5.64
32 -11.23 5,62 -5.66
33 -11.04 8.48 -5.76
34 -12.72 6.53 -5,72
35 -11.45 5.72 -5.67
36 -12.60 5.53 -5.66
42 - 9.51 13.60 -5.30
49 - 9.89 7.84 -5.59
57 - 6.99 9.61 -5.08
61 - 8.60 12.35 -4,82
62 -11.69 11.91 -5,30
67 - 6.88 11.81 -4.93
72 - 7,03 8.41 -4.79

Ü M
Fe Fe

n*-ri
Npn Nps

-10 .37 -16 .23 -4 .76
- l i .92 -20 .92 -5 .32
-13 .67 -22 .89 _5,.72
-13,.47 -21..01 -5 .46
-13,.84 -21..39 -5,.44
-14,.11 -17 .01 -4..82
-11..82 -18,.56 -5..19
-11..60 -14..24 -5..26
-11..84 -14 ,55 -5,,05
-12..47 -16..97 -5,.61
-12..28 -18..19 -5,.73
-11..20 -16,.27 -4,.49
- 9,.35 -13..15 -4 .48
-11..94 -18..83 -5,.30
-12..33 -17,.36 -4..57
-12.,70 -20..99 -4,,19
-12..35 -20..24 -5..26
-12..15 -18..42 -4..92
-12..60 -17..08 -4,.94
- 9..90 -12.,02 -4.,04
-12..87 -16..27 -4..04
- 8..90 - 9..04 -3,.06
- 7..65 - 9..73 -2,.77
- 8..79 -17.,86 -4 .60
- 8..61 - 9,.78 -3..04
- 6..34 -10..03 -3..21

Fe (yg/g)

Fig.1 - Relationship between Fe and IS05 means 
of the different beef muscles (see text 
for definition of the number of muscles) 

one and poorly reductive compared to the set of the 
other 26 muscles.

In th is  s i tua t ion  any biochemical t r a i t  re lated to the 
oxydative metabolism of the muscle may be supposed to 
be of some in te res t  to discrim inate D.

In th is  f i e ld  the recent proposals of GOTTESMAN and 
HAMM, suggesting both the use of the myoglobin content
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and the 8-hydro'xyacyl-CoA-dehydrogenase (HAOH) a c t i v i 
ty  to indicate the presence of diaphragms, are based 
on the same p r in c ip le .

The value of the Fe/IS05 is qu ite of special in te res t 
to ty p i fy  D muscle comparatively to other beef mus
cles. I f  we consider, in addit ion, another t r a i t  
which is also very typ ica l  of 0, l ik e  NS which is 
about 25 p cent lower in 0 than in other beef muscles, 
we may propose a very simple and accurate index fo r  
the d i f fe re n t ia t io n  between diaphragma and other ske
le ta l  muscles. This index (dd) is  the ra t io

dd = ISO-5 * ^
Fe

The value of dd was 0.278 + 0.98 fo r  0 (with the range
0.114 -  0.442), and 2.463 + 1.134 fo r  the set of the 
26 muscles (with a range of 0.747 - 6 . 7Hr\

This index is  based on determination of chemical com
ponents, re f le c t in g  the basic composition of the mus
cles, which may be prefered to any other t r a i t s  such 
as those related to the enzyme a c t i v i t y ,  more or less 
disturbed post mortem according the conditions of s to 
rage. In addition the chemical determinations involved 
are re la t iv e ly  simple and known as being accurate.

The study has c le a r ly  shown that in the case of dia
phragms i t  is possible to d i f fe re n t ia te  the muscle 
on the basis of i t s  chemical composition. Further 
studies le d  t o t h e  c o n c lu s io n  t h a t  i t  i s  p o s s ib le  
to d i f fe re n t ia te  many of tne other musclesfrorn each 
other.

Thus biochemical d i f fe re n t ia t io n  o ffe rs  a useful mean 
to separate muscles when necessary. I t  makes also pos
s ib le  to study the o r ig in  of the va r ia t ion  ex is t ing  
between muscles, which may probably be a tt r ibu ted  to 
th e i r  function and-to the ro le  they play in the l ive  
animals. The constancy of the function of diaphragms 
and i t s  essential ro le  fo r  the l i f e  may explain the 
special adjustment of i t s  metabolic equipment. From a 
b io log ica l point of view i t  is worthy of note that the 
ra t io  Fe/IS05 has led to a typ ica l  ranking of beef 
muscles (c f  Fig. 1) which might be in te res t ing  to s tu 
dy in d e ta i l ,  in re la t io n  with the other chemical 
t r a i t s .  This point is  under consideration in our labo
ra to ry .
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