
MYOGLOBIN CONTENT AND ß-HYDROXYACYL-CoA-DEHYDROGENASE ACTlV l* 
MUSCLES AS A TOOL
TO D IFFERENT IATE  BETWEEN FRESH AND THAWED BEEF, SKELETAL MUSC 
AND OFFALS OF SLAUGHTER OF BEEF AND VEAL

FREDI SCHWÄGELE AND KARL OTTO HONIKEL
Federal Centre for Meat Research, E.-C.-Baumann-Str. 20, 
D-8650 Kulmbach, Federal Republic of Germany.
SUMMARY:
The activity of the mitochondrial enzyme ß-hydroxyacyl-CoA'
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allows to differentiate between fresh and thawed meat. The P ^  
of the myoglobin content (M) and the HADH-activity (H) of 
the so called MH-value, provides a possibility to distinguis 
between skeletal muscles and offals of slaughter. The latter 
aspect is very important for minced meat.

meat'Byproducts of cattle slaughtering as heart, tongue, cheek 
diaphragm and tail as well as shoulder, top round, loin and 
diaphragm of calf were examined with regard to their myogl0 *3 
content, the HADH-activity and the resulting MH-values. Heaf ' 
tongue and cheek meat of cattle show like diaphragm higher „ 
values than "normal" beef. Muscles of tail behave like "norm
beef muscles. With the exception of tail it is possible to 
distinguish between "normal" skeletal muscles and "offals" 0
slaughter from cattle.

LousThere are no essential differences in the MH-values of van ~ 
cross striated muscle types of grown up cattle and calf- 
of cattle show a slightly higher myoglobin content, whereas 
HADH-activity is lower than in veal. Diaphragm of calf can 
clearly differentiated from "normal" veal.
INTRODUCTION:
For consumer protection it is necessary to provide methods; „ 
allow to differentiate between fresh and thawed meat, "norm3. <

$

skeletal muscles and "offals" of slaughter. The latter asp®ct
very important in the case of minced meat, which is normally 
imported as a salted and frozen product and used in the p r ° °  
o f  sausages. In the European Community the import duty f°r $cle$ 
"offals" of slaughter is lower than for "normal" skeletal m« ^  
Therefore this agreement can seduce to declare "normal" bee*rt 
eatable "offals" in order to pay only a lowered tax for ,
to sell it as "normal" processing beef with the regular Pr°.c 
there exist no reliable histological procedures, an enzym3  
was developed, which represents in combination with the my0  ̂
content of the muscles a possibility for the differentiati°n 
between skeletal muscles and "offals" of slaughter.
Because of its properties, the enzyme 6-hydroxyacyl-CoA-dehy 
nase (HADH) proved to be convenient for the test. This enzV1"
involved in the oxidation of fatty acids in the cells and «  
tightly bound to the membranes of muscle cell mitochondria * 
increase of the enzyme activity in the press juice of meat \ \ e $ \
tained after freezing and thawing of the meat, as HADH Is 
from the membrane to the sarcoplasm by this procedure (Gott ^  
and Hamm, 1984; Gottesmann und Hamm, 1987). Neither storaf0^ ^  
freezing temperatures of meat before comminution nor comroin
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flestru nor frozen storage reduce its total HADH-activity by
G°tteq^tl0n the enzyme (Gottesmann und Hamm, 1986).
ĥiCh .j3*}1} and Hamm (1987) developed a qualitative H A D H t e s t ,  
^thcn1+.nĉ Cates thawed meat by a colour change in the mixture, 
the fflp L this indication method the total activity of the enzyme in 
?he ai , ?an be determined by means of an UV-spectrophotometer. 
is8 *tified activity of this enzyme in the press juice of meat 
tofiat, lcient to differentiate between fresh and thawed frozen

„„""".'"'h and Hamm (1986) used another test combination co u 
cattiQi>n ^etween diaphragm and "normal" skeletal muscles from

* The product of the HADH-activity (H) and the content of
r \ i .  .  .  ____  ,  ___________ a ___ ____ i  ■! f i a f n r  f

Gotte and Hamm (1986) used another test combination to dis- °attl he»tT.r«iav, JJ..I   j ll_ 1 II o+-a 1 milisr'.l PS f rOItl
*» « & proauct of the HADH-activiry in; ana m e  u«ii«.h.
%  idp (M)» the so called MH-value, served as an indicator for 
ciose c t;Lfication of these two muscle-types. Generally a very 
ĉUvi+.°rreTation between the myoglobin content and the HADH- 
i Ei different muscle types was found (Gottesmann and Hamm, 
l98 5jt •'■'Badawi and Hamm, 1970, 1972; Hamm and Gottesmann, 1984,
Inthe
,°t the f l o w i n g  investigations the described method was applied 
^Pes ofai^Terentiation between "normal" :ross striated muscle- 

KCattle and byproducts of cattle slaughtering as dia- 
earh > tongue, tail and cheek meat. The MH-values of 

> c i  various skeletal muscles of calf were also deter-
^h regard to possible differences in grown up cattle and

pN iai*
CK0tl1 f iv 8 AND METHODS:¡resk mu6 ^eef carcasses about 150 g of heart, tongue, diaphragm, 

a9eriS<̂ e anc* a mixture of tail muscles were dissected,
¡1 Phts r,in_P°lypropylene bags and frozen at -3 0°C. The adequate

 ̂Peef6 c°nditions. After 3 weeks of frozen storage the samples 
ahd veal were thawed during the night at 0°C.

sUpr °^,M. longissimus dorsi (loin), M. adductor (top round) 
sameS >̂lnai? (shoulder) and diaphragm of calf were treated under

the HADH-activitv: The following investigations 
Po^Sci °ri)'e(3 according to Gottesmann and Hamm (1986) : About 50 g 

Ssiû  tissua were ground and exactly 5 g homogenized in 50 mM 
CenJ Phosphate buffer (pH 7,6) in the presence of Triton X 

(1 q he H ^fuged. and afterwards filtered. The activity of the 
itiaj.®6), nDB was determined as described by Gottesmann and Hamm

ata are presented in international units per gramm of raw
1 <u/g).

K hUs^T^OlL.of the myoglobin content: The content of hemoglobin 
e 0̂fe>S "'"S comparison to the myoglobin content very l°w *

Cm hethnrjtlle total content of hemin was determined according to 
*t6c} h Of Hornsey (1956,1957). The myoglobin content was cal- 

n c°nsideration of the weight of raw material in (mg/g) •
^ L i 8  and

6 c 
PtOi
a!elc muscle, diaphragm and a mixture of tail muscles of 

shown in table 1. Gottesmann and Hamm (1986) found, 
igerated storage at +2°C, frozen storage at different 
res as well as comminution and salting are not mfluen-

D i s CUS8I0N :r.v.Coritent of myoglobin, the HADH-activity and the cal- 
<¡¿5* chfi ?duct of both, the so called MH-value of heart, tongue,lUll Cfl a anKvam« amrl a mi vflire O f tl31-l ITtUS C10 S OI
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cing the activity of HADH and the content of myoglobin. The ight 
determined MH-value of diaphragm corresponds apart from a s ^  
deviation with the data of Gottesmann and Hamm (1986). .6
muscle and heart of cattle showed higher MH-values than from the same species. Heart with a MH-value of 433 can uneq 
vocally be distinguished from cheek (208) and diaphragm (l b r  
With regard to a myoglobin content of about 9 mg/g heart ^nter 
diaphragm are comparable. MH-values of more than 4 00, aS.d® hadH' 
mined in the case of heart, are exclusivly due to very higd ed activities. The possible biochemical reasons for the increa 
activity of the mitochondrial enzyme HADH in different mUSC eC' species can be an increased concentration of the enzyme resp 
tively a variation in the isoenzyme composition.
Table 1: Myoglobin content, B-hydroxyacyl-CoA-dehydrogenase ^

activity and MH-value of different beef muscles, * * 
have been stored at -30°C for 3 weeks. Number of u 
animals = 5. The MH-value of each muscle is the aCti' 
value of the product of myoglobin content and HADI?GOt" vity of the 5 animals. Data for skeletal muscles ( tesmann and Hamm, 19863)) are shown for comparison-

-vamuscle species myoglobin 
[mg/g] 
x ± s

HADH-activity
[U/g]
X ± s

heart
tongue
outer cheek mus. 
diaphragm 
tail muscles

9,3 + 0,2 46,6 + 15,9 433 +
L6,7 ± 0 , 1 19,2 + 5,6 129 ■T
X.8,3 ± 0,3 26,3 + 6,2 208 T
L.9,0 ± 0,1 19,0 + 3,3 168 X
JL5,8 ± 0,3 9,8 + 3,0 58

loin3)
top round3)
shoulder3)

4.7 
5,0
5.7

6.5
8,8
9.6

26
4455

The myoglobin content of tongue is lower than in heart, oU „ .
cheek muscle and diaphragm, whereas its HADH-activity is & 
parable with that of diaphragm. As shown in table 1 the '
of diaphragm (168) and outer cheek muscle (208) are signif
higher than in tongue (129).
In contrast to these results the determined value for a w1 jj 
tail muscles is essentially lower. Beef tail showed a 
content of 5,8 mg/g, a HADH-activity of 9,8 U/g and a calc f <) 
MH-value of 58. In consideration of these values there is 
damental difference to "normal" cross-striated skeletal wu 
cattle (Gottesmann and Hamm, 1986). .* d
Because of the analytical data for the myoglobin content <Pa 
HADH-activity byproducts of cattle slaughtering as heart aap)if̂ 
cheek muscle show similar or even higher MH-values than, 
and are not mutually to distinguish in a mixture with Aiap 
Tongue shows a MH-value, which is between diaphragm and sk
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toUscigg* T^e mixture of tail muscles behaves like skeletal 
1»̂.
Hshe|j account the data for beef, which were already pub-
1985) lG°ttesmann and Hamm, 1986; Hamm and Gottesmann, 1984,_ at ari uPper limit for MH-values of "normal" beef can be fixed 
125 (ta.^ereas byproducts of slaughtering show MH-values above 
to ̂ ; t e.1)-.Based on these results there exists a possibility chase(j jlniZe imported processing meat, which is normally pur- cu n a ground, salted and frozen condition, with regard to 

°ms declaration and the paid custom duties.
MH-Value of diaphragm from calf (129 ± 30,8) is sig 

u tahi~ ^ lower than in the same muscle of grown up cattle ( bin ■L
(table

t 1 Cont- is diso expressea in tne vaiueb uiu/g) f w^ nt (8,0 ± 0,5 mg/g) and the activity of HADH (16,2 ± 4,4 
ich are lower than in beef diaphragm.

^ble 2cai0a?'So includes the myoglobin content, the HADH-activity and 
5̂ - 5 5) ated MH-values for loin, top round and shoulder of calf

Myoglobin content, ß-hydroxyacyl-CoA-dehydrogenase ac­
tivity and MH-value of different veal muscles, which have 
keen stored for 3 weeks at -30°C. Number of the used ani­
mals = 5 . The MH-values were calculated as described in
table l.

sPecies myoglobin 
[mg/g] 
x ± s

3.7 ± 0,3
3.8 ± 0,3
5,2 ± 1,1
8,0 ± 0,5

HADH-activity
[U/g]X ± s

MH-value 
x ± s

9,4 ± 2,1
9,0 ± 1,3 
10,6 ± 2,3
16,2 ± 4,4

35 ± 9,3
35 ± 5,0 
55 ± 14,2 
129 ± 30,8

t>°bte<ŝ 1::'"Son with the data for the same beef muscles (MH: 26 - 55;
» ’ ̂  ̂ Yvs . w  A A W  A A v - v t  VA W  * -*I Am W  * V 4  A . * V A 4 U W  M  ^  A  a »« — •--- -- .

titb̂ ®nd Hamm, 1986) does not reveal essential differences.
(u!?cle Q .i n a MH-value of 26 results, whereas in the case of the 
trijĥ 'acti 1?:*-nating from calf a value of 35 is calculated. The bc/6(3 Qp.Ytty is decisive for this difference, because the deter- 

(6 clvity in the muscle of calf (9,4 U/g) is higher than m  
.B/^)• The myoglobin content of the latter muscle m  vea 

(V than in beef (Gottesmann and Hamm, 1986) .
Oftj *4, vh?„and Hamm (1986) determined in beef top r?und^ M H - value
Pbt was in the muscle from calf only 35. With regard to 

iô g °kin content the same behaviour as demonstrated in t e ̂•
bh ^ tarLexainPie was found [5,0 mg/g (beef); 3,8 mg/g (veal)] • --- 

in +-k°f calf the myoglobin content (8,0 mg/g) is °= ). v, ae case of the same muscle from grown up cattle (9,Nevettheless it is also in this case possible to differen

315



• hi"tiate clearly between "normal" beef, "normal veal" and diap 
from calf (MH = 129).
CONCLUSIONS: G0tte5'In publications of Gottesmann and Hamm (1986) and Hamm and t 
mann (1984, 1985) the correlation between the myoglobin con 
and the HADH-activity is always pointed out. This correlati° 
demonstrated for cattle and calf in figure 1. There is a i1 e 
course in the dependency between the myoglobin content and a ®ofe 
HADH-activity for skeletal muscles inclusive diaphragm with 
positive slope in the case of calf than in the case of cat 
This results from higher HADH-activities at lower myoglobin a 
contents for calf in comparison with cattle. There exists a ^ ta], 
nearly linear course between byproducts of slaughter and sĵ agji. 
muscles from cattle with a less steep slope excluding diaph
Figure 1 expresses clearly, that it is not possible to diff ^  
tiate between veal- and beef-skeletal muscles using the Pre 
method. But diaphragm of both animals can unequivocally be 
guished from skeletal muscles.

HADH (U/g)
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