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S2Sg_oharacterlstlcs of three greatest muscles In pig ham 
SvETOMIR RAHELlC.DANICA MANOJLOVlC and ZVONIMIR VlCEVlC 
p®culty of Technology,University of Novi Sad,Yugoslavia

ResuUs of the investigation of T.,pH ,pH , colour, and colour of M.semimembranosus(SM).
b l n  X X U  1 U  'cePs femoris(BF) and rectus femori3(RF) of the left ham were obtained for 160 pigs of 
Sweden Landrace breed.For a smaller number of these muscles the content of total pigments 
T̂p) (n=32),WHC (n-Mo).cooking loss (n=32),tenderness by Warner-Bratzler shear-press(n=28)as 

as the tenderness and Juiciness sensorially(nr2o) were determined 2*) hours post mortem.
Ik was statistically proved that the differences between pH^s well as between pHu Tor the
investigated muscles are not significant. On the contrary.colour,.colour and the content of Tp l uar>e significantly different for all three muscles (P< .ol).However,colour, and colour i, ,, i utne darkest in RF,lighter in SM and the lightest in BF,while the content of TP proved to
*)e ^ e  greatest in RF and the smallest in SM.
According to WHC,cooking loss.tenderness measured by Warner-Bratzler shear-press as well as 
a°c°rding to scores for tenderness and Juiciness the RF muscle was proved as the best one 
(the best WHC,the most tender and Juicy),while BF muscle was the worst one.Differences in 
'<RC> tenderness determined lnstrumentaly and sensorially are significant (P <, .ol). Dlffe - 
t'en°es in cooking loss and in Juiciness between these muscles are insignificant .Dlffe - 
t'®hces in cooking loss between these three muscles are insignificant probably due to the 
8reat differences between the samples of the same muscle ( e.g. for SM samples they vary 
fr°m 2H _ 143 %)-

1~~— Eigenschaften von drei grössten Muskeln im Schweineschinken 
®VET0M1R RAHELlC,DANICA MANOJLOVlC und ZVONIMIR VlCEVlC 
e°hnologisChes Fakultät der Universität in Novi Sad,Jugoslawien
n der Arbeit wurden die Forschungsergebnisse T, ,pHpH,,,Farbe. ,Farbe,, von M.semimembranosus 
 ̂ ^.bloeps femorls(BF) und rectus femoris(RF) des linken Schweineschinken bei 160 Schweinen 

Rasse Schwedische Landrace dargestellt.Bei der wenigen Muskeln ist 2*1 Stunden post mortem 
^er Gesamtpigmentgehalt(OP)(n=32).WBV(nritO),Gewichtveriust beim Kochen(n=32).Zartheit mit 
r'ner~B*'atzler Apparat (n = 28) .sowie Zartheit und Saftigkeit senzoriseh(n=20) bestimmt.
'■atist^30h wurde festgestellt .dass die Unterschiede zwischen pH^ und pHy der geprüften 
Ûal<eln nicht signifikant sind.

°«genteil,Farbe, .Farbe , sowie der Gehalt von GP. unterscheiden sich ln diesen drei Mus - l u
n si8nlfikant (P<.ol).Aber Farbe^ und Farbeu ist in RF am dunkelsten,heller in SM und in 
an> hellsten .während der Gehalt von GP auch in RF am grössten, in SM am kleinsten ist.

Uf Grund von WBV.des Gewichtverlustes beim Kochen,der mit Warner-Bratzler Apparat gemessenen 
n!* aanzorisch bestimmten Zartheit und Saftigkeit .wurde der Muskel RF als der beste und BF als 
^echteste bewertet. Die Unterschiede im GewichtVerlust beim Kochen und in der Saftigkeit 
8°hen diesen Muskeln sind nicht signifikant . Die Unterschiede ln WBV.der instrumental und 

rizori3Ch bestimmten Zartheit zwischen diesen Muskeln sind signifikant (P < .ol). Die Unter - 
t'ket*e im Gewichtverlust beim Kochen zwischen diesen drei Muskeln sind nicht signifikant,Weil j , ̂ ale Unterschiede zwischen den Proben derselben Muskeln gross sind(z.B. zwischen den Pro- 
** SM varieren sie von 28 bis 83 %).
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Quelques propriétés des trois plus grands muscles du jambon des porcs
SVETOMIR RAHELlC, DANICA MANOJLOVlC et ZVONIMIR VlCEVlC 
Faculté Technologique de 1'Université de Novi Sad, Yugoslavia
Dans cet ouvrage sont exposés les résultats de l’examen de T^.pH^.pH^.couleurs^et coul e u r 3 u
M. semimembranosus (SM),biceps femorls (BF) et rectus femoris (RF) du Jambon gauche de 160 
porcs.race landrace suédoise.Sur un moins nombre de ces muscles on a détérmine,24 heures 
post mortem,le contenu total des pigments (TP) (n:32).rétention d’eau (WHC) (n=4o),la Perte 
de poids lors de cuisson (n=32),la molesse par l’appareil Warner-Bratzler (n=28),ainsi que 
la mollesse et la succulence .sensuellement (ns20).
On a constate' statistiquement que les différences entre pHĵ  et pHu des muscles examlne's ne 
sont pas significatives.Par contre,la couleur^,couleur^ ainsi que la contenance TP diffé­
rent significativement dans ces trois muscles (P< .01).Cependant,la couleur^ et la couleuru 
est la plus foncée en RF,plus claire en SM et la plus claire en BF,pendant que la conten­
ance TP est aussi la plus grande en RF,mais la moindre en SM.
Sur la base de WHC,la perte de poids par cuis3on,la mollesse mesurée par l’appareil de 
Warner-Bratzler, ainsi que sensuellement quand il s’agit de la détermination de la mollesse 
et de la succulence,le muscle RF était examine' comme le meilleur (le mieux WHC,le plus niou 
et le plus succulent) et BF le plus faible. Les différences de WHC,le mollesse déterminées 
par instrument ainsi que sensuellement .entre les muscles,sont significatives (P<.01).Les 
différences concernant la perte de poid3 par cuisson et la perte de succulence entre ôes 
muscles ne sont pas significatives.Les différences dan3 la perte de poids par cuisson,entre 
ces trois muscles ne sont pas significatives probablement du fait que les différences entre 
les échantillons de mêmes muscles sont grandes (par ex. entre les échantillons S M ,varient 
de 24 à 43%).

HexoTOpne CBo^CTBa rpex cauwx OonbmMx nycKynoB cpnanHuoro OKQPxa 
CBF.T01D1P PAXETiHW,, AHÜUA V.AH0-JI0B;'H h 0B0HMÏ.VIP BMHEBHW 
TexHonorMMecKHvî lîaxynreT 7 HHBep3HTeTa b r.ilOBH Can,C<tPIC

B flOKnane na»Toa pe3ynbTaTU ncnuTusaHHH TL ,pH^ .pH^ «pacx«^ h xpacKHu M.semimembran0 

sub(SM),biceps fem oris(BF)rectus femoris (RF) neBoro oxopxa 160 noponn c b k h b  aeefl

cxnfl landrace Ha HeOonbmou xonnvecTBe a m x  uycxynoB onpenennncn post mortem 0<5nee 
AepxaHHe riHrueHTOB(On) ,(n»32 ) ,((n»4o)/'conep*aHne BOflH(CB)f,noTepn Beca BapKOÏi(n*32) t* 

KOCTb W arner-Bratzler- annapatou (n=28 ) a taxxe uHrxocTb h covHOCTb ceHSopHnu odpB3
( n»2o).

naa CBeTJiaa b BF, a conepxaHHe On canoë Oonbmoe b RF a canoë uaneHbxoe b SM.
Ha ocHOsaHBX CB.noTepn Beca Bapxoü. MHrxocTH H3neDfleMoa Warner-Bratzler- annapaTon
naa CBemaa B BF, a conep*aHne On c a n o ë  Oonbmoe b RF a canoë uaneHbxoe b SM.
Ha ocHOBaHHM CB.noTepn Beca B a p x o ü . m a t k o c t h  H 3 n e D n e M o î i  Warner-Bratzler- annapaTon

paannvMe nexay oOpaaiiauH Tex caunx uycxynoB Oonbraoe(Hanpwnep,nexny odpa3uaun
or 24 no 4-3%).
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Sffio c h a r a c t e r i s t i c s  o f  t h r ^ o  g r e a t e s t  m u s c le s  i n  p i g  hi".

SVETOMIR RAHELIÖ, DANICA lUNOJLOVli: and ZVOHIHIR V ltE V lC  

^■ icuity o f  t e c h n o l o g y *  U n i v e r s i t y  o f  Hovi Sad

nuscles differ one from another by Giza, chape, chenical conpooition and nhysieo-che- 
nical charncterictica, vhnt is in the noct influenced by their functions in the course of 
,Vlinnl life. These differences exist, also, between muscles from the sane region.
"uncles in pig ham ore of various weight. The heaviest is H. biceps femoris (BF) (93?, i.e 
^'15? g), a littlo lighter M. semimembranosus (SH) (693, i.e. 839 g) and still lighter II. 
rf!ctus femoris (RP) (335, i.e. 389 g), while the other ones are nerkcdly lighter (Rahelii 

Redo, 1969; Uiljevi6, 1971).
^cording to the data of Topol ct al. (1966) and Rahclifi and Rede (1969) water content in 
^hese three muscles varies from 73*7 to 75>0#, fat content from l.?8 to 3.28.5 (RP 1.78, 
i,p. 1.9#, and DF 3.28, i.e. 3.2#). Rahelic and Rede (1969) have established that the con- 
^ent of connective tissue proved to be for the three mentioned muscles as follows: nP 
0,59;i; Rp o.90# and CM 0.37#. Rejt et al. (1970) have, also, proved significant differen- 
c°s in the content of connective tissue between BF and Gil muscles - 1.78 and 3.71# of to- 

Proteins.
 ̂is known that the differences in pH and colour for these three muscles are also expros-

ne<1 (Topol et al., 1966; Rahcli6 and Rede, 1969; Linke et al., 1970) particularly if the 
""»Seles are affected by BMV phenomenon (Briskey, 1979)• Topol et al. (1966) have proved 
taat the content of Mb in the mentioned muscles, is as follows: BP 5.06; SH '1.05 and RF 
^•05 ng/c of dry and defatted muscles. They differ by WHO, too: the best W71C has been ob- 
Served for RP and the weakest for BF (Topol et al., 1966; Rahclii and Rede, 1969). Rojt et

(1978) have proved, however, that SH is of better WHO than BP.
^elifi and Rede (1969) quote that the tenderness of ham muscles varies from 0.4-6 to 0.71, 

for BP amounts 0.62 the toughest, SM 0.59 and RP 0.59 the most tender. Rejt et al.
“>0) have proved that muscle BF releases in the cours of cooking more water than SH, and

that
Whii
ihdi

the former is more tender than the latter one. 
e in literature there are some data on the characteristics of muscles in pig ham which
°ate differences between these traits, there are hardly any on the traits of cooked 

u°cleo. As these muscles are used for the production of canned hams, being one of the 
. important products of neat industry, wo have decided to examine some of the traits of 

80 three Greatest, raw and cooked nuscles of pig ham.

^¿£ial nnA
* the carried investigations wc have used SH, BF and RF muscles of the left ham of 160 
Cs% of Sweden Landraco breed. Pigs were of 6 to 7 months old, weighing cca 100 kg. They 
r° slaughtered according to normal procedure. In these three muscles measurements were 
tied out for Ti> and col our ̂ (9-5 min post mortem) and pl^ and colouru (29 hours 

-  »ortem). Tlu^content of total pigments (TP) as well as the VHC was determined only 
B Q smaller number of these muscles (n 32; n 90), 29 hours post mortem. At the same time 
Pro''1'0'* ^^eces werc cut from these nuscles, weighing 150 t 5 B, cooked in plastic wnter- 
a 0i bags at 90°C for 60 min. Cooking loss was determined on those pieces (n 32) as well 

bsnderness by Warner-Brathler Shear press (n 28) and tenderness and Juiciness (n 20)
5 8°rlally-^Perature was measured by Gulton Tastothcm P200 thermometer, pll by contact potcntior.e- 

,ronert TH5, and colour by Göfo photometer. TP content was determined by Hohler s \o-
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d i f i c a t i o n  o f  Hornsey method ( 1 9 5 0 ) ,  WHO by c o m p r e s s io n ,  a c c o r d i n g  t o  t h e  method of Grau 
and Homn ( 1 9 5 5 ) ,  w h i l e  t e n d e r n e s s  by W a m e r - B r a t z l e r  S h e a r  p r e s s  w i th  t h e  sam p les  o f  1 / 2  
i n  i n  d i a m e t e r .

T e n d e r n e s s  and J u i c in e s s  o f  cooked m u s c le s  were d e te r m in e d  nccordinp ; t o  t h e  s c a l e  from 1 to  
9  ( 1  -  e x t r e m e l y  t o u g h ,  o r  J u i c y ;  7  -  o p t i m a l ;  9  -  e x t r e m e ly  t e n d e r ,  o r  J u i c y ) .

R e s u l t s  and D i s c u s s i o n

Prom t h e  r e s u l t s  g i v e n  i n  T a b l e  1 i t  i s  o b v io u s  t h a t  t h e  g r e a t e s t  t e m p e r a t u r e  measured 45 
min p o s t  mortem was r e g i s t e r e d  f o r  m u sc le  BP and t h e  s m a l l e s t  f o r  RF. The g r e a t e s t  i n d i v i ­
d u a l l y  m easured  t e m p e r a t u r e  was e s t a b l i s h e d  f o r  BP, t o o ,  am ounting 4 2 °C .  T em p eratu re  d i f f ^  
r e n c e s  wore s i g n i f i c a n t  b e tw e e n  B P ,  SM and RP m u s c le s  ( P  <  . 0 1 )  w h i le  l e s s  s i g n i f i c a n t  b e t ­
ween BP and SM ( P  <  . 0 5 )  ( T a b l e  2 ) .

Mean v a l u e s  f o r  pH^ and p ^  were m a i n l y  u n i f o r m ,  i . e .  w i t h o u t  s i g n i f i c a n t  d i f f e r e n c e s .  
However, s m a l l  i n d i v i d u a l  v a l u e s  were a l s o  r c g i s t e r e d i p H ^  5 , 9 ) , and t h e  s m a l l e s t  pH 5 - °  
was r e g i s t e r e d  f o r  m u sc le  BP.

M easu rem ents  o f  c o l o u ^  have  p ro v ed  t h a t  t h e  l i g h t e s t  c o l o u r e d  m u sc le  was 3 F and t h e  d a f -  
k e s t  SM, a s  w e l l  a s  t h a t  t h e  d i f f e r e n c e  i n  c o l o u r  f o r  t h e s e  two m u s c le s  i s  s i g n i f i c a n t  
( P  <  . 0 1 ) .  However, 2 4  h o u r  p o s t  mortem t h e  d a r k e s t  c o l o u r  was measured f o r  RF m u s c le ,  
b e i n g  m a r k e d ly  d a r k e r  t h a n  t h e  c o l o u r  o f  BP and SM ( P  <  . 0 1 ) .  On t h e  c o n t r a r y ,  c o l o u r  d i ­
f f e r e n c e s  b e tw e e n  SM and BP were i n s i g n i f i c a n t .  TP c o n t e n t  i s  a l s o  t h e  g r e a t e s t  f o r  m usclp 
RP b e i n g  m a r k e d ly  g r e a t e r  th a n  i n  SM ( P  <  . 0 1 ) ,  b u t  n o t  so  i n  t h e  c o m p a r iso n  w i t h  BP. D i­
f f e r e n c e s  i n  TP c o n t e n t  b e tw e e n  SM and BP m u s c le s  a r e  l e s s  s i g n i f i c a n t  ( P  <  . 0 5 ) .  From th e ­
s e  r e s u l t s  c o i n c i d e n c e  b e tw e e n  c o l o u r  and T ?  c o n t e n t  i s  n o t  s e e n .  Namely, BP m u sc le  woe the 
l i g h t e s t  i f  m easured  4 5  min o r  2 4  h o u rs  p o s t  mortem, b u t  h a s  no s m a l l e s t  TP c o n t e n t .  TP 
c o n t e n t  o f  t h i s  m u sc le  i s  m a rk e d ly  g r e a t e r  th a n  f o r  SM ( P  <  . 0 5 )  a l th o u g h  i t  wan proved 
t h a t  SM m u s c le  was s i g n i f i c a n t l y  d a r k e r  4 5  min p o s t  mortem. T h i s  f i n d i n g  l e a d s  t o  tho  con­
c l u s i o n  t h a t  TP c o n t e n t  i n  t h e  m u s c l e ,  a l t h o u g h  t h e  m ost  i m p o r t a n t ,  i s  n o t  t h e  o n ly  f a c t o r  
e f f e c t i n g  c o l o u r .  T h e r e f o r e ,  t h e  f i n d i n g  t h a t  BP m u sc le  i s  o f  th o  l i g h t e s t  c o l o u r  i s ,  Pr ° '  
b a b l y ,  i n f l u e n c e d  m u sc le  c o n t a i n s  th o  g r e a t e s t  amounts o f  f a t  and c o n n e c t i v e  t i s s u e  (Bah0 '  
l i é  and R e d e ,  1 9 6 9 ;  T o p o l  e t  a l . ,  1 9 6 6 ) .
T h e s e  p o s i t i v e l y  e x p r e s s e d  t r a i t s  a r e  p r o b a b l y  u n d er  no i n f l u e n c e  o f  pH, a s  pH f o r  t h e  i n ­
v e s t i g a t e d  m u s c l e s  do n o t  m a r k e d ly  d i f f e r .  R a h o l i c  e t  a l .  ( 1 9 7 8 )  h a v e n ' t  pro v ed  any e x p re ­
s s e d  c o r r e l a t i o n  b e tw e e n  pH and WHO, t e n d e r n e s s  and J u i c i n e s s .  The same a u t h o r s  have e s t a  
b l i s h e d  t h a t  t h e r e  i s  no s u c h  c o r r e l a t i o n  b e tw e e n  th o  c o l o u r  and t h o s e  t r a i t s  o f  m u sc les*  
R e a so n  f o r  t h e  f a c t  t h a t  m u sc le  RP i s  o f  t h e  b e s t  and BP o f  t h e  s m a l l e s t  t e n d e r n e s s  and 
J u i c n e s s  s h o u ld  b e  s e a r c h e d  i n  m u sc le  s t r u c t u r e  and t h e  r e l a t i o n  o f  c o n n e c t i v e  and m u scle 
t i s s u e  i n  t h e  m e n t io n e d  m u s c l e s .  Nam ely, BF m u sc le  c o n t a i n s  m a rk e d ly  more c o n n e c t i v e  m  

t h a n  RP ( R a h e l i c  and R e d e ,  1 9 6 9 ) ,  i . e .  more t h a n  SM ( R o j t  e t  a l . ,  1 9 7 8 ) ,  w hereas  i t  could 
be c o n s i d e r e d  thajfc t h e  c o n t e n t  o f  c o n n n e c t i v e  t i s s u e  r e p r e s e n t  t h e  f a c t o r  e f f e c t i n g  te n d e r  
n e s s  and J u i c i n e s s .  F i b e r  d ia m e t e r  h a 3 no more s i g n i f i c a n t  i n f l u e n c e  on t e n d e r n e s s  and 3U 
i d n e a s  a s  t h e  i n v e s t i g a t i o n s  o f  t h e s e  t h r o e  m u s c le s  have  p ro v ed  t h a t  t h e  f i b e r s  o f  RF raUfi 
c l e  o f  t h e  s m a l l e s t  d i a m e t e r  ( 7 1  nm ),  b u t  t h e  g r e a t e s t  f o r  SM ( 7 8 )  ( u n p u b l i s h e d  d a t a ) ,  
w hich  i s  t h e  t o u g h e s t .
M easu rem ents  o f  WHO f o r  t h e  m e n tio n e d  m u s c le s  b y  c o m p a r iso n  have  i n d i c a t e d  t h a t  t h i s  cho 
r a c t e r i s t i c  i s  m o s t l y  e x p r e s s e d  i n  m u sc le  BP a s  w e l l  a s  t h a t  t h i 3 d i f f e r e n c e  i s  morerr\
f l e a n t ,  b e tw e e n  RP and BP ( P  <  . 0 1 ) ,  and l e s s  s i g n i f i c a n t  b e tw een  RP and CM ( P  <  .0 5 /•  
t h e  d a t a  ro v iew e d  i n  T a b l e  1 i t  i s  s e e n  t h a t  m u sc le  RP h a s  r e l e a s e d  t h e  l e a s t  q u a n t i t i 03 ^  
o f  w a t e r  i n  t h e  c o u r s e  o f  c o o k in g ,  b u t  t h e  d i f f e r e n c e  b e tw e e n  t h e  amount o f  w a t e r  r c i e ° 3^  
b y  t h i s  m u sc le  and r e l e a s e d  b y  BF and SM, i s  n o t  s i g n i f i c a n t .  E x p l a n a t i o n  f o r  no e x p re 3 ° 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  t h e  amount o f  w a t e r  r e l e a s e d  by  co o k in g  °D
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i n b l 0 1 . Some c h a r a c t e r i s t i c  o f  th o  t h r o o  g r e a t e s t  raw and 

_cooked nu 3C loa  o f  nip: hum

th° * n v e s t l £ a ',' e<l  m u s c le s  c o u ld  b e  f i n d  i n  
f a c t  t h a t  t h e  d i f f e r e n c e s  b e tw e e n  t h e  

^ ° U n t  o f  r e l e a s e d  w a t e r  o f  t h e  s a m p le s  o f  
6 same m u sc le  were g r o u t ,  f o r  a l l  t h r e e  

j j^ v o n t ig a t e d  m u s c l e s .
aj.?U^ 0 o b t a in e d  by  t h o  i n s t r u m e n t a l  i n v e -  

te  ^ a^ ons t e n d e r n e s s  a s  w e l l  a s  th o  
B e r n e s s  and J u i c in e s s  i n v e s t i g a t e d  s e n -  
^ a l l y ,  i n d i c a t e  t h a t  m u sc le  RF i s  t h e  

^ r e n d e r  and m ost j u i c y  o n e .  I t  i s  mar- 

y  more t e n d e r  t h a n  SM and B F  ( P  < . 0 1 )  
^  t o  t h e  f i n d i n g s  o b t a in e d  i n s t r u -

a l l y  and b y  s o n s o r i a l  e v a l u a t i o n s .  Ho- 
w°ver^  i differences in tenderness between 
Se °ad are less expressed, and only tho- 

Pboved by sensorial evaluations wereShiftcant (p  <  .0 5).

T a b l e  2 .  S i g n i f i c a n c e  o f  d i f f e r e n c e s  f o r  t h e  
i n v e s t i g a t e d  c h a r a c t e r i s t i c s  b etw een  
t h r e e  ham m u s c le s

s i -

C h a r a c t e r i s t i c s M u a c 1  e s
SM/BF SM/RF BF/RF

Ti X XX XX
PHi - - -

PHu - - -
C o lo u r^ XX - -
C o lo u r u - XX XX
T o t a l  p ig m e n ts  (ppm) X XX -
WIIC (cm2 ) - X XX
C o o k in g l o s s  (?£) - - -
T e n d e r n e s s  ( l b ) - XX XX
T e n d e r n e s s ,  s o n s o r i a l l y X XX XX
J u i c i n e s s ,  s o n s o r i a l l y - - -

x
xx

P < 0 , 0 5  

P <  0 , 0 1gSciunicm
° I 'b i h £  t o  t h e  f i n d i n g s  o b t a in e d  b y  t h e s e  i n v e s t i g a t i o n s  i t  i s  p o s s i b l e  t o  c o n c lu d e  t h a t  

t e * ****  i e m o r i s  (R F )  e x p r e s s e s  th o  b e s t ,  and H. b i c e p s  f e r a o r i s  ( B F )  t h e  s m a l l e s t  WHO, 
r n e s s  and j u i d n e s s ,  and t h a t  t h e  d i f f e r e n c e s  i n  W1IC and t e n d e r n e s s  a r c  s t a t i s t i c a l l y

l e a n t .
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