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PACKAGING FRESH AND CURED MEAT

PROCESSING OF PSE AND NORMAL HAMS
FABRICATION DE JAMBONS P .S .E .  E T  DE JAMBONS NORMAUX

J .  F .G . KLINGBIEL, R . T . NAUDé AND R . VAN ESSEN

A nim al and D airy  S cience R e se a rc h  In stitu te , Irene 

South A frica

J .  F .G . KLINGBIEL, R .T ,  NAUDé E T  R . VAN ESSEN

In rec e n t su rv e y s  c a r r ie d  out in South A frica  the incidence of PSE m usc les  
in pig c a rc a s s e s  has  b een  co m p arab le  to th at of o th er co u n tr ie s  in  the w orld .
In o rd e r  »»determ ine the fin an c ia l lo ss  in cu rred  u n d e r p ra c t ic a l  fac to ry  conditions, 
PSE and no rm al ham s w e re  p ro ce sse d  in a  bacon fac to ry . H am s w ere  c la ss if ied  
as  PSE in=12) when the pH j va lu es  of th re e  m u sc le s  in  each  c a rc a s s  w ere  «  6 ,0 , 
the pHj <  5 , 7 and the E E L  re flec tan ce  m easu rem en t of the M .g lu teus m eduis 
(24 h o u rs , post m ortem ) was » 4 0 .  In the caseof no rm al ham s (n=12) the pH 
values had to b e  » 6, 6, pH^ Í  5, 7 and the re flec tan ce  values *6 34. The m ean 
p ^  va lu es  of the M .sem im em b ran o su s  of PSE and no rm al ham s w ere 5 ,89  and 6,89 
re sp e c tiv e ly  and the re flec tan ce  m easu rem en ts  w ere  4 4 ,08  and 3 1 ,9 2 . In both 
c a se s  the pH^ value w as 5 ,3 8 .

The final y ie ld s  a fte r  p ro ce ss in g  w ere 92,1%  in  the c a se  of PSE ham s and 
98.6*? fo r  no rm al h am s. In the ligh t o f p re se n t South A frican  ham  p r ic e s , this 
y ield  d iffe ren ce  re p re s e n ts  a  financial d iffe ren ce  of R 0 ,52  p e r  4kg ham .

In stitu t de R ech erch e  de S cience A nim ale  e t de production  

la i t iè r e ,  Iren e , A frique du Sud

n  SA la  su ite  d ’exam ens ré c e n ts  m en és  en  A frique du Sud, l ’incidence de ” • 
dans le s  c a rc a s s e s  de p o rc  s ’e s t  rév é lé e  com p arab le  à c e lle  des  a u tre s  pay8 
m onde. A fin de d e ’te rm in e r  la  p e rte  fin an c iè re  qui s e  p ro d u it dans le s  c0lV^ t^  aii 
p ra tiq u es  de la  fab riq u e; des jam bons P .S .E .  e t norm aux ont é té  fab riq ueS 
fab rique  de la rd  -  L es jam bons fu ren t c la s s é s  com m e P .S .E .  (n=12) quand 1*B? e, 
v a le u rs  pH de tro is  m u sc le s  de chaque c a rc a s s e  fu ren t de <  6, 0, le  pH^ *  ^  40. 
la  m esu re  ae  réflex io n  E E L  du M. g lu tens m éd ius (24 h e u re s  po st m ortem ) d® 
Dans le  c a s  des  jam bons n orm aux  (n=12) le s  v a le u rs  pH d u ren t ê tr e  de: 7  
pH^: £  5 , 7 e t  le s  v a le u rs  de réflex ion : ^  34. L es v a le u rs  m oyennes pHj da ^  
M .sem im em b ran o su s  des jam bons P .S .E .  e t des  jam bons norm aux fu ren t r68^

lesm ent de 5 ,87  e t  6 ,8 9 , e t  le s  m e s u re s  de réflex io n  de 44 ,02  e t  3 1 ,9 2 . D a®8 
c a s  la  v a le u r  pH fut de 5 ,3 8 .

f  \ $ P '
L es ren d em en ts  finaux a p rè s  fab rica tio n  fu ren t de 92,1%  dans le cas  deS 

bons P .S .E .  e t de 98,6%  p o u r le s  jam bons norm aux. Com pte tenu des pri*  
du jam bon su d _ a frica in , la  d iffé ren ce  de rendem ent re p ré s e n te  une d iffè re045® 
c ie r e  de R 0 ,52, p a r  jam bon de 4 Kg.

VERARBEITUNG VAN PSE UND NORMALEN SCHINKEN

J .  F .G . KLINGBIEL, R . T . NAUDé UND R . VAN ESSEN

F o rsch u n g s in s titu t fu r  T ie r -  und M ilchw issenschaft, 

I re n e , S udafrica

U ntersuchungen haben das  V orkom m en von PSE S ch läch tk o rp ern  u n ter 
Schweinen in  S üdafrica  angeze ich t. Um den fin an z ie llen  V e rlu s t d e r  u n te r  
p rak tisc h e n  F a b rik su m stän d en  a u f tr it t ,  b es tim m en  zu könen, w urden  PSE und, 
n o rm a le r  Schinken in e in e r  F le isc h fa b r ik  v e ra rb e ite t.  Schinken w urde a ls  
PSE (n=12) b ezeich n e t w enn d ie  pH W erte  von d re i  M uskeln in jedem  S chalach t- 
Icorper 6 6 ,0 , pH i  5 ,7  und E E L  R efle k tie ru n g sm essu n g  d e r  M .g lu teu s  m edius 
(24 Stunden po st m ortem ) »  40 w a re n . F ü r  n o rm a le  Schinken (n=12) w aren  die 
W erte  pH ^  6, 6, pHf ^  5,7 und d er  R eflek tie ru n g sw ert *  34. D er d u rch - 
se h n itts  p k  W ert d e r  M. sem im em b ran o su s  van  PSE und n o rm a lem  Schinken w aren  
jew eils  5 ,89  und 6, 89, und d ie R eflek tie ru n g sm essu n g  4 4 ,08  und 3 1 ,9 2 . In beiden  
w ar d e r  pH^ W ert 5 ,3 8 .

D e r  E r tr a g  nach d e r  V era rb e itu n g  w a r  9 2 ,1 ?  fü r  PSE Schinken und 98,6%  für 
n o rm a lem  Schinken. Zu den b ersch en d en  sü d a frik an isch en  S ch inkenpre isen  e rg ib t 
d iese  E r tra g sd if fe re n z  eine  f in an z ie lle  d iffe renz  von R 0 ,52  p ro  Schinken von 4 kg.
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PACKAGING FRESH AND CURED MEAT

PROCESSING O F  PSE A N D  N O R M A L  H A M S  

J*F .G. KLINGBIEL, R.T. N A U D 6 & R. V A N  ESSEN

Animal and Dairy Science Research Institute 
Irene, South Africa

id"'3'15' eh><l»er'lmn0l0BiCa' disadvantaSe of Processing PSE pork has been emphasized 
ev 38 & ThomentS (Wlemer_Pedersen- 1959, 1960a, 1960b; Briskev. 1964; 
a'“ thoueh Na„i?0n' 1964)' This has not been demonstrated in South Africa 
i»„ aI°lost 30» a.nd KlinSbiel. (1913) based on extensive surveys, established 

It P‘eS s*auEhtered in South Africa develop PSE muscles post
ln S Iherefore decided to process hams of PSE and normal baconer 

31 t3ct°ry conditions °mPare yieldS °f tUl‘y c°oked hams Produced under prac- 
Pt°«tlure

Claas!ftcatton of hams

w “ taken day of the experiment pH measurements (45 minutes post morteml
0f„ in the M  \ combination glass electrode fitted to a portable Polymetron pH- 
T» 6 A lir ^ ~ I£1SSilnUS d°rSi • M -semimembranosus and M. adductor femoris 
cl>  five ca carcasses (C + K  fat measurement <50 m m ,  mass of 60 to 75 kg) 

as prsr S e 3 Wlth pHl values S  6 ,0 in the M, longissimus dorsi. were 
Ctl°sen ‘ Another group of 25 carcasses with pH, values higher than 6 6 

D 38 “Ormal controls. 1

(In* 3Ilor  slaughter, the carcasses were stored in a cold room for 24
’’»Do« lndlegs bad been cut from the selected carcasses. The final pH. ■«Uw» a, mortem _ „ u  v H______ i____ l .pH^) of the se m im em b ran o su s  m u sc le s  w as a lso  taken  to

M : 01 6ach of the p re lim in a ry  g ro u p s fo 25, 12 gam m ons w e re  eventually

1 (PSE)

r%  It P n  (No’rtnal)

Low pH ^-values (■$£, 0)
Low pHf-v a lu e s  ( ^ 5 ,7 )
High re flec tio n  value (= pale coloured) 

1^40)

High p H ^ v a lu e s  ( ^6, 6)
Low pHf-v a lu e s  (< ,5, 7)
Low re f lec tio n  value (= d a rk  co loured) 

(¿34)
2/ .......

The c a rc a s s e s  fro m  which th ese  two groups w ere  chosen  did not d iffer 
sig n ifican tly  in c a rc a s s  m ass  o r  fa t th ick n ess.

P ro c ess in g

The 24 gam m ons w ere  a ll deboned, sk inned, defatted  and trim m ed  fo r  cooking. 
Subsequently the m a ss  of each  was d e te rm in ed  (the "raw  ham  m ass" ) . Following 
the p re lim in a ry  p rep a ra tio n , the raw  ham s w ere s to re d  overn ight in a cold room  for 
12 h o u rs  and then  pum ped with b rin e  w ith a m ultineedle  pum ping m achine. The m ass  
of each  ham  w as m ea su red  p r io r  to  and following b rin e  pum ping.

The b rin e  used was a so lu tio n  of a com m on c o m m erc ia l s a lt  m ix tu re  (also  
contain ing  polyphosphate sa lts )  used fo r  c u rin g  ham s p r io r  to cooking. The pumping 
m achine was s e t  in such  a  way to e n su re  that each  ham  would a tta in  a  m ass  of approx­
im ately  125 p e r  cent of i ts  raw  m ass  (M oerm an, 1967). The m ass  was m easured  
again  (M ass a fte r  brin ing) and the ham s cu red  in cold s to rag e  fo r  3 ‘ days.

The m ass  of each  ham  was m easu red  b e fo re  it was cooked (M ass befo re  
cooking). Each ham  was p laced  in a  p ea rsh ap ed  m ould, Type IB  and the 24 m oulds 
packed into a s te a m  oven with a  tem p e ra tu re  of 85°C . Ham s w ere  cooked fo r  four 
hours a t which s tag e  an in te rn a l tem p e ra tu re  of 70 C was reach ed  in the c e n tre  of the 
ham . A fte r  rem oving  the mould fro m  the oven, they w ere  cooled  overn igh t. Each 
cooked ham  was rem oved fro m  its  m ould, the ex tran eo u s gelatine rem oved and the 
m ass  m easu red  again  (M ass a fte r  cooking). The cooked ham s w ere cu t and reflec-i 
tion  m easu rem en ts  of the M, g lu teus m edius w ere  taken .

The av erag e  m ass  of the ham s d e te rm in ed  a t each  stage of the p ro c e ss  was 
ca lcu lated . M ass changes w ere ex p re sse d  on a p ercen tag e  b a s is .  The F - te s t ,  in 
a  one-w ay an a ly sis  of v a rian ce  (Snedecor, 1956), was applied to e s ta b lish  s ign ifi­
cant d iffe ren ces  betw een the two groups of ham s.

iv hamo--- f —  »v..»ui>,.IWIauwua muanca was aiso taxen to
S b  reflecti0n v i C°Uld bG chosen  in which P °st m ortem  g ly co ly sis  had b een  com pleted  R esu lts  and D iscussion

^ refl«ctoniete *COl° Ur* ° f  the g lu teus m edius m u sc le  w as d e te rm in ed  with an
In o rd e r  to se le c t co m p arab le  groups of PSE and no rm al ham s pH^ read ings 

w ere taken  of 300 c a rc a s s e s  of which 25 (8 ,3 ? )  w ere c la s s if ied  PSE . F o rm e rly  a 
f ig u re  of 8,6 p e r  cent was d e te rm in ed  in  a  su rv ey  undertaken  at th is  fac to ry  
(K lingbiel & Naud6, 1971).

The av erag e  pH^, pH^ and re flec tio n  values upon which the se le c tio n  into 
PSE and no rm al groups was b a sed , a re  given in T able 1. The pH va lu es  of the 
m u sc le s  of the PSE c a rc a s s e s  all d iffe red  s ig n ifican tly  (P < 0 ,0 1 )  fpom the pH values 
of those of the no rm al c a rc a s s e s .  The PSE ham s o rig ina ted  from  c a rc a s s e s  with 
pH -v a lu e s  of 5, 73; 5, 75 and 5 ,89  in the long issim us d o r s i , adducto r fem o ris  
and sem im em b ran o su s  m u sc le s  resp e c tiv e ly  while the re lev an t values fo r  the norm al 
ham s w ere  7 ,07; 6 ,7 8  and 6 ,8 9 . The pH^-value of the se m im em b ran o su s  m uscle  
of 5 ,38  in  both groups is  an indication  th at a ll the ham s w ere fro m  c a rc a s s e s  which 
had su fficien t su p p lies  of m u sc le  glycogen at the tim e  of death  to e n su re  a norm al
com ple te  post m o rtem  g ly co ly sis .

3/ .

^ e a su re m en ts  on f re sh  m u sc le s

LD

^ PHl

Add

pHi

SM

p« i

SM

P »f

R eflection
value

5 ,73 5 ,7 5 5,89 5 ,38 44,08:s>
7 ,07 6 ,78 6 ,89 5 ,38 31,92

1* —
P<0,01 P < 0 ,0 1 P < 0 ,0 1 - P < 0 ,0 1

j^ L jong iss im u s d o rs i 
■j-~U*d ducto r fem o ris  
’-—Semimembranosus

\ 0f°re P g ^ / a Ûes on E E L -re  flee  tom e t e r  the l ig h te r  the c o lo u r m easu red .
■f" '  whi i am s w e re  liKh ter  (re flec tio n : 44,08) than  ham s (re flec tio n ; 31 ,92) nich were -n0rmalM

g yprage "raw  ham  m a s s "  was 4 2 8 3 ,8g (o r  the PSE group and 4 0 4 1 ,7g foi 
UP (Table 2): the d iffe ren ce  was not sig n ifican t.

ds P ro c esse d  ham s

\ r a ^ l e 2 the m a ss  lo sse s  a re  g iven  a s  p e rc e n tag e s . D uring overn ight cooli 
fak cp0 '8 ’ ham s lost 1,1 p e r  cent of th e ir  m ass  and the no rm al har

nt "  th is  d iffe ren ce  w as highly s ig n ifican t (P < 0 ,0 1 ).

P e rcen tag e  m a ss  lo ss  during  p ro ce ss in g

lu ring  i 2h cold 
s to rag e

D uring
3 |  days cu rin g

D uring
cooking

D uring e n tire  
p ro ce ss

1,1 6,8 19,9 7 ,9
(3 3 6 ,7g)

0 ,4 6,8 15,9 1 ,3  
(5 2 .9g)

p < 0,01 - P <  0 ,01 P < 0 .0 1

A fter  b rin in g  the PSE ham s had a  m ass  of 5 2 8 9 ,58g and the norm al ham s 
5 0 9 2 ,50g. The d iffe ren ce  in  p e rcen tag e  in c re a se  (2 4 ,7  p e r  cent fo r  the PSE and 
2 6 ,4  p e r  cent fo r  the no rm al ham s) w as not sign ifican t.

During the  3^ day cu rin g  in  cold s to ra g e  both groups of ham s lo st 6, 8?  of the 
m ass  a f te r  b rin in g  (Tabl e  2). The p rese n c e  of phosphate s a lts  in the b r in e  and its  
effec t on the w a te r  binding cap ac ity  of m u sc le  p ro te in s  m o st probably  re su lte d  in  the 
equal m ass  lo ss  during  c u rin g .

D uring cooking, the PSE ham s lo s t 9 7 8 ,25g and the norm al ham s 7 55 ,3g 
which is  19 ,9  and 15,9 p e r  cent of th e ir  m a sse s  b efo re  cooking (Table 2). The p e r ­
cen tage lo ss  d iffe ren ce  betw een the two groups ( P < 0, 01) is  in  ag reem en t with the 
re s u lts  of M oerm an (1967) who worked with sm a ll po rtio n s  of po rk  and found a 
cooking lo ss  of 2 1 ,9  p e r  cen t fo r  PSE and 1 4 ,6  p e r  cen t fo r  no rm al p o rk . F u r th e r­
m o re  the cooking lo ss e s  found in  th is  e x p e rim en t appro x im ates  those of L eest and 
Van Roon (1968) who obtained a  1 0 ,4  p e r  cent cooking lo ss  fo r  m eat with a  pH of 
6,0  and a  7,8 p e r  cent cooking lo ss  fo r  m eat w ith a pH^ of 6, 6. 1

F ro m  the stag e  of deboning until the  fina l cooked p ro d u ct, the PSE ham s lo st 
336, 7g and the norm al ham s 5 2 ,9g of th e ir  m ass  i .e .  a  p e rcen tag e  lo ss  of 7,9 
and 1 ,3  p e r  cen t fo r  PSE and no rm al ham s re sp e c tiv e ly  (T able  2). T his re su lte d  in 
a  nett y ield  of 9 2 ,1 ?  fo r  PSE and 98,9%  fo r  no rm al ham s ( P < 0 ,01). The g re a te s t  
po rtion  fo the m ass  lo ss  o c c u rre d  during  the cooking p ro c e ss  and the g re a te s t  
d iffe ren ce  in  m ass  lo ss  a lso  o c c u rre d  during  th is  s ta g e .

Colour of the final product

T able 3 show s the re f lec tio n  va lu es  b e fo re  and a fte r  p ro ce ss in g . It is  in te re s ­
ting to note a g r e a te r  change in  the co lo u r of no rm al than  of PSE ham s d uring  the 
e n tire  p ro c e s s  ( i .e .  31 .92  v s  64 ,67  and 44 ,08  vs 69 ,17  resp ec tiv e ly ).

T able  3 -  R eflec tion  v i lu e s  of ham  m u sc le s  b e fo re  and a f te r  p ro ce ss in g

Raw Cooked

PSE 44,08 69,17

NORMAL 31,92 64 ,67

F  te s t P <0,01 P < 0 ,05

5/
4/
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C onclusion

In th is  e x p e rim en t the pH and pH and re f lec tio n  va lu es  of m u sc le s  in bacon 
c a rc a s s e s  w ere  su c ce ss fu lly  applied  fo r  the c la s s if ica tio n  of PSE and no rm al h am s. 
PSE ham s yielded  6 ,6  p e r  cen t le s s  cooked p roduct than  no rm al h am s. The lo sse s  
m ain ly  took p lace  d uring  cooking. In addition to the  low er y ield  of PSE h a m s, these 
w ere  a lso  p a le r  in c o lo u r p r io r  to and a f te r  cooking. Both th ese  q ua lity  p a ra m e te rs  
a re  of econom ic im p o rtan ce .

Although m ass  lo sse s  of ham s w ere  investiga ted  only d uring  p ro ce ss in g , it 
se em s ju stif ied  to  p red ic t h ig h er m ass  lo sse s  f ro m  PSE p o rk  during  the m anufac­
tu rin g  of o th e r  p ro d u cts  such  as  W iltsh ire  b acon  and canned h a m s . The 6,6%  h ig h er 
lo s s  fro m  the PSE h a m s , ca lcu lated  at the p re se n t p r ic e  of R 8-00 p e r  4 kg cooked 
ham , r e s u l ts  in a n e tt lo ss  of R 0 .52  p e r  PSE h am . F o rtu n a te ly  only 8 ,6  p e r  cent 
of the pigs a t th is  c e n tre  show the PSE condition , but s im ila r  lo sse s  m ight have a 
c o n s id e rab ly  h ig h er im pact at those  c e n tre s  w here the incidence of PSE pork  was 
found to be 1 2 ,9 ; 1 7 ,5 ; 2 8 ,6  and 71,9 p e r  cen t am ong b ac o n e r  c a rc a s s e s  (Naud6 
& K lingbiel, 1973). When th is  lo ss  is  applied to the a v e rag e  ca lcu lated  fig u re  of the 
above au th o rs  of 29,6^7 a ssum ing  a  50^ p roduction  of p ro ce sse d  ham s and a through­
put of 500 b a c o n ers  p e r  day , the annual lo ss  could am ount to RIO 000 p e r  average  
s iz e d  b aco n  fac to ry .
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