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THE STRESS SYNDROME AND MEAT QUALITY

pHx AND ULTIMATE pH VALUES IN FACTORY-KILLED PIGS 

P. 3. V. TARRANT

Meat Research Department, Agricultural Institute, Castleknock, Co, Dublin

Recent legislation in the Republic of Ireland requires that pigs 
are stunned before slaughter. Electrical stunning has been widely 
adopted by bacon factories. Previous work in Ireland has shown that 
low pHj muscle occurs more frequently among electrically stunned piga 
than among pigs stunned by carbon dioxide or pigs slaughtered without 
stunning.

In the present survey the pH^ was measured in 1,930 pigs in ten 
factories. The average pH^ in factories using electrical stunning was 
6.41 -  0.28 and in factories not stunning before slaughter was 
6.45 - 0.33. Overall, nine percent of the carcasses had a pH1 below 

6 .0 .
Ultimate pH was measured in 1,575 carcasses. Five percent of the 

carcasses had an ultimate pH at or above 6.0; fifteen percent had an 
ultimate pH at or above 5.8. There was no significant difference in 
ultimate pH between factories using electrical stunning and factories 
not stunning.

INDICE DE pHx ET INDICE FINAL DE pH SUR DES PORCS 
TUES EN USINE
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Une loi récemment introduite en République d'Irlande exige que 
les porcs soient assommes avant d'etre abattus, L'assommement 
électrique a été largement adopté par les usines de viande de porc.
Un travail précédent en Irlande a montre qu'on trouve de muscle a, pH^ 
taible plus souvent chez les porcs assommés d'une manière électrique 
que chez les porcs assommés à dioxide decarbone on chez les porcs 
abattus sans assommement.

Dans l'étude actuelle, on a mesuré le pH^ sur 1930 porcs dans 
dix usines. Le pH^ moyen dans les usines utilisant 1'assommement 
électrique était 6.41 *  0.28 et dans les usines abattant les porcs sans 
les assommer, il était 6.45 -  0.33. Dans l'ensable, neuf pour cent 
des carcasses avaient un pH^ inferieur a 6.0.

On a mesuré" le pH final sur 1,575 carcasses. Cinq pour cent des 
carcasses avaient un pH final égal ou supérieur a 6.0; quinze pour 
cent avaient un pH final égal ou supérieur a 5.8. Il n'y avait pas 
une différence significative dans le pH^ final entre les usines. 
Utilisant l'assommement électrique et les usines abattant les porcs 
sans les assommer.

¿H1 UND ENDGÜLTIGE pH WERTE IN FA8RIKGESCHLACHTETEN SCHREINEN 
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Ein kürzlich in der Republik Irland erlassenes Gesetz erfordert, 
dass Schweine vor der Schlachtung betäubt werden müssen. Oie elektrische 
Betaubungsmethode ist von Schinkenfabriken in umfassendem dass angenemmen 
worden und es war angesichts der vorausgegangenen Arbeit notig zu 
veranschlagen, ob Fabriken, elektrische Setaubungsmethoden gebrauchend, 
einen höheren Vorfall von niedrigerem pH1 Kadaver und infolgedessen 
mehr PSE-Typ Schweinefleisch aufwiesen.

Die Resultate einer beschrankten Umfrage zeigten, dass im 
Durchschnitt Fabriken, die elektrische Betäubung anwandten, unbedeutend 
niedrigere pH^ Werte hatten als Fabriken, ohne Betäubung schlachtend.
Im Gesamten, neun Prozent der Kadaver hatten einen pH^ Wert unter 6.0.

Messungen der letzten pH wurden an 1,575 Kadavern vorgenommen.
Fünf Prozent der Kadaver hatten einen Schluss pH um oder über 6.0; 
fünfzehn Prozent hatten einen Schluss pH um oder über 5.8. Fabriken mit 
elektrischer Betaubungsmethode hatten im Durchschnitt einen kaum 
niedrigeren Letzt pH als Fabriken, welche ohne Betäubung schlachten.
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CeJlbCKOX03H.iCTBeHHbU tfHCTHTyT HpnaHflMM, flyHCMHea, JJyÖJIKH.
HenaBHee 3 aKOHoaaTe;ibCTBO b PecnyÖJWKe MpjiaHUHM TpeÖyeT 

or/iymenne CBWHeü nepen yöoeu. SjieKTpoor/iyajeHne wHpoKO npM- 
ueHHeTca b ^aöpuKax j u ir  nepepaÖoTKM ÖeKOHa. “peawnymee 
HCCJieaoBaHne b tfpnaHÄMM no«a 3 ano, uto HH 3 Kaa pH b vibiwuax 
BCTpeiaeTCH game b ajieKTpoornyuieHHMX cbmhhx no cpaBHeHmo c 
cbmhhmh, ornyniPHHMMM yrjieKHCJiOTOi-i mjim yÖMTbJMM 6 es o r nyweHmb»

Sb! H3MepHJtH pH B 1930 CBMHHX H3 IieCHTH paSHHX $a6pMK.+ 
CpeuHHH pHj b (fcaÖpviKax c aneKTpoornymeHweM cocTaBmia 6,41 - 
0,^8, a b ^aöpHKax 6e3 ornymeHna 6,45 0,33. 7 öojiee neu
9*. Bcex Tym, pH, oxa3anacb Hn*e 6.0.

Mu MSMepnnH nocnecyToiHy» pfi b 1575 Tymax. Ifa h m x  5# 
uuenvi nocnecyTogHy» pH^6.C; 15# ̂  5.8. fc fliöpmcax c sjieKTpo- 
ornyuieHnew h 6e3 b c h k o t o  ornymeHHH h m k b k h x  SHagviTejibHHx 
pa3HHU no BenMMHHau nocjiecyrogHoii pH He noHBWJiHCb.
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relit1! ?0n0raUy accepted that pale, sort, exudative (P5C) pork 
•«sutan',!1« ’ rapid fall in pH in pig muscle after death. The pH 
Of DH falll 45 mln- Post-mortem (pHj) Is a good indication of the rate

in the"!!! F0b0ntl>'. less than halr of tha thirty-four bacon factories 
only 5„ . ° “ilic of lraland stunned pigs prior to slaughter. Of these, 
or Pigs h I / 3i:tl,rleS USed aiattrical stunning. However, the stunning 
1973 /- , “re deeding was enforced by the Slaughter of Animals Order, 
adopted*!* N°’ 227 0r 1973>- Presently, electrical stunning has been 

y ”any factories and is now the most widely used method.

treguenf ly63 “°rk ln rala"a aha“aa that lot, pH muscle mas found more 
Pigs stunn ! T 9 aiaPtfioeily stunned piga (22%*?  pH 6.0) than among 
atonning / «  ¿ V !35b°? ?i,o* ia 0 <6* r  ®H 6-°) ar Pl9s slaughtered without 
to estimat PH 6 ,0 (hcLoughlin, 1965). The purpose of this york uaa 
Present t l 3e th3 a”0Ur1t 0f lau bHl "uacla in bacon factories at the

also irifiUltlmate PH (pHu’ "“ asorep 24 hr. post-mortem) in pig carcasses 
normal rd00008 c0rtain properties of Tresh and cured pigmeat. The 
Olycoosn H„ * PH.iS in tbB ranaa aH 5 - 4 to 5.8. Depletion of muscle 
Fen yearn 7 excercise or stress before slaughter raises the ultimate pH. 
“ttimate n! 90, 11  * * “as reP°ttaa that 18% of Irish pig carcasses had an 
Ptaparan r °f ?*° °r hi9haf ("cloughlin, 1964). Cured products 
hore susc/v! P*9meat of high ultimate pH ( > 5.6) have been found to be 
or normal ,‘Cla to bacterial spoilage than products prepared from meat 
dttimata “ lb lm a t0 PH <CaUa“' 1937I Ingram 1964). However, meat of high 
I960; Hat! h3S au°0rlor “ater-binding capacity (Hamm and Oeatherage, 
tanufapr. °n 0t a**' 1972; Hamm, 1974), and is preferred for the 
Purvey , contain comminuted meat products. As part of tha present

0 ultimate pH in 1,575 factory-killed piga yas recorded.

Experiment«!

of
each cai-meaSurementB w0re recorded from the right and left sides of 

the la!!* ?? th® lumbar region of M. longissimus dorsi. at the level 
as clnco ! ribV  Readings were taken between 30 and 45 min post-mortem. 
the rinht 8 latter timB aa Possible. Ultimate pH was measured on 
d88crib«ri 8Kd l8ft 8id08 of each carcass in a location similar to thato abov/e for the pHj measurements. Ultimate pH was measured between

18 and 24 hr. post-mortem.
A radiometer 29 portable pH meter with a combined electro 

(Type GK 2320 C) was used to measure pH. The meter was adjust 
two buffers (pH 6.5 and 4.0) before each set of readings and w; 
at intervals during use with buffer pH 6.5.

Statistical analysis showed no significant differences between ... v
and left sides of the carcasses for either pH or pH measurements.
The results presented here are the average values for right and left 
sides of each carcass.

Measurements of pHJ and ultimate pH were taken at ten bacon factories 
located throughout the country. Six of the factories used an electrical 
stunning method and the other four factories slaughtered without stunning.

pH. values. A total of 1,930 carcasses were measured in ten 
factories, uliae differences in pH^ values were observed between 
individual factories. The average pH and the percentage of pH values 
below 6.0 for each factory are shown in Table 1. *

When the pH^ values were analysed according to the method of 
slaughter, there was no significant difference in carcasses from factories 
using electrical stunning (pH * 6.41 t 0.28) and in carcasses from 
factories not practising stunning (pHj = 6.45 t  0.33). The percentage 
of pHj values less than 6 .0 was similar in carcasses from factories 
using electrical stunning (8%) and those slaughtering unstunned (10%).
The frequency distributions of pH values from the two groups of 
factories are shown in figure 1 .

When the pH values were analysed according to carcass grade, the 
better grade, leaner pigs, had slightly lower average pH values than 
the poorer grade, fatter pigs (Table 3). *

Ultimate pH. Measurements were made in 1,575 carcasses in ten 
factories. The frequency distribution of the ultimate pH values is 
shown in Figure 2. The average ultimate pH was 5.61 •  0.19. Values 
at or above pH 5.8 totalled 15%; values at or above pH 6.0 totalled 5%,

The ultimate pH varied widely between the ten factories (Table i 
The average ultimate pH ranged from pH 5.47 (factory No 3) to pH 5.71 
(factory No 6 ). The number of carcasses with a high ultimate pH 
( —  6.0) varied from 1% (factory No 8) to 12% (factory No 9).

When ultimate pH values were analysed according to the method c 
slaughter used, no significant difference was found between factorie. 
using electrical stunning (average ultimate pH ■ 5.59 t  O.ig) anc) 
factories not stunning (average ultimate pH a 5.63 t 0.20).

Stories i* 7 “3S conrlnaa ta ten aF the thirty-four Irish bacon 
Percent -1 ,!ch Factory “aa »Iaiteb on one occasion. A total of nine 
a a t w .  0 11 °Hl yalu0a a « ™  bo lay 6.0. This is si.ilar to an oarliar 

7 aaysn parcant in Irish cross-bred (commercial) pigs 
bi9s shoiu.H n  . ' 1,070 recently, m0asuTenants made on progeny tost 
» «  ln ! at th0 P o n t a g e s  of pH yalues bale. 6 .0 yera 19% and
ahd ^clounhT^r3P|n—»?r3Pa Lar90 bi9a Tespactlyaly (HcGloughlln
°r Potent! 1?7 3 ' ThB Dr0aant results suggest that the incidanc.
telatly.,: , y °al0' “etery muscle among Irish pigs has remained at a W8*y low level.

alfferenc.e8Ultl Pf th° *Ur“0y indicataa ‘hat there yas little oyerell 
'tori.. ? PH1 b0t“00n Factories using electrical stunning and 
Jhhino nPt atunnin9 (figure 1), On average, factories using 

than “"lihely to produce more potentially PSE-type pig
f,btorlII* i? ° H1 bat“e*n Factories using electrical .tunning and 
,lur|oino L,IDt atu n n ln 9 (figure 1). On average, factories using electrical 
than f “hlikely to produce more potentially PSE-type pigmeat

Tories not stunning before slaughter.

‘•n f«to!?nSi?!r3BIa ?ifrata"caa observed in pH „lues betyeen the 
Ihe hanni“ ! L ;  Tabla l>_can"ot be contributed to electrical stunning.'he han0,,„ t'eole 1 ) cannot be contributed to electrical otunnin 
r4ctgr- | of Pig* before slaughter may have been a contributory 
Con90stin °W BHl “aluas “ST» observed in one factory yhere there yas 
figs yB n aaa Fighting in the pens (r.ctory No 10) and in another yhera 

^ subjected to lengthy confinement in a pig 'race' (factory No 3).

0)
1 subjected to lengthy confinement in e pig 'race' (factory ..

!0h b.ThL i ! C la * nC0 °f hlgh oltimot. pH values reported here (5% f  pH 6.1
CL°09huI m !? >ith th° ‘"Oidence of 18% st or above pH 6.0 reported by 

ab°ve oh 2 . however, on average 15% of the carcasses uere at or
lac“h fort ! “hlcb ia outaide the range of normal ultimate pH. Certain
V teduc ir.1!3- f0t s* " ” »10 foctory No 9 (24% =  pH 5.8), could benefit 

“Foerci-j. 9 tha numbar of carcasses in this category, either by avoiding 
bSFor, ,, 9 ar stressing the pigs during the 48 hr period immediately 
"la09hter °r bi Feeding sugar to th. pig. shortly before■r (Clark, 1973).
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TABLE 1
£HX VALUES IN FACTORY-KILLED PIGS

Factory No. Method of Slaughter + Wean pH  ̂ pH < 6.0
(- standard deviation)

1 Electrical stunning 6.31 + 0.24 11*
2 " 6.50 + 0.26 5*
3 " 6 .2 2 + 0.25 19%

4 H 6.40 + 0.28 9%

5 " » 6.57 + 0.24 2%
6 " 6.47 + 0.23 3*
7 Unstunned 6.43 t 0.30 8*
8 " 6.41 + 0.28 n *
9 " 6 .66 + 0.25 2%

10

TABLE 2
ULTIMATE pH VALUES IN

6.41 t  0.38 

FACTORY-KILLED PIGS

16%

Factory No. Method of Slaughter + Wean pH  ̂ pH^y 6.0
(- standard deviation)

1 Electrical stunning 5.54 t 0.15 2%

2 " 5.53 t 0.14 2%

3 » 5.47 Î 0.18 2%

4 " " 5.65 t 0.16 6%

5 " 5.67 t 0.18 3%
6 " 5.71 Î 0.14 5*
7 Unstunned 5.70 Î 0.17 7%

8 " 5.55 Î 0.18 1%

9 " 5.70 t 0.24 12%

10 " 5.60 -  0.17 S%

S T U N N E D

U N S T U N N E D

Fig. I: Distribution of pH, values in L.dorsi for factories 

using electrical stunning (top) and in factories 

not s t u n n in g  (b o t t o m )

8» 300

ULTIMATE pH

TABLE 3

VALUES IN DIFFERENT GRADES OF CARCASSES

Wean pH^ Number
(- standard deviation)

A Special 6.41 + 0.29 859

A 6.44 + 0.31 337

8 6.50 + 0.27 252

Total

211
165
202

232
255
127
238
148
103
249

Total

144
122
208
158
227
55
157
135
150
218

F ig .2: Distribution o f ultimate pH  of L.dorsi in carcasses 

from ten factories.




