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SUMMARY: Extreme PSE condition was observed in the muscles which hat
a large amount of lactic acid and a low pH within 2hr post mOY'te"_",ty
that stage they showed no fibres with glycogen and phosphorylase actlvlt
probably because all glycogen had been rapidly broken-down. A modezﬁl
1

PSE condition was found in the muscles which showed this pattern w
6hr pm. Therefore, the score of the PSE condition seems related t0 : ch
it actic acid accumulation and pH fall to low values, wie
in turn depend on the anaerobic glycolysis developing immed diately 2
and/or before death. Moreover, the PSE condition is related to the prese™

,
e

ce of a large amount of glycogen in muscles before slaughter and t° baﬂ
effective Dhq%ph‘rylase activity, which provide substrate for anaer?

glycolysis. The difficulty in explaining the so-called late PSE Condltl
has also been enphasized.

INTRODUCTION: The PSE pigmeat is related to an intensive anaeroblz

glycolytic rate in muscle which produces a large amount of lactic aCe
in a short period of time and therefore leads 't ."(lpld pH fall 2
the death of the animal. The decreasing of the alue after death *
PSE muscles is faster than in normal ones and some researches have obserY
ed that the pH value at exsanguination is low in PSE muscles Probaaln
because an increased metabolic activity before death produced 2 cert
amount of lactate (Lowe et al., 1977; Sjoblom and Lundstrom, 1989) .
Our research has the purpose of investigating if and how the onse I
PSE condition is affected by the length of time the muscle needs t° rent
the final low pH and how this process depends on the glycogen cont®
the efficiency of the glycogenolytic rate producing glucose-1- Phosphcd
and the extent of the anaerobic glycolysis which leads to lactic
accumulation. p

MATERIALS AND METHODS: Longissimus dorsi muscles from 34 healthy Cri;;

bred pigs (Landrace x Large White) were used in this experiment: vef
animals weighing 120-140Kg were slaughtered at a commercial g]augh
house after stunning by means of electronarcosis. . ghi
The L. dorsi muscle was isolated from the right side of the carcas$ wi ot
about 50 min after death, kept at room temperature (12°-16°C) unti gh
post mortem and then stored at 4°C. Samples taken at 1lhr, 2hr, 6hr,
12hr and 24hr pm were used for analyses. : i
The pH was measured by a pH-meter using 10g of muscle homogen‘LSech)

50ml of S5mM neutral iodacetate solution. The water holding capacity £i0”
er absorP

e
ar
method and was expressed as ratio value of meat film area to fluid en

measurement was carried out according to the filter-=pap

t
Samples taken from the core of the muscle were frozen in liquid ni cofed
and then equilibrated at -20°C and sectioned for histochemistry or
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it <700¢

lori id 3 lization
. until extraction with 1.0M perchloric acid and neutra
wlth

‘OM potassium carbonate for lactic acid determination by s‘”i;i
® Mutomati. Clinical Analyser II (Du Pont Instruments U.S.A.). kézher
S?Ctions Bl frozen -Buscle (16}1, myofibres. transversely c‘ut) we're eszs)
fixeq in Gendre solution and stained with periodic-acid S-Chldfvfff rent
. Valuate the percentage of fibres with glycogen or placeu'i in di E -
lncubating media to determine the percentage of fibres showing 'phosp ; erg
as activity. To this purpose, the following substrate so}utlonsj [T‘aki
accOPding to Pierini et al. (1970) who modified the Takeuchi and Kur;at
(195 Method, were used: basic solution of 37.5mg glucose-1-phosp 'a e
‘;f)ld Smg glycog,en dissolved in 10ml of 0.2M acetate buffer, pﬂb 5.6,)(Mid181;nlg
mp . "Pich 2mg sodium fluoride (Medium 2) or 4mg AMP (M’;d:w:nbgveomedié
vera 0 4Mg magnesium sulfate (Medium 4). were. sdded, 98 incubated
"¢ also Prepared with 35% alcohol. Control B e Lol bation
- S°1Utions without glucose-1-phosphate. Af‘ter. 20. m1m;tecsran:?§ui0dine
logiq. ’ the sections were immersed for 10 mln_ln.dllllte 5

dige ®0lution and mounted on clean slides with iodine leC@I:]n. g
Me olour ;g evaluated measuring the L* value with a, mnohlta et a;b_
t reflectance colorimeter on a freshly cut surface. The w v
and the firmness were evaluated by a panel of threedtrzizlv
et * The following score was adopted: 1 = normal; 2 = moder )

Oft; » wet/soft; 4 = exudative/very soft.

i i the
mQRESULTSI The muscles were classified into six groups according to
St

. T
MUScl Televant characteristics observed at differeét-1t1_mecshf;oait;e:$;§;
at lhes belonging to groups 1 and 2 had very si,xmlhar inc e
a la T pm (Table 1). The only difference was that _t osed }{Dsphorﬂase
activr~ger Dumber of fibres with a positive ?AS reactlon‘ an She —neg,ative
fibr 5EY. In all muscles the PAS-positive flbr‘es' ?Lvlrmh:-liity - Sl‘i‘ght—
ly is S8Touped in isolated islands. The phosphorylase ac

t sence of AMP
O pn CaSed by the presence of NaF but greatly by the prese

e fi ontained
both And MgSO  in the medium. This.means that th% fibres hc e
Vep posphor‘)’la.ée a and phosphorylase b. The majority of ht eresence
ofel Ue-green in colour while few of them brown or green. The p
ale

: TR tion
2 : s i ion ‘in all solu
xcq o] increased colour intensity after ]n?Ubat lue in the medium
Cong Medium 4. The positive fibres were stained blue hip between
{ns _ : L ationship
the . "1NE AMP ang brown in the other media. A close rel

a . t} of t i e tivit PAS reaction
S f‘q 1 he phOSphO _V‘n’lS aCtivlty and that of the : . i

‘ almost Yy i P b bl‘y’ as a consequence of the l(ng
|0unt 1 all myofibres. rodvabl)

e H
1ater~ total glycogen, the muscles in group. 2 refatched tmi i;z:ieepn
8 0 (bEtween 12 and 24 hours after death) than those 1n.grouplactic s
°°‘1te 2 hours pm) and showed a lower final pH a‘nd‘a hlghell‘ S.’ e
decren * The number of fibres with PAS reaction and pi.‘qosphory Z.i e tﬁe b
Mopy Aseq along with the intensity of these reactlons,'dL‘lr‘lrl:!{ gt
isola Period until the final pH was reached. At that t‘un.t 'uyre);e Alaer:
&, te O no fibres with glycogen and phosphorylase activity m_‘ : el
hefo:n Many cases the phosphorylase a activity had ceas'ed bbi: o
haq that of phosphorylase b. At 1hr pm the musc]\es in bot! tg o

normal appearance (.Colour, wetness and softness) however at <2
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TABLE 1

percenf
aranc
ges

pH value, WHC value, lactic acid content (}mol/g of fresh tissue),
age of fibres with PAS reaction and phosphorylase activity and appe
score (colour, wetness, softness) of muscles at initial and final s*
post mortem.

/
6
GROUP 1 2 3 4 5
NUMBERS OF 0
6
MUSCLES 6 3 2 8
1
hours pm 1 1 1 1 1 i
N
pH 56.20 >6.20 > 6.20 6.19-6.0 5.99-5.8 <
B0 41,5
o 3 WHC >2.0 > 2.0 > 2.0 > 18 e P y
- A o |
b~ lactic acid* 42-66 42-52 40-54 66-76 60-76 82 :
55 |%PASs fib.® 40-52  50-60 70 35-50  25-40 S
= 0-3
E S % ph+ fib. * 40-52 50-60 70 35-50 25-40
© i o AA
o colour 1 1-2 9 2 2 3
p yd
wetness 1 1 1 2 2 i
softness 1 1 1 i 2 ¥
o
hours pm 12 24 24 6-8 6 y
5‘
s gﬁ pH <5.80 < 5.60 < 5.60 5,70 < 5.70 . p
Bl 1.
5 ®  IWHC S RN ET SEE T £ T ;
o3 6-1
8 5 |lactic acid* 80-90 096-102  98-110 04-108 92-106 7
Gy
Eg colour 1-2 2 3 2-3 3
g% 4
7 wetness 1 1 3 3 3-4
o 4
softness 1 1 4 3 3

/

¥* extreme values.
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Pm th :
\ : ;
§ Se in gr‘OUp l were g}lghtly pal().
er X iy . i
3 ¥ Peculiar condition is represented by the two muscles in group

I'" ke the normal muscles they showed high pH and WHC and a small amount

haq aa(;tic acid at 1hr pm, but were slightly wet, moderately palie fand
o in:ry ?arse number of fibres with glycogen and phosphor‘y'la.se ac.t1v1ty.
. °Osity and distribution of the phosphorylase activity in the
incubated in the media without alcohol were quite similar to
Muscles in groups 1 and 2, but brown-stained fibres were absent.
augm; the prese.nce of alco.hol in the in.cubati.ng solutions failgd
Colour. ;t the §ta1r1ab1e reaction. The positive f.LbT'es were %rown in
to 12y lvbres‘ with glycogen and phosphorylase activity were found up
6t ¢4, Pm. The muscles showed the lowest pH at 24hr post mort'em. ;.\t
cOn'cent € the values of the pH and WHC were very low, thg 1act1cla(':1d
Vep ¥as very high, no fibres with glycogen or phosphorylase activity
(Psg) leiiected and muscles appeared extremely pale, soft and exudative
Howe e e mU§C1es in group 6.
¥hep th,e mu‘:CleS in group 6 were extremely PSE as early as 1-2hr pr‘n,
acy andy Sitéwed the low final pH, a low WHC, a 1alfze-: amount of lactic
W 1hye Mo fibres with glycogen and phosphorylase activity. In two C(’le(.?S,
only inpm A few fibres showed weak PAS reaction and phosphorylase act1/v1ty
ColoUr) the. SecFions incubated in Media 3 and 4 without alcohol (blue
On the ;lnd In all media with alcohol (brown colour). . ‘ :
C"fliiit'lonthe,r .hand, muscles in groups 4 and § reached a ‘fmal me.tabol.lc
Cont Similar to that in group 6 (low pH and WHC, high lactic acid
pe"iod ’of“O ‘flbres with glycogen and phosphorylase activity) in a longer
m"del‘atel time (within 6-8hr pm) and at that stage they a\ppeared only
slight Y PSE. At thr pm these muscles had a pH between %.Ro-é.l(), were
gl}'COgei Pale, wet and soft and showed a lower number of f‘lbres with
muScles) i phosphorylase activity than muscles in groups 1 and 2 (normal

L, O:JS.SION AND CONCLUSIONS: Swatland and Cassens (1973) found that
S1

"‘lmber Muscle of extremely stress susceptible pigs had an increa.sed
Hon O-f myofibres with a positive PAS reaction at the time of exsanguina
Loy .OXI:‘lndholm et al. (1979) observed a higher proportion of fast twitch
= r‘ldative fibres and a higher glycogen content in L. dorsi muscle
Oup PeSs Susceptible pigs.

which “Sults  show that PSE condition was observed only in the muscles
final :d a large amount of lactic acid at the time they reache‘d the
bﬁforep * This means that they had a high content of glycogen immediately
?ysis Slaughter and a very efficient glycogenolysis and anaerobic glyco-
2 9;3 Therefm.e’ an effective breakdown of a large amount of glycogen
n g *Ntial to cause PSE characteristics in meat. However, we found
ng “She PSE condition in the muscles showing no fibres with glycogen
0Qnd.lt:Sphorylase activity at 1-2 hours post mortem and a moderate PSE
attiv. on ip those showing no fibres with glycogen and phosphorylase
Dresent ¥ithin 6hr pm, corresponding to, in both cases, the times they
o *d the lowest pH and WHC and the highest content of lactic acid.
Vely low pH and high content of lactic acid at lhr pm indicate

Pelay;
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very rapid glycogenolysis after exsanguination.
onsidering these data and the observations made on normal muscles;

. 5 co-
assume that these muscles had an accelerated glycolgenolytic and g1y3
lytic activity within a few hours post mortem. Swatland and Cassens (197

we

QW

: S : _ * jvity

detected fibres with an intense PAS reaction and phosphorylase aCtliﬁd

in muscle of stress susceptible pigs at 20 minutes after death, bUtdwd
hich @1

not observe such fibres in samples taken 45 min pm from pigs W
as a result of their extreme SS condition and the stress applied tO ther
In our case, the phosphorylase activity in PSE muscles was not det“ﬂ;
at 2hr pm probably because all glycogen had been rapidly broken-d0*"

. : , B i jgelf
after which the metabolites inhibited the enzyme activity. SChwa%w‘
P

and Honikel (1988) observed that total and specific activities of phosfwe
1

rylase a + b in muscles with pHl-values between 5.5 and 6.1 was
times higher than in those with pH1 above 6.1. .
The rapid glycogenolysis rate post mortem leads to a fast drop ¥
when the temperature in muscle is still high and causes denaturd

n PH
tio?

of protein, degeneration of membranes and therefore PSE meat (Benda,
and Wismer-Pedersen, 1062; Briskey, 1964; Honikel and Kim, 1085) . Nven
theless, a lower pH at the time of exsanguination might contribut® 108
initiating the development of the faster glycogenolysis rate (sjob

and Lundstrém, 1989).

The above considerations regarding the onset of the PSE condition,
do not explain the behaviour of the muscles in our group 3. These she nd
a slow decrease in the pH and in the number of fibres with a PN;HW
phosphorylase reaction, but were very pale, soft and wet at 24br Ef
Eventhough their behaviour within the first few hours pm was very dw,
ferent from that of the other PSE muscles, they had final PSE Chaﬁwin
ristics. This was well expressed also by the lesser weight 1o0SS 478

i : ] ! mu
the 24-hour period after death. The question arises whether the¥y
be considered truly PSE and why they were so pale and wet.
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