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0:“)11‘/}'\]::\‘}11” WaEe projaned faenl IeGnay m porcine longissimus dorsi muscle, a part
meq S wan contrncted. Hormel and contracted myofibrila were incubnted for hra in ¢
hlml};:ﬂ:)]" 0,16 M KC1,pH varied between )55-6,5, lemperature varied between 4-37 ¢°. Aftor
0,6 Vv ;‘;(l;;)n,Jr:f;Oi;ib;'li‘l;x):‘r;;'; (:;it,:'ut’:w(: at 4 ¢° in a solution adjusted to pH 6,) containis
v W 1out mil Na,P Effects "ok temperature nn o P

nyoljbl ' § preparate were evaluat lr'f; fn ‘l‘ju“ ‘({;1“ U :L’I'i'““" ‘,n}“;' v~ % »~‘>“1 (.‘O:v“”‘(jﬂ e
llr%n% i i o /‘“‘;/ l1 ‘, u V( Lu \,,‘_%«_lu:_‘/ of proteins in the
%6 M kel 4y o4“% 7; g )1 ﬂf‘;o i'”‘L.T.‘”’ ;f‘ywh‘”“'l“y - .”m“llﬂVW"HVUJ':Jih
’—'XLJ'ucinAbi;le '”;;LO' : 1”m LL;( I( O-ln(ml),‘" ion. There was only '1,)-"’] ight difference in

‘ ’ ween 4 o 25 C incubati temperatur T O % ;
-“'«ron/*]y ru(iwxi«vd”t}(tl “L' ~l I\N( ;1) L f(‘{f ‘O. T 7 P
lnlf - gy C l.. 1¢ “'t‘m, ,u(l"l'j.y’ Lx' Lhe \.}mL(" pll range an compared to lower temperatures
l‘ion h,\g ; 7 combined with 0,6 I KC1 ,“N.‘:(.’ ased the extractability especinlly when incuba-
”lj,htl een conducted at a lower pll. Thus, exiractabi 1lity in the presence of p’f(),‘, only

¥ depended on the pH of incuba‘ion media. The omount of extractable protein from

fntl‘

Wiy, led myofibrils was generally lovi than thalt from normal either with 0,6 M KCl or
addits pe E - ‘
8dditional 141141’,{,(),{. There was a reduction in 0,6 M KG1 - extractabili ty parallel with
O of : f g
bh R incubation media, whereas lemperature of incubation did not ceem Lo influence
e extp ARES y : :
llrll “tractability significantly. Conirary to the normal pre parate, promoiing effect of
q o 7 Y3 much more obvious after incubaiion at high pH level. These resulls contribuie
L OUY e . 1
T knowledge of salt-soluble proteins and the interact wilh pyrophosphate.
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Ayg
lyo 11[”'qulu longisasimus dorsi" von Schwein prerigoren Zustandes haben Verfasser
I)j_,, Ull(‘npz iiparat /Normalpriiparat/ herg w-«rJlL ein Teil dessen kontrshiert vurde.
T)H-‘yeyo ibrillenpriiparate normalen und w‘x u;nrwh n ilu.:lamiw:: amrden in 0,16 M KC1l bei
Do nl ben von 5,5 = 6,5 und bei Temperaturen von 4 - 37 C~ 4 Z_}Luhd»'n leng lnkublelt.
qu Ch vurden die Préiparate in einer anf einen pH-Weri von 6,1 eingestellten 0,6 i KC1
v 5» bzw. in einer 1 mM I.u.i',‘u.(, enthaltenden 0,6 M KCl1 LUsung bei einer Temperatur
on (o} 4 < . A
I K(,‘{{ c extrahiert. Der niedrige pli=Vic 5,5/ hat die aus dem Normalpréparat mit 0,6
llel. e€xirohierbare Proteinmenge - bei C” und 25 C° inkubiert - verringert. Im Falle
Ger; nn}\UbdtJOJ‘ bei 4 C° und 25 C° hat h in der extrahierbaren Proteinmenge nur ein
keyy 5T Unterschied gezeigt. liine Inkubationstemperatur von 37 C° hat die Extrahierbar-
Ve ”11 iMnerhnlb deg ganzen p iches im Vergleich 2a niedrigen Temperatur stark
plhu} Ndert, Das zusammen mit KC1l angewendete 1 P,0., hat die Extrahierbarkeit
}IJ.H besonders im PFalle, Inkubati bei 11,6"‘1, ren pH-VWert erfolgte.
Pl > die DExtrahicrbarkeit Anviesenhe von ) 1 in geringem [ se von dem
mn"g*'} deg Inkubationsmediums ab. Dic nge de 15 iierten Priiparat sowohl
aly, 99 Il KC1, als auch mit Na,P.( - mplett ung; extrah baren Proteins war im
ex Li?“;”’L kleiner, als im Falle d i tes. Die Menge des mit 0,6 M KC1
llerten Proteins hat sicl 1 I ol t de:s ln!:v;t‘z*.:,xox:‘;mv-d‘m\.‘ ver-
em ’ '.“'* die Temperat ] ( : 1 beeinilus: Im Gegensatz zu
a Hozmn prupa var die ] ! dernde Virkung des 1.u.l'v)U'/ veitaus
l <
Aum Ld‘illc‘ en = i ci hohem pH-Wert durchge-
uoel .
Jlog
11(, € Lrpo 1isge exrg en 5 Y d snlzloslichen
beinen govic mit




L’influence de ln valeur pH et de la température a 1'extractibilitdé deg protcined
Pr me o Kt Vada, M.
Inatitut de Recherches sur la Viande, Budapest, Hongrie

/ n 1la base du
led

On o produit des préparationg myofibrillaires /préperations normales

longiss i de porc avant rigor, dont 1l’une parl a éi¢é contractée. Avec
priéparations myofibrille 25 normales et contractées on a fait 1’incubation ‘“v-\(‘
4 heure g 0,16 M dc pH 5,5-6,5 et a la température de 4 - 37 €O, Engull®

1 .
- . : . ’, p 25T 1ukion
les préparations ont ctraites a la température de 4 C° dans 0,6 M de solulbl

de KCl, avec pl 6,1 et dans 0,6 M de solution de KCl contenant 1 mll de 111\,1’,)07‘
4”2

Le pH bas /5,5/ a réduit la quantité de protéine qui étalt ractible de lo
préparation normale par 1l’intermédiaire de 0,6 M de KC1 gous 1’incubation a4 lo
température de 4 C° et 25 C°. En cas de 1’incubation Taite a 4 CO et a 25 €O 1a
quantité de protéine ne montrait qu’un peu de différence.

2 & ] iy L) B a L A <2 il
La température d’incubation de 37 C° a réduit fortement 1’extractibilité dans e

domaine entier de pH. L’extracltibilité a été augmentde en cas ou 0,6 11 de KC1 fe
était mis en application avec 1 mM Iml‘l-\,(),r., surtout quand on a fait 1’incubati®
1+ 2 5

4

a pH baas. Par conséquant 1’extractibilité ne dépendait que dans une faible mesu?
du pH du médium d’incubation.

La quantité de protéine extiractible de la préparation coniractée, extraite tant
par 0,6 I de KCl, que par 1l’addition HNa ,1’,,0,{ ¢tait en général moindre a la
préparation normale. La quantité de proiéifie'étant extraite par 0,6 M de KCl ;
en parallele au pH du médium d’incubation, par contre la température rl‘inj'.hmucnly .
guere 1’extraclibilité. Au contraire de la préparation normale, 1’effect du 1!”4 2-1

aiminue’

ant la dissolution était plus expressif, quand 1’extraction avait éte.
ipée par une incubation & pH élevé. Ces résultats compledtenl nos connal
en connexion avec les protéines solubles dans la saumure et leur action
oque avec le pyrophosphate.
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Bavsinpe pH w remmepaTypH Ha SKCTPArupyeMoCTh MW ODUGPUANADHHX G6JTKOB.,

A,HEMET ~ M.KOBAY,

locynapcreennuit wecnezosarenscxuit VHCTUTYT MACHOM NMpPOMHWNIEHHOCTH, r.Eynanemr.BeHrp"ﬂ' .
aptl.
3 ceumofl wummu longlssimus dorsi p cocronnmm pre rigor  NMPUrTOBMAW RopMamBHHI ”pﬁgeﬁwe
9acThs KOTOpOro xonrparmponanm(gcanwnu). HopManbHue ¥ KOHT QI POBA HHHE uwo@wcamnnﬂpnp"
napaTH nggdngosanu B TeueHWe 4 yacoB Npy TeMmmepaType 4—38 C.B pacrBope 0,16 KC% ¢
.

i

H= 5,5 aTeM TpenapaT 8KCTPArupoBasy mpw Temmeparype 4°C B 0,6M pacTBOPE 1
g.l. T.6. 8 0,6M pacTsope KCI, cozepxgmen I §M Na Pp% {p onk o 681
Bo Bpeua wnkyGamum npu remmeparype 4°C u 25°C ¥ fuafkod pH/5,5/ crusunoCh xonuqecTﬁ xyge”

K8, KOTOpDQe MOXHQ BKCTDArMPOBATEH W3 HOPMANBHOI'0 Mpenapara M-muM pacrBopoM KCl. e
ouA 1pu Cnm 2580 NOKg3ana HEGONBLWYD DASHULY B xgnqucrae éxcrparugyeuorg 66 JK8 » 22“%
gﬁgggiﬂ TeugepaTypg 37°C no cpaBHEHWO C HUSKOH TeMnepaTypoit crusuna sxcrperupye“oc
uHTEpPBasNe pH,
lipumeraa IuM Na 520 ¢ 0,6M pacrBopoM KCI 3HAUMTENBHO NOBHCHIACH BKCTPBFWPyeuOCTchyr
OCOGEHHD B TOM é%yuéé, KOIrZ@ WHKYOauufA NMpoBOAMNACH Npu HuSKoM pH., Taxkum oGpasoMy dgﬂ"”
CTBUYN Naﬁf OE SKCTpArMpPyeMOCTh Jumb B HeGoxpmol crenenu saBsucur or pH cperd WHKYS 7K
Koxuuecrs %e K8, WBBJIEUYEHHOE N8 KOHTDPATUDOBAHHOIO mpenapara ¢ nodomen O,6M pacT30 N1
¥ W3 8TOro Xe pacTBopa ¢ podaBkoil Na,P,0 s OHJIO DOHYHO MeHbNE, yeM B Cay4a8e 50318”
HOr'0o npenapara, Konnuecrso Genka, aKC%pﬁPLpOBGHHOG ¢ nomomen O,6M pacrBopa CI, c"euoc 16
napamnensHo ¢ pH wHKyGanuonHo# cpexu, TeMnepaTypa Xe TOYTH He BAMANA HA sucTPBP"pyoun 60
NIPOTHBONONOKXHOCTE HODMANBEHOMY Npenapary, afdexrNa,P,0. ycxopaomuil pacTBOpeHNEs
JIee BHDAXEH, ©CHW NODPeZ BKCTPAaTWPOBAHUEM INPOBEIH uné&&%&%n npy BHCOKOM pH. At oenKﬂ“"

O Pe3yABTATH ABAANTCA AOMOJIHEHNEM K AAHHHM, CBABAHHHM C DACTBODUMHMA B CO
¥X B3aUMOCBASHD ¢ mnupodocharamy,
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Eﬁ{ggg_pf pH and temperature on the extractability of myofibrillar proteins
A.NAcy-NEMETH, M.VADA~KOVACS

H“ﬂaarian Meat Research Institute, Budapest, Hungary

lEFroduction

Deteation of structural changes of meat proteins under post mortem conditions is of great
1mP0rtance in relation the meat processing, The inferior quality of PSE meat initiated
Several workers to investigate the changes of protein structure by extraction, As they
°8tﬁblished, a8 considerable reduction in the extractable myofibrillar protein with high
lone strength was found as a result of denaturation caused by the combined effect of the
high temperature and low PH early post mortem /Bendall k‘lismer~?edereen,1962, Sayre &
B"h!key,l%}, Penny, 1967 &, b, 1969, Sung et al. 1976/. The importance of extractable
Proteing with high ionic strength in the water binding and emulsifying capacity was con~
fimed by sayre ot al. 1964, Penny, 1969, Saffle, 1968/,
Van Oord &"Wesdorp /1978/ investigated the influence of the conditions of extraction
pr°°edure ie. pH, concentration of salt and pyrophosphate, pm age of meat and discussed
the 8ignificance of solubility as an index of meat quality.
urveying the reports on salt soluble proteins, there are no uniform methods applied for
extl'ﬁctlon /composition and concentration of solution, post mortem age of meat etc./.
Such Properties of myifibrils 1like shortening /roughly characterized by sarcomere length/
o tension at rigor also may contribute to the final quality of muscle but there are only
8 fow data about their significance /Cook, 1967/, Detailed investigations are needed for
Stter understanding the relationship between salt-extracted protein and the structural
tatus of myofibrile .

In our work the effect of pH and temperature on isolated myofibriles was studied in
termg of the amount of extracted proteins.,

!552?1815 & Methods
|

=Rrma) preparate

OTeineg longissimus dorsi muscle /pH 6,7/ was removed at post mortem 10 min, then cooled
and &round, Ground muscle batches were homogenized for 3x20 sec with 5 volumes of ice=cold
116 ¥ KC1 by Ultra=Turrax homogeniger and centrifuged for 10 mins at 1000g.Myofibrils
Yore Passed through a muslin layer to remove connective fibers, then suspended again in
016 M KC1 solution and centrifuged., Washing was repeated 3 times, Protein content of
mwofibril-suspension was determined by Gornall’s Biuret method then diluted to 20mg/ml
"th 0,16 M KC1, Biuret method was standardized by bovine serum albumin /Serva/, During

® Procedure the pH of the suspension was held at 6,7 and temperature below 4°C, pH was
mﬁ&aured by Radiometer pH meter with glass electrode,

:°nt222£ed preparate

Tua) Preparate was divided to two parts, one of them was centrifuged and suspended in a
*ltion ongigting of 4x10"3K MgCly, 1x10™*M CaCl,, 4x1072M Tris/HC1 buffer PH 7,2 and
k01_ The final ionic strength was 0,14 @, Having suspended the myofibrils 4x10 3! ATP
/ATP'NG salt, Reanal/ was added carefully mixed fo~ 5 minutes at 20°C. After centrifuging
Ein0ted myofibrils were washed 3 times with 0,16 M KC1, After protein determination the
*U8Deng s on was diluted to 20 mg/ml with 0,16 M KC1.

9f§2a32£10n conditions

n11quotes of 150 ml volumes from both normal and contracted preparates were poured
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% extr. prot.06M KCL

% extr. prot.06 M KCL

into plastic tubes and 3-3 of them were adjusted to pH 553 5,93 and 6,5 with HCl, One

© and 37°C respectively for 4 hours and

periodically mixed., After incubation tubes were held at a temperature above 4°C, were

sample of each pH level was incubated at 40,25

cooled to 4°C, then parallel samples were taken from each tubes for extraction with

0,6 M ECl and also parallel samples for extraction with 0,6 M KCl+1l mM Na4P207.

Extraction procedure

Ionic strength of samples from treated myofibrils was adjusted to 0,6 M KC1 and the pH of
all samples was adjusted with HC1 or KOH to 6,2, The media of another group of samples
were adjusted in the same way and NaiP207 was added. The final concentration of N52P407 1

n

the mixture was 1 mM, Mixture was shaken frequently and left overnight at 4°c,

The undissolved protein was removed by centrifuging at 10,000g for 10 minutes. The protein
content of the supernatant was determined by Biuret method. Soluble protein in the super”
natant was expressed as the percentage of the total protein content of the suspension
before extraction,

Results

In figure 1, the KCl-=extractability of normal and contracted prep&rates are shown with and
without pyrophosphsate,

The percentage of extractable protein obtained from normal and contracted preparates
previously exposed to different pH and temperature effect were compared, Significance of
these factors/preparate, pH, temperature/ were evaluated by analysis of variance for KC1®
extractability and also for KCl=pyrophosphate~-extractability,

Figure 2, shows the statistically significant interactions between preparate~temperﬂt“re'

preparate~pH and pH-temperature,
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Figure 2,

Significant interactions between
Preparate~temperature /a,b/,
Preparate~pH /o,d/ and
PH=temperature /e,£/., Normal/N/
and contracted /C/ myofibrils

Were extracted by 0,6 M KCl/a,c,e/
and 0,6 M KC1 + 1 mM Na,P.O0

4277
/ b'd.f/.

% extractability of protein

xtractability of protein

fo @

o/

S
2

Q0

30t

B
—

(=¥ -
S N~ -

mi

43

06M KCL+PP

P
1 —
! N
" | »-cw—\\
| e N
o--'C""'&\\ : o
|
|
a ! b
1 1 ! | { 1
L 25 37° |4 25 37°
N )
/-0——_";
4/¢”/ e’
//’
o |
C l d
1 f—1 |
?
| ¥
| Lm0 25°
25 | //;)r i
—— 41;~ ] S e ® 37
S e T
e’ o - .
a |
o |
e | f
1 1 1 SHCHE O ¥ W
55 59 65 pH 55 59 65pH
Pigure 3,
Significant interaction between

pyrophosphate=~temperature /a,b/,
pyrophosphate~pH /e¢,d/ and
pH~temperature /e,f/. Normal/a,c,e/
myofibrils and contracted /b,d,f/
myofibrile were contracted with

0,6 M KC1 and 0,6 M KC1 + 1 mM

N84P2O7/XC1+PF/ .
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Also were evaluated the significance of the 3 factors /preparate, pH, temperature/ by
analysis of variance both normal and contracted preparates.

In figure 3, the statistically significant interactions between pyrophogphate-temperﬂturh
pyrophosphate~pH and pH-temperature are shown.

Figure 4. shows the statistically significant triple interactions meaning thats

1; both pH and temperature dependence of KCl=extractability differs /+++/ with
the normal and contracted preparates /fig.4 a c /

2, both pH and temperature dependence of KCl+pyrophosphate=extractability aiff
/+++/ with the normal and contracted preparates /fig.4 b d/

3y the pH and temperature dependences of contracted preparate differs J+4+/
according to absence or presence of pyrophosphate /fig.4 ¢ d/

4, the pH and temperature dependence of normal preparate do not differ when ‘
extracted with KCl alone or with KClipyrophosphate. There is a proportional
increase in extractability in the presence of pyrophosphate /fig.4 8 b/

orf

Low pH/5,5/ reduced the KCl=extractahility of normal preparate if it was treated &t 400/
and 25°C, After incubation at 37°C the KCl-extractability in the whole pH range /1 8,4 ®
decreased definitely. 1 mM Na,P,0, combined with 0,6 M KC1 increased the extractability’
especially when the preparate was previously exposed to pH/5,5/. The sequence of the

extractability agreed with the sequence of temperature, either with KCl or KCl+pyT°phosoc
phate, there are however only a slight difference between the effects of incubation 8

and 25°C/1 a,b; 4 a,b/.

The amount of protein extracted either with KCl or with additional pyrophosphate '886' 7

generally lower with contracted preparate than that of with normal /2 a,b,c,d; 3 a':'and

The difference was more obvious when the myofibrils were treated at low temperatul bﬂi
e

low pH, The percentage of KCl-extracted myofibrils was not influenced by temperatures
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"8 rather reduced by pH /1 ¢, 4 c/. Comparing the KCl-extractability obtained with normal

84 contracted preparate it can be observed,

! that their 37°C isotherms are almost 1dentical
lag

1Cy4 a,c/. As compared to 0,6 M KC1, addition of 1 mM Ka P,0

4¥207 caused a moderately
enhanced golubilisation with contracted myofibrils after incubation at 5,9~6,5 and 4~-25%
temperature intervals,

moreover after treatment at 37°C and 6,5 pH KCl=-pyrophosphate extrac*
tebi11ty reached much higher level than that of with normal myofibrils treated under the
Samg ctondition, There was no direct relat’onship between the extractability and the tempe~

Mture of incubation, a maximum can be observed at 25°%, KCl=-solubilisation shows its max+

M g4 6,5 pH and 25°C, while KCl=pyrophosphate extractability attained the highest level
BBl intervel of 5,5-5,9 and at 25°C.

Q%ESEEElQE
the time

of death and rigor the tension, the rate of ATP-ase and glycolysis can vary
Nyg

cle to muscle and animal to animal. In the period elapsed from death to rigor a wide
variat10n of pH, temperature and tension can develop, As it was used by several authors
angopeﬂ 1364, Penny,1967/b, Sung et al,1976/ myofibrils were exposed to variation of pH
temperature that might occur in this period.
Part from the excess of water and the extremely contracted myofibrils brought about in
bej Medium by MgATP, myofibril suspension can be considered as a useful model for
®8ling the meat properties,
88 been observed, that solubility showed maximum of 40%., This would be attributed to
. Contraction effect of endogen ATP which was present at the beginning of preparation
TOteqg, Penny,/1967/ also mentioned this effect.
4 Tesults confirmed the well known effect of pyrophosphate which increased the extracta-
1ty votn with normal and contracted myofibrils,
4 Character of pyrophosphate is explained by its dissociating effsct upon actomyosin
ca:“dall, 1954, Yasui 1964/. However, it is questionable whether the denatured myofibrils
Fr ® dissociated by pyrophosphate., In this respect Izumi, et al, 1977 suggested an
theversibly fix bond between actin and myosin / in the denatured PSE meat which was not
mundto relax by MgATP/. Similar result was published by Sung et al,/1976/. It has been
ty » that the kC1- and KCl+pyrophosphate extractability depend upon the pH and tempera=
* Thig relationship is nevertheless not proportional to tempera ure, This result could
hhlntsrpreted by the finding of Penny /1967 a,b/, who suggested that myosin which did not
0 actin wag readily denatured, whereas when bound to actin, myosin in the myofibril
Tore resistant and denatured only after long exposure to denaturing effects. Sung
%dﬂi./lg76/ 8tudied the extractable protein with Hasselbach~Schneider solution as depen~
°51n the pHult and also analysed the proportion of actin/myosin, They also found that
agbeen lost its extractability parallel with the reduction of pH, This result is in good
ment with findings of Penny/1967 a,b/., We presume that a higher proportion of myosin
°lo:°und to actin in the contracted preparate, This view is cgnfirmedoby the fact, that
winler 8mMount of extractable protein at lower temperatures /4° and 25°C/ was obtained
%nt& > M XC1 alone while applying pyrophospha.e in a concentrﬂtéon of 1 mM, a high per~
1°ub::*0f extractable protein found even after a treatment of 37°C provided that
I th “On was performed at pH 6,5,
. Case, the solubility proved to be much higher than that of with normal,
Q*trgc: Buggesteq contracted preparate exhibit a non linear relationship between
2 a ability and the temperature. This relationship could be related to the interactions
ﬂtnw *Myosin complex with Me?* ions, Such interactions which influence the protein
lg61 4re are also affected by the temperature and pH /Szent~CySrgyi 1949, Berman XSwift
' T88ul ot a1, 1964/,
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Our results suggested, that sensitivity of myofibrillar proteins to low pH or elevated

temperature altered according to their wolecular structure in the myofibrile,

Purther studies are required on the extractability including analysis of extractable

fractions and on the relation between extractability and swelling properties of

ayofibrils,
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