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For some years we have investigated the problems of 
finer morphology and chemistry of the striated muscle 

tissue /1-4/. Particular emphasis was given on the struct

ural aspects of the cell membrane, the sarcolemma. To the 

elucidation of the problems yet unsolved we endeavoured td 

contribute all the more as the quantitative and qualitative 

relations of the connective tissue elements in the muscle 

tissue /meat/ are made generally responsible for the quality 

of meat. Sarcolemma is the connective tissue of the muscle 

cells, and its external, circular collagen layer plays at 

the same time a role in the connective tissue of the muscle 
tissue as well.

We do not wish to enter into details concerning the 

relation between meat quality and the properties of the 

connective tissue. Neither shall we tackle the morpholo

gical and chemical differences between muscle tissue in 

young and old animals. Our experiments, carried out together 

with Dr. Szeredy /!/, disclosed sufficient data in this respect
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Other results provided by us /3,4/ prove that sarcolemma with its 

homogeneous lipoprotein component might be considered on the 

one hand, as the membrane of the muscle cell /sarcolemma 
proper/ and on the other, with its external fibrous part 

/sarcolemma externa/ as part of the endomysium. We are, there
fore of the opinion that the quality of the "moat tissue" is 

not determined by the rougher connective tissue elements 

/cpimysium, perimysium, endomysium/ only, but sarcolemma 

also has a considerable contribution on it. We believe that 

well-defined differences exist between the finer structural 

properties and chemical compositions of the sarcolemma in 

young and adult animals and possibly in animals belonging 
to different breeds as well.

Our previous experiments dealt only with the structure 
of the muscle cell membrane in adult cattle* We didn’t inve

stigate closely however the sarcolemma-problems of young 

calves and other animals. Neither could we attempt t-he iso

lation of the sarcolemma membrane in pure form, though only 

the morphological and chemical analysis of the pure sarco
lemma, isolated in sufficient quantity from muscles of 

animals of different ages and breeds, can clarify the exact 

effect of sarcolemma properties on meat quality. Our program

me includes also the study of the developing musculature in 

different animals and special consideration was given to the 
development of the sarcolemma itself.

It is the purpose of this paper to review briefly the 
results attained within the past year.



I. Young bovine and porcine muscle cells were examined by«
means of the well-known method. The muscle tissue, cut out from 

the tmgh muscle approximately 15 minutes after slaughter 

and freed from the coarse connective tissue elements, was cut 

into pieces of 3-5 mm and disintegrated in physiological NaCl 
solution in a Waring blender. Muscular cell fragments in the 

homogenate clearly show the sarcolemma structure found by us 

formerly in the muscular cells of the adult cattle /Fig. 1-3/.

1 ' Muscular cell particles of a 10 week old calf. 
On both ends of the cell-fragment fine granular sarcoplasma 
masses may be seen, which seem to "flow out" from the sarco 

lemma sheat. Some fine circular fibres on the sarcolemma 
surface are also visible/magnification about 1000/.

— £• 2t Muscle cell particles of a 10 week old calf 
with clearly distinguishable circular fibres on the sur
face /magnification about 1000/.

XlS.», 3. Muscle cell particles from adult pig. The 

circular fibrous structure of the sarcolemma is clearly 
visible /magnification about 1000/.

These three figures show on the one hand the sarcolemma 
structure, which we proved previously in adult cattle and 

supposed in young animals or animals other than cattle . The 

essential futures are identical with those found in the muscle 

cells of adult cattle with perhaps the slight difference that 

muscle cells of calves and pigs show a finer circular fibre 
structure than those of the cattle.



II. Sarcolemma material was isolated according the methods
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of Kono and Colowick /5/ and McCollester /6/ respectively. Both 

authors start from the immediate post-slaughter leg muscles of 

decapitated rats and disintegrate in a Waring blender with al

caline buffer or CaClg solutions at 0~+6°C. The sample is then 
freed from rough connective tissue elements by means of nylon 

or terylene filters of 1,5 mesh. Kono and Colowick treated the 

samples with a LiBr solution of 0,4 M final concentration, 

whereas McCollester used a NaCl solution, the pH of which had 

been adjusted to 7,4. After repeated washing the sarcolemma 

particles were extracted in the experiments of Kono and co - 

worker by means of a 1 M KC1 solution /pH 8,2-8,4/; in those 

of McCollester with distilled water of pH 7,4, Finally, the 

former author separated empty sarcolemma-sheat ports at 

8 000-25 000 g, whereas the latter used MSS Minor and MSE 

Major centrifuges respectively and separated the sheats at 

2 000 g. Kono and co-worker carried out centrifugation using 
KBr solutions of different specific gravities.

In our experiments we used mostly the method of Kono 

and co-worker. These methods, possibly in improved form, 

might help to clarify scientifically the changes occuring 

in sarcolemma-properties in the function ox age or breed.

They might also help to elucidate the relation between these 
properties and meat quality.

The three specimens here shown were taken from adult 

cattle. The sarcolemma structure of adult cattle seems to 

resist bettor the stress caused by the preparatory process.
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Fig. /. Sarcolemma membrane of cattle muscle cell 
washed to almost complete purity. The sarcoplasma, al

ready amorphous in form, seems to "flow out" from the 

orifices of the small tubes. The circular fibres of the 

membrane are recognizable well. The si i die was prepared 

after treatment with CaCl2 and washed with NaCl solution 
/magnification about 1000/.

Fig. 5. Sarcolemma particles, isolated from cattle, 
treated with CaCl2 and washed with NaCl /magnification 
about 1300/.

Fj-g> Sarcolemma tube particle from cattle muscle, 
after a LiBr treatment /magnification about 500/.

Of the above figures Fig. 5- and 6 are very similar to 

the photomicrogramme published by Kono and Colowick, On the 

other hand, Fig. A- and 5 in their above quoted paper show the 

same circular fibrous structure which our samples displayed 

/see cit. lit. 3, V .  Another feature in the work of the above 

mentioned authors wich deserves attention is the fact that they 

succeeded in separating the sarcolemmal material from non - 

sarcolemmic proteins: actin, myosin and other "impurities".
The analysis of the amino acids in this, almost pure sarco

lemma /according to their calculation the purity grade attains 

99 %/ proved that it consisted mainly of collagen. This state

ment is also in agreement with the results which we gained by 
ensimatic differentiation /V .

III. A third part of our studies, closely connected with 

the above described experiments, refers to the morphological

/ST>



and chemical analysis of what we termed the “meat in development' 

Though morphological and chemical studies have already been car

ried out in this field, no meat researcher tackled the problem 

of muscular development yet. We believe that such details of 

muscle morphology and biochemistry might reveal many interest

ing data for meat research. Without wishing to prove the truth 

of this statement by an abundance of literary data, we want to 

point out two standard works only which could not alone stimula

te meat research workers to further studies but offer an ample 

choice of previously published literary information as well 

/?, 8/.

As to our experiments, we selected three microphotogramme 

from the results of our investigations, started a short time 

ago. They convincingly prove that the questions of muscular 

development may help the solution of many a morphological 
problem.

Fig. 7. Longitudinal section from the leg muscle of 

a 2 month old cattle foetus. Muscle cells, still in the 

stage of myo-tubes, can be seen in almost full length.

Muscle nuclei are in the centre of the cell. They remind 

us of pea seeds in an opened pea-pod /magnification about 
500/.

Fig. 8, Cross section of leg muscle from a 2 month 

old cattle foetus. Clearly visible are the cross sections 

of myofibrils, ranging on the muscle cell periphery, the 

sharp outlines of the sarcolemma-membrane and the cross 

sections of the cell nuclei in the centre of the cells.
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The latter are also marked by arrows /magnification about

500/.

Fig. 9. Part of the leg muscle of a 4 week old pig 

foetus. The longitudinal section shows muscular cell par

ticles, which are embedded into the exceedingly loose con

nective tissue. These particles enclose two well developed 

muscular cells in their initial form-with myofibrils on the 

periphery and cell nuclei in the middle, Sarcolemma membrane 

is yet undistinguishable /magnification about 500/.

Fig. 7-9. do not lend themselves to commentaries yet. They 

are demonstrated in order to illustrate investigations which we 

began a short time ago. The three photomicrographs prove the 

direction of our above outlined Opinion, according to which 

results of-the morphological studies on muscle tissue.in deve

lopment ought to be applied to the less known part of the muscle 

tissue: the sarcolemma.
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Studien über Muskelzellen
/

X. Konferenz der Europäischen Fleischforscher /Roskilde 10-15.8.1964/ 
Dr. F, Lörincz, Dr. I. Szeredy und Dr. J. Szinak.

Es wird über die Muskelzellenforschung berichtet, welche in 
drei Richtungen durchgeführt wurde.

I. In den bisherigen Arbeiten wurde die Zweischichtigkeit 
der Sarcolemma nur an erwachsenen Rindern bsw. ausseriialo der 
eigentlichen Sarcolearaahaut liegenden und teilweise zur Endo- 
mysium gehörenden, äusseren, zirkulär verlaufenden Kollagen- 
faserSchicht, demonstriert. Jetzt wurde das Vorhandensein dieser 
Faserschicht /'Abb. 1-3./ auch an den Muskelzellen junger Kälber 
und Schweine nachgewiesen.

II. Es wurde nach den Methoden von Kono und Co1owick bzw. 
ilcCoIlester die Isolierung der reinen oarcolemuiahaut angestrebt 
/Abb. 4 bis 10./. Nach der Meinung der Autoren ändert sich die 
morphologische und chemische Qualität der Sarcolemma je nach 
Tierarten und innerhalb dieser mit dem Lebensalter. Es wird 
vorausgesetzt, dass zwischen der Qualität der Egrcolemma und 
des Fleisches ein Zusammenhang besteht.

T U .  Um die feineren geweblichen und biochemischen Eigen
schaften des Muskelgewebes zu erkennen, ist die Untersuchung der 
Muskel während d-r Entwicklung unentbahrlich. Im Zusammenhang der 
diesbezüglich begonnenen Forschungen, wurden einige Feststellungen 
gemacht und einige charakteristische Präparate vorgelegt /Abb. 7 
bis 9/.
Abbildung 1 : Der Bruchteil der Muskelzelle eines 10 jährigen 
Kalbes. An beiden Enden des- Zollenteiles ist die blasse fibrillär - 
körnige Sarcoplasmamasse zu sehen, die aus der Marcoplasmahülle 
quasi herausströmt; an der Oberfläche der Sarcolemma sind auch 
einige feine zirkulare Faser zu beobachten /etwa 1000-fache Ver- 
grösserung/.
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Abbildung 2 : Ein Teil der Muskelzelle eines 10 jährigen Kalbes; an 
der Oberfläche sind die zirkulären Fasern scharf zu sehen /etwa 
1000-fache Vargrösserung/.
Abbildung 3 : Sin Teil der Muskelzelle- eines erwachsenen Schweines. 
Die zirkulare Faserstruktur der Sarcolemma sticht gut ins Auge /et
wa 1000-fache Vergrösserung/.
Abbildung 4 : Beihane rein gewaschene Haut der Sarcolemma dar Mus
kelzellenteile des Rindes. Bei der Mündung der kleinen Röhrchen 
fliesst quasi die schon amorphe Sarcoplasma heraus. Die zirkuläre 
Fasrigkeit der Sarcolemma ist gut zu erkennen. Das Praparat stammt 
aus einem Material das mit CaCl^ behandelt und nachher mit NaCl ge
waschen wurde /'etwa 1000-fache Vergrösserung/.
Abbildung 5 : Ein Teil der isolierten Sarcolemma, welche aus Rin
dermuskel entstammt, mit CaCl^ behandelt und mit NaCl gewaschen 
wurde /etwa 1300-fache Vergrösserung/.
Abbildung 6 ; Ein Teil de34Sarcolemraa-Röhrchens das aus Rinder
muskel entstammt, nach der Behandlung mit LiBr, /etwa 500-fache 
Vergrösserung/.
Abbildung 7 • Lungschnitt aus dem Foetus-Schenkenmuskel eines etwa 
2-jährigen Rindes. Die Muskelzellen die im Stadium der Muskelröhre 
/Myotubus/ sind, können in ihrem Verlauf fast vollkommen beobach
tet werden. Die Muskelkerne sind in der Mitte der Zelle angeord
net; sie erinnern an die in der Hülle der grünen Erbsen entlang 
eingeordneten Erbsenkorne /etwa 500-fache Vergrösserung/.
Abpi 1 dung 6 : Q.uerschni11 aus dem Foetus-Schenkelmuskel eines etwa 
2-jahringen Rindes. Es sind so die Querschnitte der Myofibrillen, 
welche sich auf der Randzone der Muskelzellen befinden, wie die 
gut abgezeichnete Sarcolemmahaut und die Querschnitte der Zellen- 
kernc in der Mitte der Zellen gut zu sehen./Bezeichnung mit 
Pfeilen; etwa 500-fache Vergrösserung/.
Aboildung 9 : Ein Teil aus der Foetus-Schenkelmuskulatur eines etwa 
4 wöchigen Schweines.Auf den Längschnitten sind in äusserst losem 
Bestand wellenartig ablaufende Muskelzellenteile, zwischen diesen 
zwei gut entwickelte Anlagen mit Myofibrillen, die sich auf den 
Poriferion lagern, mit den Zellenkernen, die sich in der Mitte
anreihen, zu erkennen. Die Haut der Sarcolemma ist noch nicht zu 
entdecken /500-fache Vergrösserung/,



HccjieaoBaHHg MHiuê Hbix kjictqk.
X. EBponeitcKHM KOHrpecc padoTHMKOB nayn- 
HO-HCGJieflOBaTeJIBCKHX HHCTHTyTOB, COCTOH- 
IU.HM B r . POIHKMJiae OT 10-BO flo I5~ro aB- 

rycTa I96A-PO poaa.
Zt-p OepeHu; JlepMHii, a -p  Haa CepeflM, 

a-p Hhoih Ci/maK.

PesiOMe,
ABTopH H3JiaraioT HCCJieaoBaHMfl MbimenHbix KJieTOK npoBe- 

ae.HHbie mmh b Tpex HanpaBJieHne.
1 0-ripoBea6HHbiMH aBTopaMH so chx nop padoTaMH ( cm.

JIMT. n. 3 H A ) OHH I10Ka3aJIH HCKJnORKTeJIBHO Ha MbimeHHblX 
BOJioKHax B3pocjioro KpynHoro porai'oro ckoth aByxcjiOMHoe co- 
CTOHHHe CapKOaeMMH HJIH LTHpKyJIHpHbIM KOJIJiapeHOBHH CJIOM BOJIO- 
KHa HaXOaHlUHMCH BHe HaCTOflmeil OdOJIOHKH CapKOJISMlMH H npH- 
HaanescamHHM b nacTHOCTH 3HSOmh3hio. CyaecTBOsauHe cjioh bo-  
jioKHa ohh TenepL aoKa3HBaioT na MbimeHHbix KJieTKax MOJioatix 
TejIHT H CBHHefi ( CM. pHC. 1-3 )*

II .-McnojiB30Bafi MeToati Koho h KojiosuKa hjih MaK Koji-  
.xecTepa aBTopa cTapajincB HBOJinpoBaTB HMCTyio capKOJieiMy 
( cm., pnc. 4-6 ) . Ilo HameMy mkchhio MOpô oxoPHnecKoe h xh-  
MHHOCKoe KanecTBo capKOJieMMbi H3MeHHK)TCH no BwaaM cKOTa h 
BiiyTpn 3Toro no B03pocTaM. npeanojioraeTCH 3aBMCM0CTB Me- 
say KanecTBaMH capKOJieMMbi h Mfica.

III .-H jih 03HaK0MJi6HHH donee tohkhx TicaHeBbix m dnoxe- 
MKHeCKMX CBOMCTB MbIIIieHHbIX TKaiiefl OBTOpbl CHHTaiOT HeodXOaM- 
MbiM accjieaoBaTB passKBaromyio Mbwmy. Ohm H3JiaraioT cBH3aH0 c 
3tom HeKOTOpbie aaHHbie h noKasbiBaioT HecKOJiBKO xapaKTepHbix 
npenapaTOB" ( cm. pnc. 7-9 ) .
Pmc. I . -  noKa3ano nacTB mmiuchhom kjictkm TejieHKa bo3poctom 
10. Heaejiea. Ha asyx Konpax nacTM kjigtkh bmsho, Bpoae bh-  
TeKaioaeH H3 rHJiB3H capKOJieMMbi, CijieaHO $H(5pMJiflpHO— sepHnc- 
Tan Macca capKonaa3MH, Ha noBepxHOCTH capKOJieMMH mojkho



HadjnoflaTL hsckojilko iíHpKyjiHpHBix bojiokoh ( yBejianHBaHae 
npadji. 1000 KpaTHoe ).
PHC. 2.~ Il0Ka3aH0 HaCTB MHHieHHOÍt KJieTKH TeJieHKa B03p0CT0M 
10  Heaejiei, Ha noBepxHocm KOTopoñ HadJiysaeTcn aprae pap- 
KyjiapHtie BOJioKHa, ( yBejianaBaHae npaoji.IOOO KpaTHoe ).
Pac, 5 .-  HoKasaHO nacTB MbiniennoS KJieTKa B3pocJioa cbhhbh 
— PHpKyjiHpHan CTpyKTypa BOJioKHa capKOJieMMH xoporno bhsho,
( yBejiMHHBaHMe npadji. 1000 KpaTHoe ).
Pac, 4 .-  ÍIoKa3aHQ nonTM 30 hhtoh BUMbiTan odojionna capKO- 
jismmh nacTeíi MbimepHLix kjigtok Kpynnoro poraToro CKOTa. J 
ropuoBHHBi msjibkhx TpydonKax, spope BbneKaeT HaxopHmaH y- 
®:e B aMOpCOHOM COCTOHHHH CapKÓHJia3Ma, ÜHpKyjIflpHafl BOJIOKHH- 
cTan CTpyKTypa capKOJiSMMH xoporno pa3Jia^aeMan. IlpenapaT o- 
dpadoTan xjiopacTbiM KajiBpaeM ( CaCl2 ) a nocjie 3Toro bhmh-  
to xjiopacTbiM HaTpaeivi (NaCl). (yBejiHHHBaHae npadji. 1000 
KpaTHoe.
Pac. 5 .-  noKa3aiio nacTB H30Jiap0BaHH0M capKOJieMMH npoacxo- 
SHinaa H3 KpynHoro poraToro CKOTa nocjie odpadoTKH xjiopac- 
thm KajimaeM ( CaCl2) a mokkh xnopacTbiM HaTpaeM (NaCl ). 
(yBeJianaBaHae npadji. 1300 KpaTHoe).
Pac, 6 . -  H o K a 3 a n o  nacTB TpydonKH capKOJieM Mbi npoacxosHman 
a3 Mbiiiiiíbi KpynHoro. poraToro ceoto n o c x e  odpadoTKa d p o M a c -  
thm.jiHTaeM ( L iB r). (yBejianaBaHHe npadji. 500 KpaTHoe).
Pac, 7 ,-  Bafliío npoflOJiHHfi pa3ps3 npoacxoflHinaa H3 laimpa defi- 
pa byxmschhhero 3aposbiiiia KpynHoro poraToro CKOTa. Mamen- 
Hbie KJieTKa naxosHuinaecH b emanan MHnienHofi TpydonKa(MMOTO- 
dyc) BHflHH nonTH bo BC60 hx BejiiniHHe. Hapo Mbinm pacnojia- 
raioTCH b netiTpe KJiemoK, noxosne Ha sejiebinS ropox b otkph-  
tom CTpynne. (yBejianaBaHae npadji. 500 KpaTHoe).
Pac. 6 .-  ÍIOKasaHO npoflOJiHbia paspe3 B3HTHM M3 Mbininn despa 
SByxMecHHHoro 3apo3Hiiia Kpynnoro poraToro CKOTa. — Xoporno 
BHflHbi npoaojiHbie paspe3bi Mi/iofpadpajiea pacnoJiaraiomnxcH Ha 
nepntpepaa MbimenHbix KjieTOK. flpKO b hipaste HHan. odojionna capKO- 
jieMMH a b neHTpe kjigtok paspeam napa KJieTOK. (HaMeneHO c- 
TpejiaMa; -  ysejianasaHae npadji. 500 KpaTHoe).
Pac. 9 .-  Bhaho naci'B a3 Mbimpa despa 28 snesiiero 3apo3Hina 
cbhhbh. Ha npoflOJiHOM pa3pe3e bhshh nacTH bojihhcthx Mbimen-
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HbIX KJI6T0K HaXOSHIHHMeCH B OHGHB pHXJIOM GOCTSBC COeflHHH- 
TGJTLHfclX TKäHeM, CpeflM 3THX 6CTL flBa XOpOIflO pa3BHTaH H3- 
Haraa MHmê HHx khötok nepMcpepmjiBHO pacnojiaraioiuHMMCH mho-  
©HÖpHICHMH; aspo KJI6T0K pacnOJIOlGH qeHTpajIBHblM 00pa30M. 0- 
dojioaxa capKOJieipäH eme He oöHapyjjceTCH. (í/BejU/raiBam-ie npn- 
(5ji, 500 KpaTHoe ) ,






