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xym KOHrPECC PAEOTHMKOB HAyHHO-HCCJIEflOBATEJILCKHX HHCTHTyTOB
MACHOA nPOMHUIAEHH OCT H

BceC0K)3HHä Hay^HO—HCGJrSjOBaTeJILCKHii HHCTMTyT 
MHCHOÜ npOMHinJIGHHOCTH. CCCP

0CCJIEÆOBAHHE BMAHHA yJIBTPA3ByKA HA CBOMCTBA EEJIKOB
MACA

ß.i».3aflo
H.A.CTpoKOBa -  BHMMMII

A H H O T A I Í M A

MccjieflOBaHO BJiHHHHe yjn>Tpa3ByK0B0ü oöpaöoTKK Ha pacTBopH - 

MOCTB $paKHHH MH03MH3, pH, rHÄpO$HJIBHOCTB H aMHHOKHGJIOTHHií CO- 
CT8B ÖeJIKOBHX BeilteCTB M aca, B TOM HHCJie Ha COÆepxaHHe He3aM 6- 
HHMHX aMHHOKHCJIOT B OIIHTHHX 0Öpa3H3X, IIOflBeprHyTUX OÖpaÖOTKe 
H He03ByqeHHHX (iCOHTpOJIBHHX) .  3 t H nOKa3aTejIH yCTaHOBJieHH npH 
nOCJIOHHOM HCCJieaOBaHHH 0Öpa3H0B TK3HH, n03B0ÆMBHieM BH^eilHTB

c jioH, KOTopuM coodrçeHo MaKCHMajiBHoe k o jurg ctbo  aKycTwqecKOü
3HeprHM.

OTCyTCTBüe H3M@H6HH0 aMHHOKHCHOTHOrO COCTaBa HBJIHeTCH 
BasHeiduiHM noKa3aTejieM coxpaHeHHH ÓHOJroriníecKOíi ijeHHOCTH n p o -  

3 yK Ta. HoCTOHHCTBO paCTBQpHMOCTH MH03KH8 yKa3HBaeT Ha OTCyT— 

CTBHe H3MGHGHMÜ B33MM036ÍÍCTBHH MH03HH3 C flpyrHMH CTpyKTypHH- 
MH SJIGMGHTaMH MHO$H0pHJIJI.

yjiBTpa3ByK0BaH oöpaÖOTKa He H3MeHaeT rHspo$miBHHx cbo üctb  

ÖeJIKOBbDC BemeCTB H pH MHCHOfi TK3HH, B MHmeqHOft TK8HH He B03-
HHKaioT flonojiHHTejiBHbie cBoöOÄHue paamca-nu h HaÖJnoflaBTCH orçqeT- 

jiHBue cHTHajM 3JieKTpoHHoro napaMarHHTHoro pe30H aH ca (3 I1 P ), 
CBOHCTBeHHbie ÖeüKaM MUIfleTOOft TK8HH B HaTHBHOM COCTOHHHH. Mh-  

TeHCHBHOCTB CneKTpOB 03ByqeHHHX H H603ByqeHHHX 0dpa3Ii0B nO ÎTH 
o^HHaKOBa. CoaepxaHHe cboôoæhhx pasm cajioB b  Muinehhom m XHpOBoä

TK3HHX He H3MeHHeTCH, <1T0 CBHfleTeUBCTByeT 06 OTCyTCTBHH B TKa— 
HHX 0KKGJIHT8JIBHHX IipOIieCCOB npH 03ByaHB3HHH*
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MCCJIEflOBAHHE BJMHHHH yJILTPA3ByKA HA CBOi/ÍCTBA BEJIKOB MflCA

A STUDY OF ULTRASONIC EFFECT UPON THE PROPERTIES OF MEAT
PROTEINS

B jiHTepaiype OTcyTCTByioT saHHHe HccaeaoBaHHü, nocBHiueH- 
hhx npodaeiie bjihahhh yaBTpa3Bykoboh odpadoTKH Ha KauecTBeH - 
HHe noKa3aTejiu Msica m MaconpoayKTOB. Pe3ya£TaTH HocaeaoBaHHii 
/ I ,  2 /  no BJIHHHHS) yjIBTpa3ByKa Ha paCTBOpH OTaeaBHHX deJIKOB, 
COCTaBJIHIOlUHX MHDieUHyiO TK8HB, HO MOryT dblTB OTHeceHbl KO BCeft 
MumeuHOii TKaHM. ycTaHOBJieHO / 3 ,  4 , 5 , 6 / ,  uto b noae yaBTpa- 
3ByK0Bbix bojih npozcxoaMT pacnaa OejiKOBHx Moaenya.

Hpw HCCJie^OBaHHH $H3HK0—XHMMUeCKHX M3MeHeHHW deaKOB Mbl- 
ineuHow TK3HH, noaseprayTOg odpadoTKe yjiBTpa3Bykom, aaa xapaK- 
TepMCTHKH KaueGTBa MHCa H3yuaJIH: paCTBOpHMOCTB $paKL[HH MM03M- 
Ha, pH MumeuHoft TKaHM, BJiaroyaepacMBasoû io cnocodHOCTB no Tpay 
B MO^M$HKaHHH B.H.BoJIOBHHGKOÜ, aMHHOKHCAOTHhlM C0CT8B deaKOB 
(onpesejiHJiH coaepxaHze b odpa3uax 3oaH, Baarz m deaKa), coaep- 
saHHe paaHKaaoB MeioaoM 3 ae kt pohh or o napaMarHMTHoro pe30HaHca.

HccjieaoBaaM odpa3RH BecoM 300 r ,  BbiaeaeHHbie M3 aAMHHeM- 
mero Mycnyaa cnzHti, nocae 48 uac. ot ydon. npoaoasHTeaBHocTB 
OdpadOTKH - 20 MHHyT• HTOdN BblflBHTB H3MeHeHHH aMHHOKHCaOTHOrO 
co cT aB a deaKOB MHnieuHOft TKaHM npz 03ByuMBaHHM, McnoaB30BaaH 
MeToa HOHoodMeHHOM xpoMaTorpa$HM. OnpeaeaeHHe npoBoazaM Ha 
arBTOMaTMuecKOM aHaaH3aTope aMMHOKMcaoT kla-3.

C neaBK) M3yueHHH M3M6Hohmm deaKOB Maca npz B03aewcTBHM 
Ha Hero ya£Tpa3ByKa, onpeaeaeHa paCTBOpHMOCTB (JjpaKUMH MH03MHa,
OT COCTOHHMH KOTOpOrO 3aBMGMT KOHCHCTeHIiMH MflGa (Tada. I ) .

T a d a m n a I
W 3M eH eH Z e  paCTBOpHMOCTH $paKUHM M H03M Ha

npoaoa&MTeai-
HOCTB OdpadOT­
KH, MMH.

^lacTB odpa3ita,
noaBepraeiiaH
aHaaz3y

PaCTBOpHMOCTB 
$paKHMM MH03M- 
Ha, r Ha 100 r 

MHca

OTHOcMTeaBHaa Be' 
anunHa pacTBopH-
MOCTH OnHTHOPO 
0dpa3Ua K KOHTpO' 

JDO
I 2 3 4

3
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CpeaHHH npoda
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1 2  3 4

20 H h x h h m  choM 1,74 1,0
10 BepXHHM cjioa 1,83 1,04
10 HhähmM cnoM 1,70 0,97

KOHTpOJIB CpesHHH npoöa 1,75 1,0

Ü3MeHeHHH aMHiiOKMCJiOTHoro cocTasa npoeseHbi b Taôji. 2. 
IIpoBe^eHu HccjieÄOBaHMH nocjiowHbie m cpesHHx npoô 03ByqenHHx h 
Heo3ByqeHHHX o6pa3ijOB. ycTaHOBJieHO, hto npw yjiBTpa3ByK0B0ii 
oÖpaÖOTKe öejiKH mac a He MSMetiHfOTCH. AmzhokmchothliM cocTaB, b 
TOM HHCJie COaepsaHHe He3aMeHMMHX aMMHOKMCJIOT OÖpa3liOB, nO£- 
BeprHyTux B03fleMCTBHio yjiBTpa3ByKa m neoöpaÖOTaHHbix, npaitTM- 
necKH aHanorMHeH. PacxostaeHMH Messy oH'hthhmh m kohtpojibhhmm 
00pa3 iíaMH He3HaHMTejiBHH h yKJiaflMBaiOTCfl b oniMÓKy onbiTa. OïcyT- 
CTBMe H3MeHeHHM aiíHHOKHCJIOTHOrO COCTaBa HBJIHeTCfl BaKHeiíUIHM 
noKa3aTejieM coxpaHeHHH ÓHOJiorwMecKOH peHHOcTH m cocTaBa npo- 
syKTa.

T a ó i m  a 2
Bo3fle¿ícTBHe yjiBTpa3ByKa na aMMHOKMCJiOTHbifó co cT aB  ÓejiKOBbix

BemecTB MbiiiieqaoM t k 3 hh
(b °¡o tía cyx o e  BemeoTBo)

HawMeHO- CpesHHH npoöa ot odpa3pa ÍIocjionHoe zccjiesoBaHMe 
BaHwe oópa3i(OB

03sy- Heo3By-- 03By- neo3By- 03ByqeH. 03By- 03By- He-
höh— qeHHoro neH- qeHHoro cpeaHHH qeH. neH. 03By-
Horo Horo npoöa ot CJIOií, CJIOM, neu.

00pa3ija pac- y sa- cpes-
nono- jieH- HHH
seH- hhü npo-
hh£í OT 6a
ñas M3- OT
M3- Jiyn. OÖ-
Jiyn. pa3-

iía
T “ 2 5 ~~W~ 5 6 y 8 y

JIM3MH
Phctm-

9,30 9,28 10,82 10,64 9,1 9,1 9,1 9,3

SHHAprz-
4,64 4,50 

5,36 5,46

3,45 3,28 ^,5 4,3 4,5 4,0

HHH
Acnapa-

6,35 6,11 5,9 5,6 5,1 5,6

rHHOBan
KHCJIOTa 9,77 9,53 9,21 9,32 7,6 8,0 7,6 7,4
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%

I 2 3 4 5 6 7 8 9

TpeOHHH 2 ,2 3 2 ,1 0 3 ,3 2 3 ,4 7 3 ,0 3 ,7 3 ,4 3 ,4

CepuH 0 ,9 8 0 ,8 1 3 ,4 2 3 ,2 1 3 ,3 3 ,2 3 ,0 3 ,0

TjiyTaMH-
H D B 3 H
KHCJIOTa 1 3 ,4 4 1 2 ,9 3 1 4 ,1 7 1 4 ,4 2 1 1 ,5 1 1 ,6 1 2 ,0 1 2 ,3
IlpOJIHH 3 ,4 4 3 ,4 8 3 ,0 8 3 ,3 3 3 ,2 2 ,8 2 ,8 2 ,8
AjiaHHH 4 ,6 7 4 ,9 6 4 ,4 9 4 ,6 5 4 ,7 4 ,7 4 ,9 4 ,7

rjIHHHH 3 ,2 0 3 ,4 5 3 ,1 3 2 ,7 7 3 ,3 3 ,3 3 ,4 3 ,2
U h c t h h Cjiean Cae;nH 0 ,9 2 0 ,7 3 CjiöShi Cae ä h Cae ä h Cae ä h

BajiHH 4 ,8 2 4 ,4 6 3 ,0 7 2 ,9 6 3 ,1 3 ,1 3 ,5 3 ,3
MeTHOHHH 0 ,6 7 - 0 ,5 7 0 ,8 5 0 ,4 0 ,5 I . I 1 ,5
M 30Jieä-
UHH 4 ,3 2 4 ,4 8 2 ,8 5 2 ,6 7 3 ,0 3 ,0 3 ,1 2 ,9

JleMHHH 7 ,0 8 7 ,1 8 7 ,1 3 6 ,8 1 6 ,5 6 ,3 6 ,7 6 ,5
THP03HH 2 ,0 3 2 ,1 9 3 ,0 7 2 ,8 0 2 ,9 2 ,9 2 ,7 2 ,8
5>eHHJiajia
HHH ~ 4 ,0 8 3 ,9 3 3 ,4 8 3 , 1 5 3 , 4 3 , 2 3 , 3 2 , 8

ycTaHOBJieHü pacxoæaeHHH uexjiy oiuithmmh k kohtpojibhhmh 

oöpa3uaMH: æjih rayTaMHHOBoiä kmcjioth -  0 , 3 - 0 ,5 % ,  ripn oÖmeM c o -  

aepaaHHH e e  1 3 -1 4 % ; coaepæaH üe BajiHHa b  kohtpojibhom -  Ha 0 ,4 %  
HHKe, a npojiHHa -  Bbnne Ha 0 ,3 % , qeM b oiihthom. 3 th p a c x o a tse -  
HHH B CO^öpsaHHH 8MHH0KMCJI0T MeSfly CepHflMH OHHTOB OÖyCJIOBJie- 

HH HCn0JIB30BaHiieM ÄJIH HCCJieSOBaHHÖ pa3JIHqH0r0 CbipBH»
MexaHH3u aecTpyKitHH ManpoMOJieKyji MoaeT 6htb noflTBeps^eH  

HccjießOBaHHeii cneKTpoB aaeKTpoH H oro napaiiarH H iH oro p e3o n aH ca  

( 3 I I P ) .  lipa $H3HK0-XMMWqeCK0M B03Â6ÎÎCTBMH Ha äCHBOTHyK) TK3HB 

nOHBJIHiOTCH CHrHaJIH, CBMfleTeJIBCTByHJliiHe OÖ 0Öpa30BaHHH B TKaHH 

CBOÖOflHHX paaHKaJIOB, KOTOpue H3M6HHH3T ÖHOJIOrMtieCKHe CB0ÍÍCTB3 

cyÖcTpaia, He iieHHH iiphhhthx npH oaeHice K a^ecT B a kohct3HT•
0Öpa3OBaHH6 CBQÖOÄHJblX paflHKaJIOB B MbinieqHOÍÍ TKaHH npH 0 3 -  

ByMHBaHHH B03M0KH0 B CBH3H C BepOHTHOCTBK) B03HHKH0BeHHfí K8BH- 

TaUHOHHHX npOUeCCOB, COnpOBOKflaiOIHHXCH p a AH0JIH30M BOflH, n p o ay K -  

TH KOTOporO OÖJiaaaiOT BbICOKOä peaKIiHOHHOä CnOCOÖHOCTBK). Cbo ö o s-  

Hue pa^HKajiH MoryT BU3BaTB OKiicuHTejiBHue n p oiieccH  b  n p o sy K T e.
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$JIH MCCJieaOBaHHfl 0Öpa30BaHHH OBOÖOÄHblX pa^HKaJIOB B MH- 
Uie^HOM TK3HH npH 03ByqMBaHHH npHMeHeH MeTO,Zl 3I1P, nO3BOJIHf0mHÍÍ 
oöHapyacHTB KOHpeHTpamno c b oÖoähhx pa^HKajioB HM®e 10“^  mojib/h 
b npoMesyTKe BpeiaeHH MeHee 100 MKceK. Bo3mokhoctb HaÖJOOfleiiHH 
CTOJIB KpaTKOBpeMeHHHX npOIieCCOB B3EHa npH HCCJieaOBaHHH KHHe- 
THKH peaKIÍHH.

Ü3yqeHHe cboöoähhx pasmcajiOB b mhcö /7/ npeflCTaBJineT hh- 
Tepec, TaK KaK mx npHcyTCTBHe OTpaxaeT Hajirae pehhux coejiH- 
HeHHM (BHTaMHH B2, K, C, K03H3HM Q j q). O^HOBpeMeHHO, xapaK- 
Tep M3MeHeHHii cBOöoflHbix pa^HKajiOB npM pa3JiMHHHx cnocoöax od- 
paÖOTKH UHCa n03B0JIfleT yCTaHOBMTB XOm Te^eHHH OKMCJMTejIBHO- 
BOGCTaHOBHTGJIBHLTX peaKI^HH, OnpefleJIHiOIHHX CBOÍíCTBa MHCOnpOÄyK- 
TOB.

CneKTpbi 9IIP b BHje nepBoä npoH3BO£HOM jihhhm norjiomeHna 
CHHMajin Ha ycTaHOBKe TMia 3ÍIP-3M c BncoicoqacTOTHoiÄ MoayjiHiííieñ 
MarHHTHoro nojin /&/, B KaqecTBo BTopuqHoro npiidopa npHMeHHJin 
aBTOMaTHHecKMM 3JieKTpoHHHü noTeHijHOMeTp 9I11I-09M3. MccjieayeMye 
0Öpa3iiH MbiflieqHoM tk3hh JiHO$MJiíi3HpoBajM h b CTeKJiHHHHx TpydKax 
noMemajm b ughtp pe30HaTopa, rae HanpHaeHHOCTL MHKpoBOJiHOBoro 
hojih MaKCHMajiBHaH. ümh h h noivnomeHHH BücoKoqacTOTHoft aHepmia 
perMCTpapyeTCH HenocpescTBeHHO Ha anpaHe ocmojiorpa^a.

PhC . I .  KOHTpOJIL
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lip a  HCCJieflOBaHHH Heo3ByqeHHHX ( p a c .  I )  h 03ByueHHHx 

( p a c .  2) 0Öpa3ii0B MHineqKoü tkhhh HadJiiosaJiia OTueTJiHBue cn rH ajm  

3IIP. ÍIojiyueHHHe cneKTpH b  BHse aydJieTa CBOííCTBeHHH öejiKaM mh-  

meuHoM TKaHH b  h3thbhqm c o c t o h h h h. AiimiHTyfla CHHiuieTHoro c H r -  

Hajia o3ByqeHHoro odpa3na n p e sH ia e T  aMiuiHTyay KOHTpojiBHoro Ha 

6%. Ilocjie yjn>Tpa3ByK0B0ä odpadOTKH cH rH an coxp aH seT  cboio cT p y K -  

T y p y . MHTeHCHBHOOTB CIISKTpOB ( O l í .  pHC . I ,  2 ) 0ßHH3K0BaH ♦ $ a K -  

Top cneK TpocKO irauecK oro  pacnenjieHHH ( q .-$ 3 K T o p ), onpe,ztejiHK)inH¿i 

nojioaceHHe jihhhh (cH iu iaJia ) 3IIP paBeH 2,004» TaKHii odpa30M, y c -  

TaHOBUeHO, UTO 03ByUHBaHHe He COnpOBOSaaeTCH B03HHKH0BeHHeM 

B MHCHOä TKaHH £OIIOJIHHTeJIBHBIX CBOÓOSHHX paSHKaJIOB, UTO CBHße- 

TeJIBCTByeT 0Ö OTCyTCTBHH pa3BHTMH OKHCÆHTeiIBHblX IipOIjeCCOB B

MumeuHoa TKaHH. 3to onpesejieHo npn MccJiesoBaHHH cpesHeä npodn
H npH nOCJIOÜHOM HCCJieflOBaHHH, II03B0JIHBIlieM BNfleJIHTB CJIOH TKaHH, 
KOTOPHM COOÖmeHO MaKGHMaJIBHOö KOJIHUeCTBO aKyCTHUeCKOM 3HeprMH, 

M3 aHaJIH3a OTHOineHHH MaKCHMyMOB HHTeHCHBHOCTeH (aMnJIHTya) 
Ha KpHBHx nomonieHHH h oTHOineHHH ruiomaaeä nofl OTaejiBHHMH iih- 
K3MH BHflHO, UTO $OpMa H OÓlUaH K3PTHH8 CneKTpa MbtlIieUHOH TKaHH 
npH 03ByUHB3HHH He H3MeHHeTCH, TO eCTB, IIO—BHflHMOMy, B HHX 
npHcyTCTByroT oæhh h Te se cBodosmae paíMKajm. OTcyTCTByíOT H3- 
weHeHHH ooaepsaHHH g b oÓoahhx pasHKajiOB b 03ByueHH0ft h Heo3By- 
ueHHoíí MHineuHoíl TKaHH (TadJi. 3).

T a d a h 11 a 3
CoaepsaHHe cBOdOflHHX paflHKaaoB b MHineuHOií TKaHH

AMiiJiHTyaa cnrHajia 3ÜP b o t h o- N? H3MepeHHä
cHTenBHux eflHHHiiax. --- ---------- - CpeaHee

£o 03ByUHB3HHH 1 ,71  1 ,7 9  1 ,6 9  1 ,73
Ilocjie 03ByuHB3HMH 1 ,8 2  1 ,83  1 ,6 3  1 ,76

B bl B O H bl

I ,  McCJieflOBaHHeM $H3HKO—XHMHUeCKHX H3M6HeHHií MHUieUHOß TKa­
HH, noflBeprHyToií odpadOTKe yjiBTpa3ByK0M, He ycTaHOBJieHO H3MeHe- 
HHe paCTBOpHMOCTH MH03HH8, pH JyfHUieUHOÜ TK8HH H ee BO#OCBfl3bIBäIO- 
iueM cnocodHocTH.
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2. AMHHOKHCAOTHblfó COCTaB deJIKOB MblUiê HOií TK3HIÏ npw BQ3- 
SeiíCTBMH yjIBTpa3ByKa He M3MeHfleTCH, T̂O HBJIfleTCH BaSCHbIM no- 
Ka33TejieM coxpaHeHHH dHOAonmecKoä ueHHocTM h cocTaBa npoAyicTa.

3. CpaBHMTejiBHbie HccAeAOBaHHH,c npwMeHeHMeM Meio^a 3AeK- 
TpoHHoro napawarHHTHoro pe30HaHca, noKa3ajiH OTcyTCTBHe CBOdo#- 
Ho-pasHKajiLHHx peaKijHM b MbiDiê HoM TK3HH, noABeprHy-roii odpadOT- 
Ke yjiBTpa3ByK0M, t̂o yica3biBaeT Ha oTcyTCTBiie pa3BMTHH okmcam-  
TejiBHux npoueccoB.
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T a b l e  1

Changes in myosin fraction solubility
Treatment The part of the Myosin fraotion Relative solubili-
time, min. sample to be solubility, ty of test to con-

analyzed g/100 g meat trol samples
3 Average sample 2.63 1.075 — do 2.42 0.99

10 N 2.56 1.04
20 N 2.52 1.0330 W 2.39 0.98

Control « 2.45 1.00
20 Top layer 1.80 1.0320 Bottom layer 1.74 1 .0
10 Top layer 1.83 1.04
10 Bottom layer 1.70 0.97Control Average sample 1.75 1 .0

T % b 1 e 2
Ultrasound effeot on the jamine aoid composition of muscle

protein substanoes (£ per dry solids)
Amino Average sample Sample analyses by layers

sound- non- sound- non- 1 sound- sound- sound- non-irea-
trea-- trea- trea- trea- trea- trea- trea- ted ave-
ted ted ted ted ted ted ted rage

with with aver a- layer layer sample
sound sound ge above at asample radia-- distan-

tion ce from
radia-
tion

Lysine 9.30 9.28 10.82 10.64 9.1 9.1 9.1 9.3
Histi­
dine 4 • 64 
Argini­

4.50 3.45 3.28 4.5 4.3 4.5 4.0
ne 5.36 5.46 6.35 6.11 5.9 5.6 5.1 5.6
Aspartic 
aoid 9.77 Threoni­ 9.53 9.21 9.32 7.6 8.0 7.6 7.4
ne 2*23 2.10 3.32 3.47 3.0 3.7 3.4 3.4
Serin 0.98 
Glutamic

0.81 3.42 3*21 3.3 3.2 3.0 3.0
acid 13*44 12.93 14.17 14.42 11.5 11.6 12.0 12.3
Proline 3*44 3.48 3.08 3.33 3.2 2.8 2.8 2.8
Alanine 4.67 4.96 4.49 4.65 4.7 4.7 4.9 4.7
Glycine 3.20 3.45 3.13 2.77 3.3 3.3 3.4 3.2
Cystine Traces Traoes 0*92 0.73 Traces Traces Trac e s Traces
Valine 4*82 
Methio­

4.46 3.07 2.96 3.1 3.1 3.5 3.3
nine 0.67 — 0.57 0.85 0.4 0.5 1.1 1.5
Iso—leu­
cine 4.52 4.48 2.85 2.67 3.0 3.0 3.1 2.9
Leuoine 7.08 7.18 7.13 6.81 6.5 6.3 6.7 . 6.5
Tyrosine2*03 2.19 3.07 2.80 2.9 2.9 2.7 2.8
Phenyl­
alanine 4*08 3*93 3.48 3.15 3.4 3.2 3.3 2.8
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T a b l e  3
Contents of free radicals in muscle tissue

Amplitude of EPR signal Nos of measurements
in relative unit me--------------------------------M e a n

res 1 2 3
Prior to sound treatment 1.71 
After sound treatment 1.82

1.79 1.69 1.73
1.83 1.65 1.76

LIST OF FIGURES

FIG.l. C o n t r o l  
FIG.2. Sound—treated sample


