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ABSTRACT which contributed the for ma:
My osi n was extracte{dig&nrlmgfr]?agél)? Q?rtm'al |nterpre.
rabbit muscles oPREBMs)y @BYfde)e Mhd verifi‘ed the |
treat ment (200 MPa, 25 t’Eefgﬁ Wgeg aPBIY'nQ%sFIF 5{8
effect of pH (5.0, 5. Wea% %roq_.lﬂc on gel p
ties under the defined I‘iﬁ}awommé’f@lrgorTh@bb/vlawfemﬂscmfaﬂse
teristics of the formedPig@e¢ e swhisn dno dVMY g Sidn ;a sp H hvea | puH
tered. | mghrod Wid ch gweactagpgraci ty ( WHC) was

observed as the pH incrimeroOPBUCTIONVNAaY from 5.5 and t he
hi ghest value wﬁ><30.r0e5a)c.hgrﬂfjsg[ﬁq,etgsspHr7e O(H(P) processing
me nt of rheol ogi cal Pr op.e tt'|esduas qy efcoornd ary asdtvraur
tures demonstraltmdiuddwobtégq}reeeqa}pfé |a\|/a ion and prese
tion of myosin after tgswa(scol?'rbqe aendd af, vHor6 %t
7.0, and the wnfolding yof noyo b B h bl fabd\d 5('M43.'am
structgres wgs |ntenS|f\M§d|e’MI Ovpe(ft’entlpa'ld i €% P9oSt
of buried amino groups 4y tgne In%per(?ﬁéllre ); -{1|g§itb§
tween 40 °C and 70 °C ggy p%%tucw Rag BB4n7rla
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in recent years with thehdepgesopmemyoefnrduevant pm
ufacturing rigs (Barbosa-Cénovas and Lelieveld ence t he denaturation and ¢

2016) . Among all t hese whiad h se v erhtannglelsy ir otuegxhttu rteo
water retention abilititiseso.f HiPwetvreerat etdh emeianf loue nn
products were the most pnoepetrtitjgaescedfPpmydsiimeanfpreau
study because of interetshhe imeautsi mfg &®Pr flomowluead g & \y
provement as well aset ydlkhledr eif maree a shea s(e®li exonn2alind v, me r
2012) . Recentl vy, most sthidsestlidoguaethednt o hiena@pt i

tion of -HPgom mwsdl esi ganst emdcbar acteri stics of g e
ones since a rapid pH dechchedwdbubd b€ itmeated PRR
-rigor muscles when subjAelcstoe,d weo apgrtessuread dmowd uz 0

MP a , which led to firmeni smxbofire hase paacr aprin ones stil
propertete®a0(030ng Neverthahdssecendaryisantuctures as
i mprovements in tendernésesanmdirdg amlgo thre astti anlgi Ifirtoym oZ &

-rigor meat (pork) as wewbulad peduiceéd aomkiraghbbbse
restructured ham after cneahematcal peédsucte of r @oadt naeln
(215 MPa, 33 °C for léetmwméatwepereoodobeses vedhbyghSoomhd
al(.2011) , verifying the ploiteeattiican ooff HPP ttercdhhatomemgty . «
prrei gor muscles under appropriate parameters. They
al so reported poorer texture operties and | ower |
ing strength of HP treal\{[aterdal”deethOdﬁ|ces than untrea
ones. However, this wasMateffasonsi stent with our pr e\
ous work 20KWw7) as | mpr oviehee ntpamaijasrt enutserl-es wer e obt
al properties of cookedzbataads whénte olabeér ved (anfatlee
treatment (200 MPa, 25 £ prfooxri nlad edry B8 0k g9) pwas hap
plied to PRRMs. The effeate ooff HPi pag aame tAerasl eany Woef

as ani mal species wer e (cNoannsjiidnegr,e dCh iFnuar)t.h eAxfmoegre, b d il
physicochemical propertaad ebonmgosi neexissakeed fhe
PRRMs wer e al so modi ficemx3afctnerculllR ot akdt vRBERGC.8 M0
Changes in tertiary andVaeoaomdpaykageumacheseappem
af fect tgheel Itimer mbaelhavi orandifdemypodiyrethy | wakl seal bag
as the balance between ¥ adifohusatc h2esmi°cG)l. iHWPt etrraecatti no
resulting in distinctivmeuswatesgrigomhpesaater («witasn of
formed gt l20l(1.8Y e subsequentl y. Extraction of
Gel ation properties- ff tBydirfsar Al dt addgnay pHoc
dependent as well (Sun@2RRHOW®] |RY e 14ni gl dGarse
have revealed that at thBej&BenegerfAecagemntoi pAgrio
sin (approximatelygneatgapH amd4) (Huff
Lonergan, 2005) , t he neMethO(asharge of protein was de
creased to zero. Its solubility was minimized and |
sin tended to aggregateHI%'PrlessoulFepr‘fcegsmgweating, whi ch i
fered with gel formati ofParnd erad gngintt e dvajsn ppeorofro rgneed |
erties (Smith ex0o(@dl9.86)Egiem@iRdi®aybumately 25 °C) in a

ed that the optimal pH Feedkikakrmaohgerassoheotvemype
at |l ow salt concentratilotnd. (<Pt &8nsum exdG| )UKiya & iAalrpeyrdorp
pH 6.etl(i@0.10) found thatethsoddenf®mMmdt3i0c WdPt)r awassf eus
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medi um. According to thentpmgiemmmwéPeptgehentcdiemesd a
gained from a pertevaddd$ ,twiddhre r Xluaeti ve to its initie

muscle cubes were subjewH€d to 200 MPa and dwell ed

for 1%5ed. cPhmpression and decompression rate

were 20 MPal/s and 12 MPa/ s pectively. Adi abatic
. Low-FleldNR . . .

heating caused by pressur on resulted i n risi

temperature to a maX|mur|NMde _r3‘30| acx@.t i pIn MAaY e&Meyktr
cooled in ice after HP €P&&{ MAInt Ot § hev gned Nida@i0drSeS C 1
opment into rigor stateWhdforrsé i@pnds mpddytdrcadtdons..

was placed in a glass tube
inserted into the probe of
Extraction of myosin NMR analyzer (Niumag Electr
According to the pr @tochdd. ,deGhcirnigbpeldn Thhye | Wapya ¢no fo n g e li
(2016) , myosin was extraampbeswhs e maéwalluwe asifs ehdgOp t

surization following t-heapfooemddR2e 000 exbtbedi wgr wa!
solubl e proteinpr dtAdi,nsexftBlacstamdhsahte repetition I
purifying the crude myoesamnh astcad.° Twbysaeépeat ¢ din hddi i
sol ving, precipitating pmeopoent oinf wd a tcioo nr, ggsGkA. NPdTi hnegy
fied myosin was dialyzewengairasbor@eéd. M KCI buffer
various pH (pH 5.0, 5.5, 6.0, 6.5 and 7.0) with di
bags (di ameter: 36 mm, MW: | 350_0)l for 20 h (buffer
solutions were changed t])%n?melcerheogoglcr%éngaiur.emelf‘t%e Biuret me
od was used to measur e DymMea md o trehieno | cOdn Ceadt r & @ Othr ©
myosin soluétioml {Bo9nalnd aadj GRysica MCR 301 r he
ments were made with pr@vasusAWStriM)kcac purfkierrgd ttoo

meet certain requiremenWanegf(2{0pled)f i t Gwishd 9k agadt
ment s. parall el plate with a 0.5 n

mately 3 mL of myosin solut
l'y placed on the plate and
Preparation of the thermal gel min from 20 °C to 80 ©°c¢C A
Myosin solution (10 mg/tmLgn 6annidL)a a2t% eachi mH( washi
pl aced in a 10 mL cappeldaspddsancpecewnwtoiu$ugéer aube ac

heated in a water bath pktiedet o amaniotf o rINpP°dde nmitno uftarea
°C to 85 °C and preserved at 85 ©°©C for 20 min to f
the gel . After that it w a i mmedi ately cooled in

bat h, and stored overniSuﬁf%cehya\d{()phﬂbmyc for WH C a_nd_ | ov
field nuclear meNg\/rRetmnea%&;ﬁ’@ﬁé‘rﬁé@c(eLlhydrOphObl'Clty
e

ments. anid-napht hal ne sulphonic a
to the method dtedq&r0ilbryed wh
some modifications. My osi n
WHC measurements mg/ mL with 0.6 M KCI buffer

The WHC was determined dfy dihleutceedhtsadlfumdiadml| rasatsh aaldcde
originally described byf#&gehéeubasdr Eepgetdimgl yl19ga
with some modificati onss anbprleevsi ofuosrl ymefacsrumesdnegels (¢ n
the tube) was gfenrt riF umgierd reets 4,200 0 4 0, 55, 70 and

(Avadt i B&ckman Coulter, heCat,edUSiA )a wWahteerpebra-t h at t
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°C to its desired tempeStatsticalanalgsis Certain samples we
kept at desired temperatsltlra%ifscpriC%|miamaq@@i%o%lfeqhiel
bath for 10 min aftelr \NoangdSsS sFoOf 't Wtat}ee a(ssspasys, |31Q:_’ Y

ANS (15 mM in 0.1 M ph0$%@%q$swaMmMmy%ﬂ@7h%m.%qhw
tion was added to each gappl g, ag Sst\Né’rré’“;Slthéé/eﬁttédir
After 20 min in the darkj @t ¢8pyCanb-NB8wbhHRFEALEB6
a 200 conjugate was detearnm:iene(dA,\pdVAt)he(Oe@ceitteq,tn{iq]rb t
wavelength of 375 nm and;yhere@ansi anrvayehergt hed
470 nm (SpectraMax M2, MgffagUdodmaB&Y ip¢ @ or labnsh)el & fersit
USA) . measurements were repeated
cates in each repetition.

Sulfhydryl groups

The reacti vé&HSulcfomy cemy ISResul® andDisadissiéne r -
mi ned u s5i-ghigt h-Broibti reodbien  wigc (&)

(DTNB) according to the methods descrlbec?l_ y Guo
. . e 1 reyxyeal,s i fferent

et (&1015) with some modi i daT ns ampl es f "each
treat.e my03|n at, di fferent
pH group were prepared caasnt h3| Sfemre asetvr\}osefllr}né.‘”
face hydrophobicity measur emen ipger ﬁleating, 2

f

ent s .
eL of DTNB solution (109 nAWPpri8n 0§) 1 MN $ihno&tpinmg emi ni |
buffer, pH 7.0) was addeeédat opéacWhi hige tahred WG udpaa
in the dark at 4 °C forldorR& hourlB.3. THe aam@pHdros)e, f
reactive sulfhydryl groiupd&i cweatsi nnge aismpeedv ead wabemm
(SpectraMax M2, Mol eculwhi cdreviisesi miilmrn etdq fuisiAdi ng
using the molar exti nttdeln e(cLRalflfOjectiLdapd.8)o.f 13, 600

c m. Indi cat-bhngdiwmageability of

WHC of-i mkewlmded myosin gel i s
Secondary structural determination by Circular wi t h ) the st r.u-d: It me '_ES fod n atl h en_e
Dichroism (CD) and interactions invoétved i

al2014) . Presumabl vy, reduce
The measur ement of CD §ip5’ﬁt[)8mweweans rTpyeorsflonr mﬁodlecul
with a Chirascan SpeCtraOngorlaa\fa{tmeeot egtr(da‘cptpdriael -cphhaontgc
phy§|cs, CO'_ Ltd'_’ UK) p"’\fotoerdnI hignttepratcrf?owgtm%gllge
scri becdtb(IOLLiOuyy wi t h sorpewgw 'rf'i(‘h"’[lte'r%%ﬁ'ions were w
Myosin solution (0.3 mga rply) rvéas%l{{aansffnerproeor tV\?HCa
guartz cell with a 0.2 £ M, l%abv,lerrhqtet?\'silyl?le Curle Tl &
ticity was fmeasured/f.roamdear?COenqmptocry%g(atin(gne aéhalhnes
§ca rate o 100 nm/ mi nSufo ieciteenrqpecﬁgrjié’trl?raWtaiSonseaurt
increase from 20 °C to 9h0e ofora attihoen ro"’ftege?f r|C4<
and the p'eumeelrbﬁxdngabt:turonf baendfilled in cavities becal
random coi l structures 8ét\ﬁgenocpro4t0e|°nc’m05I5ec°u ’es70
and 85 °C wer.e de.terml nterdosbtymtchtei o' Oitned'unces tcboygldpar,ré
structure estimati on Progg T.(?R'é”r\lepg?g()d)enﬂraﬂ%'e -
ed with the Chirascan sge%tropolarimeter’
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SD, i foi

n s in
3) . Di-d f eoenthéebaes si (fai P<alt.e05a) .si gni

LF-NMR
Loswield NMR technology Phaes$wheg thleeat martd miog htn-be

v
t

2
b

e
[

0
0

stigate alternations by M&ateirngmoband tsyo amed edit dter
on in theaematact teltelrgpitn (2Paln7,) . |t was possible tf
14) . I n ospi nntwuelyax astipigdn wasmésesspfrestricted bec

un,g @md i mmobij)l ia@red twwdiehi grrog-e! network, which |
rtion of correspomdy) Mgeppésk omar bastwgen proteins

asured on gel samplesTher meacgROPS) r of e eidt )SmymO P
n at different pH asedlshownr g wedatbhe poi i eas | Wi
bibTarely changed P>rOond BpH |5 0i ncor esasse (t he amount

noting rather steady Wwaneée mabillyi tsyt udd &rs phia v eH oono
ssdared drPamad0bfahtypd i®@nehiijpnda@@dweehC R Rtteveeln.s,o
g increased mobil ity 200f13i)) mmdhbti |iiSz erde awsaotnearb | £s t o H
creased. Some researchldrd. G.uggested that strengt
ed pvradtegi ni nteractions at higher pH woul d

ad t o rygodfu chteidounc ei dn geetl (Bertram

2.0,06) . Neverthel ess, the structur al changes due t
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Tablel1The -spim rel axyatamwmada priomeer { i onef odelpefakr me & alsy (
osin at different pH*

pH val ueT,{ ms) P, %) T,{ ms) P, { %)

5.0 7.93%1.8336%0.2B26.21°+23.9%3.64%+0.5p
5.5 8.14%0. 5202%0 33746. 72+5. 196. 98%+x0. 4P
6.0 4.64%0.02433%0.016056.51+19992967%+0. 31
6.5 3.6520.08429%0.013084. 18+1299771%+0. 2[1
7.0 2.26%0.08535%0.017084. 18+1299765%+0. 244
Mat a expressed as mean = SD, n=3;

Differend) |liendiecat € asi gni ficant differPehc@s) among t

Dynamic rheological measurements stancy was reached after 45
Changes in stNdrfagkP modeuadiefit (nolsi depression in the
at different pH during A8RAfIHEaWEPB &&pedtedfi nMYMm;s
2. Apparently,Nodcuer sd PilalK €pithhes preliminary gel s
changed. Before heating(Vehheek@@O03) . hye ss ke ed (%fi nm
the hiNghieseé Ghose at pHUVYOH H&d "tenle@tiiogn®d oyt .| qwer t|
was |likely that myosin BBUPH- afBtegsel! dpBRt 2A¥ENE
Without heatingetneadg5pll i ®Er Pt'HPLi€ms since the unfo
temperature started Npoc-FiQRBal mgtgKdgtupeprev@ulid] bee
curred after 42 °C in pHaOB8h, and LRAG Fepayumpd eRO
noting aggregat-liiomkiamg dfhfBfChLide MPdL precisely, wh
heads. With further hajadtliengt! CalplpSge Pt WEEN|i YO HK N

was observed at pH 6.5 &R41 PNo %fft&r MgpHe- €0 MPHRCILe §
structure.

Storage modulus (G', Pa)

20 30 40 50 60 70 80
Temperature (°C)

Figure2Changes in stopfagleP mordadtuesd (l®y osi n at diffe
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Figure 4Ch an g

es
( Mean £ SD,

in react i vSH)s uolff hH/Pd rtywle agreau pny o
n=3Y.) Dinfdfiecraetnet sliegtntiefrisc a(lnat di Pf<[)

(3
c

oo
(-Dr—b

However, a greater expogure °od) bjugd etdo gir patnpdBsaHRld A N

necessarily |l ead to supgyi Of e”Q/yeOnStiu”algeyl coReSsPhLE e
hi ghegastt 546 °C was reachgdgdby pH 6.0 samples

(P<c0. 05) , abrum&n«#&bl—RIomceLérorfedts H

after that , suggesting fc?lndary§tr8cwraldfang of hydrophob
interaction and disulfiBepBhaPagti whieh RGoleRidnN ws
its indgfetasred55 °C (FigtngaterthemyjonsSsiyk fatci dinftf erent

exposure might not bringehaMey@aGtRY aGmoluht! drf dsiyc hfrpoy
dryl groups across the 23urBatere ah@haetlijincgesi yheiriet)d.d e
vated aggregation of mylodshtn Satr UCKR ST thoRdntP,H whilch |
could interfere with ther3®Mrénatl¥nt &4 4R £HB5%) nreHCWH
Moreover, the excessive SEHApENEN & oft Ny dCrOoMptheoptisc ¢ fe
dues at 55 °C could couh®Pefacdt MAL adRBREEMYnt SofMive#
ter molecules into gel ®&trwWe&dk, nardd sihte my2agH o) @isk Fwey
bal ance between varioes! f6etdsthafi RQIReAVYARQIERUE
al2018). These coul d paratCitd|ong awegieaiad tfegre dt RS 1P Hlwe

WHC obtained at pH 6.o.stability of secondary stru
As for myosin at paH‘hdSl-RS 1Uhe I tre_r[cﬂa(]ﬁé,}: (Moreove
. g IOt)S)) eL@ehlg(hecr(%ntents

rose steadi |y unt il 70 E!:)Ia eau., wa
. heatlng mIHh ay a _posi ti:

reached. The rapi d expggHgle Oefn M'rﬂphﬁ'?'r saunldts
sul fhydryl groups in the mlda}e stage o? heaefl g |
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As temperature start totiio®@] SHe UsSdddm®dardyrdtnrgu chte
each pH went through r einfaCrrkéadsi ed.c hfdregdshcsiemse 0O he
unfolding of myosin natfagei kkiraceutbe WeHatpgranhson
t hhel i x content decreasWhii wht haveHegdr ddts ihelraetaisoer

occurred inbshebttwomt eamids @@fidiout ed to superior wat
coil @esmbeety) correspon®iPhdglimum Phle f@Irfftdreemye@si n e
bet wéheenl i x content at 25rrecganhdregbbrtt eniisg£d fedi s p
as pH rose from 5.0 to Bheulsdlobzrywmpai tdsedypwheduydide
ing increased uncoilingPioei gAyosnuscd £is| § caendighReth
I n additi on, t h eUhdeel sicxe ncdbrht§e nrtat e o f t he

in the temperature range of 40 °C to 70 °C increasc
as pH rose from 5.0 to ACKNOWILEDGEMENISIi ng rapid conf o
t?o.nal chgnges during hfﬁlténgtlj"ayhWag§1eir|rPa{_|nC|Wahl'lcyh
simi]ar V_V'th th@ancdlfsa-lmg:lowg-tﬁtrgl S%IGHCG Foundatij on
tent s. Since the tertl%rlya7fé6£j:tures of protelq |
formed on the basis of secondary structures (Choi

Ma , 2007) , they woul d B%FF%ENC@§perlence significant
changes during heating. 1B&a§¢;’@a§r§°e"saséur dsuppd Laeﬂod\?é

. |
i's postulated that the s ug§§1dlA5pncaﬁoﬁstc:hawsvvﬁtz@dndfsbnﬂg& ot °my
structures and rapid expoPsNu’rdeZ%Mb@@rAlr&_td_Nf@ijﬁBlgrou

- B H L
at pH 6.5 and 7.0 duri nyg: ﬁégﬁggﬁ |enJolfuc Jhocsham%eet‘:"[
l inking in an orderly fas qrp,arW@rloctlr‘b Sdctt%tr% e
| ati on process and resul toe da:lhiesmprAlai‘cr.sepdeba\AnaebdeaFoTpcyham
; ; ; e N re y \
teristics. While myosin pe Ia%ﬂ P,\ﬁllrf“g‘lleg' 8tt2|§ﬁﬂ%d
unf old and aggregate befocr|ee ukemetdl/mg;mwﬁlc |nterfe
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