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Monitoring the Rate of Frozen Denaturation of Bovine Myosin
by Competitive Indirect ELISA Method
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Chang-Kee Hyun and Heuyn-Kil Shin
Institute of Functional Foods and Safety, Handong University

Abstract

This study shows the application of Ci-ELISA method for monitoring the denaturation of myosin by the
frozen treatment in order to differentiate thawed beef from chilled. Hanwoo M.Semitendinosus (n=25) was
treated under the two different frozen process as follows; simple frozen treatment (Exp-1) at 4 different
temperatures, -10, -20, -50 and -80°C, respectively, and repeated thawing-refreezing treatment (Exp-2) stored
at 4 different temperatures, -10, -20, -50 and -80°C, respectively. Antibodies (Abs) were produced from
rabbits immunized with myosin whole molecule (MWM) isolated from beef round, heavy meromyosin S-1 (S-
1) and light meromyosin (LMM) prepared by digestion of MWM. Each immunoglobulin G (IgG) was
separated from antiserum. At 6 month storage, IA of anti-MWM IgG for myosin was decreased to 32.67, 32.
23, 51.52 and 34.27% in Exp-1 and to 14.82, 15.61, 25.3 and 23.7% in Exp-2 at -10, -20, -50 and -80°C,
respectively (p<0.05). In Exp-1, the reactivities of anti-LMM IgG were decreased to 25.12, 21.42, 49.05 and
28.96%, and those of Exp-2 were to 11.88, 9.56, 20.63 and 12.64% at -10, -20, -50 and -80°C, respectively,
at 6 times thawing (p<0.05). Conclusively, myosin was denaturated by freezing treatment and LMM or
myosin rod part might have suffered from more extreme demage than HMM S-1, and samples at -50°C were
slightly injured less than others by freezing treatment.
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H o]z FAe 23] myosin £A}2] wWAlo] o}
oo whel HAE myosin® 1 &A= Agukg A
w7b WA S of WA dehdobs 218 ol
g3t £A%) WAES 2 aksich

Myosine L 724 5#lo] a-helical®] o5 }Al
T-Z2E o] 72 3lev FAtEe] of 500 kDaA 5=
A £2}24] a-chymotrypsin 53} 72 bl &3] §
Aol o]8)) 2] ¥-E-(myosin head, heavy meromyosin
S-1)3} 2] ¥-E-(myosin tail) 22 F2|Hc}.

w}2bA], myosin¥-AHS- A A 2lste] A4kl myosin
subfragments S 402 Ag-slo] Aakd A E o]
galo] 574 Aelol 2la) YA E myosin ¥2}2|
4 HEg 2appze] 546 afe} o]ashi, myosin
A % o] Faol Wage] Fashil B E
at7] Slato] B AWE AN E FHH
wale] g3)Ade] Wstyl myosind} gHAe] WS A
314 o] wiste} ouidt ARBATL A=A F ALY,
YIS A BR8-S ApE e 9
FAW 0 2 4] competitive indirect ELISA (Ci-ELISA)Z-
o] 83 5 Q=215 U7l s AAsH Tt
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Myosin, S-1 12|12 LMMe| 22|

Weeds2} Pope'"2] BbH & ARg-ale] £& 3 244]7F
o] A#H 3982 M.SemitendinosusZ. €] myosin
7 myosin subfragmentq! S-13} LMME AJAbsiict.
Lee®9] widlol of3l), ¥& o|27}=9} F4 pHolA
myosino] £33l == A& o]§-3te] 2AF A&
H-2]3}9] 22, v}A] ammonium sulfateZ A8-3}e] 3%
A1zt F2]% myosin-g 0.6 M NaCl, 0.01 M sodium
phosphate buffer, pH 7.0 (high salt buffer, HSB)el| =-
d ¥ % F=7F 10mg/mLe] HA 2 F 208)
2} 0.12 M NaCl, 0.01 M phosphate buffer, pH 7.0l 4]
B A)A synthetic myosin-S- H]|EF 3= o-chymotrypsin
(Sigma, US.A)S 7]A 3} & 49| v]7} 50: 10] Hx 2
H7}sba 20°CllA] 987k ukg-Azic}. Phenylmethyl-
sulfonyl fluoride (PMSF)E 7}3lo vh-8-& £44]7)
F, 12v)9) W5 ol 84 FF(myosin rod)z}
Fa= 2] ob-& myosing HAHAFcE WA F A
o858 DEAE-Cellulose ion exchanger, Whatman DE-
52 (Whatman, U.S.A.)E o]-8-5}ed S-1 B3-& Ha]s)
o (.01 M phosphate buffer, pH 7.4, 0.15M NaCl
(PBS)el| 2] 2417t} Myosin rod 8- HSBel] 5
o FEE 10mymLE BAY F 2 uhfor H4

A2|g F vRgAz) 22 Z4 2] F A" sub-
fragment?! LMM-S- HSBel| =21 & 7+-&- bufferof| 4] 5
A A)zict. #2]9 myosin, S-1 18] 7 LMME #¢e
2 A}8-3}7) 93 Bicicinchonic acid (BCA, Sigma, U.S.
A) Ao R FEg A4S Wl SEE
bovine serum albumin (BSAYS XF whiadz sl
PBSSl 2 S%E 34sje] BCASH hgalo] R&
@ olgsle] gaeialel. 7ol ele] FEE 2
mg/mLe] FET BAZ F FoF glycerols} 410 20
'Coll 1k3he] ALg-gTh

E7719| Hs gl |gGel &2

%25 myosin, S-13} LMM$- 39102 3jod o]e
gt B3FE A& QAksly] fste] Zh2e] gl
thalo] 2ole]e] New Zealand White E7|7} £u]5
At FALHG Falalr] el ZH E7]] FAdA] 1
mLe] FN-& H3te] A& F-2|3}e] normal serum S
2 ARl E7e] o AFAPHSE 1mL
o} gAgHg 200 g/mLe] FEZ R F T2
Freund's complete adjuvantZ- A}g-8}od {34417 &
A}algict. 24 Y 2E) = Freund's incomplete adjuvant
E AMEEte] e upg o 2 FAbE AAERlh FA)
F 157de] AaE £719] FollA 1mLe] FAg A
Hald FHE Feg F Kim"'9) & =gl
indirect ELISA™-& A}8-8}od z} 3o izl g2
2R} 43] P F A9 Ut Ha 52
fAslgen 2 adjuvants AHEEHA] b 3 o
g AR oY, 1Fde] A o E7)Y] HE
5-e] 10 mLo] A& sjF sl AL Bo)stgdrt

2le]z] 3+¥ -8 Protein A high trap (5 mL, Sigma)g-
ARREte] Z3A mErlEadEW e 2 immunoglo-
bulin G (IgG)yS Helslsdr}. PBS bufferE o]EAto g
ALg-3lel on, IgGE Protein Aol &ZAzich 0.1 M
acetic acid (pH 3.0)5- £&8H° 2 A}L8-3le] column
W-2] pHel WstE of7|AlA FAE QR 1gGE
F2lsidct old 7t B 1wl H3le{ch Feld
7zt B-3].& 280 nmz z}Ato] 313 H spectrophotometer
(UV 1601, Shimatzu, Japan)ol] 4] #eks}e] oni, 23]
2 IgG 29 B4l o2 PBS buffer® w¥sledc).
Polyethylene glycerol # 20,0008 AR&-3}e] IgG £
& 533l ¥EE 2mgmLE RAY F Fg
Glycerol} 4o} 20°Coll w2hakRIA] AFg-ahact.

Ci-ELISA® Y] &3

Indirect ELISA*]-& microplateel] 3-8 coating3}
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= WS AMSle] myosing 10 pg/mLe] EwE
coating8}5c}. Coating §-2§-& basic coating buffer (0.1
M sodium carbonate, pH 9.6)8- Al-8-3}5lc). 349 3]
Aol o2l 3 o) xhg}Ale) FMuj4E Falel Ba
HAxA S &-slr] 98 Lee®e] ol wha} 39
T3} F =5 1.56 ug/mLol A HE] 50 ug/mL7}b=), o
2} gha o] 3 Aul=E 1:100%E 1:102,40077], o]
ApapAle] FAuIS= 1:5000%-8 1: 160,007} 2]
Wz st Agstgdg o 490 nmellA] FF x5}
155 dvehlle 24 8949 34 F5 5 zalsie] =
FHAY A AREshE A A e A s}

AlR2| XMzl

EEF 244 7bo] A 592 M.Semitendinosus
=252 A =¥ FBIN et E
A 717}l -2 myosin®] W3}E 23 (Exp-1) 5}7] ¢
g Age] AHele FAZE 1emA =0} HA A2 &
polyethylene -2l o] 2 4 3k o}-8- -10, -20,
S50 = -80°CE 2x27F RAE freezerol] Yol 574
AR 54 F 12 AR RS £C AL G2
714 FARXES 2°C71 & orkA] S5 ohe 2
A3old 2g8l AR E Astel Aol o] §5}eich.

5 AEAE WHE M) (Bxp-2)3F 7Sl 2leiA]
myosin®] WS} Z4sh] oa AEE 1Kee] T
2 Fulsle A3 2R F Exp-1 2]} vhsia|
= -10, -20, -50°C == -80°CH] freezerol| 4] -7 A7)
th A g Uit} 4°C X2 §27)e4] FAlew
7 207 B F 28] AR A b o
ATEA F AFA A A}

A3 2 g2 ol 20 mLe] PBS (pH 7.0)& A 7}3t
¥ @A 7](Ultraturex, Heidolph DIAX 600, Germany)
oll4] 10,000 pm 0.2 3%k FA g F UAH-2] 7] (high-
speed centrifuge, Beckman J2-MC, U.S.A)l|4] 9000

pm R 4°ColX 30%-7F A F2lskadct. A
e A2 whgeg 23 whsllcl. AAE 2
mLe] HSB (pH 7.0y& #7}8}3 chA] g5} g o}
HAlFe]7]ell4] 9,000 pm o2 4'CollA] 3087+ YA
eIkt 4598 Whatmann No. 364 o }8}e]
ofels dxlvh V& ojdle oFgA WA (salt
soluble proteins, SSP) ¥-8 ¢ 2 Al8-3}¢ic}. SSPL A}
£8to] b L34 o] M s}el myosinol| tha} 19Go)
e shde] Wsts st EAAe A WA
SollA e wpho R SSP 238 Aoy, St
myosin?} 7} A 50 wie] AspAE 2 s}ed ula

SR CERE TS

S e

*

Z1te| Y7t 9 EAHIXa|

o1l 35S SAS*® softwarePoll 4] L2 7e)%]
general linear procedures, least square % #%}F-2 Duncan
2] multiple range test®-&- A}-2-5}o] 74l e}

dat 3 g

Competitive indirect ELISAS} &3]

&2l 34 5= myosing coating (10 pg/mL)s}
3L coating® myosin® e FE @ Fu)gE T Lol
(10 pg/mL) Atolell4} AAs}A] B g A2 74
22 MESAIZE 79 uhggke] 490 nmellx 1.5% o}
S wo HMEEE A9 HHY yMEre
AXsech(Table 1). o] & WEA7|= ko2 anti-
MWM IgG-2- 1/2000 (0.5 pg/mL), anti S-1 IgG=} anti-
myosin IgG-2- 1/1000 (1 pg/mL)Z vyepydc}. 23} 54
2] M FEE 1/10,0000.2 ARE3H= Zo] 2Aj9] 3
HE7d Aoz ddEdch(p<0.05). o] e
Gonzalez §'%] Al4-3t B-3122 49 34 Ex
1/5002.c} o) 52 glolt}. Martin 578 o] Fchy

Table 1. The analytical condition of Ci-ELISA formatted by us for monitoring the rate of frozen denaturation of

bovine myosin

Antibody

Anti-MWM IgG

Anti $-1 IgG Anti-LMM IgG

Immunogen
Coating concentration of myosin 10 ug/mL
Rate of dilution of primary Ab 1/2,000 (0.5 ug/mL)
Rate of dilution of secondary Ab 1/10,000

Myosin whole molecules Heavy meromyosin S-1 Light meromyosin

10 ug/mL 10 ug/mL Commercially
1/1,000 (1 ug/mL) 1/1,000 (1 ug/mL)  purchased from
1/10,000 1/10,000 Sigma (U.S.A))

Blocking solution
Chromogenic enzyme
Substrate

Incubation

1% gelatin solution in PBS
horseradish peroxidase (HRP)
o-phenylenediamine (OPD)

1.5 hour at 37°C, 20 min for developing colour
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=

Aol Eoloit-E zAlEll fsl sdEE sandwich
ELISA (immunocapture )oll A thE-2 3+alE 1/1000
(1 pg/mL)e g 3|4} s} A1}, capture antibody
£ A48} Sargeart T2 1/500 (2 pg/mL)2] A 3
A FEE ARSI floh Zo] b AFAEe] B
3o} el o B Aol ALERE BHAl2) olvh
T AE] 2 e s IdE g

Microplateol] €A%t Frz w35 3
e dAH e 1gG= Hrts 3Hel o] ool
we} depzlict. 25 g9 Feot Fokshd dhaist
A EE e vkg- 78] FolEaL o]d wet #
FH o FA-3A ] vhg-S vehlle 713le 1A
A r . vtolzlc), o)zlo] competitive indirect ELISA
o] 71 Hejolr}. o] A& Hb-g- gh-& semi-log® i
gk FA4E 35 FAlolekar gt o]t
S 7122 3o A& AHF 5k

AellM A& AHAE 7122 8t myosin} 3|2
TEE 2Ase o 2D $EE 1,000 py
mLol| 4] 0.12 pg/mL7tR] A 8hA| 54 8ho] 74| &4

COERE

rjz

X w2
LI v S

= 71
il il

865

& Yapsho) AHEsd 2l g
gt EFFA2 Fig. 1o vieblich. 2hzke] #hde|
EFEAdA #HA vkl 9= 4~125 pg/mLeo]
35 0.1 pg/mleol ek (p<0.05). Myosin
@ 2 FAE o148 EEFANA 0.1 pgmLe)
&A= Dincer S5-"%] ¥ 78 0.1 ug/mLe] 7%=
o} A vebytel, £EF o] Zh-S- Sargeart E-*o] HIE
&k beef meatol| 4] papain®] 71& gHAIQl 0.16~0.91 pg/
mL2| Z} 55 Z3sl= Aot

B ol oA AR &HAl7)F o} E skl Fe] kg A
T & 23 35}9 cH(Table 2). Bovine myosinol] th3l anti-
MWM IgG9] ¥hg zH& 10022 3}%]-& o, bovine
actin@} troponin compoundsel] thE} o] 3} A|2e] w3} 4
g5 8367 4.28%F vleblic) S-1& 33U oF 3

Table 2. Cross reactivity tests of anti-MWM IgG for
bovine myosin, actin, and troponin compound and of
anti S-1 IgG for LMM and anti-LMM IgG for S-1 by
Ci-ELISA (%)

; i R Myosin Actin  Troponin compound
o) coming® HUT AYHOR WSS S TH
i-
¢ich. o]u] normal serum-2- blank 2 A}&-3}el 31, EF G 100 8.36 4.28
98 P72 oot w9} gtg kel 100%2 Bo} Ag Anti S-1 1gG Anti-LMM IgG
o]o]] EHSH Z}‘ -‘g—Eoﬂ Eﬂiﬂ' H\l’% %}:(BT/BMAX)% H—‘,'E'—‘g_' S-1 100 103 (i0.36)
(%)% RS 4 77t AR Hele] Balg o LMM 8.6 (+0.15) 100
Ehigich o] B REBALE slo] 7+ FAF o] (p0ON)
100 ., " -
;
80 . -
§ 60 -~ - -l
E 4 4 V.J
40 - .
g 1
m 4 4
20 - . 4
1 ~*— wiMWM 174 s 1 =" siLmM
L e e B s ma A
1 10 100 1000 10 100 1000 10 100 1000

The rate of dilution of myosin molecules (ug/ml)

Fig. 1. Standard curves for quantifying bovine myosin molecules. B, indicates O.D. values from reaction of Ab
between variously added myosin and coated myosin and Byax is O.D. values from reaction of Ab for only coated myosin

(10 pg/mL).
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3. anti-LMM IgGE A2 31S A% 10.3% &
A} AFREE By, LIMMS 8422 sl anti S-1
IeGE AR 89S 3F 85%°] w3t APgEE v
1 th(p<0.01). Myosin subfragmentsol] th3] 2z} 4k
&to] ¥2|g} anti S-13} anti-LMM IgGe] 73} FAje
= A4@3 43 Jelyoh vl E o & oA S
subfragmentE Apo]o] ¥b-g-Ao] <f7bH Ealshe g
Zhekstriet® 912] g2 v BolAdo) Qira B
k.

S 7|1Ziol e A Zaliae) vist

AvbH o g gzl o] el odtw, FAAE | ¢
s dAE = AR WS g Fdg 229
Aol o3l Ao FHi3E 5 ok BRuEw
1. Differential Scanning Calorimetry (DSC)E- o]
23 2AHF dde] WA Qe e A4
oA AAE Ay & FALSER} WAde] Al
<= 7o) yuEgow, 53] gaAde] Zhael] di 2
b7} wasldel. 52 Axel ajE falae] st
€ AR 2xell wet ohEA ehda gl -10°Cell
A AR 5] el Wshe wlwel vlwsty]
S o 28E7A e vlaTF e} EA ek, 2
F Aastr] ARt 23 el dAoll = 88.81%2] 4
A4S vheblci(Table 3). -20°Cel|A] #7452l
o] &3 AATY NEg 7EL R Fo)sic) 7
23 73S Bl gled, A& DHA A vl
Br} 14.83%7HA] o] £& S-S B, 6714
ol a7 R} G vebydct, S50°Ce) 2] A
717 64 d74A] wlarrEel o 22 falAdS B
F3 9lon, 31 1942% o] £ S debycl
-80°Ce] M= AA7IZF 2204 A #H3 18.15%9]
o F M-S vehil ot el Aol 89.49%2]

S vanh T E 2564 il Zo)e) 7
48 AgE Holu glon, HR2Ed g xo)E
Kol ik aeh, -20°Ce} -80°CollA A Zd A2
Tl A FARRE Z3E vieblic). S48 v
aEled Bl 50°Cel] Ayl 8o TAF Al
LMo o] 2 Ao ot r, -10°CollA] AA=
e 77t 71 e Zleo g sutElgin) g, 2o Al
oA -20°C, -50°C, 18] 3 -80°Col|A] &kl 2e)F
o] A whf Al o) g2 A2} SR 2A A}
o|7} sl&= Ao viehux] 49kt (p<0.05).

S 7|20l w2 Ehx|o] WA RstMol Wz}

Anti-MWM IgG: Myosin®] 572 g 23 22
717 el wh& W3 2 A7k Aol wal Az}
At AeE BojFm glrh Myosing} &HA9) =1
g AFAEL &5 Aol w2t 23 zlelE B
Ak A A2 A 7R 228 qhg
WEE Holx] okt eyt M4 2 E 234
o] zbAx=|7] Alakslgdom, el Ft Aol E . el
A tH(Fig. 2-A). B2 2714 Aol -20°Cel) 2 AH a2
T2t 32.46%2] 7H AlgE Aol & vetdiglar, -50°C
o Ate 15.64%Y FAaE R cH(P<0.05).
SSPe] ¥& wisle} wlastsl-S A AR YA
-10°C2] Aol A 11.19%2] whizl gaiAde] 7ha
& veh o}, o] S-dof] Za03H= myosin #-A}el] o
gk glAle) g1AlL whx| 32.67%9HS AR F Qe
(Fig. 3), -80°C= 34%, -50°Coll A} 3= 49%2 vbehyte).
20°C Ae]yella WAHES} FHE 5o, -50°CY
Ao 7P A wHAREE zlog el
myosin®] A ete] nk-g-H o] 2t F(AA ] E
T34 W3E AdHE 5 9oy o] W3 myosin B
2] WA o7 e 4 gl

Table 3. The changes of solubility of salt soluble proteins in thawed beef slices and beef cuts treated in the

conditions of Exp-1 and Exp-2 (mg/mL)
Storage Storage periods (month)
Treatment temperature
€C) 0 1 3 4 5 6

A0 286 (£0.13) 328 (£021) 3.13 (£0.18) 281 (£0.14) 265 (£0.20) 255 (£0.19) 254 (£0.16)

20 317 (£017) 346 (£0.16) 3.64 (£022) 3.58 (+£0.16) 350 (£0.19) 3.26 (+0.12) 2.89 (+0.13)

Exp-1 S0 3.09 (+0.14) 347 (+0.15) 3.69 (£0.13) 3.65 (£021) 354 (£0.17) 329 (£022) 3.14 (£0.16)
80 3.14 (+0.15) 339 (£0.23) 3.71 (£0.14) 347 (+£0.22) 350 (£0.13) 343 (£0.12) 2.81 (+0.14)
A0 293 (£0.15) 268 (+0.14) 2.66 (+0.14) 2.60 (+021) 236 (£0.14) 193 (+0.22) 1.99 (+0.23)
Exp-2 20 307 (£0.14) 294 (£0.12) 297 (£0.17) 292 (+0.21) 299 (£020) 259 (£0.14) 2.53 (+0.21)

-50 242 (£0.17) 259 (£0.17) 2.65 (£0.20) 261 (£0.15) 2.51 (+£0.13) 249 (£0.13) 232 (£0.15)

80 299 (£0.16) 3.19 (£0.15) 3.05 (£0.12) 3.01 (+0.14) 295 (£0.16) 276 (£0.13) 2.65 (+0.15)

(p<0.05)



Competitive Indirect ELISAE-

o]-83F Bovine Myosin®] %74 #HAE 2% 867

120 180 120
A (®B) ©
160 100 ¢
—
&\"/ 140 80 {
Z
E /
Z 120 60
g
3
E 100 40 1
80 20
—e— -800C
20 T T T T T T 60 T i 1 T T 0 T T T T T
0 1 2 3 4 5 6 0o 1 2 4 5 6 0 1 2 3 4 5 6

Frozen storage periods (month)

Fig. 2. The changes of immune affinities of anti-MWM IgG (A), anti S-1 IgG (B) and anti-LMM IgG (C) for myosin
molecules from thawed beef slices frozen and stored at the different temperatures (Exp-1).

140

40 1 —o— MPS1t-20°C
~O~ MPS at-30°C

—9- 1A u-20°C

-0~ 1A u-50°C
20 T T T T —T T
0 1 2 3 4 5 6
Frozen storage periods (month)

Fig. 3. The comparison of myofibrillar protein solubility
(MPS) with immune affinity (IA) of anti-MWM IgG in
salt soluble protein solution obtained from thawed beef
slices during frozen periods (Exp-1).

Anti S-1 IgG: Myosing] subfragmentsol] thg} WA
% FAtel A S-12 myosinelj A o= ohE Hello] oA
Solgt A5 et sicHFig. 2-B). 4 713 F9

S-19] W3} -10°Cs} -50°Coll A= w)sm-9} v] 3}
A& wf Apo]7p A ER] k=] RE, -80°C2| X 2]l
A= "o AsiAdo] ekstAl Zhaste] 67U 23.29%
9] ZtaE JehNoh(P<0.05). s12iv) -20°Ce] g
F-ollAe= A 670 A anti S-1 [gG2] HE-3-Ad-g vl
TFoF v 23l & o oF 70%74A] Frtske AR o
el ¢ cH(P<0.05). Wagner & Anon®2] Aol 2js}d
ATPase?] &AL 2 AL T © gol A=
2R Wk FHo = FoAe] ATk Harsksd
o} B AA] AFEE A9} S-10] £z 34
AR 71 E7e] Hhgo] FA e o8 ZA S Hiy
WS FROAYG = FE o WY T2 FF
2 st el EAdhs @ A7 5] Ao
29 Yo R gl KMIE} o ol ukg-¥ 4 it}
3 A g2y, S-1 B3RS VR =) A4t
g A E o) 43 WAE 2R Erlssitle B
¥}

Anti-LMM IgG: LMM2] 57 Aol a}-2 w3l
BE He]FollA Bl AgE Holar 9o, HAY
717ko] ZA4Z anti-MWM IgGE AHgsle] A2
Ao}t AR 332 B vhFig. 2-C). LMM2| w3}
T FAe] AAEHA AgE= Ao R Bela 20°C
Aol 71 AlskAl vl -10°C2} -80°Ce)
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)= A9 AR 2FA FAE BT Ny
wod 23132 25.12%2) 28.96%2 vFe gk (P<0.05).
7 A7 Fekel WAde] =234 myosing] rod -7
oA A= 5 Qlrkes & RojEr) DSCE o] 43k
ARt A x 72He A7AAE 2=, peak 112]
7 LMMO] A o2 2 5ivkn B ashdrp,
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Fig. 4. The changes of immune affinities of anti-MWM IgG (A), anti S-1 IgG (B) and anti-LMM IgG (C) for myoesin
molecules from thawed beef cuts treated under the repeated thawing and refreezing process (Exp-2).
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