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KA ArALE X BUBE 4 B AE N0
WAL FRA , SR 5B Al R G5 1E (—20+1) °C, fif ik
I 000 LA S A5 o O TRLBE R 0 °CR HRURE B
eS8 5 Ak LT 1 kA rh R, AR S 1A Rl Ad
B, 5 AERIMEERR, Znli#Efro. 1. 3. 5. 7.9
WRERRAL L, K R AL B AORE S AT S A0 #T o

& A Ty ik 0 °Cfft i : M5 R M
S EAAE, AR VOB RE AL S, I A
FRFE S L0 °CH MR R A5 o TROK IR : M HE
i IR W B B AS LA, MR IR B AR
SRR, FHE TR T R SIK AR, K
M (18+2) °C,  FHIME AL AT & HhCy il 2 R0 °C
IR R4 . SRR B R %
AR, MEEAOIEERET, B TRERA
PRSI & FR, QS5+ °C, FHRAX
DUASAE i rpoC B2 SR 0 CH by fif R 28 1

aFEAVER egmlE S TanE "W
B, IHEOE M0, 0.5 g4 I P BEINA1(10 mL
0.6 mol/L NaCDF2HU &, 7£8 000 r/min 2J%£ 3 min,
4°CHCE 1 h, BUHIFFES °C 10 000 t/min > 10 min,
IS T4 O A . [ AL BT A3 I0EE 10 mL
A2(1.5 mol/LJR % F10.6 mol/L NaCIH iR A #)iA
W, EE LIREAE, LIEW T4 CRAE. mA2LE
P A3 3T HE M 10 mL A3(8 mol/LJR 2 #10.6 mol/L
NaCIFIR A W)A W, HE LiRfE2k, B3
TERIRA G E T4 CHRAF . [ ASRLHL T AR v
HI10 mL A4(0.5 mol/L B-3i 3k £ . 0.6 mol/L NaCl
18 mol/LIR R IIRA W, pHIE N T)AEW, EHE
OFRE, B3 FIS TR T4 °CIRTE . A4VATRAL 33 BT
AULEE, A1 mL 1 mol/L NaOH, 4 °CI#-fE. #+
PhE 320 B0 5 BT AR I W0 S S R R
I3 BUN20%H9 =4 2R, 10 000 r/mingS.C>10 min,
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# EWW, MUREF AL mL 1 mol/L NaOHIE
W4 CHUE , SR FH AR IR X 8 1 o kAT
WA o VR T ALY 88 3T 5T o 43 550k B T Y
DMK, VR T A2 AR 10T T A Ak SR Y BT
Bk, VAR T A3 AR BT O 4 Bk K A B
BTk, T A4R) B R R EC —
T B 0 DT, A4V MBS S5 2 UUUE 1 B 1 I
5 43 BN AR R RN R Y TR

MUR 4 e & B 93RS Xiong%5 "1y
Tk, W g S BERE AL, N A 20 mLY A 1Y
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Tris-maleate, pH 7)/5 7853 5J9%, #RJ57E10 000 r/min,
4 °CEM F B 10 min, FF L5 UG FEUTTE o
A 10 mL Tris-maleateZz ¥ (0.6 mol/L KC1, 20
mmol/L Tris-maleate, pH 7), /535 "% T4 °C
UKAE PRI h, RIS AE10 000 r/min, 4 °CE&AET
B0 10 ming, FTAR L IERON WUR LR 4 A .

F o KM ER A G ) 2 % M Chelh %51
M7, FHIRES & i Ron R e K. B mL
B HWINA200 uL 1 mg/mLAY IR B, X HRZ1H 1 mL
WE R Eh 22 b WA R R AT e . EIR AR
7 &% 10 min, 4 °C 7 000 r/min5.0>15 min, HY
1 mL B35, FBE1065 )5, 595 nmi 4 b & %
JEAH o TR M i E B BT P = (pg)FE LA R AR
T
o Aspmn — A s

Amﬁzg
A, 2000 75 B 15 5 = (ne)

A FE R LG N T %% Yongsa-
watdigul 5"V %, IFE Mok sh . B mLEA
TR H, 4351 A 9 mL 50 mmol/L# R 2% b
i 1(8 mol/LJRZE . 0.6 mol/L KCI. 10 mmol/L
EDTA, pHH#7). W ERIRAH45mL, MAO0SmL
0.1% DTNB, 40 °C/K¥#30 min, 7£412 nmAbiill 2
W B BRI AR BB S OB . & S b
W1 TR %00 2 1 I S 22 v ik 2(50 mmol/Li R
%% . 10 mmol/L EDTA. 0.6 mol/L KCI,
pHAEHZ W 1, IREGWAES °CRM1 h)E,
FEA12 nmAb I E R EAE . 25 S PR AR L

A Xn
(13 600 x p)

Kf, AFRIRA12 nmBE KA RICRE 5 n ks i B
4 13 6003 7R BE /R WO R AL [L/(mol-cm)];
p ok 8 5 MR (mg/mL).o

HE S E(nmol/mg) =

1 4 3% (FTIR)M| & Z R I S
B, B PRBUT R A E TR R T RAL P A R
THE48 W B, T TR A2 h, 1E20%4H
SHEE AT, B0.2 mglL£F 4k 8 (83 il 2 mg
KBrrE Mo st o iF B, HGE s ilf AT R R, [l
TREMZE L, FES7 2T A6 E 400~4 000 cm ™
F14) I 5 B A T 4 g B 0 e WO, A BT AL
AP 1 LA 5 S A X 4 5 I R — G A A s

AR LRI AR EE N
SERME, B A 4 (H 65 1 22 (meantSD) £ /R ,
X HIBM SPSS Statistics 19.0%F 44 5 47505 2047
Duncan[G 2 55 £ 56 78 17 £ 88 (8] (1 & 28 P 22 5% 43
Mr, FHOrigin 8.5/E &

2 4R

21 REFMBNESHANRAEEBST
Ik wal0bA o)

BTAET AL TE(—20+1) °C& M F % 4%
JG, KFHO CCRER . K ff v 028 305 A 5 3 b i
RO G IRARE, BEE VR B S, B F
B R R PRI (P<0.05). 0 °CREZRIIER T, 31K
TR RS R R AN 1 35 (P>0.05), B TR Al 2L
MIBG N, B R i N FRERR BB K oK
i 5 IR T AN VR R R ITG, BT
THMCEZZ2IW B EERMMERE, 9K
J& 0 ) P EERE 9 32.73%20.25%F132.51 %
0.15%F% AL 3 22.10%+0.51%7F1118.89%+0.21%(& 1),
H 3 i vk Oy =X B2 R Rl 4 S5 WA, 5 S R AR
S A B R A R > T K R >0 CCRR Uk o

AT RHAH3FNAS TR 20 4
Ly W R AT OR A e, B R R BRI 3 &
A D B R AR (P<0.05), s R MR AT
RO R o 2, MR 1931.87%+0.11%
K& 823.95%+0.12%, T /K M 7R OUK i U5 75 &
WITRTH I 79.87%; 0 °CRREZRIT, U Al s &
KA T 5.15%(/&12).

HKAE A ) R4k EEDVRRA R,
34 HRAH B K AE FH D7 84 8 2 S (P<0.05),  HL AT
SUR MR VR I 4 (R) 35 T i 3 22 5+ (P>0.05), 55 SUK i
VR 4 IA) 25 PRV B K, OUR il VR i 32E b 3L 7K
YEFH 7145 3 7140.81%+0.31% . 44.27%+0.53%F1
46.53%+0.40%, 5ARURRLZAH LIE /N T 8.85% .
12.34%H114.73%, I H.0 °CHitt 75 B /K A FH 7 18
Ge08, = IR ORI (R 3),
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X 10 °Cfi##%  defrosted at 0 °C X
= 3 iK% defrosted by running water = T N
B 2 35 HE FiRMAY  defrosted at room temperature B = 0 Cfﬂ@/\&\ defrosted at 0 °C
i  raAa I en = ﬁﬂz}(ﬁ@#ﬁ defrosted by running water
® g . —z Al AaAbgy, .Ri 50 rmm FIEMIE  defrosted at room temperature ¢
m28 30 MR A Est P
@Ef 23 = d Ad o225 40 AdBdE A
82 =Be  Ac XS 2 r AcBeBd E
FSE 25 g2z o
o T B e
EE3 o | =g 30
BES Cct &3 B
S IH &g
©n Q v =
I < E 15 H’L\ v
W ES ] g2 20
=
23 ooz
z e 10 L ! ! ! ! ! H‘E{ § =
H“ o 0 1 3 5 7 9 % % 10 L L L L L
% R = o v s s 77
freeze-thaw cycle times e PR IE IR

B1 ARBEAAREFMNESHA
BFROFN
AN K5 % B 3 7 AN R gt o 75 5 A B 4 48 i) % S B 3 (P<0.05),
ARG B R AR R R 7 AL B 9 75 57 .35 (P<0.05), FIF]
Fig.1 Effects of different thawing ways and
multiple freeze—thaw cycles on ionic bond of
S. esculenta myofibrillar protein

Different capital letters mean significant difference at 0.05 level among
different thawing ways treatment, different lowercase letters mean
significant difference at 0.05 level among same thawing ways treatments,

the same below

10 °Cfiitt%  defrosted at 0 °C

=3
§ ~ [ K f#%  defrosted by running water
5 _ B E IR defrosted at room temperature
< 35
H[\/E’a AsAaAa a0
#g.e Bb  AbAb
®=Z 307 MR A,
— 3% Bd A%Bd A
ﬁﬁg 25 ¢ rFBe
KT S i ct
Rg0
8.8 2
EEE 5 |
IS o
0 4 &
i)
MES 15§
2%
N Q=
:ﬁ % 10 WL . . . . .
r 0 1 3 5 7 9

AR IREU IR
freeze-thaw cycle times
B2 FRMBEFRNREFRMNESWAS RN
Fig. 2 Effects of different thawing ways and

multiple freeze-thaw cycles on hydrogen bond of

S. esculenta myofibrillar protein

ZRRAET AL RAC BRI AT
e AP TR A R M 2.09%+0.04% . 2.09%+
0.08%#112.28%+0.10%, Fi#H AR Z, —
i B 1 A 2 B KB A (P<0.05) . MR TR IR ER
M3 G, 0 CCRRER . T 7K A U R 2 L A R 3
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freeze-thaw cycle times

3 FRBEARREFMTESWHA
B ER SR S0
Fig. 3 Effects of different thawing ways and
multiple freeze—thaw cycles on hydrophobic bond of

S. esculenta myofibrillar protein

b3 2L B I 2 22 S (P<0.05),  HLZE R A R
T AR e, H b T S 0 i R A R > U
IR IR>0 °CAfE R, QUSRI 3R b Ly b, —
BRAE T B T 1.42% ., 1.96%H12.86%(%14).

0 1 3 5 7 9
SR IREU IR
freeze-thaw cycle times

X
S
- mm EEARE  defrosted at room temperature
& : ¢ temp
H < - 3 JiKf#A  defrosted by running water Ce
= Eo 500 °Cfiftl%:  defrosted at 0 °C cd
=3 .2 Ce
?"T ‘;g E Be
52 4 |
— 35 4 b Bd Ac
E=3 SIS Be[M Ad &
z\p =9 3| Bb Ac,
S g B aghvs AP
\.‘.5 I 8 Aa:
\Ed: o 2
w3
&5
HER 1
e
< g 0 s s s s s
H_,
K

4 TAEBEARAR SR &S
ZHRERIEN
Fig. 4 Effects of different thawing ways and
multiple freeze—thaw cycles on disulfide bond of

S. esculenta myofibrillar protein

BT AL EEERE S AR TR
LA SR AR, ABEAE VRA B R, JE=
T LA B (5 08 0 (P<0.05) . FE T SYR Uk i A v
0 °CHift 5 IR 7K A v 2 20 A 3 %) Al — i L A1 it 3
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Ko HARRL, H R R A 2% 5% (P>0.05),
55 TR S VR 5 T K R R AL B 0 o CAf R Ak B 1Y A
TR IR B 2E e, H2E B R
U A VR AL PR ) — DR R G e A, HAY
I KT HA2 , St ok figs . JE At
HE 5 1.55%+0.11%3 /il 2.5.50%+0.11%(515)

=

BE

2E _

£3 8 B E R defrosted at room temperature
iﬁ . &E 3 KA defrosted by running water
ﬁB&Rﬂ £85 g | 0 ORI defrosted at0 °C

i i cr
{/é o
S ce
bﬁ S Bd
{II S B AB®

EE 4} e

S 2 Be AdBd
=oKgg Bb Acad
E% g8 Abpp
2llee L
iSem R3] E 2 AaA Ar Aafy
XTso3
I} a2

=T 0 . . . " "

£ £

=g 0 1 3 5 7 9

N—

PR B IR
freeze-thaw cycle times
5 TEBFAFRAREFMNESWA
FE-RMAENROFI
Fig. 5 Effects of different thawing ways and multiple

freeze—thaw cycles on non-disulfide covalent bond of

S. esculenta myofibrillar protein

22 REFMMESHARFEERRER
Sk DAL

X BRI PR R R i O 0l R (30.47+
0.64). (31.31x0.54)F11(32.26<1.30) ng, = LK%
SR EEAE AR L TG B R 22 R, BB R R I
SO | ENY R e e B T s LR A
F LT H(P<0.05), FLI K i VR RN I i R
AT B 7K P 184 i i K0 °Cf@ ik, 3F A R 5 8
ZOW R AL PRI, W W 5 53 00 (30.47+
0.64). (31.31+0.54)F1(32.26:1.30) pught il 2 (46.10+
1.24). (53.51=1.46)F1(58.91+1.04) ng, JRE &
HI AR B8 51.30% ., 70.90%F175.63%(1€16).

23 REFMNESHAEAEEALRES
=R F N
Bl 7 i R B B, R B 5 0 T S

1 i R R BB (P<0.05), 0 °CHif iR
{14 35T A it A B T M S L 40 51 R (109.03+
0.28)F01(92.05+0.28) nmol/mg, Uit % 5 Biam Hk
I P 500 5L 73 0l [ Sl BEAE 199 72.58%F179.84%,
T 7Kgt U R 2R AR R S A B AR R H2 0 CCH R B h

70 - 0°Cf#i% defrosted at 0 °C

2 —e— JiL/Kf#Y  defrosted by running water
o — FEiA%  defrosted at room temperature
S 60 -
5
—~ =
I 2
QT E 50 L
LIS
<= el
BL 4~
® 2
= 40 +
8
=)
9]
5]
30

0 1 3 5 7 9
R R E IR
freeze-thaw cycle times
6 TEBFAAREFMNESHWNRALEES
RE KM RIF
Fig. 6 Effects of different thawing ways and

multiple freeze—thaw cycles on surface hydrophobicity of

S. esculenta myofibrillar protein

W, SRR RS AR T 38.99. 24.26
nmol/mg#140.32, 43.16 nmol/mg(# 1),

24 ASKESTREFMNTESWALERELT
HEENEMW

R A %@ 5K A FTIRG AL B 10
PARE AR FE3 372 om 'Ab BRI A7 T BRI ARE ,
% R Oy NHEE A ZZ f R 20 7= A 1 5 OUR VR Rl Tt
Jie A o) i RO M RS 2, B TR VRS B
Pk Z, M0 CORRAS B 1 B /b ; 1644 cm™
Qb ) W Ko IO T P A R R T A, R R C=Ofh 4 ik
SRR, BRI R T A A AR AR
1 562 cm ™ 'Ab iy B0 05 R ok i 11 45 4 AiE O 1% v
Fl, FZEMN-HENS IR G Bk 18
e WAy RSO s, AL A IH L
Fro oCfit i/, EBHR MBI Z; HCN
i &g 7 A ) T P TIT 5 79 TR A 06 1 3 T 1 306 em!
Ab s RO ) BEOR RS (D7)

LIRS RO R T KS
Ry 4 B TR OVK R il I WL £F 24 B 1 £ A0 i R
Bt e T 45 (1 600~1 700 em )ik 47 18 35 R A =5 40
PG IR A3 2 A8 1 gt ity . pl PR e e AR
vt H o SR 5E RN B-4T B 7 £ 43 S 58.30%F141.12%,
Hi B9 99.42% , B-F% FA R JC HL N 5 il 5 A
%, 2 9100.31%H10.27%; 9K ZELE, 0 °Cfit
T« UK A VR R 2 T A O A B 2 o- BB e N B- 4T B
AR MBI, a0 R 97.97% .
97.37%H197.03%, Hrho-18E S &AL, BT &
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x1 TREBFEFAREFMNESHNRALEEERESENFW

Tab.1 Effects of different thawing ways and multiple freeze—thaw cycles on sulfhydryl content of

S. esculenta myofibrillar protein

nmol/mg

TR VR BT 0 °Cfi¥%  defrosted at 0 °C WK defrosted by running water  Z= R  defrosted at room temperature
frecae BHIE P FE T Ak TS
cycle times total sulfhydryl active sulfhydryl total sulfhydryl  active sulfhydryl total sulfhydryl  active sulfhydryl

0 109.030.28™ 92.05+£0.28" 108.05+0.32" 90.03+0.26" 108.070.15" 91.05+£0.32"
1 106.18+0.75™ 91.2320.85" 99.84+1.70™ 89.22+1.20% 90.44+1.00% 80.76=1.33
3 102.52+0.66™ 88.52+1.52% 90.09+0.71°® 85.11=1.07% 83.22+1.80% 78.20+0.62*
5 95.96+1.20" 85.50£0.45" 84.55+0.34" 70.71£0.18% 81.7040.91% 64.42+0.71
7 89.15+0.17% 84.69+0.21% 76.46+1.03% 69.55-0.44™ 74.92+0.47% 53.2940.43%
9 79.110.54* 73.50+0.20" 69.06+0.16™ 65.77+1.98% 67.75£0.32% 47.89+0.89"

T AFRKE FEERR AR T7 S AC B ) 22 57 B3 (P<0.05), ARVNG

5 FRER N AR FAR R 7 U A Y 22 57 B35 (P<0.05)

Notes: different capital letters mean significant difference at 0.05 level among different thawing ways treatment, different lowercase letters mean

significant difference at 0.05 level among same thawing ways treatments

absorbance

e GIE/A

4000 3 500 3 000 2 5002 0001 500 1 000 500

W /em™!

wave number

E7 €5MAFRFEEBLILIEE
LB BERE . 2.0 °CIEGR, 30K, 4FiEME, FIHE
Fig. 7 FTIR spectra of S. esculenta myofibrillar protein
1. fresh sample, 2. defrosted at 0 °C, 3.defrosted by running water, 4.

defrosted at room temperature, the same below

FrEE T, 0B A A T LI A A 2
i, 3 500 b AR BT LAY 0.58%, S E] T
2.03%. 2.63%712.97%.

3 iR

R I A v A P 2 ARV R
VRS 1k — B o 8 1 i 00 1 I A AR VR N 22 iR
B A JETT AR PE2 RPN B A VR B R R R
BN, R AR BT ROSHE I T i 7 sl 2 28 28
HTURS E 2 2Rk L, A A il 2RO, 5
EETHE, T TRAMAEAER, BfEA

By 7 RAE . ZIREERITIIR . WEHA D T 1
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[ B-#& P-sheet

70 mm EHER  random coil
o\\° [ a-#%jiE  a-helix
]]HB}HQS) 60 - _ mm B3 P-turn
8 50| _ ]
[l B
=3 g 40 -I— :I
5B
2% M MmO
K SE
1128
E8 1T
I3
& o L1 e
1 2 3 4
fitt i 77 5
thaw mode

= 8 Zzlaﬁbfr'\)‘?‘ﬁ& SEEMNESHANEAEER
EE kA )
Fig. 8 Effect of different thawing ways and
multiple freeze—thaw cycles on secondary structure of

S. esculenta myofibrillar protein
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Effects of different thawing ways and multiple freeze—thaw cycles on
myofibrillar protein intermolecular force of Sepia esculenta

ZHANG Hongchao, XUE Zhangzhi, DING Yuan, XU Xiaorong, JIN Yang,
LI Hesheng®, WANG Hongfei, XU Feng
(College of Food and Pharmaceutical Sciences, Ningbo University, Ningbo 315800, China)

Abstract: This study explored the effects of multiple freeze-thaw cycles on myofibrillar protein intermolecular
force of Sepia esculenta and its protein properties. Fresh S. esculenta meat were defrosted by three different ways
which are 0 °C, running water and normal temperature for 9 freeze-thaw cycles. The results showed that the effects
of defrosting ways were significant on intermolecular forces, and thaw at 0 °C is better than running water and
normal temperature. With the increase of freeze-thaw times, the content of ionic bond and hydrogen bond showed
a significant decline, the ionic bond decreased by 7.71%, 10.64% and 13.61%, respectively, and the hydrogen bond
decreased from 31.91%, 31.97% and 31.87% to 26.76%, 25.53% and 23.94%. On the contrary the hydrophobic
interaction force, disulfide bond and non-disulfide covalent bond tended to increase, the hydrophobic forces
increased by 8.86%, 12.35%, and 14.72%, respectively, and the disulfide bonds increased by 1.43%, 1.96%, and
2.85%, respectively, the non-disulfide covalent bonds increased from 1.16%, 1.28%, and 1.55% to 3.75%, 4.05%
and 5.50%. The surface hydrophobicity of myofibrillar protein increased from 30.47 pg, 31.31 pg and 32.26 pg to
46.10 pg, 53.51 pg and 58.91 pg, respectively, consistent with hydrophobic force results. Both sulthydryl and
reactive thiol content were decreased, the sulfhydryl groups were reduced by 13.07 nmol/mg, 38.99 nmol/mg and
40.32 nmol/mg, respectively, and the active sulthydryl groups were decreased by 6.55 nmol/mg, 24.26 nmol/mg
and 43.16 nmol/mg, consistent with disulfide bond generation trends. The changes of the secondary structure of
myofibrillar protein were analyzed by Infrared spectroscopy (FTIR), indicated that during the freeze-thaw cycles
the spatial conformation of myofibrin made a change. Three thawing ways were treatments after 9 freeze-thaw
cycles, the spectral band shifted to different wavelength regularly, and the amide A band and the amide Il band
moved slightly toward the high wave number direction, and the amide I band and the amide II band moved to
the low wave number direction. The secondary structure of the protein changed, as the sum of the contents of both
a-helix and B-sheet reduced, and the sum of the contents of B-turn and random curl increased. Repeated freezing
and thawing is actually a process of slow oxidation of proteins.

Key words: Sepia esculenta; defrosted at 0 °C; defrosted by running water; defrosted at room temperature; freeze-

thaw cycles; intermolecular force; myofibrillar protein
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FEK=FS (K=FR) KFiL

19634 12A6H, FEAFF2RIA2EFANR 2 ELEET, 52
REMQAFFERILENE —AKFEFAIFIELRT WH ER.

19644, Fid kT HEHMAMBEHR (AKFFHR) [(64) X FHE285]. H
£, (KFFR) REBEZRLAHERY, BERELEATF¥KR, ATHEE
FTHEZER. AH12A, BFEAFFEFL AKFFR)) REZR2RE, FAH
FIERA R, FEIZVHRAEZEER T R (KEFEHR) 1551, 28

& A AL IE K R
19654, (AKFFM) BF2ETFHANFR, #FF ALK, b
R & RAT

19664, (AKFHFM) £3%5 R EET.

197846 A20—30H, FEKFFL2REAXEFA TR LS ERETH
Fro cWRABRELTEELREVERALHALR, BFHBIEFK, kT
(1978—1985F 2 EMFHR AL EAX) (EE2)VKFH 4, MITT F2
1978—1985F F ARG it x|, WA RFAFE . AFFAFY . ERAFHE
MR FALA S WERRRENEFTAEETHR. (KFFER) FEHEES
WHEBKE KT, EEEIIAFT¥R, #FETIHNESETE,

197846 H , E XA &L X[(78) EA AL 72605 (AFFM) £ Fl.

197943, ZE&#E, HEH. BRAFTEARE, KE LBKAF
¥IRES, ¥REE|ITEEBEETH3BAS, (KFFR) FEFRHKET
fEq

198043 F, (AFH¥R) F4EFIHERER, EREE N L ERF
BAREBA, EOREA Y FEBHELER, RTEMLELELMIFELEE,

B 19804 (AF¥®Y EFE, T EEN 2RHM, FTH—FPF AKX
T, BT EITH, B1IEE55F 18T, RATEMHFTESD IEER A A
ZAT. BN EHEMNEFHITHE, B xE @ $ EERFEEGECTE399E 4)
1T,

1986F T F R1987F i3 B 4 K AT %, B 19884F & X 1% & Hf 5
AT o
20004F, H#t—F Y HBHFNEGERE, HBXHBHE, KE (KT
RAAFIZERFILTE W/ EY (BHE AT (1999)039F), (AFFR) #F
Flm Ay XAF, HUEBETEFAE., H#—FT ALER T, HFENF AL
WATVY R E# R, 2FERNMERHME, TEAFTF2 (KFFHR) £5
AL (B E & F (2000) 0655 ).

20104, K (R T<AFFHR>ERFIFATENEH) (KiEF (2009) 20
2), @LETHEHBRAEFRARFTE B REERAE, (KFFHR) B20104
TARZERXAFZE A A FIFF HH (2009) 24851,
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