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Abstract: Drying can endow aguaticproducts with unique flavor, whose formation is related to endogenous enzymes. In this study, the effeds of
different drying methods on enzyme adtivities and their metabolites inosinemonpho sphate (IMP) and free amino acid contents of Muraenesox cinereus
filletswere investigated. Several enzymes playing the leading role intastesubstances (such as AMP deaminase, acid phosphatase, cathepsin B and leucyl
aminopeptidase) wereselected. The dry ing methods included controlled freezing-point vacuum (CFVD), vacuum freeze drying (VFD) and hot air dry ing
(HAD). Results showed that potential activities of the four enzymes mentioned above were decreased after drying. The highest retention of enzyme
activities of fillets was observed in VFD, representing 92.99%, 85.58%, 65.53% and 54.26%, respectively, followed by CFVD. While HAD fillets had
the lowest enzyme activities. The IMP and free amino acid contents in CFVD fillets weresignificantly higherthan those in other treatments. IMP content
increased from 174.37 mg / 100 g (dry basis) to 625.08 mg/100 g and free amino acid content increased by 33.07%. T herefore, four kinds of enzyme in
CFVD fillets reach better retention in adtivities andthe highest conversion rate.
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it S i A A BRI R TR BERR i) (P R —20 B
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SIS DL g8 SIS R, ST LR A T 2 2
TER I NIERE (AMP i, ACP, HZEMEE B
AR , @RI kR

HAFE, B R HE )
AL TERR RZE BT (IMP, i 23R & &,
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i, BT SRS 1-2h FELR, BULEE W,
EBAW, YIRKZ 5cmx<2em>05 cm KI#, T
JRIKIEYE 3, AREIRAREET, HE R AELEH.
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Fig.1 Schematic diagram of controlled freezing-point vacuum
drying device
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1.3.1 sk&mz

¥ T BB AR SRR R 2 0.5 cm AbJH [
S, N-18 CH =, H Agilent-34972A iR & K 4E
1, FEAVRG 10 s REE— KRS CREFIE20.1 'C) , iR
U6 485 R 5 AR ah Rk, A e vk IR Yu
1.3.2 AR Tl XaRE AT SR &

UK LT AR C, HAEFER TN
1400 Pa~1500 Pa, sEaGidit iz GBSl 1
BRI ITEAD AR RN A 2R IR {15
PEHIAEVKIRAT JERE A AT IREE 50 'C, KU
1.5 mis; AT PIREE-30 C, FHETEm#
BOLE-20 °C, T RPN 20 C, T
51 25~35 Pa. T4 KENy 20~30% LA,
51T
133 &AKELGNZ

eI Lowry®H7id, LI I (AR [ BSAAE
RS
1.3.4 ATP A K X B A4

23 Yokoyama® 1 771, WEATLEN. 43 BIFREUHT
EEFER 5 g, TEEFEM 15 g, A 10 mL 10% /s &
R, 209, SRIG AR B HLFSE 10000 r/min 550
15 min, HUE3ER, JU6E A 5 mL 5% e &R Ve
PO IS, HEEEAE 2R, &I RIER. Wi
10 mol/L #1 1 mol/L i KOH il pH % 6.5, & & 30 min
JE L EiETRE 24 50 mL. #2293, FH 0.45 pum R g€
JEME. A FETE 0~4 C FHAE.

ATP SCERYIBIAI: R FH i OB A BB 24T
%A% : GL Sciences /A ] Inertsil ODS-SP C18 (4.6>250
mm, 5 pm) BAHETERE; fRIFEAEE: Inertsil ODS-SP
(4 mmx=10 mm, 5um); JishtH: Ay 0.05 mol/L g
TEAPBERR A A (1) (iR A A T,
HRED WL FIBERRE 2 pH N 6.5, B A VAR
%ﬁg}g/%ﬁ%, /)ﬁﬁ 1 mL/min; *sz/ﬂl?l 28 C; 1&1%%
10 uL; AG50C: 254 nm.

1.3.5 & 2B A 4]

%% Maruji 7 i, WA o . BUMBER) A &
2 g 15 mL 15% =& 2%, 212K 2 min, H#E2 h
J& 50 (10000 f/min, 4 °C, 15min) , B 5mL i
7, F NaOH (3 mol/L)/# i 15 pH %2 2.0 245, HilE
AKERZE 10 mL, FH 0.45 um L IE R AR, 43
HrokAth: L-8800 BY Z /R H N/ AT, #F it A 1A
53 min. EiEFE (4.6 mmx150 mm, 7 um) ; #HIE 1
. 0.4 mUmin, & 2 Jii#E: 0.35 mL/min; AEiR:
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50 C. WahAH: ARk R IR G 2 (pH
S35 3.3, 320 4.0, 4.9) FKIE A% =EAZEM T -
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M 30% HMD SR 215 T 4 CFRSE4h, il 20
min (12000 r/min, 4 °C), M F3E AR B -

ACP 3% 77 5 77 ¥ B 0.1 mL FEHEEAOIM A 1.0
mL 0.2 mol/L #7 &5 BREE L2l (pH 4.9), I 37 CTHiil
# 5 min, JOA 1.0 mL 0.02 mol/L fRERR K — 4, &
A1JG T 37 CHRIR 60min, TN 2.0 mL FRIB I
A1 3.0 mL FIERSEAER FFVR AT, T 520 nm FRIE KT il
EW . BERREES J1sAr (W) 8 3 TR T
8= 1 umol My PTRR (OB &, W e 4h RR R N
L PR I BERR S 715467, B Ulg.

1.3.8 ALVE G B B 49 3RIRBE ) M

SRR E 2% Floris® 177, JEIEE X4 e
e B PRI AT ILLT I RIRE 7, VIR, $4 18 300 mg
WUA: 1 mL32H0R, IO AFRBGE (100 mmol/L 41
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TritonX-100) , FEVKI &1 S FHIBHLE 3 5T 2 Ik

(5500r/min, &KX 20s, (ARG 10S) o SRIEH A
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U5 Al B AR

T JT5E : B 250 pl AH BRATBON SR8, N
250 pL 0.1%1 Brijds Kkl #2 BGRHEATHRE, SR EIIA
250 pL S 3 28 (250 mmol/L Na,HPO4-NaH,PO4,
pH 6.0, 2.5 mmol/L Na,-EDTA, 5 mmol/L %i3& Z.f%) ,
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T 40 CAKIBTII S min, [HETHU BJEY) 5 min,
SRIEMN 250 pb [N BN 20 pmol/L (1)
Z-Arg-Arg-AMC (M) B2k 9 5 pmol/L) T 40 C
THI N 10 min, BN 2 mL ) Sy 2% 13 30 mmol/L
ZE%H, 70 mmol/L 2., 100 mmol/L 5 &, pH 4.3
AR, XTRRAS L b E AR . SR SR
I EETHIN R [ RS RN 7- 2 - 4- A O R
(AMC) 1) 't B2, 17 77 7 BB I A 360 nm, &
S K 440 nm.
1.3.9 &K ZRBLEKEE IR IREE ) M7

BEHR S LidPI 7, JREEAT 7384 s k.
B 1.5 g4 ChE#%)0.001 @) &eEfA, fn 3 1%
PR 25 mmol/L B%E 22 (pH 7.0, %A 1 mmol/L
7% F SRR 1 mmol/L 373t 28 Hh, £ 4 CHI%
1R i 5% 3 ¥%(22000 r/min, 4% 10's, 1]k 20D,
AV B (12000 rimin, 4 °C, 15 min) , EEBRAN
FH

BRI 05 7 BUE MR R R VR (100
pl) B0 850 uL R4z (25 mmol/L, pH 7.0,
&4 1 mmol/L #i 3 2 BEF1 0.03% NaNg) 1, FHnA
10 pmol/L % Y& &Y (Leu-AMC) 50 pL - [F)i FF
GTHET, 78 37 CAHF T = 10 min J5 2RI 2 mL
BRIV (F ) V(R R EE) V (7K)=35:30:35) £ 1E I M
TEFE, XTRRAS L R E AR . A5 6
FE R TR K 360 nm, R EHEK 440 nm RN
TE P AMC [ UE .«
1.3.10 ZdEAE

%1 SPSS 17.0 A1 Excel 2007 7 Afrib 352 36400 o
FI A SR =APATRE, S8R PR iE
" kKX, BEHERES 47 EZ0Wh

(ANOVA) Fl1 Duncan 2 il 2t Sk oy, Ve

7KF p<0.05.

2 HZR5iHR

2.1 kel =

HH P 2 AT, RS TR 455 TE-1.4 C AT, RIUK
I A-14 C~0 C. N8 F e oK a N
T, N KR B A B R R AR i AR
-0.7405 C.

22 e g T %

K 3 ittt A =TT T TR
2o B THRITR RGN, fR AR 7R 5 i B
o HITRACTIRIGIR SR, U TR K 280

FH, 10 h JFIAFITRE S (22.80%) » HIKEVKIR
BT, 24h 5t A& /KRN 26.34%. EHARIET
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Fig.2 The freezing curve of Muraenex cinereus
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Fig.3 The drying rate curves of three kinds of drying methods
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Fig.4 The degradation pathway of ATP
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R SR AR, IMP (EBERREE(E T Sttt — B Ao L
T (HXR) FIVK SRS (HX) ,  Hx Bk DU 32 55k
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SR BELL 7% 7D R e d s, 70l 92.99%,  85.58%,
5 R B TR, KR A TR, HOR
TR RS BAN R A B o o A v
T B EM R (p<0.05). Hid, BT AMP
it 2 i EL 1% 7 (BT 50N 40.83%, FARIRRE Bk, XAl

e RO HR tE RV 2 35~37 C, iR
42 CIy, NCEFE T 22, 2iid 52 °C, AMP fit
U E A I, RS R TR, T A
RTRIESE N 80 °C, AFIT B I TRAF -

&1 TEALIEERBELEEAN AW RS BELL 7B D
Table 1S pecific activity of phosphatase and AMP-ceaminase in different treatments

L B I B L Bl ACP) AMP BLE B
TR FHH X - - - -
BELLE NI  BiE HIRGEI% BEIEAIUN)  BEE HRBEY%
# EE Ao 34.474) 617 8.67+0.12°
iR AE TR 26.5741.0% 77.08% 6.2340.43° 71.86%
Ak TR 30.1942.14° 85.58% 8.060.11° 92.99%
PR 19.8020.91¢ 57.45% 3.54:40.23° 40.83%

E: PATAES 3, MR FEATAREMRER (p>0.05).
2.4 #E® ATP. AMP & IMP 4#7

ANFEAEFE T ATP. IMP A1 AMP 28465 E] 5
Fis, SEEERERILL, KR S TR R T
Hh ATP Vi FEf#, HHAIAET 781.86 mg/l00 g (F-3)
P31 21.39 mg/100 g, AT ATP & mT 7
Ab 2 PR R B IR R VKR R 1) ATP
R SHAT R EEER (p>0.05). BRHAKT
BRLLAL, 5340 2 B H7 0 e AMP B 25038 i,
F1#I44¥) 50.84 mg/100 g (T-3E) 3413 141.87 mg/100
g, AT R AMP &5 2 T At A
SR (p<0.05). VKRB TR A IMP &
5 HAD A A B R, RS, ARV
174.37 mg/100 g (-F3&) M) 625.08 mg/100 g, ifi
HAEREH TN & Rk (228.36 mg/100 @)

A SR I 5E AEAE B ) Bl oA NEA T,
ERL G BT 3 7 S b BRI TE VS 71, AT BT
i ESE BN 7, T AMPL IMP 581 LU T Sz e
SERREEE FR N FE 1 A 5 RIS, B S
= e A A SRR 5%, X AT G5 H i A .
ER BN ACP BRI R SR
N 37~60 C, HATIRMIESE &, Ko BRI,
PRI, SR SR ], 24 AMP S
JREIREELE/N T 0.003 g/mL 36 [ i s, i Ak S8
R SHERIE BRIE L. Mol S, ATP, AMP 7
RIS, KR53 ATP HE AL R IMP, fd FL 5 i TR
FHETE R A VR T B E B GG (2 5
ST ) 70% 75 47D, HAMIREA-20 °C, )
H AR TUREHIRE, BHIE TEE SR B, B
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KKAEER, K ATP, AMP #4R8, 74 IMP
o MIKIRFE A TFEAE TRIBRIIREE, BA% M4 T i
FHKAYFER, ATP FEF AMP fii S lEIR B0 K,
AL SN R BN, ATP 250, HARIEINH] ACP
G, 15 IMP Z B B AL

sook ¢ oIMp
H BATP

_ d mAMP
= 600} £l EHxR
£
£
= 400t
.
&1

200F &

| !
0 i

PEE O REESTER AHETER BRATER
5 NEFIES HIGER ATP. AMP A1 IWP SERITL
Fig.5 Changes of ATP, AMP and IMP contents of different
treatments

25 HALEEEH B 57 ABEMEE )L

gté

AN AR £ 2H SR IR B AT S e 2 TR 1
FeiE AR 2 s, TG o g big i35 b
Ko Hrf, B URTE b R EELL IS ) OREE 26
Yot ralis®] 65.53%A1 54.26%, VKR AT
R, RNF RN BdE AT BoR, ARG
H IR Al B LLIG 1 E B S ER, KRR T
JER RN L VAR TG e ot UK B LU 7% ) (G Y2 1
Z5% (p>0.05),
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R 2 TREKLEA B8 FARE QR B SR BE BRI JE
Table 2S pecific activity of cathepsin B and leucyl aminopeptidase in different treatments of fillets

RRA A, ‘ %ﬁﬂ%ﬁuﬂkﬁé ‘ éﬂéﬁ%\é% B
g AU  BaEE ARG EI% BErbiE NI BEE ARG EI%
A 25.1540 45 - 26.6820.15° -
KR A TR 13.224091° 52.56 16.4420.24° 61.62
A EARTR 13.6540.23° 54.26 17.494077° 65.53
TR 12.0140.15° 47.75 14.69+0.18¢ 55.06%

E: PATHA 3, MR FEATAEFM £} (p>005).
2.6 B AR

Uie 15 A R 2 2 R 22 KA B | O AE 2K 1)
YER R A2, BT AT B2 m LA AT fse 24 27
KA BN S 2 K SEPRis /7. R 3FIHH T A
[ Kb S 0 1 6 o 3 10 S A 2 e R i 5
RAEREEZN. TREHFSEAERLE (TFAA)
F R 2 BRI N, KR B TR MR
1, 1% 33.07%, A THRIEIE SN (7.96%). VFZ 6
T BT TR DU 25 2 T AR P N o T 78
HRERSE D, DT s R, ASLIRaE RS2
IS L, Rk s AR, AR, AR R R
WY, 5 IMP A ESESAER . W3R 3 Hhal LLE H

R EIR TR e B e i, (H i T B
ANEXIEAA M. TR R HIUR A B AN
G RAIN LS SR Ty B M = D D )
HEAEH, R T A R i 2 S RS A 1Y
W 5 R A — 3. R ATRE SRR TR A R,
TAMGREEE-20 Chity, faAZHZH Kb T HREDIR
&, SRS RV . AT R GRS, —
Ji AT RE R R, AR, Sy AT
BB R R AR S SR FME RN, RN 77 I,
5 AR Y. ety 5 PV T R Ty 2k
g i R PSRV, 45 R R I T My rpot
RUPREE TR S, B B M, DRSS
TR VR IR AR Xt A T IE B A XTI

WA S T THEE, IR stk ok,
UK IS T SR IN 12.51%, AR . K
* 3 TETEA NGRS A s SR RS BTN (ng/100 g, JEE)

Table 3Change of free amino acics content in diffe rent treatment of Muraenesox cinereus fillets (mg/100 g, wet basis)

(03 B AR RS >

4% /(mgy/100g,:2 3)
ARFRTX pam BRBR H AR FRAM  RABR  WAR  ERELR HH AR
Thr Glu Gly lle Leu Arg %z ¥ Z(TFAA)
o KEBAZTFHR 2594080 57040.04 28394257 26540.19 5974024 1814012 47.114387 102.2537.11
. %k THR 2734072 5644054 31.13+186 4.0020.23 6.2740.16 2742040 52514265 112.43+217
HRFHR 39140.03 5.0840.14 28614077 2434012 6.3740.01 15340.22 47.93+127 104.4942.40
e KEBAZTHR 3314004 6414046 45174021 3.1840.01 85240.21 6.3840.02 72.974090 136.0620.74
. KR TR 2.9540.04 5.65#0.01 45264027 4.6530.04 7.6530.22 3.08+.17 69.24+158 133.86+1.59
XTI 3.7840.58 5.5040.08 32934245 2.5940.58 6.5430.64 6.4240.04 57.76+438 112.81+6.93
KBAZ TR 27.70% 12.51% 59.11% 19.72% 42.68%  251.01%  54.89% 33.07%
e AKRTFR 8.09% 0.14% 45.39% 16.00% 21.88%  12.10% 31.86% 19.06%
TN -3.32% 8.26% 15.10% 6.61% 2.67%  318.14%  20.50% 7.96%
B8 260 5 130 190 90 50
Zok Hek Sfok Bt doR ok ok ok

E: HBRAMEE (TFAA) R 17 AR RIARE. FEAR. L488. S48, HR8. AR, AR, Ha
B, AR, FRRR. AR, BAR. RAAR. MEAR. LAR. HAR. WA, AXLER|HT 647 Zhisd 2R
BRI EF LTI,

SRR T R, VKRR TR TS,
g A0y AMP iz, BRYERERREG, A2 G B
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