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IR AL PR A (i T8 2 SR S 5 R
N AFIEIRGE, AN BEA B FAE S Pu s A
KAFERFER N, Wi R KRS
TrE e, &% (Hypophthalmichthys molitrix) i
r g B R A A A R T DL A s s B
RUFBR, IF H IR s g KR, SR, A G
FRCE Ak 3HLXCT LA 25 1 U V5 W8 12 3 1) Bt AL PR
P XU B 52 T S i A DL 3

ARBFFE R & A 30% NaCl Fl 5% XA i i E
W W) 52 A i T VRORT 8 B0 30 (Haliotis discus han-
nai) M LA AT IR BT, IR 581 3k 2 v ol Ak 2
XCF JHE ot 5 L PR) FERL P ek SO AR e M XU 1 A8 Ak 52 T
S5 FUN S AR BT T R R AL IR R

1 MESTHE

1.1 SCIgMR

B A I (2 80 g/3k) W LT T T B 2
EYRHEE A

NaCl (B 5h4k), was WM i A R
Al WA (B, A 48.35% LBE A
9.54% AR, MRS A RAF; 3,5-
TR R (DNS) IR &, ik A YRk
BIRAF S MRS R G (PAS) il &, Jb
O R DR A BR A D

1.2 SCIE&

P70D20TL-D4 BIGHGR T, T A% 22 A AR
T HL AR A B T . Aglient 1200 7 w5 4% i AH (7
WA, 92 Agilent 24 H] . QP-2010-Plus S -5
BCHAY, HAREHAE] . PEN3.S Bl T804,
[ AIRSENSE /A7), LI-500 Y B Bvie 5L 1% 7546
1 e BRA AR R A A B A
13 SWTTE

SLRATAIE  BHEBEIFHEYREEN L,
B, B LB MM sEILN B TS5 A
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ORI 1 b BEBR LA R PR, PR A 5% A
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3K, AR 45s, [AIFE 60s. A dllZETHl 0. 30,
60, 90 1 120 d B, FRAT BYRE SR FH IR AU S
B, =30 °C RAFFH

BERE R ABENE W2 g HIILA
MAME S 40 mL Z887KIEG, 4 12 000 r/min ¥
JT 1 min J5, #8101 (BT ARLG) A 200 g/L
“Hom, . R A, 25°C#HE 30 min
&, 210000 xg 2.0 10 min 2545 FiEW ., & I
5 WRAE 294 F1 420 nm A0 A5 EES, DU KAE Y
KWK 370 nm, LHFIK 440 nm T AYSEEHR D,

ERAEMNZ K2 g ML RS 40 mL
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10 min 285 LW AR R & U0 B HRAE, ¥
DNS I 5 LW LR G, 100 °C F Ik s
min J5HGEA I, PE 540 nm AEWOGIE . AR 0.
02. 04, 0.6. 0.8. 1.0 mg/mL %% Bk i 25 H b5
ML, THE AR R i
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WS FREC L g SENLAKER, HCETR
2, A S mL ZEI8K, IREHSEET 100 °C
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1.4 BIESH

i H Excel 2022 #k {F #4754 e i, R H
SPSS 17.0 ¥ #1 Duncan [G 5 5 X B8 347 i 2
P43 (P<0.05), %M Origin 2022 #4414 .
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2.1 RELBERAIRE

BHHFIEHGE , 294 F1 420 nm &b W% 56 R (8 AT
VA& BH SR8 sz 107w ] 74 e €0y 5 A A8 AR,
HA DR &Y & B R R W L h 5 I N
FURY BERO AR T R, W T s A RN £
D A R S AL PR A 58 B AN B (52 ) (18] 1)
PEBET- R A IE: , R AP (without micro-
wave treatment, WMT) 21 &£ 5 19 294 nm Wt E {E
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MT) HFE i Y 294 nm W YEETE 105 d k35 KAE,
PE— 2 TR R IR R A (K 1-a), FEIAYAR
fbaF IR 420 nm WOGME (& 1-b), FRPILE
R Al R 1] A0, 2 5 v ftd AL PR) 55 7 458 2 1o A 3 7=
A g FEAE R B ECR (0~105 d), MT 41
FE Y28 SR O BE (. (294 1 420 nm) F17¢ 58 BE
EXIWE = T WMT dLRE 5 IO EE(E (K] 1-¢).
22 REHESE

1 SR T B Ak BN S]] X UL PR 3
RO S AR, Z85d 30 d YT, WMT 4 Ay
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(P<0.05), AHE— 2P JE A ] o (] 38 S 2 i 20
ARAERZFDN, H—J7iH, MT 45N &
HIE T e 5] 0 SE K B2 458 T ) R
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e 0d B, WMT A ELA Th A &R & &
He i, X5 B R B AR G I R 5 UL IR 2 R R
W7 25 - — 30 (3R 2). (HUZAH L ER BT HINLIA (47.78
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IR . KGR AR . B T ]y 4
12 R RS 2 R & =L JVTE T 60 d B IR R
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Fig.1 Effect of drying time and microwave treatment on absorbance values at 294 nm (a) and 420 nm (b),

and fluorescence intensity values (c) in abalone muscle

WMT. without microwave treatment, MT. microwave treatment; different letters indicate significant differences, P<0.05, the same below.

F 1 TR AR A TR X &6 AL P
REESE (T MEm
Tab.1 Effect of drying time and microwave treatment on

the sugar content reduction (dry weight) of abalone muscle

mg/g

T A/d B JFRESH sugar content reduction
drying time WMT MT

0 7.24+0.51° 7.24+0.51°

30 5.75+0.48" 7.87+0.62°

60 5.72+0.83° 8.35+1.02°

90 5.27+0.84° 10.12+0.24°

120 5.58+0.31° 14.050.85"

W FS R E/NG - BEROR 2 7 3 (P<0.05).
Notes: different letters in the same column indicate significant
differences (P<0.05).

16%, 1 WMT ZLBIILE 53500 F T 14% 1 12%.
2.4 SDS-PAGE

FIH SDS-PAGE X il izt 2 H iy L JIL PR 2 1
oA AT 0T (K 2). BLINFE 100, 42, 38
1 30 ku A0 WEE B RILEREE 1 (PM) . WLBh R
H (actin), JELER 8 H (TM) F1 JLBK & H 5 5%
(MLC) 58 1457 (18] 2-a). #IULPIAE 50 °C FIAH
YR 65% T 20t 30 d THlJ5, PM. actin, T™M
I MLC 25 AT W EE IS, FLVR 48 AN 43 B e T
W R A AR . 4SRRI, A
R AL B, UL PR 2 1 B AE T L R iy
ST REW . SR, VAR A7 55 I T
SR 5 0 A B 1 A% AE T 90 d i H B ES
AR N Bl T R IR R 5 ki il
1%, DA S S00 408 R 53 B85 s TS0 40 Ul 559 o
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TR AR R A ] DL T 2
SEAL RO AR DT, A PAS Y825 5K HIL A
FET R B TR R (8] 2-b). BB 1 45t
FE T 0 d B3 7E e 246 Ji T3S HE B, A Bt 11
(] ) S BTN . o5 — 7 T, AET 30 d B
MT 4IEILABEER (1 2% B @ b WMT 4R, 4RI,
B 2 T B ) A RS2 A, MT 2B 5l ol 2
Sty WA KA AR AR (1A 2-b).

2.5 FT-IR

BELAIL PR 32 BRSO R BER A (3 430~3 365
em™), FEME B (2 926 ecm™) K EEfE T (1 653 cm™).,
Pk e T (1 550 em™") FEERZ (1 236 ecm™) (& 3),
e 0 d i, WMT 2L 8L 5 BE i A 7 ik 54
J33430cm™, = TEREIEALA A EERE A PR,
it 25 T i s A B SR, WMT ZH 6 L PR v ke A
W ECR T N, Mk B IR A0 5 R
K (# 3-a), FE THIRRIIER, AL Y
PR 1T . WERe 1A Mg si B, i EHLAE 1407 5
1 046 cm " BFIz A M 25 1 0% W e 0t i EE 4 i
PRIESE R Fa S (18] 3-a)., MT ZH LA 76 176 3
o Bl WMT 2 28 b 34 (1] 3-b), ZEAH ]
TR P, AN MT ZHRE A R BERE A 77 B
WMT 2 A%t /b, T ELE e T s R e 11 5 e e
WS 3 L WMIT ZHRE 0

26 HFE

ERE R T HIALAFE R R 10 LR
SR NAE (K 4). BRSO EALAA 5 Fl s i by {E
B RIEY R, MR WIWE ALY . W2W(E5F
BT AOLEALY). WSS(EEALGY). W2S
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2 FHIRTEIANGECR IR T e P S B A R R (FE)
Tab.2 Effect of drying time and microwave treatment on the amino acid composition of abalone muscle (dry weight) g/100 g
) WMT MT
amino acids 0d 30d 60 d 90d 120d 30d 60d 90d 120d
SR R 26.77£0.42  32.39+0.30  33.41%0.26  31.59£0.29  29.93x0.12  32.73x0.32  31.34x0.16 29.60+0.21 28.01%0.17
hydrophilic
AR Lys 1.53£0.38°  2.27+0.01°  2.18£0.04 2.08+0.05°  1.95+0.14"  2.24+0.17°  1.99£0.15" 1.72+0.16" 1.66+0.01°
AR Arg 5.08+0.44°  6.15+£0.03"  6.00£0.21"  5.70£0.15°  5.44+0.02°  5.97£0.17°  5.63£0.07° 5.32+0.06°  5.02+0.06°
HE M His 1.41£0.02°  1.520.11°  1.69£0.04°  1.67+0.02"  1.54£0.01"  1.57+0.04"  1.66£0.00" 1.54+0.10° 1.37+0.03"
REZM  Asp 2.70+0.15°  3.39+£0.03"  3.47+0.23"  3.19+0.06"  2.99+0.05°  3.19+0.02°  3.45+0.18" 3.06+0.15°  2.87+0.07
HE®  Glu 8.01£0.24° 10.60+0.85® 11.04+0.40" 10.13£0.69°  9.33+0.29° 10.84+0.43"  9.95+0.38"  9.69+0.16™ 9.59+0.17°
JrE [ Thr 1.37+0.00°  1.69£0.10°  1.79£0.03*  1.69+0.07°  1.62+0.08"  1.69+0.04"  1.65£0.01" 1.56£0.03"  1.37+0.06°
27K Ser 2.88+0.22°  3.41£0.02°  3.62+£0.03"  3.4240.08"  3.22£0.15°  3.45£0.20°  3.46+0.06" 3.27+0.10° 3.110.15°
MR  Cys 0.89+0.04"  0.80+£0.02  0.77£0.03°  0.75£0.03"  0.71£0.10°  0.81£0.24°  0.77+0.01"  0.72£0.13*  0.66+0.08"
AR Tyr 1.22+0.01¢  1.39+0.06° 1.43+0.09°  1.57+0.05°  1.76£0.13"  1.50+£0.08"  1.39+0.14® 1.26+0.08" 1.04+0.02°
BRIWEK  Hyp 1.68+0.22°  1.47+0.01°  1.42+0.04%  1.40+0.03% 1.37+0.13°  1.48+0.14°  1.48+0.16" 1.46+0.30°  1.30+0.13"
B K E R 12.92£0.12  15.66£0.03  16.17£0.16  14.65£0.15  14.132£0.09  15.40+0.10  15.23£0.02 14.17+0.14 13.530.07
hydrophobic
H&®R Gly 2.61£0.20°  2.95£0.03"  3.09£0.03"  2.96+0.03'  2.88£0.09"  2.85+0.00°  2.68+0.01° 2.62+0.14"  2.58+0.09"
HWEMBR Ala 3.2240.02°  4.02+0.04"  4.06x0.10"  3.66£0.00°  3.39+0.07™  3.84£0.02"  3.75+0.12" 3.61x0.02°  3.40+0.08°
AR Val 0.74+0.07"  0.77£0.08"  0.81£0.08"  0.79+0.05*  0.74£0.02*  0.97+0.02°  0.88+0.10® 0.77£0.04°  0.71+0.04°
HEAMR  Leu 2.58+0.11°  3.28+£0.01°  3.36£0.05"  3.01£0.14"  2.92+0.01"  3.60£0.16°  3.24+0.10° 3.10£0.05° 2.87+0.01°
REAR e 0.87+0.05"  1.03£0.08"  1.10£0.05*  0.90£0.11®  0.95£0.11"  1.55£0.70°  1.06+0.03"  0.91£0.06"  0.84+0.06°
KHNER Phe 1.46+0.23°  1.79£0.27°  1.86£0.30°  1.82+0.07°  1.79£0.25"  1.15+1.24°  1.91£0.18" 1.57+0.13" 1.53+0.28"
FHM Met 0.47+0.02°  0.72£0.02*  0.70£0.08"  0.61£0.10°  0.63£0.05*  0.50£0.05"  0.68+0.05" 0.61£0.03*  0.69+0.08"
R Pro 0.98+0.01"  1.12£0.10  1.19£0.12*  0.90£0.14"  0.82£0.08"  0.93x0.11°  1.02+0.17° 0.98+0.23"  0.90+0.01°
MEIR TAA  39.69£0.16  48.35+0.17  49.58+0.22  46.25+0.25 44.06x0.11  48.13£024  46.66£0.18 43.76£0.23 41.54+0.18
e AT AR NG 7 BER IR 2 5 T (P<0.05).
Notes: different letters in the same column indicate significant differences (P<0.05).
WMT MT WMT MT
I 1 I 1 I 1 I 1
11 ku = ¥ I'H‘ﬂ
200 —»
120 —>
100 —» PM
8 —»
70 —>
60 —»
50 — .
actin
40 —» ™
30 — MLC

M 0 30 60 90120 30 60 90 120 0 30 60 90 120 30 60 90 120
-l B 15 /d il Bf 15 /d
drying time drying time
(a) (b)
2 &f)FI SDS-PAGE [Eif

(a) HWsTIE g, (b) PAS Jeta; MARHES (1 PM.EIUIERE S TMEILERE : MLCJLERE (5%
Fig.2 SDS-PAGE of abalone muscle
(a) stained with Coomassie Brilliant Blue, (b) stained with PAS; M. standard protein; PM. paramyosin; TM. tropomyosin; MLC. myosin light chain.
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Fig. 3 Effect of drying time and microwave treatment on FT-IR spectra of dried abalone muscles
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Fig. 4 Electronic nose radar graphs (a and b) and PCA graphs (c and d) of abalone muscle

(a) (¢) WMT, (b) (d) MT; W1C. aromatic, benzene compounds; W5S. broadrange; W3C. aromatic, ammoniac compounds; W6S. hydrogen; W5C. arom-
aliph; W1S. broad-methane; W1W. sulphur-organic; W2S. broad-alcohol; W2W. sulph-chlor; W3S. methane-aliph.
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R3 THIBE MR AR AE L LA ROAV BRI

Tab.3 Effect of drying time and microwave treatment on ROAYV of volatile compounds in abalone muscle

i W/ (ng/ke) WMT MT

compound threshold value g4 304  60d  90d 1204 30d 60d 90d 120d
Cl¥  hexanal 45 3.60 235 218  1.68 2.47 234 182 167 290
BERE  heptanal 3 342 298 270 157 3.55 240 214  1.84 3.5
ZHEE  benzaldehyde 350 <0.10  <0.10 <0.10 <0.10 <0.10  <0.10 <0.10 <0.10  0.10
M benzeneacetaldehyde 4 096 278 329 335 3.03 229 219 234 276
(E)-2-F %% (E)-2-octenal 3 1.79 1.45 1.95 1.64 2.46 140 117 1.21 1.92
T# nonanal 1 20.64 2176 2086 20.123  33.92 2490 23.15 21.77 3227
(E)-2-LJ#E%  (E)-2-nonenal 0.08 68.92 5630 59.72 3838 7932 4890 3444 3503 56.70
Z4Es  decanal 2 567 620 706 719 8.04 588 549 659  8.60
+—M undecanal 5 426 360 375  3.65 4.02 3.09 321 334 398
(E,E)-2,4-% — &M (E,E)-2,4-decadienal 0.07 9534 89.99 8127 60.87  100.00  70.53 62.08 6401 68.62
1-3E)#5-3-/%  1-octen-3-ol 1 1082 976 880  7.53 14.44 949 811 748 1231
2-Z3ECEF  1-hexanol, 2-ethyl- 270 000 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
B benzyl alcohol 620 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
(2)-2-3¢)5-1-B%  (E)-2-octen-1-o0l 40 0.13 020 024 022 0.28 0.19 016 021 029
J5MERE  3,7-dimethyl-1,6-octadien-3-ol 6 2987 5000 57.19 64.74 3446 5636 6333 7154 3652
L geraniol 35 000 <0.10 <0.10 <0.10 <0.10 <0.10  <0.10 <0.10 <0.10 <0.10
FrEM  limonene 10 452 372 345 258 453 387 370 356 432
+=%¢ dodecane 2040 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
2% naphthalene 60 <0.10 0.2 012  0.11 0.24 011 011 010 022
+75%¢  hexadecane 10 000 <0.10 <0.10 <0.10 <0.10 <0.10  <0.10 <0.10 <0.10 <0.10
2-Z.5EMRIR  2-ethyl-furan 23 261 — — — — — — — —
2-TERFEWRIE  2-pentyl-furan 6 1552 844 885 872 9.83 8.15 861 872 10.17
2-Fifiil  2-heptanone 140 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
3,5-% Jfi-2-B  3,5-octadien-2-one 150 — <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
2 acetic acid 22 000 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
+VUR  tetradecanoic acid 10 000 <0.10  <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
THIFE =R dimethyl trisulfide 73 091 114 168 1.82 223 131 125 155 256
e RN RMEN A AR .
Notes: “— indicates that the volatile compounds are not detected.
Wi g 5 B 1A R i 28 A & K G B IR AT Y EERVE T, AR SERLAE SN 7 ) i A2 B o
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R RAE A il ask A rh R UL PR rh AT fE 23 7 AR RS R
Strecker HAARFINEEE 1 RV S5 L RFE N ) o
Bl 3 I ZE AR R WY, fCs Ak 38 AT LA 5i 6t AL PR 4%
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Effect of microwave-assisted drying on the quality of abalone muscle cured with
Agaricus bisporus extract

LIAO Yugin', SHILinfan', REN Zhongyang', WENG Wuyin', HUANG Wenmei ’

(1. College of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, China;
2. Xiamen Daozhiyuan Biological Technology Co., Ltd., Xiamen 361024, China)

Abstract: In order to explore the effect of microwave-assisted drying on the quality of abalone muscle, the effect
of microwave treatment on the physicochemical properties and volatile flavor of abalone muscle marinated by 30%
NaCl and 5% Agaricus bisporus extract solution during the drying process were studied. The physicochemical
properties including browning intensity, fluorescence intensity, sugar reduction, amino acid composition, and gly-
coproteins were determined. The result shows that the fluorescence and browning intensity values of abalone
muscle gradually increased with increasing drying time irrespective of undergoing microwave treatment (MT) and
without it (WMT), and reached the maximum at 105 dafter being dried. The sugar content reduction in the WMT
abalone muscle decreased from 7.24 mg/g to 5.58 mg/g after drying for 120 d, while that in the MT sample
increased from 7.24 to 14.05 mg/g. The total amino acid content in the WMT and MT abalone muscle increased
from 39.69 g/100 g to 44.06 and 41.54 g/100 g, respectively. The formed macromolecular compounds and gly-
coproteins were observed in the electrophoretic profile of abalone muscle after drying for 30 d. Compared to the
WMT abalone muscle, not only did the wave number of amide A band in the FT-IR spectra of MT abalone muscle
decrease more significantly, but also the absorption peak intensities of amide I and II bands were stronger. Irre-
spective of MT or WMT, the sensor response values of W2W (aromatic components, organic sulphides) and W2S
(aldehydes, alcohols and ketones) in the electronic noses of abalone muscles dried for 90 d were higher than those
of the untreated samples. Based on the results determined by gas chromatography mass spectrometry, it was found
that the content of nonanal and 1-octen-3-o0l in abalone muscle decreased significantly after being dried for 90 d,
while the content of linalool increased significantly. At the same drying time, the linalool content in the MT aba-
lone muscle was higher than that of WMT abalone muscle. The results of this study suggested that microwave
treatment can promote the Maillard reaction of abalone muscle during the drying process, thereby generating a
good volatile odor. This result can provide a theoretical reference for improving the preparation process of dried

abalone using microwave assistance.
Key words: abalone; Agaricus bisporus extract; microwave treatment; drying time; muscle; volatile flavor
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