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Effects of moisture and tissue changes on tenderness of
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Abstract; In order to explore the causes of fish tenderness changes
during microwave cooking of boiled fish, the physical property a-
nalysis method can be used to characterize the maximum shear
force of fish meat, and it can also be analyzed from the perspec-
tives of water state, protein denaturation and microstructure by

method of measurement like Low field nuclear magnetic
resonance( LF -NMR). The results showed that at the first stage
of microwave heating (150 s) . the connective tissue in fish meat
was rapidly broken, and the sarcoplasmic protein was almost de-

natured completely. Part of the bound water was converted into
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immobilized water, which gave the fish its unique tenderness. At
the second stage of heating period (300 s), fish meat tenderness
reaches its maximum and is similar to that of traditional cooking.
(390 s) may result in

Excessive heating time rupture,

contraction, reconnection., and stiffening of fish meat muscle.
Therefore, the design of one-step microwave method for cooking
fish can shorten the time of microwave treatment, which is con-
ducive to maintaining the combination state of water and the in-
tegrity of tissues, so as to ensure the tenderness of fish.

Keywords: fish; tenderness; immobilized water; protein denatur-

ation; microstructure

K A R P T AR G DLH A A XU A O Y
SNSRI R S 2 — . gk B mfilfE T 2%
BT 000 AL 2 R0 G A AR A ] A I R /r‘ﬁ
FU T A% G P A 5 B4 B e B4 B DR R BT R
Llﬁﬁfﬁ?ﬁfirﬂ’:ﬁfU»*r@ﬁﬁfﬁﬁﬂ:‘(ﬂﬂ*H':PLEU*/J},?
PRI RCR: - AT B4 3t 5 R DR B A 3 1 B AR T, DA
AR A T HEAT Bl S A I A A 2 i R A TR A AL
W T R o BRRE R AT A PR 2 T AR AR R
T 8 A £ PR A B TR I ) B R OB TR O TR D —
Ao ik S A v R PR S RE B Al R X R S RO
I 3 2 EL A R 5

M R ﬁ‘-il"]fhﬁ I8 85 K o R3S
AR BB AT 56 . LRI AL 8L 78 fb 25 3 Wi K 43 B9 A2 T
IRZS o 107 52 W0 ) 11 o ,TT%/ALAJUKH:WJAI%{EF
£ FF v T 10 o {6 P O BCRE A BT R T AR R R b £

51



52

HAl#F 55 FUNDAMENTAL RESEARCH

TR 2E 1 J5T 2 2R 5 A 1 7 1 A i B AR R R R 4 5 BUL
PR3 o A 8 K o0 fili A P SR & AR AR Ak K T R
B . R A W AR B R LA 41U O
IRORE A . HAT A AN [ P 28 f PR i PR B R 80K
AR T R AR AL P S B B A AR B D TR BF O A
L0 RIAT 5 AT AR S A 5T R AT GO R A 0 AR v A Y
JE 078 Ak B s e L R AT 5 oA DL AR GE . IR AR T
B K B AR R 4 BT IR A B ot R e R
BEREAL R BT ARSI O A PR S
ICRE AR A B DG FR 5 I DTV 25 4 1 £ B2 F — 25 48 7R LA
S5 KR 1 A2 b S R BORE 1Y 2 e L SR S B 0D R A A T
v S 00 TR 4 R AR
bR ik
1.1 5N
1L.1.1 ##

T

KRG 45 18 5% B4 e 08 5 R A IRAF

GRS NI A a I EAI - B O BN I e I N - N
LLEVERY R R AR T

SEAMR Y E (FITC)  Je P 4L 43 Hr 4l , [ 25 4 A
2R RO A R AT
1L1.2 EFUHRE

B REIE b 2450 MHz B I X7-321D B, 38 (1 J§f i
H g i A IR A F

Yk 2 B A XT PLUS/50 8, %5 [F SMS A 7 ;

R B A ik AR 53 A7 A PQ 001 24, Fig Al W
FRHEARAF

BB 526 B4 4E : Axio Vert A1 &, E Oberkochen
NGIR

YKVRYI A HL: CM1950 1, f [] Leica 23 ) ;

278 1 il B2 L. DSC3 #, Hi 1 Mettler Toledo

A

1.2 A&
1.21 JEM B EHECK /N 80 mm X 80 mm X

5 mm B8 6 0 SRR 150 g, Y PR 1A I35 M R
(B2 g MEM 1 g BN 5 g . KW 5 g A% 1 g . K
TS 1 h#& M. FRECKEIH 250 g 203 20 g T
FHACHL S g BOH A OB T, 5 MR AT 1 R T M
HRTRG .S 50 g WU R ABEG T EHEA
LR M FEE L E SO0 o e B T 09 AR R AT 0 T
TR 390 s, 2 BIHEHC S, (0 .S, (150 5).S, (300 )
H1 S5 (390 o) RAa I S . I 58 UG » PRk SE B A R A%
F o DMEGEK 2 ke 5 AR o IRAL(CTD , B R AR h .
300 g W 7K AR YOI A G 2F I ] 4 1 B (L 2F 2 min,
N 1.5 min) 455 & AT SR AT HLRE B /) KRR SO . B

B 2228 | 2020 F 4 B | RS

AU 5 T A R A
1.2.2 fRBYIJpe B 10 5 EE 5 mm ff
W R 2 Bk 2= 1E ol IR BB B, B0 % 20 mm X 20 mm X
5 mm, i f§ HDP/BSK JJ #4535k , 1 B T 45 4 )7 m ) %1,
DUHT O A BEEE 2.00 mm/s, Y J5 3 EE 10.00 mm/s., filt &
735.0 g  BIYIERBE 20 mm, PATRI 8 IR . Fe KB H) 75
ot AL ADL S U0 WT Bl VR Sk P AN IR Y RORE L s R BT U0
R U 70 PR S ARG
1.2.3 &3 R 3L R (LF-NMR) 20 Mk 20 4R 3 SCiik
C7IR T i o EAT U . OSSR I A o 25 B 2% T b B
Kk BN B 6 g. BT CPMG ik 7 513
FEAN IR 3 AT B ] A pYRE R I B e B B Sk TR R ]
(Ty), % F¥HFE 3 500 ms, 20K £ 16, [al B [H
0.25 ms., [P RE 4 000, B Fit 814 3% A 2 3 A
T i 53 A7 Kt B AR 40 10 AR, AR 4l 45 B JB) R B9 BT % O
SELAE N K T o Y LA
L2.4  MPAMEERRE ST RIESCRRIS T Jr 1 9 i
TR . B8 HCSE 3 1Y PO R, 25 B 2% T il i B G R . U0
5 mmX 5 mmX 5 mm /NEGEE TREM P, B ER
TR, —20 C T PR GS 6 Ja AT R T s I JE 2 40
(PR WA 543 nm, HUR K 575 nm) M1 0.1% FITC %
W Ok e K 490~495 nm., HUR K 520~530 nm) 43§l
Xof Mg 17 R AR B HE AT U 6 8B SO0 WU T AT WSS
1.2.5 HOFUEERE ST KB FRE 5 mg i A K
F DSC H# vh , JE 3 % 85, LA as HE AR S xt ke, 10 °CHE R
1 min, Bk 10 °C/min JHEZE 90 C.
1.2.6 FdEab sl [F A B AT 3 WG AR DL
fHE=hRuEzE” £ . ffi ] Excel 2016 {40 ¥ 54 9 4
il A%, Origin 9.1 FRFFL2 18], SPSS 19 B4 53 4 b i 22 FlI
AR
2 #ikG5iie
2.1 BHRMANEK

YR T AT SO M 150 s S5 AR B oK BT
KM T R JORE 3 s 5 0 PR R & 80 C B
PR [ T SR AR AR 1k 2 YT AR OC T 5 2 i A R] 2 300 s B
T B B T R B A R 218 100 CL LR
PV AR S M DL R PR 2R 2R 0 i TR A DY T R RE A
T ML Rl g 300~390 s B FER m PR T KR
EEAERETE 100 CHE . RO L2 B R 4f & R4,
PR L 3 3T d R B YD T L O RS . 5 You
LT RIF T 45 A L. CT fY B I 7 T e D vk i /T
B AR5 G 7K B 1R Y 25 2 A e UG B B 55 A 1 A
THUVR A 0 PR SRR T 2 kol 0 2607 5 T i i 925 4 AT AR
P R 38 B £ PR AT Ak B, £ R R K 43 T 5 Ak
T RS 1 L 2K A0 IR 2 U A 4 L K A BERR AT



&M | Vol.36, No.4

35.0

W

'S}

wn
T

S NUIRIV]
Max imum shear force/N
o
3
N

FEFS KEEBRIRTIEIEPENKS R H R EN 0

2.2 BRKSRENENK

Hr B 2 a] Z0, e B (SO R (S, R AR
IR 53 0 5t T4 B) AN BT 48 e, Toy W 2 L 3ROR N 5 T B
IK IS5 4 B8 1 stk . £ D9 BORE B . Li DR gT R B
Fifi 5 1 B2 (0% & S TR ) B S A L PR S B T B K U

L b ¢\7WJETIS¢O
5.0 be
c C
2.5¢F /
0.0 2 22 _
S, S, s, s, CT =
FE i g
Samples =
FHEAR [ KR 22 5 3 (P < 0.05) i £
(a) FRBTY) T fim =
- 5
100
& 0.1 1 10 100 IOQO
3 75 it 74 5 (7]
i E Relaxation time/ms
E g A2 &RieE(T,)#HE
E 50 Figure 2 The relaxation time (T;) spectra of fish meat
) R 1Al AR S GOk S A S R T
: . . . . . . kb SR 2 = oy E 3, )
R TR T AT s TR IR MBS
JInAA I [ SEA AWK A IR R K S G e ) T R
Heating time/s
b) R A5 AR A 5 0 3K ) 8 48 R 5 o 30 K
A1 #gmiidigds m BRW Ao somAnim ey Ay A KR A o R D A A S AR E
T4 JEl s 25 G K RIS By U 2K B i AR R B A BE A T TR
Figure 1 The maximum shear force of fish meat and the 2™, fNHVE I (SO W E R H L S B AR 5 i 3h
temperature curve of oil phase during KW S LA T O T B AR 0 RE I ) 4% 45 KL L
microwave heating PR 41 S0 45 AR TR L MR R BT L CT H B R B i Bk
x1 @A LF-NMR S# %4
Table 1  The change of fish meat LF-NMR parameters (n=3)
e ZaK Ao i sl ok Bk
" Top/ms Agg PZI%/% Ty /ms Az Py /% T2 /ms Ay Ptz'z/%
So 0.46+2.50 52.71£8.29* 4.93+0.79* 83.10%+6.22* 1 017.29+£12.69* 95.0740.83 — — —
S 0.3040.90 23.6441.28" 2.20+0.13> 47.694+1.85> 1 034.12+£6.23* 96.25+1.18 310.7947.62 16.614+1.89 1.5440.34
S 0.264+1.75 40.63410.743.82+1.01> 41.50%+2.36"1 022.79+£28.99* 96.18+1.47 — — —
Ss 0.7440.27 32.9644.45" 3.26+0.42> 38.72+1.50¢ 976.24£10.59> 96.73+1.16 — — —
CT 1.2940.75 22.9444.20" 2.16+0.44> 38.724+2.69¢ 1 040.08£19.80* 97.84+0.44 — — —

bR A R 2 5

A o LA TR N R g L e W £ PR 2 4R K T 5 . B
JEE W
23 BREARTHEEESW

Tl 3 AT BT I A B (S R R R B B |
T2 80 °C .3 Fi LA AR [ & A W i AR M L e TR AR | T
Wi o 01 P 2 258 T 2 5 A R DR IO B T s ARl i A
Ja W (S, Sy o £ PR e 2R R PR B G AR Ak CT /Y

.35 (P<C0.05) s T N g mt[a] , A g1 AL, P Wi AL .

1 PR UL AR 0 A AR B KT A — Bk
B 2 Al B A 11 (SO b iR BT = 80 C,
K E A0 R R AR YRR RE L3 M A AH 435 R R
64.17%,92.86 % .66.67 % . 2 W1 i% [y BE 46 S 20 WL & (A
7;21%%@ YREEINE S, LBk A L8 & AR P R
HE— 25 $ T T WL AR AR L B s s LK R A
méﬁrri R AN Ry 12 ) Bt R - & (e el R

53



54

HAl#F 55 FUNDAMENTAL RESEARCH

M, M, M,
BE* A/\;‘,/—\./ N S
3
T: ‘---’\ ______ /‘ ------ gl
22
é ................................ S,
| S .
.................... e im e T
30 40 50 60 70 80
I

Temperature/C
M A LBRER 11 M LSRR 1 M LB R
B3 &R DSC &

Figure 3 DSC curves of fish meat
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Figure 4 The changes of fish meat microstructure
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