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WE5E. B, SR ARSED K, AR X B
(Hypophthalmichthys molitrix) 0.8 I BN 3 i) 52
Mep A, I R By, JBE R M AR RO T R R
WRPEAR R, ZRE I8, SR BERE L R AR
RN 118 °Co FIFANLAF LB, 1E 110~129 °C
TREETS N, BEE A IR EE B Fh ey, 3R a5 S b
(Ictalurus punctatus) ¥CRESS 77 G Y BT | (838 5 )k
ER X E 275 N ENE 1D O R (<N (R e e
HAE L T8 R B O R Y, DL R Ao D
FE AR SR AR E M TE A ST A
AR E % 0 i 3R BUS R s A Y, ORI
XoF A0 SR R it JO 5 T ) AFE 5 AT A A

PRI, Ay e e £ e 6 v YR AS T O A A
()R, AW S8 N UL Eh IR BEALL £
(Sciaenops ocellatus) W]t JEAE R XF 4, 434 T
7 il it BT 52 AN W) A TR R EE B 52 0, DA AE B £
B A I O 98/ e Tl F0 S 7 i AR, R A
I BEAR TS M B 54k, R RS o Y
KBS T RS . P

1 MRS TE

1.1 #RI5R5

MR EXEAUL A o £ R R UGB (B0 ) A=k
FABRA R SEAL; FR I R & ALt R 5k
FAEVPHLARA R A, FHIR
afi, WT EE BRI A R A,

1.2 UE5%%

W) 43 BT AL (TA.XTPlus) (35 [ SMS 2 /] );
R AT (TS20) (RINT = BETRHE A FRA F);
LHh-0] WA EEAY (UV-1000) (| R ERFFIL
PAE AT H2sE L HL (DZ-280/2SE) (A ZETH
SR F AR T A PR A R R e LR T s
X (CH-150) [ SAR I F AR (L) AFRAR 15 51
KRR (V9L AR R TR

Al); R KTRA (L — TR AR AT PR A
Fl); FAAE R SRR (LT R SR A R A

Al); HHEMLTAMERE (1S10) (32 Nicolet 23 #);
R34 8 3R AR X (MesoMR23-060V-T) (541 41
T 53 BT A T 0 A B A Wl )5 22 7 45 4l #AR
(DSC3) Gii EHp R 4L R 2 A ).

1.3 SKEAE

o T AL 22 W21 g, B% T aig
K, BT 4°C TPk 4h, WEREREHT,
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Wt R WK Sy, FREEGNER, AR
SALREA%, HE 1 6 (BUEARBUE0 W Eel i A 4l
HoKIG B % e, BT RAWERPRE, RERH
2% 70 °C, WU ERIKEHEZR,

FHE AL F  HHICREE G
AT I A R O R R A N IR, 110,
115, 121 F1 125 °C N Ea R 445 530 % B by B[]
F& 1 min, 1 min. 0.5 min fl 10 s 2% —&, £
FE S O R DL RO SE R P AR i £, TR
HE R P 5 H O R R B R DY R TR (F (ED) o

FAaE®

F:/t 10(T712141)/Zdt
0
A, RARTEI] (s), T ok 0L i R4 it ) r s

TREE (°C), — LA 90 °C VE M sk, Z ik
TR BE BB, — B HR 10 °Cl,

ALLBAHE  S% GB4789.26—2013,
TR A 84 ) % S $( 2 % Riebroy !

M. ARG BN, BT 2 cmx
2 em (IEAR, SR JH TA.XTPlus ¥4 T ALHE4T 43
Mr, %k PN, AR 2 ik, WiRSE. Ik
AR 1 mm/s, MHEAFER 2 mm, 0 5% H A% B M2
PE. Bk A/CKB, BAIMNEK 2 %k, IS0 E
M ATHCR A 2 mm/s, MHEE R 1 mm/s, )5 E
Ry 2 mm/s, JEAEFERE 10%, [EFERE] 5s, {05
HE . ARESIE 6 AT, BOFMAE.
EFHME R LAB FORSEM YT
RS NT, URRZEME, L=0F/REBAE, L'=
100 £oRnHM . d RORLLLE, o >0 FLRLAJE,
A EREE . b RANEIEE, b >0 FREE,
AHBZ I R 5 K K B I A A B A B A8 TR B
Wt R MKy, e L o b1,
RIREA T RLE 3 He, M 6 IRBCT-341E .
IRBREGOEEHONE  BHH gD
BRI TR, Aol 0.4 g L 2 0.2 mL
FI A N VA T-1E 110 °C T4k 4 h, #RIER2
ity R R0 B 00 (P 0 B A T ARG, 75 1 i A

i DL AL A% PN T I PR R B i, TR LU
111 M REY, MERIEE A S5,
1§ 2 vt 219} 63 (FTIR) 247 5% Pal

S IR IR M Bk, KK R AT,
SR 1S10 RUAH B AR B 2T AN EREASC /2 , HHk
BG4 000~500 cm ™', rHER K 4em, A
fF98m32k, UESAEH.
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1&IHA%AE (LF-NMR) 69052 S5k
(7L T VRS, SR CPMG J 371 0 2 A 1 5t
BB Ty WE MRS SE: SREEIE 200
kHz, JFI4%AENE (RFD) 0.3 ms, 90°fk it 7]
(P1) 8 us, 180°fk #hfst[a] (P2) 15.04 us, % [a]f&
A [H] (TW) 2 000 ms, [A13%1~%C (NECH) 5 000, £
THRAEUCBL (NS) 16, i 25 (RG1) 20 dB, %k
FHi%5 (DRG 1) 2 dB, fz il i Niumaglnvert %X
PEROERAT T, B, THRRAS 45 ot R 0 1 ot 7
() DA B e i AR, G v st 94 ) 5 80 100, 3%
BN 10° %, sthFR R 0.01~1 000.00 ms.

HAESAT RS SPSS 20.0 Bk kAT E
WEMEZERHT, R Origin 8.6 14T B %
22l

2 4R
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—E, REMSBCRTHE B B E W IR IR E
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AR K AT S BAE 85% FeAy, HIKAMGE
K, [ pH AL P, TR IR Hit,
IR B M IR 25 AT T8 (Clostridium botulinum) N 4.
PR RN G o PR BT TR 26 T A A
B, Dy oc=0.21 min, HU F=12D=0.21 minx12=
2.52 min' (D {1245 121.1°C T K 90% =9y fr
I, AR ZEMAT R Y D {E24 0.21 min,
12D Bl 2% K 99.9999999999% (4 8 2 #1). M T 4%
WE2E 4y, PRSEA: = AR AR F=3 min AYJEAE -,
HR A S 1 038 S 3 0 R PR . 5 L AL
Bz A 5] AF I B, ASWF S8 AE R Al b3 T
50% MR, ISR A 4.5 ming, A 1
Hiy FAEMZe BRI . B RRR FOE, TR
e W H 7E 110~125 °C A 18 i B F 34 8 F=4.5 min
Jifr e B PR L A BB ) 43 00l 56.44. 15.85. 3.46
F10.92 min, ZERML IO IE SEHIER] 2R TE 5 A
AN TR R S RE ORI R ) e A (R 1)

22 REIREN &R

TEAAIRI A SR BET , AR A R 3 A 0T D7) ) B
AR R BT R BT (P<0.05) (% 2), M

—=— KRHIRIZ  the temperature of the autoclave
—o— FEMMIEJE  the temperature of the sample
F
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Fig.1 Heat transfer curve and F-value of sterilization intensity at different sterilization temperature

(a) 110 °C, (b) 115 °C, (¢) 121 °C, (d) 125 °C.
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F1 AREIFRELREMENRERE
Tab.1 Time required for sterilization at different sterilization temperature
NERIANS =3 o NENIAS i H IEDIENIAN =3 : NEYE B 3
B BePhaente  Geruente  Gefhente g 4R
eating phase cooling phase thermostatic phase time
110 0.08 0.04 438 56.44 3
115 0.56 0.05 3.89 15.85 3
121 0.64 0.40 3.46 3.46 3
125 1.25 0.50 2.25 0.92 =5

110°C {1 14.34 g F120.95 g-s FFH8] 125°C #37.02 g
13424 g's, 43l LFHT 158.2% Fl 63.4%, TMifa
W EI PR 110 °C f9-5.51 g & FREEIR) 115 °C
f1-3.59 g J5 (P<0.05), BEARRFEIEER LI AFHA
Ak (P>0.05),

R2 TRFRERETERMRY
Tab. 2 Effect of different sterilization temperature on

texture of isinglass

AR/ PC
sterilization 110 115 121 125
temperature

/g hardness 14.34+1.10° 22.16+1.97° 30.08+1.50° 37.02+1.85°

Fitk/g  viscosity —5.512+0.28" —3.59+0.18" —3.33+0.17* —2.82+0.14"

511 71/(g-s) 20.95+1.25" 29.99+1.50" 32.10+1.31" 34.24+1.21°

shear force

e AR EHRRAAAE B3 7 5 (P<0.05), .
Notes: Different superscripts mean significant difference (P<0.05), the
same below.

23 RERENBRREESSENFNE

BEE AR BT, 5 110 °C AR E R
JEAR L, Jo =3 R b R R R i
W (P<0.05) (1 2), M 110 °C 1 0.08 g/g T+ &
125°C 19 0.15 g/g, MBS IRER H & ARk i
PAHI, BEAE AR EE AT, R i B
& 2 (P<0.05), M 110 °C f4 3.33 mg/mL
TR 0.15 mg/mL,

24 FEIREXGREFNI

FEAR R A PSRBT, Bl R R T
4 2H A1 B ) LE B T REAR (B 3), Hirb 110 °C I}
L& K, K 5978, 125 °C /N, Hy 49.28,
IEAE 110 °C ARG 0 b (EEKR, HAlh =Fp R H
N R Z [ b H A 3% 25 (P>0.05),
MR A B E R, JH—EHEAE KR
4k (P>0.05), PREFRE
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1 FERIRJEEASE  collagen content in isinglass
- AP EJEEASE  collagen content in solution
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R A S R (/)
collagen content in isinglass

TR B S &/ (mg/mL)

(e

1 2 3 4
ENGEGEEEE

different treatments

B2 AEFHEBEETEREARTREEESE
1.110°C, 2.115°C, 3.121°C, 4.125°C, NEFRHREHFLEE
E X5 (P<0.05), P 3[H.

Fig. 2 Collagen content in isinglass ana solution at

different steriligation temperature

1.110 °C, 2. 115 °C, 3. 121 °C, 4. 125 °C, different letters indicate signi-
ficant difference (P<0.05), the same as Fig.3.

2.5 FRERE X ERK T2 H IR

st P[] 55 ST 19 E RS R 32 () 4l g
FHOG, RENE ELHE S WLRE S P93 BT IR S K
SFFIT G, AN RIS GRS 17K 43 ] i i i
i LE-NMR A8 [] 3t 7 [E13 (75) 19 3 4ot 7 Bsf 1) R
AT U TR/ IN i DA s et

WG T, st i iE], o] LR K 4k 3 ks
AL G K (1~10 ms) . A5 sh7K (10~100 ms)
FTA H7K (>100 ms)®, AN [R] % B T B2 A B ) £
JEREH L T 3 AR (18] 4), 3R 3 R TR
() A it 110 st 5 B [0) R st P4 e e T AR, % LA [+
AW, S LE, BEERERENRE,
G K . AN B s K 0 AL S LT (P<
0.05), M /Kb i BLUE ¥ FFE (P<0.05), 4
HK . AG TSR R AR N, A K
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—B—SEE(H (L) lightness value
—@— 444 (a") redness/greenness value
70 —A— 35 E (b")  yellowness/bluenness value
¢ c
60 — b
a
g 50
3 B . = 1000}
£2 T 2% sl
It L =2 600k
Rel % 20 t\;\;\; B2 400
i 200
- 10 4\]1.2 ED 0
— @ 2 10 1 2 3104
p a a a 10210 10° 10" 10> 10° 10
0 & —e o o AT [/
relaxation time

ENEE L

different treatments
3 FERERE T &R EFHNFI
AN TR - B s AR [F] €0 B 20 P9 A7 7E 2. 35 72 5 (P<0.05).
Fig.3 Effect of different sterilization temperature on
color of isinglass

Different letters indicate significant difference between the same color
groups (P<0.05).

) 5l 7 B ] I8 25 BTG (P<0.05)
2.6 FAEIREXNEBRRGEHNRI

AR T AR BN, A
[ 2L S ELA AR P AR IR AL, 4330l R kR AL B
| | 51 1| W (E O N 1 | R T 2 B e et
WA —E 2R (B 5). kb, VIALIMERERREA
I B IR AR FILLAMS GRS A RE e W e, RPBERG T .
IT AT W s, EL 125 °C 8ok T HAb R H iR
£ (3 4).

3 i

A% TR e RO £ J B o T e e ) IR
AR R TR R S B R, U R,

=3 FEFER

4 FEFRERETERMN T, ®i5EE
Fig. 4 Effect of different sterilization temperature on

T, relaxation pattern of isinglass

A5 FURCR B, REEE . RERMBT Y ) B T
FE R T, R S WK R I R AR 2
— B MR R RS R A —, FER R
FHEEAEH, MRS Y] A0 22 T RS
R SRR R R R A G JLFI R I fa iy £
I S AR 70%, b R R E A& R
60% LA 5, B B H AR R PE A 0 5 A
BRI Z — o BRI AR FERIZL S 3 A B & T
AVETRE) B, RS R AW, —IRIRBELE I Z
B, B ERRAE AT Y, H O AR S ) R R AR
S PR BE R 30~45 °C, % T 4% B 20
Pt , R R R, BRI 3Z @ isgm, oK
AR 3 R BOLR FERRAL, ZEnT st =
() [V S AN TR i B P S I E T o, R TR AR 2608
AR LT

B, 7EBARIEE (110 °C) R E IS, KikF
HAR A BER E,  h f J A) J5e Ji 2 1 A s [ A7
o IS, A DT I i 2 7 A AT e D R B e
R, SRR IR R R A AR,

ETaRHKks 2%

Tab.3 Effect of different sterilization temperature on water distribution of isinglass

REIRE/C

sterilization temperature Ty/ms Tpfms Tyy/ms A2 Az A
110 1.45+0.06 20.61+1.32 267.34+£30.39 140.63+6.53 236.96+9.67 6979.61+467.84
115 1.63+0.11 18.74+1.15 231.01+£6.64 179.44+1.73 230.38+9.25 6845.26+135.95
121 1.56+0.06 17.04+0.87 236.67+£23.23 214.56+19.51 272.93+15.23 6687.31+135.23
125 1.48+0.18 21.274+4.56 236.67£16.42 231.14£13.20 287.18+18.95 6209.52+125.52

W Ton Topn T AREREE GRS AGWRBIKA B B/KFBIRET], Ay\ Ay AP WHRELEEK A G RE/KA B Bk st R mA .
Notes: T,;, T, and T»; represents the relaxation time of bound water, immobilized water and free water, respectively. 4, 45, and 4,3 represents the area
of relaxation peak of bound water, immobilized water and free water, respectively.
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Fig. 5 Effect of different sterilization temperature on

L%
transmittance

FTIR spectrum of isinglass

WP S SRR e RO, AR BN (A e R B
Y1 DL SRR . AR il B (125 °C) &
B, sz A R g, D TR A
(R ff ST, AR FE RN BT U] Sy AR B, B
PRV o 0 B S B 1 S R 1 AR Ak i R
o, U5 BH 5 TR 1) 45 Ak 5 T D P AR AT S B
R AF G o

LB AT B idd BH £ 158 PR IO 194 D16 736 B 7 7% TR Ui
BE LI R oA TR, R AR o x4
AIREE PR E TR ER R, faREA
AL LER RN, ALV, HEUR B K
Sy, SBOSERERN, Mg LE LT,
g AR e A AR I, AR R R IR R TR S AT g
SRAEN, SEOREE, bE LT W
() @ (EAN3Z A8 TR T BE R s

MK R EFR, AR RS 0 R AR
5 3 FCRES RSy, HPAAHKE, 110°C
RO NE N B S I 151N s A= A T
110 °C AW fE X5 H K RS i s/ . BEE A TE
BT, 254G 7K 5 5 Tk sl K i T RS K,

H F K W R /N, X AT RE S F TR 2 AN B[R]
WD, BRAR T IR A0 L USSR BB IR
(] ) (B B AR 42708, Wb T 255 K 5 AR5 i shk
MRS 7 H KA, Ko a R
FEhE A X5 N-H M4 iR sh 56, 24 N-H
S5 AR RS, AR BAE 3300 cm!
AEPT BERE B X (3 000 cm ) A1 CH, 18 A X # i
PEYR B LY, CH, & =945 H R E R 1A, Tt
Jie T o TN 55 18 8 1 A — MR e 205 4 S 2 A G
T2 S W 1 IO R R R ) O
I X 5 ik Bk EE (C=0) IR sh ARG, 20t
FEAR REWNEEXH, BEEITXYS CN
AR A X N-H i Zi e sh A6, B M X 25
A R IR B IR BE A A Y LA L DX S (L 1Y)
A, IEBIANFR R BT e 3 &5, H
IR R AR T — i 1 = a5 5 = e g fy Y
125 CARWEBEE T . T, MEEsEK, Ui
HHHEE AR ESH RITREE /)N, G5H et ™ s

4 gEip

ABIF S 1 E R M, B T 110,
115, 121 F1 125 °C R T AR % 2R W F A
(F=4.5 min) 735 T 5 09 A AR IR, JFaE— 2
WFSE T A [ 3% T 053 %o BRIV e B B S i o AOF
FERIAE 110~125 °C, HiHR 125 °C 1Y i S FEAR
O, R RS T S BT M R T I
SIS R A AR ME ARG, A dKE
BIAHRT AR . LA AP IR T, Mg REEE . 5
Y 3 R0 I 2 11 5 o B O B T BT R R
TR I, FEMIFERESRE T, &t i Fad AR
BRI I BP0 A Tl R, o) DA 3 ok 3 224 T 8 2% T
J3E SR R AR IS BT 7= b A B IR o I 2518 TR
R o i i n TR 55%

(3 7 B A SUTC 52 B s A2 B Al 25 8 )

®4 TREIFEBETEEK FTIR 547
Tab.4  FTIR analysis of isinglass cm’”

AR PC Bt fie A Mt NEB Mk 1 Mefiz 11 Bt fie 111
sterilization temperature amide A amide B amide | amide [ amide [11
110 3287.29 2928.07 1632.84 1530.26 1233.96

115 3290.95 2923.92 1 630.04 1534.48 1235.71

121 3279.79 2924.50 1633.29 1533.02 1234.55

125 3297.99 2925.07 163537 1538.40 1236.69
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Sterilization technology of ready-to-eat isinglass

YUAN Yi'?, JIANG Qixing ", GAOPei >, YANG Fang ",
YU Dawei ', XU Yanshun '?, XIA Wenshui "**

(1. School of Food Science and Technology, Jiangnan University, Wuxi 214122, China;
2. Jiangsu Collaborative Innovation Center of Food Safety and Quality Control, Jiangnan University, Wuxi 214122, China)

Abstract: Isinglass is one of the traditional fish products in China, with unique flavor and taste. However, short-
comings such as soft taste and loss of nutrients after sterilization, limit its commercial development. In order to
improve the heat sterilization process and reduce the deterioration of the quality of Sciaenops ocellatus isinglass
after sterilization, the corresponding sterilization process at different sterilization temperature with =4.5 min was
investigated. Through the analysis of physical property, low-field nuclear magnetic and infrared chromatography,
the effects of different sterilization temperature on the texture, color, collagen content, water distribution and pro-
tein structure of isinglass were investigated. The results showed that the isinglass products needed to be sterilized
for 56.44, 15.85, 3.46 and 0.92 min at 110, 115, 121 and 125 °C, respectively, to reach the F=4.5 min, and corres-
ponding products could reach the commercial sterile state. In the range of 110 to 125 °C, the brightness L™ value
and b value decreased gradually from 59.78 to 49.65 and 17.80 to 11.25, while a” value didn’t change notably
(P>0.05), with the increase of the sterilization temperature. In addition, FTIR confirmed the triple helical structure
of the collagens. The significant improvement of hardness and shear force of isinglass and the reduction of viscos-
ity were also observed (P<0.05). After being sterilized at 125 °C, hardness and shear force values were 37.02 g
and 34.2 g's, respectively, the viscosity was —2.82 g. Meanwhile, the collagen content of the sample rose from
7.60% to 14.92% and the collagen concentration in the solution declined from 3.33 mg/mL to 0.15 mg/mL.
After being sterilized at 110 °C, the degree of freedom of water in the isinglass was the highest, the propor-
tion of free water in the isinglass gradually decreased with the increase of the sterilization temperature. There-
fore, under the sterilization condition of higher temperature, the brightness of the isinglass was reduced, but
the quality was improved with better texture and higher content of collagen. This study has important prac-
tical significance for promoting the processing and utilization of isinglass and improving the quality of steril-
ized ready-to-eat aquatic products.
Key words: Sciaenops ocellatus; isinglass; ready to eat; sterilization temperature; collagen; quality
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