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Fo 8 BRI R [ (200+50) g ], Ve T, T
— 18 CRIRIRAT
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K MR =1:20n/ V) Pl B0 S | I8 B o T
FMK Sy, BB 3FPEE (160 CAGHE . 180 “CH R |
200 “Crayift ) FE i KE— & B[] (60,90, 120,150 s ) il
T B A0Sk | DA A 28 0 K 1) 000 2 42 Sk Syt BR AT
HL PR SO 00 2 5 A s o

3L EERHI S . SR LISk It B,
K FH PC30W 8-y , [ 5 LR D T35 800 W, #é a1
K EE b 12 2.5 JinsK A 40 min 73 8 fa 3k 68 . & i
H1a], [ 5%E R3S 20 min £ 38 1K 100 “CHY K 2 5 b5
IR Sk o il 45 s FHFLAR 0.425 mm i 5843 25 £
kA, T fE AR bRl e
1.4 T L EFNE

T AR IE A €8 AN, a5 B S P 3k DT
H LI AR LA o oME L (DI A E
(W)U AR S EATINAE 6 1K

W=100— /(100 — L") +a”+ 6" (1)

1.5 FAB&LNEFEEQERBRENE

1) WUSEF 42K 38, 218 Chaves-Lopez 25114
FEIEE S, AR 2.0 g RES T RSO T A
20 mL W82 £h 2% wk (0.02 mol/L,pH 6.5) , i i
JF 30 s J5 ¥ % B0 15 min (4 000 r/min) , 25 b 1§
W, A AR 3 G S B MU TE 4R S in A 20 mL
W 1% £5 22 wh i (0.01 mol/L pH 6.5, %% 0.7 mol/L (¥
KID) , & 3 # & 30 s J5 ¥ ¥ & 0> 15 min (10 000
r/min) , 3SR BN USRS 4eE (A, HE L IRERAE 3
W, B I LIEWE .

2) VIR AE . S M NSk U T

A B U RO R — R A8, BB AR BRI 50 20 min

(4 °C, 10 000 r/min) , FEH_F 359, % Lowry 1%

A3 E S AR I WUR LR 4E 8 % . R
FE(P)Fmin=(2):

P:% X 100% (2)

K@), CoN BB RNURES 4 A AT i,
mg/g; Co R IR 2T 4 2 (& i, mg/ g
1.6 FaE&ImRELLZRENE

AR EL b 2152 50 9 (thiobarbituric acid reactive
substances, TBARS){E## 18 GB/T 5009.181—2016
CEah N ZREA N 22 ) v B 366 B R I E
1.7 BARBRETHN

S8 Yin %050k R 84 Lol R B 4L
SE/INAL, DL Sk B 1 (B UMK R IR TN 4R
B, APRERLEATIEE , BUEPEE bR I 1R

®1 BIRPBERETESITE

Tablel Gradingstandardssensory qualities offish head pot

Injiliz/fors PE43FR1E Scoring criteria :iﬁie
LI, W, B (a3 5) 7~9
{47 Color B/, A, 35355 4~6
BOIR BW AR5 1~3
R BT, A RSk 7~9
R Smell gy FBRER WA ELE 46
FEART IR, SRR T 1~3
SER Y BRI , [l DR A 7~9
EVK Taste A7 fuk , W E IR , 1RSI [EI R 1T 4~6

WRSFIR | JRARANIE , 1158 , G [Tk 1~3

1.8 BIRBERERERHSIERNE

0 S BRI E T VA [FIAR 1 .4 Tk 3 A Sk a5
WM™ fa sk G LA S 5K R GB5009.5—2016
CE it i 2 1 B I ) v g L I Ui 2 5 LR
17 2 5 M BB GB 5009.6—2016 £ & v ig s i I =2 )
Hh 2 CC 2 2 0 2 5 B 9 & 12 2 6 Moises %518 5
12 K EAR GB/T 5009.3—2010, #ERfH B 20 mL %1t
TR M, F 105 CH EME T 2= HE &, H
g/100 mL 77t (3% ) Fom B 3 YR & B2 (E
19 BIRARMEARLKEEERSENE

i1 3o 08 TV M AR 11 BOR H Lowry 310 5E
LU A BE TR B A 2 HROSCHR [ 19 ] Jr vk, R AE
B e, K AR R RS 5 A%, L 100 pL # BRI T
R, A 1.5 mL 482K — SRR A 157, Ot
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JNE 2 min, F 340 nm A0 E W AR 5 55 AP 2R
Bt il % 0.02~0.1 mg/mL FRIEE W, 22 i br 1fE
k.
1.10 &L RBHEELENE

22 Wk R 4520 )5 1 R 20 mIL £83% , 4 “CF B0
10 min(10 000 r/min) , B F T W08 , WA U8 WOT
2% 100 mL. & ASTREE # WA Hr4% (f 135 )
XF TG IR SHGATIE . H T S R AERT
] 120 s, £ & 4E R I E) 0 so A FE 5 OF 47 0
E TR
1.1 HiELE

PRI EE 3, I 25 R DL I £ AR

W HF R, R H SPSS 26 BAFHEAT 7 25007, 1
{H7E «=0.05 KFEHEAT B EMEREK:, R Origin 2021
B2 A

2 FERE5SH

METAIE MEEE LN EEF

P ¢ 2 0 1, AR L T X R A, 20 AN [) 2 B 3l A 1)
3k L 0" BETE o BE TR (P<0.05), JhAERS
S I i) T e VL, A B A Sk ) S B R R
R WL (P<<0.05) , 454 K 1 &3, 160 “CRE
2RI, 180 “CHE M 52 42 B, 17 200 “CFF il G TR £5
W, MR E L B R R AR A, RN R TS gk
ST

2.1

R2 AREHEZRGTRAEESINEETN

Table 2 Color changes of pretreated fish heads under different frying conditions

S RE /o [ —
'l‘efllp%r/aire " J:?j:llej : 2 @ 4 W
CK 55.91£0.79 —0.4540.17a 2.1240.76d 55.8520.80e
60 75.6841.30b —1.83+0.34d 6.891.03bc 74.63+1.27b
90 78.1541.33a —1.254+0.20¢ 7.4840.51c 76.864-1.28a
160 120 70.6041.06¢ —0.98+0.38b 11.03£0.53a 68.584-1.08d
150 75.00£1.70b —1.634-0.43d 9.59-£0.97b 73.144-1.48¢
60 75.864-0.83a —1.86+0.16b 8.05%0.61c 74.4840.85a
180 90 74.4140.80b —1.65+0.21b 11.01+£1.01ab 72.0840.91b
120 69.60+1.33c —2.16+£0.34¢ 10.65£0.69b 67.704+1.37¢c
150 68.08+0.58d —1.7640.26b 11.62£0.89a 65.9740.67d
60 73.614+1.34a —2.65+0.28d 10.76£0.84d 71.364+1.37a
200 90 71.7840.64b -1.93+0.17¢ 14.19+0.71c 68.354-0.33b
120 69.56+0.73c —1.16+0.33b 15.98+0.43b 65.594-0.58¢
150 63.884-1.04d —0.3140.20a 18.524-0.68a 59.40+1.09d
VL CK MR KA RAL) , TR, Tk T /NG SR 7 2275 k210 5 68 L (AR O ) AR T A 80 £ S 6 0 47 035

P22 5 (P<<0.05) . Note: CK is the non fried group, the same as below. Different lowercase letters at the same frying temperature indicate sig-

nificant differences in the color of fish heads between the experimental group and the control group (frying for 0's) (P<<0.05).

22 HEFLAETRAEEINERREE

RV A B — P P A S R UL R 6 1 5 17 A M
. B 2 R AR IR KE (160 C) B & 25 1 ¥
S T X BE 20 (P<<0.05) , HLBE %5 i K I i) %
P T TS A P R 8 T A, 3% AN T o e fof £ Sk 2R T AR
AP L AR B )RR A AR B g T v TR
T T KE AR Al 2V R R R = O 81.8906~91.6020
73.35%0~81.82%0 , ¥ 1. im T X IRAL (P<C0.05) . i
Sk AV fi R B TR I A R B ok 180 °C>200 C>
160 °C, Wil #E 180 “Cfll 15 i) 78 b B #81 3K F 1 45 il 2

N
B E] o

2.3 HMEFAETIEESE KK TBARSE
TBARS J& [ W i B Wi AR BE i P8 A 2 —
WLATN S i £ AF TBARS{H, TBARS i #5 ,
FWIRE S G D E AL AR b R IR 3 AT, AL B
i 3o T o O A O R AR AR R AR 160 C>
200 C=>180 “C, H e ek 711 K Tl 15 £ 3k 1 T 8 5 it
T A B K s ) S S AR TR KA TBARS{H
i ZE T+ (P<<0.05) 5 TR M KEAE & 120 s J TBARS
I T #(P=>0.05),120 s J5 .35 FIH(P<<
0.05) ; iR I MERE i TBARS (B e TH i Jn #a T 2%
25 b ATk, 180 “Crviik i 4 120 s Py T &b 24 48 3k i s
AR R
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160 °C
180 °C
200 C
A XFREZH Control group; B:4bFE4H Processing group.
1 AREMEEFHTHLAES S ENE
Fig. 1 Direct view of pretreated fish head under different frying conditions
120+ W60 ¢ NNBIE®
[Jiso<c 0.8- L_Ji1soc
) . I 200 - Il 200 C
gé 90 ab he a C al g T
_2 c he 7’ o0 x
i : §
a2 g §
g 2 6or add b ﬂlﬁ §
= 30- § § § § ] §

0 60 90 120 150
A FERFE])/s Frying time

[ — I B AN ) /NG R R e 2H 5 0 R GildE O s) R i
R A W E P25 (P<0.05) . Different lowercase letters at the
same temperature indicate significant differences in protein solubility
between the experimental group and the control group (frying for 0 s)
(P<<0.05).

2 AREMESEGTHAEELEARBRETHEDR

Fig. 2 Variation trend of protein solubility of pretreated
fish head under different frying conditions

MERALE TELBHBERSS
H 2 31T LA, X R 4 10 37 3 R R P40 4
%, BRI Sy A il K A5 1) #3770 0 Qi I L JPE IR B L T R
IR o 5 HRALAR L, 28 ek 9 A A B 2R A Sk B
P R R BB A o AR T B A2 B YA BT AR
T, R WKL B — s B [ RE R T Sk R 1A
di oo R R I T A 3 4 B I X B O A
P (i) E K T 8 2 4 T (P<C0.05) , BRI 2% L A A
VAT S AR T T v ek TR AN T R [ 0037 1) A4

2.4

0 60 9 120 150
TR KERFE]/s Frying time
[F)— IR AN ) /NG R R R I 20 5 % B2 CilAE O ) T
AT B 3 M 25 5% (P<<0.05) . Different lowercase letters at the
same temperature indicate a significant difference in the content of
malondialdehyde between the experimental group and the control
group (frying for 0s) (P<<0.05).
B3 AEBEFETRAEEST _BETHES
Fig. 3 Variation trend of malondialdehyde content in
pretreated fish head under different frying conditions

A HEZ IO 22 5 (P>0.05)
25 HEFMAETELRNEEF

F A RATFIAE ATtk G (2L, 455
FEEOLIET 4 al 0, 283 K PUAL BRI A5 A9 1k 68,
B LE WA B3 T &, o E 0T B3 T R (P<
0.05) , 2 Wil A ] 4k 28 s Sk G i 5 (i (7L
o [T 52 K I ) e B, T e L, f Sk BB A LV
WABSEHE K5 180N, 180 “CHil M Ak B £ 3k B2 17 €4,
e, TR0 8 £ Sk O 1 R B i A ik 1] f) 28
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Table 3 Changes of sensory quality of fish head soup under different frying conditions

Tompee e 3t Colr “uk smel BRI o it

CK 2.9041.10c 3.30£1.06d 2.704-0.48d 2.6040.52d

60 4.6041.07b 4.804-1.03¢ 4.504-0.85¢ 4.104-0.74c

90 4.904-0.88b 5.6041.17be 5.60£0.84b 4.7040.67¢c

160 120 6.40%1.35a 5.80=20.63bc 6.10+0.57ab 6.20£0.63b
150 7.00+£1.25a 7.00+£0.67a 6.70%0.67a 6.9040.88a

60 4.90+0.57a 5.00-£0.82b 4.50=1.08b 4.400.97¢

180 90 4.904-0.74a 5.50£0.71b 4.804-0.92b 4.8040.79¢
120 5.30%0.82a 6.30£0.82a 5.90%0.99a 5.70£0.48b

150 5.40%0.70a 6.90£0.88a 6.50=20.85a 6.5040.71a

60 7.00£0.67a 5.70£1.25b 5.60£0.97b 5.80%1.03a

200 90 6.00=£0.94b 6.10+0.74ab 6.00+0.67ab 6.00=£0.67a
120 5.70£0.82b 6.60-£0.70a 6.30+0.95ab 6.50£0.97a

150 5.70£1.06b 6.90£0.88a 6.50£0.85a 6.6041.17a

TE [ 30 /NG RN [ 32 m i B 205 %0 B2 CTIKE O s ) il e IF 18 A 8t 25 4 22 5 (P<<0.05) , VBV I 2 9 4316 . Note: CK is the non

fried group. Different lowercase letters in the same column indicate significant differences between the experimental group and the control group

(frying for 0's) (P <<0.05), The sensory evaluation is based on a 9-point system.

x4 ARBERBHTELRHEEEZN
Table 4 Color changes of fish head soup under different frying conditions
el °C ]/
Te{ﬁir/aijre Ei:;iq L @ 4 W

CK 43.3540.10e 0.544-0.02a 1.860.06a 43.3240.10e

60 50.30+0.45a —0.73-+0.03b —2.55+0.01c 50.23+0.45a

90 49.25+0.11b —0.85=+0.02¢ —2.47+0.11bc 49.18+0.12b

160 120 45.88=+0.08d —0.76+0.05b —2.69-+0.04d 45.8140.08d
150 47.70%0.15¢ —0.94-0.02d —2.41+0.08b 47.6440.15¢

60 49.5040.15¢ —0.9140.06b —-2.60£0.10d 49.4240.15¢

180 90 49.6340.16¢ —1.0240.02¢ —1.94+0.20b 49.5840.16¢
120 50.45+0.15b —1.03£0.04c —2.42+0.09¢ 50.38=£0.15b

150 53.42+0.01a —1.130.04d —2.05+0.03b 53.36:£0.01a

60 49.2340.15a —0.98-£0.02b -2.98+0.11d 49.134+0.15a

200 90 47.7840.09d —1.0640.05¢ -2.42+0.11c 47.7140.10d
120 48.8940.03b —1.1240.03d —2.2840.03b 48.8340.03b

150 48.144-0.06¢ —1.1740.04e —2.24+0.04b 48.084-0.06¢

W FRE T /NG SRR R R0 45 X0 B 20 IR Os ) il K0 B ) % £0037 % A 2 1 22 5/ (P<<0.05) . Note: CK is the non fried

group. Different lowercase letters at the same temperature indicate significant differences in the color of fish soup between the experimental

group and the control group (frying for 0 s) due to frying time (P<<0.05).

TR HY R (P<C0.05) , oA IR T 3k B8 11 R {H

Wt P 1) 728 A T R

26 HEMLETELIRHNEAEFRSAE
P 5 D Tt T £k G B A E SR

Bl SA /R T 3k Ge i B I 3 JUIAT SA

A LAE W I KERT I (0~90 o) fa 3k G2 19 2R 11 75 2 bl

K R ) A2 o T, Ll R A A T

W IMKE I (90~150 s ) Hr AR i i 4 A9 £ 3k B2 2R
L o RE S0, 3 FE 25 AR 43 5124 0.94.,0.83
g/100 mL, 1 &5 v KB 8 7 B R R R, T AE
90 s A H i M 0.89 g/100 mlL, kB Ay AT imPEE A
s Fa (] 5B) 5 SR s AR AR — 3, IR
T AERHME 150 s A WIE R A R Z
5114 0.61.0.57 g/100 mL, i = i ¥ KE 90 s .37 1) n]
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A:160°C; B:180°C; C:200 °C.
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Fig. 4 Direct view of fish head pot (soup) under different frying conditions
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Fig. 5 Effect of pre-frying on the content of essential nutrients in fish head soup
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Fig. 6 Discriminant factor analysis of taste characteristics of pre-frying fish head pot (A) and sensor response radar (B)
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Effect of frying pretreatment on quality of fish head pot

WU Yanni,ZHANG Hanwei, DANG Meiqi, AN Yueqi, XIONG Shanbai

College of Food Science and Technology, Huazhong Agricultural University/
National R&D Branch Center for Conventional Freshwater Fish Processing/
Engineering Research Center of Green Development for Conventional Aquatic Biological
Industry in the Yangtze River Economic Belt, Ministry of Education, Wuhan 430070, China

Abstract Using conditioned silver carp fish heads as raw materials, the color, protein solubility,
malondialdehyde content, essential nutritional components, and other indicators of the fried fish head and
fish head pot were measured to streamline the production process and enhance the nutritional and flavor
quality of the dish. The best pre-frying conditions were selected using sensory analysis, and the impact of
frying pretreatment on the fish head pot’s quality was investigated. The results showed that the color and
protein solubility of fish head first increased and then decreased with the increase of frying temperature,
while the malondialdehyde content was the opposite. The nutrient content of fish head pot increases with the
increase of frying temperature.Fish head pot fried at medium and high temperature (180 °C, 200 ‘C) exhib-
ited higher dissolution of protein, fat and other nutrients than those subject to low temperature frying
(160 °C ), while fish head pot fried at high temperature (200 °C) exhibited lower color and taste sensory
quality than those subject to medium temperature frying (180 °C ). With the extension of frying time, the
contents of protein, fat and solid in fish head pot increased gradually, and the total free amino group con-
tent first increased and then decreased, while the taste profile and sensory quality first increased and then
there was no significant difference. When frying for 120 s, the fish head pot had more protein dissolved and
lower fat content, and its color, taste and sensory quality were also the best.In conclusion, pre-frying at
180 °C for 120 s was the optimum condition for fish head pot.

Keywords fish head pot; pre-frying; protein denaturation; fat oxidation; nutrient dissolution
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