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Table 1 Sensory evaluation table
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Moisture content of fish steaks in different frying methods

1 min 25 “UKER S XE 5 min 00T, N #R f A A7 12
AR GE A A DL, B Vo3 e AR o BB 52 K0 e il ke
)3 BB A0 1 BT 78 180 “CAIT 200 °C
MRS 26 AF T BB f o S5 TR R i B
— TF I B K A UL A ) AR Ak, R R R

90r [—=—160°C
—e— 180 °C
Wl  a—2000C
/
(B /
70+
st
m o 6
<)
S 50
%)
s
30
1 2 3 4 5
ENingE]
Frying time/min
(b)z= -
or = 160°C
—e— 180 °C
80 - —4— 200 °C
&
<R g 70 F
{n_[[ = 60
[})E Solls /
./
w0f \A
a5 L . . .
1 2 3 4 5
aaling |
Frying time/min
(d) -

B2 AEEHAEZEHNBEEENESE

Fig.2 Sensory evaluation score map of fish steaks in different frying methods
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Table 2 The color of fish steaks treated with different frying methods

Y & YE 4] 4 1 L a b AE
T — 160 °C, 1 min 52.15+0.92 3.70 £ 0.09 48.41 + 1.45 3.15
160 °C,2 min 51.44 +£0.73 3.45+0.33 51.13 £ 0.70 4.84
160 °C,3 min 49.25 £ 1.18 449 £ 1.51 48.70 = 1.55 2.08
160 °C,4 min 45.08 + 0.89 6.11 £0.38 4547+ 1.75 5.09
160 °C,5 min 44.94 + 0.99 5.82+0.79 45.94 +0.78 5.01
180 °C, 1 min 49.09 +2.10 447 +0.78 51.24 +1.35 4.58
180 °C,2 min 46.42 +0.38 5.88 £1.52 47.56 +2.47 3.76
180 °C,3 min 43.65 £1.99 8.84 £ 1.06 44.56 = 0.26 7.96
180 °C,4 min 40.12 +2.04 11.21 = 1.19 43.93 +2.38 12.21
180 °C,5 min 37.66 + 1.84 13.50 = 0.64 39.80 +2.82 16.74
200 C, 1 min 48.51 +1.43 7.29 £0.29 50.03 £ 0.81 4.84
200 °C,2 min 44.18 £ 0.69 9.52 +0.66 45.95 +1.00 7.78
200 °C,3 min 39.92 +£0.74 14.74 = 1.90 4091 =+ 1.85 15.59
200 C,4 min 36.77 £ 1.48 12.87 + 1.08 40.70 + 0.35 16.70
200 °C,5 min 34.09 = 1.77 15.52 +1.19 38.34 +1.92 21.04
-z 160 °C,5 min 56.89 + 1.37 423 +0.52 51.20 +£3.63 8.65
160 °C,7 min 54.75 £ 1.51 349 +0.41 51.74 £ 191 7.28
160 °C,9 min 52.70 £ 1.97 3.81 £1.28 49.28 +1.49 4.09
160 °C, 11 min 51.07 £ 1.34 5.30 £0.49 49.90 + 0.36 3.81
160 °C, 13 min 49.92 + 1.64 6.49 +0.59 4749 +1.42 2.73
180 °C,5 min 5542 +0.84 3.14 +1.09 52.74 £ 1.95 8.48
180 °C,7 min 52.35+0.84 2.58 +1.00 47.70 £ 1.32 3.16
180 °C,9 min 47.85 +0.67 444 +1.13 45.29 +0.12 2.26
180 °C, 11 min 47.28 +1.30 5.04 £0.99 46.30 +2.70 2.53
180 °C, 13 min 47.00 +3.83 6.84 +0.27 45.06 +3.83 4.21
200 °C,5 min 51.17 £2.08 3.76 +0.28 51.10+ 1.29 4.69
200 °C,7 min 50.78 = 1.68 3.57+0.55 48.51 +1.01 222
200 °C,9 min 48.61 = 0.92 5.53+0.62 47.40 + 0.56 1.98
200 °C, 11 min 47.51 £0.54 6.05 = 1.00 47.05 +3.31 2.95
200 °C, 13 min 46.86 + 1.25 8.08 +1.29 44.71 = 1.30 5.34
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A 160 °C,5 min 56.01 +0.76 3.33 031 4228 +1.97 13.38

160 °C, 7 min 55.97 +2.78 3.63 +1.06 44.06 + 0.93 12.32

160 °C,9 min 5232 +1.57 5.28 = 0.83 4251+ 151 16.34

160 °C, 11 min 51.14 +2.62 5.31+0.31 4232 +1.35 17.43

160 °C, 13 min 5532+ 1.65 542 +0.68 4451 +0.99 12.81

180 °C,5 min 57.00 + 5.81 4.39 +0.09 46.35 + 1.80 10.29

180 °C, 7 min 5476 +2.42 4.65 +0.35 4457 +0.42 13.12

180 °C,9 min 53.09 + 1.16 5.74 + 0.59 48.36 +2.37 13.46

180 °C, 11 min 50.23 + 1.68 6.17 + 1.06 4420 +0.22 17.51

180 °C,, 13 min 48.66 + 2.65 8.11+0.73 4323 +2.19 19.71

200 °C,5 min 57.40 + 3.08 5.22+0.21 49.07 + 1.36 9.09

200 °C,7 min 56.42 +0.53 7.93+0.33 50.54 + 4.39 10.73

200 °C,9 min 55.79 + 1.66 11.16 £ 0.30 47.64 +0.57 13.46

200 °C, 11 min 54.82 +0.89 6.75 +0.72 46.46 +2.78 12.66

200 °C, 13 min 53.25+0.55 8.33 + 1.06 46.30 + 2.38 14.60

=ik 160 °C, 1 min 45.35+0.71 3.18 +0.56 39.28 + 1.61 23.84

160 °C,2 min 43.57 +2.14 3.61 = 0.66 39.43 £2.73 25.32

160 °C,3 min 40.79 + 1.62 5.69 +0.65 33.48 £ 1.05 30.92

160 °C,4 min 39.83 + 1.48 549 +1.04 36.73 +3.48 29.99

160 °C, 5 min 37.36 + 1.76 7.60 + 0.87 29.66 + 0.61 36.10

180 °C, 1 min 43.44 +2.84 6.48 + 1.19 38.80 +2.22 25.95

180 °C,2 min 36.53+1.74 12.70 + 1.37 23.55+1.56 41.53

180 °C,3 min 33.80 + 1.68 11.71 £0.71 22.30 +0.26 44.10

180 °C,4 min 2938 + 1.26 13.63 + 0.97 20.54 + 1.34 48.89

180 °C,5 min 28.06 + 1.40 12.50 + 2.40 22.88 £5.55 48.26

200 C, 1 min 40.24 +2.50 529+ 1.75 36.77 +2.30 29.60

200 °C,2 min 35.54 £0.97 1435 + 1.46 29.61 +2.22 38.98

200 °C,3 min 33.72 £4.58 14.94 + 0.79 27.68 +3.87 41.64

200 °C.,4 min 27.88 +2.09 14.11  1.45 21.25 + 1.01 49.70

200 °C,5 min 27.38 £1.75 12.66 + 1.16 17.93 + 1.46 51.85
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Fig.3 Fish steaks with different frying techniques
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Table 3 The color difference table of the four kinds of frying conditions under the best conditions

JER L (R B AT A L a b AE

#—ih (180 °C,3 min) 43.65 +1.99° 8.84 = 1.06 44.56 + 0.26 7.96
- (180 °C, 11 min) 47.28 +1.30 5.04 £0.99° 46.30 + 2.70* 2.53
= - (180 °C,9 min) 53.09 = 1.16* 5.74 £ 0.59° 48.36 +2.37° 13.46
= -4 (180 °C,4 min) 29.38 + 1.68¢ 13.63 £ 0.97° 20.54 = 1.34° 48.89

T« [ 90 BC7AH ) 5 B R 28 5 AN B GEiH 22 5 (P> 0.05) P BEAN Al 7R 28 5 1825 (P < 0.05)

PR Al it (B TR BE DA ZR, AR R o A 0 .28 B
LA i B T SRR B AT AR R AR I, fh 36 4 T
L, -2 8 e iy, 2 UK SR Y 2 2 R R A
JE v T A K A9 2 A - R R AT RE R PR A
PR JEAR 707 E A B HE BRI, 25 U0 e
S K I 2 K A P T A s AR B A e R A K 2
i A E REABIAR 201, EAR A HER K R

R I B R R K i A R e N, A2
L1y S R RIS NI S B DG iR (e
R 36 R o KT T I T R T 7 i ) SR R
A, WEL IR YT 4 e 2 S R L RO, =
] B IEAR S S R, N R s R LA B
P B A1 00, AR b — 25 ) SR PR fe (R, LB 3
HIEAK
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Table 4 Texture indexes of fish steaks treated with different frying methods

Jm L5 X, A JZIN M /mm el M /m] SF 33 J &b /N
i —ih 9.83 £ 1.48° 1.82 £0.16" 11.12 £ 0.79¢ 0.62 +0.02* 6.10 = 0.36°
- 19.29 + 1.20° 1.69 + 0.08" 17.07 + 1.07" 0.53 £0.03 10.07 £ 0.41°
= 13.96 = 0.66" 221 £0.14 18.99 + 0.86° 0.64 = 0.06 8.73 +£0.23"
= -l 9.74 £ 0.26° 2.11 £0.16* 13.59 + 0.59¢ 0.65 + 0.01* 6.39 +£0.17°

- F MR F R R EZ R ARG (P> 0.05), FHARFERER B E (P<0.05),
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Table 5 Fat content of fish steaks treated with different frying methods
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Table 6 Acrylamide content in fish steaks treated with different frying methods (Quantification limit; 0.01 mg/kg)
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Table 7 Analysis of volatile components in fish steaks treated with different frying methods
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Fig.4 Percentage of various types of substances

in fish steaks treated with different frying methods
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Effect of Pre—fried and Re—fried Crafts on the Quality and Flavor
of Pseudosciaena crocea Steak

Li Kuankuan', Lin Huimin", Deng Shanggui', Zhou Xiaomin®
(College of Food and Pharmacy, Zhejiang Ocean University, Zhoushan 316022, Zhejiang
*Zhejiang Xingye Group Co. Lid., Zhoushan 316022, Zhejiang)

Abstract To investigate the effects of different pre—frying and re—frying processes on the quality and flavor of Pseudos-
ciaena crocea steaks, the steaks were pre—frying in oil (180 °C for 30 s) and airfryer (180 °C for 3 min). The steaks
were frozen for 24 h and then re—frying in oil (for 1, 2, 3, 4 and 5 min at 160, 180 and 200 °C) and airfryer ( for
5,7, 9, 11 and 13 min at 160, 180 °C and 200 °C), respectively. The optimal pre—frying and re—frying process was
selected by moisture content and sensory evaluation. The quality and flavor of the steaks were analyzed by color differ-
ence, lextural characteristics, fat content, acrylamide content and volatile substances under four optimal processes. The
results showed that: The optimal conditions in different pre—frying and re—frying processes were 180 °C for 3 min (deep
frying — deep frying), 180 C for 11 min (deep frying — frying using airfryer), 180 °C for 9 min (frying using airfryer —
frying using airfryer), and 180 C for 4 min (frying using airfryer — deep frying), respectively. The highest fat content of
27.53 g/100 g was found in the four frying processes of frying using airfryer — deep frying. The lowest fat content was
3.22 ¢/100 g for frying using airfryer—frying using airfryer. In terms of texture the difference in hardness between the two
groups of deep frying—frying using airfryer and frying using airfryer—frying using airfryer was not significant and was high-
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er than the two groups of re—frying with deep frying. Acrylamide was not detected in the determination of acrylamide
content at the limit of quantification of 0.01 mg/kg. The main flavor substances in fish steaks were composed of aldehy-
des, alcohols and aromatic substances. The fish steaks obtained from the deep frying — deep frying process had a heavy
fishy, harsh and greasy taste. The fish steaks from frying using airfryer — frying using airfryer process have grassy taste,
baked fish steaks taste and pungent odor.

Keywords Pseudosciaena crocea; fried method; quality; flavor



