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Fig.1 Sensory scores of fish cakes treated by different
second-step heating methods
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Table I Chroma of fish cakes treated by different second-step heating methods

HBAE Part iy X Heating methods L a b"
ifkE Deep-frying 74.0274-0.90ab —2.7940.11b 7.1740.38b
2SS HEH Air frying 70.8741.97¢ —2.974+0.13bc 6.57+0.31c
In'fffal T +25 S HEH Pre-frying +air frying 72.23+2.62b —2.69+0.29b 7.46+0.77b
BIKE Frying 76.56742.36a —1.77+0.41a 8.59-20.30a
J& i Baking 71.04+1.04be —2.8540.25h¢ 7.46+0.23b
TE Deep-frying 57.76741.94c¢ 0.0440.73a 25.44-2.43a
- 23 S Air frying 69.45+1.99a —3.2940.34bc 10.01+1.94¢
Surface B HE 425 ] Pre-frying+-air frying 68.2941.05ab —3.0940.56bc 12.85+2.23¢
BIJE Frying 65.90-£2.36bc —3.51£0.34b 18.0541.63ab
#51H Baking 66.55+2.08b —3.8740.54b 16.11+1.63hc

7RI TR R 2R B3 (P<<0.05). FEl. Note: Different lowercases indicate significant differences (P<Z 0.05). The same as below.
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Fig.2 Moisture(A) and oil contents(B) of fish cakes treated by different second-step heating methods
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Fig.3 Malondialdehyde (MDA) content of fish cakes
treated by different second-step heating methods
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Table 2 TPA properties of fish cakes treated by different second-step heating methods

oy i3 /kg SR R JBFiE/ kg MH g kg
Heating methods Hardness Elasticity Cohesiveness Gumminess Chewiness
i4E Deep-frying 7.74+0.62a 0.904=0.02a 0.7440.01a 4.9740.44b 4.50+0.41a
2 M Alr frying 6.94+1.72b 0.91£0.03a 0.744-0.03a 4.85+1.23b 5.25+1.61a
LHE -+ 25 SR
ﬁ(FHJ:’I:‘ W{:HH. 6.42+1.48b 0.890.02a 0.72£0.02ab 6.01£1.00a 4.87+0.87a
Pre-frying + air frying
Hi4E Frying 6.85+0.56b 0.81£0.07b 0.694-0.02b 4.88+0.87b 4.31+0.62a
J% 1 Baking 6.8041.56b 0.83%0.02b 0.73+0.03ab 5.124+0.34b 4.64+0.52a
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Table 3 Volatile compounds content of fish cakes fried by different methods ng/kg
eSSl haE 1 BRI ] /min g ZESER WO 4 A SR
Species Compounds Retention time Deep-frying  Air frying  Pre-frying+air frying
V% Hex aldehyde 5.39 393.55 353.46 343.22
SEE Octanal 12.15 4.80 20.90 8.70
- P Heptanal 8.69 127.39 127.36 126.24
Aldehj;des T-/# Nonanal 15.95 35.31 24.21 29.15
7K ¥ Phenylacetaldehyde 13.56 21.98 16.04 18.76
(E)-2-3%4i% (E)-2-Decenal 17.93 17.07 16.03 13.40
(E,E)-2,4-% )Mk (E,E)-2,4-Decadienal 12.48 17.08 11.04 13.40
/I Subtotal 617.18 569.04 552.87
. 2,3-3¢_fil 2,3-Octanedione 14.08 24.89 11.64 13.07
Kﬁl?fes 2-+F—HEf 2-Undecanone 22.65 64.57 55.32 52.71
61—l 6-Undecanone 22.89 33.47 41.24 39.54
/Nt Subtotal 122.93 108.20 105.32
Ikt Cyclododecane 20.28 158.04 310.06 648.58
I+ FL%E Pentadecane 24.38 98.64 171.38 124.62
+75%E n-Hexadecane 25.19 — 19.81 19.77
+-E%& n-Heptadecane 26.35 340.60 116.95 124.12
— i Eicosane 31.39 — 81.45 —
. =J5E Tricosane 33.17 11.44 — —
ik 1E3FE4E Octane 15.48 29.61 -— —
Hydrocarbons  /\ FH B3R PUE 4 %¢ Octamethyl cyclotetrasiloxane 23.71 5.99 27.04 67.33
75 I = RE U8 Hexamethyleyclotrisiloxane 18.94 18.53 28.31 11.39
2,2,4,6,6-FLHIPHGE 2,2,4,4, 6-Pentamethyl heptane 20.97 45.23 — —
2,2,3-=HIPHE 2,2, 3-Trimethylheptane 21.39 9.99 — 9.05
1,4-3%—J# 1,4-Octadiene 16.23 — — 12.40
1,4-¥R3E 4% 1,4-Cyclooctadiene 27.61 — - 5.03
(E)-9-Z 1M (E)-9-Eicosene 29.24 - - 38.19
/It Subtotal 718.07 755.00 1060.48
1-3E5 -3 1-Octene-3-ol 11.20 153.68 144.03 143.87
R Cyclooctanol 14.46 42.87 — —
K (E)-2-T-4-1-F% (E)-2-Nonen-1-ol 18.24 - — 40.87
Alcohols 4 (1 %) Lauryl alcohol 34.72 140.60 316.94 241.21
SSERE(1-1-PUEE) 1-Tetradecanol 35.07 158.04 327.78 248.57
3,4, 4-=H HE-1-f b -3 1-Pentyn-3-ol, 3,4, 4-trimethyl 5.48 16.35 25.79 —
/It Subtotal 511.54 814.54 674.52
152 Phenols T 7 Eugenol 21.94 236.88 325.16 390.62
& 2. Ethyl acetate 14.82 9.63 — 4.23
3-L LR LT 3-Ethoxy ethyl acetate 15.63 4.36 29.87 11.57
I R T-FE Nonyl trifluoroacetate 19.45 — — —
R -+ — %t 31K Dodecyl formate 19.98 10.90 — 21.78
5> 2- TR (22)-1-+ e Sk
F?:Tf»* 2-Butenedioic acid (22)-, 1-dodecyl ester 224 >8 a a
EARR = (=T B BB TR Tri-arsenite 23.59 18.53 — —
2,2,3,3,3-HHMNIR¥ENR 2,2,3,3,3-Octyl pentafluoropropio-
25.31 4.36 29.87 —
nate
FiR2£Tg Octyl formate 21.62 3.99 — —

/I Subtotal 57.58 59.74 37.58
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Effects of second-step heating on edible quality and
content of fat in fish cakes

LU Lin, LU Suo, WU Runlin, GAO Xia, YOU Juan, LIU Ru

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

Abstract The fish cakes pre-made from silver carp were prepared by second-step heating methods to
obtain surimi products with low content of fat and malondialdehyde and good sensory properties. The effects
of the second-step heating methods including deep-frying, air-frying , pre-frying+air-frying , frying and roast-
ing on the sensory quality and other physical and chemical indicators of fish cakes were studied.Meanwhile,
the effects of second-step heating on the content of fat and malondialdehyde in fish cakes were investigated.
The results showed that the surface of the fish cake was golden yellow after being heated in the second step.
The content of moisture was significantly reduced. The content of fat and malondialdehyde were significant-
ly increased. Among them, the deep-frying fish cakes were better in color and had the highest overall senso-
ry score.Air-frying fish cakes were lower in fat and malondialdehyde and had a sensory score second only to
deep-frying fish cakes.The texture properties and flavors of air-frying fish cakes were close to those of deep-
frying fish cakes. The air-frying cakes and deep-frying fish cakes were found to be the closest in flavor via
electronic nose and volatile component analysis. It is indicated that air frying reduces the content of fat and
malondialdehyde in fish cakes, and imparts fried flavor and texture to fish cakes.It is a better alternative to
replace the traditional deep-frying method.

Keywords fish cakes; second-step heating; deep-frying; air-frying; edible quality; low oil content
fried food
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