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Abstract: This study addresses the limitations of traditional fish cake, including its short shelf life, stringent transportation
conditions, and limited eating methods. By optimizing the formulation and applying vacuum freeze-drying technology, a
novel fish cake product was developed. This innovation aims to extend shelf life, enhance nutritional balance, and facilitate
ready-to-eat and multi-scenario applications. It also provides a technological reference for the industrial processing of
aquatic products. Using silver carp as the primary raw material, we constructed a comprehensive scoring model based on
the analytic hierarchy process (AHP) combined with the entropy weight method (EWM). Single-factor experiments were
conducted to determine optimal addition levels of pork fat, chicken, corn starch, and egg white. These results informed the
subsequent optimization of the freeze-dried fish cake formulation using a genetic algorithm in conjunction with the Box-
Behnken response surface methodology. Microstructural analysis was performed using scanning electron microscopy
(SEM), and physicochemical properties—including protein, fat, moisture, and ash content were measured. Shelf life was

estimated using the Arrhenius equation. The optimal formulation (relative to minced fish) consisted of 10% pork fat, 20%
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chicken, 11% corn starch, and 8% egg white (by mass), achieving a comprehensive score of 0.87+0.34. SEM imaging

revealed a uniform pore distribution, and there were no significant changes in the key physicochemical indices following

the vacuum freeze-drying treatment. The Arrhenius equation-based shelf-life model predicted a storage life of 77 days at

25 °C, an 11-fold increase over the 4~7 day shelf life of fresh-cut fish cake. This study successfully produced freeze-dried

fish cake with uniform color, crispy texture, a long shelf life and balanced nutrition, offering a reference for the ambient

storage, transportation and ready-to-eat application of fish cake products.

Key words: freeze-dried fish cake; formulation optimization; comprehensive score; analytic hierarchy process; entropy

weight method; genetic algorithm
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Table 4 Indicators and weighting values of single factor test

, H—1t
MZE (%) -
Ko (%) EoKEE EBE MR (mm) ZRGTF5

0.71 0.97 0.46 0.04 0.51

6 0.84 0.80 0.49 0.48 0.63¢

A 8 0.58 0.73  0.96 0.52 0.70°
10 0.74 0.63  0.97 0.89 0.81°

12 0.90 0.49 0.87 0.78 0.73°

6 0.81 0.61 0.66 0.33 0.56"

12 0.58 0.66 0.68 0.85 0.72°

B 18 0.00 1.00  0.78 0.85 0.78"
24 0.45 0.78 0.51 0.67 0.64°

30 0.81 0.97 0.00 0.22 0.48°

6 0.90 0.44 0.30 0.74 0.56°

8 0.65 0.58 0.41 0.89 0.65°

C 10 0.45 0.63  0.69 0.78 0.67°
12 0.52 0.76  0.69 0.93 0.77°

14 0.74 0.93 0.53 0.44 0.66°

2 0.87 0.53 0.53 0.70 0.63°

0.52 0.64 0.1 0.78 0.64°

D 6 0.74 0.73 0.85 0.63 0.73°
8 0.58 0.76 0.83 1.00 0.83°

10 1.00 0.64 0.74 0.41 0.63°

1.0 0.35 0.56 1.00 0.52 0.62°
15 0.74 0.00 0.95 0.96 0.63*

E 2.0 0.74 0.85 0.92 0.22 0.65°
25 0.87 0.98 1.00 0.00 0.65°

3.0 0.42 0.97 0.89 0.22 0.64°

AHPZEAE 0.05 0.45 0.25 0.25
EWMIEAE 0.19 0.18 0.22 0.41

AHP-EWMZE A AL E 0.12 029 0.22 0.36

E: A, B, C. DFESHIJPENLIA AP, FEAy . SR, F5~K6[H;

[)— G ANT)/INE 2R R AN R 2 531 ) B e 25 1R 22 57 (P<0.05) o

2.1.2 XYHBSIHE AL AL TR RER XGPS
SR R TR AR ZE AN, T AR ARG
T TERIESEACA . FoKUEk . SR A Ehashn
BERISAET, B PESINE R TS, 28 i 2 B
ETHE TR RER R, FEBINEE S 18% B 15 1) fe iy
(R 4) o MRAHA LRI LAV STHERAE, HH
JRBEUSIE RS E 1 X 28 4548, HEFF REUR T s rE
AU, XY A LT AL DR LB e 8, HLoKimTHE S
AR B M LTI IUERAA LS, e i fRErR
TAKBCR, 1R US INRE A IG5 ™ i B £T 4RI
eAh, PSR R IILLEH | A NILLE A

FEERLTER (1 =P AR F1PeE o), XS RN 2 530
FORE R TR (O AR I, STVIRAERT WFgE T S hifs
AR SRS XS PR AR A 2R S A, e
MEPITIEN 12% . 18% . 24% AT L2 iy I
2.1.3 T KIERES IO XA SRR AY A A [ R
MRS XS BRIE I EIREINE R T, FoRuE
BB LR SRS 5L TR FRRAUHAF (R 4)
FKVER S H B DA AN S 5 DE R 2H R oK
G, FEARET K, HESCHEVER o126 Bl 2R
TOHE A%, A3 SR GE A R T AL S5 i R 7K P R Bk
P, BRSO R R K 4328, FEinFRad f v, 25 i
FIGERHR O] A K A S A, T Bl — 4 245 25420, e
AR R T INERE , REGAEAEAF IR D D I sl A
. BREIAZAEPY WAEMFgE b R EE, T BE T R s
HEAFERTERS, (B Y A KGR AN S sk
gEEIK, 3 R ST (8] A B K AR B AR PS5, o- 1205
AR A p-ITE, TEEUR | RGBS L5, Ik
A, FRTEMTEGR T R T ST i FLas M, ANAT
DI mARe v T i S K MERE, tRERG SR R T A NS R .
R 3 1) R UE A T BRSO S TR A AE I TR AR
RO, S KPR D ERARA RS . PR, SRR R
KTERERINE R 10%. 12%. 14% AT 5 220w 5 16
TG o

2.1.4 WIS R A2 FE [ E SR
A XSGR FORTER ARSI 451 T, Bl 25
EBINE R, 28512 LT TR
(T 4. EETEOTAINRE S5, A5 BT
e HAh SR 25 7 — e, PTG sl A5 M RS
P, BF e AR v R R SR . EIS R A
FLACAE R, GEME I BRI 7K S8 Ak, R ISk T,
BT LE K 251 5 BOE ELIR, ZLALSS AR 5
RIAEUR T AR AT B T A LES 0, e T
FEART =R K . e AR J B, A 0 B8 i
mi HR S B TS BR AR I RE S A I AU i3, BHL A
JE . EIEBINR R 8% W, AR T LR & T B
1o, BEE B VE A I A G N, 7= A A B I R,
AT BB K i B R LA S B A RS R T i o 09 BT b AR S
TR, FLask 22 8 P 2 SRR i 14 o AR
5 TR s = 27Uk, S SR K rE . R,
TS RN 6% 8%. 10% BEAT )5 S0 By 1
2.1.5 EEEBInEXT AL R iR —Fh
BT AR, 7T LS R (U AR AR, (R SEER R %
i ARTIEE IS ALY, S mi £EUKE P4 S M D 4544, 1T T R X
RERTH RN K FERE A BAR K, 38 S b AN ingE
ISP T ERE A IRIE, T ef 58, ik 1 D) AT BE S 3
PSR . RS IR T 2% B, 2511028k F
AN E(P>0.05)(F 4), FHik, HFEEHRBNE
M 2%,
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2026 4 2 A

22 MmEEREERS S

PE AR RS IG A5 L, T R Eh S I E X ks
TLEE VLA 25 (P>0.05), TERRINEL N 2% B
LGP, R, HEBRAS 2R 2R, e &5k isin
Tl 2%, WFFEAERE RSN (A) | XS PRIEIE(B) |
FERVEB BN (C) . FHEIF I (D) X L5 7F 5
(Z)WI2 . #R#E Box-Benhnken JF IS IPUA 2 =
IR T 5, A s R T T 2007, i i 2 5
gEIRANER 5 iR, it Design-Expert 13 #£47 Ik
Z I BTG 2B AL BN . X RESINE . 2K
VERASINE . EEREINE 4 SRR ZE0 R0
HI7HE: 25 PE5T

7=0.854+0.0208 A+0.0442B—0.0133C—0.0067D—
0.0075AB—0.0725AC+0.0175AD—0.015BC—0.005BD+
0.0175CD—0.0724A%—0.0624B*—0.0662C*—0.0337D?

5 MR RIS 45 R

Table 5 Design and results of response surface methodology

TS A(%) B(%)  C(%)  D(%)  ZEAIEA(Y)
1 12 18 10 8 0.82
2 10 18 12 8 0.84
3 10 24 12 10 0.79
4 10 24 12 6 0.81
5 8 18 12 10 0.70
6 10 18 12 8 0.85
7 12 18 12 10 0.78
8 10 18 10 10 0.74
9 10 24 14 8 0.74
10 10 12 12 6 0.72
11 10 12 12 10 0.72
12 10 18 14 6 0.73
13 12 24 12 8 0.78
14 8 18 12 6 0.75
15 8 12 12 8 0.64
16 12 18 14 8 0.65
17 10 24 10 8 0.80
18 10 18 14 10 0.75
19 10 12 10 8 0.68
20 8 24 12 8 0.75
21 10 18 10 6 0.79
22 10 18 12 8 0.87
23 8 18 14 8 0.76
24 12 12 12 8 0.70
25 8 18 10 8 0.64
26 12 18 12 6 0.76
27 10 12 14 8 0.68
28 10 18 12 8 0.87
29 10 18 12 8 0.84

Jr 225y HT AN 6 P, AR AU I S5 PEAS 5 P<
0.0001 IR B35 LI P>0.05 FKoR AR R, £
RIS PR AT EEPERS . 1R2E/N . AN, AT RR Y
AHRFEL R 24 0.9901, #2280 R, M 0.9803, 3L
AHAS IR 3 vy, ST ) [l AR T A B 98.03% M
RAEZAR A, LR — kI AC, AD. BC. CD £
35 (P<0.01) . i@ FLEPUR 2R F(E A K/ al i,
XTLEAPESr B SRR BE NG Ay 3 R S D >3 A A
US> F R ER S I > ER IS S I AL .

o MBI E AR

Table 6 Analysis of variance

HIE FFM AmE ¥ FH PlH B

B 0.1200 14 0.0086 10044  <0.0001 o
A 0.0052 1 0.0052  61.02  <0.0001 ok
B 0.0234 1 0.0234 27424  <0.0001 o
C 0.0021 1 0.0021  24.99  0.0002 ok
D 0.0005 1 0.0005  6.25 0.0255 *
AB 0.0002 1 0.0002  2.64 0.1268 -
AC 0.0210 1 0.0210 24632  <0.0001 o
AD 0.0012 1 0.0012 1435  0.0020 ok
BC 0.0009 1 0.0009  10.54  0.0058 ok
BD 0.0001 1 0.0001 1.17 0.2974 -
CD 0.0012 1 0.0012 1435  0.0020 ok
A? 0.0340 1 0.0340  398.52  <0.0001 o
B? 0.0253 1 0.0253  296.05  <0.0001 ok
c 0.0284 1 0.0284 33270  <0.0001 o
D? 0.0074 1 0.0074  86.13  <0.0001 ok

B2 0.0012 14 0.0001

KAUTT 0.0003 10 0 0.1196  0.9969 -
4R2%Z  0.0009 4 0.0002
A 0.1212 28
E274 R*=0.9901 R’,,=0.9803

R 2 5 3 (P<0.05); ** R 25 Sl i 3 (P<0.01) o

2.3 BEEGAMEER
WAL FIL AR T E AN E 2 iR, SR
FEATEE 15 AR, 36 N BE (B 2 T8 ke T llesl, &
FHRIEE ORI B IR AS . 2256 27 UB, 16 5 B R AR
R T KM 0.8671, Rl E 455174 0.8671.
URE, 335 W R pRECG N 1Y e fle S8k (10.61, 20.05,
11.33, 7.87), Bl yA A )a A BT 7 > F8 A0
PISTINECA 10.61%, XGPS 20.05%, FKTE
IR 11.33%, FEISEINER 7.87%.
0.95

0.90 -

0.85 ....;;,f*
0.80 | = 7

g 075

=070 -

¥ 065,
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Fig.2 Global optimization results of genetic algorithm

2.4 HHEREE

i# i3 Box-Behnken Ml T s FIB LS5 3K
1500 BRSSP U7 255 P43 FUNME 5 e uk 45 2R an
2R T PN o IS S BR AR PR E RO L, X T 2R
Ty A TIE 2 A VRS T RIS S L, A2 T2 A5k
SLESE 3 IR, GERBCV-YOME, b R o, SR
(B SR BRITME $223T , TIESE Box-Behnken M i [ ¥
ESBU RPN Sy DRI U Ty e o
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Table 7 Predicted values and validation results of the optimization method
ik LELIAY TN AR (%) XAV (%) FORTERIAS N (%) HIE IR (%) LERTESY
LTIVATIRES . ) . . .
m_m ‘ — 10.52 20.28 11.39 7.72 0.8676
AR 10.61 20.05 11.33 7.87 0.8671
] Jy b
‘Erjﬁfi e 10.00 20.00 11.00 8.00 0.87+0.21
AR 10.00 20.00 11.00 8.00 0.87+0.34
8 MREART A S5
Table 8 Textural parameters of freeze-dried fish cake
e 2 efb)s R tai) S fif T i
iz (g) 2039.89+47.21° 742.05+24.08¢ 952.47+33.48° 4032.02+87.75"
Ji % (mm) 0.63+0.11° 0.39+0.09¢ 0.48+0.05° 1.12+1.19°

TE: A — 47 AR TR 22 5 W35 (P<0.05)

AL VERENSTE Box-Behnken Wil AL
ol FdE TR ik, Nfi9R%h T Box-Behnken M
R AR R BR Y o R PR RS Gk,
T AR b SR T 20 7, I ELRERS AL RN T
ARG Ty IER S 1P55 -

2.5 FRIFESRMER ST

JE ) 2 BRI JER T T A 35 B 2 A A
FH, ANk 8 o, SR I HRIC 7 /R 18 FoREZR Tl i
>k 2039.89 g, MG~ 0.63 mm, L= T LR
VERIFRER T 72 5o SOMgS A UntE 3 Fios, fefbnn
FEOREVR T AR A B TIT ORS00 2 A 1  5 E H
ASFRIN B bR gt e, ZRam s BN I 57 B FLIIR AN s,
FHEOT S, KBS HA K S ke nT e S
H RS A AN — | BB AN AT BB O, 20 1R
B HARES, A F T2k B2 T i) (RS R IO 44
EEAFRI B H R, FLITF/N, SR S EUR L, S380™
TETASZ) 188, S KB LA BOK 435 30 = /K U s B Ta)

ot MMaﬂ s

K3 fkErRt SEM XTHLIA]
Fig.3 Comparison of freeze-dried SEM of fish cake

A R4S I R 7R T (200%) 5 B: AR 40 T A9 Mk 7R T

(200%); C: F A= EF B T 1 fkE R T (200%) ; D: Fo& 52T 11
fa kLT (200%) .

PIZE AR, FLBR A3 A 3340 5], A B T A i g A fa e
PEFNSERL A, TR A8 g ik f b AR 5 & A AR
TE . 2L el e A5 a8, e fhds R AT ZNIFATERS,
[FIEsE, P50 F LS /K S s s Y e it TR
UFEIETE, BRI KT RENSVT B X LB 1475 (A F LB B
15385 BRI IR, A5 PO el A4 T wl /K o IR T,
IR S KRR, AR K0S K T B TA], 2951
FLBR S AT WA R TR S AEREA ke T 2 5 53 A1, A
RIFLBRAN I &) 30y e ok it Z2 sl D4
2.6 IBILIBFRRIE SR

RS RZE , REGRIEAS B —, A SIS AR B 7T
TVE TR ARG T o H B A Y R T s BRAL R AR
AR, ANl 4 FIoR, W URTHERT S foREK Sy i AT
AR (P<0.05), HAth =F B 2o S b AR
W35 (P>0.05), PEHIV R TR LTk 1% il BT S i)
AR, HR R T8 E MRS B 7K Gy 3 5 Fas i At
o VTR TRACIERT S, S oRE AR AR D o e
e T A ARORE | i A fRORE | RS RN B £ fr ke
(P<0.05), fiffa ok i B R 11 & i ol 38 e At PO R
AL (P<0.05), il o FORE Y IR 535 10 I 28 v T At g
P4 (P<0.05), AR OAEAE A R VR TR AL BT S
7K S-SR B MG T2 B 3 25 5 (P>0.05) . L
a5 T DR A TR AR T, RS SR B YR
BB 263 CFU/g, AKGIN H R TRAFE RSSO T, 157 &
1 FE 5L A FE S AR ME GB 10132-2005 {fa BE i 5 AR
BRED
2.7 FEEERAREARITIN

SR P W FLZS R 63, 43 RICEE 35 °C Fl 45 <G
AL TR TP R TR S I A A, 35 °C 4%
PF I3 S d F—UK POV {H, 45 °C &0 FIE5EL 2 d
Kl — ¥k POV {H, 24 POV {H ik &) 0.25 g/100 g
Bf 2 156, kSR T B0 POV ZE LIl i an 18 5 p
7N, SRR TV R R POV FIARAREA T [B1U5 53407,
RIFAZ(3)F5 35 ¢ FRIHIEFFER: In(POV) =
0.0066t+0.048, R*>=0.9781; 45 °C F ¥y [8] Y1 J7 T2 M
In(POV)=0.0171t+0.0471, R>=0.9634; HH /=X (4) 15
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Fig.4 Changes of physicochemical indexes of fish cakes before
and after vacuum freeze-drying

T AR ING IR AR TR 4 3 1] ) 2 25 57 (P<0.05) .

H Q,0=2.59, HAF(S) IR A 25 °C RE T LR
AR 77 d, R SIEEE S 25 °C B, SRHEEH Has
ASELAE AR T 0T 28 S 77 d, AR R BT TS 5
A UL SR REYE LU IR N BRIV R 4~7 d, faks
PRI R Ta] FL EE D) fRE B T 11 A%, UESTIZ T
CIIAT LI S AR TR
2.8 RBEIFM

SRS I B X R S B T RS2k, AR IS R

I3 1] (d)

030 .
—o— 45 CIPH

e
)
G

0.20 1

i
—_
wn

POV (/100 g)

0.10 1

0.05

0 2 4 6 s 10 12
IR ] (d)
BlS  P=ahE 35°C F 45°C IR POV AE L A% L
Fig.5 Changes in POV of products stored at 35 “C and 45 C
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Fig.6 Results of sensory evaluation of different fish cakes
freeze-dried
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MrFabn, 76 oA D 22 S50 e ml ol e Ik A &
Box-Behnken Wi Ao fb H EAEZR T S AERL 7 : AH
X A &, FE RSN 10% (BT 4340, X3
W 20%, E KR IEB RINE 11%, &3 i
8% BLFRAF T il 25 By fakE IR T 275 VF 500 (0.87+
0.34), THOMZEA R FLBR A 340 5), i i hAN 5
e, RIS, ShsTely, Bas v R Tignt e Bk istnasfb
AN, 25 °C WOE RS BN B ZR AT Ik 77 d, 3 EED)
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R EZS R UR TR, 4G 24 B PR AR A RE TR
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IR R RV L . 2R . A, AHER T
fLGe oA — AT, AR N A LS G il
Bk, RE Rl RS v b A 8 A5 R B B R s N i, Ry
BT R TR S L AR k. S
5| A e A AR (AN O i . AFH - o
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