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Abstract: The formulation of restructured goose livers was developed using goose liver, chicken, tapioca starch, and soy
protein as the primary ingredients. The cross-linking effect of transglutaminase (TGase) was used to enhance the gel properties of
the restructured goose livers product. Single-factor experiments, orthogonal tests, and fuzzy mathematics methods were applied to
optimize the restructured goose liver formulation, with sensory evaluation, cooking loss rate, and textural characteristics serving
as evaluation indicators. The results revealed that, based on the combined weight of goose liver and chicken meat, the optimal
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formulation for the restructured goose liver product was as follows: 25wt.% goose liver, 75wt.% chicken, 1.75wt.% TGase, 10wt.%

tapioca starch, and 2.75wt.% soy protein. Under these conditions, the restructured goose liver product exhibited a cooking loss rate

of 0.13%, whiteness of 54.87, hardness of 27.77 N, elasticity of 4.56 mm, and chewiness of 83.32 mj. The product surface was

smooth, with good chewiness and elasticity, a compact structure, rich flavor, and an overall quality score of 89.60 points, which did

not differ markedly from the model-predicted score of 87.15 points. The findings of this research provide a theoretical basis for the

comprehensive processing and diversification of conventional goose liver products.

Key words: goose liver; restructured; fuzzy mathematics

W —-REREEEENEY, HPEHEA
B dEAEZR. UNBERR. AEAIABHER UL S k. BE. B
S g FRMmEY, I BE AR EIE 97%,
MRE WG & EARAR, 4R ARE™, RiESENA
KIErEFRY . BREFEREE, HL2HTRY
JFF BRI SRARARS, Bk 17 36843 3 S AR AT fr) A = T
JRH I ¥ 3G I DA SR I A, <5038 RS JFF 1 1 AR
EIEFAR, K EN TR aCE 1E s ik, H
ZEFE. MBS AT 254 R RAC R TR
MR, PORRCGER R, R R RY, B
ROFFERIN TREEEAR, A0 R A R34 TF R AN [ i e
(1 3 591, A 8 A G 1) 7 D, T v g B
SEVLFE S s RS T RIS TR RS 5 PN T O
[, 7 AR R, R R, RS
JFE R R AR AE, AT P2 S 2 RE IR R, X
TRl 1) & e BLAT B B (R A

i 2H 0 T AR 2 A B AR R Jon i el Xt UL PR £ 4
AR AT BREL, FIFAEL. (b2 BRI T ik
PRI JBE B PR ORI R T 2 ok, 45 38 Atk PRI 1) D R 1) Bt
PRIV, o 20 4 R TT LA R A3 310 78 40 R F (% 7 R AR
EAERSFAY, HitcEME TRk W
WA T, ey A5 R R, R A
BN TR e A HE . 2= B0 R I A s 50 P A A
KRR, BV L R XY R SN TSR A A
il Oliveira 25" i 1ok 45 in £F 4 AR 2R (A il 24 3%
2 DAY JBE I SR R AT R L A 5 I R AR A
W TG B WL Eh S5 E AL AR . AR H
I BAT #8432 2 R FH 3D 4T ERBA o 5 41 PO AT i 2,
4 # SR 3D AT BN AR 6T gy RS PI AL 2
BEATEAL. Kim &R A 0B S + TR S AT
AT RN, BT O I AR AT LUR i6
B e 1 PR A SR AT 45 A A KR A
JEUFHE P . RO L, e R ] 4% R
LRSI, X F 3 F RS (RS R
A BN .

ORI H50 27025 2 T LA B R 0] 7 AT SR S
PR 7. XA TR R IN CAVEE, X & TR AR T
PO, S0 50 B 3 557 VR A9 B 25 5 VP 45 21
HRe AT LR A AP F R, 15205 2% W
(PP p R RO VR R AL S A 2
RURELTT « R BRI B 0 AN R g M A v+ m T2
BEATORAC ARG BRPE MUY TR B IR A R
FREZEE TN 25, Dk, )P RO $ v 0} B A RS
JEEI 0 T2 T A, AR T — D 1R T ARG
{1 st SRR 7 S B o

Bk, AWF ARSI 59, ARE M. KRS
SEEA. TG ST HEA, 18 FBECE 7k
S EC T REAT AL, B RS AT B KUk, AT
NG HE SRS RN T K= i 2 AL SR R B  ARHE, idE—
ARG AR 0 = b e B K e

1 RS
RS St

WEFREAT . SRRSO T s REER . K9
BEA. R, AHBKRE. TG . HA. Sk
T B PR A S RS T R UR R R, A
JIRAAZ, /NEA. B G TR ILE. e
THERSERE, BT RRE; B B, TR
JFIEBRAT: ERFEN TR RIS, B8 HE ML 1E
W, WTRRARAR; B, WTERTT SN
AT T, T HRERKRMERAR.

12 NHEEHLE

DHG-9075A HL#GE R T 14E. HWS-24 L RAE IR
Ky, bBilg— R AR A PR A F] 77 s FA2004N
B R, RilEEEACEEA R A A 6 S30-LAS69
LN, LR AR A PR 2 =1 7= s TA-XT2 Fiff, %
& SMS A &) 7% il ; CR-400 a2 4%, H A JE ik 3 fE
Br/NEE et

201




MR @i

Modern Food Science and Technology

2025, Vol.41, No.12

1.3 SERJ ik

13.1 IZ44%

R ARG, I AT 4 CREK — FORT I B, FE
A — X BRI BT HE 30 s— An A HTIRIE 374 30 s— 1RA
AR, KENBEORAERY. kB HFkK Ak
#. TG B, £ Ao A —FPAHKIE 373 2 min— An AR KR
%73 1 min— M — 18i% 40 ‘C KL 40 min— 18% 80 C R &
20 min— #H7KEKHE 15 min— €3
132 Fauitabfery

TG T B X0 i) PR 5 Bl 250 g, X PR 4 40
DG R R i PR o B 1) o0, At I st A 250 g
T

KEEA 25 wt% BEh 14 wt%. TG i 1.5 wt.%.
AREVER 10 wt. % HEHH 1.5 wt.%. BEHCH
1.5 wt.% BB 3 wt. % A 1.2 wt.%. VKK
8 wWt.%- VKK 2 wt.%- TN 3 wt% RHAL 0.3 wt.%-
HHEBIREE 0.3 wt.%.

133 $EHFRE

A 250 g FAOHE JHRIXG A Dy S o0 B b o, LA 75 Jn
Yo LE B DAL BEAT T 5, e XS AL, TG
AREVERy  KE B E AR, DUKE P 8 TEhs,
5L A IR R AR R B2, HL TR R KT
W#E 1.

F1 TEEFERMENBEEKTER
Table 1 Single factor level of different raw materials

B 2 /(wt.%)

¥ Tamn To®m AEah kasmEe
1 60.00 0.00 6.00 0.00
2 70.00 0.75 8.00 1.00
3 80.00 1.50 10.00 1.50
4 90.00 2.00 12.00 2.00

134 BB

LB 21 968 ) 5 1 XUBR . AR R REL
HAURES . BFREREE M RTabs. 42110 B EMH
TRV N L, ToRE 7 Bk, 7 20~40
B2l fEVEANATEE IR WV Nz AR P, ZEIEAH
Be, AP S B RPN 7 AT KM . 2
PPN RAZ ISR 2 H ) 4 M0 E AT VRN, Bk
PEOMHE W2 2.

202

®2 REEMESR

Table 2 Sensory evaluation score sheet
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Table 3 Factor weight value of restructured goose livers products

A& Kok A B &F Rkl asRks
REME/ % 0.2 0.15 0.15 0.1 0.2 0.2

H1%% 3 Ar 45 ARG i 6 RIS AR S bR

WEAE K= (X1 Xk, X2 685, X3 ik, X4 nHmgE,
X5 HERE, X6 t1F)=(0.2,0.15,0.15,0.1,0.2,0.2)




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.12

WE—EM o E X, iz 5FMmEX RN, ¥
I G5 AN BARVE . YR NN R PE Y
13 G A B4R R B (VDL R
(V2). w1 (V3). Z (V4), M3 H i iE 4 v=
(V1. V2. V3. V4), PYANEE % 53 X 8] 43 501 Xf B
(80~100). (60~80). (40~60). (0~40). HL I 4
SR AT SR E HEAT VR 5, BT V=(VILL V2, V3,
V4)=(90,70,50,30)

RIERE VPN G5y, ATESLBBIAERE C, VPES
FNTRPRPCE S K 55 FE C & . HRIEBHE
FEFeiLIZH, Y = KC, HARMHM I &E[ A
U=YV,

13.6 EXRE

AR B R R RIS I 45 R, IR PRSI . R VER
KRG EH TG 8y 3 4K -5 & i 32 252 K 2%,
V4 5 ZH RGP o o 1) B AR AT A NS Bl AT AR A, SR
L,(3h ERREe. EXHRME 4, ELRE TR
W 5, AL, AR RER .

* 4 EXEEKTER
Table 4 Orthogonal factor level table
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3 85.00 1.75 11.00 2.75
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9 85.00 1.75 11.00 2.25
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Table 6 Evaluation form of restructured goose livers products
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Table 6 Ripening loss rate of restructured goose livers products
85 AR K3 3 /%
0.19+0.02
0.17+0.07
0.13+0.06

0.19+0.05
0.35+0.17
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0.17+0.25
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Table 7 Color analysis of restructured goose livers products
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w

1 55.52+£1.18 597+026 17.03+0.43 52.00+1.09

5620201 6.08+0.50 16.33+0.77 52.86*2.11

2
3 5823+138 571£0.56 16.08+0.98 54.87+1.61
4

53.01£1.05 6.42+045 16.81+0.85 49.67+1.18

5 56.58+1.46 6.72+027 14.72+0.94 53.66+1.61
6 56.20+£1.21 577+037 16.71+0.57 52.77+1.33
7 55.06+1.32 6.01+033 15.77+0.62 51.99+1.35

8 54.13£1.20 585+0.27 1586%0.51 51.11+1.27

9 55.75£1.03 595+024 16.18+0.52 52.51+1.07
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Table 8 Analysis of the quality and composition characteristics of
restructured goose livers

485 2N M /mm wH %% /mj
1 28.87+£0.49 4.11 £0.06 71.29 £3.67
2 3391+1.22 4.49£0.05 94.72 £1.07
3 2777+ 1.46 4.56+0.10 83.32 £3.06
4 29.04 = 0.64 4.23+£0.04 76.00 £ 0.67
5 41.99 £0.51 4.73 £0.05 122.71 £4.20
6 31.63 +1.64 4.64 £0.09 91.87 £3.59
7 43.28 £0.91 4.40 £0.10 128.68 £3.20
8 29.36+£0.83 4.25£0.06 79.42 £2.50
9 39.95+£0.60 5.12+0.04 126.11 £4.32
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Table 9 Orthogonal test results of restructured goose livers products

%5 A% N
A B C D
1 1 1 1 1 47.04
2 1 2 3 2 85.12
3 1 3 2 3 89.60
4 2 1 3 3 44.80
5 2 2 2 1 64.96
6 2 3 1 2 60.48
7 3 1 2 2 67.20
8 3 2 1 3 56.00
9 3 3 3 1 85.12
K1 22624  159.04 163.52  197.12
K2 17024 21056  221.76  194.40
K3 20832 23520 21952 212.28
k1 7541 5301 5451 6571
K2 5675 70.19  73.92 7243
K3 69.44 7840 7317  63.47
R 1867 2539  19.41 8.96
FAERF A, B, C, D,

® 10 EAIEATH RIEMEFRIR
Table 10 Fuzzy mathematical score scale for restructured goose
livers products
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