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Optimization of High Pressure Stewing Process of Rabbit Soup by
Fuzzy Mathematics Combined with Response Surface Methodology

XUE Shan'?, LI Kunlun'

(1.College of Biological Science and Technology, Minnan Normal University, Zhangzhou 363000, China;
2.Engineering Research Center of Fujian Province for Fungal Industry, Zhangzhou 363000, China)

Abstract: To study the high pressure stewing process of Minnan rabbit soup with red koji wine added, the yellow rabbit
from Fujian province was used as raw material, and the effects of liquid-solid ratio, stew time, stew pressure and amount of
red koji wine on fuzzy mathematical sensory score and soluble protein content of rabbit soup were investigated. The Box-
Behnken Design experiment with Matlab was designed on the basis of single factor, and the effects of liquid-solid ratio,
stew pressure and stew time on the quality of rabbit soup were studied. The results showed that the ratio of liquid to
material had a great influence on the quality of rabbit soup. Considering the sensory score and protein concentration of
rabbit soup, the optimal extraction process parameters were obtained as follows: Liquid-solid ratio 2: 1 mL/g, stew pressure
49.65 kPa, stew time 30.77 min, red yeast wine addition amount 3 mL/100 mL, The theoretical values of rabbit soup
sensory score and protein concentration could reach 85.17 and 32.38 mg/mL, respectively. The model was significantly
reliable, and there was no significant difference from the actual values (85.20+3.50 and 31.18+1.58 mg/mL). This study
provides impetus and reference for the research and development, innovation and promotion of Fujian characteristic rabbit

soup.
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Table 1 Factors and levels table of Box-Behnken design
KF
-1 0 1
A: WokHE (mL/g) 2:1 2.5:1 3:1
B: Jii K5t (kPa) 40 50 60
C: Ji 1] (min) 30 35 40
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R’=0.9907, B2 24 mg/mL.
1.3 #IEAIE

FRABHRIE 3 IR, 25 R LB EbR v 25 3%
7R, >R Origin 9.5 /EE . £ LR AT SPSS 20 #%&
14 5¢ Al . Box-Behnken XX iy v/ i 46 {8 F| Design
Expert 10.0.7 {458 Al . Matlab 437 & A Matlab
8.2 Software (The Mathworks, Natick, MA, USA),

2 EHER57h

2.1 BEEREIWER

2.1.1 Rz B B VS FIAR R B 5 )
2.1.1.1 R Rz E PPN SR 10 44
JECEPE ) 51X 25 DR 3 B A A I I an 2 3 T,
Bt RO LA T, LR 25 PG 22, [R]BsHE=0RIT T JER
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04 05 0.1
R = 03 06 0.1
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2.1.1.3 ZE&EITFHI4E

R 2 A DT

BLY, =WxR, BLY, AT A R P A A
Y, =W xR, ={0.3,0.3,0.4}x

04 05 0.1

03 0.6 0.1 ]:{YD Y2, Y3}
03 04 03

y;=0.3%0.4+0.3%x0.3+0.4x0.3=0.33;
¥,=0.3%0.5+0.3%0.6+0.4x0.4=0.49;
y3=0.3x0.1+0.3%x0.1+0.4x0.3=0.18
Y,={0.33,0.49,0.18}
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Table 2 Sensory evaluation scale of rabbit soup

TRE N
REHER
1(9043) F1(8043) #(7043)
fiF AL, 45 S WA, AR5
A AT AU A B FIRIRTCA R KR CRERUE S
(BY1 USTEL SN SRS IR /D, HRR— i, TEmIbR JolEER, k22, mIbR 2
R 3 AR LR P SO
Table 3 Distribution of sensory evaluation votes of different material liquid ratio
X HORHE (mL/g) il e H
a2 h % b Gx # LS h %
X, 2 4 5 1 3 6 1 3 4 3
Xy 2.5 3 6 1 4 6 0 4 4 2
X3 3 2 4 4 4 4 2 3 6 1
Xy 3.5 1 5 4 2 5 3 3 4 3
X5 4 1 4 5 2 4 4 1 5 4
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Fig.1 Effect of different liquid to material ratio on sensory
score and protein concentration of rabbit soup
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Fig.2 Effect of stewing pressure on sensory score and protein
concentration of rabbit soup
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Fig.3 Effect of stewing time on sensory score and protein
concentration of rabbit soup
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Fig.4 Effect of adding amount of Monascus wine on sensory
score and protein concentration of rabbit soup
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SR gy e . SRR A liiE =
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WA 25 FEBE S LT VB HES A 3 mL/100 mL .
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Mg e, b Ry IS B 17 A FRE S k7
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% x, MW, F55) R, HATPE TR 208 x|, 15 06
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222 ZEEIPHIEE W TGS A PR R LR
BVPHIREIRILER 5.

2.2.3 ZESTFHILER
LEGTEST4E R LR 6.

) )7 T 30 25 PP X SR

23 MEERERCEER T
2.3.1 FERIEEST SRS SR AR EIRASET Y T
24k, #RH% Box-Behnken 15 31 BB, DLW K
(A) . JESR(B) | B[] (C) =R 328, JJBE
3 FNAT AR R B SRy S A AT B 50T . 32
P M EERUNTR 7 Fis.
2.3.2 WA T3S R A S PERS S R Design
Expert 10.0.7 FAEXF B ECPE 47 AN Wi 53 B A5 21 i)
IvATaiEIVELE £y s

y,=86.46—1.46A+0.51B+0.60C+1.20AB+1.47AC
—1.32BC—1.53A%-5.43B>-2.70C?

y,=18.62—5.42A+2.15B—2.60C+2.56AB+3.02AC
+1.38BC+2.45A%+2.56B>+1.48C>

SXof 3 Il U5 O R A R BEA TR 56 (LR 8 RN
2 9) . HFERM, y, Fly, BERIFR B 2 (P<0.01), 2
HAAS 2 25 (P>0.05), UiEHiZ B T PR ZE /S, A48
BEHREZEP ARG FIERE R 5N
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Table 4 Sensory evaluation of Box-Behnken response surface test

P RE R 4y o *% s RE R it r # ETae BE R i o %
Rz 2 1 7 e 6 3 1 iRz 8 2 0
X S 1 4 5 X R 8 2 0 X3 B 6 3 1
FE% 2 2 6 & 6 4 0 % 4 5 1
LRz 4 3 3 JERES 1 4 5 iRz 8 1 1
X, R 3 4 3 Xg R 3 4 3 X4 Gl 8 2 0
FE% 3 2 5 (Y 2 5 3 % 6 2 2
(ERES 2 3 5 JERES 7 3 0 FERES 2 5 3
Xs Gl 1 3 6 Xg A 8 2 0 X;s Gl 3 4 3
FE% 2 4 4 F& 7 2 1 % 3 5 2
(ERES 6 3 1 {ERES 4 4 2 RERES 3 3 4
X4 Gl 7 3 0 Xy0 A 4 3 3 X6 TR 3 2 5
PR 6 4 0 FE& 3 5 2 % 2 4 4
(ERES 3 4 3 {ERES 4 3 3 FERES 4 5 1
Xs T 3 5 2 X R 3 5 2 X7 TR 4 4 2
FR&% 6 3 1 FR& 2 4 4 & 5 4 1

Rz 4 3 3 g 7 2 1

Xg HFA 3 5 2 X1y R 8 2 0

1 g 2 4 4 1 8 1 1

2% 5  Box-Behnken Wi R KRR B 25 A VA4
Table 5 Sensory comprehensive evaluation set of Box-Behnken response surface test
YA VA Y EEE PRI Y SR A VA

Y,={0.17,0.23, 0.6}
Y,={0.33,0.29, 0.38}
Y,={0.17,0.34,0.49}
Y,={0.63,0.34, 0.03}
Y={0.42,0.39,0.19}
Y,={0.29,04,0.31}

Y.={0.66,0.31, 0.03}
Y,={0.2,0.4,0.36}
Y,={0.73, 0.23, 0.04}
Y,,={0.36,0.41,0.23}
Y,={0.29,0.4,031}
Y,,={0.77,016, 0.07}

Y,,={0.58,0.35,0.07}
Y,,={0.72,0.17,0.11}
Y,={0.27, 0.47,0.26}
Y,={0.26,0.31,0.43}
Y,,={0.44,0.43,0.13}
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Table 6 Sensory comprehensive score results of each

evaluation object

ZIERER () ZIESPEER () ZIEI AR (1)
Z,=75.7 7;=86.3 Z,5=85.1
Z,=79.5 Z,=78.4 Z,,~86.1
Z,=76.8 Z,~86.9 Z,5=80.1
7,=86.0 Z,,=81.3 2,783
7,823 Z,,=79.8 7,~83.1
Z=19.8 Z,,=87.0

e I DATTE AR 9 e S
Table 7 Response surface optimization test and results
RS A B C  yEEWFESOUD  y,HEAWKE(mg/mL)
1 0 -1 -1 75.70 25.28

2 0 1 -1 79.50 2433

3 1 ! 0 76.80 11.82

4 0 0 0 86.00 18.12

5 1 0 1 82.30 17.53

6 -1 1 0 79.80 30.33

7 0 0 0 86.30 17.85

8 1 0 -1 78.40 17.62

9 0 0 0 86.90 20.32

10 -1 -1 0 81.30 28.65

11 0 -1 1 79.80 18.25

12 0 0 0 87.00 19.50

13 -1 0 -1 85.10 33.62

14 0 0 0 86.10 17.32

15 1 1 0 80.10 23.73

16 0 1 1 78.30 22.82

17 -1 0 1 83.10 21.44

SERC IR T 5, VOB EE>BRl>Rai .y, B AL
B. C Wi X 32 38 B3 8 35 (P<0.01), y, B HI
BC 22 H. A i3 (P>0.05), 1fi AC 38 HAE N & 3%
(P<0.01)., S#kHE 2:1 mL/g, 2 K58 49.65 kPa,
JEZZ AT H] 30.77 min B, BB VSRR SR SR IS

HERAE, 53 3°A 85.17 A1 32.38 mg/mL.

8y, BIATIRETT TR

Table 8 Variance analysis of y, regression equation

KIE CEA AmE ¥y F{H PfH I
BRL 22213 9 2468 7291  <0.0001 ok
A 17.11 1 17.11 5055 0.0002 o
B 2.10 1 2.10 6.21 0.0415 *
C 2.88 1 2.88 8.51 0.0224 *
AB 5.76 1 5.76 17.02  0.0044 o
AC 8.70 1 8.0 2571 0.0014 ok
BC 7.02 1 7.02 2075 0.0026 o
A? 9.86 1 9.86 29.12  0.0010 o
B? 124.15 1 12415 366.76  <0.0001 ok
c? 30.81 1 30.81  91.01  <0.0001 ok
Lz 2.37 7 0.34
KT 52.00 3 0.51 237 02111
alifR 2 0.85 4 0.21
syl 224.50 16

e * AR EP<0.05, ** f8FP<0.01; LI,

K9y, MIATTRETT 22 Hrdh R

Table 9 Variance analysis of y, regression equation

kIR CFA AME 5 FE PH  RBEFM

R 465.24 9 5210  17.13  0.0006 o
A 234.79 1 238.71 78.48  <0.0001 o
B 37.02 1 37.02 1217 0.0101 *
C 54.13 1 5227 1718 0.0042 o
AB 26.16 1 2616 860  0.0219 *
AC 36.54 1 3875 1274 0.0091 ok
BC 7.62 1 7.61 250  0.1627
A? 25.20 1 2428 798  0.0251 *
B’ 27.68 1 28.66  9.42  0.0207 *
c 9.27 1 8.72 287  0.1289
B 2% 21.91 7 3.04
RI 1571 3 5.03 325 0.1430
4R 6.20 4 1.55

S 487.15

—_
(=)}

2.4 Matlab PU%E K = #5347

Z&ik Matlab 4347, 152 (mL/g) (A), i
JE5# (kPa) (B) AU B [E] (C) X 5 i BB 5 (y,)
(I 52) FNEE FAACEE (y,) (] 5b) 8200 1 DU 45 SR 14
Yy, BASPRE R R (86.81) I, 5 (4145 5]
AfH 2.24:1 mL/g, B {f 49.80 kPa, C {& 34.90 min;
[F12H, >4 y, BUS ISR RIE (37.94 mg/mL) BT, A 1B
2:1 mL/g, B {H 40 kPa, C {H 30 min.

AT Gy A R S0 AT R (8] 14 58 HRE R, 43
25 2SR (AR (2: 1 mL/g), 11(2.5: 1 mL/g), &5
(3:1 mL/g) I}, Jliz& o (B) S5kl A (C) X E
PE5r(y ), BRI (y,) 38 B R 1 — 4EHER% i i -5
LB E (F 6a~61) 6

a A: R (mL/g)
0

22
60 :
Wy s 2.1
45 o (P2
30 40 ey
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Ty /2,7(

117['11 )
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Fig.5 The 4-D interactive surface based on the optimizing of y,
andy,
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Fig.6 Contour plots and response surface plots of the effects of the interaction of various factors on the y, and y,

MRORHEE (A BCF BRAEL(2: 1 mL/g) B, [E ekl
JE5E, BEE R BT R E R, y, SEThE e BRI (SEL),
My, A B RIS CIELR) 5 [ i it a), fEE
S R I Ly, R BT S T B,
v, A NG TR A HUET, y, BUE T
75.37~86.47 43, y, BUE I Fl A 22.25~37.94 mL/g.
Yl 35 TR R AR A UT 50 kPa BfFUT, i 25 B ] k4 T
30 min, y, Al y, AT [FIAFBUSERAE, (B ICHBAS R R
{E. (&l 6a~6¢) .

MR (A) O E]E (2.5:1 mL/g) B, y, Fil
v, BIZE AL 3 S A=2:1 mL/g B8 M2l . [# 5
B H, BiE CHIKR, y, Jetii RIS, y, B/,
Jofi & BRI ¥ T 35 min BT, y, AR ARHUAS B RfE
[ExE C{H, MEE B HMWIE K, y, Fe RIS, y, 48
AR E. tbEt, y, BUETE R Y 75.89~86.50 47,
v, BUEIE N 16.29~26.04 mg/mL, Z5{) s, 254di &
JESEEE AL UT 50 kPa [T, 4l & B [R) #4322 U5 30 min,
vy Fil y, AJ [A] B BAS 3 R AHE, (H JG 7 B i RAE
(& 6d~61) .

OB (A) B EBRAE (3:1 mL/g) B, y, Fil
y, B a3 S A=2:1 mL/g F1 2.5: 1 mL/g BFA %
K25, B B, Bi%E CEM K, y, LFtEa
FEAK, y, 26 T RE)S THE; B CH, BiE B HAIY
K.y, FeFtm)a T, y, BHiFE . 1L, y, BUEE

A 70.22~83.93 41y, BYEFEELY 13.35~26.21 mL/g.
el 5 PR SRR T 52 kPa, 4 A9 E] BT 30 min
B, y, Fly, ATHUSERAE, (H [RIRE JC L [F] A B S 05
FAE (&l 6g~6i)

ZF TR, MOk L E L FRIE (2.5: 1 mL/g) B,
y, AT DABUS 8 = B AR (86.50 43), 43k FLBC T BR
{E(2: 1 mL/g)ist, y, AILIBASERSHEIAEH(37.94 mL/g);
B BURARAE (2:1 mL/g) , Jili 2 K 5 bk ka in
50 kPa(49~51 kPa), Jdiz& B [B] X 43T 30 min, y, Fl1
v, BIEA T R R . &3, 24 ABC2:1 mL/g,
B HX 49.65 kPa, C HZ 30.77 min, y, Fll y, [AIHFHAS4%
KARL, 43504 85.17 43 F1 32.38 mg/mL. ## IAZS%K
PHTIGUESLES, 1538 y, Ay, BISEERE ST 9]0 85.20+
3.50 1 31.18+1.58 mg/mL, 5 Mt {H 25 5 A~ B35
(P>0.05),
3 it
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