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Abstract: Fuzzy mathematics sensory evaluation is a comprehensive evaluation method based on fuzzy mathematics. In this
study, egg, silver bar, and pork were used as the main raw materials, and the optimal ingredient formula of an egg-silver-bar-meat
paste was obtained using single-factor experiments. Fuzzy mathematical sensory evaluation combined with orthogonal experiments
and the response surface optimization method was used to determine the physicochemical index, health index, and pollutant index
values. Based on the sensory quality, the optimal ingredients for the egg-silver-bar-meat paste were as follows: 60 g of crushed
egg, 30 g of silver bar, 30 g of diced pork, 30 g of rapeseed oil, 25.8 g of soybean paste, 20 g each of green and red peppers, 14.20 g
of light soy sauce, 6 g of peanuts, 4.19 g of oyster sauce, 3.2 g of sesame seeds, 2.57 g of sugar, 1.6 g of Sichuan pepper. The paste
exhibited characteristics of high nutritional content, unique taste, and high value addition. The sensory evaluation score obtained using
Design-Expert 13 software was 87.75, and that obtained in the verification experiment was 88.14, which was similar to the predicted
value of the model. The physical and chemical indicators, health indicators, and pollutant indicators were found to be in accordance
with the relevant national standards. Compared with previous domestic research focusing on using silver bars as the primary material
for paste preparation, the results of this study were more accurate, articulate, systematic, and comprehensive. Consequently, they
provide new insights and serve as a valuable reference for the development and commercialization of silver bar paste.
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Fig.1 Process flow chart of egg silver meat paste
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Table 4 Sensory rating table of egg and silver meat sauce
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Fig.2 Single-factor experimental results of the influence of

different supplemental amounts of raw materials on sensory

scores of egg sliver meat paste

B 2b AT 50, TR INEN 1~3 g i), &
HIFMAs 24 EHE R TRa%, 2EREE
(P<0.05). TZMIRNINERN 1.5 gil, FkRAks
Mg, AEFEEN, BAZEEEERS, EREP
Sy, EEWIINHERS, 762~3 ¢MB, K3
R IR E B, S — o AR —EEE
FIAEN, ZRAEZE (P>0.05). Eit, T4a#
INEAE 1.5 g, R mE, #1015, 2 g1k
RN IEAZ S =K

HHE 2¢ AT A1, ZURINE N 4~12 g i, BEVE
gz LT, ZREE (P<0.05). ZRN

261




MR B

Modern Food Science and Technology

2024, Vol.40, No.11

BN 10 g i, FRFESIRAS, B R R I L
HHRERERZ, BREFrEm. ERNENRN4-8g
B, HTARERD, BRIEHIEATR SRR
HERuEk, WEA SR, HERAEE
(P>0.05), TMERMERN 12 gh, TZHE, A~
A RE g BHEREAR AT R IR THE R, e gkl —
RN e S W Y R ND SR A SENE
i, BEVESITM . Rk, ZURNINETE 10 g B,
KA, Wk 8. 10, 12 g fE N IER LI =4
K

HE 2d AT50, ZIRINEN 3~7 g b, EE T
B0 20k EAE TREEY, ZREE (P<0.05).
LZUNINERN S g B, ATCASS T3k — BRIk 10 05 &
M R R AR AR, BRE R E. TEININ®
H3~4 g, FWRAHE, FEMMAE, EiHmN
HN6~T ghtt, B, REECR, (R RIE
I — e FEE R ZHk, FNEER S HE—
oy L RIRRL, R AR R DR, H5WnESR
S5ghfMtk, ZRAEE (P>0.05. Hik, £
InEAE S gy, RIAAE, Wk 4. 5. 6 gENIE
A SEI B = AN KT

HE 2e AT, madsInEN 4~8 g I, BEE VAN
B2k EARE FREES, ZREE (P<0.05).
FRANINEN 6 g, BEWEAT Rk 2 Bkl A AR S I Ry R
IRERE R, JR@E S RAA Y, Rt TR
BAAFESMAEG . Uk TERINER 4~5 g, 1EH
AR, TESGIMAHE, ARINEN 7-8 g, #in
2l Z, SWRERNERES, BREPSLT T
FERAS, fERXAWAXNE, ZRARE (P>0.05),
R, FRIINEN 6 g i, RIVEAE, HH 5. 6.
7 g VERIEAS SR [ =N K

B 2f A0, BEVHVSINEN 2~10 g B, JERE
VRN AT 7 RIS B S T R, R B
(P<<0.05). HEVHISINE N 4 g I, F#RIRIE 3% |
=N, CREEFRT O, HIUBSEI R, &K
B, EININEN2 gitt, AEANE, B
SR IELES, WG I & TR INEN 6~10 g B,
MERZ, Ok 20 mB 0PRSS, HEREE
R, BREVEOEAR, FNSHRNERN 4 g MHLE
FAEZE (P>0.05). Kk, EhEmEs 4 g i,
RHRAE, #Ok 2. 4. 6 g 1F R S Sz 56 i) = A
K.

K 2g vl AL, EHERINE RN 1~3 g i, &
BP0 230 EA S TR&ERE, EREE

262

(P<<0.05). FIRERINER 2.5 g B, Rk SRS
BREEN, BEREM, REP &S, SRERINE
N1~2 gy, RFERIERAME, FEGMHE,
TEVINE R 3 g if, AT DARALBEAR SR /A, (1
TR I B ER, ARFE BRI R CIRRE
TERINE R 1~1.5 g itf, SEMEN 2.5 g M1k, 2
FRARE (P>0.05). Kk, ARERINESR 2.5 g i,
RIEAE, WK 24 2.5+ 3 g /E MM RETHT 1 =N 7K F

B 2h \T R0, ARHhES RN 12~16 g B, &
HIF S5 253 EAm e TGS, EREE
(P<<0.05). AN 14 g i, kMR
L, MRIERE, KRR, &S .
TEIINEN 8~12 g I, fERABE, R AIRE
WAHMAEIAMEOR H R, REHE DN E, £
WINEN 16 g b, ERBIREE ., BIaER, £k
g 8. 10 gif, HilmEN N 14 gy, ZRAR
= (P>0.05), Hitk, AdhisinegEil 14 givf, R
BAE, BOR 124 144 16 g AF e RTH ) = AR

x5 EXXWigItE
Table 5 Orthogonal experimental design table

P A B ‘C kD ‘E
(Fet/g) (Z/g) (£/g) (FF/g) (£48)

1 1 8 4 5 1
2 1 10 5 6 2
3 1 12 6 7 3
4 1 8 4 5 2
5 1.5 8 5 7 2
6 1.5 10 4 6 3
7 1.5 12 5 5 2
8 1.5 10 6 6 1
9 2 8 6 6 2
10 2 10 6 7 1
11 2 12 4 6 2
12 2 12 5 5 3
13 1 8 6 6 3
14 1.5 10 5 6 2
15 2 12 5 5 1
16 2 12 4 7 2

22 EREBRERGH

it

221 ERFEHRE
AL 3 g 4 PR ERONSRIG AR &

D AN




MR B R

Modern Food Science and Technology

2024, Vol.40, No.11

Bt R E SR L(3) ER%E (F— 0%

R 6 EXERFHTEERFAEREITNZTEREZY

HAE D, FEE R HE B PR 3R S50 18 Ol AT LK Table 6 Votes of various factors in sensory evaluation of egg
S AN RS20, ALk STIb SE SRR E S silver meat paste under orthogonal experimental conditions
_ ‘ &iF WA H ek Ak

Fr 7w Fp% —— g . -
HRFEMRRTE KRBT E KR E
222 REPMIEREZHLIT 1 1900 01000 01000 082 0
10 24 8w PR N B PR R B RO AT 29100 8200 6400 4600
GG, SRREBEERWER 6 . 3 820010000 4600 5500
203 RMsEEES 4 0910 1810 4600 01000
Wi 4 PSR BRI R R, T L L L o o L0 0 0 e el
. A 6 7300 2800 1900 7300
SRR R ~R g0 VA 1 FSZIGHE S AR . FLE 7 01000 3700 3700 4600
FIPEA NBrA e 1 NEDE, 9 NiER, 0 Nk, 8 6 400 8200 6400 4600
0 NBEZ, W Ugu= (0.1,09,0,00, R U= 9 0730 0640 0910 0460
(0,1,0,00, U = (0,1,0,00 U~ 4= (0,0.8,0.2,0), 10 0100 0 0100 0 0100 0 0 4 6 0
AT 34 R, [FE A4S R~R o 11 01000 37 00 01000 04 60
204 KM AR 12 46 00 1900 01000 0100 0
) , ) 133700 2800 17201900
YRR B AH o v, 18 5 B EE 4R AH IR 15 2 14 100 00 10000 8200 7300
L =AxR, (BLEAE x BHIFEFE) = (0.03,0.93,0.04,0), 15 4600 19060 19600 1900
[FBE A 4% Ly~Lgo 16 2800 6400 4600 28200
® 7 EXIWERSH
Table 7 Analysis of orthogonal experiment results
%% A(FaiR) B (H) C(£) D (3%) E(=d) AEFy
1 1 1 1 1 1 79.9
2 1 2 2 2 2 86.9
3 1 3 3 3 3 86.6
4 1 1 1 1 2 80.9
5 2 1 2 3 2 82.6
6 2 2 1 2 3 84.2
7 2 3 2 1 2 82.3
8 2 2 3 2 1 86
9 3 1 3 2 2 76.8
10 3 2 3 3 1 78.8
11 3 3 1 2 2 79.4
12 3 3 2 1 3 81.4
13 1 1 3 2 3 81.2
14 2 2 3 1 2 88.8
15 3 3 2 2 1 81.9
16 3 3 1 3 2 83.4
Kl 415.5 401.4 4078 4133 326.6
K2 423.9 4247 415.1 576.4 661.1
K3 481.7 495 498.2 3314 333.4
k1 138.5 133.8 135.933 3 137.766 7 108.866 7
k2 141.3 141.566 7 138.366 7 192.133 3 220.366 7
K3 160.566 7 165 166.066 7 110.466 7 111.133 3
#E R 22.066 67 31.2 30.133 33 81.666 67 111.5
BAR KR A;B;C;D, BEZak, D>B>C>A
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SRR T By F. Z4ME N 90, 80, 70
60 43 E, 4% HE AT 349 70 i e A ofe S vk —— e -
BRETFWERTIHE, ¥ L, FRENES5
5RLME V; fHTRMRE A Si=LixVi, DL 155
AR N, 1SR R VR &5 R S,=0.03*90+
0.93*80+0.04*70+0*0=79.9, [ # Al LLit51H S,~S o
225 ERFRLERSH

MRAE 2.2.4 tFH H SRR FE R ERE RS, 19
HIEASSEg 45 Rk 7 Fos .

HR 7 AT, RS WA XS B AR 4% R BB VRN 1S
IR R - e AN N & > 28 1) N > ZE s
B> LM IR, U R T BUR B R A B
Tk B R AR TR, KUK R B K, T 20RO
IS AR RA L, XSS ERZNENLSGE Y
W f /e W EE KE, TUEH, GE587K
RS HH AN ABLC3D,, I LI INE N 2 g,
B MERN12 g, ZWRINER 6 g, AN
BANG6 g, M, WA RN H &R
L3§/S o

2.3 v RpE KR4 R AT

231 FERER

X 10 4 BE PP N ORI ECE IR A % D R AR
SHGHATAE, W 8 A, b Ak e B T ARDR £ 2
E PN MBS IR S R B VAN T
— 3, MR SRR R 5 A5 R MR 9.
232 @ARER TG E AT

& 10 AT A1, [ol 988 F{E N 26.39,
P{E<<0.000 1, MMM EZE, HuRERUIUA R
&, KRB R=0.963 5, R,’=0.927 0, UiWi%m
LTSS B 5 S Rt S HO A P A, SR A T
B, G, BAF—KkIIA. B. C. DEF
W & 3 Pk, 22 HIi AB. AC. AD. BC. BD. CD
ANEZE, AL B. C. DI IEA S E .

R i N THD 22 048 1 (R0 A 4006 5t 15 208 5
WEWEREEIESY (YY) A (EEERINE).
B (HEMIZAINED.C (EHERINE) D CEHAME)
1) % 22 T e YA A AR A o 7 72«

Y=87.36+2.01A+1.41B+1.58C+1.21D~
1.25AB-0.900 0AC-0.875 0AD-0.900 0BC-
1.03BD-0.825 0CD-5.23A>-5.23B*4.63C*-4.41D’
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Table 8 Evaluation votes of each factor on the response surface

ex SRS S Ak

JPg—— - - -
REFEKRY E KRBT E KA E

1 2800 3700 0550 01000

2 0820 0910 06 40 06 40

3 0280 0460 0190 0190

0 0730 0910 1810 035250

11 01000 5500 0910 1900

2 3700 1 810 0550 0550

38200 9100 5500 82200

4 07 3 0 06 40 0640 02640

15 0100 0 08 20 0820 0730

16 8 200 8200 10000 7300

17 3700 1810 0910 0730

18 0910 01000 0820 07 30

9 1810 2800 01000 0550

200910 0910 0910 0910

2133700 1 900 0730 06 40

22 2800 1900 01000 0910

23 91 00 4600 6400 7300

24 0280 0730 02280 03760

25 0100 0 0100 O 0 7 3 0 0100 O

26 0100 0 0910 0820 0910

275500 8200 9100 8200

28 046 0 0640 00100 022860

29 0100 0 5500 0550 2800
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Table 9 Experimental design and results of response surface

& 10 MR B FRHURY 77 = 24
Table 10 Analysis of variance for response surface regression
simulation

e PrA ARE HF  FAE Pl BEM

e Hﬁ%@ w&g>m%gn¢%mﬂé?
y (2 . 4
1 30 4 3 14 80.9
2 20 4 2 14 72.8
3 20 4 3 14 77.9
4 25 6 3 14 79.8
5 20 6 2.5 14 77.3
6 25 6 2.5 12 79
7 25 4 3 16 79.7
8 25 4 2.5 14 87.4
9 25 2 2 14 71.9
10 25 4 2.5 14 88.4
11 25 6 2 14 76.9
12 25 4 3 12 79.4
13 25 4 2 16 79.9
14 30 6 2.5 14 79.1
15 20 2 2.5 14 73.2
16 20 4 2.5 12 73.8
17 25 2 3 14 78.4
18 25 4 2.5 14 87.3
19 20 4 2.5 16 77.2
20 30 4 2.5 12 78.5
21 25 4 2 12 76.3
22 25 4 2.5 14 86.7
23 25 2 2.5 12 73.3
24 25 6 2.5 16 80.6
25 25 4 2.5 14 87
26 30 2 2.5 14 80
27 30 4 2.5 16 78.4
28 30 4 2 14 79.4
29 25 2 2.5 16 79

A 53963 14 3855 2639 <0.0001 - **

A 48.4 1 484 3314 <0.0001 **
23.8 1 238 163 0.0012  **
2977 1 2977 2038 0.0005 k¥

D 1752 1 1752 12 00038  **

AB 625 1 6.25 428 0.0576

AC 324 1 324 222 0.1586

AD  3.06 1 306 21 01696

BC 324 1 324 222 0.1586

BD 42 1 42 288 0.1119

CD 272 1 272 186 01937

A* 17742 1 17742 12148 <0.0001  **

B> 17742 1 177.42 12148 <0.0001  **

C> 139.05 1 139.05 9521 <0.0001  **

D> 12586 1 12586 86.18 <0.0001  **

KA 2045 14 1.46

ABAR 188 10 1.88 455  0.0787

iR % 1.65 4 0413

EBE 560.08 28

R>=0.963 5

R,=09270  C.V.%=152

E:*P<0.05, EFEE; . P<001, EFMEE.
233 REBEMNUERLNELRE BRGHH

FI ] Design-Expert 13.0.5.0 #4 % $ 4% 3t 47 4b
TH, 1530 1A v A R = 4R ], L 3.

i & 3 " 4l, AB. AC. AD. BC. BD. CD /~
AN JSETHT 3D PSS — N s, Tt B I BT AR AL
R AKCPIERAEE, 175 IRk FER A7
TER N . SR, UF B SLIh 45 52
R EPY, AT LA Y BD. CD AT HoAth 52 B,
BN R E . FaslEin TRRRDE, 28 HAEH B
2#®, % HIi AB. AC. AD. BC. BD. CD [#%§
S H, ABBD AR T HARAS LI, RPN B
SASKRE, & R R AE XS AR 4R P IR VT 43 R
AR HAE AN, (5 3D f T3 AR BRI LS,
Ut B R N . T A O B A A

265




HRERBHX

Modern Food Science and Technology

2024, Vol.40, No.11

WA R L R ARl RN A il ERR R XS B AR
P RCE PR IR IAR I B B 25K, (HARTELZ [
FAE—E AR .

TSR NN
50 R S RRERRIND
l“":o:O:’:‘:‘}:\‘

5 "'OAQO,,A‘*"

B: Oyster sauce / g
Sensory score (points)

2
20 22 24 26 28 30
A: Soybean paste / g

TR
I,"z:‘.0.0‘0‘$;‘\
7 :'00

I3RS
CRIRSRS
22002020200

Sensory score (points)

&

25 ISR S
50050
L7500 LRSI

iy 'l‘f?:{:fo?o"" S

Sensory score (points)

STRRS
5 SRRRS
ll,"oo’qo“Q“\
5500505533058

>’~lo, %

D: Light soy sauce / g

B:Oyster sauce / g

266

fli6 2
~ 90
= £
P 8 oos
] g s et
g g SRRSO,
: ol
g 2 200%0296%6%%"
5 -
) g
Py 3
[a]

20 22 24 26 28 30

C:Sugar/ g
3 EERXREMEANBERZANERE TS EATIN
B% = £k EF0 3D M R T ]

Fig.3 Contour map and 3D response surface map of the

comprehensive influence of the interaction of various factors
on the sensory score of egg bolognese sauce
A:(a) FEHFFRBYFHEABAAIDAELEGE;
(b) H2HPaBFHLxBAIDmMEER; (¢) ¥2
Fh A F LB AID @A ; (d) sibf g 1By
FHLAAIDMEEE; (e) b A F HLE X
3D L@ E;(f) Gf AR S HAE A 3D hEEE.

234 REIZASHMKMEERBE

2% Design-Expert 13.0.5.0 B ab B 0] 15, J7 %2
PIRRAE SR B8 R I N 25.803 g BBV N
4188 g, HMEUNINEN 2.568 g, EHBINE N
14.195 g, BLBHERE PN IS0 B, A 87.754 41
N T 245 56 I e S THD TR AR AN S PR AR R0 B B A
F AR A R, AR A3 S 15 3 1) B
BT EAMFHATIRARSZL . fFILE&HT, T
FERRL, XTSEERMERAT THOE: B2
WINE 25.80 g, FEVARINE 419 g0 EHERME
257 g, EHIRINE 1420 g, AN T T =K
IOUFSRES, P RS EAR A N E BT I
88.14, SEERITMME + e, w LA — DU
W7 TR RS TR 7 37 () ] 471

2.4 FALIEAR R AR A oy W E

W& AR AT B B EE T 27 15 XS B AR
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4 GB 31644-2018 (& i 24 B AR 2 A& AR
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Table 11 Physicochemical and microbiological test results of egg sliver bolognese paste

A%  RA A gk R HAFER REFCERMEXER
1 &#4% 132¢100g >12g/100g P
AL HF .
2 F35E 1260 kJ/100 g — LN
3 WB%E4H&  <10°CFU/g  <10'CFU/g FEes
T4 $R AR R , , "
4  EFEWEH <I0°CFUlg <10’ CFU/g PR
5 45 Rtk <1.0 mg/kg 4
. 6 i Atk <0.5 mg/kg PN
7 Jet 15 A7 _ N
7 il AA <0.05 mg/kg ey
8 48 Ak <0.1 mg/kg 4
K LK

3 Zhip

ARSI LR RSN I 30 g, DABORIIE B P
W5 G430 AF Sy AR, [ 52 B 77 A XS R 60 g,
FWHRL30 g, kmM30g, fE6g ERE32g
HAM20 g, 1M 1.6 g, XTREMIGERZRENT
LM, AL L R EEI. ARE. M S MK EXR
FH BRI R S0 45 5 IR A S0 . i I TR A2 4 281
BAERL T, XS Ee AR C 7 i 1R XS B R 2% R 5 34T
HLACAIGICAE DR I S 56 . 25 AR, XS R
B AEARIAC 7 A XSEERE 60 g, 2530 g, JERIKL
30 g, Xk 30g HEH2580g HLAM20g, 4
fh 1420 g, £ 6¢g, BEM4.19g, ZM32g H
W5 2.57 g0 TEML1.6 g, BEETERE WAL, DEE
WHEE. MleT o, OskEEET, BEHEAN, &
A PR B, e B TR A B A B R VRN R
Gy N 87.75 43, FEMLRAE AT = IREIE SR, 13
FURE VRN Sl 88.14, HA TR fe bR, T4
fatn. HRWIRARBT G E X, BAERFE
B DR DR BEIIE SRR .

AP & XS AR S A, fEE BT OR
WAWRE, EXXHHERIR S AR R &R AR
JH 1) 2 B DR 3% S0 AR I A2 SR 45 & 1 VAT RS
Ak, Bl 1E AT S 56 AN I T VA 25 A 00 T VAT
BT HRAL, FHECZT, ARSI T8 R FASOR 255 Ik
VPGS G B SR A B TR 1R 0 k)
Be 7 B Tk, S5 R TEREAG . SIEW. E RS, H
AT, AUNERE R T — ANk, S ER
S I R e Tl AL AE =3t T8 =5, ol
e H T RIRGL T 3 B8, NInTEARA I LigtE.
F 5 BRI RE B R AL TR B BioriE.
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