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Optimization of Production Recipe of Lentinus edodes Oil Chili Sauce
Based on Fuzzy Mathematics Comprehensive Evaluation Method
GUAN Qinglin', ZHOU Xiaoli"*, WANG Rui', WU Jing', TIAN Qiming?, ZHONG Dingjiang’

(1.College of Food and Pharmacy Engineering, Guiyang University, Guiyang 550005, China;
2.Majiang Mingyang, Food Co., Ltd., Kaili 556000, China)

Abstract: In order to improve the comprehensive utilization of Lentinus edodes resources, on the basis of the existing
Lentinus edodes sauce products, the appropriate optimization and recipe for preparing seasoning products with good sensory
quality by using Lentinus edodes as the main recipe were discussed. In this paper, Lentinus edodes as the main raw
materials produced in Guizhou, pepper and bean paste as the secondary material, by combining fuzzy mathematics sensory
evaluation method optimal recipe of Lentinus edodes oil chili sauce, and its color, texture, physical and chemical indicators
were analyzed. The results showed that the optimal recipe were: 52% Lentinus edodes, 16.5% chili, broad bean paste 13%,
sugar 1.98%, salt 1.32% and flavor nucleotide disodium (I+G) 0.132% based on the basic recipe (edible oil 100 g, vinasse
8%, white sesame 2%, dried chili 3.3% and pepper powder 1.3%). This product sensory evaluation score of the recipe
reached (88.75+3.07), and the product color was ruddy and shiny, the aroma was coordinated, and had a strong aroma of
Lentinus edodes flavor, the Lentinus edodes granules were moderate in hardness and softness, the taste was distinct and
delicious. The determined protein of the product was (5.58+0.47) g/100 g, moisture was (5.11+0.08) g/100 g, amino
nitrogen was (4.87+£0.06) g/100 g, and the microbiological index results were all qualified. This study can provide a
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theoretical basis for the deep processing of Lentinus edodes and other foreign grade products, and also lay the foundation

for the comprehensive utilization of Lentinus edodes.

Key words: Lentinus edodes; fuzzy mathematics; condiment; formula optimization
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Table 2 Sensory evaluation standard of mushroom oil chili sauce
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Results of single factor experiments
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0.1,0.3,0.5,0.1 | 0.1,0.3,0.5,0.1
1 0.1,0.5,0.3,0.1 | 1 0.1,0.5,0.3,0.1 |
[ 0.1,0.5,0.2,0.2 ] [ 0.2,0.5,0.3,0.0 ]
R, = 0.1,0.4,0.4,0.1 R, = 0.1,0.7,0.2,0.0
0.0,0.2,0.5,0.3 | 0.1,0.5,0.4,0.0
1 0.2,0.1,0.4,0.3 | 1 0.3,0.4,0.3,0.0 |
[ 0.1,0.5,0.4,0.0 ] [ 0.2,0.2,0.6,0.0 ]
R = 0.4,0.3,0.3,0.0 R = 0.3,0.4,0.3,0.0
’ 0.2,0.2,0.3,0.3 | ° 0.1,0.2,0.5,0.2
1 0.1,0.5,0.4,0.0 | 1 0.1,0.4,0.5,0.0 |
[ 0.3,0.5,0.2,0.0 ] [ 0.4,0.6,0.0,0.0 ]
R = 0.0,0.7,0.3,0.0 R = 0.3,0.3,0.4,0.0
! 0.0,0.4,0.6,0.0 | 0.2,0.2,0.4,0.2
L 0.0,0.7,0.3,0.0 | 1 0.3,0.4,0.2,0.1 |
1 0.2,0.3,0.5,0.0 7 [ 0.1,0.4,0.4,0.1 7
R = 0.1,0.5,0.4,0.0 R, = 0.0,0.7,0.3,0.0
’ 0.1,0.2,0.6,0.1 " 0.0,0.1,0.7,0.2
1 0.1,0.3,0.5,0.1 | . 0.0,0.7,0.3,0.0 |
1 0.2,0.3,0.5,0.0 ] [ 0.1,0.5,0.4,0.0 ]
R. = 0.1,0.3,0.6,0.0 R. = 0.1,0.5,0.3,0.1
! 0.1,0.4,0.4,0.1 2 0.0,0.2,0.7,0.1
1 0.1,0.5,0.4,0.0 | 1 0.0,0.5,0.5,0.0 |
1 0.3,0.5,0.2,0.0 7 [ 0.2,0.4,0.4,0.0 7
R. = 0.3,0.5,0.2,0.0 R, = 0.2,0.3,0.5,0.0
: 0.2,0.5,03,0.0 | " 0.1,0.4,0.4,0.1
1 0.2,0.6,0.2,0.0 | 1 0.1,0.5,0.4,0.0 |
0.2,0.4,0.4,0.0 7 [ 0.1,0.4,0.5,0.0 7
R. = 0.2,0.2,0.6,0.0 R, = 0.2,0.6,0.2,0.0
a 0.0,0.4,0.4,02 | 0.1,0.3,0.5,0.1
L 0.0,0.5,0.5,0.0 | 1 0.1,0.3,0.5,0.1 |
[ 0.5,0.3,0.1,0.1 ] [ 0.1,0.5,0.3,0.1 ]
R. = 0.1,0.6,0.2,0.1 R. = 0.3,0.3,0.4,0.0
7 0.2,0.4,0.2,0.2 | " 0.1,0.6,0.3,0.0
1 0.0,0.5,0.3,0.2 | 1 0.0,0.6,0.4,0.0 |

SR (Y) S B B B T F b B VP 24
RO, BT R A i A (TR, B
Y=AxR, DLIE 52 i 5 45 5 1 A 0], Y,=AxR,, H}
0.2,0.4,0.4,0.0
0.1,0.5,0.4,0.0

Y1:( 0.2, 0.25, 0.35, 0.2) x =(0.120,
0.1,0.3,0.5,0.1

0.1,0.5,0.3,0.1
0.410, 0.415, 0.020), Y ,~Y s BIZE AP e 52 UL 3 4.
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Table 3  Statistical results of fuzzy mathematics sensory evaluation
s i AR AU HEURAE
i i K H %= i K h % U 23 H %= i K H %=
1 2 4 4 0 1 5 4 0 1 3 5 1 1 5 3 1
2 0 8 2 0 0 4 6 0 0 2 6 2 2 4 4 0
3 1 5 2 2 1 4 4 1 0 2 5 3 2 1 4 3
4 2 5 3 0 1 7 2 0 1 5 4 0 3 4 3 0
5 1 5 4 0 4 3 3 0 2 2 3 3 1 5 4 0
6 2 2 6 0 3 4 3 0 1 2 5 2 1 4 5 0
7 3 5 2 0 0 7 3 0 0 4 6 0 0 7 3 0
8 4 6 0 0 3 3 4 0 2 2 4 2 3 4 2 1
9 2 3 5 0 1 5 4 0 1 2 6 1 1 3 5 1
10 1 4 4 1 0 7 3 0 0 1 7 2 0 7 3 0
11 2 3 5 0 1 3 6 0 1 4 4 1 1 5 4 0
12 1 5 4 0 1 5 3 1 0 2 7 1 0 5 5 0
13 3 5 2 0 3 5 2 0 2 5 3 0 2 6 2 0
14 2 4 4 0 2 3 5 0 1 4 4 1 1 5 4 0
15 2 4 4 0 2 2 6 0 0 4 4 2 0 5 5 0
16 1 4 5 0 2 6 2 0 1 3 5 1 1 3 5 1
17 5 3 1 1 1 6 2 1 2 4 2 2 0 5 3 2
18 1 5 3 1 3 3 4 0 1 6 3 0 0 6 4 0
K4 FEMEBE LS I AR
Table 4 Results of comprehensive evaluation set of mushroom oil chili sauce
Y; TSR Y, SRR
Y, (0.120,0.410,0.415,0.020) Yo (0.020,0.430,0.460,0.090)
Y, (0.055,0.465,0.425,0.055) Yy, (0.120,0.375,0.470,0.035)
Y, (0.085,0.290,0.395,0.230) Y, (0.045,0.395,0.500,0.060)
Y, (0.160,0.530,0.310,0.000) Y3 (0.245,0.520,0.235,0.000)
Y;s (0.210,0.345,0.340,0.105) Y, (0.145,0.395,0.425,0.035)
Y, (0.170,0.290,0.470,0.070) Y5 (0.090,0.370,0.470,0.070)
Y, (0.060,0.555,0.385,0.000) Y6 (0.125,0.395,0.425,0.055)
Yg (0.285,0.345,0.280,0.090) Y, (0.195,0.450,0.200,0.155)
Y (0.120,0.315,0.510,0.055) Y (0.130,0.505,0.345,0.020)

©

3

2.3 IEXRE

3 4 PR BENLEE RS R GREE) 510,
K. F . ZTA953E 90, 80, 70. 60 AT, 155 1F
ARG A LA B E VST, B o (I A E S0 A% 1
AT BT AN T 2553007, G55 L3 5.

FHE 5 A, sE ¥ AR B P4 10 R AR
N AGEZET)>F(+G)>B (RAHEH D) >C (S35
SE(EED)>D(AVE), 3 6 ol %, FE T . BOHEBEE
MR, SIS 1+G 5 1 5 00 25 7 2 T B0 7
FAECE R BT (P<0.05) . ALk, 7EFEa e 77 (& FH
100 g. Wikl 8%. 12K 2%. T3 3.3%. FEHL
B 1.3%) i FEal_I, OB L5 G PRI IR LS,
B 1 M BRI EC 7 A A,B,C,D,E | F,, RIFF 45
T 52% . KEHHHL 16.5% . EIEE 13%. FHE 1.98%.
R 1.32% 1 1+G 0.132%.

2.4 UHFSCIS RIBLE. UESIIRRR

XHRALEL )T A,B,C,DLE | F, A THGIE, Fe 2™ i
FYEVE PES>N 88.75+3.07, T TIEACIRIG H 1Y 18 IR
SEIGTESY, FEAARE LTI H A YGPE, T WMA, ZEuuk

AB, 1 EAG BRI USRI S 1035 7y, THEZ IR
SyPH HLEESE, tHE B shikly, JEmVESREE LB m
BRI BARA R . DAL 7 o il 4 0 A 2 Vil A
i, XK S 8 A R R E SRR A A . R s bR
AT, e 7 Ui, AR Q=5 &6 1 5 A H BN
FPRASA, VI E A IZ M EA —EEFR M EH. 4
7 PSS RS A L s I e AT BEELAE TR LA
IE ST BUEALIVER, B A S AR B, L
FEBUAG 7= i A= E T DAREHEBRAR  # AR 10
i EIRR P20 . TR AR S8 i, SR = i i e 85
FE TR YR BBF SR, B AN R AR
2 HH UL 7 0 2 T ARG = AR S B A A =
3R, [RIA st BRSO A B B PN 45 A E 38 ie i fb
T T B IV ERC ) LU0 25 a SR T 4, ATz
FHizOTik s S AR
25 BF. RS

| AR T RREARGA | PR
TEAS . A M B B e bR ST T HABORMI A 41
IR TN SE G IE S I 0 A 5 1% B 2 Vil R AR il
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Table 5 Results of orthogonal test

jaeass M RAERRE
ATLET (%) BRAMIBAR (%) CEE (%) DH#%(%) Efr#h(%) FI+G(%)
1 1(46) 1(13) 1(10) 1(1.32) 1(1.32) 1(0.066) 73.85
2 1 2(16.5) 2(13) 2(1.98) 2(1.98) 2(0.132) 75.20
3 1 3(20) 3(16.5) 3(2.64) 3(2.64) 3(0.198) 72.30
4 2(52) 1 1 2 2 3 78.50
5 2 2 2 3 3 1 76.60
6 2 3 3 1 1 2 75.60
7 3(58) 1 2 1 3 2 76.75
8 3 2 3 2 1 3 78.25
9 3 3 1 3 2 1 75.00
10 1 1 3 3 2 2 73.80
11 1 2 1 1 3 3 75.80
12 1 3 2 2 1 1 74.25
13 2 1 2 3 1 3 80.10
14 2 2 3 1 2 1 76.50
15 2 3 1 2 3 2 74.80
16 3 1 3 2 3 1 75.90
17 3 2 1 3 1 2 76.85
18 3 3 2 1 2 3 77.45
K, 445.20 458.90 454.80 456.00 458.90 452.10
K, 462.10 459.20 460.35 456.90 456.45 453.00
Ky 460.20 449.40 452.35 454.65 452.15 462.40
k, 74.20 76.48 75.80 75.99 76.48 75.35
k, 77.02 76.53 76.73 76.15 76.08 75.50
k, 76.70 74.90 75.39 75.78 75.36 77.07
R 2.817 1.633 1.333 0.375 1.125 1717
#o6 IrEINER RT BB EYR bR T4
Table 6 Variance analysis Table 7 Analysis of physicochemical and microbiological
TEE I T indexes
A 28.568 2 46.871 * ol ERAS IE B
B 10.354 2 16.988 * HE T (2100 g) 5.58+0.47
1(; (5):22(5) i (9);23 ' 7kﬁ(g/100 g) 5.1140.08
E 3802 2 6,386 IR H (/100 g) 4.87+0.06
F 10.848 2 17.798 * WY& ME(CFU/g) <50
s * R, P<0.0S. BB (CFUTg) A
K wRE(MPN/g) KA

VERC Ty, PRI FBAAASL . fo 2243000 e HLA Edf . R AL
JEE R AR A PP AR SO TR 19 3 R N 44 A 4 R
PR BT AR P AT A T , DR A S X ) ok
2 P ER B X TE] . AN 8 o, e 45 5%
YA E I B35 2 T R DX (] Py, Horh el T
FER T C(P<0.05), (HANTHE /=i A, B 2

SN 3 (P>0.05) ; Y EMR I 77 W 35 5 T 77 4 B
C(P<0.05), 57=fh A NEIFH(P>0.05); M= i (¥ 55
PEFIREIEEPE 5 TR = Fh A 2 (P>0.05); Tl
TE S ML GE b R OB 19 36t -, DA =454
A 1 A L JFURMUT & 00 A 2 v R HLAT R AT e

K8 AR I E SR

Table 8 Texture and color properties results of samples

g FAR R (ERES
" REE (g) HitE(e) T () FOEWE J1(2) r o b
A CE R MBI 1142.23+95.47° 0.89+0.07°  701.26£161.97° 0.29:0.03% 27.93+0.87° 8.81+1.37" 5.91+1.19°
BRI 1) 921.83+84.00° 0.86+0.08° 621.59+68.30° 0.26+0.03° 30.94+0.90° 12.04+0.95° 10.43+1.38"
MHEC(EME L #) 1544.06+£170.54°  0.85+0.04°  687.54+145.02° 0.27+0.02° 29.98+2.08" 7.41+0.82° 7.98+0.64°
PEALIE 7= i 992.86+50.55" 0.91£0.07°  674.58+£112.63" 0.32+0.05" 33.68+2.24° 13.26+1.43° 12.1542.03°

T FFIAR R NG FRER R 22 5 3, P<0.05.
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FaRek, HAT 4 T R RS vh, SRR | DEE R AT
R 8RN, L', a"Fl b ¥, b L 25 v T
fb =ZH T8 (P<0.05), o A1 6™ {E. .2 T ™
min AR C(P<0.05), AT 8 7= i B 22 53 A I 3%
(P>0.05), iX A HEH TAS ™ f P AR US I T G, =2
DAH 74 (O RERE A EA T Z& AR, A i i
NN R AR e o
3 g

R RO R A 25 5 PP A T 7 2l Y R ARG o)
YEBCIT R AAR XS Y T B E TS B A A
RZE, PPN A R B —E R a . a5 RR]L e
i 100 g WAE 8% . FHZR 2%. TBHEY 3.3%.
AEROHY 1.3% rBEAl b, SRR LG PP
A T IR P i I B D BC T N Al T 52%, ML
LB AL 16.5%, WM ¥ 13%, 10 1.98%, £ 4k
1.32% Fl I+G 0.132%; H A5 75 48 v siopess 7 ol
B LA SGEE, A M, G RHAR, Lkl id
o, S L PR R4, HER)Z RSB HLESE; Horh A
L T ORERESOR . AR R 1HG A BRI il 1 8%
BSOS IIE, 1207 i YR LB
(5.58+0.47)g/100 g. K453~ (5.11+0.08) g/100 g, 5
FIREAE M (4.87+0.06)g/100 g, BvR A%< 50 CFU/g.
RIG AR FNEE TR AAS, H 5 oA 72 iDL AL s 7 i Y
JTAGREPE, BERE | 5P | REE RN AR T 430 R
992.86+50.55. 0.91+£0.07. 674.58+112.63 1 0.32+
0.05 go ASBFFELEH T Jy A i s i A | ot
PRS2 E, MR SR s 2R & R
P—E P ERSSCRE
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