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Application of fuzzy evaluation combined with response surface test in
the formulation optimization of black garlic gelatinous candy
HU Hong-min' ,ZHANG Min"* LI Xin' ,XU Jin-ling' ,ZHANG Li-ming’ ,LAN Ling’

(1.College of Food Engineering and Biotechnology , Tianjin University of Science & Technology , Tianjin 300457 , China;
2.Xuzhou Liming Food Co.Ltd,Xuzhou 221000, China)

Abstract: The purpose of this paper was to prepare a new kind of soft candy with black garlic as the raw material.
The four factors and three levels of response surface experiment was designed on the basis of single factor
experiment,which combined with fuzzy comprehensive evaluation to determine the best formula.The experimental
results showed that: fuzzy comprehensive evaluation can objectively and accurately judge the sensory quality of
black garlic soft candy.The optimized process parameters for soft candy was as follows ;:the content ratio of sugar
solution, black garlic pulp,carrageenan, citric acid was 55.37:18.36:1.92:0.57.The soft candy was of bright color,
unique taste attractive and black garlic flavor.
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Table 1  Factors and levels of response surface experiments
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Table 2 Score table of black garlic sort candy

ey WD oo
Eizk ) PRt A (43)

RAR @, 5] — B EADERE 45
@ 5 RO, IS RIEADOLRE 3

BB A M A, e 12
R RO BRI
TeABB, ol B 4~5
R BN BB,

JCI S A, JORE Bz -3
RMPHESE 22 BRI 22,
AL AT 1~2
A, AR 4~5

(mp3 5 B —E I, A3
WA Rt 2, S HE A . 1~2
FIRIR I BRI, TRk,
PR EAE T :4~5
AT B AR R A RS R
Mk 3 Kk 3
AR ) B i R el
AW 1~2
0351
0301
0.25
5, 0.207 531
0.151 B 201
0.10 A 101
o 12
0.057 o 1:3
0.00 —#— . : .
7 B — L3Q/d8 Iy
WiE

BT b S A AN (5] L 1 RO OC & ith 2k
Fig.1 The fuzzy relation curve of white sugar and
glucose syrup in different proportions

2.1.2 BEMRESINGERYAAE  BEWRCES IN e X R R O
i ST IR I LR AR AR RS R I 1 2
AT LR B, YRGS i Sy 40g I X R B I8 {H fe RS,
VPR — ", T ELIG(R Ze 300t B — S kg, 3 B g
{E A2 Bl , 7= 2R B0 A2 5 B URES It 2 50g
XN B AR 55 40g B AH 25 AN K, 3P O 47 i L
PRI HER AR A, R WA B A9 255 388 L He B — 2,
VLB 2 A N B 50g. HPR IS &L &5 T 60g
e, 3o B R BRI, X T2 IR O R HE 25 1 HOPE 19
P IR T SRR IR o

2.1.3  RABCHIMA R0 E R38Ot i
B MH R AR . B A JE R i EE i, T B
Z N2l BRME AR A HE , M LA I . AR IS fe R SRR
BEI, P 3 AT LA B, YR PR ES A 1.5
2.0g W X5 W B WEAEL e O, PP DR < 45 R W] R PR
B 1.5 2g HRTT LA, H-RBREEH &N 2.5g
Ff XS N PR A AEL B AR AN 2 e O, (HPFIR 52 BT 3, 2
1.0g I PFS3 P8 22 , U6 B 3 25 19 - h7 i 59 FH &2 A

260 20155 50541

BT 3% ORE S B, O DA B A E R P IR &=

Rk 2.0g,
0.351
0.30
0.25
o 0.20 e 40
0.157 - 50
0.10 -©- 60
70
0.05
- 80
0.00 T T T T
% gE S & BF L35
W

B2 AN [RDAE A I AR G 28 i 26
Fig.2 Fuzzy relation curve of different amount

of addition of sugar solution

0.357
0.30
0.251
0201 - 0.5
m
0.15 = 1.0
0.101 - 1.5
0.05 =20
’ ©- 25
0.00 -
7 BE — & Bt If
i

3 R[N AT i Fr) T it RS O % it £k
Fig.3 Fuzzy relation curve of
different amount of addition of carrageenan
2,14 FEGREPESSIME B E SR SIS H
R B J G HOE B9 IUR A 25, 8 e R D SRR
RN, B INOR 22, SRR IR L2 K, N7 ELBE A R
THTPHDRE I A2 A o AR 315 e SR s )& IO, vy &1 4 m] LA
R, BRSNS 16g FT 20g B X N %) I {E
RO, VPR B B S5C AR Hh £k 58 4 — 2, BT
ARIE T LA B S, Be R SRR S I U & Dy 16g,

0.357
0.30
0.251
- 0.20 o
) =3
0.154
—— |2
0.10 o 16
0.057 -e- 20
0.00- : , .

7 B g Bl It
PR
P4 AN [R] SRR S RN I RO O 2 it 2
Fig4 Fuzzy relation curve of different amount
of addition of black garlic pulp
215 FERFMENSE RYE R RKSE ER
0y, &S AT LLE F, R R D B R AR R X AR 11
minn JEUER AT AR R, SRR IR A & 2l 0.6 I DA
LR AR fe K, PRGN U BT o T LA PRFT AR IR TN
JintESh 0.6g, ATAE TR B N4 i T 0.6g B, JBUE I
SRR, AT R SR i B AT AR R R T R PR



@ésﬂﬁl’&l

TEHRA

T I JEEAAS BT By DX ER 5 44, S BOR A A A5, T EL 3 92 8
o 1 AIOHE B JXUBR , PRLHE S ) R T

0.40
0351
030
0.25
0020+ s
0.15 Py
0.10 206
0.05 -o-0.8
0.00 : —*10 :
7= B — BT Iy
PEE

BIS ARy i O AR OC 2 i £
Fig.5 Fuzzy relation curve of different amount

of addition of citric acid

2.2 MORzmEERL LIS

o RS 5 BPE AT 2 oc A LG, 15 B R
(A) RREE(B) B33 (C) FrERR (D) 2T 5 )y
A

BB PES) = —8.23620—1.71392A +117.16913B +
12.22086C — 671.74756D — 0.87100AB + 0.10050AC +
17.40492AD—1.05750BC + 20.65000BD —4.08125CD —
0.030976 A% —23.15478 B> = 0.34382C* + 524.42852D% —
7.56755 x 10 A’B—=3.12500 x 10 * A’C-13.52285AD"
+4.26689 x 10 *A’B’

KA R IR AT B A 06 K Ty 2243 b Y 4
W4,

4 nlAF LA p <0.0001 , BA & B 3
M, BB BE BB L T S, R BLI p = 07325 >
0.05 , Ut AR R I HPUI0T G I 35 PE 25 5 A R B R =
0.9612,R%, =0.8914 , i5i B 1% J5 2 Xt S 6 LA 17 0 KL
I, SC B R 25 E B /DS, R R A b B0 Oy R OE AT
53T o

Fh [T U ASE Y 22 S S 2 P A 0 45 AR AT LR B,
AR ) — R I A MRS INELD) (C(CRARIEE &)
T 2 D (PR A i) b 35, HL5% i R /MR IR oy
A>C>D, ZZHEIWHPERT AB XX HIWIRA B FH2F7
Sh BRI A W2 5, Hrh CD BA )k W 3
P, TRIT AT BT B, CT D7 R R, kT
LLaBH |, mig B AE ) 28 A Ee B 2 2%, 45 TR 38 X IRCE VT 43
B S I A S — TR BRI P E R

SR TSR i W Sz e A TR 2R A8 H AR 6 E VT
Sy PR, R R 454 3D il T B B A A il T
PR S T SIIRRE ke I T 4% PRI 2R 22 (] 14 38 B B30, S B AR
KRULHAZE B RN AR . ME 6~F 11 TTLUES] L BT
B 6 il th B 22, o ORI = A i, Ui
RH & s IOV o 1 IR 28 22 () 14 32 AW AN BE i, G
BHERZEIAE I BN, Hoh E 11 B Bar S 3K
FFTAE TR BN I 00 TH e, SRR PV 43 S 38 S /)N, T
K7 &9 & 10 52 EaSsAEL, K] 1T fémm  h E E
FEXTAZRE T A BRSO e K. MRl 8 AT LR Y, B
R LRty IR =N OB N E R B 8 Sos = iy NI = 2 WA N (T = =
A BN I R A AR A B B ., PRI — 3 2 LR
ik — B, XS R R A R 2

Vol.36,No.05,2015

3 MRS AR

Table 3 Experimental design and results of response surface
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1 0 0 0 0 80.00
2 0 -1 -1 0 65.42
3 -1 -1 0 0 70.00
4 0 1 -1 0 70.42
5 0 0 -1 -1 63.94
6 0 0 1 68.26
7 0 -1 0 -1 72.52
8 -1 0 -1 0 66.16
9 1 0 0 79.54
10 0 0 -1 1 65.68
11 -1 1 0 0 70.38
12 0 1 0 1 71.42
13 -1 0 0 -1 76.14
14 -1 0 1 0 67.56
15 1 0 1 0 79.76
16 0 0 0 0 76.14
17 0 -1 0 1 67.62
18 0 1 1 0 71.74
19 50 0 1 -1 79.30
20 -1 0 0 1 67.92
21 0 -1 1 0 75.20
22 0 0 0 0 80.24
23 1 -1 0 0 77.58
24 0 0 1 1 67.98
25 0 0 0 0 80.46
26 1 0 -1 0 67.28
27 0 0 0 0 81.84
28 1 0 0 -1 67.06
29 0 1 0 -1 68.06
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Fig.6 Response surface plot of the effects of
sugar solution and carrageena on the sensory score
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Table 4  Significant test and variance analysis of model
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Fig.7 Response surface plot of the effects of

sugar solution and black garlic pulp on the sensory score
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Fig.9 Response surface plot of the effects of
black garlic pulp and carrageena on the sensory score
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