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Optimization of hawthorn and black garlic compound beverage by fuzzy
mathematics evaluation combined with response
surface methodology
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(School of Food Science and Engineering, Zhengzhou University of Science and Technology, Zhengzhou 450000, China)

ABSTRACT: Objective To prepare the hawthorn and black garlic compound beverage by using as the main raw
materials of hawthorn and black garlic, and test its antioxidant properties. Methods On the basis of single factor
experiment, hawthorn and black garlic compound juice, white granulated sugar, citric acid, and stabilizer
carboxymethyl cellulose (CMC) were selected as the influencing factors, and 1,1-diphenyl-2-picrylhydrazyl (DPPH)
free radical scavenging rate was taken as the index. The formula was optimized by fuzzy mathematics evaluation and
response surface methodology. Results The best formula of the compound beverage was as follows: The volume
ratio of hawthorn and black garlic compound juice was 5.58:1 (V:V), the amount of white granulated sugar was 8.9%,
the amount of citric acid was 0.148%, and the amount of stabilizer CMC was 0.178%. Under the optimum condition,
the sensory score of the compound beverage was 90.39. The maximum scavenging rate of DPPH free radical of the

compound beverage was 88.7%, which indicated that the compound beverage had certain antioxidant activity.
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Conclusion Fuzzy mathematics evaluation and response surface optimization methodology are used to evaluate the

preparation of hawthorn and black garlic compound beverage, which is true and reliable. This study can provide

scientific data reference for the preparation and industrialization of hawthorn and black garlic compound beverage.

KEY WORDS: hawthorn; black garlic; compound beverage; fuzzy mathematics evaluation; response surface

methodology; antioxidant activity
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Fig.l Flow chart of compound beverage
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0.10%.0.15%.0.20%.0.25%, FE 7] 0.12%.0.14%.0.16%
0.18%.0.20%, 3 i B PRI K AW T S AEd ()

(2) 3 TR B 3 1

HRAE LA 145 B R A6 25 21, ST iR 2 A
Yokl 4 MEZILNERGRE AT AR, FrEmRMRRE A
SR VU R 28 =P (o g TR AR 3R, LIS B TR Ay i i
{8, % Design-Expert 10.0.7 ilRAS%k {4, Box-Behnken 1531
JREE, #IE 10 S DR E TR RS TR E A, R
RFEFANFE 2 Fis.
1.2.6 #FPMEAGES

(DFE R EFPEE LM

PLEEM(U) . AIR(U,) . BEFEU) A ZURES L) 4 4
PEMFRHR AL A LA SRR ORI PR B 4, B U=(iPk U,
SR U, P Us, HEURE Uy, LML V. BV, "1 Vs,
25 VLSO IS SRRV AN R R PR AR, B v=(fL v,
RV, Vs, 22 vyt

QEEMHE

AR YRR T A A 2 SR FE R P BRI 9 RS — o0 % L
ekl AE 10 A BB BEET T LB X i 1L
B A YRR R0 B w4, M HES
X b, AN EEAT 14y, REZEM 05, BAHEER
B S BT 1 4y, BABERR S BAIERLL 100 B R4 A
EHREE, BESIERIE 3 PR,

MR AR, NEE M=(M;, M), M;, My)=(0.33,
0.27,0.21, 0.19), HH My, My, M3, My 73531 by LU Gss 1k
BIEIR . AR . BRI ZURAS AR

)N 4 A B ST S PPN 45 SR A B

BRI 10 A TEMN A S AR T PEM AR, 43 B%T
L B3R E G ORI A R R A TR, geit A
S R R AR E PPN A S R RO, SRR A
N Z S EHR LS 5 EE PP A BB 10, BPRTASE]
(i=1,2,...n; j=1,2,..m), FrLIARIEGEEEER, 55 x St
st (A RSORA JE F le vT A AT Dy

1 BETHRE
Table 1 Sensory scoring criteria
35 v BV, HVs %V,
— CURANGG, FAFE0, Bl TR, A SRR BRI, IR R RS, TR
O W EIOR Bk, WRAHHEASTT WRR T, R A
SRV VR B 1L A R . . e N
oy, PRCORBAN, Qi Eﬁfﬁiﬂﬁﬁﬁﬁkj% KR LY . R LV G, ARk L, AR,
A fr LR LA PRk L : ‘%@ : A — TR T, AR
‘ N Wk G, BIOATERRGEY, OUERERE, RBEY, RWE REU, B SEE, R
% FERE e, SEIEEW, A5 .
P Us o, diESE, WeEsE - . Rig5) ¥4
g v, TSI AR AV U TUBES), ARSI TRHES, AT LR, SRR
e WS RIS e WG 4 i

%% 2 Box-Behnken M N Ei& T EZEKFEF

Table 2 Table of factors and levels of Box-Behnken response surface design

Sk
wr AL BRI AT I (V:V) B BRIV Nt/ % C FrBEmRR MR /% D FE R TR i/ %
-1 5.5:1 7 0.10 0.16
0 6.0:1 9 0.15 0.18
1 6.5:1 11 0.20 0.20
*=3 BEENESHER
Table 3 Weight assignment table of each factor
FTUA R4y
bR HE
AU RS ERES HEURE Bt
AU 10 8 7 8 33 0.33
R 2 10 7 8 27 0.27
[ERES 3 3 10 5 21 0.21
HERE 2 2 5 10 19 0.19
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TAFE) kSR IRE AR R PRy, TR AN bR
L. R 220 BIRME R 95, 85, 75, 65, KHEETY
MR PAEATINEN AT BB k SAESh R A YR,
1.2.7  LAE B3 S AR B 8 B 5 ik

AFEMAB B SRR BT #4554 50 mL HL A,
kG5 H 1. 2. 3. 4. 5, FHHERALLEETIMA 8 mL
0.1 mmol/L DPPH ¥, FHRKIRFELEE TINA 0.9, 2.0,
2.7, 8.0, 24.0 mL Z&UCE, 15 2IFE SRR E(E AKX
BT BARFZ H)2r51h 0.10, 0.20, 0.25, 0.50, 0.75.

NIRRT VC AT HECH: 4 5 4> 50 mL Ebfa
B, KRS A1, 2, 3, 4.5, SAEFSHESFIA
8 mL 0.1 mmol/L DPPH &F¥Jr, MKUKTE @& FimA
0.2 mmol/mL [¥J VC % 0.9, 2.0, 2.7, 8.0, 24.0 mL, 1§

B VC BRI ARFU BV C (RS SR Z H)43 R 0.10

0.20. 0.25, 0.50, 0.75.

K FH R AR 5 gl e &2 ARG DPPH [ i
FERIERRAE ST, RIBTECHIARREE R VC W, TEMEE
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21 BEZRARIE
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Boh
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0.16% MR E R TIN R RS, PRI YT 5 BT AR L

e AR A X A A R BT A 52, BRI 25 SR Ik 4.

A 4 Al IAETTRT & EL A 121 (VaVYEIRRT, 1k
BRSBTS 2 o XEE M E & A 5 R,
PRSI R AR . TR ARV S i, HO AR
WBTEW S AT B, B 6:1 (V:V)Hik
R PR OR B e, 7Y 5 N B2, R ROk E
BEBT i PR AR, EA R e M. B LA
THECBIE K, A RE B, BOA AR BRI, Sl
HEEFTREA 6:1 (VVIEE, BETEM R, W LT
BRI RSB, Xk 7= it g DR R 8 A 2 i 5 KL
RIIt, SR e LA AR HUVRIE T 6:1 (V:V),
212 GEERMES L AMA R EITSNE R

LA B HLIR M 6:1 (V:V), 0.10% TR . 0.16%
RER, BB EDIRRINEN 3%, 5%. 7%, 9%. 11%, &
FEA] RPN % 2 A ORI s . 25 SR mT A, Bl
& IR B N A BOR WG I, 52 5 0ORH BRI 2ok
T B ARBE IR B R T s R RIS, Y
FRPHER IR BB 9% 4B, FTLL 9%Fs il /Y
HR AR AR . AR RG2S, FT R
TEAR . BRI/ . 2RI R b ol RS
TSR FH— AR 7™ o T3 28 B R UL A Sy He sz, M
Bl AR, RORIRE R RAR, BaRRIRI R, N5
W7, E PPN A
2.1.3 ATRBRAAF A L ARA R EIRSFR

LA B TR 6:1 (V2V), EIRPBEZR I 9%,
FRERHR 0.16%, EBATEREME N 0.05%. 0.10%.
0.15%. 0.20%. 0.25%, ¥RFTFTIEE RIS &% &2 A 10rHR
S, PEER AT, BEE RTINSO R, 2 A
ORI R T 171 J 2 BRI BT AH VR AL 0.15% 0, &2
BB RIE 25 WA IR . UL 0.15%BAT 6 IR A
FEARINARIE o FrPRBEBR VS I X6 7= i B 28 A BN 0 11 XU
R, MEMERRISIE IR, PRSI0
POy ST ERIEA B . SR AT AR AT IR S S A
PR B PR, X B S MAN AT S, A
o 2o MG A UL TR, .
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Table 4 Scoring results of the effects of the mass ratio of hawthorn juice and black garlic juice on compound beverages

WRRL L (V:V) JRE IR W4
1:1 PR, BOPI A, TR UINE, Rk, IRk 69.3
3:1 U RS 6, BN, THEMZ, Bk Ak 75.5
6:1 BEEBE, EO0EE, HRERTRE, A I, Bk, BRIk 80.2
8:1 BIEEREE, 35, TRRE, IRMOESE, Wil ik 78.6

1:2 PR E, BOFHAEE, HRCATIE, BArRik®E, BA LankiE 62.3
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0.18%. 0.20%A7T4N Tk, HIFTA R IEMEERIxXTE
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WU, 0.18% MEABERINE . MiFmE/NF 0.18%0, &
48 h, HBYEIS, ULIILRARE A RN AR B &K
BB, SN MRy 0.18%, HUE

48 hWILAr)E, Huahtkr; MEAFRERIMEINE KT 0.18%
W, AR ALY, TR st LT, & EE K
BHOBETE, BTV E TS W 2 G e R i (3
JmmiREA, ik 0.18% 28 AFE M BRI At .

M 7 T A8 14 i 56

MR 1.2.52)m0 b7 E AR AR T ik, BOMIECEA TN 45
A Z P R TR RN 5 R .
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Table 5 Distribution of sensory evaluation votes

AR QU Ry HLURE
e

i K el %= e K el %= It K eA %= It K ei %=
1 2 3 3 2 2 1 2 5 3 1 1 5 2 1 1 6
2 3 3 3 1 3 2 3 2 5 2 2 1 3 2 2 3
3 7 2 1 0 5 3 1 1 6 3 0 1 6 3 1 0
4 4 2 1 3 2 3 2 3 3 2 2 3 3 1 3 3
5 3 3 1 3 2 2 3 3 3 1 2 5 3 2 2 3
6 3 3 3 1 3 2 2 3 3 2 3 2 2 3 3 2
7 6 3 1 0 6 3 1 0 7 2 1 0 6 3 1 0
8 5 2 2 1 5 2 3 0 4 3 2 1 3 3 3 1
9 1 1 1 7 2 1 2 5 2 1 1 6 2 1 1 6
10 2 3 3 2 3 4 1 2 3 2 3 2 3 3 1 3
11 3 3 2 2 2 3 2 3 2 3 1 4 2 2 3 3
12 2 3 2 3 2 1 2 5 2 2 1 5 2 2 2 4
13 3 2 3 2 3 1 2 4 2 1 1 5 2 2 1 5
14 8 1 1 0 7 3 0 0 7 2 0 1 7 1 1 1
15 3 2 3 2 2 4 2 2 2 2 1 5 3 3 3 1
16 2 3 3 2 3 2 1 4 3 2 2 3 3 2 3 2
17 2 2 1 5 2 1 3 4 1 1 3 5 1 1 4 4
18 2 3 2 3 3 3 1 3 2 1 2 5 2 2 1 5
19 7 3 0 0 8 1 1 0 6 2 2 0 6 1 3 0
20 5 2 2 1 4 2 3 1 5 3 1 1 5 2 2 1
21 8 1 0 1 7 2 1 0 6 2 1 1 6 3 1 0
22 3 3 2 2 2 1 2 5 2 1 1 6 1 3 3 3
23 3 2 2 3 3 3 4 0 4 1 4 1 2 3 3 2
24 3 3 3 1 3 2 2 3 3 2 3 2 2 2 3 3
25 5 2 3 0 5 2 1 2 4 2 2 2 5 1 2 2
26 3 2 2 3 2 2 1 5 1 3 3 3 2 3 3 2
27 5 2 1 2 3 3 3 1 3 2 1 4 3 1 3 3
28 3 2 2 3 2 2 3 2 2 3 3 2 2 1 5
29 2 3 4 1 3 3 1 3 2 2 2 4 2 3 1 4
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B 5 R IEE R B TEMN FERE, AR
R R 2 AR TR LB S S5 PR A B 10 BIATA5 3
BABRIAERE U ~Use, LA 1 S7=MoR B BER B PR A S
AR 2 ANk, 3 ABER, 3 Ak, 2 Aik2E, WU wx
=(0.2, 0.3, 0.3, 0.2), [AFE, U =(0.2, 0.1, 0.2, 0.5), U a
=(0.3, 0.1, 0.1, 0.5), U sz:5=(0.2, 0.1, 0.1, 0.6), FHIL7] 5%
B Uy
02 03 03 02
02 000203 i ar) U-Us.
03 0.1 0.1 05
02 0.1 0.1 06
MR BB 22 T A R BRI AL AR M=(M,, My, M,
M,)=(0.33, 0.27, 0.21, 0.19), ¥ REEEFEAAR A, BEPE
459 P =M=U,=(0.221, 0.166, 0.193, 0.42), X} T P Hr&4
i, SRR T IR AMAE, R, R . 2405010 95, 85,
75, 65 4%, P AT A LAAE R A, AN R ATAE 5
1 SREEES, B 1 SRR EREITES: Y=0221x95
+0.166x85+0.193x75+0.42x65=76.9, [FBEA] LAiH45 H 2~29
SRR IEE RS, WN AT 6.
P 6 WS IR T IENE AT, A5 E A A ARy
Y=90.26+0.91A-0.44B-0.52C-1.27D+0.90AB+0.62AD+0.75B
C-0.12BD-0.95CD-2.78A%-3.21B%-7.60C>-7.05D%, J5 2= 43 #7

m3 7 i,

FER 7 I 250 Br s R vl A, BB P<0.0001, 3
B 50 BT SR R Uk B A R AR B . AR L
P=0.4064>0.05, ZRHAXIHIRLEA MY, BIRLEAT & B ] &
PETOT IR AR R (4 W] 5 B A T 40T, 1351 R*=0.9890,
e W] 37 A2 £k, 98.90%F B FIrtb (R, Ty R my4L& BE 8K
U, IR DO E R B R,7=0.9871, B 98.71%HYik
BAF AR, 5 bR g A A R AU R R
(coefficient of variation, CV)/%=0.87, %/, J5 MR HA
RAFEIMED, — kI A, D KK A*, B>, C*. D’
K45 R B 3 (P<0.01), —RIi B, C KR AB,
CD 4% S50 5 25(0.01<P<0.05) . A48 F A4, 455 %%t
B85 B2 W 58 J5 Y A D>A>C>B.
23 MNESH

R [ 05 5 A 7 e o7 16 P, 5 SR LR 2 i iy T
FEBENY, S AR, TR T S50 45 5 i
B3P, CD R AL BENY, R B, LUOR AB, iX
SHESMER -, FHLBEEETHEAE, &%
AR R, B B A A AN R S e kT
PLFEH, ABCD WM Z M ¥H —EMLBE/EM. fH
Design-Expert 10.0.7 X [B] 5 J7 F2 47 [0 ) 434, 8 2 5
PRI Ry A IR GRE G L) 5.58:1 (V:V), B A
WA R 8.9%, CHFEIRUNINE 0.148%, D R
Jini 0.178%, 1543 90.39 4.

1

24 WBEFREASREHAS W MENMR

S 2% JA SR 2 )ik, X DPPH [ H3E R R
e LRI 3,

HE 3 FTAL BEEWERER, VC ME A TR
DPPH [t LT BRBE S A e Th, ek AR 4,
AN RRE DPPH A HBEMRE I LTI A 21, Bl VR
MR, ZHRA 2R, HEHAKR, 785 ikt ik
BEE AT DPPH B HELMIERR R 80%LL |,
H 5 RIEBRE A 88.7%, FH AT LIS H LA R A ik
REA —Z WP, 5 VC BEBULTHIY.

6 RIS 4

Table 6 Design and results of response surface experiments

JEe sy A B C D TR TN Y
1 0 0 -1 -1 76.9
2 -1 1 0 0 82.5
3 0 0 0 0 89.3
4 0 -1 -1 0 80.2
5 0 -1 1 0 78.7
6 0 -1 0 -1 81.2
7 0 0 0 0 90.2
8 1 1 0 0 85.5
9 0 0 1 1 73.3
10 -1 0 0 -1 81.2
11 -1 0 -1 0 79.6
12 -1 0 0 1 76.9
13 -1 0 1 0 77.8
14 0 0 0 0 91
15 1 0 0 1 80.3
16 1 0 1 0 79.9
17 0 0 -1 1 76.5
18 0 1 -1 0 78.1
19 0 0 0 0 90.6

20 -1 -1 0 0 85.7
21 0 0 0 0 90.2
22 0 0 1 -1 775
23 1 0 -1 0 81.7
24 0 1 0 -1 80.8
25 1 1 0 0 85.1
26 0 1 0 1 78.3
27 1 0 0 -1 82.1
28 0 -1 0 1 79.2
29 0 1 1 0 79.6
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Table 7 Analysis of variance of response surface regression model

g3/ V- H B ¥y F (& P fH 3
i 637.56 14 45.54 90.18 <0.0001 ok
9.90 1 9.90 19.61 0.0006 o
B 234 1 2.34 4.64 0.0492 *
3.20 1 3.20 6.34 0.0246 *
D 19.25 1 19.25 38.13 <0.0001 o
AB 3.24 1 3.24 6.42 0.0239 *
AC 0.000 1 0.000 0.000 1.0000
AD 1.56 1 1.56 3.09 0.1004
BC 2.25 1 225 4.46 0.0533
BD 0.063 1 0.063 0.12 0.7302
CD 3.61 1 3.61 7.15 0.0182 *
A? 50.28 1 50.28 99.57 <0.0001 o
B’ 66.80 1 66.80 132.29 <0.0001 o
c? 374.33 1 374.33 741.30 <0.0001 o
D’ 322.09 1 322.09 637.85 <0.0001 o
k2% 7.07 14 0.50
I 5.48 10 0.55 1.38 0.4064
afiiR 1.59 4 0.40
SEE 644.63 28
oAt R?=0.9890 Rag*=0.9781 CV/%=0.87

T *FIR XSS R 2 (P<0.05), ** R X 45 A W 2.3 (P<0.01).

Pl 2 i TR A R R

Fig.2 Diagrams of response surface and contour line
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Fig.3 DPPH radical scavenging capacity of compound
beverage (n=5)

3 wgSiie
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RIS, R EE A, R B0 A 15 Fm N 1 75 A
AW T I B E A IROR I AR & T8 S5 5RERH,
S A POR R R ITF A FRAE ] CMC WS > AR
A AT B > AP BRI > IR I, i R T A
A 43 Ar 2 B e i Ry LM SRR E AR 5.58:1
(V:V), FPRERESTINGE 8.9%, FrEgBaus il 0.148%, F25E 7
W 0.178%, 343 90.39 43, PrEALPEMITEM, i
Mk DPPH H IR NG IRE N 88.7%, RIIZE Gk
HA—ErpEfee .
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