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Optimization of processing technology of stir-frying with vinegar of Curcuma
Longa Radix by orthogonal design and Box-Behnken design-response surface
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Abstract: Objective To optimize the processing technology of stir-frying with vinegar of Curcuma Longa Radix (CLR) by
orthogonal design and Box-Behnken design-respanse surface method (BBD-RSM) based on entropy method. Methods As
comprehensive evaluation indexes, the contents of curcumin, demethoxycurcumin, and bisdemethoxycurcumin in CLR processed by
traditional method were determined by HPLC. The orthogonal test was adapted to examine the influence of the amount of vinegar, the
moistening time, parching time, and parching temperature on processing technology of stir-frying with vinegar. Based on the results
above, BBD-RSM was adopted to optimize the processing technology further using the moistening time, parching time and parching
temperature as factors. Results The optimum processing technology of the orthogonal test was covered the amount of vinegar of 15%,
moistening time of 10 min, parching temperature of 130 ‘C, and parching time of 10 min. The optimum processing technology by

BBD-RSM was covered moistening time of 12 min, parching temperature of 150 ‘C, and parching time of 8 min. The verification
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testing indicates that the process conditions are reasonable and feasible with good reproducibility. Conclusion The method and data

are precise and reliable. Besides, it established the processing technology of vinegar CLR and provided a theoretical basis for the

processing technology of stir-frying with vinegar of CLR.

Key words: Curcumae Longae Radix; processing technology of stir-frying with vinegar; Box-Behnken design-response surface

method; orthogonal design; entropy method; curcumin; demethoxycurcumin; bisdemethoxycurcumin

AR & NZERHEAYIRAR 4 Curcuma wenyujin Y. H.
Chen et C. Ling. #% C. longa L. ] HHFHEAR C
kwangsiensis S. G. Lee et C. F. Liang B33 A C.
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Wl KAy K e, ez BARKR S T2 K&
T Eeehs, BARARP., Hit, ASeisg
A IE A % i B Al Box-Behnken ¢ 11 - Ml B TH] v
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2.1.1 kKA A FSA Welch Ultimate XB-C g
K (250 mmX4.6 mm, 5 pm); WMEIHNZHE-4%
VKRR (48 2 52); DAD faill#s; Al K
425 nm; #E 30 C; AR E 1.0 mL/min; 3
PRAL 10 pL.
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Fig. 1
processed CLR samples (B)

HPLC of mixed reference substance (A) and
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BN R R EIRET N 446, 223, 112, 5.6, 2.8
ng/mL, % HEIEZ R TTEIEN 6.6, 8.8, 13.3,
26.5. 53.0 pg/mL, M ZEHEIEZERTEKREN
195.8. 97.9. 49.0. 24.5. 12.2 ug/mL, #Ff 10 uL,
D58 B ORI T A o ASKT T 3E B R I P A
AR (X, BB RUNALTE (V), 2filFritE
mhk, tFERIETTESHINZE R Y=81 560 X—
48.986, r=0.999 5; EHHAMELEHE Y=33 730
X—17.257, r=0.999 9; X F: ALK Y=06 381
X—11.442, r=0999 7; FREFHEWHEK, LHEA
R R N E AR LR 2.80~44.60.6.63~
53.00. 12.24~195.80 pg/mL £k % R R .

2.1.5 REHRESES  REEEL “2.1.27 TUF 3 N
MOV 10 pL, Zr A BERE 6 I, WE 3 Fh
XTRE S B A, SEREWER, LHEEEE
. OWE AR RGN RSD 4307114 0.34%.
0.62%- 0.79%. FHMUIHKEEE RIT.

2.1.6 FeEtEEe  BUE AN SEEL T 0.
2. 4. 6. 12, 24 h BERE 10 puL, I 5E FFic s IE AR .
LR, FPEEERR. WEFAIEEFHRIEM
5 RSD 73 1N 0.52%. 1.10%- 0.92%, IR 5
TEWAE 24 h WEESE .
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AR IR, E “2.1.17 TEGREEM TR T,

e, tHEREER, SRERHEHE, EH
AIRTI R WL ATEEZ RPN RN 4y
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2.64%- 2.28%, VLHAIZ LR R AT .
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223 SLEEER ASLIRDIEEER. EHAEER
R WEHERERZHRTENGF, 461E BHER
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WA B M T2 AR SCEk MY, Matlab
B, MANEGBTPNTRPREERE (X0, FIGHEAN
“WER” HERE (P). BRI,
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FOMNZ: AR T R B 0 B BE R 50 N
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Table 1 Design and results of orthogonal test

5 A/(mL-g") B/min

C/'C  D/min FE¥EE/(mgg') EFARER T/ (mgg!) WEFEEEH K/ (mgeg) M,

1 0.10(1) 5(1) 100(1) 5(1) 0.734 1
2 0.10 102) 130(2) 10(2) 13103
3 0.10 153) 160(3) 15(3) 0.777 1
4 0152) 5 130 15 1.189 1
5 0.15 10 160 5 0.8439
6 0.15 15 100 10 0.716 8
7 020(3) 5 160 10 0.9179
8 0.20 10 100 15 0.8722
9 0.20 15 130 5 0.899 0
K, 03614 0.1229 03581 0.1598
K, 02805 07209 04107 0.5214
K; 03582 0.1563 02313 03189
R 0.0809 0.5980 0.1794 0.3616

0.165 6 0.1191 0.000 7
0.3529 0.3157 0.338 1
0.173 9 0.133 7 0.022 6
0.3353 0.3138 0.044 3
0.2154 0.1526 0.130 8
0.174 5 0.1403 0.105 4
0.224 6 0.1618 0.077 9
0.2250 0.182 6 0.2520
0.2199 0.154 7 0.028 3
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0.7341 13103 0.7771 1.189 1 0.8439 0.716 8 0.9179 0.8722 0.899 0
X=1{0.1656 03529 0.1739 0.1950 0.2298 0.2297 0.2121 0.3004 0.1826
0.1191 03157 0.1337 0.1433 0.2039 0.2128 0.2001 0.2927 0.1350

0.0008 03785 0.0290 0.0431 0.1482 0.0719 0.0409 0.258 2 0.029 3
P=10.0007 03381 0.0157 0.0537 0.1164 0.1161 0.0844 0.2436 0.0313
0.0006 02862 0.0218 0.0358 0.1238 0.1368 0.1183 02529 0.0237

0.3827. 0.3192. 0.298 0. MIFLZEATEIr45 3%
1o MR¥E Mo 8, HATIER T, 5250 W3k 2.
W E 1 P (R ERIE, A&
DR 2 s o 4 RS MFEE N B>D>C>A; %
SINTEE IR R, RE B XHMH L2 BEpm (P<
0.05), NZE A. C. D HEABELmM, HEME
# T 2N AiB,CyD,, B 100 7 55 22 A4 N 10 mL
KB, FeliE 10 min, K01 9 130 °C, &b 10 min,
B, o, BifE.
2.3 BBD-RSM {ii£/@HITE
231 HFEAKF ERREERER, SR EAHR
UGk BIGIFEE Ny B>D>C>A, HIFZE B XL
SR T2HBERZN, FE A S5&ERHTE

*2 EXREFEN

Table 2 Variance analysis of orthogonal test

WERP wmEVHFM AhME O FE BEM
AGRZE)  139915X10° 2

B 0.075 276 97 2 53.8020 P<0.05
C 5.669 93 X107 2 4.052 4

D 0.021 897 07 2 15.650 3

Fo05(2,2)=19.00 Fop1(2,2)=99.00

gER L R, EIEAIRIG A R L, SRA
BBD-RSM it —4ift, %% B. C A1 D3 MHE,
AR 3 AR, LIt L 3.

232 SEI4E S BBD-RSM 45 34k FE 5 v A
“223”7 i, 52 i DUEFREIRE W (0321 0
03289 0.350 1]o Mp=Pu X W +Pm X Wot++-+
P W, BIZEFEE . FHEIE R RN L H A&
LR TEMBERL 8 0321 0. 0.328 9,
0.350 1, “MER” JpE (P) WIF. I M, 455 0
% 3. FI ] Design-Expert 8.0.6 2 A #EAT 20 M7 J7 253
B, XA AT, AR IE 4,

#&3 BBD-RSM SHRiIT 54K
Table 3 Design and results of BBD-RSM

5 B/min  C/C  D/min #EHR/(mgg) EFEARELEER/(ngg") WEFEREEER/ (ngg)) M,
1 1000) 150(1) 12(1) 1.444 8 0.860 7 3.736 3 0.1239
2 8(-1) 150(1) 10(0) 0.736 9 0.518 1 2.6820 0.065 8
3 12(1) 130000  8(-1) 0.706 4 0.374 0 1.696 2 0.046 0
4 10(0) 110(-1) 8(-1) 0.713 8 0.408 8 1.588 1 0.047 1
5 8(-1) 130(0) 8(-1) 03119 0.1120 0.2270 0.000 3
6 10(0) 130(0) 10(0) 0.784 7 0.4799 2.668 6 0.065 4
71000 110(-1) 12(1) 0.996 9 0.636 5 3.709 2 0.093 6
8 12(1) 130(0)  12(1) 0.459 4 0.1823 0.540 0 0.013 3
9 8(-1) 110(-1) 10(0) 0.686 1 0.4256 2.0332 0.0517
10 8(-1) 130(0) 12(1) 0.863 6 0.496 6 24293 0.066 9
11 12(1) 110(-1) 10(0) 0.760 8 0.397 5 1.346 0 0.045 7
12 100) 150(1) 8(-1) 1.148 4 0.603 4 2.5832 0.085 6
13 10(0) 130(0)  10(0) 0.902 6 0.596 7 2.8348 0.078 3
14 12(1) 150(1)  10(0) 1.037 4 0.790 7 4.109 2 0.1079
15 10(0) 130(0) 10 (0) 12147 0.767 6 3.6442 0.108 7

0.996 0 0.374 9 0.348 1 0.354 7 0.002 0 0.416 8 0.603 1 0.131 4 0.3303 0.486 1 0.3959 0.736 0 0.520 3 0.638 5 0.794 2
X=10.996 0 0.541 2 0.349 8 0.396 1 0.002 0 0.490 4 0.698 4 0.0954 0.418 3 0.5126 0.381 1 0.654 5 0.645 5 0.903 0 0.872 4
0.9005 0.6306 0.3782 0.3505 0.002 0 0.627 1 0.893 6 0.082 1 0.464 4 0.5659 0.288 5 0.605 3 0.669 3 0.996 0 0.876 9

0.1397 0.052 6 0.048 8 0.049 8 0.000 3 0.058 5 0.084 6 0.018 4 0.046 3 0.068 2 0.055 5 0.103 2 0.073 0 0.089 6 0.111 4
P=10.1252 0.068 0 0.044 0 0.049 8 0.000 3 0.061 6 0.087 8 0.012 0 0.052 6 0.064 4 0.047 9 0.082 3 0.081 1 0.113 5 0.109 6
0.108 1 0.0757 0.045 4 0.042 1 0.000 2 0.075 3 0.107 3 0.009 9 0.055 7 0.067 9 0.034 6 0.072 7 0.080 4 0.119 5 0.105 3
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Table 4 Variance analysis of BBD-RSM test

KIR  BWETPM OHHE FME  PE REHE
it 0.015 8 7.18 00136 &3
B 9.940Xx107° 1 0.38 0.5613
C 2.632X107° 1 1001 0.0195
D 1.761X107° 1 6.70 0.0413
BC 5.784 <107 1 220 0.1886
BD 2.465X107° 1 9.37 0.0222
B’ 4.823%X107 1 1834 0.0052
c? 1.445X107° 1 5.49 0.0575
D? 9.891x 107 1 3.76 0.100 6
& 1.578 X107 6 — —
K 5.897X107 4 030 0.8604 REFH
HRE 9.885X107 2 — —
MIRZE 0017 14 — —

HRRAEEAWE G, B RS TEE TN
R,=-0.83225+0.205 45 B—0.014 959 C+0.151 31
D+3.006 25X 10" BC—6.206 25X 10° BD—
9.035 42X 107 B*+4.945 83X 10> C*—4.091 67X
10° D°, % 4 WH, MBEEGEEE, RN
0.905 4, KWL, RINZEAUE FERE -
AL, K& BAIC K P<0.05, [HAMEE, &H
F IR/ MK C>D>B.

HFIH Design-Expert 8.0.6 ¥, MRAFEIAHIA
el =dEMi kK, WK 2, THERERNZEER
X M FI2M o B 2 BT, ROl B 1) R i s [
(178 HAE R R .

2.4 ISIESCLE

TR R EE R SRR, 15 B T2
NP EET E] 12 min, KBHIEEE 150 C, Kbl 8
min. AT FIRGER, FEX AL T E TR .
Wit 3 HIGTESEES, R NE S, KMEHER, &
FH AR 22 3 3RO 2 AU 5 R I B LA
ULIZ LA & br T2EK.

3 it

AL B 22 Al 4l T8, AR H R B
S, ANSEER A IEAS I G BBD-RSM #4172
ik, EIEASRIRIFERE F, RS EE R R’
1T BBD-RSM 7341, AHASARALIE Fl BE A7 & 52BR. [F)
B, ARSIGIEENZE R IR R AW H
AEBH RN EEME NS, ddEWRERNE R
SR VL AT BR b3, DA A TP E NS AR 406

B/min

2 [ERE (B). KPHEIRE (C) FkbHIRGE (D) Xt4R
BIERR (R) RN E A

Fig. 2 Response surface graphs of the moistening time (B),
parching temperature (C), and parching time (D) to

comprehensive indexes (R)
x5 IZWiE
Table 5 Process validation

fﬁ"iiﬁﬁl/(mg-gfl)

Y TRE SvenrRE NATARERE
0.676 4 0.407 2 1.606 5
0.7156 0.4194 1.966 9
0.613 8 0.374 8 1.782 6

H LMV ARE. 58 —fRArEL, ASHiRRE

PHERF 1L S 4 DAL 2R /KT o] B 22 A8 < i 4t o B FR) 52
Wi, AWFFARIN T ESHRE G, R i
RAER LA iR A .

AR, A5 BRIREGEZE A B T 2 TAEAT
P AR SN AR BR IR AL N T o 24 2 T T
IEARIIEL, 32— R SRR, BEM &
PP EIEH T R EE S, A Matlab
FEFHEAT(E BRIRAL, AMEZ AU, #8517,
I G 1 A\ O E AR A BE S E AN E b, sk
Wk R AR, HEEW, R EE, h
S < 5 it )P AR A P AR AL B AR SR AR
Yo 9 JE SRR < A T AR S 24 AT S B S
fith, RIS A AT 7T
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