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Optimization of response surface of fresh-cut processing technology in Corydalis
Rhizoma producing area
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Abstract: Objective To optimize the fresh-cutting process of Corydalis Rhizoma by response surface methodology, and obtain the
best technology for fresh-cut processing of Corydalis Rhizoma. Methods The slice thickness, the hot air drying temperature and the
loading amount were taken as the investigation factors. The total alkaloid content, the extract content and the drying efficiency were
taken as the indicators. The weight coefficient of each index was obtained by principal component analysis method, and the
comprehensive score was calculated. Single factor analysis was performed on the investigation factors to obtain the initial
optimization range, and the response surface optimization method was used to optimize the final process optimization parameters.
Results The best production conditions for fresh-cut processing were determined as slice thickness of 4 mm, dry load of 7 kg/m?,
drying temperature of 85 ‘C, total drying time of (279.0 £ 1.1) min, and comprehensive score of (0.860 6 + 0.010 0). At this time, the
total alkaloid content of Corydalis Rhizoma was (6.274 £+ 0.030) mg/g, the content of the leachate was (17.86 £ 0.22)%, and the drying
efficiency was (25.09 = 0.00) g/(m?min). Conclusion The established drying process can better preserve the content of alkaloids and
extracts in Corydalis Rhizoma, maintain high drying efficiency, ensure high quality and reduce energy consumption of enterprises, and
provide a reliable theoretical basis for the production and processing of Corydalis Rhizoma pieces.

Key words: Corydalis Rhizoma, fresh-cut processing in origin; processing technology; optimization of response surface methodology;

alkaloid; principal component analysis method

WAS HER: 2018-11-27

HEEWH: ERHZbrfEiH (ZYBZH-H-ZY-45); HEHTAWRIILI “ 2o R RBER G (—)7 (201507002); HHLHEZ K
K B AR ARG T LI (20182G34); MR ELHFEANA LS LR H f TR % 2EFFE NS LETH
(QNRC2-C12)

TEE®N: HAEE (1984—), B, RIFTER, MEHHZMEH KR EM . Tel: (0571)87195895 E-mail: duweifeng_200158@sohu.com

KBIEEE FEE (1965—), 5, #dR, MFHALE KW=M K LAE. Tel: (0571)86613537 E-mail: Im159@sina.com



e 1112 -

)

Chinese Traditional and Herbal Drugs 35 50 % %5 53] 201943 A

HEFHRN, NAIEH. ZiH. R, NEE
B EEEY LR Corydalis yanhusuo W. T.
Wang [FHEEZE, BRag. 25, MR, HHF. BE,
BAVEM. 1775 BRI R, Bk
i MR, AR BMPREAE . ARl
BF ORISR B, (FAMKIL) 0Ek “ O
B, EBLAER” Bl (RFENH) 10 AT R
A, AP, WEie— 5 B, 2,
WATF” W, FP= TR B2, KRS,
Bevt. Wit 2@t R .

EBA R E TG UL N o,
I B R ack 45 4 X I AE B R 2y 2R 40 28,
FEZNZERRATBUZEL, 1% H A ZE AT 73 N R
ANBEREE . BIANESS . SRR B SRR K e
H. FEEMORHFIERESR . MR RS Ao
THRERN, PEAIR, HFSHRER, FKR
Jis MG BTN TRP . AR
WFE LM, @it HPLC-Q/TOF-MS X ZE HH & brift 42
Wt AT = R HRAE AR SUR A HER, B
28 ANRAY s R I IR AR AR = AE R A AR N AR
Bz, KWEHRFPIEHR LR EHRFER.
FEEHREF R HEM. 5T, ER . D-
VU 2R B 5T S 4

PN T 25 R 0 24 FH AL 9 25 R T R 2
MTTEAT WP A TR B R, 2284~
f U 1) B LA 1) 3@ 3 7 b fin T e A 245 04
ThgEEH, R KERIER, A Rs & &,
FEAE T RO ) sE R R AR G n 7 AU
HIZEM R RAZ, BRESUR, B, Bk
BRBTLAOR, B, . EHRE~HN T
i, AMAEMEIRI RS, TRES, K
TAEFR N, FHE BCE SR R, X EH R
R B S S M K o AR S SR R B ) 1 1) 25,
R RIAE X EE, I TEEEB S BP9 H 2L
F8 53 R A )

AW LAIEEHZ A RN &, B AR RS
BT, KR 2GR R N T M A A OC T
JFFIATENEES, 456 LPrIEOIRH T 1B R Hh
SEDIIN TR 773, FF H = s g1hn T T 25307
WEFT, NREFHZ O T S — AR 25 e Al
ASLIG R UMM TEREE . BERENERHNER,
DUSERT Bk ShER L E YT EhER/NEER . HE K E
Tl IEHHR L F . EE 6 Fi AN & S AEN

AR DAY S &, BREDSENTEICEE
SR, I F B TR B S TR AR ALE R EL
THREEATESY, W2 MR E AT RRE R T,
REWRPARAGTE L, A fe d i e ST AR A AT AR
th, BEEE LZMNSE, HMLRIE.

1 {UEEMH

1.1 %5

U3000 = 3507 AH €354, H A% Dionex A, At
BRI TR ER I AN B BHEFERS
PE AR IR AR DAD I 25 , A8 (8 (B S H0E T AR,
NT-xs105 HF 73 H1KF (0.01 mg). ME-204E H ¥
TR (0.01 ), i Mettler Toledo /A ] ; DFD-
700 L AE K I ER, RKETT R IR A PR A A
BWS-1-SN 7R, EIMEREETREARA
F], FEE 0.1 g DHZT-9070A HHVE IR S KT 15
M, RS RS ARAF.

1.2 X%

Xof B R BT B (A5 110851-201003, Jifi &
340 99.9%) ERERE ST (it 110732-201108,
JE T 86.2%) . ERIR/NEERL (L5 110711-
200910, JREDE 97.9%). EMRLE (M5
110726-201112, 540 99.6%) T H H [E & fh 24
akEWT TR IR S AR (S 141207,
JUEASTH 98.12%) RERL (k5 150327, g5
#98.56%) W H RS A HE ARG IR A7 &
Ky HEE. KR =Ll e
ali; KONEERS A A K o
1.3

PrEEE R, AR, SIKE 68.62%,
SEWTTTH B 24 K25 R 2 A IR =) SR S e i 2
EHAME e EERLERBHEYLCHR
Corydalis yanhusuo W. T. Wang [JELZE
2 FHESH#R
2.1 EEYIEEENE
211 GBEXMFSRFEHERE GREHERN
Agilent Extend-Cjs (150 mmX4.6 mm, 5 pm); LA
CNE-0.6% CFRKVETR (=28 pH HE 5.00 N
WA BREEVEMAEF: 0~50 min, 15%~50%Z.
i&: 50~70 min, 50%~80%Z.Ji&; 70~75 min, 80%
O RPN 280 nm; FEIRCA 25 C AR
TN 1.0 mL/min. FREERE LA B0 TR
KT 5000, tapEpE LA 1.

2.1.2 AR P& BULBEm AR G =5
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r 2.3 IKTHINE
AT . ’ B CRIRZG0) 2015 R BN 0832 K4
4J‘L@,MJ.,.‘-j.‘.l-"m-,\._iL,L.-_;,«_m, b M T — i,
2~34 24 TR Gp BHE
i . b 1 S S B T K 1590
0 ‘ "2’1‘74 4348 6522 PR e, g AR p=Lir, Hrh L 9%
t/min & (kg/m®, ¢ R TIRE 15%57 75 A

- BT ol 2-3h R 0T
SEHROER  6-EKE
1-protopine  2-palmatine hydrochloride 3-berberine hydrochloride

3-ERERNBERR  4- 2 E K

4-dehydrocorydaline  5-tetrahydropalmatine ~ 6-corydaline

1 EHARBRRBR A) MBRER (B) HPLC &
Fig.1 HPLC of Corydalis Rhizoma sample solution (A) and
standard solution (B)
i) 2505 g, MEERE, BVPIRFIRT, FEMA
WREIR-HEE (10200 AR 50 mL, FROE
&, A 1hEmHeENR 1h, B, ERERS,
FMRERI-HEE (12200 TRA IR 2 Ik 2% 1 5
2, W5, M. MEERSER 25 mL, &1,
PRI AR, B2 S mL 2ifid, IHFMEER
ZIRE, #8253, 1 0.45 pm SFLIEIRIERL, B
2.1.3 RGNS AW R R PREUR B
1.64 mg. FRER VT 1.94 mg. EEFR/NEEDK 1.36 mg.
LR E 1.62 mg. LR LR 1.90 mg. £ HEHH
2.08 mg BT 10 mL &, MHERERZIEL, B
FSJT R P 43 ) N R BT Bk 163.8 pg/mL. 2RER L L
71 167.2 pg/mL. ERER/NEERH 133.1 pg/mL. EEE
HHk 158.8 pg/mL. IEHHE 43R 189.2 pg/mL. #KH
Bk 205.0 pug/mL TR & %F BR ST
2.1.4  FERIGE o RS B AN AT S
PRI S 10 pl, VEN TSRO g, E
P T SRR ERER TR E YT L ERER /N BERR
FEEER. EHRCER. REMNEE, DER
6 MR B S A E N IE R S AR YRS
22 REVERENEN

WAL 2 g, FE%MOE, BT 150 mL A
FEHEIR M, FEE A OB 50 mL, %%, FRE
ik, BFE 1h)a, EEERAEE, InAEhE,
HARFFG 1 he BOR S, BUNHEIR, %2, FAX
SEUE, M OEEANEECR TR, Y, IR,
R EBER 25 mL, BT O THREEERER
K, fERBEZARTE, 7105 CTHE3 h, B
T HEE A A 30 min, BEMEERE R, DT
B TR AR TR R & &

25 NER¥AITE

REEHAR SRS . REWEE. T
R, R TG e s s . DURFEE (D
AT 1 R, SR 2 AN FRsY, i R
TUHREN 94.13%, HFpisr 1. 2 7 ETTIRE
9 57.96% 36.17%, KM KTT 21500 B e ,
132 FL e i ey B, I A 3T B4R 2 A
TR REDEEMTEAEAE R0 N
31.89%. 31.64%. 36.48%.

cafj:d,-Xb,-j/i(diXbij)
Wi NEEEAPIY, by N | NERDSE jAFRNAR, d
N i DR IOTT TR
26 BEEER
2.6.1 VI EEEXEHR R B S8 AVS s
gz FRECHTEEAE R VI 29 150 g, BFE 730N
2. 4, 6 mm, BT HEMNTRMA R, REE
8 kg/m?, IEAN 85 C, WHHE, ZEHIKMK
T 15%, SHATIE 3 Ik, LAFHME L.

VIR FEX R BRI Y & & AR o3 1
L 1. UIHEE 2. 4. 6 mm ZEFIR PR
YRR ET AN 13.75% 13.61%- 13.45%, i
FEZESE, RO R R E B R IR S R
BN UL 6 FAEM S B2 AN S &, VIHE
FE 2. 4. 6 mm FEHAZR AR AW 0 U o
5240, 5.232. 5.092 mg/g, LREMEZER. 6 fid
YRR o i B e S E S, R D B
X HE A R AR o0 S AR /N o WACHE SE A 2R )
ERES—N 4 mm.
2.6.2 BEENIEHRLAE VIR 53 LA
wE (L, kgm® MTEEE (D EATE, K
AL AR B T AR A S T . I R
HEAYRE R, REMEE. THRAE, KR
FREAS, JEIEINRL, BRIZRE T .

FRECHTEELAE AR V) 5 4, BN 4 mm, R
FEE4> 7N 125.66+ 188.50. 251.33. 314.16. 376.99
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F1 AEIHEEMNEARZHIFEDELST S BN (x£5,n=3)

Table 1 Effects of different cut thickness on content of leachate and alkaloids in Corydalis Rhizoma (x £ s, n=23)

SR/ % R ES Y/ (mgg )

mm BRRT B EERNEET BTN REKEW EHERCE g0 PEN
2 13.754+0.05 0.434+0.03 0.068+0.00 0.182+0.01 0.7314+0.08 1.099+0.02 2.726+0.07 5.240+0.03
4 13.61+0.16 0.4374+0.02 0.071£0.00 0.186+0.01 0.757+0.08 1.082+0.04 2.700*£0.11 5.232+0.08
6 13.454+040 0.442+0.02 0.073£0.01 0.183+0.01 0.756+0.08 1.079+0.02 2.561%£0.10 5.094+0.03
sig 0.522 7 0.953 8 0.598 3 0.892 7 0.933 7 0.758 3 0.248 4 0.059 5

sig FoRAN RV (1) 2 5 B35

sig: indicates significant differences between groups
g, BTN 10 cm METEFERF, R # & 5
WA 4. 64 8. 10, 12kg/m?, 205 E T ST 14
HHHR T, TR 70 °C, RGETE RE , A% 20 min
MEEHRY) iR, RHAKMET 15%, S4°F
TI5E 3 %, LFISMETE, 45RIEK 2. ZEfZRLE
BELE 4~12 kg/m?, FEEHEAN 6 kg/m? B LEE VS
BEEROR, BHIIERE 6 kg/m? N tE.

%2 FREHENEATINEN (X+5,n=3)

Table 2 Effect of different loadings on comprehensive score
(xxts,n=3)

*3 TRTFREEEZEEITTHIFEM (Xts,n=3)
Table 3 Effect of different drying temperatures on overall

score (x £s,n=3)

A : " 1 5k SR

’”f/ é(f:j?f/ B % (:Hf”‘ij/ ) G
50 4.1671+0.03 14.76+0.32 10.93 0.686 0
60 4.511+0.05 14.37+0.18 15.33 0.7513
70  4.902+0.02 13.93+0.22 19.42 0.814 1
80 5.634+0.02 14.05+0.06 26.88 0.949 6
90 4.963+0.07 14.15+0.09 29.77 0.948 9

HWE DAY TR F4 FOHEARERITARINE
(kgm?) (mgg™h sl (gm2min") PR Table4 Central combination test design and response value
4 5200£0.02 1424+0.07  13.23 0.928 4 Al L RN RN TIRMCR SiE
6 53274005 14.18+0.03  13.94 0.950 7 H (kg'm™2) Bre (mg-g™) /% (gm2min) P4
8 51634006 13.67+0.13  14.65 0.945 5 1 6(0) 80(0) 6383 1916 23.12  0.8622
10 4961+0.05 13.62+£032  15.39 0.949 3 2 6 80 6271 18.62 23.04  0.8478
12 4736+0.03 13.51£025  16.05 0.948 4 3 6 80 6.097 19.06 2286  0.8435
4 6 80 6.096 1934  23.15  0.8508
2.63 TRRERERENRE G HIM AR 5 6 80 6.103 1876  23.08  0.8420
BEIEFAR Y S s JEREN 4 mm, FRFEE N 251.33 6 883 20 5495 1750 2680 08364
g BTN 10 om KRR ARRE T, R 7 317 80 6.077 2176 1527  0.7943
8 kg/m?, 73l E T BT RAE T AT, I 8§ 4(-1) 90 5650 2024 2241 08334
54 504 60+ 70 80, 90 C, KEEE, &% 20 min 0 6 65 YT
PR H I, BHAKET 15%, FAFATIGE 3 10 6 9 4682 1693 3166  0.8436
W PIETE, SRIE 3. TRIREA 50~ 11 8(+1) 90(+1) 4874 17.77 3039  0.8508
90 ‘C, THEE N 80 CHHEA I IARI& K, 12 4 70(-1) 6414 2126 1276  0.7748
IEIEE 80 C N tE. 13 8 70 6273 1787 1846  0.7843

2.7 Mo EAAR IR

WA R RFERER, RATOLHEGET, B
CREVEA N NAR, R E (A KRR (B)
HATRAL, B R R R EAH S . IR K
PR g5 R 4.

JHId Design-Expert FAFXFIRIGE AT 2 X

Z WA EHE 1, AR AR ERNERE, 15
P H B A ¥=-1.9340.033 A+0.062 B+
9.85X10° AB—2.98X 1073 A2—3.66X107* B2,
2.8 BEEMKRE

Xof [E 5 FEEAT 7 AR R, RN R
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5. BRI F=15.37, P=0.0012, Z<SZ6% K 2
WL BB SR B IR E . T8
TR R H 2 YRIHY P<<0.05, BT AR I X A
TR L2 R E . Se8E LI 2 kI P>
0.05, R BENEA LA EE . LHI
1) P>0.05, RWPFHERNAMZHEHARE. K
I F=10.71, P=0.055 8, KITAEZE, A
AR SEPR I SLI LG BRI, TRE R A=
0.916 5, ULBIZBAL Re i iDL & S an 45 5, Btk
AT A SR 43 B R TR0 A2E 5 2% #4R T 1) T2

x5 HOHEERESERSH

Table 5 Results analysis of central combination test

kUE PR BHE BEYHM OFME PHE

R 0.025 5 510X107  15.37 0.0012
A 9.29X 1074 1 929X10% 280 0.1381
B 0.015 1 0015 4478 0.000 3
AB 1.55X10°3 1 155X10°  0.05 0.8350
A2 9.87X 1074 1 9.87X10% 297 0.1282
B2 9.33X1073 1 933X103 2813 0.0011
B#E 2.32X107 7 332X10™*

RKPIT 2.07X1073 3 6.88X10% 10.71 0.0558
afiifz 2.57X10™ 4 643X107

B 2.80X102 12

29 REILZSHAERE

TR FEX LR B VP e BN B3, BEE T
PRIR R TE R, WSRO, MR 2EE
BTGV IREAR R, T, BEE R
B, mRSAEEUN, M2 (B 2). 4
A AR R T LIS R, BETER L EA
T 86.024 °C, i 7.003 kg/m?. BLETLE
P58 0.864 9.,
2.10 1RBIAIIEIIE

FELhr R, M 2R MBI AY)
FERE 4 mm, FHREE 85 C, EEE 7 kg/m’.
FEUSAAE T, HHATIRUERES, “FAT 3 IR, LRGP0
790.860 6+0.010 0, L FEHH 2 A A P aifi & 53 4L
N 6.274 mg/g; RHEVITE T HON 17.86%; TR
%4 25.09 g/(m*min), HERTIMMEIEAY) &, B
BH SR FH W) S T 4 A7 7 925 PR A A5 21 P S 15 28 A X g
T&WT, BA—ERNsSEHME.
3 Wig

JEFHZR AT B, et P A R 28 X

A~ PRI AN R S HLAE R o BT B MR IR R R
R HAR IS R
A-response surface plot of interaction between drying temperature

and loading  B-contour map of interaction between drying

temperature and loading

E2 FREEMEHEXEERNTRIZHF
Fig. 2 Effect of interaction between drying temperature

and loading on drying process

TR R P BN R, TR A B 5 AR
FERT s, B SRR KN EK . LY
IR, R, FRIBENERAER, DALY
WEE. REMERE. TRIEINBEEINLZEE T
Sy RIS AR, I8 e B AR S T IR
PTG )5 5 72 B 5 SEPRAE e A
e Ak L2 RVIGIEER 4 mm, FHEHN 7
kg/m?, THRIEE R 85 C, THEMIIEN (279.0+
1.1) min, ZE&F5N 0.860 6£0.010 0, ILi ZE#H
R EVR &2 HCN (6.274+0.030) mg/g; =
HYIFRE DB (17.8610.22) %; TIERBEN
(25.0940.00) g/(m>min). KT T EREM
L bR B 2E A 28 AR DB FR A, IR B
TR, ERIER SRR E AR, PEIKEE

SEER
[11 "EZi [S]. —#&6. 2015.
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