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Abstract: Objective To compare the effects of different drying methods on six bioactive constituents of Zingiberis Rhizoma (ZR),
and explore the dynamic changes of bioactive constituents and water content during the drying process. Methods The multiple
components in ZR were simultaneously measured by HPLC, and 6-gingerol, 8-gingerol, 10-gingerol, 6-shogaol, a-curcumene, (E)-
B-farnesene were used as indexes to evaluate ZR obtained from different drying methods. The Weibull function was used to simulate
the dynamic change of water content, which was combined with the dynamic changes of components during the drying process of ZR
to explore the principle of drying process. Results A total of 12 kinds of drying methods had a certain effect on the multiple
components of ZR, and the components presented the fluctuation change in the drying process. The coefficient of correlation of
Weibull functional simulation of ZR drying process was greater than 0.990. Conclusion ZR obtained by drying at 60 C was better.
Water content range of 6% —15% was suitable for processing ZR. 6-gingerol, 8-gingerol, 10-gingerol, and 6-shogaol were

significantly negatively correlated with the moisture content of ZR. The Weibull distribution model could well simulate the fluctuation
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change of water content in the drying process, and it was of great significance for the prediction and quality control of ZR during drying

process, which could also provide a technical basis for the use of modern drying technology to dry ZR at the same time.

Key words: Zingiberis Rhizoma; drying process; dynamic change; Weibull function; gingerol; synthetic evaluation; 6-gingerol;

8-gingerol; 10-gingerol; 6-shogaol; a-curcumene; (E£)-p-farnesene; water content
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mL/min; BFEFEE 20 pL; A 280 nm; iR 30
C. RA XTS5 R HPLC B 1,
R1 FEHHMIFAEESR

Table 1 Information of drying methods carried out on ZR

samples
G5 TEITE BRM ) g5 TEITE B/
No.l #I4h50 'C  155.00 | No.10 ¥ 50 C  6.50
No.2 #I4h60 C  72.00 | No.ll ¥ 60 C  1.56
No3 #1470 'C  63.00 | No.12 70 'C  0.73
No.4 £I4k80 C  16.00 | No.13 FE
No.5 &K 50 ‘C 140.00 | No.14 FE A
No.6 HJX 60 C  70.00 | No.15 FE A
No.7 ¥R 70 C  51.00 | No.16 P
No.8 ¥R 80 C  14.00 | No.17 P
No.9 740 C 15.60 | No.18 P
1 6
A 23 4
1 | ﬁ
6
b l 23 4 5
0 10 20 30 40 50 60
t/min

1-6-%0)  2-8-%£MW  3-6-L4HMH  4-10-£)  5-a-L KN
6-(E)-B-4 5 XY
1-6-gingerol  2-8-gingerol

3-6-shogaol  4-10-gingerol

5-o-curcumene  6-(E)-B-famene

1 BREWEBME (A) 5FE#Mm (B) A HPLC
Fig1 HPLC of mixed reference substances (A) and
Zingiberis Rhizoma sample (B)

222 IREXTESIEREES I 6-Z M. 8-
6-ZEIMY . 10-£W . o-ZFIHEA (E)-B-4 B Wit
EE, BEME, I 75%F EEEIrme, o
SR A 6-221 0.212 mg/mL. 8- 0.087 mg/mL .
6-ZJ 0.019 mg/mL. 10-Z) 0.146 mg/mL. a-
LW 0.024 mg/mL A (E)-B-& A KM 0.265
mg/mL )V, BI15.

223 UK EIE BURSBRGE 3 S
250.5 g, FEEMOE, B REHIR S, FEMA 75%
FRE 20 mL, %28, PR, @A 448 40 min,
B, A, FRRE R E, I 75% R BN R 080K )
i, HBKZ 13 000 r/min 257F T B0 10 min,
EIEWBGE 0.45 pm BITFLUERR, HXERUEM, HPFS.
224 AMERRFEL W “2.227 DURRA R
W TIFGRE 24 4 8. 164 32, 64 1%, % “2.2.17
T i AR RE I e, DL R e T R D A AL
br (Y, JREWREAMASE (X, HATERMEXRRE
2, SERE 2. HXIEE 2 HARNT 09999, F

B 2R o0 R R AT
2.2.5 FEEERIG B “2.2.27 WRNIREA XIS

W, 3% “2.2.17 BUN R R ARSI 6 IR, &K
HEFE 20 pL, o EIERE, ZREOR, S
THIAR ) RSD E A KT 2.13%, 3 BHAES HIRE % &
R4F.

2.2.6 faEtikL WA MK REw (S
120409), % “2.2.17 Wi N ik 5 AFERE, 43 Alid sk
0. 2. 4. 8, 12h Kytai . S50 ER, SRIL
SrUIETHAR I RSD {E A KT 1.66%, KB M IE

R

5
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Table 2 Linear regression and linear ranges of reference substances

i . B RSD/% SERI IR
5% =)= 77 72 P LT El/(ugmL ™)
WwE foet EEM EURE BECR%
6-Z M Y=10882 X—7 182 1.0000  3.318~212.380 1.19 0.82 1.61 1.91 97.47
8-Z M Y=10586X—2973.7 1.0000 1.360~ 87.080 1.24 1.16 1.92 1.79 98.91
6-Z 45T Y=38775X—1717.1 1.000 0 0.311~ 19.920 2.13 0.77 1.88 1.82 102.36
10-2M) Y=91721X—49613 10000  2.284~146.160 1.49 1.58 1.02 1.97 99.13
o-F I Y=33155X—11884 0.9999 0.371~ 23.760 1.55 1.24 1.08 1.71 101.35
(BE)-B-&&WIE  Y=54079 X—842.38  0.9999  4.141~265.000 1.74 1.66 1.65 1.35 98.26

WAE 12h WA EME RIT.

227 EEMWHRKRE WFE-—-TEHES (S
120409) 5 3, #8 “2.2.37 WK 74l i
W, 3% “2.2.17 TR i 2 A, ek Emig Al

SEREIR, SREN ST RSD {HAKT
1.92%, KUCEMEZ R I,

2.2.8  IOFEEISCRRLS RS FRE O E AL o
K G5 120409 943, &3 MmN 1A, AN
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23 ARIFIEFETTES TR RIEND
AR TR A B )T 22 K 6 k7=t
JRTZERES, 1% 92.2.37 TR J7 i) & Ak i A
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ZiHL)2015 RO T Z AT KD E , 25 RN 3.
K o, AN F AT ORI AN [ J8li FE ef  2
6-Z W 8-y, 10-ZW . 10-£MEMH . (B)-B-&H
W a-ZHRE I R R ARA B,
A1 TT R, sk 5 it A i 3 X
R s G A =i e b RN o C T 1 8 e
R a2 [ =T o8 L TN R 1
TR WX & o & R A X e, 70 °C
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Table 3 Contents of each component in ZR samples obtained from different drying methods

FESH/ (mgg )

=) ot A4l -0,

s TR KR T wm s EM oEM 10BN oZUE (e it
1 Z4k50 C 15.94 6.19 1.34 0.65 2.44 0.06 0.96
2 4a4h60 T 17.84 438 1.08 0.55 2.42 0.03 1.11
3 4ag4h70 C 10.82 6.81 1.63 2.06 2.76 0.04 2.59
4 445480 C 6.79 5.66 1.13 1.67 2.20 0.02 1.86
5 K50 C 17.84 7.13 1.49 1.42 2.88 0.07 2.26
6  HR60 C 12.62 7.87 2.07 1.77 291 0.05 232
7 BX70 C 14.52 7.14 1.84 1.89 2.69 0.03 2.14
8  HINS0 T 12.57 6.82 1.44 1.18 2.99 0.02 2.75
9 k40 C 12.92 8.03 1.54 1.09 3.56 0.02 2.80
10 fEs0 C 16.33 7.22 1.68 1.94 2.93 0.03 2.10
11 6o C 8.95 6.60 1.58 1.98 2.64 0.03 2.43
12 70 C 476 737 1.66 3.28 3.09 0.03 2.46
13 et (1204010 11.19 8.11 1.84 1.83 3.30 0.04 2.54
14 FEHbELEE (120403) 10.30 8.33 1.90 1.73 3.38 0.05 2.62
15 FEHLERE (120405) 10.60 8.23 1.91 1.71 3.40 0.04 2.56
16 FoHbALEE (120407) 10.82 8.09 1.85 1.70 3.36 0.05 2.57
17 e (1204090 10.64 7.47 1.77 1.53 3.16 0.05 2.32
18 FEHuMLEE (120410 10.59 7.87 1.90 1.71 3.32 0.04 2.54

BT Sega g R UL R

All test results were calculated by dry mass

mn 6-E MWy, 8-, 10-EMy S BRI T IR
T8 T5 15, R PR 0 T 5 7= HoAk Gein T
I — 25

24 TIEARENEE

R4 ENSHIFHEERSTHE

Table 4 Total variance explained

PR T 22 253 B T, AN
TIRITER T 2TV . LU 6 Fhig
PERC B TR, X3 3 P T2 Mgk T £
By At (PCAY FIERFESrHT, RIS ELAMIAPEAR A
B, oIk TR T
241 PCA 4R ZERWAE 4, 112 AT CRF

N FIAEHFEAR JHE % Jr AR
wit TE% Rit% & TE%  Rib%

1 3551 59191 59.191 3.551 59.191 59.191

2 1247 20788 79.979 1247 20.788 79.979

30752 12541 95.520

4 0242 4036 96.556

5 0154 2575  99.131

6 0052 0.869 100.000
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YR, ULEH PRI TR T2 BA — 2 iR
60 CIEIRBNTE (4T 6) 50 CHRBAT

B (G5 5) IS T REANRTRINEH R ki,
VIR IR ST R B A T 507 R — s ik
%o S gn TRy EGL, 60 CHElRm
RN m A, X SHERER

242 RFESIER R BRI AR
A FRDARABLRE FEE S 4 it 8] 14 70 B 2 R U o [ £
ZSPEEII R, ZPRIE 3, RRERER, 18
MTLGMATLLRE A 4 25, 1. 20 4 SEEGE
B HARE ARG, UL HARRE & AL A LRI,

PC1
2 FEARTHEAEERERSHE
Fig.2 Loading plots of ZR samples obtained from different
drying methods

x5 TERRTFRAZRFHIIHF

Table 5 Component score of ZR samples obtained from different drying methods

M4 FE s TFHE T % F1 F2 F
1 14 FEHHERE (120403) 1.0172 0.711 6 0.937 8
2 16 FEHUE (120407) 0.863 2 0.694 6 0.8193
3 15 FEHLHEE (120405) 0.948 1 0.2308 0.761 7
4 6 R 60 C 0.620 4 0.798 8 0.666 7
5 18 FEHE (120411) 0.782 8 0.176 6 0.6252
6 13 FEHLHEE (120401) 0.810 8 0.090 5 0.623 6
7 17 FEHHERE (120409) 0.3343 0.774 4 0.448 7
8 5 TR 50 C -0.186 5 1.663 9 0.294 4
9 9 ik 50 C 0.546 7 —-0.752 9 0.208 9
10 12 i 50 C 0.629 9 -1.5519 0.062 8
11 3 21470 C 0.014 1 —0.464 0 -0.110 2
12 10 ik 60 C -0.017 8 —-0.542 8 —-0.154 3
13 7 X 70 C -0.039 1 -0.492 5 -0.156 9
14 8 K80 C -0.228 8 -1.096 0 —0.454 2
15 11 ik 70 C —-0.291 4 -0.928 5 -0.456 9
16 2I4h 50 C -1.704 1 2.029 4 -0.733 8
17 2141 80 C -1.6157 -1.413 4 -1.563 1
18 414k 60 °C —2.484 1 0.0715 -1.8199
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Fig. 3 Dendrogram of ZR samples obtained from different

drying methods and different origins

B ZL AT it 5 FARAE S AR FE RIS MR EE 55
N2, 6 SEEMIEE 13, 14, 15, 16+ 18 SkEM
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5 PCA HI45 R —%.
243 AFETIRTTEFR T2 48 R SMEIR L
GANETEEITIEITRI 12 #E T2 25864, SR B
BB ER. MK TERATERIEA, U,
BYerE, G, WimsEtRe, TEERE S 2 PR
WeEIR, HWrmE R R, Mk, a5
WRFTR T 2 MR AR A, Wim T 4Erkis, <
WREGIR s PRSI T RS T2 24 i 3 B £,
Ky R AR R, 5P R g Ty S T 2 i
AR o

g ERTR, ToiR 2 SNAEIR 2 b il A o A
B, #WERHBERFEATEANEESTEN
TR TR, Hrb 60 CiRENT RIS NT
LR B IERE . R ER, ARTFET A
A IR T2 2 el & A E — 2
Wi, SR T4 P R o A R SR R AT A, T
AR AR FT | 22 TR A2 1 e 3h A 32
FIK o ENZS AR A, CARATE 47t /s T 22 1 T8 i 2
2.5 AT UIKDNAERR
251 KERUTVE CBEEZAMIR S G 4 BIR AR
TR L 0 7 AT TR . 2 R
W7 N B 500 60, 70 CHEATSZLG, LAH%E
T 7 AR R T 2 TR R . TR
GERIE TZAMPIRE, BARS/KENTE

BT 2 JC IS K oy B B sl e, R X AN ]
KRR EAT S R I, % “2.2.37
TR AT R )%, 4% “2.2.17 TR
AT A RN E, % (REZH) 2015 FFhEET
ARG AR Mg, AF 52 TR R T 2 Je Rk
g5~ FER IR IS

252 MOEhEBUHASGRE S BERSEAT
PRFILL AN AR A, B A4k it 4 A 6 A s R AR
el ZERWE 4. ETRERET, 6-£M. 8-%
Wy 10-ZWAT 10-Z2 415 (1) & 2 b 7K 2 1 PR AR IZ T
WEs e B HEIATE TR R B AR S B RAR, T
B (B)-B-& A WIRBIET RIS R R E N
Py PR BRI BRI TR
e JE T RS, KITE 15%~19%F 1%~6%
I 44 R I B B Bl K 23 ()3 e R TR 6%~ 15%
& T TR ESARTTFEZNEAE, 5
RAEBFA, FLLIKAE 15%~19% ] fe A&,
TIKELE 1%~ 6% R &R Z: mEK
BIE 6%~ 15%MERMEEET PR, RS E
R EMA WD, (BEMBONTEE, MRS KE
DAR] T 047 DA SR R & A RS G 18, Tl LL
WA &K E 6%~ 15%1FE T2 L i B K
SIVEH s R BT A AN A 8 i R T 22 K o
G o S BT R i, S5 R BN, Koy
5 6-ZWy. 8-, 10-ZM M 6-ZMyh 2R E N
GO, BT R 6-251) . -3/, 10-35;
F 6-Z2 Ty ) Bl K 23 IR Ok 3 B IR s 6-
Ly, 8- 10-ZMENEMERRY), =FHRK
PR EZ W EA KRR SRAEK 6.

Zx F R, Ko 22 () i B A — e I,

Y] B 45 1 T8 RE K 4 AR AE T3 il R 45
il B — @ M EA .
253 Kuosh ARG RS0 TRAM TR
bR A 2R R K A B (MIR) B 5 B[]
T E R . MR HTRR—ETEEE A
[ TG 2 kb K &, R DR R R B R 5
R [P

ANFETFET KoK ah 1=t WA 5, 45588
N, PR RES DA IRAEA R 2 T
TR bt 2 Bon B AR AR A, T2 T3 E
i B 7K B T 5 2 EA) RF 1] o 8l B 10 - s T 228 3 ik
A, PR AR B RE S 2 A8 T R TR

KA SPSS 21.0 #HATHRE AL, FHARZ (R
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FRFEA AT TFEBUR S MEL MBI ENTEN

Fig. 4 Dynamic changes of effective components and volatile oils in ZR samples obtained from different drying methods

I3 Hr# Weibull £ 24 R 7 5 F2 (Weibull B8 %55 3
MR =exp[—(#/a)’]) 5SLIHEHATIS, SR

*6 TEAMKIREYASBEZEHEXMESH
Table 6 Correlation analysis between water content and active ingredient content of ZR
N KRR
BKE 6-Z 1 8-Z M 6-Z Il 10-2 1 o-FEH N (E)-B-&= & W
TKE 1.000
6-Z 1 -0.412" 1.000
8-Z M -0.592" 0.873" 1.000
6-Z 1T -0.701"" 0.407 0.470 1.000
10-22 15 -0.481"" 0.875" 0.686" 0.218 1.000
o-FE N 0.126 0.253 0.301 -0.136 0.107 1.000
(E)-B-&= 4 XK Js -0.272 0.764" 0.611" 0.507" 0.743" -0.163 1.000
P<0.05 “P<0.01

FHETRE 2, AR, WA, RN
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Fig. 5 Curve of water changes in ZR samples obtained from

different drying methods
R7 Weibul BEHELFEFIRLRENSHE A

Table 7 Parameter values of ZR drying curves modeled by
Weibull distribution

T 77 2 o/min B P

414050 C 4062.36 1.232 0.994
L4k 60 C 1 796.40 1.304 0.993
L4k 70 C 1337.10 1.290 0.996
X 50 C 4 341.60 1.140 0.994
X 60 C 1 945.80 1.096 0.990
X 70 C 1451.16 1212 0.992

M 2 KT 0,990, il Weibull B %5 AE 545 1 3t
BT 22 M TEA R T8 N R T 22, DA
N Z T RIS R TSR — 8 255 KA i it
FRERSH. o BOARESHY, FoRTRd i+
E R, HMEAS T TR TR 63% 7 2
MBI FEFR— T80T, o EREE RS
BN, T B ek s, T R kAT 1
e R — TR R, AN o N T
FOAT UL A AT R B AR s i
KT, p RN RSHIT, HBE NS T
BRI FERT AR B B G, AR 0T BEREK
T 1, VLT TR AR A B B E
MVEREITE 1.096~1.304, TCEZFELL, UIHART
Je 75 O T 22 11 5 14 T W S A
3 g

ASEES UL 4 AL 2 AN R MR
RFEbR, ZRE IR T ANE TR T T 2R,
[ B 0o 22 TR AR TR 2 u sy« FER M KK S
AR UATEREY, KILL 60 CHIREIT 1A
WY, & 7K 6%~ 15% AT 22 N L )3 B /K45
F LTSRS 6-£M . 8-EMr . 10-Z A 6-Z 4%

My 58 /K& 8 B3 A C R, Weibull 4310 B 4L
REME I L AR ASRLADL T 22 T FR (7K 73 AR A

FEFZ I T kR, AR S8
B 80 CHH, KINE DT Lhrik, FERIk™HE,
Wit & 28 LLAMINEREAT R 40 CH RIS
T2#E L RKAEFR; R RI, Fin LB+
ZRTIURT R ER T2, P i T A R
%, &R, RRARS RS SRE, 50AT
P 5 RATTE — 8 (W22 55 P N T RAR B8
KR T 22 AT RS, H T AR M s
NETEZ 5], TR — B aEs) 1k, I
RAFEEAR B = AR R e, (RSN AT e T+
AT AT FE v A 7K o B R Y K 4y
JETE R W B O, AT S0 T 22 [ it s AR IR T
GBI AR RIR b Say S W 70 S8 17 R A 18 0
TefpLes, I R IR AR v REIRD T — 28 b 22 A
G RIIA SR A3 A, AT A4 7 T 22 1 4 B B s
JPRAS RIS I R T BEIG N T TR IR T, XS
TR T — Mg, B R R —
RV, BRI TR 2, (H RN T
FEARFEN IS0, HAFESIER . R 5
AN TR RS A, DR AR i C R AR DAL+
Gy L, X EEHEIR RN AR A T 2 AT R
TN RIS on. RiRAMERELRE.

TR NEBNT ORI, BT
HO K R SR B — e X, SRR A g
TR — TR R AE—EE R, HIER
SRR — R R ITVE K5 2 Ju iy Z R R A
Hide. dbsh, (hEZGE) 2015 RS T2 MK
BRI 19%2 — X 582 (I TE
BT LA, TR0 3 A2 P R 5 mT RS 22 1 R i
AR, TERAETRIRES, ZMBmIRIrhE
K E R PR S BB BT, i R I D BRI
PR TREMERE, SHTREEN TR ER
BRI, BT KMEEA R T FZERAT,
GEAFHENIETZIN TR EEEEA 6%~
15%.

[Fi) BN Sy B A P 4 1) - 22 8 3 oK 43 1 AR
1, AURBHILE R T FZERIKD N5, 1L+
P55 il 3 T SRR L0 7T AR AT SES, K I Weibull
53 AT BR E R A I M AR AL 22 g 0 R ) K o AR
1, RTZHFEEGRE—ENSE. KREH
X 12 MRS T 22 05



¢ 3% Chinese Traditional and Herbal Drugs 35 49 % 25 18 #§ 2018 £ 9 A

* 4301 °

PO =N
SN

AGRPEAR, PR TR T T2 il 30 25

224k, FIH] Weibull 7 Afi b8 UL, T- 22 T 22 10
KA, NTFER PN T S BB S &4
R S5 FRAE

Sk

(1]
(2]

(3]

[4]

(6]

HREZG e [S]. —#F. 2015.

MER. MRAREELE M) JEE: S H AL,
2008.

* W, &kH, B FREAMBER BT
[71. " EZE, 2017, 28(24): 3403-3405.

TR, AR, B bhE, 5. TRMFRATR [J].
Hh B AR A A R, 2016, 35(5): 20-24.

aEdE, k&, & JF, & TFRPERNSEKRR
RN LR A 5L AR AL [7]. EZ, 2014,
45(7): 965-972.

TN, ZEAREE, B, & TR L BE
R R [0 b E B ARYRIE, 2015, 34(3):
34-37.

Kikuzaki H. Cyclic diaryheptanoids from Zingiber
offcinale [J). Phytochemistry, 1996, 43(1): 273-278.
RYEE, G 5R, UARE, . ZMTEL BRI
AIMAEHB R #RE ] PEIERGERE, 2017,
33(18): 1824-1827.

(9]

(10]

[14]

[13]

[17]

Chrubasika S, Pittlere M H, Roufogalis B D. Zingiberis
Rhizoma: A comprehensive review on the ginger effect
and efficacy profiles [J]. Phytomed, 2005, 12(9): 684-696.
T, B, £ U5, % ZREGEIFMIEIE
Bre R B AL AT 1] g, 2018,
49(4): 826-834.

O, Baik. IESMRWIUREI AT SR (9],
rE AL TS, 2009, 11(8): 11-16.

HEE, WEM, FEWE, % 2RSS PR T
RIMARLZHE [J]. dbnihEEZY, 2015, 34(4): 342-343.
BRE, L %, 58, . SEAM RS
FHRITIERTF [7]. H 52y, 2016, 47(19): 3415-3419.
O, BEm, BOKHE, & REANE YA
JRE M A5 WA (7] R, 2009, 40(12):
1988-1992.

WFF, KA, BaR, & 5T Weibull 744k
)2 0 TR AR S B 0w g (3], R E A
&, 2015, 40(11): 2117-2122.

TR, SR, B, . BT Weibull RECRR
THEIT IR IREE TR (1], R TRESAR, 2015,
31(5): 317-324.

o, 5 B, ROR, F BT Weibull ik
U H AT A T R S A ], IAR & R,
2018, 34(1): 141-147.



