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Optimization of processing methods for Zerminalia chebula based on fingerprint, antioxidant spectrum-
effect correlation and multi-component contents

YANG Wuyjie', HAO Ji', JU Chengguo"*, ZHANG Qiang', AN Yueyan', WANG Wei' (1. School of Pharmacy,
Liaoning University of Traditional Chinese Medicine, Liaoning Dalian 116600, China; 2. Traditional Chinese
Medicine Processing Technology Inheritance Base of the State Administration of Traditional Chinese Medicine,
Liaoning Dalian 116600, China)

ABSTRACT OBJECTIVE To compare the similarities and differences between raw and different preparations of Terminalia
chebula based on fingerprint, antioxidant spectrum-effect correlation and multi-component contents, and to provide a reference for
searching for modern processing methods of 7. chebula that are similar to classical ancient methods. METHODS Ten batches of
raw and different preparations of 7. chebula (single stir-fried products, bran-roasted products, sand-scorched products, ash-roasted
products, stir-fried charcoal products, and wine-steamed products) were used as test samples. The high-performance liquid
chromatography (HPLC) fingerprints of different samples were established by using the Similarity Evaluation System for
Chromatographic Fingerprint of TCM (2012 edition) , the chromatographic peaks were identified, and chemometrics analysis was
carried out. At the same time, HPLC method was used to determine the contents of 8 identified components. The antioxidant
capacity of raw and different preparations of 7. chebula was determined by DPPH free radical scavenging method, and the spectrum-
effect relationship was analyzed. RESULTS A total of 20 common peaks were identified in the fingerprints of the raw and different
preparations of 7. chebula, and the similarity of each sample was >0.9. Nine common peaks were identified from the raw and
different preparations of 7. chebula, including chromatographic peak 2 (chebulic acid), 3 (gallic acid) , 6 (punicalagin A), 8
(punicalagin B) , 12 (corilagin) , 15 (chebulagic acid) , 18
ABESTE LT PEZLRFEAAR LRSI H No. (ellagic acid) , 19 (1,2, 3, 4, 6-O-pentagalloyl glucose), 20
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contents of the above 8 components (punicalagin A and B are
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charcoal and wine-steamed products were more obvious than those of other processed products. Chemometric analysis showed that

the fingerprints of stir-fried charcoal and wine-steamed products of 7. chebula were obviously distinguished from other processed

products, and the fingerprint information of raw products and other processed products of 7. chebula was partially overlapped. Four

main differential components (chebulinic acid, chebulagic acid, gallic acid, ellagic acid) were obtained between raw and processed

products of T chebula; and four main effective components (chebulinic acid, chebulagic acid, gallic acid, corilagin) were

obtained by analyzing the spectrum-effect relationship of antioxidant activity. The single stir-fried product of 7. chebula showed the

strongest antioxidant activity. CONCLUSIONS The single stir-frying method is a modern processing method of 7. chebula which is

similar to the classical ancient method and is more excellent.

KEYWORDS Terminalia chebula; processing method; fingerprint; chemometric; spectrum-effect relationship; antioxidant

activity
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WL b Kb i /D WA IR IO Kl 251

A 5T LA A 5 (SP) L BEb i (DC) L 2R i
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(2) THH : U4+, FH 1 i 25 5 B T 0 K Kk R
BRI SE T A I, B0 3 mT D, KT TG A KO v 48 2 T B
FEH O (KA 15 min) , IO, 00T, Al 25 1 Bz SO SR A%
BICR A, RIFRY,

(3)DC: B4 F &5 N, SCIOM#A, b B (R
HEKD 5 min) , B it Al 25 502, B ERUR A, BASE,

(4)FW : Bgin] 55 %k i [F) B 5 v [ 2564 -2 £k (100 :
30, mim)], SCAOMER, 02 Ba), DL (140 £ 10) °CHEZE B
Ay €8, (FOMEHRE 20 min) B G Bk Rz, o, i 2 54
FICR A, RIFR,

(5) ST: ML iy 0 & 5y (N B0 22, (8 A\ il -, LA
(160 + 10) °CHEILP 6 min, U, 5 040, Bt Al 25 5
¥, BIBUCRIA, BIAR,

(6)CT: Bugrin 7 &40 N, B IO, kb 28 52 M e (R
WEKD 6 min) , B it Al <S4, R HUR A, BAS

(7)JZ: BG4 F i A B 3208 30 min, B T 2854
W, 7K 24 h, 70 °CHET Al 2 A%, B IBUR A, AR
22 BERHEHIE
2.2.1 X B S IAIR

A3 S B FRBON TR TR AR Al
Frat AR BEAER \1,2,3,4,6-0-TLIR & Tt 4
B ATl R A, 43 BT 10 mL A s,
A 50% 6 5E 25 W A5 AH T BB AT . W b 4%
WA TGE = IR A, A5 1 mL & 12.25 pg 0 FIKHR .
20.00 pg B TH2 .32.10 ug 2 A BT L 17.60 pg #] L7
50.23.64 ng i EHR \52.80 ng #EAERR . 18.00 ug 1,2, 3,
4,6-0-TL BB T B 294 .60.72 ng 3 1R (TR & %
AT o
2.2.2 Pl

HnT— SP KA R M il iy, By i, 1ok 65 B i . K5 B PR
B0.1 g B FERRIAR A 50% 2 25 mL, FRE i,
75 (I3 250 W, 4% 40 kHz) $2 B 30 min, i, DLREL
TR AR IR Y T A, FR AT, BB BREEE R 2 mL FH 4R
BUARIEZZE 10 mL I, 1948 0.45 pm il fLUE AR
Pt ISR, RIASHE S0 135 At Sl VA 5 B Fe 4L
P PR A TR L 50% S IEIR R RS , 15 o i Tk i 43
W1498.0,4.0.2.0.1.0,0.50.0.25 pg/mL (K R I AEN
DU 5 TATF~ SP S AN [RIA il it 7 e Aot 1 FH A A T
2.3 @iEEH

K J Dikma Platisil ODS {4344 (250 mm X 4.6 mm,
5um), LLZE NI A L0.1% FiR-5% W LA I N T
BhAH B #EATHRE B VR (0~5 min, 2% A—4%A ;5~10 min,
4%A; 10~12 min, 4%A—6%A; 12~25 min, 6%A—
13%A ; 25~38 min, 13%A ; 38~40 min, 13%A—14%A;
40~52 min, 14%A ; 52~55 min, 14%A—16%A ; 55~82
min, 16%A ) ; BERER N 5 ul; 3 % 4 1 mL/min; AN
25 °C; Kl 4 270 nm.,
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2.4.1 W5 RIS

W7 SP (4t 5 S1) 4% 2.2.27 3 | )7 il 45 kit
R, F2 2,37 T T g 25 (i SR 6 IR e i 1A
DA RL R (o 10 (U 15) A2 IR, T3 A5 45 oA WA
{5 B3 B[] 1Y RSD 7 0.68% ~1.22% (n=6) , #H Xt I 1 F1
B RSD 4 0.71%~1.16%(n="6) , W 7 K5 5 R 1T,
242 FoEMRER:

U1 SP (45 S1)F52.2.27 T R J7 vl #5 A A
TR, IER 485 0.2.4.8.,12.,24 h#%“2.37 T | {4 1%
SRR IO SR ATE IR . LI RLER (A 1% (16 15) A S
M T A A A W AH XA B B[] %) RSD A 0.84%~
1.06% (n=06) , FXF W T FL A RSD 4 0.69% ~1.34% (n=
6) , 2 MK A TRE 24 h NEREME AT
2.4.3 HEEMHIAE

G SP (45 S1)4%42.2.27 W F )y B FA7 76145 6
Dy b VAT, $2 2,37 T T e A AR e SR A
DL R IR (o i e (U 15) A2 IR, T4 45 A WA
{5 B3 B[] 1Y RSD 7 0.83% ~1.47% (n=6) , #H Xt I i FH
B RSD 4 0.94%~1.21%(n=6) , KXW ik EE B IT,
2.4.4  FRSUENEE ST SARRIEE Y

B0 LI 72508, #2“2.17 TR J5 k43 il il 2 10 4it
SP K AN [rl Ml i, 45 2.2.27 TR 7343 5 44 45 i G
PEIR AT, P 2,37 T T s A R UERE A HT L iE SR
T K25 R b 1 s B o S A 2 e S ]
TR BLURE PR R S8 (2012 W) ), 5 FE S 1 0 M 252
] - A8 2GR 45 S1 1Y SP AR it (13 S 2 R K14 , 132 )
[|] 7 % B o4 0.1 min, 2R i 22 458 1 A1 Mark 06 TR A Al
FE SR (WS ) | IR A B0 A mi s B i X % RE SR
SQUEGE . RIS B ARE Y 20 A g, UL 1A,
BAYUG T SP.DC.FW ST . THH .CT JZ B LEE 23551
0.959~0.996.0.923~0.990. 0.952~0.983.0.935~0.993 ,
0.915~0.997.0.924~0.999 .0.980~0.997
2.4.5 HIERIA

2.2, 10 FIRA X IR, 422,37 N ek 2%
PEBERESI AT A0 S OTE IR (K 1B) , i 1 5 % FEFE S & e
AT WA O FR RIS 706 B, Mg IA 93 1, 4333
Sy 2 (PR IR) 3R B TIR) 6 (L AT A) .8
CZARB) 12(RTHE )  15CGEZEIIR ) 18 (HEAERR ) |
19(1,2,3,4,6-0- W& BT EEAZEBE) 20 GRIFFR) .

2.5 1AFSPRARMEE M SFHR A, SENE
2.5.1  ZRMER R FAGIIRR 2 PR

B2.2.17 300 25 % BRI, FH 50% CIEMiRER R
G v B AR T AR, 43 e 2.3 T (e 33 S Ak
FEAT , DASERE BV B M R A A (o) (UG T AR R A AR A
() iR e . BUC2.2.17 90 F 4 % B8 5w,
50% I TR BN 2R 91 o e VR R VR A, 322 2.3 I TS i
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AT SP KA IR il 9 HPLC Xof R 5 S0 [RTi%
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#/min
B. IiA X R (% HPLC 8]

2 TR ;3 TR 6: LA MEITA; 8 A B; 124 L
FE5T 515 T BLHIR ; 18 8 4ERR 5 19:1,2,3,4, 6-0- TR (T F Bt A 205 ;
20 T2
1 AF SP KA [E) 1 & & #) HPLC X3 BR 35 4 B i Fn

BEITE MBI HPLC &

SAFIERE T, A3 I LAE MR L 3 1R 10 1 X () o B v
JEEAE R K000 PR 5 e B (H v 2 A M 0 T LRy 2 A 1R
WA SO BEEHEARZ ), 2tk £ XA BR
FEEREERERILEL,

K2 KMELEZERBINR EERERER

SARER RNRY ERRY

et HETE f fugml)  (pgml)  (pgml)
TR p=TASX 1002884 X10° 0999 5.00~32000 0.7 0.68
HETHR y=2I8XI0CH216XI0° 0999 1052~67300 039 157
EARH J=LI9X 1008 54X10° 0999 250~1318 022 086
(DL EDE J=1E6X100=8385X10° 0999 234~14976 031 094
AR y=147X10%=2967X10* 0999 879~56250 046 138
BElem y=1666X10%—8T65X10° 09999 428~27200 035 1.05
12,3,4,6:0-T%  y=2852X10%+4803X10° 09999 149~9536 0.13 067
BFBATEE

W] y=LSEIXA0CHSTSXI0 0998 1676~107250 0.6 268

2.5.2 KEE AL

B SP (45 S1)F2.2.27 T J7 v il 4 s i
VSR, 452,37 T T (A SR A i SR 6 IR i SR Ak 1]
g5 WR 8 B R I AR 43 €5 3 0 04 T AR Y RSD
0.36%~1.07%(n="6) , R T FAEHE R4
2.5.3 FREMIALE

B SP (45 S1)$42.2.27 T 7 v il 8 AH iy
VW, o IE R 455 0.2.4.8.12.24 h#2°2.37 101 {4 3%
ZRAFHERE ISR AR E . SR IR, 8 PRI Rt 15 1
U TR RSD 4 0.28%~1.12% (n=6) , 3& B fikial Fh v
WAER 255 24 h INFEEE BT
254 HEMRAE

WG 1 SP (45 S1)4%42.2.27 W F )y B A7 H145 6
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Dy HE AR, Fe 2.3 T (8 i SR A  TE SR A
FEIMR— s IR S PRI B o 1) o i 25 R L 45
WA & FE I RSD 4 0.23%~1.35% (n="6) , & 7 =&
BRI
2.5.5  JINEE EISCRIA S

I 6 3 T80 00 1 39T 7 SP (45 S1)38 &, #4
HH L LA X BR S 4422227 300 vk il £ I
VR, Hie 2.3 T N g 2 R ERE R, e R g I L T
TR ECR . S5 R BRI FIRIR B TR 1A
AR I EER AR (1,2,3,4,6-0- AR
T Ik #4654 L IRT T R A R [R1CR 43 51 A 100.3%~
101.7% . 98.60%~102.3% . 99.76%~102.6% . 100.4%~
102.5% . 98.43%~101.8% . 99.6%~102.5% ., 98.24%~
102.4% . 98.39%~101.3%, RSD 43 %]} 0.35% . 1.14% .
0.83%.0.75%.0.53% .0.86%.1.12% .0.94%(n=6) , F I
TR ER R R AT
2.5.6  FiEE

BU“2.2.27 0 R 0§~ SP K AN [R) A s s () A3t S T T
(4% 104tt) , 439045 2.3 T o i A5 R AR 22, >R FH A1
br— m AT AR 8 R A B i IR A
EIR LR 3. RN Tl R RS e,
8 FPAF I B 20 ) 5 m B & T kAR, e CT JZ i T4
I e S A B (R ZE A L 8 e AR g A ) 5 e AR Al A
] it B R A A
x3 WFSPEARMEHEFSHASHNEENELR

(mg/g,n=10)

e S THH DC  FW ST (T iz

ERR/N 1882 .14 1659 1397 1890 161 4634
BETH 849 1475 2246 3570 2621 1207 3171
L 3009 275 1776 1458 1780 195 588
fil i 3087 2955 26 1939 213 36 327
AR 12951 1571 10426 9418 11200 496 637
Bl 360 7026 10800 11886 10744 213I5 M4
103,460 IRAFREHE 1700 1710 1014 644 1040 061 189
T 0393 18479 18697 10839 18488 617 131

2.6 TFSPRAEEE MBI ELBESNE

>k H DPPH A i 3 75 B 2% F 17 90 0k 6E 1
FEVTHL R REC2.2.27 IR T SP KA [ i A
EAL IS AR S A% 3 mL, 20 B E T B SR
K% I A DPPH H 55 (0.25 mmol/L) 1 mL, IR &%
5], 53 IR HTE 30 min, SR FHEESM-FT LA
FETHIE 517 nm A AL SR IO (40) . PLAEE
F150% & H51% 8 DPPH [ H LV, [l e384, e 3L
W RE (As) 5 LASEARTR 509% 2 I AR 2R S s W, ] i 48
PR D e GRS (4o) o SRR SR I A2 3 VK, BOF-41H
18 DPPH [ 1 2E35 5% : DPPH H i B R R (%) =
[1— (4i—A42)/A4] X 100%, ff Bl SPSS 22.0 #X " Probit
ST IIRE , 38T Logit 5 15897 1 SP KA [l il i ) A
32 ROH PR (IC) » 45 B7R , i[F SP.DC .FW .
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ST.THH.CT.JZ % DPPH [ i 3 4 1Cs 43 31 Ay 2.209
1.945.3.009.,2.960 ,4.385.7.391 .7.736 pg/mL, 4% FE i 1
1Cs 2 5 W i, $2 7 A [RME ] T2 %0 T 4 A fb i v 2
HAEEENR , Hor L DC g ) B8 A TG M dre ik
2.7 WEIHEZNW
271 CA

K SPSS 22.0 A THRANHL . KW R 1) 70 HE YT
TREA (SP R AN [) i 4% 10 41 ) iy ey e i FRAE Sy
JRAR G S A A, 4H 0] B v B SR FHE 5 BRR
FCHE B R 0 64T CAL S5 SR LK 2, S5 WoR, K
FE B R 20 ), JZ A CT 4 H R —2&, 1 SP.FW . DC
THH.ST %}y % —2%, %W SP_.FW .DC . THH ST H.A
—E R, AR SR B R S .
2.7.2 PCA

HF T~ SP B A [ H il i 1) A Wi 1o ARV Sy i iy
B, bR LA B | >R SPSS 22.0 #4317 PCA.
45 R, KMO i >0.6, EUERFIERER JE K 56 . 251k <
0.05, % I 4% 745 1 2 [|) HLAT 50 G B , $/R 64T PCA
HA T

T EAS SRR > 1 60 4 Fp 8000, B35 2 5t
R4 86.633% , i I i 4 F 32 40T 55 1901 SP AR
[ ) 5 4 S [R5 86.633% (45 . . 1 3 80 A 1 3%
Tor SE FE AT, B 3506 19(1, 2, 3, 4, 6-0- T 15 £ - ik 4
%) 15 (G RZNR ) (11,1613 12(F] FLp7 50) (8 (A H
1 B) 5.6 (LA AR E R 1 A STRRER K ; (i i
7 200 FIRER) (A X E 847 2 I STk A 5 17 F2 A 53 3 .4
R DL BT R A R Y (6% 06 . PCAFS43 R (& 3) i , 0]
FZ.CT 5 SP FH A Ag i & HAT 5 35 X 51, i ]+
SP J HAth I 5 Z M X/ AN IR, 5 CA 25 - —3,
2.7.3 OPLS-DA

H4 T F SP S A [ i ] it SH A 0 0 T BV Oy DR L 4K
P, >Rk SIMCA 14.1 i} i 47 OPLS-DA, 25 5% UL %1 4,
MNP A BT AT, F JZ F CT g4 H B AE—ike , 1 SP AL
bk i A SR AE—R , 45 S 5 CA L OPLS-DA 45 {7 55—
3, H OPLS-DA 73 B R R PCA S 4t , 3035 F F i 1
SP S ANl il i B S0 B 73 AT . OPLS-DA 5

B R°X 7 0.944 R°Y 1 0.512, 3K T 0.5, HHZAAIN X
FE BRI Y HE MR BT R R RE 1 07 0.456>0.4, 3R
I ARG R AR A R AR T RE T o

A EEAT R AR, AR B B (variable
importance in projection, VIP ) (B > 1 i BepRifE , i 1% 17
+ SP K AN [l M il b =2 B) 9 22 S vk i 0 . S5 AR R,
VIP{E K ENIMER A 3508 20 (3] 182 , VIP=2.149)
15 (AR hR , VIP=1.824) . 3( & T, VIP=1.787) .
18(¥EAEmR , VIP=1.748) ,
2.8 BMEXRSW
2.8.1 GRA

90T SP KA [R) L il it 119 1Cs0 2 A 1 06 1
A SPSSPRO 72k 73 #1F- 5 (https: //www.spsspro.com ) ,
XS EA T YA AL B, S A e 0 1 AR S AR
i, ICo/E MRS 54T GRA, 45 SR W EK 4, 4550 BoR,
Rk 7 2 FIRIR) (9. 18 (BEAERR) 3R B FIR) 4.
15 1C MY CBREE X KT 0.6, U B 1 3 (83 0 Jir XoF 17 1)
WA SHUEALTE R R B R
2.8.2 PLSR

B4 SP KA [RIAE Tl il A8 TCs0 (PR A5 o) LA 1
WAL ([ A5 ) 5 A SIMCA 14.1 5443347 PLSR , %45
RIS W 28000 F : R°X=0.992, R°Y=0.980, 0’ =0.867,
BUEF KT 0.5, K1 WA AU AR 47 i A T 1 1 R il
Mfe 1. B [ ShalA i/ N3 nlIH 25k, RECh
TE B350 BH 2 8 15 A 0 I 09 A6 40 5 B A A P 2 T AR
XK, RECH BN AR, SR BN, kg 1.3
BFR) 4.6 (ZAMITA) 8(ZAMITB). 10,1112
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