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Abstract: The analytic hierarchy process (AHP) was utilized to establish a comprehensive evaluation
methodology involving multiple indices, aimed at pinpointing the optimal harvest period for Eucommiae Folium
(EF). An HPLC method was developed for the simultaneous determination of five components, including
chlorogenic acid, geniposide acid, pinoresinol diglucoside, rutin and quercetin. The content of total flavonoids was
measured using ultraviolet spectrophotometry (UV), whereas the alcoholic extract content adhered to the criteria

outlined in the Chinese Pharmacopeia. It was observed that the highest levels of total flavone occurred in August,
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chlorogenic acid peaked in June, and pinoresinol diglucoside and rutin reached their highest levels in September.
Months with high comprehensive scores were identified as June and August through November. Principal
component analysis (PCA) and orthogonal partial least square discriminant analysis (OPLS-DA) were employed to
compare the contents of the five components in EF, indicating substantial differences during various harvest times.
In this study, an overall and comprehensive scoring model was established to optimize the harvesting time of EF.
Furthermore, it was noted that weights for single or multiple chemical composition indexes could be adjusted
subjectively based on specific usage needs to better guide actual production and application. Moreover, the
validated HPLC fingerprint methodology coupled with the assessment of multi-component content represents a
streamlined yet practicable strategy, furnishing invaluable insights for quality assurance protocols and informing
the strategic exploration and utilization of EF resources.
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Table 1 Sample information of Eucommiae Folium
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No. Origin Harvest date No. Origin Harvest date
S1 DY 1T 2021 4E 5 H S9 MRS 2021 FE5 A
S2 ULIDAIBi: P 2021 FF 6 H S10 KRNI 2021 £ 7 H
S3 791 [383T 2021 4£7 H S11 T 2021 45 H
S4 ULIDAIBi: P 2021 FE 8 H S12 vaji o 2021 5 H
S5 VY138 T 2021 %9 A S13 UPAIBG:RAN 2021 %6 A
S6 ULIPAIBi: P 2021 410 A S14 PRI b 2021 %6 A
S7 VY )1 38T 2021 %11 A S15 UPAIBG:RAN 2021 %5 A
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2.1 HPLC 5 EE BRI R 2 ENE
2.1.1 3 BB S s ik A ) &

FRE 42 J5L B 0 R 1 14.53 myg, 578 PR IR i 15.02 mg, FA BRI — 31 40 45 %0 419,81
mg, 7T AHE6.47 mg, MR E 248 mg, B10mLEMRT, IMWEEAEEZE, B
R mLE &AL . RUETHIR. RN AR . T MR K145, 1.50. 0.98,
0.65. 0.25 mgJ¥i & 0f HE T I
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Huskygn, Bi1g.
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B 1 EAXES (A) FIRES (B) it
Fig.1 HPLC chromatograms of mixed reference substances (A) and sample (B)
Ve L RUBTEEG: 2. SR 3. RIERE AR 40 2T 5 MY E.
Note: 1. Geniposide acid; 2. Chlorogenic acid; 3. Pinoresinol diglucoside; 4. Rutin; 5. Quercetin.

214 HiEFEER
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WA CAERENBAR A, 4% “2.1.37 TUF (il &AM E W I AR . DLREEAREARAR (o
U TR AR A NAL R ()5 BEATZRAE 1A 53 B o SRR BRZRAE [ A 77 #2 y=6 002.4x-47 289 (7=0.999
9), 7 1.97~1 452.60 mg/mL Ju [l Py 2 R UF 26 PE 0 &R s 5B P BRZEME [F1 A 75 #24 1=909.83x-5
054.7 (7=0.999 9>, 7E 1.10~1 501.70 mg/mL G N 2 RIFLIER F: A NG EE 70 %) 0 1 4%
PEENFHFEN y=1 536.6x+193.78 (+=0.999 9), 7E 0.98~98.12 mg/mL JE I & RIFLEME K R,
PR R 5 N y=15 700x+1 555.2 (=1, 7£ 0.43~64.71 mg/mL Ju[H P 2 B i 2t %
F MR RERYERNA RN y=24 002x-119.08 (7=0.999 9), 7E 0.037~5.50 mg/mL 75 & P £
RUFRIER R
2.1.4.2 HEE AR

B“2.1.17 BURIRAX G, 4% “2.1.37 TR i K AE LR 6 UG W& VT AR .
THRAABIRERR. T REPFERR. MR AT . W R AR R 2 (relative
standard deviation, RSD) (n=6) 73514 0.19%. 0.48%. 1.3%. 0.65%-. 0.24%, FKH{dsH
AT RS B
2143 HEMHFEE

¥ “2.1.27 TR AERIE AL (S2) il VAW 6 . 7E “2.1.37 Tl & T T
B, it s AMEAEW S EN RSD (n=6) ¥IKT 2.0%, RUAEEESMNERL.
2.1.4.4 FREMHEER

fz “2.1.27 WU J7ikml &AL (S2) ka6 4, 2 HI7E 0. 2. 6. 12, 18, 24
h Ab4Z R “2.1.37 TR EEAT e, 1SRIETIAR, 45 IR —FE A AE 6 ANAN R H] B
SRR T e T HIR. MR AR . MK RSD (n=6) 4354 0.60%. 0.39%-

0.65%- 0.43%- 0.53%, FAMMIAERAE 24 h WEEE .
2.1.4.5 [l R

FE BB AP RS R (S2), ~FAT 9 63, 70 RSB I ARG X IR A RE R (IR,



o w3 NI, EEMRIER 3. 121270 N AR MR, FEC2.1 37 ik g
TUWE, WEARERGER. 5T B HER . FANREE AR M R T Rl
AN 101.1%- 100.4%- 100.2%- 100.2%- 100.1%, RSD {E5r 514 1.5%- 0.91%. 0.76%-
0.65%- 0.42%, YiHIZITVERECR RIT.
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Fig.2 HPLC fingerprint of 15 batches of Eucommiae Folium
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Note: 1. Chlorogenic acid; 2. Pinoresinol diglucoside; 3. Unknown; 4. Rutin; 5. Quercetin.
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Table 2 Content determination results

SRR e HR A FR T A1 2 T LiV&S
Chlorogenic acid Geniposide acid Pinoresinol diglucoside Rutin Quercetin
%55
o B o B o B o B
No. ¥ & Content
Content Ratio Content Ratio Content Ratio Content Ratio
(mg-g)
(mg-g) (%) (mg-g) (%) (mg-g) (%) (mg-g) (%)
S1 0.940 - - 0.368 39.15 0.292 31.06 0.048 5.11
S2 35914 3.686 10.26 0.839 2.34 1.411 3.93 0.105 0.29
S3 8.936 - - 0.895 10.02 1.175 13.15 0.467 5.23
S4 19.938 - - 1.649 8.27 2.406 12.07 0.416 2.09
S5 13.904 0.657 4.73 2.459 17.69 2.866 20.61 0.287 2.06
S6 18.531 7.542 40.70 1.874 10.11 2.101 11.34 0.108 0.58
S7 30.323 3.200 10.55 1.367 4.51 1.932 6.37 0.160 0.53
S8 1.064 0.062 5.83 0.454 42.67 0.110 10.34 0.025 2.35
S9 18.848 1.485 7.88 1.672 8.87 0.880 4.67 0.143 0.76
S10 12.008 2.174 18.10 0.876 7.30 1.084 9.03 0.048 0.40
S11 21.201 - - 1.046 4.93 1.390 6.56 0.081 0.38
S12 16.071 - - 1.514 9.42 1.881 11.70 0.155 0.96
S13 26.496 4.560 17.21 2.402 9.07 2.561 9.67 0.080 0.30
S14 30.438 7.229 23.75 1.687 5.54 2.040 6.70 0.031 0.10
S15 30.056 1.427 4.75 3.666 12.20 3.162 10.52 0.076 0.25
HE
Average 18.98 2.14 - 1.52 - 1.69 - 0.15 -
value
RSD (%) 55.7 121.9 - 56.9 - 52.8 - 91.6 -

e HfE= GRRr& B/ RIS 8D <100%

Note: Ratio= (content of each component/chlorogenic acid content)x100%
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Ay 6 A0 7H 83090 10 AL 11 AFEFR—HMBAT AP iR AR, RIRT1E, Alls
W e PR SRR MIRE AR ST MR RAER R RS E. &
BTIX 7 02 Ry S B AEAN R RO A I AR B, HRE 5 25 A PP 31k i B e SR Ak 1)
221 EEERESENE

2.2.1.1 5 et VA VR 1)

FEHAREUS T AR 5.00 mg, BT 25 mL F&EMF, INHEERIEEBEZE, %25,
BIfE (B 1mL &7 T 0.20 mg)s
2.2.1.2 A S VA V) )

KRB R GE=50%)1 g, BT 50 mL HZEHEILH S, A 80% £ 20 mL,
AP PEEL 30 min, BEIL; UEME TN 80% 4 BE 20 mL, AEFEIEEN 20 min, $EIL; A9 2 ki
WIFEARZE 50 mL, RIfE.

2213 B S RN E

I S VAR 0.5 mL T 25 mL &0, IO 5% WA FRANIA 1 mL, 26 6 min; /A
10%HEBRERTT 1 mL, £ 6 min; HJEMA 10%EE AR 10 mL, B 15 min, T 500
nm PAKEI RO, THEL 5~11 H A3 SRUSCRE A A it o S B 7 25 23 10 9.26% 10.83%

5.34%. 16.70%- 12.97%-. 13.14%. 16.19%.
2.2.1.4 FiERAIE

AN RF5E: R RO T XA, FH IR0y 8.2, 164, 24.6. 32.8.
41.0. 49.3 ug/mL FIFRUEFTR, KA “2.2.1.37 TN WAHERAN-TE RS- R A B ik, U
MR R 2 AXT IR, AT RVE R, IFE 500 nm BKAETEBROLE (A). LLA YL
Fiv P WREE x AEAANR, ZetilbniEtlizl, LRI FE A=11.428x-0.003 1 (7=0.999 1),
BV TR IR B 2 MY R 8.2~49.3 pg/mL.

R EHGE: RS ER 22117 BUR S TSR, £ “2.2.1.37 M4 FESE
6 %, TCEMOGEE, THE RSD {H 0.26%, RN B RIT

FarE e 5. FEEW AR M, % “2.2.1.37 K440 T 58 0. 2. 4. 6. 8h k(T
R, AESEIROGREE, 5 RSD (A 0.42%, FWHGR A 8 h WEE.

FAPEE S BUE — A, 122,127 TURHl& T IE AT RIS 6 4, % “2.2.1.3”7
TN FEATREI, 1RO, T RSD BN 0.42%, RZERA RIFMEZ M.
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HHIRIEIE , 5~11 H RWSCH: A B It 95 ) & 57300 9 15.88% 15.92%. 20.44%.
17.97%. 20.39%. 18.56%- 24.23%.
2.2.3 BRI RAMM

755 )11 A At Apeh iR ycoh, B YER M & BN AL R B A A 8
HikEEmE, 9 A 10 AAF N, 11 AE 8GRI IR — % ooy Pt i & &
B, HAE 5~6 A& maiT e BAE 6 HRESITE, 25U Ha TP e FHme
EAERE 10 AR s, HARAMBIC: I a5 T & alnEmEs, %
9 HikFlm i, 10 AFFMA TR BRI S, ALtk RE87E 7 A& fRm, 25
2 hEES (LK 3.
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Fig.3 The changes of chemical constituents in Eucommiae Folium at different harvesting stages

2.2.4 &R R AR R A

AR B RSN IX A ek HAR AT e 7 AN AR PE R QR B BR) SR, 2272
REERIRERL, SR 1~9 b BE VAT 1 I 0f LU A 3B %A R R AL R BT (R E 250
2020 KK SRR AE AL ol v B AR PR RS, SR A ROR, HUE PR IR S iR
B R ET I AL A 2R Y, M R D, X T TUHRER N S ANEIR, e
TEARRO A, SRR R = S SR > 5 e P = IR RE & W > T > B R > A
R, UL YAAHP 10.1 RS W AT B IR @ % o i Se MR R, THSEA9 21 7 284k
PR IIRE R (W 3. FE SRR E= (RArE- SRR/ MED / GREbRRR
{H-Rbr i MED, R E =R R E (I3 4). B 5~11 AZEWS 55N
0.105. 0.579. 0.177. 0.640. 0.564. 0.734. 0.815, B mEmMAB N6 A, 8~11 A, L
11 H et RO

3T RS HINERY



Table 3 Weight coefficients for seven different types of chemical constituents.

wjer  FErE = mEE PR
R B WERH  —8E
H 5 HR MERET T MER 7
Chlorog Total Weight Consist
Target Genipos Pinoresinol Rutin  Quercetin  Ethanol-solub
enic acid flavonoids coefficient ency
ide acid  diglucoside le extractive
Chlorogenic - 1 3 3 5 7 9 0.297 7
acid
K3 Total
- - 3 3 5 7 9 0.29717
flavonoids
W eV HIR
Geniposide - - - 1 3 5 7 0.1375
acid
P JlE I
EIRET
- - - - 3 5 7 0.1375 0.038 4
Pinoresinol
diglucoside
7] Rutin - - - - - 3 5 0.070 0
- - - - - - 3 0.0379
Quercetin
VA PR
7|
Ethanol-solu - - - - - - - 0.0217
ble
extractives
R 47 KRR IRBE
Table 4 The membership degree of seven different types of chemical constituents
KWH 17 3¢ J@ & Degree of membership (%)
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Harvest gFER RUETHER  REEE A e BT B MEIZ )
T Hit K 3=
month Chloroge  Geniposide F# Pinoresinol Total Ethanol-soluble
Rutin Quercetin
nic acid acid diglucoside flavonoids extractive
5 0.000 0.000 0.000 0.000 0.045 0.346 0.000
6 1.000 0.510 0.225 0.434 0.159 0.483 0.005
7 0.229 0.000 0.254 0.345 1.000 0.000 0.546
8 0.543 0.000 0.612 0.822 0.886 1.000 0.250
9 0.371 0.091 1.000 1.000 0.591 0.672 0.540
10 0.844 1.000 0.632 0.678 0.000 0.687 0.321
11 0.840 1.000 0.478 0.636 0.295 0.955 1.000
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Fig.4 Analysis of five chemical constituents in Eucommiae Folium samples by PCA
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Fig.5 Analysis of five chemical constituents in Eucommiae Folium samples by OPLS-DA
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2 ZIEARII SR G PPN T30k, BETT LA i - foe HER SO 9T, MRSk B ST A Aeh I ) J
Pl o 2540 BRI R A LU A2 ot B A AT B K22 B FE 45 SR i m] LA
ANFRBOHRIALFD 2544 T (2R R IR . e IR U TR FallElE a1 Mk
2 BEEVER A —E RN A R . 27 LASRIE IR VAR, 6~9 A X mIaE TRk, M
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