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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 devel-
oped for the simultaneous determination of five components, including chlorogenic acid, geniposide acid, pinoresinol diglu-
coside ,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 lev-
els of total flavone occurred in August, 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
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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.

Key words: Eucommiae Folium ;harvesting periods ; multicomponent determination ;analytic hierarchy process ; comprehensive

scoring method
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MR 2 O3 WA F AR D 1 b 2 i e i A =l
RN 2RV I 0 A T 25 St A o &1
UL, AWFFELASRIER 50 Je 11 R P AR 5 — 4 49 b
AT M R R B R T AR
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PRAZEG o3 DUt it s AR Ay 48, e it
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(L5 19030402, 4li & 98. 0% ) . 51 Je V-1 R (L5
19121303, 45 90. 9% ) | F5 Jig st — 8 28 4 17 (it
20060804 , 4fi & 91. 2% ) X JE iy ( G A A1 3526 W Rt
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2% [ ThermoFisher /A ] ) 5 7K A8 47K 5 HAd 355 44
o Arat
1.3 Z#Hf

ARSI WA B AL AR AL 15 HER Sl R A
S 251 5 B TOERE I 9T 51 55 5 R AL AP RHE P R i
Eucommia ulmoides Oliv. 1T, A4 5 2l U5 A % Wk
AR LR 1,
2 AEEHER
2.1 HPLC 59 EiEE I K SENE
2.1.1 TR SR IEIR A &

FRIUER B o) B 14. 53 mg, 52 J8 -1 i X 1
i 15.02 mg , FA NG EE A 4 5 11 % B 9. 81 mg,
TXHR L 6. 47 mg it B2 26 B 2. 48 mg, 10 mL
S N BE A B2, RIASAE 1 mL &4 5 R
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Table 1~ Sample information of Eucommiae Folium

%5 S RUAEH i Z 3/ AR H

No. Origin Harvest date No. Origin Harvest date

s O 1|58 T 2021 4E5 A $9 LV ZAR 2021 4¢5

s2 DU 13 T 2021 4 6 H S10 =B 2021 4E7 H

S3 U138 L 2021 4E 7 J St1 YL i 2021 4E5 F

4 YL BERAN 2021 4E 8 H S12 )iy oe 2021 4E5 H

S5 U )13 2021 4£9 J S13 Pu )13 2021 4E6 A

S6 LPNIBTiRAN 2021 4£ 10 H S14 DY )13 YT 2021 4E 6 H

S7 YL BERAN 2021 4E 11 S15 Y1 E L 2021 4E5 H

S8 il 2021 4E5 J
SRR MR AR S T M RA 2,13 EERE
1.45.1.50.0.98.0. 65.0. 25 mg [{7524 XF B8 5 v 3% kL Waters XBridge C,q (5 wm,250 mm x
o 4.6 mm) ; P BNAR: LA (A)-1% BERR K (B) B
2.1.2 BEKeniEik 69 H & Ve (0 ~20 min,8% A—15% A;20 ~35 min,15% A

KRR it oK (i =50 ) 1 g, B 100
mL ELZEHEFEIR A K % A 50% HEE 50 mL, R
JE B HEE 60 min, U4 e FRAFKE B i, FH 50% H fis

—20% A ;35 ~45 min,20% A—30% A ;45 ~46 min,
30% A—90% A ;46 ~52 min,90% A) ; i :30 °C;
*\/ﬁ{)nﬂ{ﬂiﬁ265 nm;ﬁﬁi: 10 LLL; {)ﬁlﬁ 1.0 mL/

AR E R, PR E, ISR, BTG min, AT IR SRR S S LI 1,
A T 4
| A
Il H
1 ‘ |
3 Il |
| / I\ ) et
.. "/AMA JL;\ J T
ato’ 50 00  ®\o 20  »m0 00 ®m ‘W 400 ‘50
5 6] Time (min)
B )
‘ |
| |
\ | F
| 1 “ 3 ‘ A ‘\ ‘H‘ i 1 5 |
L\ \w\vg\w“_/y__/% _,T\_“\_J‘LA»W“L\__‘, ‘_, Bp— “Iéf N
w 550 "0 B0 =0 | A0 @m0 @0 40 460 0o
fif 18] Time (min)
E1 RBEXNEMA)MERB)BIEE
Fig. 1 HPLC chromatograms of mixed reference substances (A) and sample (B)

a1 FUREFR ;2. SR RAR ;3. ANIRIE A A M ;4. 2155, Mtz Z . Note: 1. Geniposide acid;
2. Chlorogenic acid ;3. Pinoresinol diglucoside ;4. Rutin;5. Quercetin.

2.1.4 FikFHE
2.1.4.1 SMERRMHELE

S3 RS B2, 1. 17 T TR A X A R
T R Ay 3 3500 53 0 s B S AL, VA s B A A T AR

W E AR (B3 A, #2421, 37 I T (8 335 45 21 22

WA AR, DAV B R A A A () | U 1T B A A A
(y) ,IEATERMEINA 0T . SRR R 1 11 A T A
=6 002.4x47 289(r=0.9999) ,7F 1.97 ~ 1 452.60
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mg/mL {55 FE N 52 B4R MO0 R 5 mUJe A IR e 1 [l
A5 TR y =909. 83x-5 054. 7 (r =0.999 9), 7F
1.10 ~ 1 501.70 mg/mL i [l N 2 R AFLPEC R4
JIR TS — 4 A WE AT LR A D FE y = 1 536. 6x +
193.78(r=0.999 9) ,7F 0.98 ~98. 12 mg/mL i [l
NERIFEERR TR y =15
700x +1 555.2(r=1) ,7£ 0.43 ~64.71 mg/mL Ji[fl
A RAFAE DG R M REMEA T # y y =24
002x-119.08(r=0.999 9) ,7£ 0. 037 ~5.50 mg/mL
BN 2 RIFETE LR,
2.1.4.2 KR

B2 L VU IR A X IR 4242, 1. 37 TR
TSRS 6 UK, I W TR AR . THER A B 4 i
MR T e AT R A BRI A T M R
FH X AR R 22 (relative standard deviation, RSD) (n =
6)5 5 0.19% 0.48% .1.3% .0.65% .0.24% ,
R BA B RS SEE
2.1.4.3 HEEMEE

FU2. 1. 27 TR Jy il s AL A (S2) A At i
W6 1y, FE“2. 1. 37 T A3 25 44 R AT, 28301
S ALY E R RSD(n =6) KT 2.0% , %
AL E R R AT
2.1.4.4 FaEbeHsg

FU2. 1. 27 TR ik il A A A (S2) Ak it i
W6 1y, 53 HE 0.2.6 .12 18 24 h Ab4EHE“2. 1.3
T T S A TN A , T SR TR AR, 45 R [R]— A Sl

WAE 6 ASRIRI [A] B g e 25 Tl Je AT R (A
PR 4 %5 B T Mt 2 B RSD (n = 6) 43 51
0.60% .0.39% .0.65% .0.43% .0.53% , 72 Wi ik
A RTE 24 h NERGE .
2.1.4.5 [alfcR%E5E

B FRIURE AR SR R (S2) , AT 9 13, 43
SR B TR A ) B  WRGE 1 (IR s 3 ANk
BERENRBES 3 08) o F42. 1. 27 30T A kit
VW, AE2. 1. 37 a3 2 T I, T3 45 3 s
SRR T AT IR AR B A AR AT M
RIWF ¥ Y % 4 5 S 101, 1% |, 100. 4% |
100. 2% .100. 2% .100. 1% , RSD (& 53511 1. 5% .
0.91% .0.76% .0.65% .0.42% , BilH % )71 [l i %
SR/
2.1.5 HPLC 38 B H ik ES

4 15 SRt A S AR 2. 2. 27 T il A5 it
IR, IF42. 2. 37 T G A A TR 1SR 52
min [ HPLC % &l AR 95 b 24 35 20 /3 f o1 22
SRED R R 2 a3k 1 S0 G HE L E Y R G )
(FE K252 525 2012 Jl) )k, DL S2 2 A
T, B IR 6 8 R 0. 1 min, SR FHE 80, 205
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FEXT, FRIA R R (e 1) i A e — ) 25 W (g
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Fig. 2 HPLC fingerprint of 15 batches of Eucommiae Folium
VE 1. SRR ;2. MAIREE A B ;3. RA;4. 25T ;5. Mz Z ., Note: 1. Chlorogenic acid ;2. Pinoresinol diglucoside ;3. Unknown ;4. Rutin;

5. Quercetin.
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RSD /NF0.30% ,iX 7E— 2 1 Sz Bl AL A o A3 o
R A2 BT RS R AR o
2.1.6 HRWEmosshE

Fet2. 117 R A TR A R B 15 HE A fip

RE AL IR 2. 2027 IR A 63 U O, OF AR
“2.2.37 IR @i AT RN, AR b AR
R HUCPHTR FMRIE AT o T W= A
i A B AR IR S R LU, AR AR 2
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Table 2 Content determination results

2R IR

. . HEFHIR s B T A 2
Chlorogenic L . . . . . .
. Geniposide acid Pinoresinol diglucoside Quercetin
pira=2 acid
No. EL EL el s el Cyis el Cpis 18
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 35.914 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
A 18.98 2.14 - 1.52 - 1.69 - 0.15 -
Average value
RSD(% ) 55.7 121.9 - 56.9 - 52.8 - 91.6 -

T HE = (S &8/ R &) x100%

Note : Ratio = (content of each component/chlorogenic acid content) x 100% .

2.2 KAhrREEATR

B AR 7 1 AR T A KT a] b, 3 A
THIZE 4 A AR E iR s AR A K
EHITE4 Ah ML 2 S AR AR IR K,
BRAE, B TS HO AT A8 A9 R,
10 A (11 A 7E[R—Fe A A i R AR T4
RO A B | 5 S A R L SR BRUR WA IR A A
T M R RS R M . AT 7
FeAb s o S AR AN TR SR S 8 B AR A 17 O, 3
T LR VP12 3 B AR A 1)
2.2.1 EBHEAEENE
22,11 XFHR SRR A

FEEPRBOS T X RS 5,00 mg, # T 25 mL %5
S, I B RO e S B 2R AT, RIS (R 1

mL 5T 0.20 me)
2.2.1.2 LRI A

K BRI A i Ry R (i =57 ) 1 g, BT 50
mL ELEEHEIZI T, A 80% £ 1% 20 mL, 75 $2 it
30 min, JE 5T ; UE I FEAN 80% £, 20 mlL, # 75 $2 1L
20 min, P&t ; A9 2 RIEMIFFER 2 50 mL, 15,
2.2.1.3  FESLEEIE

A A 0.5 mL T 25 mL 5, A 5%
WASPRAATE W 1 mL, i €4 6 min; JFHNA 10% fHRR
W1 mL, 65 6 min; 55 A 10% S AR
10 mL, B 15 min, T 500 nm J% A 2 WG,
TS ~ 11 4 SR MSORE A it o v S BT 09 55 1 0
8 9.26% .10. 83% .5.34% .16. 70% . 12. 97% .
13.14% .16.19% |
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2.2.1.4 JREEIE AR, 10 MO, 7153 RSD {2 0. 42% , RBTi%
AN R RFE R RBOS T A, el R EA R ERE M,
B EE A4 8.2.16.4 24.6 32.8 41.0.49.3 pg/  2.2.2 BREMHZEHHAL
mL [ARER W, SR 2. 2. 1. 37 T T S Al R4l - i i AR e 2 ) DU (2020 B ) “2201 3= )
FR-EA LA Stk DU Y AR S s O I F - I k™ T BV PR IR 0 v v SRR kT
Frlald i, IFAE 500 nm P AR ME WG REE (A) o .S ~ 11 H RUSCRE iy Beigs 1 352 10 ) 5 £ 40 )
DL A AR bR B TR « WREA bR, bl 15. 88% . 15. 92% . 20. 44% . 17. 97% . 20. 39% .
28 ARLRPERI 7R A =11, 428x-0. 003 1(r =0.999 18.56% 24.23% .,
1), BT RGO B A Y 8.2 ~49.3 pg/ml, 2.2.3 AWM R R
KGR K B2, 2. 1 1 IR A T % 165 B 11 A At At Rl AR R
W, AE 2.2 L3V /M S 6 WK, ek SIS0 AL it SR A e 8 H AR,
WeGRE 7153 RSD (0. 26% , RUMNARKEHE R 9 A .10 AR, 11 A & & A B A —
it b2z o T SR R R ot e, HAE 5 ~6 & i 2R
FREPEH 22 R B OB A T, #2°2. 2. 1. e BAE 6 I BF iR RN T, 2 J5 JLAS H & T4 5 5t
3T 0.2.4.6.8 h AR, IC RO JEFHRR S S AERAE 10 ] iR s, o A
JE 315 RSD fH R 0. 42% , RAMLL A RAE 8 b (G AR RE i 5 T & e s b 78
WERE o 9 HikEl e m{E, 10 H PR R AR, ARt
BREMHE R — i, %022 1. 27 3 it R SRR T A S s, 2R R N R E
T ITIEEAT R A 6 O, HF 2. 2. 1. 37 T K gt (WE3) .

4 —
- S General flavone

B 12 %) Ethanol-soluble extractives

250
. %28: o e VHER Geniposide acid
é_g 128: & Z¢J5fR Chlorogenic acid
= 4 = g == - AREE M % B Pinoresinol diglucoside
- - ~+ 77T Rutin
3 - #it % Quercetin
Eﬂ o
=

0

T T T T T T T 1
5 6 7 8 9 10 11 12

KW H 1 Harvest month

B3 FREREEEAHFEZRISEEN

Fig. 3 The changes of chemical constituents in Eucommiae Folium at different harvesting stages

2.2.4 AR R R AR R H-Fabnfe/IME) / (F6 b e KAE-FE bR e /IME) L T
FhAp RO IEM X AR HER T 7 A 258000 5600 = RIBE i E (L% 4)

FEPRMERS o (R B AR ) S e, i BBt 55 ~ 11 HZEE315340 %18 0. 105 0. 579 0. 177

R ~9 FRBE sl R S RN R 0.640.,0. 564 ,0. 734 0. 815, 13/ B A Gy M 6

WEZRH . HF(hEZ 2020 BB LR e A 8 ~11 L1 H Ry

S At B i A R Y, R R, 2.3 ERHERESW

HUJE R BN R Bl A A 24 B PAZRIRER AU e H IR AMREE A A
Wor MR F R R D KX T TR S AR T R SR O AR i AN O R AR
U EARPRI I B SRR = B > s FAF s ] SIMCA ZEit 4Ry, X 15 A kb4 g AT

R = IR A AT > 2 T > i R > IatER FRA 5. T3 AN ERSTTTER®E 91.3% (PCI =
HH, L YAAHP 10. 1 BRI E%  0.516,PC2 = 0.282,PC3 =0. 115) , Jii A KE i Ak kR
AP IR B T A5 2 7 A2 AL ST 95% B A5 X [H] . PCA 150K (UL 4)
ERHE(NES) . SiEH5NAtERIBE = (58 BRSBTS 15 M AR S
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Table 3 Weight coefficients for seven different types of chemical constituents
SRR WA RTHE R
Eiztan e o e Gkt T Mtk R o -~ — 5k
Chlorogenic Total Geniposide . N X A Ethanol- Weight L
Index . . . Pinoresinol Rutin Quercetin 2. Consistency
acid flavonoids acid . . soluble coefficient
diglucoside .
extractive
S
Chlorogenic acid - ! 3 3 7 ? 0.2977
pEy |
Total flavonoids N N 3 3 7 ? 0.2977
SR T
Geniposide acid N N - 3 3 7 0-1375
T —
e kil - - - 3 5 7 0.137'5 0.038 4
Pinoresinol diglucoside
s T - - - - 3 5 0.070 0
Rutin
*J%H)'Z% - - - - - 3 0.0379
Quercetin
S e L)
Ethanol-soluble extractives N N B N B N 0.0217
F4 TERUERDHREE
Table 4 The membership degree of seven different types of chemical constituents
SR J&E & Degree of membership (% )
x Y . . . s 203 =
RICA 6 M UM RIEmAEE : e TREELH)
Harvest month . . . o T Mt Bz 3% KL Ethanol-
Chlorogenic Geniposide Pinoresinol . ) .
. . . . Rutin Quercetin Total flavonoids soluble
acid acid diglucoside R
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 0.3886 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
O 572 Quercetin
A B
3 06
: ou oM, o T
] " AR R N
s12@ ®s15 _ 02 Pinoresinol diglucoside
Zo S11@®s9 ®s7 2 =
4 ss @S! ®si0 . .%.M S
OSRE
os14 02 Chlorogenic acid
2 :
/ 04
O EFES Geniposide acid
4 06
-5 4 3 2 = 0 1 2 3 4 -0.1 0 01 02 03 04 05

pl1]

B4 ARt s MEFERSE PCA 247

Fig. 4  Analysis of five chemical constituents in Eucommiae Folium samples by PCA
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AL o S 22 SO, 2 2 PR RSD {HARLSZHF
TIX— o T A WL R AR A B 2 ) 22 5
W ] — R AN [+ SR WAL A i 051 S — S 2, AN [ it
AL 2544 — 41, 747 OPLS-DA 23 #r (WA 5),
LASTr 220 M ALE, S8 R X = 0.967,R°Y =

=

S1®@ @s8

os3

oss oss | O512gq)
050 50
@s15

1.16866 * to[1]

e o N E R

S7@
@s2 9513

®s6
@s14

0
1.00205 * t{1]

0.85568 * poso[1]

0.474,Q% = 0.036 5. OPLS-DA 15/} ( WL SA)
S AN [ SR TS AL ff o AN [Tt e A v 245 6
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Fig. 5 Analysis of five chemical constituents inEucommiae Folium samples by OPLS-DA
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