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Effects of different habitat processing methods on the quality of Cyperus rotundus

JI Liang"*, LEI Jingwei"’, ZHANG Weifang'’, JIA Hao"*, LI Yingying"*, WANG Xinle'(1. School of Pharmacy,
Henan University of Chinese Medicine, Zhengzhou 450046, China; 2. Institute of Chinese Materia Medica,
China Academy of Chinese Medical Sciences, Beijing 100700, China; 3.Henan Provincial Engineering
Technology Research Center of Traditional Chinese Medicine Quality Control and Evaluation, Zhengzhou
450046, China)

ABSTRACT OBJECTIVE To investigate the effects of different habitat processing methods on the quality of Cyperus rotundus,
such as sun-drying after steaming, sun-drying after boiling and direct sun-drying, and to investigate the optimal habitat processing
method of C. rotundus from the perspective of chemical component. METHODS The fingerprint of C. rotundus was established by
high performance liquid chromatography (HPLC) combined with the Similarity Evaluation System for Chromatographic Fingerprint
of TCM (2012 edition). The similarity evaluation was conducted to determine the common peak. Cluster analysis (CA) combined
with principal component analysis (PCA) and partial least squares-discriminant analysis (PLS-DA) was used to differentiate and
compare C. rotundus treated by different habitat processing methods. And the contents of cyperrenone, a-cyperone, luteolin and
ferulic acid in C. rotundus were determined by HPLC. RESULTS There were 22 common peaks in the HPLC fingerprints of C.
rotundus reated by different habitat processing methods; their similarities were higher than 0.9; common peak 16 and common peak
20 were cyperrenone and a-cyperone. CA results showed that C. rotundus boiled for 4, 8 and 12 min were clustered into one
category, the rest of the samples clustered into one category. PCA results showed that comprehensive score of C. rotundus steamed
for 10 and 15 min and boiled for 2 min were the highest. The steaming treatment had small effect on comprehensive score of
samples, while the boiling treatment had a great effect on the quality of the samples;the overall score of samples decreased sharply
after boiling for 2 min. Results of PLS-DA showed that variable importance projection (VIP) of peak 20 (a-cyperone), peak 16
(cyperrenone) , peak 22, peak 17 and peak 22 in HPLC fingerprints were all higher than 1. The results of content determination
showed that there was significant difference in the contents of a-cyperone, cyperrenone and luteolin in samples treated by different
habitat processing methods.With the increase of steaming and boiling time, the contents of a-cyperone, cyperrenone and luteolin
showed a significant downward trend, and boiling had a great impact on them. CONCLUSIONS Too long boiling treatment greatly
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Fr b RrE Rt b RV 5 Cyperus
rotundus L./ T /AR 25 | ELAG & i AR 81 48 198 09 2
S e AR H IR 7 AR A IR SEY A AR 2
Al LR Z I ZFR . B DA R B, AN T
S B AR BRI T A SRR TR BRAR S i T 22
KRR ELHEMGT  ZE i sCE S I T, TR
(RIS 224 b —F L ) TP o] S50 o o R AU ) i 7
FEPEANC T AR XS EAR P b0 Ty g R AT RGEHFST .
2020 A R CH 1 24 i) (—30) B0 14 2 T R A BT 25 04 1)
JEAEIEM TR bR , A WF I IE S I% S A o A B ) = 2 2
SR I 3 AL 7 i i T B A 2% L A S e TR A
PR S 52 A B 9 250, L EL AR Ak dnar X
28 o AR AT R I AT AN MR . A R R
MO AH 6 1% (high performance liquid chromatography,
HPLC) 45 8IS 25 A Ak 22 040 & 5, PRAN 1 A& Bt
TARHI LR P A2 AR A S TE 2 M B 2 S,
BT R RE T AR A ) 3 R v T AR b R G b 2 A A
Ve, A I TR IR AL TS ARSI FT
7R e B, A% b DX A B A b T B — (4n
AT A8 A B 0 T DA AT R 3, HAl A (0 AR A
T 3EAE b, el B 28 A E T HAA T, T

AR o (7] Eof R s A SR 4 i B 0 5 5 e B
AN ] 7= b T 9k BT AR A R 1) A2 o0 A7 A2 BH i
E5 . T, AWFFE R A HPLC 32 87 A i i 8 8
TEFF I AL 2E T R A0 BT, [FIISR B HPLC 3630 5E o-
BRI B T A SR 5 2R RN BT AR 1) 5 1, 22 A FE AR 9%
TN T 5 00 2 R 2 B0 R s ), R3] R B 1)
FEHLIN T
1 #E
1.1 FENEE

AWFFE i AL 2 A ME204E B 43 2 — 43
K- AB135-S B+ J7 53 2 — 43 Wy R R -0 R 2
1088 () A BR A w1, HH-S6 70 15 I 7K 1 8 (L
ST AR AR A BR SR A F] ), 1260 Y HPLC X (3£ ]
Agilent 23 F) ) , Milli-Q YA 2 7K Ab F 72 52 [ 3K v 4% PR sk
562 B () A7 FRAA 711, KQ-700DB A4 #7501
vegs (R AR A R A ), C21-RT2170 BY H i
(MR A R T %

12 FEHRERXF

o- 75 B il B (HES- MUST=-19041104) 75 B 45 i
X BE B (45 MUST-19103001) . B 24 ik %o B i (3L 5
MUST-19032928) | A J B2 X B b (Fik+5 DST191020-
032) ¥ F B AR 2 iR A R A BR A Al dli B R T
98 % ; s | iR gt il R 4K R seg6 s A .

TR 25 3T 2019 4F 10 H R F i ja & - B4 Bt
FCEL 20T g v 2 2 R 2 24 2 e R BV A2 5 S Vb
BHEY VR C. rotundus L0 T 1R ZE . BUEMEH 2541 5

T2 D5 2022 45 33 546 144

kg, BREART, SO R BN EBRY, 235K 75
AT AR AR B DT AR B SRR . AR

AP B 1,
®1 HRELEEER

HE eI v HE BT

AS-I~AS3 FROKEES min FIUR, T BLI~B23 4RI 2 min FHUE T
ALO-1~A10-3 TRk 10 min R IET BA-1~B43  AfEEKE 4 min FHUE T
AIS-I~ALSY Bk 1S min iU BT B8-1~B83  AfEEKES minFHUE, T
A20-1~A20-3 Bk 20 min U BT BI-I~BI23  4f5EKE 12 min fFHUE, T
7-1~23 HEWT

2 HAEEHER

2.1 EMHPLCILEILAYET

2.1.1  HERA AT BUEMTZI MR 29 0.5 g, K
BRRE , BT HIEHE I RSB A BE 25 mL, FRE
Jo A (D128 250 W A5 40 kHz, T [H]) AL FE 30 min,
SRV PR S0 i, FH R R I B T i, 457, 220,22 pm
TERRE LT, RIS

2.1.2 JRA XS HI RS K% R H a- 7 B A A1
T BRH A5 A X B S o, BT 25 mL I i A
HREAE AFH IR 2 Fhal 43 o Sk B 43 51 0.277,0.278
mg/mL VR G T RE AR

2.1.3 ARt U Venusil Cis(4.6 mm»250 mm,5 pm)
JETEAE, DL EE(A)-7K (B) A 3 sl AR R4 540 B 2 B
(0~10 min, 40% A—48% A ; 10~50 min, 48% A—59%
A; 50~70 min, 59% A; 70~100 min, 59% A—70% A;
100~110 min, 70% A;110~120 min, 70% A—80% A) ;
SR FH A B B ARG T ARSI K A 254 nm AN
30 °C; #ERER M 20 pL; i A 1.0 mL/min.

214 KEEEEIRE  BORES (9% AS-1) RS SRR, #
“21 17T i A A S R, T 2. 1.37 I gk
SRAFFELEVERENSE 6 YK, DL BRI Ry 2 G A 3
AU AR O I TET AR AR G R BR B R 25 SR B, 530
WA AR X {4 B I 1] B9 RSD 34/ TF2.00% (n=16 ) , AR Xl THi
T RSD #J/NF3.00% (n="6) , R FKE 5 B A4Fo
2.1.5 FEEMEE BN ('S AS-1) RS ROE , 7%
“2.1.17 IR J5 AT A 6 O P A AR, PR €2.1.37
T i 2% A AR R , DA BRI T o 2 BE G T 4%
A 1 Py A X 0 Y FEURIA X R BA s ] - 255 o, 54t
A WA X4 BE IR 1) Y RSD 29/ F 2.00% (n=6) , A X
Tl AL Y RSD /N F 3.00% (n=6) , & W] Jy 1% & & %
K47

2.1.6 FUEtEiE  BORES (Z'5 AS-1) RSB ARE , %
“2. 117 ik A A AR, A B IR R 0.
2.4.8.12.24 h 4% “2.1.37 30N A 355 S5 R AR I 2 , DA
T B Bl Ay 2 B, 534 LA W6 P A YT 0 T RRURIT A X
PREAIE] . S5 FEoR 25 A WA O B3 B[] () RSD 3
/NTF2.00% (n=6) , #H XTI 11 FR (19 RSD )/ F 3.00%
(n=6) , KU A BAE 00 R iE 24 hINERE
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2.1.7 FRGURIE R EE ST AT W A AR B
2THER FAZE & W T4 5 A PRI AE T 3 2. 1. 1" R
5 il 5 AR A I, PR 2. 137 T T B i S R b
E LSRR L IR T A Ch 2 s SUR
FERLEE PN 3R (2012 0D ), L Z-1 4 5t (BT 2 IR (1]
HAn I T 40T W 5 3 S ) , B ) ) 7 B )
470.1 min, R ALE , 222 55 E F 46 DT e )5 A
B 27 HEFE 5 9 HPLC 22 Jin 48 S5 Fwt B4 Se &1 i R
(FE 1), 2508w, 2THERE AT 224 A0, b 1645
1 20 5 HA WA 3 590 2 A R 7R o= A (TS 5 6T R
VW HPLC B DL 2) o A4 254 it 55 0 BRAE SU R 151 T
FEARUBE PEA, 45 5 o, 27 SRR S AL K F 0.9,
SRR 2,

2404 ¥

1 23 6 9 1 14 16
i 5 ; 22
220_ _ /1 5 )1 8] 10/ 1213/ 15 J1718 19 21 N
"

. o — S - BI12-3
2004 S TN T - — . BI2-2
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180 Ahn, et i B8-3
1|z T . L B . . L B82
P U VU O W et — B8-1
1604 wrrdA b — B4-3
all YN VDD S bt M & B4-2
1404 - YONDW V'V U - B4-1
I TR Y CHEY W O o b— B2-3
E g SN OV VD P P f~— B2-2
£1204 | A AAAN b S B2-1
S i o ] —— A20-3
1004 - O W VY U W ~— A20-2
ih Mo M hd A b A A N — A20-1
. o h—————+— Al5-3
80+ | it WA b— Al5-2
4. ¥ INBN (U A Al5-1
604 - VDY D PO At N — A10-3
] A . Ao A10-2
§ PAIDY UEENY S PN ~— A10-1
40 7 . a b A M— A53
T = At A A T A5-2
20 4 M— A5-1
N . - z-3
et — 72
0 z1
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E1 ZHMAHPLC &5 E % KX s EE (R)

754
20( a7 R )

UlmV
o
(=]

1

25+ 16 (FFBfHA )

0 T T T T T T T
0 17 35 52 70 87 104 120
t/min

2 RAEXMEMEZARHHPLC

&2 FM HPLCIELEE SX RIS EERIBUET

R

G5 MBI || &5 MBE | &5 MME | %5 HDE
A 0991 || AI02 0820 || A3 0889 || Bl 093
72 099 || AIO3 0820 || B2l 0820 || B2 0944
73 0991 || AIST 0990 | B2 0989 || B 0942
ASL 0918 |[AIS2 0991 || B23 0991 || BI2L 0931
A2 0987 |[AIS3 0990 || B4l 0990 || BI22 094
A3 0910 || A1 0991 || B42 0993 || BI23 0926
AL 0990 || A2 0995 || BA3 0987
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2.2.1 R B 22 A I AR A T AR AL AL
FH R Origin 2017 A2 SR 2553 Fr (cluster analysis,
CA) AR S5 DL 3. BRI 3 AT, 27 HERE L AT SRy
22%:B4-1~B4-3 .B8-1~B8-3 .B12-1~B12-3(RIZ& il 4,
812 min) FFFFE LR — 28, AR R —2

> NNN 0 > >

jesfesioslovloviecleciesiesiveleles)

173 5 81820151114 131610 1 12 2 9 21 41922 6 7
(35

B3 27HtEMEEME CAE

2.2.2 FMAro3Hr FELsr 53 (principal components
analysis, PCA) 2 MM EUH A L Z M AH B OCR AT,
R FH I 24 SEVAREUR: 2 A8 Ak Ry D U LA BN A 19 25
BASRGETT Tk, R Fon R AR R A v 2
A, BEIE S B SRR 75 o 1 48 K 0 B0 32 SPSS
21.0 B A R} 22 4> S A e e T AR o A 4k B S 2R Ay
PCA. 4R R, EMASFHEER T LEFH 34,3
AT RS RRAE R4 59K 17.087 1.146 F11 1111, Tifik
Sy 91N 77.670% .5.207% F15.051% o ) F AR Kcda
B 431543 (principal components score, PCS) , 311
I Sk At SRR S B9 256 45 43 (composite score, CS)
CS By, RN FE it T & AT, CS=(PCS1x77.670+
PCS2x5.207+PCS3x5.051)/87.928 (AL T Z 443 511K 34~
F AR TR PCS R M4 -

I CSHTEEI (1 4) AT i, A10-1 ,A10-2,A10-3,
A15-1,A15-2 F1 B2-2 £ i CS B HAARE b o w5, Hik
“ZVREANRTCA20"RE AR o F DRI, 2556 10, 15 min A1
il 2 min 9 A BB b 5 d AR A o [ 2 A B A i Y
o S S A /0N, A i ) JoR 30T 7 2 1 A B R i 11
IR, 2 2 min J5 AR CS 2RI %

2.2.3 s/ NS HT Ry T X A B A
A KLY, R SIMCA 4.1 #4304 T i e/ )N — 3fe
-] 5| 43 M7 (partial least squares discriminant analysis,
PLS-DA), %37 PLS-DA R, 255 R 1550 #lUS B b
ANTRVFE S B VAo TF , HAT B B 25 Sk . SRR 7
EARIUE, RIS HARAE YRIEEE /N T 0.3, U I T g

TEZ G 2022 455 33 455 144



RURTHE ; O UG HATE YRIAREE /N T 0.05, 150 W] Fir g5 7y
ANFEAE L BE RS, T T 0 A 4 R DAY 25 R 1
PLS-DA 7543 e A HI G IE £ RN A% 18 PR (variable
important projection, VIP) & UL & 5. i & VIP {H >1 [
AT U PR I 0 A AT BTk A O S R S A
W, 43501 Ry 20 i (- BFI ) | 16 55 0 (B B A ) L 22
U 175U 21 506 | FRIR X N I 5 L4y P RE SR Y
M e o ) i 2 S B

2.3 BEMWHAMLZERSEENNE

2.3.1 SR HIE (D)W o- 75 BB 5 A e
il A VAR TR 4% ) 2. 117 00 (2) 00 A R B 2 it
AR T 25 BUR BR 25 MRy K 29 3.0 g BB R , B
FHIEHETEN RS %A B B 50 mL, FRE i, 8
A0 P 30 min, A, FRE L, FH R BRI A K 1 T
PE5), uEL B35 mL SRIEROK IR ZE T, i FR IR A O
2% 5 mL, £ 0.22 pm fALIERIIE LT, BIAS . (3) 0 5 b
BRIR LI S TR 4% BUE B 29 M M AR 29 2.0 g, K %%
FROE , BT HIEHEIEH D A% A 70% HEE 40 mL, 1
FE TR, 80 COKIA IR 30 min, YA, FRE &, FH 70%
FH I A2 DR 1 o o, 35, Bk, B 30 mL SR UE UK
2T, N 70% W A R T € 45 2 5 mL, 48 0.22 pm AL
YEHREE LT, RIAS

2.32 XHASEWAEI R (1) o7 iR -5 2 AR i
TRANT B SR W 45 < ] “2.1.27 30, (2) A 7 %) R
A VA VR P T % < S PR BOAR J28 1 26 B 3 f L T 25
mL S 0 e 25, 45 BT vk B2 A 0.59 mg/mL R
JER B KT A AR o (3) BT AR T L VS VR P o 5 < K %
PR IR 20 R ) HE 3 o, B F 25 mL &, Jin 709 H
P58 25, A5 00 MR N 0.54 mg/mL f) B 28 2 X BE A
VS

233 REEM (1) o- 7 BEER 55 7 B R 00 €01 45
4+ LA Venusil Cis(4.6 mmx250 mm,5 pm) A @5+, X
FAIE-7K (68: 32, V/V) At shiAH s A6l 4 A 242 nm; I

T2 D5 2022 45 33 546 144

15 A5—1£
AS-3
AS5-
101 5
o
5 Z-1
@A10-1
0 r10-2@OA103 Bs—zmi'f“
g A151@ats-3 B4-2 o B12-3
—5 A203_ 7, .
Jrre [ Yoie:
B2-1
—10 B2-2
—154
—20 T T T T T T
—380 —60 —40 —20 0 20 40 60
1]
A. PLS-DA #5343
i O R’
mo
0.5
o T u
____ | ]
I Y I I u
----- ]
. =054 | L
o
& —1.0-
1 L]
H
—1.54
L ]
—2.0+ ‘ T T T T T . -
—0.2 0 0.2 0.4 0.6 0.8 1.0
LIPS
B. PLS-DA IR IE]
2.5
2.0
1.5
o
&
~ 10
0.5

20 16 22 1721 9 19 4 1 2 1418 12 10 5 11 1315 9 3 7 6
[E252
C. PLS-DA (/) VIP %]

5 PLS-DAZRE

A 1.0 mL/min; AR 30 °C 5 HEFERE R 20 pL. (2) AJR
BRI 25 A Venusil Cis(4.6 mm=250 mm,5 pm)
SR, LA EE-0.1 % B RV W (45 : 55, VIV) R it 8h
AH 5 K I K A 345 nm; 3 A 1.0 mL/min; A N
25 °C; #EREER A 20 pl. (3) FATERER Y 4 3% 254« LA Venusil
C15(4.6 mmx250 mm, 5 pum) A A, L EE-0.2 % B2
(2575, VIV) Ry shAH s K R oy 320 nm; I 38y
1.0 mL/min; FEIR M 30 °C; #EFER Jy 20 pL, 76 BB (0,
AN 25 B ki o BB R T 1.5, 4530
6.

234 KMEXRREE (1)o-Fr b5 7 IR B AR v
RS Y IR <2.3.2(1) "I R o- 75 Mt 55 7
B} s i F TR A5 %o B 7% 2.0, 1.5, 1.0,0.5., 0.1, 0.006
mL, % T 5 mL i, I EEE 7, #£42.3.3(1) "W (4,
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120
3 110 =
100 =

U/mV
(=2
(=]
1

40 =4
30 -
X Bt 20 = L

20- -
- - o i

68 = 300 =
64 - 28() =
60 = 260 =}
56 = 240 =
% 220
48 = ]
2
44 - 1 00 =
40 = 180 =4
aF 1
S 32 S 140 =4
28 = 120 =3
24 9 100 =
20 =]
16 = 80 =
12 = 60 =]
8 -
4 -
() =
T T T
10 20 30 10 50 10

t/min

Ao B 5 7 B
Ve T BEPASR 5 2 o MR 5 3 BUBRAR 34« AR 2 22
&6
TSR R T SR TR o (2) AC R B 3 A v il 4 1) 2
ST AT A R R E2.3.2/(2) "I AR R B FNT BRI
2.0,1.5.1.0,0.5.0.2.0.04 mL, & F 5 mL &I+, JH F
TEAY H22.3.3(2) "I B SRR e S TR L (3)
o] 25 2 s o 1 6 P9 A ST« 0 DR 6 B 2.3.2(3) "I R
B B 15 %oF B 925944 3.0.2.0.1.0.,0.4,0.2.,0.016 mL, & T
10 mL i, FH 709% HBEE 25, #52.3.3(3) "Il T (A%
SRR TE SR TR R . DA B B o VAR B A R AR R
(X)) WETH A AR (V) A T8tk [mIH . £5H8 03 3,
*3 BEMGRERSWEEFESLEEE

5% el r é)%ﬂﬁ&]/(mg/ml_)

H =50 85LX+11.178 09999 0.0003~0.1112

i Y=48 589X—6.998 09999 0.0003~0.110 8

KEEE Y=29 764X+29.236 09999 0004 7~0.236 0

PR =63 145X—33.226 0.9997 0.000 9~0.162 0
235 ERMRSKMREL  K®WgI2.3.2" 5 F X}

HE S VA RS &, T P Y 70 9% PP A LA R L 45242.3.37
T € 1 S A S |, DA EL 10« 1565 0 A Jo ek
VE S aE B, LAAS M FL 3+ 1 %o 7 0 i 4 Wk 3 1 R il
FRo 25BN, AR o5 BRI ACRR 5 2 RN AR 11
TE PR 435147 0.000 3.0.000 3.0.004 7.0.000 9 mg/mL,
R BR43 514 0.0001 ,0.0001 ,0.001 4.0.000 2 mg/mL.
2.3.6 FEEERE  BOREM (G5 AS-1) R RE , %
“2.3. 17T Jy i A A S U, PR 2.3.37 T T (g
SIS VEREIN A 6 UK, 10 SR T FY . S50 Won , A b
] ox~ 78 FF ) A 2R 2% R BT 2 1 0 171 B A9 RSD 43531 4
0.48% .0.74% .0.81% .2.15% (n=6) , 7 W1 {2k 25 iF
R4t

2.3.7 RoEMERE  BORES (Z'5 AS-1) RSB FRE , i
“2.3.17 T T Jr ik g A AR, A AR IR R 0
2.4.6.8.12.24 h 4 “2.3.3" T F {03 55 - e RE I 5
e A 25 RN, B IR | o- BB AR FEE
T BT 2 R 0 1T R B RSD 43931 4 0.22% . 0.65% .0.82% .
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20 30 10 20 30
t/min #/min
BARIIE C IRz

fif miA ik 5 xR &A% HPLC &

2.51% (n=T7) , R UL S WAE 00T RCE 24 h AR
TEPERAT

2.3.8 EEERE B (45 AS-1) RS, 3k
6 {77, ¥ 2.3. 17T T Jy il a8 i i A R, P 2.3.37 0
TS UEREINE | T SR 0 AR bR o R 2R T
B RN, BT | o- B AR R
BT B R % 1 1) RSD 43 9~ 2.17% . 0.52% ,0.55% .
2.12% (n=06) , WL EHE AT .

2.3.9 AR 43RS PRI R AR
i (G5 AB-1)90y, 4R 341, 43 BIFEHE i AT 5 Y
50% . 100% F1 150 % 1A XF W BY A0 9 B — X BE A, 43¢
“2.3. 1750 i A S T, T 2.3.37 T T i
S REREI E 0 S TR AR R iR, g5
T, B B W TR | o7 B T L A R 5 28 TR AT B 1) ~F- 0 A
5] s 2% 49 531 4y 98.25% . 98.98% . 97.32% .98.08% (n=
9),RSD M54 1.36% . 1.24% .1.78% . 1.52% (n=9) , %
7 R R Lo

2.3.10 AR ERMIE BT HEERSY HE 2.3 R
Vel A e S TR TR, TR “2.3.37 T T (a3 A R R RE I
FE , 1O SR WG T R bR v il 203 548 o R, A
FEAE S U 1R, B 3R 7 A 37 3R (R i g T
LR RSN, 5 2, B4 B8 FIBI2 HE i
o~ BRFTERT 7 BRE A7 T R A 2 5 2 7 1 B S R A1, ALS
A20 FF ity H 7 B R A 2R 2 et B I AL, 2R
T B R Al 2 B S M AR, E ] 2 min 5
HEZWMMHR . BRI FE 4,

x4 AEFHMIGTEEMP4FILZESEAREN

EHR(mg/g)

=)

W 5
A AS Al0 AlS A20 B2 B4 B§ BI2

FHEE 11899 11504 11079 1037 10100 11225 10196 1.0404 08272
o 05479 05313 05313 05203 05166 05193 04819 03079 02972
AEEZ 00923 00963 00880 00643 00628 00949 00800 00797 00729
BOEE 00122 00119 00119 00116 00107 00100 00101 00098 0.0098
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