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Study on Quality Evaluation of Phyllanthus emblica L.by HPLC Fingerprinting Combined with Four Ingredients
Content Determination LU Li-he'* | LIANG Jian-ping® , TIAN Su-mei' , TIAN Xian-jiao' ,MA Yan-fen', YANG Xin-zhou*"'(1.The
Research Institute of Ethnic Minority Medicine , Dehong Teachers’College , Mangshi 678400, China;2.Yunnan Institute of Meteria
Medica , Kunming 650300, China;3.Dehong Science and Technology Innovation Center,Mangshi 678400, China)

Abstract; The HPLC fingerprint of Phyllanthus emblica L. ( pitted and removed core) was established, and the contents of 4
chemical components were determined simultaneously.lt provides some reference for whether to use the Phyllanthus emblica L. in
removing Core or not.The gradient elution was carried out on a CAPCELL PAK C18 column with a mobile phase of acetonitrile-
0. 1% phosphoric acid,with detection at 273 nm,with a volume flow rate of 1. 0 mL./min,with an injection volume of 10 L and
a column temperature of 30 °C.HPLC fingerprints of Phyllanthus emblica L. from thirty-two different origins in Yunnan province
were established.The common peaks were identified by comparison and spectral analysis.evaluate the similarity of 32 batches of
Phyllanthus emblica L. from different regions.The chromatographic fingerprint similarity evaluation system was used to evaluate the
similarity of 32 batches of Phyllanthus emblica L. from different regions in Yunnan province, and the difference between two
specifications of Phyllanthus emblica 1. was compared by cluster analysis (HCA) and principal component analysis (PCA) for
finding the different components. The contents of 4 active components of two specifications of Phyllanthus emblica L. were

compared.There were 17 common peaks in 32 batches of Phyllanthus emblica L. fingerprinting,and 4 components were identified ,
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and their similarity analysis was greater than 0. 90.Cluster analysis was conducted on these components,and there were 3 principal

components , which could be clustered into 6 categories.Quantitative analysis of gallic acid, ellagic acid, corilagine and chebulinic

acid showed good linearity (r=0.999 9) in their respective ranges.Precision , repeatability and stability tests met the quantitative

requirements. Standard recoveries ranged from 98.77% to 100.92% , and RSD were all less than 2.0% (n=9).The results

showed that the content of gallic acid, corilagine and ellagic acid in pitted was higher than that in the removed Core Phyllanthus

emblica L. while the content of chebulinic acid in removed Core was higher than that in the pitted Phyllanthus emblica L..The

established method is simple, stable and reliable. The HPLC fingerprint combined with the determination of multi-index

components can be used for the quality evaluation of Phyllanthus emblica L. which provides a certain reference for whether to use

the Phyllanthus emblica L.in the removed Core or not.

Key words : Phyllanthus emblica L. ;high-performance liquid chromatography ; content determination ;fingerprint ; cluster analysis
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Tab.1 Phyllanthus emblica L.information

Serial number Place of origin

Fruit diameter/cm Fruit weight/g

S1 Youwang Town, Shidian County, Baoshan City 1.49 1. 060 7
S2 Lvchun County, Honghe Hani and Yi Autonomous Prefecture 1.21 1.456 3
S3 Yangbi County,Dali Bai Autonomous Prefecture 1.25 0.992 5
S4 Longmen Township, Yongping County, Dali Bai Autonomous Prefecture 1.53 1.8213
S5 Wadie Township, Yuanjiang Hani and Yi Autonomous County, Yuxi City 1.13 1.093 2
S6 Donghe Township, Lancang Lahu Autonomous County,Pu’er City 1.77 1.674 1
S7 Xinping Yi Autonomous County, Yuxi City 1.47 1.037 7
S8 Gengma Dai and Wa Autonomous County, Lincang City 1.07 1.085 8
S9 Laba Township, Lancang Lahu Autonomous County,Pu’er City 1.35 1.057 1
S10 Menghai Town, Menghai County , Xishuangbanna Dai Autonomous Prefecture 1.38 1.656 3
S11 Sanchalu Township,Dayao County, Chuxiong Yi Autonomous Prefecture 1.05 1.150 8
S12 Wenshan City, Wenshan Zhuang and Miao Autonomous Prefecture 1.73 1.580 9
S13 Zhedong Town,Zhenyuan Yi,Lahu and Hani Autonomous County,Pu’er City 1.59 1.0913
S14 Yangchajie Township, Yuanjiang Hani and Yi Autonomous County, Yuxi City 1.36 1.314 6
S15 Chenghai Town, Yongsheng County, Lijiang City 1.10 0.969 9
S16 Liuku Town, Lushui City,Nujiang Lisu Autonomous Prefecture 1. 10 0.980 0
S17 Tuodian Town, Shuangbai County,Chuxiong Yi Autonomous Prefecture 1.20 0.8739
S18 Wenshan City, Wenshan Zhuang and Miao Autonomous Prefecture 1.47 1.168 6
S19 Shangjiang Town, Lushui City, Nujiang Lisu Autonomous Prefecture 1. 11 0.995 9
S20 Pupiao Town, Longyang District, Baoshan City 1. 67 1.340 1
S21 Kangping Town, Jiangcheng Hani and Yi Autonomous County,Pu’er City 1.50 1.1318
S22 Lianghe County,Dehong Dai and Jingpo Autonomous Prefecture 1.72 1.9770
523 Menglang Town, Lancang Lahu Autonomous County,Pu’er City 1.63 1.324 8
S24 Haijing Township, Lancang Lahu Autonomous County,Pu’er City 1.16 0.774 4
525 Shigu Town, Yulong Naxi Autonomous County, Lijiang City 1. 60 1.379 1
S26 Mili Township, Yuanjiang Hani, Yi and Dai Autonomous County, Yuxi City 1.52 1.476 7
527 Yaoguan Town, Shidian County,Baoshan City 1.16 1.298 5
528 Donghui Town, Lancang Lahu Autonomous County, Pu’er City 1.48 1.2959
529 Dutian Township , Shuangbai County, Chuxiong Yi Autonomous Prefecture 1.74 1.636 2
S30 Ejia Town, Shuangbai County, Chuxiong Yi Autonomous Prefecture 1. 69 1.467 0
S31 Yangbi County,Dali Bai Autonomous Prefecture 1. 69 1.781 9

S32 Santaishan Township, Mang City,, Dehong Dai and Jingpo Autonomous Prefecture 1.57

.298 4
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1.3 {OiEst mAUL00r
3% #E: CAPCELL PAK C, (250 mm x L |
4.6 mm,5 pum) ; Ji SN BRI (0. 1% ,A) -4 gg:
B (B), AL 30 °C; Pk 1 ml/min; B K . 273 300 | ot et et
2% ~6% B;16~30 min,6% ~13% B;30~44 min, 00 100 200 300 400 500 600 700
13% ~ 13% Bj; 44 ~ 45 min, 13% ~ 14% B; 45 ~ t/min
46 min,14%~ 15% B;46 ~60 min, 15% ~17% B; Bl 1 HPLC G
60~65 min,17% ~2% B:65~70 min,2%~2% B) Fig.1 HPLC chromatogram of the sample
L4 A mAUIOF
L4.1 RS 70}
SYBIBREL 14. 36 mg ¥ T B2 I8 13, 64 Sof
mg FT L 5% BE 4 15, 68 mg 107 T i % Bt sof  ceesd
15. 05 mg BEAEROM & 4 BB T 4 4 5 mL & o |
@E:#EEFI ’ iFIJJ:H 50% LP @?ﬁ‘{g%ﬁgg ’ j:%/}_" ’ 5—};‘3[]15‘: _180.0 ‘ 10.0 20.0 30.0 40.0 50.0 60.0 70.0

FI N 2. 63 mg/mlL B TEXTHR SR IE 4 A
2.72 mg/ml Aa] BLRL 5 xF B V£ W B 3. 08
mg/mL ] XF BT C 2. 67 mg/mL $74E
PR IR IV 2 D,
1.4.2 RGNS TR

KB HC A B, C.D 4 Fxf B 5 IE 45 W 4%
1 mL, 35 & T 4 MR EEHR (10 mL) o, i E
2B E TR M B TR BRI TR
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TR A BB T TR AR R T v
435124 0. 0263 0. 0272,0. 0308 .0. 0267 mg/mL [
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Fig.2 HPLC chromatogram of the reference substance
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Tab.2 Linear equations

Linear range/

(ng-mL™")

Ingredients Linear equations r

Gallic acid y=21 887x-19. 964 1.000 0 2.63~263.00

Corilagin y=14 795x-20. 578 0.9999 2.72~272.00

Chebulinic acid y=9 889.8x-25.442 1.0000 3.08~308.00

Ellagic acid 0.9999 2.67~267.00

ZERFW,WEFRAE 2.63 ~ 263.00
wg/mL ] LR GUFE 2. 72 ~272. 00 pg/mL ] TR
£ 3.08~308. 00 pg/mL EEILFRTE 2. 67 ~267. 00
weg/mL JEFE P, r 975 0.999 9 Je L F . 4 Ry
Jo e R S A TR AR e M D R R A
2.3 fEEE

B TR A 0T BRI R 2, [A) 1 d NE S
6 UK, TC SR A U S W T AR, AR H DURS BE E h
T VPAG B B ] R 1 SE S HERE I E 3 d, 3
SH ARG R, E SRR R TR AT L
5T FIR AL R W T ALY HOPORS %5 B A X AR
HER 22 (RSD) 43 %1 A 0. 15% 0. 65% .0.21% .

y=24 165x—226. 82
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0.32% (n=06) , 7 B 7 %5 B (8] P /) 00 i A2 2 1
H =, H AR 25 A bR v D 22 (RSD) 43531
9 0.37% 1.21% .0.56% 0. 43% (n="6) , #f —
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(n=7), Z5REWH L, = WA lE
48 h 14,S5 HERSIAEBUT Y 4 B BoR R
SRR E

2.5 HEM

il 2% 6 4 S1 A A, AT . 13 R
BFm A E AL R AR RSD 435k
0.55% .0.59% 0. 48% .0. 73% .1. 12% (n=6) ,
AF S50 7 A R
2.6 JAREDCE

FREL9 3 0.050 0 g S1 FES, H2 1R 1. 4.3
FEM R SR OT I R b I AT & A AN TRk
BERB ST IR AT B R REAERR IR A
Xof PR SRR (M 24351 °h 0.087 2.,0. 018 5.0.020 7.,
0.026 8 mg/mL) , 43 5l#% #8510 .15 mL AR
A CEEAEBUIA 3 RS ) o RS 8 50%
14 P B (ZEFTIBR L 20 A A TR A5 X6 B 3 Y A AR
Jo, 4R ZE 50 mL) il A A R R R 1.3

R3 JpREeR
Tab.3 Recovery rate

Ingredients Sampling amount/ Content in the sample/  Dosage/ Determined amount/ Recovery rate/ Average/ RSD/
g mg mg mg % % %

0.050 1 0.864 5 0.436 0 1.3102 102.23
0.050 0 0.8629 0.436 0 1.302 1 100. 73
0.050 2 0. 866 5 0.436 0 1.3102 101. 76
0.050 0 0.8627 0.872 0 1.7325 99.74

Gallic acid 0.050 2 0. 866 7 0.872 0 1.7358 99. 67 100. 69 0.99
0.050 2 0.865 1 0.8720 1.733 2 99.55
0.050 3 0.867 2 1.308 0 2.1759 100. 05
0.050 3 0.867 4 1.308 0 2.186 8 100. 87
0.050 1 0.863 9 1.308 0 2.1925 101. 57
0.050 1 0.180 3 0.092 5 0.270 5 97.50
0.050 0 0.1800 0.092 5 0.271 6 99. 04
0.050 2 0.180 7 0.092 5 0.270 8 97.36
0.050 0 0.179 9 0.1850 0.360 2 97.43

Corilagin 0.050 2 0.180 8 0.1850 0.3612 97.53 98.77 1.55
0.050 2 0.180 5 0.1850 0.3619 98.08
0.050 3 0.1809 0.2775 0.459 4 100. 37
0.050 3 0.1809 0.2775 0.459 9 100. 53
0.050 1 0.180 2 0.2775 0. 460 8 101. 12
0.050 1 0.201 3 0.103 5 0.308 8 103.91
0.050 0 0.200 9 0.103 5 0.308 1 103. 58
0.050 2 0.201 7 0.103 5 0.306 9 101. 61
0.050 0 0.200 8 0.207 0 0.408 1 100. 12

Chebulinic acid 0.050 2 0.201 8 0.207 0 0.407 9 99.58 100. 92 1.71
0.050 2 0.201 4 0.207 0 0.409 1 100. 33
0.050 3 0.201 9 0.310 5 0.510 8 99. 49
0.050 3 0.201 9 0.310 5 0.5111 99.57
0.050 1 0.201 1 0.310 5 0.5118 100. 05
0.050 1 0.264 6 0.1340 0.396 5 98. 42
0.050 0 0.264 1 0.134 0 0.397 5 99.52
0.050 2 0.265 2 0.134 0 0.396 8 98.17
0.050 0 0.264 1 0.268 0 0.530 1 99. 26

Ellagic acid 0.050 2 0.265 3 0.268 0 0.5312 99. 22 99. 41 0.76
0.050 2 0.264 8 0.268 0 0.5313 99.43
0.050 3 0.2655 0.402 0 0.668 8 100. 33
0.050 3 0.2655 0.402 0 0.667 8 100. 07
0.050 1 0.264 5 0.402 0 0.667 5 100. 26
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PE AT TR X 4 Fhdgbs (B TR A L7 zz;‘ g Z; 2 i;‘ 2 ‘6‘3 2 2‘1‘
TR ERAETR ) 14 [ L K A X6 o v i 2 <36 0.7 0.3 056 0.08
(RSD) fH, 455 L3 3. 37 1.05 0. 60 1. 46 0.04

BWE TR MR IR AL TR - 45 0] s38 0.42 0.15 0.59 0.08
4351 100. 69% 98. 77% . 100. 92% .99. 41% 39 0.58 0.1 0.89 0.01
RSD {E43 514 0. 99% 1. 55% 1. 71% 0. 76% 240 114 0.34 1.25 0. 04

Voo 41 0.79 0.03 0. 80 0.04
2.7 HeailE s42 1. 14 0. 09 1.02 0.04
FT L5 TR BRI o & A5 AR LR 4, S44 .34 0.21 0.58 0. 14
R4 AHTPRE TR M ER TR S5 0.39 0.26 0.73 0.08
WL B 46 0.53 0.62 0.79 0.07
Tab.4 Contents of gallic acid,corilagine ,chebulinic acid and 547 0.43 0.28 0.79 0.01
ellagic acid in Phyllanthus emblica L. (%) 348 036 059 116 0.04
49 1.06 0.31 0.96 0.05
No Gallic acid  Corilagine  Chebulinic acid Ellagic acid S50 0.65 0.51 111 0.04
st 1.73 0.36 0. 40 0.53 ss1 0.34 0.48 L2 0.0
52 0.54 0.33 0.24 - $52 0.45 0.48 1.15 0.03
53 2.14 0.46 0.43 - $53 0.29 0.28 1.87 0.76
54 2.21 0.42 0.42 - s54 0.42 0.35 0.91 0.75
S5 1.01 0.74 1.51 1.26 aos 13 _ L 09 0.65
S6 0.63 0.40 0.46 0.97 See . _ |05 129
§7 1.31 0.58 0.85 1.44 $57 1. 12 0.30 1.01 0.70
S8 1.76 0.48 0.62 1.55 gs8 106 0.31 0.67 0.54
$9 0.81 0.27 0.48 0.58 550 0.73 0.13 0.77 0.01
S10 1.62 0.50 0. 86 1.86 560 0.68 0. 10 0.65 0.02
St1 0.97 0.56 0.77 1.23 - 0.92 . 0. 85 0.05
s12 1. 66 0.31 0.58 0.94 562 . 0. 11 0.85 0.05
S13 0.42 0.54 0.71 0.81 563 0.24 0.14 Lol 0.01
Si4 0.72 1.26 0.80 2.46 S64 0.58 0.31 0.65 0.01
S aesmman e e
S17 2.58 0.52 0.45 0.59 (833 ~564 5 ) AR H P BCE TR T BLR
S18 0.77 0.55 1.09 1.25 W B AR AL TR 1) & B AFTE 22 5%, S1~S32 %5
S19 0.62 0.70 0.88 1.36 (FEBE)HERTPEETFRMNETERN 0.42% ~
S20 0.77 0.79 0. 80 1.79 2. 74%’Si7_i/g/a\§ﬂg 1. 13%,/E\:EP/E\%>1.2%E@F|§
SR S TS
s23 1.76 0. 54 1. 13 1.29 Ko PR &Ry 0.27% ~1.26% , F 398
$24 1.05 0.61 0.71 1.32 HH0.57%, T ERH)E N 0.24% ~ 1. 51%,
$25 1.23 0.39 0. 66 0.99 TR 0.72% , YACRRIY & 0~2. 46%,
826 1.4l 0.38 0.48 0.95 R E RN 1. 24% (CREH PIRES DA B 0 1
2o Le 0l 0.72 107 1) o $33~S64 AL (TLR) AT TR TR
2080 0.4 0.0 (2B 0.24% ~ 1.34% , -39 & 1 K 0. 70%
$29 1.18 0.91 0.75 2.05 o . i
$30 0.53 0.50 0.77 0.88 P LA RT & i 0~0.76% , 145 5y 0. 29%
S31 0.81 0.73 0.45 1.10 (**ﬁmﬂ@ﬁélﬁlu{%\%% 0 i‘l‘ﬁ)o iﬂ‘?@ﬁﬂ@g
32 0.65 0.63 0. 69 1.21 HHN0.49% ~1.87% , F¥IEEHN0.91%, it
$33 0.68 0.15 0.72 0. 09

RIS 0.01%~1.29% , -3 & f 2 0. 18%
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Fig.3 Comparison of components of pitted and

removed core Phyllanthus emblica L.
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Fig.4 Fingerprint of Phyllanthus emblica L.
mAU100r FE SR HIUEE A7 0. 900 ~ 1. 000 , ¥ &y ] A 8 22
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s0f S 22 2% R I I A TR R e
60 N
sor £5 A THMESR
gg . . g 9 1|1 Tab.5 Phyllanthus emblica L.similarity result
00 | 203 o w \
10F “‘.“‘ i | | ‘l 5 7 \h\ “‘\ i 1‘.‘0 “\ No Similarity No Similarity No Similarity
ol (TR Y/ WA 7 PR Y SO N GV A U WU SO | G
_18 S S S S S S S S1 0. 884 S12 0.938 S23 0. 945
.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0
t/min S2 0. 905 S13 0.911 S24 0.979
N L T N L. S3 0.923 S14 0.954 S25 0.971
2B FIR ;8 AT A5 10 T FR; 11 #EAERR < 0,042 s15 0.973 26 0.990
5 XHBEREAL Y HPLC $E40 K% ' ' '
. #”” 2 RELHTR $5 0.970 || S16  0.950 || $27  0.963
Fig.5 Fingerprint of the reference substance s6 0.964 17 0.976 8 0.961
> S7 0. 989 S18 0.903 S29 0.902
2.8.2  HBEFH S8 0.977 S19  0.922 $30  0.983
) = H T R R] S 2 B R ’ ’ ’
U\%H %ﬁ gz 0] XT JiEQES T 7"7 Z MK e, *F S9 0. 906 $20 0. 937 $31 0. 935
= N OSH 45—
S1~S32 S HF (F #) 1 B UE 17 A0 L 43 SI0 0.946 || S21  0.987 | s32  0.998
BF BT 5, ZRAREIK 32 AT s oo | s oo
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2.9 RASHT
H S1~S32 S 4 H 4 i B dl 8 5 SPSS 26
KRBT HAT S — P AL B R RS 5R
UL TR TG R B A S A o ) DU 32 R A R 2 40
Mr a5 R 6, ik 6 iTEH,S1~832 54H
FHREM TN 6 25,921 ,S30,831.5S6.S19 828 .S15
S17.87.S11,S18 .S10,823 Jy—2K, S8 .S24 S25 .
S26 827 829 h—3,85 S22 Fy—,S1.83 .4 . S12
Jg—3,92 .89 S13 J—3,S14 816,820 H—%,
2.10  FAarHr
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Fig.6 Cluster analysis tree

SRR 4.276.2.692 1. 121, 2Ry 2 5Tk K4y
B2 38. 871% .63. 342% 73. 536% , 45 R W3 6,

®6  TMIIHITTZETTERR

Tab.6 Variance contribution rate of principal component

Initial eigenvalues

Extracting squared factor loadings

Component Figenvalue variance contribution CumlTlati've variance Figenvalue variance contribution Cuml%lati?/e variance
rate/ % contribution rate/% rate/ % contribution rate/%
1 4.276 38. 871 38. 871 4.276 38. 871 38. 871
2 2.692 24. 470 63.342 2.692 24. 470 63. 342
3 1. 121 10. 194 73.536 1. 121 10. 194 73.536
4 0. 859 7.813 81.349
5 0.813 7.390 88.739
6 0. 481 4.374 93.113
7 0.334 3.035 96. 148
8 0.210 1.908 98. 056
9 0.115 1. 047 99. 103
10 0. 069 0. 624 99. 727
11 0. 030 0.273 100. 000
R TR B T o3 43 B A B R B RT RO RBOERE
A ,*Eﬁi_l»%:é\\it Ui =Ai//\i XEJ‘ @Jﬂéﬁiﬁ}ﬁﬁé&ﬁ [§$ Tab.7 Component score coefficient matrix
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AU UE TR R (LA SR 7 0BG 25 i 1845 0120 0.0 030
BRI X, X, R U, 0, 0 R - R o o
S| . . —u. .
BT Y, Y Y B A AR Y = Uy X+ st22. 937 0.344 -0.144 0.301
Uiy Xot o4 U, 1) Xy 3 Yo = Uy ) Xy U ) Xy 00+ $127. 776 -0.014 -0.271 0.156
U2<11)X11;Y3:U3(1>X1+U3(2>X2+"'+U3<11>Xno Hﬂ st32. 763 0. 265 0.025 -0.001
TR Y, Y, Y, BT MG R 45 $136. 547 0.071 0.016 0.309
%m%‘z 7, st39. 716 -0.058 0. 326 -0. 067
Hﬂ%‘:{7 ﬁ%ﬂ,jﬁ)ﬁﬁ 1 lﬁ,f%lé}éﬁ;]—l‘m 11.845 . st44. 041 -0.074 0.324 -0. 120
14. 121 ,20. 018 ,22. 937 32. 763 ,36. 547 ,57. 985, 57985 o107 ~0.0 0-391
st63. 162 0. 060 0. 365 -0. 080

63. 162 min [ EIESEC R EY], B R IEMHG, £




5546 HH 1130

Rl ALANAE : HPLC 8 SURTIEZS 5 4 B b & 1 194 H 7 B PP 50 89

PR E IR RPN SRR IEA G, 52
BB B TR A OC; E L 2 5 IR B I ]
11. 845 14. 121 ,32. 763 . 36. 547 .44. 041 [57. 985 .
63. 162 min P AFEIECREH Y], B IEAHC; EM5
3 SR EFE] 20. 018 .22, 937 .36. 547 .57. 985 min
P IEOC R Y], B IEARDC,

3 ig

WL, S1~832 SR H T (A#)
R FIRS BN 0.42% ~ 2. 74% , ] HL 47
W EEN 0.27% ~ 1.26%, 1 TR I & & K
0.24%~1.51% ,BFAETRII TR 0~2.46% , F
A= KR H 1 4 Fifb 2z (k8
TR AP IR REAL IR ) W R ARAE 2
S, XS RHFHMMERAESFERES
Ko S33~S64 SHEM (L) MR T FIRE IR
B BN 0.24% ~ 1.34% , F] LR 50 10 & &
0.00% ~ 0.76%, ¥ + MR 1) & & i 0.49% ~
1.87% SZALTR I & &4 0.01% ~ 1.29%, #id
i, AEAH T HEE TR B BAER
&S TR, MR+
B TAZRT . WRHTFREDSAKRE
TR A L7 5T TR AR AL IR .

E 2020 AFRC P E 25 8L) (—&8) b, X TR
H 250 AR i, R 2R T W B FRRIER
FEEAEAR, SR —FE bR 0 & S A X455 , HAX
DL — 3R BRI TP A AR SR BR A

T AT MER A R R B R, A
BAEM RIS T IE T H - 4 FhOCHE a4
(EETIR M HEP TR ERAIERR) 5 &,
S AR SR T SRR S 1 2 B i AR R
AHFH R EEGITEN AL T R R
SEETIERE . KPR iE AN OE R T I
B SR R i T PR AR A T SR X
AR H T2 B B i A2 A R S

SEHk .

[ ERHGME G 2 P NRITIEZ M (—F) [M].db
5. o E 2R R A, 2020.

(2] )k 4 W1 A2 . A H B8 IR A A P ik o2 5
KAL) N SR A4, 2008 ,14(6) - 846.
[3]FEF 0%, o s, 220k S A H FREREASH T
A RS E R [ D] AR A T, 2022, (13) :86-

90;96.

(4] FMeAm. A H 57 3 55 8 B & SRR AE I IR 9 [ D 1. K
HB L AR R 2R A, 2019.

[STEHM, B N PR 2 55 A H 7 Il i ad 7 P i o
Bk R 2 M e ik A BT [T ] b E 22
Zeik 2019,54(7) :581-587.

(6], XA e 4 H 73 M o0 B sh Bk B Ak A A i A
R[] oM T BE =R 2R ,2011,34(2) :67-70.
(7] 5 35004 H - X6F i 240 e 40 o0 4 P B S 28 98 19 A AT
e[ 1] ESEEE 228 ,2010,16( 13)  155-158.
[8] 24 W Mese WMWIN, 55 A HF WA R E
A B 5T P & T IR A AR [ 1], R B2, 2022,

53(18) .5 873-5 883.

(9] DL, F LA, BB 55 R R T2 i
HysEm [ )] o L 5 U7 Al 2R Ak AR 2021, 27(9) - 147-
156.

[ 10] 58 XU A% B F 4% A7l AN A0 FS 7 R ' 48 K Ham Ag
AR E MRS D] AR v Bl B2 B 5 B
2017.

(1] RERK, 20K, BRE 2 A HRF s 1 2 41 1
GC-MS A #r[J]. R 224 ,2003,31(6) :21-23.
[12]5k3252, Zuhf FR4E 45 R R BUE T ST 4 H i
MBS [ )] &5 Tl RHE , 2017,38(2) ;261-

265.

(13T ZRCA, S BkA, o T35, 5 R T 25d R ik iy
B bn EAE T W ST (1] b B 24 4 A Ak, 2021,
56(19) ;1 600-1 606.

[ 14]PALAE  XUBA I & {d 46 3 T 26 broe 148 a0 R
AT a2 R R A T AR R S PR [ 1] 4k
A ,2023,45(11) ; 117-125.





