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RE, FiE RARGZECERAMEEIMAT- AT BBIREH LT O RPHER ZPORT RS, KA G0ERMEE(HPLC) %
I IS5 E R R T (%5 S1~S15) 8935 A%, 5F & A SPSS 26.0 5 SIMCA 14wuﬂmﬁm#ﬁ'%%\#&-Fﬂ;ﬁmmﬁﬁm

FOLEH WAL KT ENESE. R ORVBFREPRHEET RS EY, LI 28 LI LR SAERE RS 2HH
HUER KR % ; 3 HPLC 48 8L B 8 P 5 AR 19N 30 A0% ik it i & L B8 L B e K35 4 16 A S0 09 HPLC 45 L | 8 5 #F
RIS AENAAMEN KR T09, RESWHERE R, I5MARREAH2E, L PSI~S5.87T.89h—% Leptah—K, 5 Ens
SHTERAR BB R A E-FIR oM ERER,2.6 1 11K F) 3.14.8.1019(KFF) 5 5% T2 E BB Y
KT, #EELEH LEE KTEHEETH540.710~10.478.0.236~0.660.,0.334~3.039.0.261~0.504 mg/g., L5t FrsE
R R Tk AR B i A S Tk BAR AT  E AT, B ALt B R oA TR T 6 R R SRS A9F
KR QR R % UPLC-QTOF-MS*; 45 5 B % &2 M & AL F s 2

Analysis of chemical constituents and comprehensive quality evaluation of Rhamni Songoricae Fructus

GUO Xiaoyu', TENG Liang*, ZHANG Xiaoxue',JIA Le',MA Guizhi'(1. College of Pharmacy, Xinjiang Medical
University, Urumqi 830011, China; 2. Dept. of Pharmacy, the First Affiliated Hospital of Xinjiang Medical
University, Urumgqi 830054, China)

ABSTRACT OBJECTIVE To identify the chemical constituents of Rhamni Songoricae Fructus and to establish their fingerprints
and the method for simultaneous determination of four constituents to comprehensively evaluate the quality of Rhamni Songoricae
Fructus. METHODS The chemical constituents in Rhamni Songoricae Fructus were qualitatively analyzed by ultra-performance
liquid chromatography quadrupole-time-of-flight tandem mass spectrometry. The fingerprints of 15 batches of Rhamni Songoricae
Fructus were established by HPLC and chemometric analysis was performed by using SPSS 26.0 and SIMCA 14.1 software; the
contents of quercetin, kaempferol, kaempferide and emodin were determined by the same method. RESULTS A total of 35
constituents were identified, including 28 kinds of flavonoids, 5 kinds of anthraquinones and 2 kinds of organic acids. A total of 19
common peaks were identified in the HPLC fingerprints, recognizing quercetin, kaempferol, kaempferide and emodin. The
similarities between HPLC fingerprints of 15 batches of samples and control chromatograms were greater than 0.9. The results of
cluster analysis showed that 15 batches of samples were divided into 2 classes, of which S1-S5, S7 and S9 were one class and the
rest were one class, similar to the results of principal component analysis. The results of the orthogonal partial least squares-
discriminant analysis showed that the variable importance projections of peaks No. 2, 6, 1, 11 (quercetin) , 3, 14, 8, 10, 19
(emodin), 5 were all greater than 1. The contents of quercetin, kaempferol, kaempferide and emodin ranged from 0.710 to 10.478
mg/g, 0.236 to 0.660 mg/g, 0.334 to 3.039 mg/g, and 0.261 to 0.504 mg/g. CONCLUSIONS The constructed chemical constituent
identification, fingerprint and content determination methods are simple, feasible and reproducible, which combined with
chemometric analysis can be used for comprehensive evaluation of the quality of Rhamni Songoricae Fructus.

KEYWORDS Rhamni Songoricae Fructus; UPLC-QTOF-MS®; fingerprint; content determination; chemical constituents; quality

evaluation
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BRI A05™  AR FL 25 200 o Sl v AN B 1 L H R
TEIRARHE B 5 5> . BBk AR X
24 W BB B Ry AR CUA T LR I B S A L (H
IR T 5531 K53 K Ay KA i) 7 vk, e A P4
AR

R e SRR L 1 DU AR AT~ T ] ER BB S % (UPLC-
QTOF-MS®) RS PR 4 1 Hb 43 B 245 04 Hh (1) Ak B 431,
A2 03 B vl Ji e 52 2 Bm A T e e A b 2
GYHT 2R I 3 R AR AR A ) 25 S o
T, A58 % F UPLC-QTOF-MS" 2 % 5 0 R 1 4 1
SR AR B AT, R S ROROR €4 3% (HPLC) v gy A48
SUEITE kAT 2 A BT D U 8 S e 12 R S o i
122 S hm a0, 1 22 S dn B & i, DU O o8
AL R R S0 BT LA 7 R R
1 w8y
1.1 FEMNF

AHIGE T B B AL FE Acquity™ Y = S5O
0,33 2 45 53 B Waters Xevo-G2-XS-QTOF % i i AY ( 2%
Waters /A 1) ) , LC-20AD %! HPLC X ( H 4« Shimadzu 2
A]) ,MS105DU #7553 2 — 43 BT KF- (52 Mettler Toledo
57 ) , Exceed-Cd-16A 7Y [ 24 7K A (Rl R 3 EC 3 T
B % A PR ] ) , KQ-5200DE RUH A i ik o (B 1L
TR A FRAFD .
1.2 ZAm5iRH

Wit R AR R CEME T M KA A
Mg 2 W Mg R Al R O R (A5 4 00 Dy B20527
B21132.YY90439,YY90084 . B21194 ,B20372 ,B21458 ,
B21596, 4fi i H4 A% T 98% ) B0 [ b i I A= M Rk
AR REE LA B (6543510 28 MUST-
18110810 ,MUST-16032801 , 4fi i ) AN K T 98% ) 1 [
SR IR A VIR R A A 2 T (A5 -3-25 7%
B X I (L5090 RP-210601 ,RP-210607 , 213 14
KT 98% ) ¥ I AR AZ Tl A= B A RN W) 5 B
R | B R IR IR | 35 R X IR (LS 43 I o WP-
23072112, WP-23070501 , WP-23090608, 4fi Ji ] A ik T
989% ) ¥4 FI DU 48 2t v 75 A= IR A IR 7l 5 2 2 B -
i ME K (415 W23051705 , 40 i =98% ) Il [ 3 [E Waters
oL OGRS, B NG il Ak
Y1k bt

15 HEEL R R S 248, b 114t (45 S1~S11)
RAE TR AL 5% 50 F A NI B B AU (S
S1~S6 R4 H Ik 2023-09-12, 45 S7T~S11 %4 H 1
h2023-09-13) , 44t (45 S12~S15) R THrimit AL
5% 50 F AN L R B R T AR CR4E H 1R 2023-09-
14) , B LRI B2 50 [ IR N B 24 SR 560 T s 34T
IS RE R R. songorica G. T2,
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2 FiEEHER
2.1 BRPHBRIHMFNEENZRS SN
2.1.1  BER SIS

BURE SRR A, 29 1 g (5 80 H i), RS B FR & , I A
B 50 mL, T~ 50 °CH (T 100 W, Jii 4 40 kHz, R [A])
PEHL 25 min, A, T EEAR R U 1 BT . RS %
0.5 mL, ¥ T 10 mL Z5 &, A BE 2 25, 48 0.22
pm LIRSS, BRI, BA
2.1.2 P R TR A%

UM R 22 L AS 3R A R B KA L R
R MR MR KER LA T LA
F3-3- 25 AT BTk IAR Bt R | 36 H X IR A 4524
1 mg, K5 BHRE, 20 98 T 10 mL 2550, i i s i
HRER, 2 0.22 pum PFLIEBEIE ST , IR U8, BAS 138
£ BG4y R e > 1) A 0,103, 0.102, 0,102, 0.102
0.102, 0.107, 0.103, 0.097 0.098, 0.103, 0.103, 0.101
0.104.0.105.0.105 mg/mL fY2—%F FE SIA W
2.1.3 ik

) ACQUITY UPLC BEH Cis (100 mmX2.1 mm,
1.7 wm) A EG5FE, LG (A)-0.2% H R (B) R i
B A HE AT BB BE BRI (0~14.45 min, 16%A—23%A ;
14.45~20.84 min, 23%A—26%A; 20.84~26.12 min,
26%A—80%A; 26.12~29.18 min, 80%A—100%A ;
29.18~33.35 min, 100%A—16%A ) ; /734 4 0.3 mL/min;
FEIR A 40 °C5 #AE I 2 pL,

2.1.4 kA

SR FH HL 25 25 U LA MS® 6 B8 A Qb A T4 4,
TS BN BT HE (m/z) 50~1 2003 B4 HLE R 2.5
KV s #EFL LR Ry 40 V5 BEFLA A 50 L/h; Biia # /S
it R 900 L/hs 85 F IR Ry 120 °C ; B 1 UL
450 °C 5 fIK 3 18 Hh Rl FRLUFE R 6 V5 ) RE I T8 Hh iR R
JEH20~40 V.,

2.1.5  Fdlnabi

K i Masslynx V4.2 Jit i 43 #F T 4 35 & Waters
UNIFI V1.8 #F 47550 Ab 28, DL 22 % - i Ml A (100
ng/L) Y & Lock Spray % A 4 1E 45 #E W , Lock Mass 4
554.262 0, JiT i A 5 HE 4y T 8 AR 22 /N F +5
ppm. FFEHE T A UNIFLAR M, 3045 4550+ B8 F Ik
B35 AN R T R IR G [ Aot 545 % R 1 £
B Ao ) LA e 22 R K SR AFEA T 43 #T
2.1.6  ALREIFRR S 2GR T A A T S

B2, 750 F AR A, $62.1.37 2.1 47 T R 4%
PEHERE ST R AR (5 B A5 B AR A% S B I (&
D)o SRR WAL W SR8 08 35 b 54
AL 55 28 FhEE B 5y 5 FlEER IS 43 2 P AL I
oy LR 1,
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100

intensity/%

50

0

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

2 4 6

8

10

12 14 16 18 20 22 24 26 28 30

t/min

32

1 #HiSBAREMSAEFEXTHEEFRE

HE LK PRk R

BB E WTE R

CO.CO..CHO FH 4+ E . FEf

TR B o AR R AR
E BB AW, BAT AL 2R R B 5 e A B
Hr- BT IR A SN (RDA ) 246 LA Je
TR Sk

S LR B AL A0 B 2R W 3 i ™ A S e 5 1,
M 08 TR — 20 24, DI e s 1R %
SRZA A YRR B T LA 10 6], £ B8 B[] Oy
3.78 min, Z b & W) — % % b B0 TR T 6 miz
593.153 1[M—H] ", #EWr 48 CoHuOs, 3 1T F R
1 43— % B AN 1 53 B2 W5 A iU - m/z 285.054 7
[M—Glc—Rha—H] ™, &K 1 0 F CH.O, 3 81 i m/z
255.032 6[M—Glc—Rha—CH.O—H] , £ % 1 > T
co, 1% B % F m/z 227.038 6[M—Glc—Rha—C.H.0,—

o & 'ﬁﬁ,mnniﬁk[6]tm‘ W Ak B W R Ll A4S
@ﬁ 3-ZEAHET , AT e R T UL 2 (ST AR SUR RR
K AL VABEERZEAL G0 1) Ji s B i S ) o

OH
Ho. 0. O OH OH
‘ J o oM _Tgha Ho. o O ::H 0 | Ho. o O o™ O o
Sl incead Ehes
oH 0 o ~Glo oH
0
Ly o0 oHow Wl ) o O
m/z593.153 1 mlz 285.054 7 mlz 255.032 6 mlz 227.038 6

B2 LEE-3-2EEE AR R BUE REME

x1 BRAFRIPUERIPITER

5 {RERBH ] /min A VRE miz B miz S BHEF
| 107 FECTS Ci0y 353.0873 353.0887 191.0613,179.060 3,173,047 4
2 131 FARIFR: CH0y 3530873 353.0887 191.0608,179.061 3,135,049 7
3 218 qltiE C,sH05 319,045 4 319,459 301014 1,193.0193
4 245 BT CoHyOs6 609.145 6 609.144 5 300034 6,271,037 3,255.0326,243.032.0,151.006 5
5 285 S CaHy0, 463.0877 463.0887 300,028 1,271,024 6,255.023 6,243.035 2,227.039 6
6 285 e &E LT CoHy0; 463.0877 463.0868 300,038 8,271.0297,255.034 2
7 287 HHZE CoHaO 410978 4310984 3408154,311.021 4
8 345 Sk CuHy01 463.0877 4630855 301.8814,149.005 1
9 352 oy CyHu0y 4470927 4470914 285.0544,151.004 1
10 378 -3 =T CoHy0s5 593.1506 593.153 1 285.0547,255.032.6,227.038 6
11 3.9 it CsH0y¢ 623.1612 623.1620 315.0553,300.031 6,271,038 6,243.032.0
1 426 sk e CuHy0y 70927 470948 300.029.8,271.023 3
13 53 FREE G0 3150505 315.0517 300,028 1,271.024 6,151.0023
14 53 iz CsHi0s 3170097 3170098 271.0020,151.005 9
15 534 iz CsHi0s 3010348 3010343 273.0476,179.003 2,151,007 3
16 7.1 3R CsHi0, 2850399 2850409 255.034 5,243,036 0
17 717 RBRZ-T- AR CaHi0, 4610720 4610711 285045
18 730 g CisHi0s 269.0450 269.0456 241,055'5,225.058 2,210.032 1,182,039 8
19 8.64 KRS AT CuHy0y 410978 41,0969 269.0514,120971 4
2 98 ZH CsH0; 287.055 6 2870556 151008 4,135.047 4
2 997 ARHZ CHi0s 2850399 2850395 151005 1,133.031 6
n 1027 KEZ3-H 05 283.060 6 283,061 1 1371224
3 1054 “EREE CH0s 317066 1 317,066 8 1250055
I 1067 FEEE6-RAHH CoHy0s5 593.1506 593.1517 315.0597,300.1124
2% 1071 W 3-0-t i CoHy0s¢ 609.145 6 609.146 4 M7.1152,161.021 5
2% 1121 PR3- R C,Hi0, 4610720 4610734 2840321
7 1132 [ZIN-F C,sHi0s 269.0450 269.046 0 2410241
pi] 1135 Alh-1- AT CuH0, 41097 47932 284,043 1,227,035 9
2 1139 RRERS- 0 CoHn0, 4771033 4771025 315.0412,300.121 4
30 12.3 i3I Col0ss 4790826 4790815 315,026 5,271.0020
31 1265 KEEHRE-8-0-8-D-F A CoHy0y0 444.1056 44,1042 379.8462,282.0542
k) 1279 ELES CisHi0 253,050 1 253.0512 1428254
3 1388 il ES CHin0s 271060 6 2710603 151.0059,119.0509
34 1735 iAE-7-0-RAE R CuHy0y 410978 410087 285.1597,227.125 4
35 421 I CH0; 299,055 6 299.0547 284.0377,151.005 9
a: AL AW ET RS AR IE

TEZED; 2024455 35 5 141
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2.2 B/RHAERLHH HPLC IS BT
2.2.1  HHRS IR AT &

BURE SR R, 291 g(id 80 ) , K& FRE, BT
100 mL A=, A 90% HEE 50 mL, - 50 °CHE R 2
B 25 min, 240, LL90% W BEAM L IR Y BT i o K 2 i
B2 mL, & F 10 mL 285, A 90% B BEE 45, 4
0.22 pm LIRS IR, B8, BT
2.2.2  TRART R AR il A%

UM R 2% L AR B R ER L AR RO IR I A
BERRAE , A 90% BV fif I 52 25, il B b 3R 45 B 43 o
R B30 R 40.02.,2.71.,0.83 . 3.62 pg/mL FTR A% IR
AR
2.2.3 ik

Pl Agilent-5 TC-Cys (4.6 mm X 250 mm, 5 wm) A {4
TERE, LG (A)-0.2% H RV (B) R it s AH A 74 B2
VWL, VEWE AR F M - 0~52 min, 16%A—23%A ; 52~75
min, 23%A—26%A; 75~94 min, 26%A—80%A ; 94~
105 min, 80%A—100%A ; 105~110 min, 100%A—16%A;
P A 1 mL/min; #0357 108 360 nm A3 R 30 °C ;i
oA 10 pl,

224 KW

HR“2.2.17 0 N A S AR (G5 S ad i, 44¢2.2.37
TR € % 25 A L PRI 22 6 YR, LA 11 S (M2 ) 0
2 MR | 15 31 45 S AT e A GO B4 B [B) Y RSD 21/ F
0.11%(n=6) , tHXT I [ ALY RSD /N T 3.05% (n=6) ,
T ENG B R RAS
225 WEEMELE

HURE S (45 S1) I =, JL 6 40y, #5“2.2. 1750 F ik
il £ A S IR TR, T 2.2.37 IR {0 S5 E HERE I E
DL 115 (kB2 32 S 2 MG 15 38) 45 LA WA G (7 B Bsf
6] i RSD #41/NF 0.64% (n=6 ) , F X 1 A Y RSD 14/
T3.47%(n=6) , KL HEEER L.

226 fawtEL

H“2.2.17 30 N A A (G5 SIS &L, 000l T
TR AR 0.2.4.6,12.24 hi}, #2.2.3" 50 (43 5 {4
HEREIIZE , DL 11508 (Mt B2 R ) Sy 2 R 15 31 4% A 1
AR B B[R] A RSD 2378 T 0.18% (n=6) , A XTI AT R
1 RSD BJ/NT3.43% (n=6) , FRWIFE AL 7E = I T il 24
h NEEME R AT
2.2.7 FROUEIEREET

W15 HERE S (G5 S1~S15) By A, #5“2.2.1 "5 F )7
Pethl £ B S IR R, 2 €2.2.37 TR (53 A% 1 AR
FE L CE TGRS A2 S SR AL PR &R
48(2012 12) ), LA STFE S 2 M8 B[] % 152 2 4 0.1 min,
SR A B R4 T Mark W DT, A8 1l 15 HHERE S A9 B i
Fe U EE S0 IR S I (R) o 4559 (18] 3) s BE b

< 1718 - China Pharmacy 2024 Vol. 35 No. 14

b T 1940 A i 2 5 78R A0 B i (1 4) £
FRINFI] AR P8 SR MRS (BT o, H8 A T 44t
FUE, 43R 2 (11 5) (LAl (15506) (L2 %
(1750) KEZE (19 505),

680 —

0 10 20 30 40 50 60 70 80 90 100 110 120
t/min

E3 15#tE RSN HPLC IS8 B it fnxt BB s 4 E it

T T T T T 1
20 40 60 80 100
t/min

L1 2515 AW s 17 1045 28519 K&K,
B4 EBEXEMAHPLC

2.2.8 MUY

SR b 24 00335 48 801 % A AL EE PE A R 42 (2012
Ji0) ), LAXT BEFE S 3% (R) 218, PFA 15 #EAE  HPLC
ISR AL . 255 o5, 16 HERE S 5 ) REdg S & 1
ARARLEE A7 0.901~0.991, & B 15 HEAE i 19 o1 1 — B0tk
[S5/ToN
2.3 1AL FEITEZSH
2.3.1 BB Mr

K FH SPSS 26.0 #hA4F X 15 A b v il 19 4> A i
W T AR T SR 28937 (cluster analysis, CA) . 4559 (& 5)
IR, S RRICHE 2 20 B, 15 HbRE S SRy 225, Horp
S1~S5.S7.S9 A —2 , HAR ke il —28 , RIAEL/R A RE
B MOl N S7S: DOBENibsie Naaacl R0 8

P Or R ERRE S
0 5 10 15 20 25

S2

S4—]

S5
S1
so [EEIR A

S7

E§ S13 J
# S14
S12 _I—
S10
S8
S6
Si1 ‘l

S15

E5 15#tiEmEI CABIIRE
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2.3.2  FRH T

A 15 A il v 8 19 A A g e g R R AR L SR
SPSS 26.0 % {4 i# 47 3 B 43 43 #1 (principal component
analysis, PCA) . &5 Won, L4528 44> F oy, Bitor
Z TR E N 88.208% , W iX 44 E WAL & T 1944t
16 88.208% 7 B, , BRI Hb S WL 5 1) T ZERRAE
HARFHED, FHINERMMEEEZRA T2.6.11
(Mt ) 1508 55 2 A UM B R Bk A F4.16,
17(LAER) 1819 TR (KB R ) ;5 3 EE B E
TR AT 5.10. 15 S (LAl ) ;58 4 ERME R E
FORA T 750, DL1S AU Y 19 A Wi A
A b, B SIMCA 14.1 b2 il Bos 1, 258 (K1 6)
7, S1~S5.S7.89 fii T PCA 1543 &l 1) =4 , S6.. S8,
S10~S154; T PCATR4 BB A M, 5 CA 25 R AH[w] .

6 @515
4
2 oS3 s14 - S12
0 2% 570 L) e

) S4® e 117%st3@513
218 oS5 049560 %
—4
—6
—8

1]
El6 15#tEFmi PCA B = E

2.3.3  IEA e/ N —3Reik- A5 5 br

DL LS AR il P A8 19 > Ay g g i BUOR 8 4, >R ]
SIMCA 14.1 B4 HE AT 1 52 i d /1> = 3Fe v - 4 531l 7 By
(orthogonal partial least squares discrimination analysis,
OPLS-DA) . Z5% (K 7) i/ , OPLS-DA 5 A v i) fir 47
B BT 95% BT X, 15 HEAE S RIS R AT, 5 CA
FIPCA 455 —F, LIAR it § 2 ME 45 (variable impor-
tance in projection, VIP){E > 1 JJp b , 57 26 5 Wi Ji & 19
22 bR, 2R (E8) Wi, 2.6 .1 11 (#iH %) .3,
148,10, 19(CK#& %) .5 FUEH) VIPEH R T 1.

|}
o oS5 me
// eS?2 \\
- 21/ 511356 \
F 0 —55!53}54574510¢OST4T
R s1e8 )
g A 59 | sees13
74 o
—6

-8 —6 —4 -2 0 2 4 6
1.003 99 % #[1]

E7 15#t#F &R OPLS-DA B = E
24 BRPHRIHGHMFI4FISARSHEENE
2.4.1 Ais&M
LA Agilent-5 TC-Cis(4.6 mm X 250 mm, 5 um) A {f
TR, DL G (A)-0.2% H TRV 1 (B) Sk it S AH A 5466
YE B (0~52 min, 16%A—23%A ; 52~75 min, 23%A—

TEZED; 2024455 35 5 141

2.0

T

—0.5

—
o

VIP{H

2 6 1 11 3 14 8 10 19 5 13 9 7 12 16 17 18 15 4

U

E8 15#tEERI9NEFIEL VIPE

26%A ; 75~94 min, 26%A—80%A , Iz - 14 & 360 nm,
94~105 min, 80%A—100%A ; 105~110 min, 100%A—
16%A., W% 43424 287 nm) ; I # 4 1 mL/min; #: & H
30 °C; HEFEE A 10 pL.
2.4.2 WM

(DIREXT IS W . Bt = (LA By &S &=
KB Z0T HR A i RE B R L A 909% HI IS 25, il 1
IR R4S B v B 43 1 R 640.0 . 40.00 ., 40.00 ., 20.00
pg/mL AR A5 % BR A

()L . A ikl 2.2.17 0

(32 W L 90% F BN 28 VT
2.4.3  REGuiE AR

B2.4.27 T IR A 0 BRI A A TR LS
U, 4 2.4 TR Ak AR UE AR I R L e SR E .
AR (K489, 25 ARG o, (sl s s v rh 4
A B e I T AR B | 5 TR B X HE T v A5 1l 0 ik i
PR B8 ) ] — 2, IS AR K T 15 000, 4 2 X 13 7E
0.95~1.05yEHIN , 25 FIES IO & e T4 .

i}

#/min
LLA A ER 15 INZRMY; 17 11483519 KR,
B9 #ikmiaik(4%S SR HPLCE

244 ZMEXFRFE

HU“2.4.2(1) "I N IRA T BE AR, I 90% H s
Fb i B il Bl 2R 81 S5 R VAR R A TR B R R R, 4R
“2A1IR OGS E i SRR, LA R
B3 B s v E () AR A by WA THTFR (Y) S A AR AR 2 il b
HEmhZ, 2Rk 2,

x2 WEZELSIMESMEIFAEMEEXR

TElln W IR (pgmL) r

Wz Y=3.622 5X10°Y—81 423.0 5.00~640.00 0.9993
IS Y=44093X10°Y—4 5218 031~40.00 09996
&% T=3.1509X 10X—6 882.7 031~40.00 09996
JNE T=43105X104—2 3089 0.16~20.00 09999
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2.4.5 AL

He2.4.2(2) 730 F S (95 S1) il i, 4%
“2.4.17 N A I SE AR E 6 IR, 0 SR TR .
SN MR R A AR R E R RN
RSD 4351124 0.68% .1.00% . 1.45% .0.94% (n=6) , 2 W J7
NG R AT
2.4.6 FEEMIALE

HUORE D (45 S i, 3R 6 4y, #642.4.2(2) "I R 7
5 B A R R, P €241 TR (83 A5 1 AR
L IC I BOUR s e ph e T AR . 45
MR LA AR R R BEER F I RSD 414N
0.44% . 1.52% . 1.32% . 1.69% (n="6) , ¢ W Jy ¥ & & 1
R4t
2.4.7 FoE ki

H2.4.2(2) 730~ P b W (G5 S 3 i, 53]
TEE FHE0.2.4.6,12.24 hil}, $#°2.4.17" 11 F (3%
ZAFHEAEIN E e T A, S5 R BN M R I EE
Py 22 K E R I ALY RSD 4341 4 0.87% ,0.59%
1.03%.1.09% (n="6) , FHFE M AE = IR T ACE 24 h R
FETE RS
2.4.8  JINFE TSRS

HURE 5 (45 S1) , 4105 0.5 g, L9 1y AG R E , 4
SN Ez 2 LA W L I AS 3R B 200 Rl i,
“2.4.2(2)7IF kil g R S S, B 2,417 TR
BRI E 0 S TR I EINRE iR, 45
ESTVINR Y W NITE S SN SRS C)) =)
W43 5 99.84% . 99.27% . 98.81% . 100.81% (n=9) ,
RSD 4351 1.71% . 1.15% . 1.40% .1.64%(n=9) ,
2.4.9  FES TR

HU IS HERE S, $422.4.2(2) "R 5 2 45 A i i
W, 2,417 TN A SRR A SR I TR AR T
FebrdE MM ST TR O i . R ATIN E 3K,
ERILFE 3.
x3 LHERPHMEZZEIMASHNESENEER

(x+s,n=3,mg/g)

45 L& lIES A% N &
S1 4.9600.063 045120004 0.405£0.006 0.2610.001
2 24260.038 044420003 1.308£0.012 0.38710.002
$3 5.808+0.016 0.441+0.005 0.967£0.010 0.361£0.003
4 375720026 03360003 0.595£0.003 0.337£0.001
§5 0.710£0.040 0.2360.006 0.723£0.003 0.354£0.002
$6 6.595£0.030 0.653£0.009 0.3760.006 0.320£0.003
N 8.768£0.075 0.349£0.004 0.590£0.000 0.368£0.003
8 9.647£0.073 0.276£0.005 0.357+0.004 0.2620.002
89 0.614£0.085 041020004 0.583£0.008 0.380£0.008
S10 10478£0.039 0.660£0.032 1.078:£0.003 0.434£0.002
Si 54610078 04630003 0.488£.0.001 0.3160.003
S12 9.903£0.006 042820004 0.523£0.003 (.360£0.003
S13 10.048+0.003 0.244£0.002 0.334£0.003 0.290£0.001
Si4 8.865£0.051 0.297£0.002 1.288£0.013 047210012
815 10.076:£0.037 0.394£0.004 3.03910.024 0.504£0.001
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3.1 REEEHMRL

AR AT DI R L2l LA R KRR
B A bl R R 6 255 Box-Behnken i i/
T 30 0 B B 7] B BT ) B R AR AR
YR B L A5 2R SOk T A S & T AR
7 HIT B A S A B T 7 o

AR T 2 THEBE- K OHE-K .S
Jit5-0.1% W BRI . Z5-0.2% T IRIA K . Z5-0.2% Wi
VW5 PP sh AR R, 45 SRR, DL 25 -0.2% W R W
B AR, £t 0 B R AT RO RS . ek
FREEE R, 7E 360 nm KT, A (S0 5 B B AL AT,
PR R AN, oA o pkidm i |2 47, Bt HPLC 48 2 A]
T BT L 360 nom APASHIIIRE 4, ek a2 B feft RO K
Ik , 76 R A2 K0 2 (35 I P A I8 4 D)3 22 287
nmeg
32 BRPHRINLZERD D

AR F IR L T RS R R SR IE R A
KA R ARG O, 45 SR & B, 72 MS" 171 i T
AP RERNWALA Y5 B TE L, i I 5% 5 5 4, R R
FHMS® 178 R (5 B . AWFoT A% i 35
AW, A0 45 28 Fh ¥ R 28 1l 53 .5 IR S B 43 .2 Fp
A LRIy, F B2 A & We  /R SRR SR S 1) 2
BRI SY o KRR 1 R Ak B ) 2 B E S L
AR AL I PRS2 R ERY . AT
PR AT 4 BB R T AL R A RE A 50 T BB 1 4 o i 41
B, SR ZG R B 250 SR S 5 R s A ST Bt T K
e 2
3.3 BYEERLFEITEFNH

AT AR T 19 A4 06 A RUBE TEAN 25 5
7, 15 HERE S AU 2K F 0.9, FH S [ RS & 1
AU, R BT 3 Fa % . CA .PCA Fl1 OPLS-DA
GEIL IR, IS HERE R T 43R 2 28 44 Rl B £ 20k
BT 2R A REE R AT A 13 g 0 It
e T 10403 b 22 A ), A S TR A 2 =
K#EK,
34 BENEEFREESSENEERNN

194 A e v I HE DA 4 By (Rt R 26 L LAl
INZRZ K ER) , HrPfi i 2 BAA TR AT ALY
PEFM s 11 2% B PT38 d Jal 2 S A I Ok & FE AR I I )
YRS I 25 Z TR YT B4 s 15 4ea | ke /) R BURFBLG
K BA W3 P AP E AL TS s —
FIRTTAE ™, X S 5540 IRl 45 2 5 A 24 B G
WYIADE, AE I v 88 L3 4 R o7 R & il 2
M5 HR. LA, PCA 5 OPLS-DA 45 5th M G 26 B, 3X
AT R B IS H8 A A A B < X 4 ARl o R
F S 1) DTRG0 15 AR 25 S bR
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B, 2GR AR AT RE -5 (/K R R S A A DU A
IO E R O S 4 2R s, 15 AR ity vl 1
FolzZm AR ORER TR N 0.710~
10.478.,0.236~0.660,0.334~3.039.,0.261~0.504 mg/g,
ISR YA i 22 ] SRR RE g , fEL 5 H 2 S
R3] RS AR K

L5 LTI AT BT Al 2 o 4 T T AR AU

TR R R Ty ik (T AT ALY S A AT R
ST TR R S BRI 2R 5 R
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