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&, FiE KRR GRORAEEIHAT-RATI R SRS ELE T O RAFRZ P F ke, KA S z0RA &% (HPLC) %
I I5ME RIS R T (%5 S1~S15) 8935 A, 5F & A SPSS 26.0 5 SIMCA 14wuﬂmﬁm#ﬁ'%%\#&-ﬁ];ﬁmmw&

FOLER LEEF REENSE, GR ORANRETELET R BANEY, 0I5 28 F HEAE RS SFERERS 2FA
HUBR K R 43 - HPLC 35 S B 3% P 6 A7 19 AN A0 A B MR & L &8 WL &2 F P K8 F; 15445 09 HPLC 48 & B 3% 5 2
RISH A EMAAEIR T 0.9, RESMERE T, I5MFRREH2E L PSI~S5.87.S9h—% LAHRh—%, 5 Emsy
AT RARNR ; B AR R D = RE-AIA AR EF,2.6. 1. 11 #) .3.14.8.10 19( R FH) 5 5% R FF B BHEH
XF 1. #kE bEH LEE KFENAE 5 40.710~10.478.0.236~0.660.0.334~3.039.0.261~0.504 mg/g. L&t Fri
R R Tk AR B A S Tk BAR TAT  E AT, &ALt B2 oM TR T 6 R R SRS 49F 0,
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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
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BRI 05 AR FL 25 200 o Sl v AN B 1 L H R
TEIRARH A E B IR 50 . Fiim Bk AR X
24 W BB B Ry AR CUA T LSRR I B s A L (H
IR T 53] K53 KAy KA i) 7 vRS, ok A A
AR

R 1 SRR L 1 DU AR A~ T ] AR BB S % (UPLC-
QTOF-MS®) RS P 42 1 Hb 43 B 245 44 Hh (1) A B 43,
A2 03 B vl Ji e 52 2 Bm A T e e A b 2
GYHT R I 3 R AR AR A ) 25 S o
F I, B 58 % F UPLC-QTOF-MS" 2 % 5 0 R 4 1
SERARAE B AT, R FH S ROROR € 3% (HPLC ) v g 7 o A4g
SUAITE kA ST 2 43 BT D U 18 S e 12 R S o i
22 S bm i, I 22 S dn B i, DU O 58
AL R S0 BT 5 AR R -
1 w8y
L1 FEMNF

AT T B B ALFE Acquity™ Y = S50
0,33k 2 45 53 B Waters Xevo-G2-XS-QTOF % i i AY ( 2%
Waters /A 1] ) , LC-20AD %! HPLC X ( H 4% Shimadzu 2
H]) ,MS105DU #7573 2 — 43 BT KF- (52 [E Mettler Toledo
57 ) , Exceed-Cd-16A 7Y 3 [ #8 2440 7K A (R B 3 EC 3 T
R R JRABRA ), KQ-5200DE HU 5 75 i v vk #s (B 1L
TS FRAF]D .
1.2 ZAm5iRH

Wit R AR R CEM T M KA A
Mi 2 W Mg R Al Bz O R (A5 4 00 Dy B20527
B21132.YY90439,YY90084 . B21194 . B20372 ,B21458 ,
B21596, 4fi i H4 K T 989% ) B0 [ b i I A= M R4
AR REE LA B (6543510 28 MUST-
18110810 ,MUST-16032801 , 4fi i ) AN K T 98% ) 1 [
SR IR A VI RHEA R A A 2 T (28 1 -3-25 7%
B IR 5 (L5235 RP-210601 .RP-210607 , 40 i 1)
KT 98% ) ¥ I AR AZ Tl A= B A RN W) 5 B
R | B R IR IR | 35 R X IR (LS 43 1 o WP-
23072112, WP-23070501 , WP-23090608, 4fi Ji ] A i T
989% ) ¥4 F DU 48 4t v 75 A= IR A IR 7l 5 s 2 -
i ME K (415 W23051705, 4 i =98% ) Il [ 3 [H Waters
oL OGRS, B NG il Ak
Y1k st

15 ALK R SE254E, b 11 4t (45 S1~S11)
RAE TR AL % 5 F A NI B B g A (G
S1~S6 R4 H Ik 2023-09-12, 45 ST~S11 %4 H 1
h2023-09-13) , 44t (4i 5 S12~S15) R T Hrimft AL
5% v H AN L R BB R T AR CRAE H 1R 2023-09-
14) , B L RARIG B 50 [ IR M B 5 24 SR 56 T RO 34T
IS RE R R. songorica G. )T,
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2 FiEEHER
2.1 BRPHBRIHMFNEZENZERSHWH
2.1.1  BER SIS

BURE SRR A, 29 1 g (i 80 H i), RS B #K & , I
B 50 mL, T~ 50 °CH (T3 100 W, Jii 4 40 kHz, R [A])
PEHL 25 min, YA, T EEAR R 0 1) BT . R
0.5 mL, ¥ T 10 mL 25 &, i A B2 25, 48 0.22
pm G FLUEENE L, ISR UE T, BT
2.1.2 P R TR A%

UM R 22 L AS 3R S R B KA L R
R MR MR KER LA T LA
F3-3- 25 AT BTk IAR Bk R 35 H T IR A 4524
1 mg, K5 BHRE, 20 9B T 10 mL 280, i i s i
HEF 2 0.22 pum PFLIEBEIE T , IR U8, BA5S 138
£ BG4y R e 4y 91 oA 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 [ 2— X FE SIA W
2.1.3 ik

X ACQUITY UPLC BEH Cis (100 mmX2.1 mm,
1.7 wm) A EG%EH:, 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 A 2 pL,

2.1.4 Ui

SR FH HL 25 25 —F YR LA MS® 6 B8 A Qb A T4 4,
T BN BT HE (m/z) 50~1 200 ; B4 HLE K 2.5
KV s HEFL LR Ry 40 V5 HEFLA A 50 L/h; A F /<
it R 900 L/hs 85 F IR EE Ry 120 °C 5 B 7 O
450 °C 5 fIK A 3 18 Hh Rl FELUFE R 6 V5 ) RE I T8 Hh Rl R
JEH20~40V,

2.1.5  Fdlnabi

S i Masslynx V4.2 Jit i 43 #F T 4 35 K Waters
UNIFI V1.8 #fF A7 550 Ab B8, DL 22 % - i M K (100
ng/L) 1 & Lock Spray 3% A 8 1E #5 #E W , Lock Mass &
554.262 0, i & I 5 PS4y F IR 22 /N T +5
ppm. FEEHE T A UNIFLAR M, 375 45+ B8 F I Ak
1535 AN R TR AR G [ Ao 545 % R 1 £
B s ) LA e 22 R K SRR AZEA T 43 #T
2.1.6  ALREIFRR S 2GR T A A T S

HL“2.1.1 750 F AR A, $62.1.37 2.1 47 T R 4%
PEHERE AT , SRS G B A5 S R Y 52 o R (&
D)o 53R WA S b e S 1 35 F ik 59,
AL F5 28 FhEE B 5y 5 FlE RIS 43 2 P AL I
gy LR 1,
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t/min

L 1 i i 74 Mk A I M A i kb M )

32

1 #HiSBAREMSHEFERXTHEEFRE

BB G W TE R

HE LK Rk OR

CO.CO. .CHO FH 4+ E£ . FEf

T 55 IR )

ST e AR R AL SRR R | L dQH‘
- 47 157 (RDA) 240 1 1% - “

TR Y

S LR B AR ) 5 2R W 3 i ™ A S e 5 1,
I 08 TR — 20 24, DI e s R %
SHZA A YRR B o LA 10 i), £ B8 B[] Oy
3.78 min, Z b & W) — % % b B TR T 6 miz
593.153 1[M—H] ", #EWr 58 CoHuOs, 3 1T F K
1 43 2 B RN 1 53 B2 W5 A iU - m/z 285.054 7
[M—Glc—Rha—H] ", &K 1 0 F CH.O, 13 81 - m/z
255.032 6[M—Glc—Rha—CH.O—H] , H £ % 1 > T
co, 1% B % F m/z 227.038 6[M—Glc—Rha—C.H.0,—

o & 'ﬁﬁ,mnniﬁk[6]tm‘ W 2 Ak A W R Ll A
@ﬁ 3-ZEAHET , AT e R T UL 2 (S T AR SO RR
K ALV ERSEAL G0 ) Ji s B i S ) o

oH
Ho. o O oH
-H oy -H
CHO | Ho o col* O o
-CHOQ -
o o
oH
H  OH OH 9
i o ©
m/z 593.153 1 miz 285.054 7 miz 255.032 6 m/z 227.038 6

B2 LEE-3-2EHEE A BRI BUE REME

x1 BRAFRIPUEZRIPITER

5 {REBBH ] /min =1 Vg miz B miz S HHEF
| 107 R Ci0y 353.0873 353.0887 191.0613,179.060 3,173,047 4
2 131 FskIFR: CH0y 3530873 353.0887 191.0608,179.061 3,135,049 7
3 218 qltiE: CsH05 319.0454 319,459 301014 1,193.0193
4 245 BT CoHiyOs6 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 L CoH0; 463.0877 463.0868 300,038 8,271.0297,255.034 2
7 287 HHE CoHaO 410978 4310984 3408154,311.021 4
8 345 Sk CuHy01 463.0877 4630855 301.8814,149.005 1
9 352 oy CyHy0y 470927 470914 285.0544,151.004 1
10 378 WIAE-3- =T CoHy0ss 593.1506 593.153 1 285.0547,255.032.6,227.038 6
1l 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 CsHi0s 2850399 2850409 255.034 5,243,036 0
17 717 RBRZ-T- AR CoHi0y 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 KEES- kT CoHy0y 410978 41,0969 269.0514,120971 4
2 98 ZH C,sH0; 287.055 6 287.0556 151008 4,135.047 4
2 997 ARHZ CHi0s 2850399 2850395 151005 1,133.031 6
n 1027 KEZ3Hi CH05 283.060 6 283.061 1 1371224
3 1054 “EREE CH0s 3170661 317,066 8 15,0055
I 1067 FEHE6-RAHH CoHy0s5 593.1506 593.1517 315.0597,300.1124
25 1071 W& 3-0-t CoHy0y¢ 609.145 6 609.146 4 M7.1152,161.021 5
2% 1121 RSO RE i C,Hi0, 4610720 4610734 2840321
7 1132 [N T C,sHi0s 269.0450 269.046 0 2410241
pi] 1135 ATh-1- R CuHy0, 41097 47932 284,043 1,227,035 9
2 1139 RRERS- 0 CoHn0, 4771033 4771025 315.0412,300.121 4
30 12.3 i3I Cul0ss 4790826 4790815 315.0265,271.0020
31 1265 KEZRE-8-0-8-D-F A CoHyi0s0 444.1056 44,1042 379.8462,282.0542
k) 1279 ELES C,sHi0s 253,050 1 253.0512 1428254
3 1388 il ES CHin0s 2710606 2710603 151.0059,119.0509
34 1735 IAE-7-0-RAER CuHy0y 410978 410087 285.1597,227.125 4
35 2421 I CH0; 299,055 6 299.0547 284.0377,151.005 9
a: AL AP E RS AR IE
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2.2 BRI RLHAH HPLC IS BRI
2.2.1  HHRS IR AT &

BURE AR R, 291 g(id 80 HIf) , K& FRE , BT
100 mL A=, A 90% I 50 mL, F- 50 °CHE R 2
B 25 min, 24, LL90% W BEAM L IR Y BT i . 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  TRAXT IR SRR A%

UM e 2% L AR B R ER L AR RO IR I A
BEFRAE , A 90% BV fif I 52 25, il B b 3R 45 L 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 X250 mm, 5 wm) A {4
TERE, LLZE (A)-0.2% H RV (B) R it s AH A 74 B
VEWL , VR 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 128 360 nm A3 R 30 °C 5 i
oA 10 pl,

224 KimREHEE

HR“2.2.17 0 N A S AR (G5 S id i, 4462.2.37
TR € % 25 A LR RE I 22 6 YR, LA 11 S (M2 )
2 MR | 15 31 45 S AT 0 A G O B4 B [B) Y RSD #1/0hF
0.11%(n=6) , FHXJ I AL RSD #4178 F 3.05% (n=6) ,
T BN R RS
225 WEEMELE

HURE S (45 S1) I o, JL 6 40y, #5“2.2. 1710 F ik
il £ A S IR TR, T 2.2.37 IR {3 S5 F HERE I E
DL 115 (kB2 32 S 2 MG 15 38) 45 AT W AR G (7 B Bsf
6] it RSD #1/NF 0.64% (n=6 ) , KX 1 AH 1Y RSD 34/
T3.47%(n=6) , KL HEER L.

226 fawtELR

H2.2.17 30 N A A (S5 SIS &L, 4000 T
TR R 0.2.4.6,12.24 hi}, #2.2.3" 50 (43 4 {4
HEREIIAE , DL 11508 (Mt B2 R ) S 2 R 75 31 4% oA
AR B B[R] A RSD 2978 T 0.18% (n=6 ) , A XTI AT R
1) RSD BI/NT3.43% (n=6) , FRWIFE AL 7E = I T il 24
h NFEME R AT
2.2.7 FROUEIERET

B 15 HERE S (G5 S1~S15) By A, #5“2.2.1 "5 F )7
Pl £ B S IR, 2 €2.2.37 TR (53 A% 1 AR
FE L CREEIEE A2 S SR AL PR R
(2012 40 ), LA STHES 2 B8 B[R] 0 %5 4 0.1 min,
SR A B R4 T Mark WE DT, A8 1l 15 LRSS A9 B i
TR EE S IR S I (R) o 4553 (8] 3) s B fh

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

b T 1940 A, 52 5 1R A 00 B A (1 4) £
FRINFI] AR P8 SR AP RSO GE [BT HoF , H8 A T 44t
FUE, 43R A 2 (11 5) (L ASE; (15-506) (ILZS %
(1750¢) KEZE(19505),

680 —

50 60 70 80 90 100 110
t/min

E3 15#tE RSN HPLC 8 B it fnxt BB s 4 E it

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

L1 2515 AR s 17 IS 26519 K&K,
B4 RBEXBEMAIHPLC

2.2.8  AHUEE BT

SR b 24 00335 4 801 S A LS PE A R 42 (2012
J50) ), LAXT BEFE S &3 (R) 218, PFA 15 #EAE i HPLC
IS AL o 255 o5, 16 HERE S 55 %) B dE S0 & 1
AHRLEE 24 0.901~0.991, 3R W 15 #bAE i 19 o7 i — Bk
[S5/To8
2.3 15MAMMULFEITEZHH
2.3.1 BB Mr

%1 SPSS 26.0 B4 15 A% i v il 19 4> gy i
W T AR T SR 2937 (cluster analysis, CA) . 45592 (& 5)
IR, S RRICHE 25k 20 B, 15 HbRE S By 225, Horp
S1~S5.S7.S9 R —2 , HAR ke il o —28 , R IAEL/R A RE
B MOl N S7S DOBEN g Naaa ol R0 18

P Or R ERRE S
0 5 10 15 20 25

S2
S4 J
S5
S1

o) I

S7

E§ S13 —]
# S14
S12 —I—
S10
S8
S6
Si1 ‘l

S15

E5 15#tiEmEI CABIIRE
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2.3.2  FHHT

DA 15 A il v 8 19 A A g e i FRCR AR L SR
SPSS 26.0 % 4 i# 47 3 B 43 43 A1 (principal component
analysis, PCA) . &5 o, L1558 44> F oy, Bitor
Z TR E N 88.208% , W iX 44 E ML & T 1944t
16 88.208% 7 B, , BRI Hb S WL 5 (1) T ZERRAE
HAMREFENED, FI-ENMFEEERAT2.6.11
(Mt ) 1508 55 2 A UM B R Bk A F4.16,
17(LAER) 1819 T (KB R ) ;5 3 EM A E B E
R AT 5,10, 15 50 (LA H) ;55 4 D F i E B E
FUORA T 750, DL1S AU Y 19 A I T AR
A5 i, B SIMCA 14.1 Frb2 il s 1, 258 (K 6)
7, S1~S5.S7.89 fii T- PCA 1543 &l 1) =4 , S6.. S8,
S10~S154; T PCATR5 BB A, 5 CA 25 R AH[w] .

6 —— | ®S15-
4
2 oS53 s14  S12
0 2% 70 ° o

= S48 o 1'70S33@s13
21X ess5 039560 y,
N Y )
—6 |
—8

1]
El6 15#tEFmi PCA B = E

2.3.3  IEA e/ N 3Rk A5 5 br

DL LS AR il P A8 19 >y g e i U 78 4, >R ]
SIMCA 14.1 B A4 HE AT 1 52 i F /1> = 3Fe v - 4 531l 7 By
(orthogonal partial least squares discrimination analysis,
OPLS-DA) . Z5% (K 7) il , OPLS-DA A v i) fir £7
B SBITE 95% EAF X, 15 HEAE S RIS R AT, 5 CA
FIPCA 455 —F, LIAR it § 2452 (variable impor-
tance in projection, VIP){E > 1 JJphr i , 57 28 5 Wi i & 19
SR EY, AR (K 8) R, 2.6, 1 11(HHE ) .3,
148,10, 19(CK# %) .5 FUEH) VIPEH R T 1.

|
) eS15 -
eS2
e S11:56
; 0 5505535457 St0®es14 951>
5 s1e8
5 = S9 S88s13
—4
—6

-8 —6 —4 —2 0 2 4 6
1.003 99 % #[1]

E7 15#t#F &R OPLS-DA B = E
24 BRPHRIHHMFI4FISARSHEENE
2.4.1 is&
LA Agilent-5 TC-Cis(4.6 mm X 250 mm, 5 um) A {f
TR, DL (A)-0.2% H TRV T (B) by it S AH A 5466
YE B (0~52 min, 16%A—23%A ; 52~75 min, 23%A—

T2 2024 4F55 35 45 14

VIP{H

2 6 1 11 3 14 8 10 19 5 13 9 7 12 16 17 18 15 4
(357

E8 15#tEERI9NHEFIEL VIPE

26%A; 75~94 min, 26%A—80%A , Iz - 34 & 360 nm,
94~105 min, 80%A—100%A ; 105~110 min, 100%A—
16%A., W% 3% 24 287 nm) ; i # 4 1 mL/min; #: & H
30 °C; HEFEE A 10 pLs

242 WIRMIH &

(DIRA XIS AR . BUR S 2 L ZSE LA &R
KB Z0T BR A i RGP L A 909% HI S 25, il 1
R A A3 BT A VR B 43 53] R 640.0.,40.00,40.00, 20.00
pg/mL AR A5 % BR Al i

()P . A Il 2.2.17 0

(32 VT . L 90% HIEE R a8 IR
2.4.3  RGiE AR

HR“2.4.27 0T IR A0 BRI R VA T
W, H 2.4 TR Ak AR UE AR I R L e SR E .
SEOL (B4 819, 25 P TR I ) S 7 At Sl v v 4
A B O I A B, 55 TR A BE T TP 4% 1l o0 (6 1 i
PR B8 ) ] —Z, BIS R ECS K T 15 000, 4 2 X 13 7E
0.95~1.05 B HIN , 25 FIES IO & e T4 .

#/min
L1 MRz 22515 INAS ;17 1A 3519 KK,
B9 #idmial (%S SHRHPLC

244 BYEXRRFE

H2.4.2(1) " 100 R IR A5 B8 SR TR, F 90% H A%
LB B, il B 2R A1) o R R AR A X B R,
“2A17I T EGE AR E SR A . AR
BT R FE (X0 S A bR (WA TRIRR (Y) AR AR il A
HEMZ . g2,

xR2 WEESFIMESHEEAFEMEEXER

TElln W KT (pgmL) r

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

Bre2.4.2(2) 730 F S W (95 S1) il i, 4%
“2.4.17 TR A T LRI E 6 IR, 0 SR TR .
RN MR R A AR R E RGN
RSD 4351124 0.68% .1.00% . 1.45% .0.94% (n="6) , 3B 7
G R AT
2.4.6 BRI

IURE i (G5 S ad i, L6 0y, #4c42.4.2(2) "B R 7
P 5 B A R T, P 2.4 17 I (83 A5 1 AR
L IC I FOR s e ph e T AR . 45
NG MR LA AR R R BER H I RSD 414N
0.44% . 1.52% . 1.32% . 1.69% (n="6) , ¢ W )5 ¥=: & & 1k
R4f.
2.4.7 FoE ks

H2.4.2(2) 730N AR W (G5 S A, 53]
TEBEFHEO0.2.4.6,12.24 hil, #°2.4.17" 11 F (43
ZRAFUEREIN S e T A, 25 R BN M R I EE
Py 22 K E R I ALY RSD 43471 4 0.87% .0.59%
1.03%.1.09% (n="6) , FHFE M AE = IR T ACE 24 h R
FEPE RS
2.4.8  JINFE TSRS

HURE 5 (45 S1) , 2205 0.5 g, L9 1y  AG R E , 4
SN Rz 2 L AS W L I AS 3R BT 200 Il i, #
“2.4.2(2)7IF 5 kil g R S S, B 2,417 TR
BRI E 0 S TR I RN ARE %, 45
ESTVINR Y W NITES SN SRS C)) I
W43 5 K 99.84% . 99.27% . 98.81% . 100.81% (n=9) ,
RSD 43514 1.71% . 1.15% . 1.40% . 1.64%(n=9) ,
2.4.9 FES TR

HU IS HERE S, 4422.4.2(2) "R 5 2 45 A i s
W, 2,417 TN A SRR A SR I TR AR T
FebrAE M ST PR O . R ATINE 3K,
ERILFE 3,
x3 LHERPHMEZZEIMASHNESENEER

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

45 L& IES A% KK

S1 4.9600.063 045120004 (.405 £0.006 0.261£0.001
2 2426£0.038 044410003 1.308£0.012 0.387£0.002
$3 5.808+0.016 0.441£0.005 0.967£0.010 0.361£0.003
4 375720026 033620003 0.595£0.003 0.337£0.001
$5 0.7100.040 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 (.262£0.002
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 043410002
Si1 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 04721£0.012
815 10.076:£0.037 0.394£0.004 3.03910.024 0.504£0.001
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3.1 REEEHMRL

AR B AT DI R LAl LA R KRR
B A bl R R 6 255 Box-Behnken I i
T 3 0 B B 7 BB ) | B R AR R
YR B L A5 2R SOk T A S & T AR
78 H T 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 2 -0.2% W R W
K BRI, £t 0 B R AT RO RS . ek
FREEE R R, FE 360 nm KT, A (i 5 B B AL AT
PR EE R AN, oA o pkidm i |2 47, Pt HPLC 48 2 A]
T BT L 360 nom PS4, P ek a2 Fsf el RO K
Ik , 70 R A2 K0 2 (35 I P AG ) I8 4 V)36 22 287
nm,
32 BRPHRIMLZERD D

AR I L T RS RR R SR IE B A
KA R ARG DL, 45 R & B, 75 MS" 171 i T
KT RERNWALA Y5 B TE L i 0 5% 5 5 4, R R
FHMS® 17 8 R (5 B . AP A% i 35
LAY, A04E 28 Fh i R 28 1l 53 .5 I EER S B 43 .2 Fp
HHLERIE RSy, F B2 & e /R SRR SR S ) 2
B SY o KR4 1 R Ak B ) 2 B E S L
AR Al I PRS2 R ERY . AT I
PR AT 4 BB R T AL R A RE A S T BB 1 4 o i 41
B, SRR B 250 S SR 5 s A S At T K
e 2
3.3 BYEERAFEITEFNW

AW bR T 19 A4 06 A RLUBE TEAN 25 1
7, 15 HURE S AU 2K F 0.9, FH S [ UCRE 1
AU, AR BT K F2 % . CA . PCA Fl1 OPLS-DA
ZEIL R IS HERER T 43R 2 28 44 R B £ 20k
AT 2 Al R R A E A 13 I i L
et T 10T i 22 AR A S TR O 2 =
K#EK,
34 BENEEFREESSENELERST

194N A e I HE DA 4 Fh ooy OBt Rz 26 L LAl
INZRE K ER) , P i 2 BA PR AT ALY
PEFM s 11 2% B PT 38 d Jal 2 S A I Ok & FE R I
YRS I 25 R TR YT B4 s 15 Jen | ke /) R RRURFBLG
K BA W PR AP AL s A —
FIRTTAER™ s X S 5540 IR 45 5 5 A 24 B 6
YIS, A FT v 88 L3k 4 R o7 R & il 2
M5 HR. LA, PCA 5 OPLS-DA 45 5th M TG 2 B, 3X
4TSI Ry B IS 8 A A A B < X 4 R o R
FE 1) DTRG0 15 AR 25 S bR
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B, H 2GR AR AT RE -5 6 /R R R S AU A
IO E A O S 4 2R s, 15 FHURE iy v Al 1
Folzm AR ORER TR N 0.710~
10.478.,0.236~0.660,0.334~3.039.,0.261~0.504 mg/g,
FEMIAN TR it 22 ] SRR RE g , fEL 5 2 S
R3] S AR K

L5 LTI AR ST BT Al 2 o 4 T T R AU

TR R R T ik e (T AT ALY S A AT R
o TR R SR (2R 5 R

SE 3k
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