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Simultaneous determination of 16 chemical components in Psoraleae Fructus
based on quantitative analysis of multi-component with single-marker
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Abstract: Objective The purpose of this study was to establish a QAMS analytical method for 16 compounds in Psoraleae Fructus,
and attempt to evaluate the quality difference among different batches of Psoralen Fructus by chemometrics. Methods All
experiments were performed on three different HPLC instruments. Isopsoralen was used as the internal reference substance to
determine the relative correction factors of the other 15 compounds. The robustness and durability of the measured relative correction
factors of the 15 compounds were evaluated on different chromatograph instruments and columns; And the measurement result
deviation was compared between QAMS method and the external standard method. Results Under the established chromatographic
conditions, the relative correction factors of 15 compounds in Psoraleae Fructus had high accuracy, good durability, and good
reproducibility under different experimental conditions. The results obtained from two analysis methods showed no significant
deviation. The results obtained by the new established QAMS analytical method showed that the consistency of compound types
among different batches of Psoraleae Fructus were better, but the content of different componounds was relatively different.
Conclusion The newly established QAMS analytical method for simultaneous determination of 16 compounds in Psoraleae Fructus
provides a more efficient method to evaluate the comprehensive quality of Psoraleae Fructus from different sources.
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WE R NS RMEYIANE B Psoralea corylifolia L.
TR e, BRaE, o, MR, H'E. W&, 1)
AElR T EIRH . PG JERIEYS; AT RGBT .
G T B . BRIRA. ERA . T
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(/AN 1 b7 Y S /1= W A AN 711 LN
FRITSE 2 G EAE ], BRI RIZ HTE R A
o SCHRARIE RIS, i R AEI AE FH i 77—
SE PRI AT EE I, PR i e e RE g
24553 77 SRR PR S FH 22 4 11 52 21 A ARk 22 1)
FER A, RV B R ARSI S E EALEIR  1 R
. BERAE A R SRS U Py e,
HEarAME R BT IR R SR A SRRk
SRR VAT IR R I A RO BT,
AR P, BT, AR RS A I
i) ik 2 R FH R SO 2 i kv i 2 A
AR R A, HERE 2R T 0.7%.
AR, TR AR AT & A 5 o3 B A R X
AR S, TR IE A 2 L4
RN IR R R ZE . B, d@r—M2 4501k
FRAER T ATTTERIF AN BE R PR 22 e AR
B, X HIERH 2 2t CE K.

ARSEEG SRS ANE T 16 MR I —
M 2 ¥F(quantitative determination analysis multi-com
ponent by a single-marker, QAMS) 7#r /i%, HF
VM A RN TR R Z R, e =
SO R ANE IR T R, DU 4
T A BT IR 0 i E AR — P 2 Tk
1 EEHH

Alliance €2695 HRGREAHEIEAL, SEE Waters
AF], WA B, G ARE R SIRIEE,
Empower 43 TAEu; XPE 26 B Jisr 2 —HTK
P, it Mettler Toledo A5 10~100 pL #ikie,
&% Eppendorf A#]; A, 50 kHz, LifgktS:
A CERH R AR Milli-Q 4K % R4, £E
Millipore A ]

A FERTIEZG8T (L5 121056-201605) HiHH [E

2 A e I AL e A . o R M R (IS
18010502, s % 98.15%). FAMEIRT (5
18010404, JfiE /%1 98.74%) 8-FRFEAMEIEER (it
516090904, JFETEL 98.46%). FMEHRER GitE
17110104, JRESTE 99.99%). FAMVEARZER (its

16062807, Jii S5 47 99.96%)+ 8-FHAEIEAME HE & (it
517111503, %0 99.98%) FkhE g S B
(IS 16081707, FiHsrEL 99.34%) B & E =5
fiil (45 17030301, AR 40 98.13%) FMEFARH &R
(it 16122801, g4 99.21%) FMEAET (it
517092503, JREEL 99.95%). #MEHEE (S
16042601, g% 98.12%). #MEFAEC R GitS
17030902, JFifE 3% 99.07%) M Mg S B H ik
(£S5 16070103, JiE4141 99.74%)+ corylifol A (3t
517031402, i85 %0 98.06%) 4-O-F Ik fa
H (k5 171013, i3 99.64%) #E gy (it
5170331 i/, 99.49%), HINT i i e
BB AT] . ik 85% IR/ HIEE.
O, 3EIE Fisher A HARFI A4,

1 #x (k5 BGZ01) #hE g R 5 i 5T 1%
AR R 205 9 HEUCHE R 29 KA T s 46
W25k, %58 BGZ02~BGZ10, ZMEmf
i 24 i A S I S 58 S B R AT AR 25 0 4 RN
& Psoralea corylifolia L. BJTJGRGARSL, K,
=50, &H.

2 HESHR
2.1 BEEH

Thermo Hypersil GOLD Cgf (250 mmX 4.6
mm, 5pm), F#A 32 C, HPEREN 15 min;
BIARR CIEF 0.1%0 M B /K IR A T 16
Vel FE RN 0~10.00 min, 13%ZfE; 10.01~35.00
min, 13%~35%Z.f; 35.01~45.00 min, 35%~70%
ZME; 45.01~55.00 min, 70%~85%Z.ffE; 55.01~
60.00 min, 85%ZJE; AR EA 1.0 mL/min; i
FEEN 10 uLs KGIPE K9 246 nm; BRI AL LA
SN RERIETHAET 3 000,

22 CREMBRSIBRIHIE

DAEE 1 2 ARV 7, RS SRR AN IR 45 16
AN FhiE A, BT 50 mL AR s, 26 0.5 mL
T RS, FH PSR RZIE, AL
5 min, FCH R S E N 4~80 pg/mL VR &% HE
MVET, KA 022 pm fFLEEREERE, RITE.

2.3 HIXSEARE

AEBRFR LS AN IE# K 0.26 g, B T 50 mL
e, RBEIMAFEE S0 mL, FREFE, K
WINFAEIA 60 min, HUH, BG4, WM, H
PR I A 9 )5 2, SR 0.22 pm FFLIE AR eI
B A E A Al i I W
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Table 1 Linearity, LOD and LOQ of 16 components by HPLC analysis

3%y fp/min AL WIE o BEEE/e BIR/(uemL™)  EER/(ugmL ™)
B G 12379 Y=3836.9X+62158  0.9992 0.040~0.600 2.0 4.0
NS R 13.883 Y=3791.9X+79322  0.9991 0.045~0.675 2.1 43
8-FR AT BER 25.098 Y=3814.3 X+995.2 0.999 3 0.008~0.120 0.4 0.8
FhEEE 34.116 Y=7841.7X+2607.2  0.9994 0.008~0.120 0.5 0.8
FAMEIEER 35399 Y=8070 X+1910.7 0.999 5 0.008~0.120 0.5 0.8
S-HARAE R 35941 Y=34355X+5438.6 0.9991 0.008~0.120 0.5 0.6
SEAME R A E R 43413 Y=1519.7X+2888.9  0.9993 0.008~0.120 0.4 0.6
HANE G S R 44306 Y=41183X+10096  0.9991 0.008~0.120 0.2 0.4
WEHEH R 45.023 Y=28706 X+4997.2  0.9994 0.008~0.120 0.2 0.4
hE T 45965 Y=2143.4X+46804  0.9993 0.007~0.105 0.2 0.4
B E 46295 Y=84578X+10317  0.9994 0.007~0.105 0.2 0.4
tHEECE 47.808 Y=2786.8X+27769  0.9993 0.004~0.060 0.4 0.8
B A B T 48.554 Y=2808.7X+32442  0.9992 0.004~0.060 0.2 0.4
corylifol A 48.877 Y=3050.3 X+11322  0.9994 0.016~0.240 0.4 0.8
4-0-HIAFIEEEE  50.668 Y=3348.7X+6573.9  0.9994 0.010~0.150 0.3 1.0
*hEr g M 53.987 Y=1022.5X—12914  0.9993 0.080~1.200 5.0 8.0

242 FEEERK BURSSTIEMER, 1% “2.17
TS AR SR 6 IR, BRIR 5.0 uL, ICF&Fr
MRS i s e A . TR AME R ESE 16 ML
R4St IR T AR ) RSD. 45 L5 R, RSD ¥/hT
3.16%, LA IIRG 2 E R I .

243 fEtEilie  BUE—HE (S BGZ08) bR
JEFESRIAR 0.26 g, HERAFRE, 1% LR 7 ik &t
REBBER, 25 TH%)E 0. 2. 4. 8. 24, 48h it
FEME , 1055 & ARl o 1) i g T A7, 75 RSD
fHe SRER, fFFNYIRAE 48 h NI
RSD /T 3.0%, RIIHEA S IETRIE 48 h WS E
PER 4.

244 HEMKE BEKER-—#X (S
BGZ08) #MHAEFEMMIAK 0.26 g, 4T 6 1y, %I
IR TTEPATH A 6 i R HEREIE, 2
R kI AR, THE SRS I EE N, 4
WA EE R I

245 NFEREIRERRLE MR T Ll S &2
(BGZ08) [MAME NEFE MBI AR 0.13 g, “FAT 6 17, #E
WaFRE, BT S0 mLARERY, 2l SR

A R R R O R ORI R A IR ORIy
BAREHIE RN, HARshE I SAhEEE .
WERRER. BAMERER. AV R AR B
BRI AVE IR R AMERE T AMEARE
AR SR e R = SR B F K corylifol A 4-O-
FH A R B #E R 20 501 9 1.8 1.5. 0.14
0.14. 0.01. 0.27. 0.16. 0.03. 0.30. 0.27. 0.46.
0.18. 0.01. 3.91 mg, %M FIRTTIEFATHIS 6 1
BER AT BRI E, ek IEmmA,
FALF A HIINEE R . S5 R BRANE T . &
ANE RS 14 MEE D IINEE RSP 51E
93.19%~104.17%, AHRH] RSD {EH/MT 5.0%,
W5 R T BT
2.5 NS BIEIERENM

R 7y € T U PR HE B 22 /2 72 7. QAMS (1)
HUPERIOCHEE, AN SO0 MR HEAH X £ B s ) Sk v Aff o or
Frlp sy e . DURAME IR R AN S, LA
HARER RS, HEARIHER 15 MRS
(1) FE G O B BRI, VR4 6T B 9 YR Ak VA T
(BGZ08) HPLC-UV K WLE 1, Z5F LK 2.
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LAMERETEF 2-FAMERRTF  3-8-FRARAMERE  4-4METHEER
9-FMERHIER  10-4MEFAE T 11-FMEAEE
i

S-RAMVEHEER  6-8-HEBEIMIRER
12-4E 2% 13N IR A B TPEE  14-corylifol A 15-4-0-FIEFMF IR HET  16-3M

T-FAME IR A 8B RN G R B

1-psoralenoside 2-isopsoralenoside 3-xanthotol 4-psoralen 5-isopsoralen 6-8-methoxypsoralen 7-isobavachin 8-neobavasoflavone

9- corylifolin 10-corylin 11-psoralidin 12-isobavachalcone 13-bavachinin A 14-corylifol A 15-4"-O-methylbroussochalcone 16-bakuchiol

1 RAWRRIAR (A) #BGZ08 #iX@iAK (B) AEE HPLC-UV &I%E
Fig.1 Typical HPLC-UV chromatograms of mixed substances solution (A) and sample BGZ08 solution (B)

R2 15 NEFENEERSETREREESR (X £s,n=6)

Table 2 Results of relative retention time of 15 chemical components ( X %5, n = 6)

Gl R A/min - AR B AT Galllo%n {RBF IR 8] /min AR BRI A

A AR 12.379 0.350 T 45.965 1.298
FEANE 13.883 0.392 i g 46.295 1.308
8-F AN e 2 25.098 0.709 WEIRCE 47.808 1.351
WERER 34.116 0.964 A R SR 48.554 1.372
8-S B e 3 35.941 1.015 corylifol A 48.877 1.381
FeAME R Z A B 43413 1.226 4'-O-F F 3B I A ELE 50.668 1.431
BN E IR e 44.306 1.252 A E NEE 53.987 1.525
WEIER R 45.023 1.272

2.6 MHEMRIERTF () #HE

s £ REPI — I 2y kB AR5/, B
FANETRRIEANSY, #HEAKX (D HHEEH
HoR 15 MEM R0 f, S5 R ILE 3.

I _ATG

oL (D
L==40c

S NASH) s SRR @ IR IER 5. 4,48
KNSR S TR, Co AR A SR R )
HEFEIREE, A AR IEAFI o3 % RS 7 (e AR
CiARRERF I o6 it @ I EREIRE . R4 A K
(D ATRESH A (2.

A
Ci:fSl.szxj @)

RIEAR (2), THHEHEARHRE S F AR (1
BERE R RIR L . 3Urh 4, Bl Al B @ g

R, G AR PRl sy @ EIREE, AN
BRSNS s PG, CoREEREH NS
s IR RIRIE

27 WIEEFRITAMER

2.7.0  AFEIEESCT £ T % R £
P, SEEGIEFRH A AIEEE T AR EIEETE 3 FiOR
[ R HPLC (i B £ 45 R EoR, AR
a5 LIS IER PR R, RERDN, RUTNE
() fHER PR S, TR RN 4.

2.7.2 ARG £ AT LR 1)
i P, SRS A 7[R — e AR AR B A 53031
T A FPASE SRS HPLC (o5t & 45 0 ik 7
() f eI . g5 50, BSR4
FAREBER, IR ZE BN, RUTIMAGE) £ i R,
SR NS,
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R3 ISPEHEMELERTH fMNEER (n=06)
Table 3 Results of relative correction factors for 15 chemical components (r = 6)
TEFEARR /UL JpDEMEN JiDE/EN JxoLieN JPENIEN Js-mop/iEN
2 2.64 2.46 0.77 1.00 0.76
4 2.66 2.44 0.78 1.00 0.77
6 2.64 2.49 0.80 0.99 0.78
10 2.66 2.44 0.78 0.99 0.77
12 2.66 2.45 0.79 0.99 0.78
14 2.74 2.48 0.79 0.99 0.78
FHME 2.67 2.46 0.79 0.99 0.77
RSD/% 1.36 0.83 1.02 0.34 1.11
RS/ Junien JNNEEN JBiniEN Jemnen Jomvien
2 4.64 1.63 345 0.91 2.11
4 4.67 1.68 3.37 0.89 2.07
6 4.72 1.66 3.39 0.88 2.04
10 4.67 1.64 3.36 0.89 2.05
12 4.83 1.65 3.39 0.89 2.05
14 4.76 1.65 3.40 0.89 2.03
FME 472 1.65 3.39 0.89 2.06
RSD/% 1.49 0.94 0.95 1.22 1.40
FEFE AL Snenen JBNAnEN Jeounen Ja-mEB/EN JBoLEN
2 3.39 4.23 2.20 3.63 3.84
4 3.40 4.16 2.18 3.51 3.79
6 3.40 4.07 2.11 3.56 3.81
10 341 4.14 2.12 3.57 3.82
12 3.39 4.13 2.10 3.62 3.80
14 3.38 4.13 2.12 3.59 3.81
FHME 3.39 4.14 2.14 3.58 3.81
RSD/% 0.29 1.27 1.91 1.22 0.51

PDE-#M& G 1

TOEH NNF-B#h i R 5

PDE-psoralenoside

neobavasoflavone

IDE-isopsoralenoside
BIN-bavachin

IDE-S#AMT IRTF  XOL-8-¥23L kM g &
BIN-#MH lEH % CIN-#h & fig 7
COL-corylifol A 4-MEB-4"-0-F3E4MT IR EH A BOL-#ME g8, %4 Fl 5 [H]
XOL-xanthotol

CIN-corylin

PEN-#MH iR 2

PEN-psoralen
PIN-psoralidin

O-methylbroussochalcone BOL-bakuchiol, same as tables 4 and 5

TEN-isopsoralen

INE-isobavachalcone

[EN-FAMEIEE 8-MOP-8- L AMT g &
PIN-thF B INE-#hH R ZE  BNA-#H f

8-MOP-8-methoxypsoralen
BNA-bavachinin A COL-corylifol A 4-MEB-4'-

TIN-S 0 i
S B

IIN-isobavachin ~ NNF-

*4 ETRIEIEBNEFEL ATHAMERER n=3)
Table 4 Robustness evaluation results of relative correction factors on different chromatographic instruments (n = 3)
RN JopEEN JipeaEn JxoLieN JrENiEN J8-mop/iEN
Waters 2695 2.67 2.46 0.79 0.99 0.77
Thermo Ultimate 3000 2.65 2.40 0.80 0.98 0.81
Aglient 1260 2.62 2.38 0.82 1.02 0.80
FHIE 2.64 2.42 0.80 1.00 0.80
RSD/% 0.96 1.69 1.98 2.29 2.46
R funien Jangnen faien Joennen forunen
Waters 2695 4.72 1.65 3.39 0.89 2.06
Thermo Ultimate 3000 4.74 1.66 3.30 0.90 2.01
Aglient 1260 4.75 1.62 3.33 0.88 1.99
FME 474 1.64 3.34 0.89 2.02
RSD/% 0.39 1.39 1.44 1.18 1.75
(SN SiNEIEN feNaEN feoLnen fo-MEBAEN fBoLAEN
Waters 2695 3.39 4.14 2.14 3.58 3.81
Thermo Ultimate 3000 342 4.16 2.11 3.60 3.78
Aglient 1260 341 4.15 2.09 3.56 3.79
FHIE 3.41 4.15 2.11 3.58 3.80
RSD/% 0.38 0.20 1.35 0.59 0.43
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x5 ETRRERELI AN ERER n=3)

Table S Robustness evaluation results of relative correction factors on different chromatographic columns (n =3)

AL JPDEAEN JiDEAEN JxoLiEN JrENIEN Js-mop/EN
sepax Technologies sepax GP-C 3 2.68 2.46 0.81 1.07 0.81
SunFire Cyg 2.69 2.34 0.82 1.02 0.79
Aglient ZORBAX Eclipse plus C;g 2.66 2.50 0.78 1.01 0.80
Capcell pak G II 2.69 2.40 0.80 1.02 0.83
Thermo SCIENTIFIC Cig 2.67 2.46 0.79 0.99 0.77
A 2.68 243 0.80 1.02 0.80
RSD/% 0.55 2.48 1.90 2.67 2.59
[EENET e Junien JNNE/AEN SBINEN Jomvien JeiniEN
sepax Technologies sepax GP-C g 4.78 1.67 3.43 0.93 1.97
SunFire Cg 4.78 1.62 3.36 0.93 1.93
Aglient ZORBAX Eclipse plus C;g 4.60 1.60 3.22 0.90 1.95
Capcell pak G II 4.69 1.61 3.29 0.93 1.93
Thermo SCIENTIFIC Cig 4.72 1.65 3.39 0.89 2.06
FEME 4.71 1.63 3.34 0.92 1.97
RSD/% 1.54 1.76 2.58 2.1 2.81
R JiNEEN JBNAZEN Jeounen JamesEN JBOLIEN
sepax Technologies sepax GP-C; 3.42 4.20 2.10 3.58 3.84
SunFire Cg 3.41 4.09 2.13 3.57 3.96
Aglient ZORBAX Eclipse plus C;g 3.36 3.92 2.10 3.56 3.78
Capcell pak G 1T 3.34 4.06 2.03 3.67 3.78
Thermo SCIENTIFIC C 3.39 4.14 2.14 3.58 3.81
FEME 3.38 4.08 2.10 3.59 3.83
RSD/% 1.00 2.64 2.05 1.29 1.92

2.8 QAMS ESIMREMELERILER

B 10 HEAME FR 25085 K 0.26 g, 4 LR J5 1%
AU, BRI E . RANE PR RAE A AR
FKHAMRMENE, BGZ01~10 1, FAME AE KI5
B H 5N 0.89%- 0.28%- 0.73%- 0.27%- 0.34%-
0.16%- 0.19%-+ 0.15%. 0.13%-. 0.15%. HAth 15
AMMEE 530 QAMS VEFAMRIE T H AR AR
S, R E RS R ZE R, CLEGE
AT B IER 7 B HERf 1 . 25 R EoR, RIE QAMS
VAR A M R oy B TE R S A bRk S B R 4
I, MXTRZE<5%. ERIEG6.
29 WEHEZSR

KA 10 #LRAME IEZM 1 HPLC 3K,
SN EIE R SUEE AL VEN R (K2 T
2%, 2012 JRAS), DAHRE 6 24 s A e BT 7 e g it
(RN R R 250 1 (i B e 2 RS I, THE S
URE BRI, W 2. 48R ER, $HitE5 21
AL, REREARINILT 14 NI (Aaklg; 10 ik

UCRNE R 2964 F0 28 52 5 o [ 24 A e E
Bt b o P 15 LU LA B PRTARALLEE 23 70 0.992. 0.983
0.913. 0.995. 0.999. 0.944. 0.965. 0.963. 0.990.
0.961, #27~ 10 fLICHME ARTE 246 nm PSR KLY
12 B N 2 S N
TREUERE AHLEE VAN 45 SR R I, £ 246 nm
BT A2 B FRAE I 22 S 3N, (RS A %
O3 PR ZE ST, ARSI PR R RAE . LAIAS
) 10 FLRHNE R 25 M AR K P 14 MEB &
BAERNVEFERR, R Heml-1.0 AFHEAT BRI R
ot (Bl 3D, REGHTE R ER 10 itk PR E
JE 2504 i i 22 57 2 BARILAE A [F) AL 2 1 o) 1 5 1
b R RAME IR . RAME IR ZEUEEE . AhE R
LEAFNE R S EE R E. BRI R
10 HERAME IEREX r FEAE, XEERH
T 10 HEKAME IR i B 22 RO ET R 80
EAREE N, FES BGZO1 AN, 5HAbMK
XrdER AR . Guit b e AR 9 Rk g A
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F 6 QAMS ESIMRELERLE (n=3)

Table 6 Accuracy comparison between QAMS method and external standard method (n = 3)

e AME /% TN HEE /% 8- EAME E /% WE R % 8-H AN IR R /%
QAMS  HMrik QAMS  JhMEiE QAMS  AhRiE QAMS AR QAMS  AMRiE
BGZ01 1.74 1.73 1.56 1.55 ND ND 0.88 0.88 ND ND
BGZ02  2.12 2.11 1.70 1.69 ND ND 0.33 0.33 ND ND
BGZ03  0.85 0.85 0.70 0.70 ND ND 0.78 0.78 ND ND
BGZ04  1.92 1.91 1.40 1.39 ND ND 0.36 0.36 ND ND
BGZ05  2.06 2.06 1.64 1.63 ND ND 0.40 0.40 ND ND
BGZ06  2.52 2.51 227 225 ND ND 0.19 0.19 ND ND
BGZ07 235 2.34 1.82 1.80 ND ND 0.23 0.23 ND ND
BGZ08  2.80 2.79 2.32 2.30 ND ND 0.21 0.21 ND ND
BGZ09 197 1.96 1.55 1.54 ND ND 0.17 0.17 ND ND
BGZ10  2.60 2.59 2.16 2.15 ND ND 0.21 0.21 ND ND
e TR A% HENE R R % AR R/ % AETET % AT E Y%
QAMS  HMrvk QAMS  JhMEiE QAMS  AhRiE QAMS AR QAMS  AMFRiE
BGZ01  0.84 0.83 0.80 0.80 0.94 0.93 0.80 0.80 0.80 0.79
BGZ02  0.04 0.04 0.32 0.32 0.23 0.23 0.05 0.05 0.44 0.44
BGZ03 0.0l 0.01 0.28 0.28 0.18 0.18 0.09 0.09 0.39 0.39
BGZ04  0.04 0.04 0.38 0.38 0.24 0.24 0.07 0.07 0.52 0.52
BGZ05  0.06 0.06 0.33 0.33 0.24 0.23 0.06 0.06 0.46 0.46
BGZ06  0.02 0.02 0.36 0.36 0.25 0.25 0.05 0.05 0.42 0.42
BGZ07  0.02 0.02 0.36 0.36 0.21 0.20 0.05 0.05 0.44 0.44
BGZ08  0.02 0.02 0.42 0.42 0.25 0.24 0.05 0.05 0.46 0.46
BGZ09  0.09 0.09 0.43 0.43 0.37 0.36 0.05 0.05 0.46 0.45
BGZ10  0.02 0.02 0.45 0.44 0.23 0.23 0.05 0.05 0.41 0.41
K WEHRZE/%  AVEHE S P B %  corylifol A/%  4-O0-HIEAME S 25 FLE/% AT %
QAMS  HMrik QAMS HhFRE S QAMS  AhRiE QAMS AbRIZE QAMS  AhtriZk
BGZ01  0.75 0.75 0.88 0.88 0.96 0.95 0.82 0.82 3.35 3.36
BGZ02  0.33 0.33 0.49 0.49 0.27 0.27 0.00 0.00 5.43 5.44
BGZ03  0.22 0.22 0.59 0.59 0.24 0.24 0.02 0.02 5.49 5.50
BGZ04  0.41 0.41 0.67 0.67 0.34 0.33 0.02 0.02 5.70 5.71
BGZ05  0.34 0.34 0.73 0.73 0.33 0.32 0.02 0.02 6.01 6.02
BGZ06  0.33 0.33 0.52 0.52 0.27 0.27 0.03 0.03 5.44 5.45
BGZ07  0.34 0.34 0.57 0.57 0.25 0.25 0.02 0.02 5.19 5.20
BGZ08  0.40 0.41 0.70 0.70 0.27 0.27 0.02 0.02 6.01 6.02
BGZ09  0.59 0.60 0.80 0.80 0.33 0.33 0.04 0.04 6.92 6.93
BGZ10  0.42 0.42 0.69 0.69 0.30 0.29 0.03 0.03 6.25 6.26
ND-AK tH

ND-represents not detected
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Fig.3 Heat map and hierarchical clustering analysis of 14 chemical components in 10 batches of samples
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