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Abstract: Objective To establish a HPLC characteristic chromatogram detection method, the physical parameters and chemical
composition were combined for correlation analysis to study the mass transfer law of the extraction, alcohol precipitation and
concentration process of Xiaoer Xiaoji Zhike Oral Liquid (/)NJLiHFIERZ DRI, XXZOL), so as to provide help for the quality

control of XXZOL in the production process. Methods The characteristic chromatograms of extract, alcohol precipitate solution and
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concentrated liquid in the preparation process of 15 batches of XXZOL were established, and the physical parameters (pH value,
conductivity, relative density) of 15 batches of extract, alcohol precipitate solution and concentrated liquid were determined. The
correlation analysis was carried out by combining the content of chemical components, and the mass transfer law between extract,
alcohol precipitate solution and concentrated liquid in the preparation process of XXZOL was obtained. Results The characteristic
chromatograms of the extract, alcohol precipitation solution and concentrated solution of 15 batches of XXZOL were established, and
13 common peaks were identified. According to the reference substance, six chromatographic peaks were identified as 5-
hydroxymethylfurfural, chlorogenic acid, forsythoside A, narirutin, hesperidin and neohesperidin. Five principal components were
extracted by principal component analysis (PCA), and the cumulative variance contribution rate was 91.3%. The study of mass transfer
law found that the transfer rate of six components in water extract-alcohol precipitate was low, and the transfer rate in alcohol
precipitate-concentrated solution was high. Five differential indexes were screened according to orthogonal partial least squares-
discriminant analysis (OPLS-DA). According to the correlation analysis between the measured physical parameters and the chemical
composition, the relative density in the alcohol precipitation solution and the concentrated solution was significantly positively
correlated with the content of narirutin, and the content of forsythoside A was significantly negatively correlated with pH value. The
content of neohesperidin in the extract and concentrated solution was significantly negatively correlated with the content of forsythoside
A. There was a significant positive correlation between 5-hydroxymethylfurfural, chlorogenic acid, forsythoside A, narirutin and
neohesperidin in the extract, alcohol precipitation and concentrated liquid. The content of hesperidin was significantly positively
correlated between alcohol precipitation and concentrated liquid. Conclusion The quality transfer law of the extraction, alcohol
precipitation and concentration process of XXZOL obtained in this study can provide help for the quality control of XXZOL in the
production process.

Key words: Xiaoer Xiaoji Zhike Oral Liquid; characteristic chromatogram; quantitative transfer; quality control; quality markers;
principal component analysis; orthogonal partial least squares-discriminant analysis; electric conductivity; relative density; 5-

hydroxymethylfurfural; chlorogenic acid; forsythoside A; narirutin; hesperidin; neohesperidin
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Table 1 Information of 15 batches of Chinese herbal decoction pieces
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2 FEEHR
2.1 XXZOL K45 &pHIZT12

A3 MIARBUE LA 20.0 g+ F5EAEF 20.0 g+ K5 20.0
g\ EAMLAER 20.0 g, JRFE 26.8 g, MART 20.0 g4
OEE T 20.0 g« A5 A 20.0 g« 58 20.0 g Bl 13.2
g. SKH 10 fiFE/KIRE 2 IR, BIR 1.5h, &IFER,
RIS EUR; 20W0RAEE 167 mL, AN LS 5E
BN 60%, 4°CHE 200 JERL, BIEEETIRG; gkt
[l B R 45 2 100 mL, BIER A5 .
2.2 XTRRMIBRAEIE

O3 RS S FREU IR 5-5% B LR . SRR
BB AL SRR BT R EE,
IR B 1 R A ) A 55 B AR 191,68 pg/mL.
SEJRIR 314.00 pg/mL. JEREEFF A 828.00 pg/mL.
ZEFMR TR 1198.00 pg/mL. #4571 198.72 pg/mL.
SHPE B2 1 532.00 pug/mL FRIVE A% I8 il 470
2.3 HiXRIARNEIE
231 FRIRZAMRRER B 217 R
XXZOL il #&F5%, MBS LA 20.0 g FEHE
20.0g. A8 20.0 g, FEMLAA 20.0g. JRE 26.8 g4
YR T 20.0 g« KPEF T 20.0 g« KiME 20.0 g, %
200 g, WL 132 g, il AF RIS BRI
W, KEEE 2 mL SRR MBS 10 mL &
i, WEEES, 022 um MALIERE g, Hs:
Je, HIFE,
232 BAMEXT RS S BURREER 40
M BEAR. AR, EREAEN. RE. BT
BT REAEL G il ) R, R “2.17
T B VAR, A% R 2 mL K E 10 mL
BN, WEEEA, 022 um WAL e, B
GRYEV,  BPAS TR RV
233 SEMORMLR IR IR C2.7 TR i g
(1) XXZOL #2 B0, A% EH 2 mL & 10 mL &
N, HEEER, 022 um MALIEE e, Hsk
W, BSOS A AT (AST~AS15).
234 FEJURMHAGIER %8217 F XXZOL
FIIRIR & 77, A% 1 mL J3CE 10 mL 2
N, FEEEZR, 022 pm MELIEMER, BUst)E
W, RIS EREDTRAE S Al R (BS1~BS15).
2.3.5 RS VA FRIR 2.1 TUTR RS E|
(1) XXZOL W45, #% EH 0.5 mL & 10 mL =
N, HEEES, 022 um WALIERE g, Hs:
VBV, RIS gt R (CS1~CS15).

2.4 4FEENLE S HT

241 @miEZM4 AN Acclaim TM 120A Cis
K (250 mm X 4.6 mm, 5um); VEIHN 0.2%BE R
KIEW- G, Vel bR : 0~10min, 5%Z1E; 10~
15 min, 5%~10%Z.Mi; 15~20 min, 10%Zfi5; 20~
25 min, 10%~15%Z&; 25~65 min, 15%~17%
B 65~90min, 17%~30%ZM5;: 90~100 min,
30%~40%ZfiE: 100~101 min, 40%~5% . f;

101~110 min, 5%ZM; A EY 1.0 mL/min;

R 275 nm; A9 30 C; #EFEEA 10 uL.
242 REEERI HES1 IR 14y, i 0.22um
JEME, 4% “2.4.17 TR OISR AFESAE 6 X, i
SEEIEE . DLSEEM R TS IR, TR I
FEGEOR B3 B[R] FIAE A U THIT AR RSD e 45 SR 25 LA A
HHR B[] RSD<<1.00%, AHX I AL RSD<<3%,
DL (2 il 4R TS A LS PEAN RG ) 2012
WA, 6 UHERERIARBUEE IS N 1.00, RIS HE
HEERE, fFEtRalEiEsk.
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PSR TIE, O EIEE., LEEM TS
FREE, T AR H A &% AT DG AR T DR B B [ FERE X 0 [
FAP) RSD B o 25 115545 31 & LA W AH X DR B B[]
RSD #<<1.00%, AHXTUWEEHIFRR) RSD 3 <3%, KM
EINEEEER .
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6. 8. 10, 12, 24 h FATIE, dFEIEE. D%
il S i, TH & G WA OR B B[R]
FHXTUETRIAR RSD o 25 5L 715045 21 4% JLAG W AR O (R Y
5[] RSD 15 <<1.00%, FHX U THIAR ) RSD #)<<3%,
TR RTE 24 h WFRE 1 KL AT
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i W DO HR AL 25 BRR 2 R A B
Xof HEA VR SRR B0 PR AR 10 pL, 3 0.22um
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ff) HPLC %54F Bl 2 Hont IR e 808 (AR, BR.
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« 5186« PER 20234E8H BH54% B168  Chinese Traditional and Herbal Drugs 2023 August Vol. 54 No. 16

FREUH At . A M “— s AR
s Y S Al
hus. ; -t A + .t 'S - ~—— AS14
T T e SN WY S S U5 A
e D s R I —— ASI2
e B S S - ~— ASII

CRYTRTE

e e e, ey S/ e e B
.- .t : - A -n-?:m—?-&—u-.—o—nuo— BSI15
_: -me%ﬂ Ptj[:««mn_?_‘.m-_o_ BS14
AR DRDTRESIY N S ! 1 : fasestet -~ BS13
J\MMMMWM*M% BS12
_}LMMMWM A asmmtrastoos — BSI11
5/ VSNSY DD PRI TV SR U | 1 +““”?“‘_"‘H*"*_ BSI10
‘. PEGVITIRE TR SV LI VR SOV WA . asshosos oo bot BSO

2, s, *MWM LF ! BS8

S 500 DUDE VNN YYD letesd BS7
DUV ; SNE  FIDPDON NN ROV -9
_Wmuwmmw . ’JL - ;\‘ S wss— BS5
. $ 00l f WM’—‘—“—*— BS4

e -as—t— BS3

I N Haraseesmdcen tetma s BS)
R : fasasd BSI

WA

_;Lm‘»‘uktﬁ\_,k_/\_/\_  a . R
e WY A .Hﬁ\..J\: Soratan Cs1s
O e IS SRV | MO | A fosse e CSl14

N ; psiviom N ; oo avmrensstsonedetirsmsnon csi3
— ~ oot ; ; A e 0N V)
- T i A : ; e e e B |
YN PRI _Ju'-»’*- LI Jkii i ; WCSM

PN DG WOURGRE U A TIPS NEE! VOO SN A Fearst €S9

- FUVURURE FV RN VIt VOUOUT SRt | e Cs8

[ 1OV DR DI PV OO RO MSOPE DU AT ) rosbered. cs7
- s—--—‘;..uﬁm, s : ; I LT CS6
L&M—’*Mw o 4 - CS5
WM M Lesmensesmsssinticass s s s (CS4
R AT IR 4eent e CS3
i e S ol Cs2

| VR DAY I ST WTUOT WD W shasesdin CS1

0 15 30 45 60 75 90 105

t/min

B 1 15 #HHREUR (AS1~AS15). BEi&E (BS1~BS15). iK4Ei& (CS1~CS15) B HPLC $HEEIE R E 3T IRISMEE (AR,
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Fig. 1 HPLC fingerprints of 15 batches of extract (AS1—AS15), alcohol precipitate solution (BS1—BS15), and concentrated
solution (CS1—CS15), and their control fingerprints (AR, BR, CR)

T 13 NI, Gl R S AT R R A
THAR 6 AN, SR WE 2, B2 K 58
HHLHRIE, UG 4 NSRIRIR, W% 8 NIRRT A, 169
RNZEFMR A, W 10 RS REAT, 06 11 Age .

W55 BRZ5AE . B 2 B R i (1) HPLC &
(K 3) SFEfEEE o irfs: 1§ 2~5 kIET+
IOILAE, U 4 SRIFETHEME, UE 1. 5. 9~11. 13K

PETARSE, W3, 4 RIFETERLAEM, W1, 2 RIF
TR, W13 RIETHAR T, 5. 8. 13 K
TIEY T, W 1 RIETAEEE, I 6~8. 12 KRIET
R, 0 1 ORYEF . Hof 9 S CGERMETD
53 5 P RAT, WETRIARASOR, HLAR X £ BE ) [R] 72 0.98~
1.02, (R, 25 F il R S % Eakig, tHEH
At LA U (P ARG R B BT [R) DA R AR U TR AR, 53
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®2 ISHHREUR. BRUR. REERS & BN REFEEEHBEIEITNER
Table 2 Similarity evaluation results of 15 batches of extract, alcohol precipitation solution, concentrated solution and their

respective control fingerprints

- HAELE . HAAE \ FRABLEE , HAABLEE
W A A A
RBGK BEULR W48 RBGK BEUOR WRAG RBGK BEUOR RAGH FRBOK BRUOR KRR
S1 0828 0.723 0.714 | S5 0.792 0.727 0.711 | S9 0.712 0.647 0.607 | S13 0.888 0.876 0.875
S2  0.605 0.727 0.729 | S6 0.691 0.828 0.800 | S10 0.831 0.751 0.755 | S14 0.802 0.814 0.778
S3  0.820 0.717 0.704 | S7 0.833 0.734 0.708 | S11  0.825 0.747 0.727 | S15 0.926 0.878 0.889
S4 0840 0.832 0842 | S8 0.796 0.702 0.701 | S12 0.871 0.800 0.790
8
10
9
1 12 13
10
9
11 }RZ 1131
10
' 12
1 13
8 9 10
D
2 4
11
E
(I)II'ZIOI[‘4I0[l‘6l()'lIBIO'III([)O'I
t/min
2SR PAERE  4-GRJEIR SSEMIERTT A O-LSHMILAF 10 EH 1R Y
2-5-hydroxymethylfurfural 4-chlorogenic acid 8-forsythoside A 9-narirutin  10-hesperidin  11-neohesperidin
E 2 XXZOL REURHIAMIAR (A). EAREHRMAAR B). REABXMEFTR (O HEAXMBRAR (D). EHBEF

(E) B HPLC &
Fig. 2 HPLC of XXZOL extract sample solution (A), alcohol precipitation test solution (B), concentrated test solution (C),
mixed reference substances solution (D) and blank solvent (E)

AU AT R BB (] RSD (B3N T 1%, RIFIX 15
HEFRHGH « BEDOH . IRAEAE 13 AN g 8]
(1) OR B N 18] B Asedgzile, (R SR A WAE o I i AR 1Y) RSD
EARZE LR, R FE= ALK &1 15 fitde

WO BEDU WRART 13 N IR EAL ST
TEAERKESR. BT S2. S6 MIHEER A& S9 1
BEUTR AR S, T SRR i 5 0 BRI S 1
FEALEESS KT 0.700,
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3 BERAHIKR. REKRARMEHRE HPLC

Fig.3 HPLC chromatograms of test samples of each single herb and negative samples without single herb

2.5 XXZOL #l&EREPEUR TS ENE
251 MiEZM [H “24.17 TURHEELMG.
252 LML 4 ks S WCDOR SO I
W SERRZG . BRBUR . BEUUR. R GA S
WA S RIS 10 pl, 3N S RGRAH
10 ZRREE RN E . 4RGN EET, £S5
S ELRERS . SRR . EEET AL AL,
B SBR J FETR A 0] B i e A B A
T UG, T PR VA 0 2 R A AN AE X L (1) i 0
SES AR BIR, RV &S 2 6 o B FERR R
APPSR EARAR &, T EHLIPERE A T4, W
2,

253 RMERRFEE FF “2.27 IUN PR
F R REIL A 6 MRS, TEANBAHEIE, %
FREE T SR AR, DA B o3 0T B JoT B R B D R A
br (X0, MR NMNASR (YD, GiilbrElizk, 2t
ITERYERNE, [FIEG RS 5-F2 FAE R Y=
54.991 X+19.588 0, r=0.999 9, ZkMEEME 0.32~
191.68 pg/mL; Z¢JRR Y=8.3704 X—76.3490, r=
0.999 2, ZkVEVEE 3.22~314.00 pg/mL; ARG
AY=79223 X—28020, r=0.999 9, Z{:75H
3.39~828.00 png/mL; ZEFAMEH Y=13.741 X—
12.372 0, r=1.000 0, Z&{EVEHE 4.91~1 198.00
ug/mL; B H Y=14.547 X+10.4850, r=0.9998,
LRAESE ] 2.04~198.72 pg/mL; Fits 4 Y=16.435
X+1.042 7, r=1.000 0, Z&PEFEH 0.25~1 532.00
pg/mL; SRR, X 6 Ao 7EAH N T B

T N ZRPE R R R AT

254 REEERK  OBSTIRBURHK SR 10,
IR EIE I T, LR 6 IR, TdSRIETIAR,

THEL S R Ar B THI A RSD . 45 5 IR 5-¥5 F 3
WS . SRIRTR . IERUERT AL &M R,
RS R EFIEE T AR Y RSD 37714 0.74%+1.64%1.0.49%
1.48%- 0.62%- 0.46%, KIHIZIZHNEHE R I

255 FEEMHRE  H6 4 ST HRHUR AR 5 AR
I8 “2.4.17 TUNEg 2 0E, MR,

TSR RR, THE & Lo B 70 50 RSD. 25 5 5-
PR, SRR, MR AL EEME .

P R BB R IR B 1 RSD 43518 1.94%
0.37%- 0.60%- 1.42%- 2.73%- 2.50%, W% ik
HEMRLT.

2.5.6 FarEtEidEG  HC S1 $REURMLA WA, o
BT 0. 24 4. 64 8. 10, 12, 24 h #HTIE, %
“2.4.17 TR REA, ICRIEHEAN, THE &R0
PEUETH AL RSD. 4550 5-F2 GRS . SRIF R &
TUBEE A ZEEMR T FERE . BRE R A I AR
) RSD 43531 2.35%+1.27%+0.62%- 1.83%-0.67%-
2.82%, RIS 24 h WARE .

2,57  INFEEIWERIREE KSR EE ST HEEUK 1 mL
53 ARG I B A VRE &, AR EEE RS 10
mL, “FATECH] 9 4, $E57, i 0.22 um JEME, 3R
& 10 pL FENBAH O, Rl & e, ok
UEETRIAR, 23 A TH AR 6 N HBAREL S BT S5 I [Ty 28
GER SRR WS . SREIR . ERREE AL EEM
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FEAf BERCH S BiE B 0P S AR RN 43 i
99.80%. 101.54%-. 99.63%-. 100.49%. 99.67%-
100.82%, RSD 7354 1.53%-0.94%. 1.72% 1.46%-
1.87% 1.95%, 2SRRI IEMER ] 5.

258 FENE K15 H P U, R AR
TR A& 1, AR o nls 2% Ao il i Vv s A T 4
PR & BIE . Bl XXZOL #4531 feka s Mo
NVERFERR, 3BT E S-FR FORMRIE . SRR %
FUREEE AL ZERMBA . BT BB IR,
15 HEPRHGR . BEDUR . IRV 5-F2 HRRMRIE . 2%
JRER PR AL EHEMET . BEE. B
HHEENE 3~5,

2.6 IMESHEONE

2.6.1  FEX 2 BE e CHREZ) 2020
DUsHE I 0601 TR E SRR 2 v, 43 mlilsE 15
HEPEER S BEDOH . IRAER AR 2 B, 455 WK 6.
2.6.2 HLFHRINE XHESOEHITRIE, REHE
ITIREAME, B BRI T, SRR

S

=N

R fa A, LI R AR A, BN E
RE MR SRR, 2 RIME 15 #ARBGH . BEUTR
IR L A, RN 6.

2.6.3 pH{EME LIS pH tHEATIE, WE
TR AR E G PPRRE IEAXES , e 15 fEPE R B
DU WGV pH MH, 453 WK 6.

2.6.4 HIabRALST O EAESEROH-BEUTI-IR AR 2
AR BRAE 6 MBS o 75 B B - B0 TR
AR AR RS R WK 7. S5 R EoR, SR Ak
BERE . ZRIFTR . JEFIERTE AL SERA . AR,
BB R 6 /N o AE SR BT R 5 7% 22 o il AE
16.14%~67.66%- 6.74%~12.64%- 12.60%~24.79%-
15.98%~24.87%- 5.66%~27.14%- 10.97%~62.95%,
I RS R N 37.84%19.77%+17.03%-19.48% -
10.26%- 28.56%. FEUTIR-IRAR RV %72 2853 il AE
33.34%~80.27%- 39.49%~79.71% 49.85%~86.10%-
47.73%~96.40%- 39.58%~79.07% 22.88%~94.79%,
SPHIEERE RN BN 53.99% 55.74% 63.33%- 63.74%-

®3 ISHIENRP ARSI S E

Table 3 Content of effective components in 15 batches of extract solution

J KB /(ng'mL ) JiE R E/ (pgmL ™)

Ff Sféﬁi . i%jﬂ@% Py — %‘ETEE FE b Sﬁéﬁi p— e %%’jﬁﬂ —_— g

By WA BT FERE WA N T
AS1 5 64 295 58 172 2 | AS9 82 78 206 44 168 2
AS2 2 69 44 49 33 463 | AS10 7 93 211 54 218
AS3 3 74 44 89 184 2 | ASI11 8 77 359 48 202 1
AS4 1 83 221 25 160 343 | AS12 18 72 339 43 202 13
ASS 4 91 489 75 186 6 | AS13 7 69 244 51 208 349
AS6 91 81 48 105 116 825 | AS14 6 68 131 58 210 5
AS7 6 87 281 54 157 3 | ASI15 36 80 299 68 196 46
AS8 79 88 317 46 246 2

R4 1ISHETURPEYRNEE
Table 4 Content of effective components in 15 batches of alcohol precipitation solution
BRI /(ugmL™") B E/(ug-mL ™)

Ff 5-:¥§zEF' - ii@@% Bl — %‘ﬂ%“: FE b SféE!i p— i—iFjM‘é Pl — %ﬁ%‘

R WA I 4t LA WA KA KT
BS1 78 231 1607 351 420 15 | BS9 544 220 909 227 542 4
BS2 70 149 291 411 283 4029 | BS10 95 360 878 301 561 23
BS3 68 215 1474 561 425 7 | BSI11 125 282 1665 246 398 16
BS4 44 239 1563 197 769 3191 | BS12 172 205 1952 260 407 120
BSS 134 282 2566 530 447 44 | BS13 109 237 1451 403 960 3008
BS6 467 198 192 431 511 3594 | BS14 98 163 664 322 450 81
BS7 83 321 1604 377 392 25 | BS15 308 244 1537 389 355 348
BS8 566 355 1479 259 824 7
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Table 5 Content of effective components in 15 batches of concentrated solution

J R /(ug-mL ™) FiE K E /(ug-mL ™)
i 5-¥éﬁi G Bl A o %ﬂiﬁ‘ B 5-¥éﬁi R SEE N R S o G oA
MR HA O EH BH SRR HA KN Bt
CSl1 198 580 5376 1146 1391 24 | CS9 2163 878 2954 805 2142 14
CS2 117 293 726 980 677 4760 | CS10 381 1005 2545 913 1664 34
CS3 123 640 4221 1607 1165 47 | CS11 408 851 6784 955 1387 29
Cs4 108 625 4370 531 2127 4402 | CS12 454 510 5949 769 1238 165
CS5 333 836 8591 1659 1320 81 || CS13 231 586 3955 1068 2374 3999
CS6 1359 646 826 2075 2377 8516 | CS14 272 378 1926 961 1254 58
CS7 222 993 6212 1390 1216 46 | CS15 881 698 4828 1304 1314 581

CS8 1293 875 3980 657 1631 12

&6 15 HIREUA. FENIR. RARIESENELER

Table 6 Determination results of physical parameters of 15 batches of extract, alcohol precipitate and concentrated solutions

b AHXTF % B /(gmL ) 52 /(mS-cm™) pHIH
YU mEom O WUOR R4 BRIUR WUUR KA IR B KA

S1 1.0103 0.940 1 1.146 1 1.79 1.00 5.65 4.61 5.19 4.12
S2 1.007 3 0.948 6 1.103 1 1.38 1.16 6.09 4.45 5.19 4.19
S3 1.008 4 0.940 5 1.140 4 1.65 1.09 6.45 4.57 5.17 4.15
S4 1.007 3 0.9412 1.114 3 1.48 1.20 7.65 4.69 5.20 4.24
S5 1.009 6 0.9523 1.1651 1.63 1.15 5.55 4.68 5.05 4.00
S6 1.009 8 0.946 4 1.178 8 1.85 1.16 4.48 4.48 5.11 4.15
S7 1.003 8 0.9380 1.1203 1.69 1.22 5.96 4.50 5.21 4.20
S8 1.008 0 0.939 1 1.1337 1.64 1.08 5.51 4.55 522 4.12
S9 1.008 2 0.936 8 1.1052 1.65 1.22 3.71 4.42 5.03 4.28
S10 1.007 1 0.9375 1.1310 1.65 1.14 5.93 4.73 5.32 4.26
S11 1.008 4 0.938 4 1.134 5 1.62 1.10 6.18 4.51 5.15 4.04
S12 1.007 8 0.942 1 1.136 0 1.59 1.22 5.72 4.61 5.05 4.00
S13 1.009 6 0.950 5 1.149 4 1.32 1.10 3.13 4.74 5.12 4.30
S14 1.007 9 0.940 5 1.109 3 1.49 1.28 5.30 4.89 5.23 4.49
S15 1.003 4 0.9419 1.156 4 1.46 1.27 6.09 4.89 522 4.18

61.73%. 61.05%.
2.6.5 SIS EAESRIUR-BED TR -TR 46 0 2 A0 (1)
LA & 6 W, 15 MARBOR. FEUTR. K
GRRBIRAXT S . SR pH (R . HAL i
T TE S B - DUV IR 4 VR ) S 30 2 326 0k e 44
iof SR8

2.6.6 AN HT  IEH SPSS 25. 0 FAE X FHE it
AT53HT, RFFHGIERUE %2 15 HEPEHUR . BEIT
W RGNS S F B & R R AR DG
WSS A TR AR SR AT 45 R LR 8~13, 45
TIRPERUR RS R B S IE T A S RAPE R
FZIEARKR, BEHFEESHEETSEAER

EHRMRRKR, HilE TSRS EMEET A S8
TERFE AR R BEUTR A 5 B 5 2 b Bz
H ULRCHT S KB B & AR B IEAH G E R K
G IERNEE A RS pH . ¥ AR
TEERZE AHICOC R, N S A S H i &
EAAERZE LMK R SRR . SRR &
FUBEE AL AR T WA R B BRSO
DU WRARZ R ERAFAE B3 IEAHOCOR R, BB R
B EAEREUUUFIAR 4 2 [AAFAE 2 2 IE A R R R
2.7 ERK53 47 H(principal component analysis, PCA)
15 HEPEECH S BRI WRAR I ) LA D Ut T
BN E RIS A SN SIMCA 14.1 B fbof, 3t
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Table 7 Transfer rate of six components in extract-alcohol precipitation solution
SRR -BE TR 1B H % BT IR AR AL 1B L 3%
FE i 5-¥éﬁi S HEXNE =AM 5 witg | KR 5-3‘%%1 S RN EE o B
JERETE A JE B TR A E45) 4E]
S1 47.38 11.27 17.04 18.82 7.61 22.14 | Sl 50.93 50.32 66.91 65.38 66.26 62.72
S2 54.73 6.74 20.47 2637 27.14  27.19| S2 33.34 39.49 49.85 47.73 47.78  47.26
S3 67.66 9.00 24.79 19.80 722  31.78 | S3 36.04 59.65 52.27 57.31 5479  78.35
S4 32.48 8.97 22.12 24.87 15.01 29.11 | S4 48.97 52.38 55.93 53.79 5534 55.18
S5 18.20 9.64 16.38 22.02 7.52 2311 | S5 49.71 59.29 66.97 62.57 59.07 72.96
S6 16.14 7.63 12.60 12.83 13.75 13.61 | S6 58.13 65.17 86.10 96.40 93.06 94.79
S7 41.60 11.58 17.86 21.70 7.79 2835 | S7 53.78 61.83 77.46 73.66 62.09  73.08
S8 2242 12.64 14.58 17.72 10.46 1097 | S8 45.69 49.38 53.82 50.77 39.58 7191
S9 20.64 8.85 13.79 16.20 10.10  37.03 | S9 79.60 79.71 65.01 71.02 79.07 22.88
S10 4299 12.10 12.99 17.44 8.05 1555 S10  80.27 55.86 57.97 60.66 5933 5933
S11 50.18 11.40 14.47 15.98 6.16 6295 | SlI1 65.33 60.33 81.50 77.72 69.68  73.39
S12 29.46 8.91 17.99 18.75 6.29 2825 | S12  52.68 49.83 60.94 59.20 60.78  54.97
S13 47.04 10.76 18.55 24.59 1440 2696 | S13  42.50 49.42 54.51 53.05 4945 53.17
S14  50.02 7.56 15.81 17.23 6.70  47.66 | S14  55.68 46.20 57.98 59.74 55.71  28.94
S15  26.67 9.48 16.08 17.88 5.66  23.77| S15 57.20 57.19 62.80 67.06 74.00  66.82
&8 15 MIREUREMIMES SR EEX M
Table 8 Correlation between physical parameters and components of 15 batches of extract solution
s HIE %0
- pHIE HWEE MNEE S-ZRENE 2R E8lEF A =&uMEkE BEE kY
pH & 1.000 -0.438 -0.217 -0.362 -0.034 0.188 —-0.027 0.489 —0.231
HL3 R -0.438  1.000 0.246 0.405 0.279 0.049 0.465 0.059  —0.051
AE % B -0.217 0.246 1.000 0.094 -0.313 —0.041 0.207 0.013 0.249
5-FR RS —0.362 0.405 0.094 1.000 0.225 -0.137 0.253 0.032 0.287
2R JRIR —0.034 0.279 -0.313 0.225 1.000 0.346 0.049 0.248 —0.115
SESNLIERERN 0.188  0.049  —0.041 -0.137 0.346 1.000 -0.314 0.529"  —0.544"
EEMEE  -0.027 0465 0.207 0.253 0.049 -0.314 1.000 —0.149 0.316
P 7 HF 0.489 0.059 0.013 0.032 0.248 0.529" —-0.149 1.000 —0.637"
B 7 —0.231 —0.051 0.249 0.287 —0.115 —0.544" 0.316 —0.637" 1.000

FRHORTTYINES B 5 W SR HUR: "P<<0.05

comparison of correlation between physical parameters and components in extraction process: “P < 0.05

17 PCA. S3RAE 16 MR PRI 5 MR, R
FATT Z TR N 91.3%, SRR 14, BB R
A RIFRTIINGE /) . 54T Hotelling T2 k36 K I CS6+
CS9 FEhit 1 99%IZHIFR, HIBRX 2 MEdhE, 12
BT 2 N FERME PCA 1570 B, TEWLEL 4L 5. 45
RWY 15 HEFEROR . BEUUR . IR T &8RN —2K
2.8 IEx{mER/NZ3k-#I557#7 Corthogonal partial
least squares-discriminant analysis, OPLS-DA)
K SIMAC 14.1 #AExT 15 SEHREUR - BEDTH
TR A VL A e e T AR B N TE ) 2 B AT

OPLS-DA, Z#37 OPLS-DA &%, Zpreh R ER,
OPLS-DA HAZEWEGIEE (RA) N 0.689, KA E
WETRE (RP) N 0.906, HERITMFEE (0> N
0.885, i IH 1A Y A2 e 1t I Tt 68 /1l itk —
IR A A 250, FIA SIMCA 14.1 FA4%T
HtT B, I QP HE RRZT, Wiz
BE M. H OPLS-DA 154r W LAE H, 15 #Ib#2HL
W BEDTR S RG] DARGF X 43, VR WL 6. LA
VIP>1 Ak, k338 pHE. MHXTEE. BT
TR 5. 6 AIENIX 2 15 HEERHUHE . BEUTR
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Table 9 Correlation between physical parameters and components of 15 batches of alcohol precipitation and extract solution
.. HIEPE R 8
- pHE HSE AXNEE S-RFENRE SEKR O EMREE A SHMEE BEE O WEBEE
pH 1H 0.385 —0.101 —0.429 —0.287 0.178 —0.242 —0.118 0.126 -0.124
HGR 0329 -0.312 -0.619" 0.083 0.134 —0.084 —0.116 —0.080 0.000
AH T %5 0.112 -0.365 0.363 —0.155 —0.124 0.039 0.310 —0.363 0.524"
S-FRHEMERE  —0.307 0.324 0.046 0.977™ 0.259 0.000 0.163 0.138 0.134
SRR 0.001 0.281 —-0.230 0.063 0.772* 0.541" -0.167 0.563" -0.421
U TR 0.197 0.008  —0.020 -0.357 0.226 0.845™ —0.190 0.509 —0.581"
=AM 0.053  0.061 0.128 -0.204 -0.035 -0.193 0.782"  -0.253 0.163
7 7 0.149 -0.251 0.292 0.211 0.164 0.083 —0.306 0.425 0.182
W B —-0.158 —0.366 0.176 0.046 -0.205 -0.507 0.026 -0.677""  0.921"
KA (OMESHL S DTSRRI e "P<<0.05 ""P<<0.01

correlation comparison of variables (physical parameters, components) in alcohol precipitation and extraction process: "P <0.05 **P<0.01
®10 15 HRGER SRR E IS K SRS EE X

Table 10 Correlation between physical parameters and components of 15 batches of concentrated solution and extract solution

5t LEESEEFA

- pHMH HSE MAXNEE S-HEEEE SER ST A SEMET BT BB ETY
pH & 0398 —0.374 —0.153 -0.030 -0.217 -0.517" -0.151 0.018 0.087
HF 2 0.105  0.013  —0.386 -0.468 0.218 0.049 -0.197 -0.096  —0.197
AE X 2 FE 0.159  0.369 0.291 0.218 0.176 0.249 0.704™ 0.183 0.267
S-EEHIILREE  —0342 0335 0.037 0.937" 0.225 -0.032 0.112 0.083 0.085
SRR -0.187 0452  —0.237 0.247 0.793** 0.462 -0.014 0.446  —0.389
HEMEEE A 0.086 0.124  —0.059 -0.355 0.241 0.865™ -0.136 0427 —0.577
ZEHEMBEE —0.094 0442 0.124 0.130 0.100 -0.186 0.939"  —0.269 0.350
P R H -0.015  0.117 0.342 0.502 0.171 -0.055 0.012 0.208 0.434
B B -0.200 —0.089 0.240 0.256 —0.110 -0.526" 0.267 -0.617°  0.996™

BASE CMPESEL RO TEIRGSIRBOR I E LR "P<0.05 **P<<0.01

correlation comparison of variables (physical parameters, components) in concentration and extraction process: "P < 0.05 **P <0.01

® 11 15 HESTUREMES RS R o EEX M

Table 11 Correlation between physical parameters and components of 15 batches of alcohol precipitation solution

. EESEES
- pHMH HSE MXEE S-HRHEEE S5ER ST A EEMEE BRI BRI
pH & 1.000 -0.048  —0.389 -0.294 0356 —0.280 -0.107 0.021  —0.055
HF R -0.048  1.000  —0.082 0.089 -0.270  —0.171 —0.187 —0.246 0.005
AT 2 B -0.389  —0.082 1.000 -0.167 -0.345 0.082 0.584" 0.109 0.574"
SRR —0294  0.089  —0.167 1.000 0.139 -0.236 -0.232 0227  -0.070
SRR 0.356 -0.270  —0.345 0.139 1.000 0.409 —0.184 0.320  —0.455
EREEE A —0.280 —0.171 0.082 -0.236 0.409 1.000 0.076 0.071  —0.500
EFMLEF -0.107 —0.187 0.584* -0.232 -0.184 0.076 1.000 -0.282 0.085
P B 0.021 —0.246 0.109 0.227 0.320 0.071 —0.282 1.000 0.263
B B -0.055  0.005 0.574" -0.070 —0.455 -0.500 0.085 0.263 1.000

BEGUANTIIVES S BT SRR AL "P<<0.05

comparison of correlation between physical parameters and components in alcohol precipitation process: “P < 0.05
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Table 12

precipitation solution

*12 15 RGERSEIUREIT S B SR ERX M

Correlation between physical parameters and components of 15 batches of concentrated solution and alcohol

o FHIME R E

- pHIE HWSE MHMHEE S-RPEEE SER O EUiT A SHEMET BET BRI
pH & 0.405  0.394  —0.180 -0.064 -0.248 -0.573" -0.166 0.261 0.165
M3 A 0.464  0.052 -0.273 -0.463 0.133 0.239 —0.087 -0.345  —0.090
AT -0.230 —0.304 0.447 0.178 0.147 0.274 0.517* 0.058 0.029
S-FEESLMEEE  -0371 0.181  —0.251 0.951™ 0.069 -0.280 -0.293 0.143 -0.109
SRR IR 0.088 —0.111  —0.425 0.296 0.877** 0.332 —0.146 0.166  —0.503
HEMEETF A —0294 —0.155 0.024 -0.250 0.422 0.960"" 0.073 -0.090  -0.538"
EFEMEE 0200 —0.079 0.409 0.035 -0.131 -0.065 0.819"  —0.344 0.092
P e H -0.236  —0.066 0.043 0.429 0.121 -0.152 -0.275 0.739™  0.329
R K E -0.116  0.009 0.521° 0.105 —-0.414 —0.548" 0.132 0.229 0.938™
B VSR A FEWRGE S BRSO L P<<0.05 **P<C0.01

correlation comparison of variables (physical parameters, components) in concentration and alcohol precipitation process: “P < 0.05 “P<0.01
F 13 15 HERGEREIME S B S RS EIHE K 1

Table 13 Correlation between physical parameters and components of 15 batches of concentrated solution

5t AR R B

- pHE HSE MHYEE S-RPERE SER ST A EFmEE BET EET
pH & 1.000 -0.256  —0.483 0.205 -0.227  -0.615" -0.220 0.235 0.103
HF 2R -0.256  1.000  -0.208 -0.514 -0.020 0.240 —0.180 -0.510  —0.168
AE X 2 FE -0.483  —0.208 1.000 0.063 0.150 0.275 0.705** 0.275 0.249
S-EEHILEEE 0025 0514 0.063 1.000 0.338 -0.263 0.009 0.474 0.058
SRR -0.227  —0.020 0.150 0.338 1.000 0.411 0.055 0253  —0.391
HEMEEFF A -0.6157  0.240 0.275 -0.263 0.411 1.000 0.031 -0.205  —0.555"
EEMEE -0220  —0.180 0.705™ 0.009 0.055 0.031 1.000 0.006 0.308
P R H 0.235  —0.510 0.275 0.474 0.253 -0.205 0.006 1.000 0.463
B B 0.103  —0.168 0.249 0.058 -0.391 —0.555" 0.308 0.463 1.000

IRGFFRTPINE S B S RS R "P<<0.05

comparison of correlation between physical parameters and components in concentration process: “P < 0.05 “*P<0.01

® 14 SANERSEFHREEMGETRE

Table 14 Eigenvalue and variance contribution rate of five

principal component factors

TRy FHEE T ETRE % R ETIRE/ %
1 9.110 57.00 57.0
2 1.980 12.40 69.3
3 1.650 10.30 79.6
4 1.110 6.96 86.6
5 0.761 4.75 913

WA =2 e debn, VEWLIE 7 fIEE 15,

3 i

20

15

7% range [1-5]

72 Crit (99%)

T2 Crit (95%)

AS1
AS3
ASS
AS7
AS9
ASI11

BS2
BS4
BS6

0
©n
m

AS13
ASI15

[=]

i

BS10
BS12
BS14
CS1
CS3
CS5
CS7
CS9
CS11

[a]a]

4 Hotelling 72 &35 &
Fig. 4 Hotelling 7? test chart

CS13
CS15

ARSERRAR 15 P 2500F B i, SR A B REAX
Ry LRUBRIOR, PRIE T HORIE R AT E -
XXZOL 4T3 #5428, iy ok pH AR HIXS &

FE. H S REYINES BRI TP 251N A B Y
PR o ASLIGENT T 15 it XXZOL 4R B0k . i
W RGBS B, AR R SR 6 AN

AwHA
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Fig. 5 PCA scores of 15 batches of extract, alcohol
precipitation solution and concentrated solution
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E6 15 #HHREUR. BEUE. IR4ERAY OPLS-DA 1547 &
Fig. 6 15 OPLS-DA scores of extract, alcohol precipitation

solution and concentrated solution
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7 15 HHREUR. BUA. IR4EIREY OPLS-DA VIP &
Fig.7 OPLS-DA VIP values of 15 batches of extract, alcohol
precipitation solution and concentrated solution

#15 VIP>1H) 5 NEFIEIR VIP (&
Table 15 VIP values of five differential indexes with VIP > 1

A HE VIP {8 A HE VIP 18
pH 14 1.541 45 kg 5 1.005 38
AH T 5 B 1.414 09 ik 6 1.004 47
MR 1.240 70

TEIg, 28 PCA, FEELH S AT R4, #RYE OPLS-DA
FESR T 5 NESEIR. RN H] &L FEF,

“2.3.47 “2.3.57 TURHL T BEUTERE . WA FR A i
&, SRR WAL, A TIE
S AR EL /N ) LY AR L2 IR IR AR I FE 1)
BIREIERR. RIS RRA, AFEF=Htix
il ) 15 REPREUR . BEDOA IRAAI 13 NI
FIRREA G & BN ESR, TGRS
BEFPRFATEER 15 HEP 25K (2548 7= 1
SRS ] JE A7 (] )] vk B M) ik () 54 i
ZE 5. MRYE S TEAR R & B AL S R -RE DU -k 4
W AR, A 6 N o 7E /K S - B TR
W R R IIK,  EREDUR-IR 46 1 i 3R R
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