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Abstract: Objective This study focused on the concentration process in the manufacturing of Guizhi Fuling Capsules (GFC, #EA%
TRE Ji: %), By analyzing the correlations among effective components, physical properties, and process parameters, it aimed to identify
critical quality attributes (CQAs) and critical process parameters (CPPs), explore quality control indicators and their acceptable ranges,
and assess the potential for using physical properties of intermediate to guide its quality control. Methods The variations in process
parameters (temperature, relative density at endpoint), physical properties (particle size, polydispersity index, C potential, conductivity,
pH value, viscosity and refractive index), and effective components and total solid content during the concentration process were

systematically investigated. Chemometric methods, including Pearson correlation coefficient, grey relational analysis, and partial least
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squares regression, were applied. Linear models between effective components and physical properties under different process
parameters were established to elucidate the correlations among them. Results Analysis of effective component content and physical
properties revealed strong correlations between effective components and § potential, conductivity, viscosity, and total solids content.
For instance, viscosity was positively correlated with total solids, and the contents of amygdalin and paeoniflorin were both positively
correlated with total solid content. Analysis of the active ingredients and physical property parameters of samples under various process
parameters revealed that the concentration temperature is a key factor influencing the correlation between active ingredients and
physical property parameters. Conclusion Correlation analysis of process parameters, physical properties, and effective components
revealed interactive and dynamically linked relationships among these variables. Precise control of the concentration temperature
during the manufacturing is essential to improve the quality and batch-to-batch consistency of the extract. To a certain extent,
parameters such as viscosity, relative density, refractive index and pH value can reflect the quality of intermediates during
concentration, providing a reference for the development of online intelligent monitoring in the concentration process of traditional
Chinese medicine extracts.

Key words: Guizhi Fuling Capsules; effective components; physical properties; process parameters; concentration process; correlation
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Table 1 Linear relationships, detection limits, and quantitation limits of 12 effective components in GFC concentrated extract

D%y EEWEE: r L PEVE R/ (ugmL ™) i H R /(ug-mL ™) E 2R/ (ugmL™)
BT Y=10.655 X+4.813 9 0.999 8 0.15~93.70 0.027 0.092
4 PRI Y=39.231 X+2.4855 1.000 0 0.05~32.00 0.004 0.013
AT Y=0.162 4 X4+0.200 9 1.000 0 0.08~50.67 0.016 0.053
WETEIEE  Y=10.030 X+1.0899 1.000 0 0.10~61.29 0.029 0.098
KR Y=0.870 X+1.341 4 1.000 0 0.05~28.93 0.011 0.036
PGG Y=8.6793 X+3.3725  0.9996 0.16~100.64 0.045 0.151
T R Y=0.9654X+3.8447 09999 0.38~1189.17 0.073 0.244
A Y=5.679 8 X+0.661 6 1.000 0 0.76~475.21 0.194 0.647
AEG A R Y=3.739 6 X+0.345 1 0.999 7 1.16~725.16 0.102 0.340
AJUE Y=21.770 X+1.159 7 1.000 0 0.47~1467.09 0.087 0.289
W Y=7913 7 X+14.674 1.000 0 0.16~101.17 0.006 0.020
Al Y=5.8919X+34576  0.9965 0.06~39.88 0.017 0.057
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*x2 ARELZSYT GFCIRERE 2 MRS ENELER (X£s,n=3)
Table 2 Determination results of 12 effective components in GFC concentrated extract under different process parameters
(Xts,n=3)
w4 T2 - FRE 58U (mgg ™)
NN ES i BETR  A-REETR  EHCH SWATNH AAABRT RE TR
=27 50 C 0.811£0.126 0.03440.005 1.556+0.004 0.18240.058 0.89040.166 0.124+0.020
60 C 0.637+0.014 0.0204-0.001 2.071£0.039 0.15240.003 1.08940.030 0.104+0.004
70 C 0.746£0.082 0.026%+0.005 2.120%0.293 0.187%0.032 1.178+0.092 0.094£0.016
LR 1.26~127gmL ! 1.239+£0.145 0.047£0.002 2.302+0.020 0.321£0.038 1.575+0.035 0.125%0.037
1.27~1.28 gmL™" 0.7454+0.014 0.02440.001 2.42540.029 0.178£0.003 1.35340.084 0.12440.004
1.28~1.29 gmL™! 0.841%0.136 0.0284+0.006 2.520%0.114 0.209+0.046 1.37440.032 0.11240.009
KeE A 50 C 0.125£0.005 0.00140.001 1.327£0.069 0.011+0.001 0.06140.006 0.033+0.003
60 C 0.188+0.007 0.00440.001 1.256+0.036 0.01340.001 0.07740.003 0.03540.001
70 C 0.205+0.013 0.00440.000 1.224+0.015 0.01630.001 0.08440.006 0.037+0.003
LHEE 1.26~1.27 gmL™! 0.20940.013 0.004%0.000 1.29340.180 0.01740.001 0.08310.006 0.036+0.003
1.27~1.28 gmL™" 0.148+0.007 0.003+0.000 1.30140.054 0.00940.000 0.071+0.004 0.03640.001
1.28~1.29 gmL™! 0.141£0.007 0.003+0.000 1.30840.062 0.009£0.000 0.07440.004 0.035+0.001
W4 Tz P =5 $/(mg-g ™)
TR W% ~ AL Eiil. PGG YRR HE R P} Ee )
fEfe WA 50 C 3.935+0.768 0.2534+0.000 1.376£0.121 0.1851+0.092 1.558+0.653 0.56110.444
60 'C 4.985+0.112 0.080+0.004 1.540%0.072 0.164£0.010 1.616+0.090 0.324+0.023
70 C 5.115+0.474 0.084+0.002 1.782%0.090 0.188+0.040 1.781+0.375 0.466+0.142
LHEE 1.26~127 gmL! 6.4761+0.178 0.110%£0.067 2.06710.083 0.2434+0.111 2.176+0.841 0.677+0.535
1.27~128 gmL™" 5.868+0.109 0.094+0.005 1.801£0.070 0.193£0.010 1.862+0.082 0.38140.025
1.28~1.29 gmL™" 6.0154£0.099 0.0971+0.009 2.11140.048 0.226+£0.025 2.11940.233 0.408+0.006
KR EEE 50 C 0.328+0.019 0.030+0.004 0.225+0.000 0.015+0.001 0.001+0.002 0.000+0.000
60 'C 0.324£0.011 0.0254+0.001 0.016£0.001 0.016+0.001 0.001+0.002 0.001£0.000
70 C 0.334+0.014 0.024+0.002 0.045+0.003 0.014+0.001 0.001+0.000 0.000+0.000
KB 1.26~1.27 gmL™ 0.32040.025 0.02720.005 0.01620.005 0.01620.001 0.000%0.000 0.000%£0.001
1.27~128 gmL™" 0.34240.015 0.028+0.001 0.057£0.013 0.018+0.001 0.001£0.000 0.000+0.003
1.28~1.29 gmL™! 0.362+0.015 0.027+0.001 0.078+0.009 0.013+0.001 0.000+0.000 0.0000.000

®3 TEIZSHT GFCREFZEBHIMSHENELER (X+s,n=3)

Table 3 Measurement results of physical property parameters of GFC concentrated extract with different process

parameters (X £ s, n=23)

i‘ﬁ ; 4 PR P Cbfmy (ifaﬁ /I) E&fg FRERD  HE Efmbes)
[ 50 C 710.611+62.564  0.26310.058 27.9021+10.079 0.09610.028 82.15+6.38 1.336 767+0.007 096 4.78+0.02 3435.00+937.23
60 C 927.6001+253.801  0.390+0.082 39.871£+7.321 0.086+0.010 81.80+4.30 1.341 06010.000 023 4.81+0.02 4364.33+1409.23
70C 1995.978+2076.271 0.601£+0.274 19.936+5.251 0.102£0.021 84.18+1.76 1.341 3471+0.000 335 4.90+0.05 4 844.33+2 054.61
HEEE 126~127 g-mL" 778.0221+36.136  0.3311+0.078 22.359+8.824 0.1101+0.027 83.85+1.32 1.341 173£0.000 108 4.80+0.08 1153.00+68.69
1.27~1.28 g~mL" 911.533+121.795  0.310£0.107 19.397+2.310 0.132+0.001 83.12+3.29 1.34138440.000 080 5.05+0.01 5099.00+1016.16
1.28~1.29 g~mL" 956.389+143.559  0.298+0.087 19.496+5.867 0.136+0.002 83.44+1.32 1.341449+0.000 027 5.011+0.02 4 734.00+304.59
KB 50 C 1762.222+£30.120  0.208+0.073 20.980+1.474 0.481+0.015 38.45+0.16 1.341 034+0.000 059 6.34+0.03 6 519.00+879.30
60 C 1462.556182.959  0.392+0.098 20.648+1.339 0.515+0.018 42.23+2.90 1.341 260+0.000 023 6.28+0.03 7709.00+1 005.34
70°C 1475.889+349.889  0.423+0.072 19.723+£0.910 0.485+0.007 43.42+1.36 1.341 213+0.000 072 6.2610.03 3954.67+1 388.07
HEBE 126~127 g'mL’l 1211.111£209.732  0.368+0.102 20.954+1.643 0.481+0.020 46.73+3.55 1.341 152+0.000 200 6.24+0.02 10 663.67+679.58
1.27~1.28 g'mL’l 1683.889+204.710  0.373+0.158 22.441+1.551 0.530+0.018 50.17+1.01 1.341 351+0.000 105 6.36+0.01 8 889.00+971.69
1.28~1.29 g~mL" 1457.000£134.209  0.330£0.063 21.724+1.335 0.542£0.010 51.97+4.13 1.341 457+0.000 055 6.31£0.00 9099.00+761.07
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AFEA OB, B TR B B I B TE , BRI
SURL RS e 1122230, vyt T I AR 1 A A
AR RAE BER42), Eh R BB B, A5
BN S 208k, PDIFE 0.2~0.5 e —E M
PR E MERO), AT R EAR R SR~ PDI A
0.20~0.45. 4iR4a & RN 1.26~1.27 g/mL I,
ARG, $ERFECIR B R O i R 3, vk
RERERAC. ¢ B A ZRBBEE % E L
PR H R 5 1 s
232 pH{AE ML “23.17 Ti FFEM, A2 pH-
22 4 pH HIE I pH fH. 455 (£ 3) R, R
R R BIGHIRIE, BIRRE MBI pH (HMEE IR
FhEmE B, TRSEE TR, KR,
M SRR KA R, SENE (R 2) iHHE
SERTMIESE, 50 CHAF TR BT 4-FRERH R
FHE B KRS BT 60 70 °C: KGEEEH
MR pH EREE IR E T MRS, KB EA
KEE AR, il T3 AR AR PR
RSN R IR ST (EAR. 2. Al
BRI MR RS R RIS, nIRE AR TP A
B TIREEIGIN. A% pH [HFEARH FZIR R FFiR
FOKIER BB AE IR GG 4 U R 1.26~1.27
g/mL B, pH EARTHADL S 2 TR, Hk
AR AR, BRI AR I R
233 PFE OB “23.17 TREES, iR N
SGW-731 B4 4= HZN e A0 E e 2, B FE il
E 3R R (R 3) R, EERKIBRERRE
TRIHT 2R I 28 5 85 B B i s 2% B B A
B, DRI BRI, AR R AR, (E596
HFb . BRI BRI A S S,
TP B T R iR AR A T B R
234 FE O BORYHRE 30 mL, BT HHVERIK
Wy GREER 80 C) f, (EHFEN 4 55T,
VAR A 40 t/min, CRBEEE. ER (K 3)
RW, PR RSS2 RS 5 4 B T O R

—J5 1, FrER A SRR & PDI 8K, ok R4
FRPE IR0, H I R T 43 F I8 5)) S 4 BE B
T SEEE B A0, RS A B
DN EATES Yk

IKIEIRE B E B IR IR AL, ST
m G RIS IR AR, A IR AE
A ] R4S JE 2 8 (Arrhenius) 7 PRtk : JEE
T 5y T RSB IR, 43 ) A EAE FH AE ) %
fi%, MFELE 70 CHE 60 CHATEITER], AW
FUH R BEM E AT E B VIR ZE (40 t/min) NEEAT,
HEBR T B0 5 A 22 S e e S5 R T g B
FEFEE IR IR AR AR L (60 CTHE. 70 C
BV, BT IR A RN T HAHEAER S %
LM IE R, S5 R IB PR R AEAS AR B R 1
AT NFFIE— 532, RG2S N 1.26~1.27
g/mL B B, AL IR, X WAREL T H 24
REE MR,

235 [EfERE FEERERA (hEZ) 2025
FERR 3101 [EAS BN EIETUR 105 CTEiET
Mg KRR 1 g IRNZ B, BETHEERE
JERRIERH, 105 CHETRiEE &, HHEmR
B, AR (R 3) K, BRERENEESEEA
[ L2280 TR TR EEE. ERGEERE
Tt e, AKIRIRE RS B R E TR, BEE IR
KRNI, KIRIRE B A S B T
24 IWHIR SIS EAE RS

2.4.1 Pearson MR AZBOTHE  RIWW R A0
ZHIRZ, NETEESH, 5% i TR 5 kb
H: GI-H B TR G24-FZ K HR . G3- 5.
G4-E MR H . G-ATANBEE . Go-IR B TR &
iy G7-A5 251 . G8-KHR . G9-PGG- G10-PHEFE |
GI1-FEZEE . G12-FF s P1-kiff. P2-PDI. P3-C
AL, P4-HL G4, PS-#T 6%, P6-pH fH. P7-[E4k
MBS, P8-FE.

Bk 4R FEIE 2 60 C & S BERHIAE 1.27~
1.28 g/mL %44 1, HIRMERRRE SKI-EE (%
6 N FATHRE), FIFH Origin Pro 2021 #AE i 5B
EKIBBRIRGIRE (n=6) W& &S5k
ZH ] Pearson FHIC REL, FEAL # AR,
SERLE 1. R, ERIRIRGERE T, ¢ AL
HESE, ¥R, pHEZ7AMEK (P<0.05); H
SREYER. pH HREIEMHRK (P<0.05); L%
5 pH £ 535 EMH5% (P<0.01); B{ERE 55
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1.0

kORI RN B FRRAE 0.05. 0.01 KR B3R K.

* and ** indicate that the indicators are significantly correlated at the level of 0.05 and 0.01 respectively.

1 GFCEgiE (A) FKkiZ (B) iR

R BB S S BEX RS

Fig.1 Correlation analysis of effective components and physical property parameters of GFC ethanol-extracted (A) and

water-extracted (B) concentrated extracts

BERFEMK (P<0.01). fEKREKLET, Rk, ¢
A R IEMAK (P<0.05); #itF5EALERE
FIEFK (P<0.01),

242 IRESCELE ST AR SCER T3, R
Excel 2019 AT IR BB 00, LARE LI
PWSERNSHEFH. BTN T, 2R
H p BL0.50 FRAEARNT CIREE K/, i % D)
T YMES BTk RN, SRR 4.

454 Pearson MR REIK BRI, KEIR
EVERRIYMESH S DR . eI R 4
TR, Ths PGG (G9) X 2B i o ik (e K
(CRERER 0.823 5), HERERIEMRME (P<
0.05), G9 &l s &= I sTEkEHE A T 3, H 2 1EAH
K (P<0.05). GY J& TS, HaTgem) )5 H
RHAKT T R R B E SR, MR -
Ry -PEH 7 (Mark-Houwink-Sakurada equation-
Mark-Houwink )B4, @ AHX 43 5 & S 4 T BRI 4
i ILAE IR A BOR BRAR D75, T sk
TEEE R . AN, GY M2 My Rss iy, mEnd
5K TIRERZIIMHEAER, #—2hnik
RIRBIBH ST, SRACILIERE R R0,

RIS T, BB T (GD. 457
HEZRHR (G2) Xf ¢ A TmkERIR, RHAHXK
P (P<<0.05); PGG (G9) X} H SR vImkE K,
SIEAMRME (P<0.05); Gl. G2. G9 AL HAD:
By, RIS G T B R AR 3 AR R IE, X3
C M R SRR TUME = T A Sy . A
(G3). EMHATAT (G WETIRLEE (G6)\ AJ

251 (G ZEHFIR (G8). WHEME (G10) X[l 44
SR P TTERME I ROR. CGREREERT 0.999), R4
WATZTE AL, SBRIEFRME (P<0.05). AT
(G3). B TR LHEE (G6). AT (G KHR
(G8). WAERR (G10). EMATHF (G4) XFHH
TUMEECR CRERFEYIRT 0.999), FAMAT 4 H
(G4) HI R (P<0.01), A 5HER
FIEAAR (P<0.01). A[FI'H Ge D0 BE/R 3T 45 5 (Hr
FEER G R IRYT 5 R AR STk AR 2
FBO, 1 G3. G6+ G7+ G8. G10 Z & IR L4
PR R R T = R IE DTk (P<<0.01). FHI
AU, REEE. QAL AR E. BEE, OLEN
G %ars - (IPS s LU/ i 2

243 XKEVVESEE DR R G LR
LEBE ff ] SPSS 26.0 #tF, LAZ GRS EETT
RIS 35S ThA) i 2 1) g N 4 Pk [l A AR,

R IR SISV LYE R R . TERR
IKEERHIIRGRIRE T, KRS S TSR &
=2 AR AR R T 2 T 5. 6 Fis.

ERIRR RS E T, FESES PGG &
ELMEREIEE RN Y=0.322 X+34.827, R2=
0.678, P<<0.05, ZME[RIHEZ; FALESFER
A H 5 208 Y=0.002 X+73.654, R>=0.908,
P<0.05, ZMEMHEZE.

TERIE IR B, w25 pHE
[RIZE P B 26 RN Y=396.506 X—2 320.147, R*=
0.808, P<<0.05, ZM:RIHEZE: ~AZH S ES pH
{H LR IE A5 2208 Y=113.499 X—668.909, R =
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%<4 GFCiREERE

MM SRS FRE R & KEXE 1T

Table 4 Grey relational analysis of physical property parameters and effective components concentration of GFC

concentrated extracts

i

SHFH DR RIKE | ZH P8 R KB | 25550 D RIRE | 2578 IR RIERE
P1 G12 0.750 0 P3 G12 0.552 6 P5 G3 0.904 6 P7 Gl 0.848 5
G5 0.748 4 G5 0.5522 G4 0.895 2 G4 0.848 0

G10 0.748 0 G10 0.550 8 Gl 0.889 6 G9 0.8479

G8 0.7477 G8 0.550 5 G7 0.880 6 G3 0.8451

Gl11 0.7472 Gl11 0.5502 G2 0.8540 G7 0.844 7

G9 0.746 2 G9 0.549 5 G5 0.8512 G2 0.8331

G6 0.745 8 G6 0.548 9 G9 0.849 1 G5 0.8195

G2 0.744 8 G2 0.548 1 G6 0.824 8 G6 0.803 5

G7 0.744 5 G7 0.547 8 Gl1 0.773 0 G11 0.766 3

Gl 0.744 4 Gl 0.5477 G8 0.765 3 G8 0.758 8

G4 0.744 4 G4 0.5477 G10 0.758 9 G10 0.752'1

G3 0.744 2 G3 0.547 6 G12 0.7330 G12 0.725 5

P2 G12 0.593 4 P4 G12 0.6350 P6 G3 09231 P8 G9 0.8235
G5 0.589 1 G5 0.629 1 Gl 09119 G2 0.809 4

G10 0.588 9 G10 0.629 0 G4 0.909 4 G7 0.804 4

G8 0.588 2 G8 0.628 1 G7 0.902 9 Gl 0.803 4

G11 0.5872 Gl1 0.626 6 G2 0.8747 G4 0.803 1

G9 0.584 9 G9 0.623 5 G6 0.843 6 G3 0.8010

G6 0.584 2 G6 0.622 7 G5 0.8197 G5 0.800 7

G2 0.582'1 G2 0.619 8 G9 0.802 6 G6 0.790 2

G7 0.5812 G7 0.618 7 G11 0.7913 G11 0.784 6

Gl 0.5811 Gl 0.618 5 G8 0.783 1 G8 0.776 9

G4 0.5810 G4 0.618 4 G10 0.777 1 G10 0.769 4

G3 0.580 6 G3 0.6179 G12 0.7513 G12 0.740 8

iSi

ZHFI R RIKE | ZHERE B RERE | 2575 DR R | 2575 IR RIKE
P1 G2 0.999 7 P3 G5 0.999 7 P5 Gl 0.999 4 P7 G2 0.999 7
G5 0.999 7 G2 0.999 7 G2 0.999 4 G5 0.999 7

Gl 0.999 7 Gl 0.999 7 G5 0.999 4 Gl 0.999 7

G6 0.999 5 G6 0.999 5 G3 0.999 3 G6 0.999 5

G3 0.999 4 G3 0.999 4 G6 0.999 3 G3 0.999 4

G7 0.999 4 G7 0.999 4 G7 0.999 3 G7 0.999 4

G4 0.999 3 G4 0.999 3 G10 0.999 2 G4 0.999 3

G10 0.999 3 G10 0.999 3 G4 0.999 2 G10 0.999 3

G8 0.999 2 G8 0.999 2 G8 0.999 1 G8 0.999 2

G11 0.998 8 G11 0.998 8 G11 0.998 7 G11 0.998 8

G9 0.9973 G9 0.997 2 G9 0.997 1 G9 0.9973

G12 0.668 1 G12 0.668 1 G12 0.667 8 G12 0.668 1

P2 G8 0.998 8 P4 Gl 0.999 7 P6 G2 0.999 7 P8 G5 0.999 5
G10 0.998 8 G2 0.999 7 Gl 0.999 7 G2 0.999 5

G4 0.998 8 G5 0.999 6 G5 0.999 7 Gl 0.999 5

G7 0.998 8 G6 0.999 5 G6 0.999 5 G6 0.999 4

G3 0.998 8 G3 0.999 4 G3 0.999 4 G3 0.999 4

G6 0.998 8 G7 0.999 4 G7 0.999 4 G7 0.999 4

Gl 0.998 8 G4 0.999 3 G4 0.999 3 G4 0.999 3

G2 0.998 8 G10 0.999 3 G10 0.999 3 G10 0.999 3

G5 0.998 8 G8 0.999 2 G8 0.999 2 G8 0.999 2

Gl11 0.998 6 Gl11 0.998 8 Gl1 0.998 8 Gl11 0.998 8

G9 0.997 2 G9 0.9973 G9 0.9973 G9 0.997 1

G12 0.667 6 G12 0.668 3 GI2 0.668 2 GI2 0.667 9
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Table 5 Regression equations of key physical property parameters and effective components contents of concentrated

extracts from alcohol-extracted and water-extracted

ﬁﬁ W A jggﬁh gg %ﬁfﬁ Pl EIEpn R R ﬁﬁﬁ
fEde PGG AN E 34827 16443  0.823 2.118 0.044 Y=0.322 X+34.827 0.823 0.678  0.597
FE FMARE 82493 1541 0.105  53.550 0.000 Y=0.002 X+73.654 0.105 0.011 —0.051
KIR pHE ERLTF 396506  96.561  0.899 4.106 0.015 Y=396.506 X—2320.147 0.899 0.808 0.760
pHIE AjZ§if 113.499 28.191  0.896 4026 0.016 Y=113.499 X—668.909 0.896 0.802 0.753

®6 ERARGERERKEREREEEXBEIMSHEDIRESERRRRENT

Table 6 ANOVA for key physical property parameters and effective components contents of concentrated extracts from

alcohol-extracted and water-extracted

:fﬁ W AR 2; SERF B BF FE P {iﬁ Wi N 2; SEM AHE ¥WE O FME OPHE
figdt PGG RS [FJH 17.700 1 17.700 8.404 0.044|/K#& pH{H &A{H FHIH 1616713 1 1616.713 16.861 0.015
WRZE 8425 4 2106 W7 383531 4 95.883
Mit 26125 5 Mt 2000244 5
TR [EfkEE B9 23.732 0 1 23.732 39.680 0.003 pHAE A% FEH 132470 1 132.470 16.209 0.016
R#E 2392 4 0.598 KRZE 32690 4 8.173
Mit 26125 5 Mt 165160 5

0.802, P<<0.05, Z&PERIFEZE.

TELL B, [mHIZ W e R (R?) BIR,
ARG BUR 57, (ARG AN HR Y KA
HBEHE I R BT 1, BT A o
TEREER R 4ik 2, vTH PGG & & MFFEE
TR E A S, T B R 48R o s 1 AOR
TERSER R Aa ik 2, oI pH B TN A4
FATHAF S, AR 1A], 58 BRA E IR AR
2.5 ITZHERMNMIMSHSINERNENT
251 LZREXNIDWRE IR AR TN T2

PRI S DR e e 5 (FeR8 2 =GFC IR4HIR B &

AR NAREUR S 8D AT T, R
T2 A s 25 D800 5 2544 21 B i 1 B8 A7 L A3
VI L 2R I TR bR R Ak e 5
FOR AR B T2, iR aith 244
SRR T . TERESRRAIRYE T, Sy
251 (G4 HHATH (G3). WETRAEE (G6).
FHE®Y (G12) ¥R 60 CHiE; PGG (G9).
WETR (GO NZNEET (G5 TE 60 CR 70 C
HRRMY, WET 50 C; 4-B3EKFRR (G2).
HKHR (G8). WHERR (G10) ZEARIEENE KMo
15 50 CHRERE M. HRED TR, 60 C
NS H IR . AEARKBRIRGE L p s, %
BT (G, 4-BRHEHIE (G2). ~NANBET

(G5). ZKHEZ (G8). PGG (G9). KK (G11)
R 70 ClOa, wAEHE (G3). EMATAHE
(G4). WETEOHEE (G6). A2 (GT). WHR
(G10) ¥BRIE 50 CR 70 CHAHY, HEZHUK
IHE 60 CHAFREZEFFK, HIEBKIEBICEA
FEFEI K, (EF] 70 Cik4ENE: WHEERR (G10)
FER S FE N 1.27~1.28 g/mL I #6 RS A iy, 2K H
FRAE 2% S FE 1.26~1.27 g/mL #68 RIw, HAth
IYFEL B 1.28~1.29 g/mL IR R g wm, HE
BEMZER, WIKRFERSNEEEERN 127~
1.29 g/mL ¥J] . FFEIERMNZ, TEKFERAE R
WAEIEE N 50 CH, PGG (G9) HlEZE=REK,
I B KB S e/ MBS TR B R TRME, 3R 7 iR
5 S AL R

252 T ZHEEXVIESES DR I o
B R /N — Ik SR DA - S 8- T
S AR, g 2. 3 iR, A
(11 R* 5 Q% FHOREH 1) 2 B B HA B I ke 5 il
MEE ST TEREIRTRPNRAE IR, IRGEIRE 54 0
FEAFIS B B, R DL S A R
DR KIS BB A FIFE B RIS 7E/KER
WA FE S, AR EA RN SRS, %
RUBFEARIN, P EEE BN, T E
B E B (variable importance in projection, VIP)
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Table 7 Transfer rates of effective components in GFC concentrated samples under different process parameters

W L2 - R %
T H#F -~ BETER  4-RERPR SHCT FWS%T SAART BETRAM
Pt A 50 C 64.25+15.73 63.55+7.95 75.00£25.45 61.43+18.77 88.89+24.87 102.67+32.88
60 C 76.42+136  57.99+136 132.75+3.48 7790127 11042+4.89 105.97+3.58
70 C 79.29+21.85 59.23+18.39 124.98+13.54 76.41+24.73 125.46+6.46 96.26+11.68
KR 1.26~1.27 gmL™! 117.93+1.46 102.87+9.52 109.04+12.19 117.31+2.43 165.43+26.09 106.79+39.39
1.27~128 gmL™" 112.47+3.10 85.69+2.64 98.28+14.43 105.78+2.28 145.92+12.76 112.32+6.28
1.28~1.29 gmL™! 120.01+8.83 92.14+578 111.19+4.10 116.71+8.01 165.10£15.93 109.59+6.16
KBS R 50 C 74414290 30.12+16.13 91.15+4.13 103.00£5.70  99.62+9.68 101.01+10.79
60 C 69.77+2.14 50.82+1.78 70.69+1.70 43.62+1.25 43.86+1.58 72.61+2.00
70 °C 113.20+21.50 97.71+21.27 89.93+13.48 113.15+32.15 117.80+19.91 105.29+24.40
LY 1.26~1.27 gmL™! 103.91+6.00 85.01+6.76 86.64+7.08 97.19+1725 98.75+18.72 95.9340.15
127~128 gmL™' 99.67+10.81 88.43+14.88 94.19+2.83 922742020 101.82+6.70 106.88+2.55
1.28~1.29 gmL™! 110.61+15.20 103.70+19.93 98.77+3.82 134.57+35.56 120.91+8.11 110.18+3.75
waE L2 P Y%
T B -~ B KR PGG WIHERR EA P52
R JE 50 C 70.36£15.79 22.79+18.35 37.01+20.09 122.20+13.12 52.28+39.80 128.87+85.08
60 C 85.14+1.77 21.27+1.03 6935+1.24 8822+440 39.18+1.96 20547+12.54
70 C 92.34+6.00 17.77+3.54  7130+13.38 94.79+23.65 43.45+7.77  78.00%20.08
KB 1.26~127 gmL™! 118394778 1496851  7231+£8.99 108.90+51.18 46.54+18.01 90.05+49.21
127~128 gmL™' 109.82+3.35 10.87+0.64 7466226 98.66+6.30 39.30+2.14  76.33+5.85
1.28~129 gmL ™' 118.69+9.98 10.66+0.51 89.83+7.08 110.09+11.61 47.53+7.44  89.85+10.77
KR R 50 C 97.70+5.16 33.60+6.21  23.74+0.00 93.93+3.38  0.38+0.97 0.21+3.89
60 C 37.99+1.08 2946+1.88 12.45+7.80 65.08+1.89 0.41+0.14 1.04+0.47
70 C 9429+14.16 34294454  56.83+40.11 91.70+10.56 0.85+0.10 —2.11%3.69
KOS 1.26~127 gmL™' 81.99+5.85 44.07+25.02 25.83+13.67 84.53+7.59 -0.05+033 —3.36+3.68
127~128 gmL™' 9537+294 3148+1.69 77.17%£16.05 123.60+7.05 0.51+0.11 —4.43+13.40
1.28~129 gmL™! 111.59+3.70 29.57+0.86 113.58+27.89 82.86+5.81 0.10+033 —4.83+13.62

T, VIPE CRT 1 38 A B3 TTmt) HIlih
RV S Eon T 2R R TTekFEfE, 45
BRI SE TFh, IRAEIRE N, FEW
R ER RN 4-RERHR. Eh . S04
. WETR. A4, AANBRTE . PGG % 71
s & ¢ Ar. pH M. #T6ES%E 3 MIS
B W2 RUEBETS, FRMEEEZEN PGG. 4-
REIEHIR. FAATHT. W TR, A%, 3
BACHE 6 NIRRT, P 2 M)tk
ZH . KRR GE L rh, RGN, R
MR ELENAER. SATAH . BETR. 4-
IR R AT B EE S NI 3R
pH fH. FlfA &S 3 MIESEG WRAGA SUEET
()30 H A B NN NBR T ATZE . AT E T .
BETIROES. PGG. WE TR wHH. WiE

MR\ RHIR . 4-F23L K HIREE 10 NI L 3
L POERE 2 MBS H

253 KEYVMESH SR G EAELZSH
PRI TRARRIE DT XEREITES R AR
&S T ERRBATMRNE 2T, 8RR W3R 8 Frr .
Ziy “2.47 WU IINESHS D R AR SRR ) pr 4h
Ry FEKIRBANIRAGR B, AHATLH (G4 &
BTRAK (G6) 5 ERE IR # T =i 23
ETviEds, SRR R TR R, AT
(G4) SRS 2 AT, HENEREREN,
B H I R FE R A b, BRETR i
fRLEAR R, UL R AR SR EA PTG, FH
M (G8) SEAS BRI M 2R, s
HIIOE R4 R, ATRER B TR T, SR
IR R . IR I, REMIESHE D&
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A 81 4 1
41 2 o
_ fﬁ\ _ .
3 60 °C S 128l gl -
I o i A % 0 1.27 1.28gmL1’
- 70 C o
3 A @ g | 1.26~127 gmL"!
- 50 C - ;v
41 21 1.28~1.29|g-mL"!
gL . . . 41— . . :
-8 -4 0 4 8 -10 -5 0 5 10
1.001 38*t[1] 1.001 01%[1]
B -
6 -
41 1.28~1.29
— 24 —_
S 60 é‘ SR vY
& ¥ v
: % X
(=3 o )
S iy 70 C t 50 C 3 | ‘
=, o
| 127~1.28
—6 L - — : : —§ : - -
-10 -5 0 5 10 -10 -5 0 5 10

1.000 39*t[1] 1.002 03*t[1]

2 ET OPLS-DA H) GFC E2#Z (A) RKiE (B) RELFAR L ZE K-S HK-ThBHIFE X E 27
Fig. 2 Correlation analysis of different process parameters, physical property parameters, and effective components in

concentration process of GFC alcohol extraction (A) and water extraction (B) based on OPLS-DA

A 2.0 WRARL K1 BE

—_ =
¥ p
Q +
+ [}
) 9
> S
>
CEICCIECAEESSRACREZESD
CACNCRCRCRCRCRE) 5O haRChalchs
var ID (primary) var ID (primary)
1.5 Y & R
B 1.5 WYE T TR
S 10 g
Tt z
: :
= =
= =
S 0.5 >
0
CEIIECIBELRBLE30L85Ex
&) &) &) &)
var ID (primary) var ID (primary)

B3 ET OPLS-DA iy GFC E#iE (A) KKiR (B) MRGELFAEILZSH-1M4SH-IhI XS VIP &
Fig.3 VIP values from OPLS-DA for correlation analysis of process parameters, physicochemical properties, and effective

components during concentration of GFC alcohol extract (A) and water extract (B)
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xS XEYMSHEIHIREE
Table 8 Key physical property parameters and effective

components contents

IR JFE R /(ugrmL ) [ e e e/
TS AWAAY BB TRAE FFR (mgmL™)
50 C 1.406 0 42330 38195 3845
60 C 1.741 1 47142 33902 4223
70 'C 2.098 5 49500 32327 4342

BHAMETZSHORE T ER, HEFR.
PIRERR S /IN o 5 R AR R 1) B B S IR AR IR B e 2%
PR B R R, ME DL S WM S B S A DG 4y
BT o DRI 2505 Tt o AR S 234 B =1 it
LR RAEAH R T # ( T ESH R T,
3 g
3.1 FUMERIMEESHARERMEXER

BB RER 0T, VIDHR T4 T 2385
RE R M AR DG . SR, TR 2RI
Yoy 5225 MEAEH Z8F, IRGES AW K2 455
ZHAMAELIEZ IR, EHRERERT, &
W TR R (2 [ AR AL, 7E T RE ) BAFTE )=
PR, FEARERCNRS TSI RRE, NI E AR
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