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Correlation analysis of physical properties and effective components in Guizhi
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Abstract: Objective This study investigated the effects of critical process parameters (CPPs, e.g., extraction temperature, time, and
solid-liquid ratio) on the physical properties and the content of 12 effective components in both alcoholic and aqueous extracts of
Guizhi Fuling Capsules (GFC, i fR% /X #E). The correlations between physical properties and effective components were analyzed
to provide a basis for process optimization and quality control. Methods A single-factor experimental design was adopted. Different
process parameters such as extraction temperature (set control temperature of electric heating jacket), extraction time and solid-liquid
ratio were set to prepare the corresponding alcohol extract and water extract, and the particle size, polydispersion index (PDI),

potential, conductivity, pH value, total solid content and refractive indexof each intermediate were determined. The contents of 12
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effective components (gallic acid, 4-hydroxybenzoic acid, oxypaeoniflorin, ethyl gallate, benzoic acid, 1,2,3,4,6-O-
pentagalloylglucose, cinnamaldehyde, amygdalin, albiflorin, paeoniflorin, cinnamic acid, paeonol) were quantified by UPLC.
Correlations among CPPs, physical parameters, and effective components were analyzed via the chemometric analysis, including
orthogonal partial least squares-discriminant analysis (OPLS-DA), Pearson correlation, grey relational analysis, and linear regression
model analysis. Results The CPPs exert certain influences on the physical parameters and effective components of GFC alcoholic
extracts and aqueous extracts. Specifically, for the alcoholic extraction process, when the temperature of the electric heating mantle is
controlled at <200 “C, with an extraction duration of 1.5 h and a solid-liquid ratio ranging from 1:6 to 1:8; and for the aqueous
extraction process, when the electric heating mantle temperature is maintained at 200—250 °C, extraction time is set to 1.5—2.0 h and
the solid-liquid ratio is 1:6—1:8, the contents of most bioactive substances are relatively high. Furthermore, the chemometric analysis
results indicated that £ potential, conductivity, and total solids correlated well with the content of amygdalin in alcoholic extracts under
different solid-liquid ratios (well-fitted, R? > 0.7). And in aqueous extracts under different temperatures, particle size and conductivity
showed some correlation with cinnamic acid content, but with poor fitting. Conclusion Critical process parameters significantly
influence the correlation between physical properties and effective components by modulating the solution microenvironment and
dissolution behavior. Conductivity, { potential and total solid content can serve as important bases for the study of the “quantity-quality”
transfer law in the process of traditional Chinese medicine manufacturing.

Key words: physical properties; process quality control; Guizhi Fuling Capsules; polydispersity index; gallic acid; 4-hydroxybenzoic
acid; oxypaeconiflorin; ethyl gallate; benzoic acid; 1,2,3,4,6-O-pentagalloylglucose; cinnamaldehyde; amygdalin; albiflorin;

paconiflorin; cinnamic acid; paeonol; orthogonal partial least squares-discriminant analysis; Pearson correlation analysis; grey

relational analysis; linear regression model analysis
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Table 1 Sample numbers of different process parameters

in extraction process of GFC

T2 FEfhgns BAEBEHREE/ C FRI [/ B L

fEfE  El 100 2.0 1:4
E2 150 2.0 1:4
E3 200 2.0 1:4
E4 250 2.0 1:4
E5 150 1.0 1:4
E6 150 1.5 1:4
E7 150 2.0 1:4
ES 150 25 1:4
E9 150 2.0 1:2
E10 150 2.0 1:4
Ell 150 2.0 1:6
E12 150 2.0 1:8

Kig Wl 150 1.0 1:4
w2 200 1.0 1:4
W3 250 1.0 1:4
W4 300 1.0 1:4
W5 200 0.5 1:4
w6 200 1.0 1:4
w7 200 1.5 1:4
w8 200 2.0 1:4
W9 200 1.0 1:2
W10 200 1.0 1:4
Wil 200 1.0 1:6
w12 200 1.0 1:8
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Table 2 Results of physical property parameter determination of extracts of GFC with different process parameters

i Hif%/nm PDI ¢ AL /mv w g PER ok
Y (Sm™) (mg-mL™")

El  4560.7781+849.625 0.565+0.311 4.654+1.260 0.755£0.028 5.87%£0.07 11.56%+0.20 1.364 544+0.000 300
E2  4127.111+544852  0.223+0.128 3.951+0.777 0.878%0.021 5.83%0.16 12.49+0.24 1.364 547%0.000 213
E3  3487.000+779.140  0.394+0.109 4.253+0.524 0.834£0.037 5.53%0.13 11.68%£0.36 1.364 439£0.000 250
E4  4856.111+712.650 0.694+0.114 4.221+0.994 0.734£0.034 5.59%0.08 10.56%=0.65 1.364231=£0.000 200
E5 3961.222+695.162  0.513+0.054 5.820+1.123 0.879£0.026 5.61+0.09 11.88+0.15 1.362 821+0.002 423
E6  5035.222+913.708 0.5491+0.076 4.881+0.740 0.904£0.034 5.71%£0.10 12.42+0.13 1.364 570£0.000 280
E7  2993.5561+698.740  0.3741+0.148 5.002+0.466 0.924+0.045 5.77%0.14 11.06+0.41 1.364411£0.000 284
E8  4293.222+353.777 0.279+0.074 5.198+2.467 0.816%0.023 5.78%0.12 10.90%£0.26 1.364 368 10.000 301
E9  8087.7781£646.689  0.312%£0.077 2.520%£0.489 1.483+0.043 5.72+0.15 22.86%0.68 1.366 003+0.000 284
E10 4056.333%£558.709 0.422%0.117 4.708%£0.745 0.772+0.014 5.69+0.14 11.18+0.27 1.364 421+0.000 238
Ell 8673.7781+4066.334 0.9891+0.033 3.996+0.469 0.572+0.009 5.71+0.20 7.8440.18 1.363 713£0.000 203
El12 6268.667+621.514 1.000+0.000 4.5331+0.584 0.447+0.009 5.70+£0.10 5.77%0.18 1.363 328 +0.000 202
W1 463.544£52.611 0.317£0.050 10.270+0.803 7.508+0.291 5.73+0.13 4.554+0.76 1.337977+0.000 115
w2 547.411143.607 0.28410.013 11.441£0.468 7.844+0.117 5.69%+0.12 5.62+0.15 1.337908+0.000 231
W3 426.58917.424 0.333£0.027 11.119£0.991 7.952+0.223 5.67+0.14 5.50+0.24 1.337 897+0.000 153
W4 457.911146.502 0.381£0.025 10.677£0.702 8.112%£0.096 5.76+0.05 5.07+0.68 1.337 658 +0.000 137
W5 536.700+43.317 0.440+0.036 10.570+0.304 8.266+0.286 5.74+0.11 5.0440.68 1.338273+0.000 127
W6 579.289+35.120 0.445+0.022 11.246+0.420 8.255+0.160 5.71+0.10 5.031+0.44 1.338 033+0.000 112
W7 467.378 +27.737 0.417£0.015 12.759+0.452 8.736+0.112 5.724+0.13 5.804-0.96 1.338 031+0.000 116
W8 458.522+19.807 0.361£0.011 12.421£0.390 9.113%£0.043 5.73+0.06 6.24+0.67 1.338 032+0.000 051
W9 749.756+57.764 0.29410.042 10.628+0.423 10.273%£0.103 5.67%+0.07 9.17+0.57 1.342711£0.000 418
W10  449.089+55.375 0.28810.021 12.844£0.569 8.393%£0.105 5.77+0.04 5.48+0.47 1.338022+0.000 119
W11 307.5334+26.315 0.277£0.017 14.390+0.693 6.463+0.064 5.784+0.06 3.734+0.48 1.336 377+0.000 090
W12 241.489+11.607 0.257+0.026 19.295+0.643 5.553+0.102 5.834+0.04 2.734+0.64 1.335442+0.000 094
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WG R, MWW IR HMEE, 1% “2.4.17 T

TGS A EERE, ME S AR 7E 254 nm A%

P DA IR S AR O (N AR AR (1), 2%
X HEE o VR BB AR AR (XD, F R/ —aRR AT

RAEENE, 19205 5o RE 72 R a2
FRUERIZR, FRitER RIS e B, SR E 3.
249 FERSEINE HBORE TZS50F MBS
FKIRE, %08 “2.4.27 TR i & A A,
IR “2.4.17 TUN G K RERE o, #I8 “2.4.87
TR 2[R 7 R H R S DI A B ) & & TR X
PR . BRI VAR KSR A VA T
() 47 HPLC BB 1,

24.10 TESEON DB AR ) i
SEAFE TSR PR B TR 45725
AR, SR SAATHE . AJANBRE . &

B,
"

®3I JIUHIRLMERFR. WEHRMEER

Table 3 Linear relationships, detection limits, and quantitation limits of various effective components

D% EYEppE r M/ (uemL ™) A HBR/(ugmL™)  EEMR/(ugmL ™)
BETER Y=10.655 X+4.8139 0.9998  0.15~93.70 0.027 0.092
4-FRHRH R Y=39.231 X+2.4855 1.0000 0.05~32.00 0.004 0.013
AMATAE Y=0.162 4 X4+0.2009 1.0000 0.08~50.67 0.016 0.053
BT Y=10.030 X+1.0899 1.0000  0.10~61.29 0.029 0.098
RHIR Y=0.870 X+1.3414 1.0000  0.05~28.93 0.011 0.036
1,2,3,4,6-0- LK & FELEE B Y=8.6793 X+3.3725 09996  0.16~100.64 0.045 0.151
FE R Y=0.9654 X+3.8447 09999  0.38~1189.17 0.073 0.244
AT Y=5.679 8 X+0.661 6 1.0000  0.76~47521 0.194 0.647
AT BEE Y=3.739 6 X+0.3451 0.999 7 1.16~725.16 0.102 0.340
AJUH Y=21.770 X+1.1597 1.0000 0.47~1467.09 0.087 0.289
SEER I Y=79137X+14.674 1.0000  0.16~101.17 0.006 0.020
A Y=5.8919 X+3.4576 0.9965 0.06~39.88 0.017 0.057
11 11
2 12

Al ;1 ‘1 61% 10 l e 1 * 4 68 9 T

A2 3 5,17 \ Jl Al A AN Lia

B, | Iﬂ; N A2 35,07 o JL.

C A —
t/min

1B TR 2-4-F 3RS, 3-i A, 4-8 M &F
ERE 10-PAAERR: 11-BERCmE: 12-FF Kem.

S-ATY BT 5

6-B BT We; T-ATHH: 8- KW 9-1,2,3,4,6-0- T B & kA

1-gallic acid; 2-4-hydroxybenzoic acid; 3-amygdalin; 4-oxypaeoniflorin; 5-albiflorin; 6-ethyl gallate; 7-paeoniflorin; 8-benzoic acid; 9-1,2,3,4,6-O-

pentagalloylglucose; 10- cinnamic acid; 11-cinnamaldehyde; 12-paeonol.

1 REMNBEEER 1.

2 (A1,A2) % GFC BEEiftidamiaiR (B). Kigitiimizi& (O # HPLC

Fig. 1 HPLC of mixed reference substances solution 1, 2 (A1, A2) and alcohol extract test solution (B), water extract test
solution (C) of GFC
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BTRAKE. A4H. FHIR. 1,2,34,6-0-TLK & FERHR T EH, ZHINBRD & RHEE IR

TR AN R, RERCEE. S} R RIS TR, JETb s A R E S, T 150~200 Cil (.

HitEEEE, SRNEK 4. Horr, AJZFEERME 150 CRIRIERE: MR
#4 TRIZEHT GFCIEMIFHEAF 12 MRS EBNELSR

Table 4 Determination results of 12 effective components of intermediates in extraction process of GFC in different process

parameters
s Fif o umgg )
[1l2)
‘ 4-FAER AR kaT 12346-0-Tuk
=AY A AL S 4% HH R W
W5 RETR - Eh it BELL . HEH KPR e WHR  EEE TR

El  0.947£0.022 0.03620.001 1.696%0.027 0.22510.008 0.961£0.027 0.07610.008 5.865+0.189 0.362£0.023 2.184+0.081 0.1800.007 4.160£0.039 0.288+0.030
E2 096220.011 0.037£0.000 1.795£0.076 0.228+0.002 1.0050.069 0.089£0.003 5.968+0.098 0.363£0.006 2.123£0.283 0.18510.005 4.369£0.137 0.285£0.013
E3  0.88010.004 0.034£0.001 1.76920.033 0.205£0.000 1.01420.117 0.088£0.002 5.41710.045 0.334£0.008 2.162£0.094 0.16420.003 3.868+0.038 0.25920.010
E4  0.54420.008 0.020£0.001 2.16310.391 0.125£0.001 0.98920.046 0.076£0.004 5.58020.103 0.337£0.005 1.629£0.044 0.18510.003 4.357£0.057 0.34420.008
E5S  0.93510.012 0.03620.001 1.208£0.092 0.22410.002 0.917£0.007 0.05810.003 5.691+0.018 0.336£0.006 2.045+0.034 0.18120.001 4.396£0.070 0.269%0.001
E6  0.95710.025 0.037£0.001 1.488+0.146 0.228+0.004 0.906£0.022 0.07210.009 5.87910.184 0.348£0.005 2.21110.098 0.184£0.002 4.422£0.093 0.28740.013
E7 0.58310.062 0.020£0.001 3.076£0.177 0.1310.010 1.024£0.051 0.112£0.012 5.61410.008 0.348£0.019 1.817£0.045 0.17910.003 4.254£0.070 0.340£0.001
E8  0.56210.014 0.021£0.000 2.69210.435 0.128£0.005 1.07420.051 0.099£0.002 5.7550.181 0.350£0.007 1.805£0.059 0.18510.005 4.413£0.118 0.34920.008
E9  04650.001 0.017£0.000 2.69710.023 0.110£0.001 0.94710.029 0.087£0.005 4.88710.053 0.300£0.017 1.631£0.022 0.1580.003 3.467£0.079 0.295£0.009
E10 0.34510.004 0.013£0.000 1.16810.038 0.080£0.002 0.73810.064 0.050£0.003 3.605£0.050 0.211£0.001 1.055£0.013  0.1200.002 2.914£0.019 0.229£0.005
E11 0.871£0.020 0.033£0.001 1.511£0.162 0.20310.005 1.097£0.103 0.080£0.006 5.952+0.119 0351£0.009 1.873£0.108 0.18310.004 4.619£0.105 0.15620.010
E12 0.901£0.021 0.033£0.002 1.46620.109 0.207+0.005 1.051£0.130 0.08210.007 6.072+0.120 0.364£0.012 1.822+0.040 0.186£0.001 4.757£0.065 0.151£0.005
WL 0.15820.015 0.004£0.000 1.372£0.052 0.00920.001 0.088+0.005 0.03010.002 0.395+0.008 0.006£0.002 0.078+0.006 0.011£0.000 0.123£0.007 0.015£0.007
W2 0.15810.002 0.004£0.000 1.372£0.029 0.00920.000 0.088=0.001 0.030£0.001 0.395+0.006 0.006=0.002 0.078+0.008 0.01120.000 0.123£0.005 0.01520.001
W3 0.16220.005 0.00420.000 1.383£0.027 0.0090.001 0.088%0.007 0.03210.001 0.401x0.027 0.003£0.001  0.062+0.003  0.012£0.001 0.119£0.009 0.02210.002
W4 0.157£0.007 0.00320.000 1.337£0.019 0.0090.000 0.085%0.007 0.030£0.001 0.397x0.018 0.003£0.000 0.039£0.011  0.012£0.000 0.120£0.002 0.021£0.002
W5 0.20420.020 0.005£0.001 1.509£0.101 0.013+0.001 0.113£0.009 0.04210.008 0.525+0.043 0.009£0.002 0.107£0.070  0.014£0.001 0.158£0.017 0.01020.003
W6 0.17420.006 0.004£0.000 1.365£0.023 0.01120.000 0.086£0.007 0.03240.004 0.3760.020 0.007£0.001 0.060+0.027  0.012+0.000 0.125£0.010 0.007+0.001
W7 0.22240.011 0.005£0.000 1.799£0.107 0.01240.001 0.109£0.005 0.041£0.003 0.468+0.029 0.008£0.001 0.132£0.036 0.01310.001 0.124£0.006 0.008+0.000
W8 0.23810.038 0.00520.001 1.913£0.256 0.01320.003 0.114£0.023 0.0460.011 0.50120.099 0.040£0.060 0.0960.060 0.014£0.003 0.121£0.026 0.00810.002
W9 0.1080.001 0.00320.000 1.137£0.003 0.0080.000 0.077£0.001 0.034%0.000 0.365x0.014 0.003£0.001  0.201£0.013  0.010£0.000 0.112£0.004 0.021£0.002
W10 0.158£0.002 0.00420.000 1.409£0.032 0.01020.000 0.089£0.003 0.032£0.001 0.4170.012 0.002£0.002 0.073£0.029 0.01320.001 0.125£0.012 0.015£0.012
WI1 0.189£0.001 0.0040.000 1.495£0.008 0.00920.001 0.091£0.009 0.03310.001 0.4110.029 0.0060.002 0.064+0.013  0.013£0.001 0.142£0.016 0.02610.005
W12 0.21840.005 0.004+0.000 1.572£0.041 0.00920.000 0.094+0.008 0.02940.002 0.41410.023 0.005£0.002 0.023+0.035 0.013+0.000 0.149£0.008 0.022+0.001

Ry (WK EFRY 4-FEERKERR) 7F 150 CH BEr, M 1,2,3,4,6-0- T3 & 1 e & B R EUE 7R 2.0
WA, M. MR E . RERSERSE h 5 N, iS58 helB 6H5 09, KIBR+T £

100~200 CHEE AR, 250 CH X BETHE. Ki
T2, ZHEHE 200~250 CHRHRIER =, #
i 250 CJaa o PEECE UG T B o KU R
B3 (E 200~250 CHIHEELE R S, FHEEE 250~
300 CHIABERFER m/KF, By R 2R W LL 250 °C
Nl g5 b, BERIREE VR ST 200 C, Kig
IR LL 200~250 CNH.

X T HRHUT ], B KR 23 1 R BB AE
1.5 h IR BEAH , 33— 20 LKA HUN ()R S 20 7
By B . ATHH SAMATAHAE 1.5 h BHREE

A TE 1.5~2.0 h BHRIEE =, AWAT4H S
AT BEEF IR AE 2.0 h iA BBl . AR
I A ZE 1.5 h, KIEAFTAILL 1.5~2.0 h A

BE A RHR LL A R, BERRIR R 2 H R IR E B
el GG, 751 6~1 1 8 WHAFIR & . FE I
FE1:2~1 4 IWHEHERL, 1:6~1: 8 M
P AJETHEERIEROE 108 N SRR 4EHF
TR KT, BRI A R . 7K
PR, B oy B B S AR B A R T i 4
ho, #E 10 6~1 1 8 N ZH ik Ig(E s 1M 1,2,3,4,6-
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O- T35 65 F I 61 26 0 £ O i o o R VA bt - v Ok
ZIN R T T VA M R R B S R VAR L e
No BEFREKIEMIE BRNR LI 10 6~1 1 8,
2.5 TZHEARMMIMSHSINERNENT
251 s NET O, ESECS DR
YA RHATRS: P1-Rif2. P2-PDI. P3-C Hifi7.
P4-HL 5% P5-pH {fi. P6-FElkmE. PT-HLE,
Cl-B BT C2-4-RERH . C3-E /1T C4-
FAATH . CS-ATANERTE . Co-I B TR LB
C7-Aj251 . C8-F W, C9-1,2,3,4,6-0- TL& £ Tk
HWIEFE. C10-AERE. Cl1-FERZEE. C12-FFF2My.
2.5.2 OPLS-DA ARAANF T ZZHN GFC #2
BURME S S D8 PR B IR, ASHE 7%
Fi OPLS-DA Jj i 2 A BRI . il 2, 3
B, ANE T2 T PR RS KSR AL, 3
T R RS TN RE 7). BEERME ALY R2x
Ry FI Q% 4355 0.934~0.997. 0.958~0.983 Al

0.611~0.686; KIEHIFEAIAH L ZHL R2. R*y HI Q2
73 51159°0.993~0.996.0.939~0.961 F10.593~0.684,
i QX EET 0.55, RPERI A5, B AR LE5
REIR, A RIBKT 0, 023/ TF 0, HESE
TR AEIG, THTF RS T AL RE
B, 0 TZSHHE TR RSB,
PERAESREURE N 100 CH 150 C. HEHUR AN
1.0h 5 1.5h, BHELCN 165 11 8 I TmHAh
SHCBAWIRTPIE S50 D A & &= R AN
FRFE M .

NS AN A T2 SHCHEBGR 1 2
S ThR AR R S, A AT T AR
28 ELE (variable importance in projection, VIP)
ST VIP H P SBEEA S B0 Th R s i 2
DRHITIRRFRRE, 58 5% A A S REAR 3 S
Wi 5ik B FAR R RE 7T, VIP EEKH sk Zeti K, J&@
W VIP>1 AE AR 2 e s s . HIE 2, 3

A a 1 le B2 bﬁ e
‘ N
= 5 AE3 B 1 12 c
& Sy A !
< ; ol I 5 ! {
8 2 E4 Ell gmm < 3 SM5.DA(E1) intercepts: E 0.6
- = R2=(0.0, 0.729),
-3 1 0=(0.0, ~1.080)
—6 H . 0
-8 4 0 4 8 0 0.4 0.8 S SIS Ea ©
1.000 12* t[1] AHIE R var ID (primary)
B 4 a » R2 b
1 - QZ . i A
-
= 2 E7§ ES 21| LA 1
£ & S : I
S & E6 E\ H
— - [ ]
z ., + 3 I = sM3'DAGES) intercepts:
E8 : i RZZ.(O.O, 0.832),
4 -5 == 0°=(0.0,-1410)
A SRR A IR =S e R R
-8 4 0 4 8 0 0.4 0.8 © gLl LLeELgAREg Lo
1.000 01* t[1] AHOE R var ID (primary)
C a b
p .
; 1=
# B9 4T
2 Ell 5 SR .
= ! = . -
= A& &) —4 = 2
-2 E12 3 . L E
e - $M4.DA(E9) intercepts:
1AL R=(0.0, 0.720),
- -8 . 0>=(0.0, ~2.040)
10 -5 0 5 10 0 0.4 0.8 © oo So@mLgLUUODR
t[1] AHOE R var ID (primary)

E2 TEHREUEE (A). $REUATE (B) FAL&EE (C) ST GFC BERRHMIMSHMINGR S 21 OPLS-DA 55

B (a). 200 % E Heies

2 () FVIP A (¢

Fig. 2 OPLS-DA score plot (a), 200 displacement test results (b), and VIP plot (c) of physical properties and contents of

functional substances in alcohol extracts of GFC with different extraction temperatures (A), extraction time (B) and solid-

liquid ratios (C)
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- 2 PY $M2.DA(W1) intercepts:
» uft -5 R2=(0.0, 0.990),
, ©=(0.0,-0.668)
_7 ﬁG\\OOO#M\OMI\NONN:Iﬂv-‘V‘)l\V
-6 -2 2 6 0 0.4 0.8 LR RLORRMRSDEDARODOLR
1.000 06* [1] KR var ID (primary)
B a b
1 Y . —
4 T e o= |
. - -
= * W5 —
g 2 5 LR ~| 1
& + W7 e 0t
o 0 WS*-. ﬁ o
S CI ) R 1
= 2 w6 @ $M4.DA(WS) intercepts:
4 1 R*=(0.0, 0.648),
-5 0*=(0.0, —1.420)
" ‘N N> T O 0 —~ >N —~ &1 —~ O O T O AW
8 -4 0 4 8 0 0.4 0.8 HFARAESEODO0E0UZOO0UEOUD DA
1.000 33* {[1] AHE R AL var ID (primary)
C 4 a l b
— 2 !WIO - 14 c
=) B == ] .
@ Wiz & = -] §
z Wil W9§' x "¢ . £ 08
= A 3 l$M6.DA(W9) intercepts: >
= R=(0.0, 0.575),
4 . ©9°=(0.0,-1.210) 0.2
T T -5 O N N AN AN TS0 — 0O — 0 —
10 -5 0 5 10 0 0.4 0.8 CoOMgLlARELARERZLOAERADDOLADC
1.000 05* t[1] HHE R var ID (primary)
3 TEHEEGEE (A). EEETE (B) FRL&LE (C) 8T GFC KBRS BN EIIR S EH OPLS-DA 54

(a)s 200 XREHEILEER (b) A1 VIP E (o)
Fig.3 OPLS-DA score plot (a), 200 displacement test results (b), and VIP plot (c) of physical properties and contents of

functional substances in aqueous extracts of GFC with different

extraction temperatures (A), extraction time (B) and solid-

liquid ratios (C)

LA, TERERRRR, RIEESH T EETER
FEEE R TR, WHEERR. pH . AT, B8
TEROHE. BERLE. BETR. EWAHH. 4-
FRILIR RN 1,2,3,4,6-0- L & T BbE A0 $EE
NEZHTHESETEAFEETER. BB TR
Be. Rife. Pk, WHERR. BiEDE. 475K
IR, AATAHE . TR ATZE . pH (EFIR]
N BHRLESH T EE R RN A, &
BYROME. SACH . AL, BRI Bk E,
HLF R APORE . KSR, IREEESEN W
BEL ORI 1,2,3,4,6-0- 1L & T BL# %4
k. KR BSE. S8 O BETR
WG, (AL, 6. PDLL IR ANST Koy, 3R
IS8T MR A EASE ¢ BAL. PDL. 1k
SR 1,2,3,4,6-0- T & FEEH & 2K IR
Wifd. AT, IR S RS ECR

MRETEAFEEETROEE. EWATAF. (B
fiv PR KH AT PDI.

2.5.3 Pearson tHRXREL NP GFC $2HX
TS ES DU iR B, ARt i
Pearson AH M7 M H 5T %2 1 X OPLS-DA #%
MR ER R RN KGR, EARLE 4. EAFRIGR
BT, BRRESESRE TR, 4-REKHR.
AWATAE BB TR OB R IE 2 5 3% 1B
Ky BEMRSENS Bk 4 Frisr & 1,2,3,4,6-0- 1%
I A RO IR B B IEMIOG . EAR RSB
N, BRI SRE 1,2,3,4,6-0-H % & T HE 4
BRI 2 1B A G pH (B 52725 N BRI 92
WEIEAR, MHEETER. 425K IR &AM
ATETE PR E AR OGRS E S T IR
SR ECE IEARDG, SATA N ERE % & IR O
FIFRECE A OG. RNt S Hh, BERhiR S

.
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* RR SRR IRFRE 0.05. 0.01 K FREH K.
* and ** indicate that the indicators are significantly correlated at the level of 0.05 and 0.01 respectively.
B4 FEHEEUEE (A). EEETE (B) FRbiEL (O 28T GFC BHRR (D FKIER (4D MR IFHEEEESH
MINBHRE X R B

Fig. 4 Correlation coefficient analysis of physical properties and chemical composition of intermediates in extraction process

of GFC alcohol extracts (I) and aqueous extracts (IT) with different extraction temperatures (A), extraction time (B) and
solid-liquid ratios (C)

1,2,3,4,6-0- 135 BT 1 27 Bl PRS2 U TR AR OC; CH
5T B TR QRIS ECE UM DG
SR KRS B 5 R HCR IEA G
AN FRL B S 50T KSR R AR 5 2 R (1) 32
IR IEARDG, SR IRECE fAH5¢; PDI FIH

FRENHERIRICRE LA, 5 1,2,3,4,6-0-11%
BT I B A SRR T k. AN RIS HR K
FEMATRIARA PDI 5w A S R 5%, ¢
AL AT AL R SR G Pt SRR 4
BIEMK. FHRELSH KRN R SR BT
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MR CBRIIRICE R B F UK. LIRSS RAGHER
TARFSRBEEAET, YNk S HS Th A b e A €
R, SIS LR AR ) o B T A
M5 “RE-BR ARE I SR O T TR AR

254 ROKEE FETICERITERY, RAKEK
BT, WIS NS H 5. Doyt

BT, 53R p BLO.5, PEThR B V2
HITTERIE, JEIRIEXT OPLS-DA HEAY B A = ou ik
FERIYINES B S DR R EAT 70 b e irai iR (R
5) RH, ERFRTZH, ARHRBURERMAT, B
FREAAHNRPERRE S, BRSNS
PO PRRIR B B T P SR B ) 2 L5 R K 5

x5 TREILZEHT GFC BRBNIMESHEIMMREEREXKEST

Table 5 Grey correlation analysis of physical property parameters and chemical component content of GFC ethanolic

extract with different process parameters

REEER SHFH] DR RKE ZH75) DR REE S5 75 IR KBKE S5 55 DR R

UK P4 C8 08507 P6 C7
C7 08410 C10
C5 08232 Cl11
Cll 08129 C8
C10  0.806 6 C5
C3 07452 C6
C6 07144 C3
Cl2  0.6892 C12
c9  0.6237 9
Cl 05419 Cl
C4 05370 C4
C2 05236 C2

FEHU ] P4 C7 09406 P5 Cc7
Cl10 09364 C10
Cll 09341 Cl11
c8 09258 C8
C5 08338 C5
C9 07947 9
C12 07291 C12
C6  0.6018 C6
Cl 05784 Cl1
C4 05525 C4
C2 05349 2
C3 04916 C3

RHE L Pl Cl0 07347 P3 C3
c9 07274 C12
C7 07239 9
c8 07159 C6
c6 07106 Cl
Cl1  0.700 0 C2
C5 06619 C8
Cl2 05667 C4
C4 04990 C7
Cl 04950 Cl11
C2 04938 C5
C3 04749 C10

0.849 4

0.842 1

0.840 0

0.8331

0.8156

0.748 4

0.700 4

0.6813

0.6800

0.606 6

0.6019

0.5859

0.9354 P6 C10 09326

09314 Cl1  0.9282

0.9275 C7 09178

0.9219 C8 09176

0.8352 C5 0.8109

0.794 3 C9 0.784 5

0.729 9 Cl12  0.7292

0.603 4 C6 0.5876

0.5800 C1 0.563 6

0.5541 C4 0.5377

0.536 5 C2 0.5202

0.493 7 C3 0.469 6

0.658 9 P4 C3 0.639 6 P6 C3 0.674 3
0.640 2 C2 0.6352 C2 0.672 1
0.620 5 C1 0.634 1 C1 0.6713
0.619 2 C4 0.6329 C4 0.670 3
0.616 4 Cl12  0.6178 Cl2  0.6573
0.6156 Cl1  0.6017 C9 0.644 1
0.6135 C9 0.601 7 Cll1  0.6440
0.6115 C6 0.601 6 C6 0.644 0
0.610 4 C8 0.601 2 C8 0.643 7
0.607 4 C7 0.600 9 C7 0.643 4
0.598 7 Cs 0.598 9 C5 0.641 6
0.598 0 CI10  0.5978 CI10  0.6407
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ANFEHEIUS R ST, BSER, pH (E KA S &
LAY E A FERR B B B B R BRE s AR
BHRELEAE T, ¢ AL, SR S5EKL 857
AR E G R 3, 454 Pearson AHIGIH 2y
Mrai s, ¢ BALSE A HRNE 2 MM, M
SR, BADES5HEIEMX. KIETZMER

(£ 6) K, ARIRESHT, HiEEHRFRYYE
WHERR B Z Y], HAhifg S AR IR HE N it
K, SR GRERMEIEINN A AR
WA SECT, oS o R R PR L R I
RIRHE

255 ZRPERIAMEA LT OPLS-DA FER i o1

*6 TRIILZEHT GFC KRR EH SR ERERKESH

Table 6 Grey correlation analysis of physical property parameters and chemical component content of GFC aqueous extract

with different process parameters

AR ZHFH R RKE ZE 75 WBR REE ZH575) IR RIKE S5 7575 DI RIS

RIGEE  PI C3 08769 P2 Cc2
C7 08746 C4
Cl0 08726 C5
C4 08723 C6
Cl 08712 Cl11
Cll 08615 C10
C6 08579 Cl1
C5 08544 C7
C2 08456 C3
Cl12  0.7639 C12
C9  0.6896 9
Cc8 05891 C8

FEHU ] Pl Cl0 09514 P2 C10
C4 09500 C5
C5 09500 C4
Cl 094938 C3
C3 09487 Cl
C2 09476 C2
C7 09460 c7
Cll 09458 Cl11
C6 09380 C6
C12 09282 C12
c9 08621 9
c8 07756 C8

R L P7 C10  0.7690
Cll  0.768 1
C3 07674
2 07667
C5 07632
c6 07617
C4 07610
C7  0.760 8
Cl 07529
c8 07070
Cl2  0.7012
C9  0.6972

0.7717 P4 Cl1 0.858 2
0.770 3 C10 0.8580
0.768 6 C4 0.8573
0.767 6 C7 0.856 7
0.767 5 C3 0.856 1
0.767 4 Cll1  0.8538
0.766 8 C6 0.850 2
0.764 8 C5 0.846 7
0.764 5 C2 0.8376
0.689 5 Cl12  0.7505
0.6750 C9 0.687 6
0.6570 C8 0.605 0
0.945 7 P3 C10  0.964 1 P4 C10 09718
0.945 1 C4 0.961 4 C4 0.965 7
0.944 9 Cl2  0.9582 Cl1  0.9603
0.944 1 Cl1 09574 C5 0.959 6
0.944 1 Cl 0.9552 Cl 0.958 9
0.943 1 C3 0.954 5 C3 0.9577
0.942 5 C5 0.9543 Cl12 09572
09423 C7 0.9527 C2 0.956 6
09333 C2 0.9518 C7 0.956 6
0.923 6 C6 0.9475 C6 0.9523
0.8595 C9 0.886 3 C9 0.883 3
0.770 7 C8 0.8311 C8 0.8212
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WHEIR . Nidt— P8k RS HANN N AE R RIFE
ST, oyl 7 e R T 2. R 7. 8
ALEN, AFEENELE TR T CHfn. SRR

[ A B A IR E UG TR RRKT
0.7, RIFBIIIE RiF, iRVt SHOTE NS A
CHSENE IR M2, K TFH
i S5 PR ISR IR 1 [ A S B 4055
B, TEE /A R .
3 e

AR RS GFC HRBGE T« T2 %
B-VESH-D8 R I RAERR R, #8R THhEE

x7 TRERERLESHT GFC EZGM (B, BEE., ERSENTECHESEN@IASIE

Table 7 Regression equations of { potential, conductivity, total solid content and amygdalin content of alcohol extract of

GFC under different solid-liquid ratio parameters

EbrElL  ARiE ARiERE

R bR

Bz B ZMB B i PfE EVEyEs R R 2 i
BELL WE 167843 132.83 12.64 0.00 Y=1678.43 X—244.07 0920 0.847 0.832 106.80
P3 —244.07 32.80 —0.92 -7.44 0.00
s 278.50 90.53 3.08 0.01 Y=514.76 X—226.40 0.863 0.744 0.719 138.09
P4 5357.20  993.06 0.83 5.40 0.00
i 329.38 82.25 4.00 0.00 Y=329.38 X+32.53 0.862 0.744 0.718 138.20
P6 32.53 6.04 0.86 5.39 0.00

#8 AEIRESHT GFC KZRIKE. BSRMAKKRSENEITFIE

Table 8 Regression equations of particle size, conductivity and cinnamic acid content of aqueous extract of GFC under

different temperature parameters

FE R JEbRELREB bR E PR fH P AR R R HJE R b THAIRE
REURRE W& 6.13 0.49 12.54 0.00 Y=6.13 X 0.638 0.408  0.348 0.21
Pl -0.00 0.00 -0.64  —2.62 0.03
W 0.63 1.81 0.35 0.73 Y=0.63 X+5.37 0.594 0.352  0.288 0.22
P4 5.37 2.30 0.59 233 0.04

AR R AR, 5 O RTSUR LR,
A TARR G 2 AbAE T o Tt 2S£ oy
FRZAREA KRB, b e R iU
PESRAL 1 B

WTES BRI AR RS T Rt S A AE
WERIAENL] . BT REDIES BB
W T SRR o S PR R 2% A, T G
LA 5 2 B A A AR B 1 Ak 28 A e P 1) 1 42 R
. XERIONHITES B LR R T A
SEHEEIRARE , A E AR GEH) F— A ey M 02,
SERE AT SRR R R A R R . ARSI
5t T ES A 2 A N 7R 1 A
R g 15 ¥ H B0 1 2R

A R R RI) R AR 5 45 R R AL 3 )
FHORE3-241, R 2 1 o0 AT I A AR DU e e 17 LA
PIE AR . RS IAGRAL TR 7>
ATV AIR, S E R BRI R 2 R

PRI 2R T TIRER B TR T, RN
NI ST 2 B R o R A ) SR BE T
e S ALR

AT FEALH) “ME-AL S RIS R 4
ARIL M Z R VETNRE F7 . BE4R 1A 2 R A
KA, W T AZAR AR ] S AL KPR
PR R IR AR P U BAR 1 R (O TR 2 o 3K
XTSI U T AR A SRR R R IR, SRR
KW FC T LS L A A S H, UM 5
FH R TA R TR TN HS
R R R A PR R, LR R
W A S R, B SEAE B B RIRIESCHY)
VS BIEL ML T AT, RETT S T AL 8 >
RIZHAS IR, [R5 2 RGHTEA R 244 3
JEAHE IO I S B R, AL B R
PER B E T A 0], REASEUN “ S s 2] R
SRR BT
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