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Abstract: Objective To find the constituents that is closely related to the color change during the stir-frying process of Gardeniae
Fructus Praeparatus (Jiaozhizi in Chinese herbal name, JZZ). Methods The colorimetric method was used to measure the chromatic
value of the samples during the stir-frying process of JZZ. High performance liquid chromatography (HPLC) was used to determine the
common constituents of samples in the processing of JZZ, and the multivariate statistical methods of correlation and discriminant
analysis was used to investigate the color and constituents of JZZ. Results The E,, of eight constituents in processed JZZ samples
showed a highly linear positive correlation , they were gardoside, crocin-I, crocin-1I, p-coumaroylgenipin gentiobioside, 16, 112, C1 and
C2. The contents of these eight components decreased with the increase of color in the stir-frying process. Ten key components of JZZ

samples, scandoside methyl ester, deacetyl asperulosidic acid methyl ester, gardoside, crocin I, crocin I, peaks C1, C2, C4, C6, and C7,
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had significant changes in contents. Conclusion Gardoside, crocin I and crocin II are the most important components in the

stir-frying process of JZZ, which are highly correlated with the change of color and can be used as chemical markers for the quality

control of JZZ.

Key words: Gardeniae Fructus Praeparatus; stir-frying processing; HPLC; quality marker; color; chromatic value; multivariate

statistical methods; color analyzer; dynamic correlation; gardoside; p-coumaroylgenipin gentiobioside; crocin-I; crocin-II; scandoside

methyl ester; deacetyl asperulosidic acid methyl ester
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FEERE HEEM REr FEE ERME ek WEE ERM REk
I1* 9.069 0.82 1.58 094 | I8 25791 0.91 2.62 0.81 | CI® 43546 1.87 1.88 1.40
122 10.585 2.04 0.64 1.69 | 19* 28371 0.16 1.49 0.11 C2> 45543 033 2.16 2.62
32 12.194 1.18 2.82 2.02 | 110* 30.661 0.79 1.84 0.28 | C3°> 48.069 0.32 1.96 0.29
14 14.664 0.73 2.02 0.62 | I11* 31.100 1.24 2.59 0.92 | C4> 48981 2.68 2.89 1.18
I52  18.605 0.41 2.39 0.63 | I12* 37.797 2.13 1.56 224 | C5* 51.777 030 2.40 0.28
162 21.576 0.38 2.12 0.84 | I13* 46.541 0.91 2.38 024 | C6> 66.483 0.79 1.95 0.64
17@ 25273  0.11 2.80 0.12 | I14* 49.223  0.76 2.50 1.51 | C7° 71.479 031 2.08 0.72

a-254 nm NI

b-440 nm TSN, 2 2 [F]

a-peaks recorded at 254 nm  b-peaks recorded at 440 nm, same as table 2
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Fig. 1 Chromatograms change in stir-frying process of JZZ samples
2.2.9  AFEVISHIEE SRS I AR RIS SLH) AN T M R K 2 U AR I TR R

HPLC ERE T8, ARTESH AN AN R HI R i
HERE AT, ARIE S I AR E 45 R, B “2.2.77
T A oS P (W T AR R SR MR, AT ARG U
MR, HESERIE 2.

2.2.10 NGO R EE S & BT B
AT (JZZ0) VTESE T IR, IR AR AL PR R
R, THEANE TR RS 0 min B S B
FALPE, SRR 3. ML R EIR, 254 nm
T AN, T 440 nm T RS AL ECA B R,
YO 7 min J5S5HIGERE & B R AR RO, 2
22 SRV N 0332, MR HEAHALLRE PR 45 3,
% HY 0 min £ 5 440 nm AU AR 4 35K R I (]
A7 11 14 min A SAEXSIETRL, W] 2
I R AR (B 2). M2 aTRLE Y,

#, Hr 440 nm F % HIE 14, 16, 111, 112,
114 FRERIAE; DESS I B G N
fhitadh, g 15, 17 5 C4 MXHIE AR EMEH] 1~7
min & FTHES, 7~14 min 2 RS, K113 5
C7 AT 1~11 min 2 T, Hep
11 min B C7 A% 0 AR BAT 4 AR W T AR B n 1
1.7 %, B HI& i AR I T AL T B 4]
GEARRTUEE T AR 1720

3 3 A AE T ) R A B 1) B B, 440 nm
T R 4 50.1. 69.4 min 55 254 nm F r 5 36.5 min
(1) oy Bl M R FE DR, FER o SRR iR, &
L) 2 S B eV . HLIE R0 g R
JZ78 FEi 254 nm R #r 4 30.12 min IR A EENE
TIOHE R P ARy, B BARE Tz



L)

Chinese Traditional and Herbal Drugs

#49% F 173 20184E9 A

* 4033 -

#*F2

AR F OB m p LB IE AR XTI E AR

Table 2 Relative peak areas of processed samples of JZZ
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9.069 2
10.585
12.194
14.664 3
18.605
21.576 1
25273 12
25791 1
28371 52
30.661 1
31.100
37797 1
46.541 7
49223 3
43.546
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48.069 45
48981 1
51777 7
66.483 9

40 780
56 792
72 006
65109
62 163
34 089
66 565
45210
71516
23 405
88997
34934
07722
75 860
38 381
29993
25 146
41377
20534
87222

0.890
1.212
1.088
1.731
0.944
1.564
0.808
1.506
1.105
1.368
1.386
1.626
0.897
1.371
1.532
1.883
1.659
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1.643
1.084

0.863
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0.888
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1.152
0.921
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1.341
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1.556
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1.693
0.962
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1.002 1.081
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2.163 1.757
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0.860 1.007
1.578 1.182
1.068 0.997
1.415 0.969
1.082 0.960
1.795 1.199
0.898 1.039
1.196 1.126
1.987 1.394
1.437 1.600
1.733 1.248
1.007 0.865
2.078 1.543
0.947 0.831

0.865
0.890
1.042
1.508
0.866
1.337
1.088
1.052
1.003
1.255
1.385
0.985
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1.402
1.801
2.113
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1.070 1.006 1.044
0.933 1.060 0.869
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1.755 1.479 1.691
1.018 0.806 1.207
1.237 1.396 1.121
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1.402 1.310 0.964
1.090 1.100 1.096
0.922 0.845 1.127
1.072 1.204 1.131
1.708 1.267 1.430
0.949 1.087 0.974
1.197 1.196 1.279
1.850 1.758 1.272
1.601 2.190 1.158
1.352 1.606 1.126
1.210 1.326 1.309
1.418 1.797 1.142
1.073 1.274 1.307

1.048
1.331
1.243
1.144
1.357
1.021
1.035
1.024
1.083
1.202
0.914
1.072
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0.898
0.960
1.106
1.126
0.961
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1.375

1.008
1.095
1.238
0.856
1.426
0.979
0.993
1.076
0.958
1.098
1.008
0.948
1.039
1.052
1.040
0.894
0.874
1.224
0.858
1.449

0.942
0.998
1.278
0.698
1.401
0.900
0.918
0.872
1.053
1.031
1.066
1.015
1.005
0.948
0.736
0.722
0.672
1.231
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1.300

0.883
0.882
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0.666
1.192
0.725
0.993
0.976
0.896
1.080
0.992
0.774
1.047
0.870
0.617
0.462
0.430
1.149
0.354
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1.074
1.298
0.929
0.343
1.270
0.551
0.925
0.926
0.990
0.954
0.905
0.495
1.010
0.802
0.296
0.227
0.222
0.859
0.178
0.482

1.021
1.099
0.621
0.321
0.937
0.437
1.042
0.847
0.937
0.850
0.948
0.493
0.975
0.501
0.131
0.126
0.111
0.460
0.091
0.255

0.955
0.772
0.538
0.103
0.777
0.283
0.770
0.649
0.882
0.598
0.419
0.254
0.649
0.376
0.048
0.032
0.028
0.174
0.017
0.056

C7° 71.479 1290967 0.707 0.823 0.953 0.726 1.014

0.835 0.991

1.027 1.009 1.484 1.526 1.491 1.395 0.859 0.460

#3 ERTIEHERS 0 min HREIE
Table 3 Similarity analysis bween processed samples and 0

min samples of JZZ
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JZZ1 0998 1.000 |JZz9 0996  0.932 (Ad"=an—aw, Ab"=bn—bw, ta JIISHINE S H
JZZ2 0999 0999 | JZZ10 0997  0.882 TRIAFERMBIEAR, 2 AL N SAEARREE S0
JZZ3 0997 0999 | JZZIl 0993  0.782 IR, BItR, NIEENMR: AELEBK,
JZZA 0996 0999 | JZZ12 0994  0.597 AR50 IR i B A 228k, HABh 6~12 M
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Fig.2 Changes of relative peak areas of JZZ samples in stir-frying process
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Fig. 3 Ratio of main color of JZZ samples in stir-frying process
F=4 ERTOREEPEEESTK
Table 4 Chromatic values of JZZ processed samples
Bef L° & b°  E, ALY Ad" AV AE,| FEW L© & b E, AL"  Ad"  Ab AE,
JZ70 47.97 18.85 49.69 71.59 0.00 0.00 0.00 0.00(|JZZ8 46.28 15.33 42,94 6496 -1.69 -3.52 -7.02 8.04
JZ71 47.40 19.10 4993 7145 —0.57 0.25 0.25 0.67(|JZZ9 45.32 11.51 3594 5898 —2.65 -7.34 —14.02 16.05
7272 47.18 18.58 4893 70.47 —0.79 —0.27 —1.03 1.33|JZZ10 44.09 8.57 30.30 54.18 —3.88 —10.28 —19.66 22.52
7273 47.09 18.93 49.52 7091 —0.88 0.08 —0.44 0.99(JZZ11 4420 8.58 30.15 54.19 -3.77 —-10.27 —19.81 22.63
1774 46.74 18.22 48.16 69.54 —1.23 —0.63 —1.80 2.27|JZZ12 42.15 9.33 27.26 51.06 —5.82 —9.52 —22.70 25.30
JZ75 46.65 16.50 45.12 66.96 —1.32 —2.35 —4.84 5.54|JZZ13 33.86 11.79 16.22 39.35 —14.11 -7.06 —33.74 37.25
1276 46.80 16.31 44.85 66.84 —1.17 —2.54 —5.11 5.82|JZZ14 33.18 12.22 15.02 38.42 —14.79 —6.63 —34.94 38.52
1277 46.79 16.38 4497 6693 —1.18 —2.47 —4.99 5.69
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i T ELIA 7 A NBS, 3R B KB 28 55 B 5 b )
TR R AT R R 2 R

24 ERFEESHINSKEDH

24.1 BOrSEMEZMARESHT K 254 nm 5
440 nm N LA UERLIE S B AR T AR S R AR T
FIFE P MR OIS Ey LT o'y D8R, 1K
AN Z SPSS 22.0 14T 2 /R (Pearson) #H
ST, G5 R R ST R 5 L
IEAHR NG T+ 14, 164 112, 114, Cl. C2.
C3. C5, WEIEMKXMMS A 18 19, 111, C4.
C6, B—MIEARMISr N 13, 17, 110 Hr 58
& LT AR 5 i B M AE AR G O 9 144 164 1124
114, Cl. C2. C3. C4. C5. C6, & IEMFHIK

458134 194 111, — M IEF SR ALy v 18+ 110, 113
(K5
2.4.2  FENEFIOHIS AR R AL B 5 B AS SR
GNT Nk R AR T AR AT 0 A A
B2 SR S B3 A, 1 e
TR ) aek R S B ]SRRI B S BN B
SIMCA-P13.0 #4754 (B 4), R¥EERE
(R4 25 R, R REAG T Kl i 2 R B R R 23 1A T
fide /N —3REH M 34T (PLS-DA), M43 VIP
HRT 1 MEERSEE.

BRI ERE TR R T 3
25, HoAv b B E] 1~8 min VT A6 1 25, 9~12 min
VAR5 2 2%, 13~14 min JHN5S 3 25, FIAIRIEK

*5 BESHIEXMESH

Table 5 Pearson correlation analysis between chromatic values and compounds

*

5

s Iz & b £, s Iz a b £,
I1 —-0.079 —0.098 —0.108 —0.112 112 0.803" 0.696™ 0.864™ 0.863"
12 0.118 —0.137 0.023 0.029 113 0.623" 0.076 0.476 0.495
I3 0.731™ 0.059 0.542" 0.568" 114 0.915™ 0.668"" 0.934™ 0.939™
14 0.812" 0.859"" 0.943™ 0.935™ Cl 0.814™ 0.819™ 0.927" 0.921™
I5 0.217 —0.544 —0.086 —0.052 C2 0.784™ 0.816™ 0.907"* 0.899""
16 0.874™ 0.752™ 0.940"" 0.939™ C3 0.829™" 0.836™" 0.947" 0.939™
17 0.509 0.435 0.547" 0.543" C4 0.844™ 0.131 0.646" 0.674™
I8 0.644" 0.538" 0.685™ 0.684™ Cs 0.801"" 0.874™ 0.943" 0.933™
19 0.696™ 0.600" 0.745™ 0.744™ C6 0.822" 0.208 0.666™ 0.687"
110 0.657" 0.296 0.596" 0.607" C7 0.271 —0.629" —0.083 —0.040
I11 0.723™ 0.407 0.691" 0.698™

"P<0.05 fH%; TP<0.01 I HEAHK; TTP<0.001 RT3 HAHK

*P < 0.05 relevant; **P < 0.01 significantly relevant; “**P < 0.001 highly significantly relevant
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Fig. 4 Hierarchical cluster analysis of chromatic values of

JZZ processed samples
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BRI, w] DU T8 2 A il o 36 i gt
BT (1) £ 4G 5 K i) o A R o 1 B AR S
(VIP ft, B 5), 55104 VIP>1 EAE,
43 AR C7 (1,705 2D X PR B R H IS (1.3452).
I C4 (1.169 8). £ LM ZE M BLHE R R (1.131 3D,
PRLIAEEF-IT (1.106 5) FRAETH (1.099 1), P4l
-1 (1.063 8). W& C2 (1.041 7). 1§ C1 (1.008 9)
g C6 (1.006), It 10 Fh s AN FAIS 6L
5B, SRR R .
2.5 N

ARSI LR % S AR R AR S e
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Fig. 5 VIP (Variable importance for projection) plot of JZZ processed samples of Gardeniae Fructus Praeparatus (PLS-DA)
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FENE T & IO FE R PN, 15T NG (178
Lt ERAREG, RERMHASNERA, 5
ERO RIS RAVIA,  ULBA SR 1 T DLHE R Hb

DX AN [ G 2 PR AR AT T

FIFH R M A5 R, KNG I ik f
FES I L 22 % 20 34T PLS-DA 43 #r, M fiisk
HAEHE T R AR B RS . TE
PLS-DA # 8, R IFREE B R2 5 0 HfH
P, M HEWRT 0.5 B, AN R IR
B, ARSEEH R7E QP KT 0.5, RIIZBERIAT LA
fR BN TG SRR R RN,
SIMCA-P13.0 #8368, VIPHA TR XE Y
2 AR, VIP KT 1 #A 2 B
&, KT 0.5 B hRAEEA R, 1M 0.5~1.0 #
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3 PR SR A M T, LI 10 ANEEE T )
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1) 4 A 2 R, HAE 2 N 76 h, £ 80 C
AN, PEREELRE— PR, R — R B
Hd AR, PHZAETE-1LE 160 CHF, BRfEE R 26
ok, HFr AL g eig, % 180 CHY,
HEMK, =T 200 CH, FL -1 S Et-
| RS 1 e 1 Rt P77 N 9y 4 i 2 e I 7
BHEEE ik 180 C UL L, BEFrEEmf i, HEa
-1 S-S ERYIGS 2R ERF
fiX, 456 440 nm FEIERIEORRRSBEEE
TEM & S R R L, XA S HOR 45 i 4]
JLHE —EEAE R T 180 CREIBINA K. mMERA
FAYRR CT Ak, 5 HE TR R e AR Ak e
TEFADG,  CHE T IS s 70 12 (0 AR LA 0 £
KA E A BRI

ARG = g AR LRI, AR T Hd R A L
T B 5 R B e B A R R T A e, X T
Ae 9 AEAE T ) Je 1k A P 38 5 1 Ji PR 2 — P,
AT R EER TR S &R TR
A, [RI R PRl A R AR A, S A S AR
T W2 AR B UM G . i T3 R R B
A A = £ E T AN 5 D R A A —
25, MAENET H BT OCKAE 71 & &1 A T Ebr
TEAS A2 DS L o i o AN S il i A i 2
SEE RN TICR I BRI 5 e T i 2
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