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Abstract: Objective To establish the batch release criteria of Gardenia jasminoides intermediate purification process based on
statistical process control technology in order to ensure the batch-to-batch consistency and stability. Methods Forty-eight batches of
G. jasminoides intermediate purified solution were collected as the calibration set. The content of chlorogenic acid, shanzhiside,
geniposidic acid, deacetyl asperulosidic acid methyl ester, genipin-1-f-D-gentiobioside, geniposide, and total acid were determined to
establish the quantitative release criteria. Near-infrared spectra (NIRS) were acquired to establish the qualitative release criteria.
Seventeen batches of G. jasminoides intermediate purified solution were prepared under different process conditions by the
Box-Behnken experimental design. They were regarded as the validation set to verify the feasibility of the established quantitative and

qualitative release criteria. Results The established quantitative release ranges were: chlorogenic acid 5.753—6.713 mg/g,
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shanzhiside 9.456—10.723 mg/g, geniposidic acid 3.313—4.401 mg/g, deacetyl asperulosidic acid methyl ester 15.260—16.419 mg/g,
genipin-1-B-D-gentiobioside 30.529—33.473 mg/g, geniposide 165.17—175.16 mg/g, and total acid 45.028—53.118 mg/g,
respectively. The established qualitative release upper limits were: Hotelling 7> = 4.067 8 and DModX = 1.218 8. For sample 1, 5, 7, 9,

10, 14—17 from the validation set, the content of quality control indicators satisfied the quantitative release criteria and NIRS satisfied

the qualitative release criteria. Conclusion Based on NIRS and statistical process control technology, the developed quantitative and

qualitative release criteria are simple and feasible. They could be used for the production quality control of G. jasminoides intermediate

purification process.

Key words: statistical process control; near-infrared spectroscopy; batch release; Reduning Injection; chlorogenic acid; shanzhiside;

geniposidic acid; deacetyl asperulosidic acid methyl ester; genipin-1-B-D-gentiobioside; geniposide; total acid
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Table 1 Experimental design
SESS pHAH  BEHHEU(emin) AN /A
1 3.0 (0) 150 (0) 30 (0)
2 4.0 (+1) 100 (-1) 30
3 2.0(-1) 100 30
4 2.0 200 (+1) 30
5 3.0 150 30
6 2.0 150 12 (-1) ' T ' ' T T '
7 3.0 100 48 (+1)
8 4.0 200 30
9 3.0 150 30
10 3.0 200 48
11 4.0 150 48
12 2.0 150 48
13 4.0 150 12
14 3.0 200 12 . i : : : i ,
15 3.0 100 12 1100 1500 1900 2300
A/nm
16 3.0 150 30
17 30 150 30 1 %% (a) FEEERER (b) NIRS [RIEIEE

T 150 r/min, A 30 h) 4, A0 b IE R ERAE
1.2, (normal operating conditions, NOC) fILIXFEA
Box-Behnken 55 i /s 50 K 2% pH i X} CA. SZS.
GA.DAAME.GG.GS 1 TA &1 P {5/ T 0.05,
T30 4 6 S RTA SRR N [0S 3R 2% il 43 1) P B3I K
T-0.05, Ui pH {E0) % gy B RS IECh B
T 458 e 2 SRR R [ 6) 8- Js 70t (1) 5 M ANt 3% o
22 KiEXRE&E

LEZEIREAE T, H Luminar 5030 BYUr 40 406 ik
YT SCRAERE S ) NIRS . i VS ZE 1 100~
2300 nm, AR 2 nm, FIHEAEL 300 WK, 43 E
1 nm. FFNEBCKEE 3 KOG, BOERDGIE ST
30T o IZRBERNEG UE AL AT 2L AN AR I WL 1,
Kl 1-a oGS ESMEELF, B 1-b HOtiEE 1100~
1400, 1550~1850. 2 000~2 300 nm W i li5% )
HH 52, UL PH S0 IR R R A1 E iy B AAfE 22 5
2.3 UPLC EENE
231 & kA Agilent Zorbax SB-Cig
(100 mmXx3.0 mm, 1.8 um); TifE Agilent UPLC
Guard Zorbax SB-Cig (5.0 mmX3.0 mm, 1.8 um);
W AH & -0.1% 5 1R K % s AL &= 0.4
mL/min; FHELEM: 0~10 min, 5%~10%Zi5;
10~15 min, 10%~20%ZME; 15~30 min, 20%~

Fig.1 Raw NIRS of calibration (a) and validation samples (b)

30%Z 50, HEREE 2 uL: KR 30 °C: K
238 nm 1324 nm, HH' 238 nm & SZS. GA.

DAAME. GG F1 GS, 324 nm JlI5E CA.

232 AP R A AREL SZS.

GA. DAAME. GG. GS. CA %} iE &, I 50%
FH ) R T AR R 0 0 A 28.08 15144 61.54

113.68. 770.20. 36.40 mg/L 174X} FE i i 259
233 MR EIE RS AR E 50 mL IR
iR, AN 1 mL BRSOV, AEERRE R, A
50% AR R ZIRE, FE4T, B0, K3 1 mL
IEW B 10 mL SR, FH 50% TR R R 20
Py, By, BiEWOL 0.22 pm ALuERE, RIS

2.3.4 UPLC faifld s Bk a4 oAt i
(5 T3, KOS St SZS. GAL DAAME,
GG. GS Fl CA [, TRA XS BORRE S
(1) UPLC i WL 2.

235 LMERRFE ki E DR RATR )R
B0 R A A, K LT AN () B AR FEE PR XS L
W, f BRI AT, DA TR 2
() RFEERE O #HATENE T, 153500 1
b IR T RE RN ZR MR B, SRl SZS: Y=
5512 X—1.07, R*=0.999 7, ZIETuH 4.21~42.12
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B2 REMBSRAER (A) FHERER (B) & UPLC
Fig. 2 UPLC of mixed reference substances (A) and sample solution (B)

pg/mL; GA: Y=6.144 X—0.90, R*=0.999 7, %1k
Jufl 2.27~22.71 pg/mL; DAAME: Y=6.738 X—
2.03, R*=0.999 9, Zk{:jEH 9.23~92.31 pg/mL;

GG: Y=3.631 X—0.73, R*=0.999 9, Z1kilH
17.05~170.52 pg/mL; GS: Y=6.833 X—6.05, R’=
0.999 9, Z:METEMI 115.53~1155.30 pg/mL; CA:
Y=13.736 X—6.95, R*=0.999 8, ZkkuHl 546~
54.60 pg/mL,

23.6 FESEEEE ¥ “2.3.37 TR k&L
A, ESIIEAE 6 IR, ik “2.3.17 IR A AT
Mg, WA, 455 SZS. GA. DAAME. GG.
GS A1 CA &R RSD 4354 0.37%. 1.09%-

0.32%- 0.55%- 0.18%-. 0.27%, it I3 Ik 35 i
R Af.

237 EEMEFEE % “23.37 TR A ELHE
6 ML IR, % “2.3.17 TR ARG SRR
5, 459 SZS. GA. DAAME. GG. GS 1 CA
Yo B0y 9k 9.92.3.75. 15.88.31.53. 169.91 .
6.12 mg/g, RSD 5K 1.17%. 1.36%. 0.63%-

1.08%-+ 0.72%- 0.92%, Ut BZ I VE M E R R AT,
23.8 FRUEMEFEE % “2.3.37 TR k&6
MV, EIRCE, A AITE 0. 2. 4. 8. 16, 24h
HERE, $% “2.3.17 TN A e, 0 kg A,
459 SZS. GA. DAAME. GG. GS il CA WHiFH
FUAME) RSD 4351 4 1.08%+1.27%10.68%+0.79%-
0.42%- 0.70%, i FHFE S 5 o 72 &30 T 24
h WEE
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W, IO 50% SRR R LI, #5), &
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50% I EEFRRE R ZI RS, #2257, B0y, B3 WOE 0.22 pm
TUALUENE . [FEHIE 6 4, H& “2.3.17 TR il gk
PEREREDE , v SEMFERDC% 2 3L RSD, 45 % SZS.
GA. DAAME. GG. GS. CA I F LRIz /)
WA 100.32% . 102.86% « 98.76%  100.92%
100.72%-~ 99.04%, RSD 774 1.31%-+ 1.87%-
1.66%- 1.51%. 1.12%. 1.01%.
24 TA EENE
241 PRSI EIS OREEIRE “2.3.37 TR
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HYPMRE (YD, DABTEIRFEEA AR (XD 225
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Table 2 Content of quality control indicators of calibration samples
. FESH/(ng g ) . FE B/ (mg-g ")
Pl Pl
CA SZS GA DAAME GG GS TA CA SZS GA DAAME GG GS TA
1 6.145 10.247 3.823 15.516 31.592 169.827 48.572| 27 5.996 9.891 3.595 15.642 31.607 169.336 47.439
2 6.317 10.167 3.722 15.707 31.780 168.900 47.901| 28 6.080 9.981 3.631 15.583 31.554 168.192 47.218
3 6.524 10.306 3.946 15.922 31.847 169.930 47.863| 29 5955 9.903 3.674 15.640 31.414 169.134 48.650
4  6.617 10.237 3.936 15.881 31.591 168.387 49.081| 30 5.886 9.798 3.569 15.564 31.693 167.729 48.087
5 6.510 9.863 3.502 15.476 31.381 167.413 48.142| 31 6.246 10.412 4.076 16.108 32.931 170.110 51.967
6  6.393 10.398 4.067 16.022 32.508 173.210 51.930| 32 6.031 9.902 3.826 15.888 31.723 169.417 49.527
7 6.642 9.988 3.635 15.479 31.267 169.334 49.668| 33 5.841 9.616 3.538 15.593 31.549 167.782 47.581
8  6.650 10.589 4.268 16.063 32.996 171.462 46.282| 34 5980 9.786 3.866 15.774 32.111 167.202 49.496
9 6.185 9.876 3.714 15.520 31.330 171.926 48.647| 35 5937 9.751 3.796 15.672 31.810 168.654 48.260
10 6.334 10.202 3.842 15.827 31.897 170.201 48.193| 36 6.125 9.768 3.760 15.648 31.643 168.412 50.274
11 6.581 10.434 4.113 16.164 32.698 173.563 49.835| 37 6.321 10.020 4.033 15.942 32.484 171.711 51.686
12 6.024 10.067 3.816 15.844 31.640 171.951 47.067| 38 5.927 9.897 3.866 15.851 31.843 169.538 50.548
13 6.107 10.104 3.728 15.793 31.949 169.074 47.392| 39 5.813 9.812 3.877 15.808 31.867 171.148 49.051
14 6.295 10.367 3.987 15927 32.044 173.364 49.490| 40 5919 9.770 3.763 15.735 31.230 169.236 49.624
15 6.392 10.393 3.951 15983 32.464 172.954 48.620| 41 5.983 9.838 3.881 15.853 31.362 168.999 50.091
16  6.327 10.028 3.874 15.799 31.746 169.089 47.736| 42 5.895 9.922 3981 15.984 32.537 170.481 50.499
17 6.571 10.582 3.800 15.695 31.500 167.587 48.254| 43  6.079 10.189 4.192 16.356 33.194 173.700 52.735
18  6.371 10.240 3.848 15.712 31.614 167.758 47.434| 44 5.991 10.160 4.111 16.282 33.080 172.679 52.499
19  6.556 10.416 4.174 16.261 32.661 171.000 50.710f 45 6.509 10.523 4.283 16.389 33.302 173.431 51.952
20  6.445 9.897 3.532 15.631 31.672 168.771 52.661| 46 6.311 10.270 4.126 16.227 32.422 172.358 47.023
21 6.337 9.800 3.555 15.575 31.397 168.318 48.184| 47  6.157 10.087 3.970 16.039 32.388 170.427 49.002
22 6.273 10.043 3.787 15.794 31.867 170.359 47.237| 48 6.443 10.332 4.241 16.351 33.224 173.164 49.056
23 6.288 10.160 3.678 15.622 31.783 169.355 47.902| /M 5.813 9.616 3.502 15.476 31.230 167.202 46.282
24 6.245 10.357 3.900 15.869 32.438 172.466 49.030| 4 K{H 6.650 10.589 4.283 16.389 33.302 173.700 52.735
25  6.574 10.013 3.698 15.671 31.573 168.275 47.381|~F¥J{H 6.233 10.089 3.857 15.840 32.001 170.160 49.073
26  6.044 9.867 3.582 15.624 31.844 170.590 48.019
F3 WIEEHABRIZEMRREN
Table 3 Content of quality control indicators of validation samples
Jitit S 4 (mg-g ) T (mgrg )
FEdh FEdh S
CA SZS GA DAAME GG GS TA CA SZS GA DAAME GG GS TA
1 6326 10.051 3.931 15.922 32.308 170.750 49.835| 10 5962 9.763 3.659 15.690 31.462 167.273 48.724
2 4.098 6.377 2.651 7351 17.439 140.952 36.787| 11  3.692 6.335 2.570  7.759 20.743 135.352 38.197
3 5293 8550 3.151 10.930 26.731 151.056 43.269| 12 4974 8.493 3.122 10.442 24.100 147.608 41.092
4 5167 8.624 3.251 10.754 28.097 152.090 42.462| 13  3.821 6.050 2.381 7.597 19.571 136.147 37.199
5 6.115 9.777 3.637 15.512 31.549 167.599 47.472| 14 6.598 10.481 4.253 16.266 32.898 173.140 51.796
6 4778 8.630 2971 10.899 27.251 152.071 43.287| 15 6.260 10.191 4.070 15.966 32.415 171.592 50.232
7 6.094 9.829 3.850 15.716 31.751 168.944 47.987| 16 6320 9.926 3.945 16.099 32.449 171.642 49.787
8 3522 5847 2736  7.351 21.088 138.120 35.267| 17  6.534 10.255 3.816 16.108 32.625 172.704 51.944
9 6222 9968 3.974 15.873 32.177 169.772 50.327
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FE TR A5 R A3 BAAR i E R AT R3S CA
5.753~6.713 mg/g. SZS 9.456~10.723 mg/g. GA
3.313~4.401 mg/g. DAAME 15.260~16.419 mg/g.
GG 30.529~33.473 mg/g. GS 165.17~175.16 mg/g
H1 TA 45.028~53.118 mg/g. FIWr I EEFEA 5 43
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7+ 10+ 14 F1 15 25 B o3 () B AR Aff e I AT FR VS
Bl P o
2.7 EMERITIROE

FAAR AL I R I U0 BN TR R AR A T
R, AR R %, T2 kAR R
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TEX G AT B AT 0T, S AT AR
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S I 2 AN 2R B . Hotelling 7° 4838 -
TR T 19 53R B e 2 Js o0 A28 P A R g
HRET S, 1 DModX 48t 3 B 1
TSR 2 (B O S AR 133 ) 02 75 5 B 0=0.95
IR EAS K, 155 Hotelling 7% A1 DModX (1)
AR, AE e MR OT AR e . B o B R
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#l. Hotelling 7° G- B IR I R ol AR F 3 A%
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A 1, PRT ZEAS T

AR ZEEREA Hotelling 7% FIBAT 2 )
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2.7.3 DModX 731 DModX 3781148 5 25 1] I 4
FIBRL PR B, E A R R AN R Bk 2
K B R AR i, 4% T A A BT,
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HEHAME, TR R s, YRR 1
NG AT BRI, R W e ) A S A R
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FERATES HIPRVE R Y, X5 e BT 2 Hr (45 21
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NIRS 15 B0 5E PE AT FRAE . ¥ Hotelling 77 Ha 47 &
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