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Study on processing technology of Gardenia jasminoides carbon based on thermal
analysis and comprehensive evaluation
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Shuo-sheng
College of Traditional Chinese Medicine, Shanxi University of Chinese Medicine, Jinzhong 030619, China

Abstract: Objective To optimize the processing technology of Gardenia jasminoides carbon and validate the process with
pharmacodynamics research. Methods The pyrolysis characteristics of different active components in G. jasminoides were analyzed by
thermal analysis technology, and the optimum processing temperature range of G. jasminoides carbon was obtained; Taking the tannin
content in G. jasminoides carbon as the index, two factors of stir-frying temperature and stir-frying time was chosen to optimize the
processing technology of G. jasminoides carbon by response surface methodology, and the processing technology of G. jasminoides
carbon was verified by pharmacodynamics experiment (hemostasis test). Results The optimum processing temperature range of G.
Jjasminoides carbon was 290.3—387 °C, response surface methodology was used to optimize the processing technology of G.
Jjasminoides carbon: The processing temperature was 330 ‘C, the processing time was 5.91 min, and the tannin content was 3.120 mg/g;
Compared with the blank group, the new method group and the traditional group could significantly shorten the clotting time of mice
(P < 0.01), raw product group can significantly shorten the clotting time of mice (P < 0.05), the new method group can significantly
shorten APTT in mice (P < 0.05), there was no significant difference in PT and TT in mice. Conclusion The processing technology of
G. jasminoides carbon was optimized by thermal analysis technology and response surface methodology, and the results were verified by
pharmacodynamics experiments. The method can provide a reference for improving the processing technology of Chinese materia
medica and quantifying the fire parameters in the process of processing.
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PEF AN T (pfeARzig) W, HIRE L
G MmA T, TN ERE AR T
Gardenia jasminoides Ellis F] TR sE, HHVE
KERIG EFEIA BARETE, AMRE MR 2
S, WE il S TR, B (B 1B
B RO, L ZHISENH RS, gtk
SN I IR, (HERp ) O
I “HIKEL” DIKE 745 10 WRZGAHBERAEE, WFRR
AR, FTIABORE. WL, b, i, wi
S IRZEIE ARG TR f5, FEVEREIR,
1B Thfees, & Fatiibii, 28Tk, M.
1 LR 2 3 £ /= N R

A MTEAR R HRE T, W=D
PIEEPE T 5RO R I —RER, T2 N T 8RR
(IS S B2 1T T NI X R | I o0 111V R R |
B, AR O 2 R BT BOR B A T A 24 |
BURHF S, NHMAE (TG /U HE (DTG)
BRI SRR, R R 250 K Kk T2
ST T AHSCHE 7O, AR TR I B AT
AR ARl B =357 e 582 N L M S s U
RALDA VIR AT AR AL, HRE5 6 i RLTH
%, DR TR S BN R AR AT T2, TH
B 5% BT AR 1) T 2 AT 2580 SRR AOIE, AR
TR R B AR E R IO A A P R A SIS R
1 XEEHR

STA449-F5 7 HF -2 [R5 A A A, 72 ] i
Bt /AF]; Spectrophotometer £84hA] WA» G FE 1T,
SRR A IR A AR223CN 43 HT R,
EE BB A T ABL RAVZINAEIS L, Z M6
AP HTRAERAA, Bk 25 L, kR =100 g;
Start4 Y H 2 1f1#%E4%, % E Diagnostica Stago A F .
S S TR (S 18032703, Jii />4 98%)-
FT(HS 131208, JREEL 98%), RS AR
EMEARGIRAE; WREETE, fitS MUST-
18032401, JiE %7 99.03%, KHLS Wik LR
AIRAF; BHEER, bt erbRbant T M5
GARAT, #'5 20190428; To/KBRERGN, K
R AR PR A A, #5 20140819; TEE R,
g RAEIH AR AR, fi5 C10295495;
FrEERREN, RETALRT7 IR, it 20190102;
AL 4 S BT R] CAPTT) A& (ks
111062 ) &k i i i i 18] CPT ORI & (b5 105375)
BEMEGRT A (TT) WAE iS5 121218), RigEK

B AR BR A 7] A F 25808 T b 5 R 3 G
HA3 ), 28 1L 78 FR R 24 K2 R 24 2 o AR R
TE N HERMEYING T Gardenia jasminoides Ellis 1]
TR ST . P AR, AR 20~25 g,
E AR (dbs) EVE AR AR A F$E4E, SPF 4,
AHEIES 11401500055320, A= ¥FAIES SCXK
(F) 2016-0002.

2 HESHR

2.1 ARSI

2.1.1 AETFAMBARFE TS FREUET 258 100
g, MiRE, 40 Hif, %M.

2.1.2 HETESR RS ROREZ #2015
FERR VU ERIE N 2201 %508 T EEIR B, Z& A,
PRI TIRE, i 40 HiE, HIF.

2.1.3 TSR R 2 U A 1T L
10 g HE ¥R, BRI A, I 50% LB 350 mL
BRI 90 CRIRHEE 1 h, AR, RY1E
TR, FRETRE, 1T 40 B, BI5. BESHRET
FAR 0.01 g, DIMETEH AN, RHZE
T FE I TE A AR R S PRI Bk A P 1 243 4
N 75.24%, [EIHATTFEN Y=20.517 X+0.206 8, *=
0.998 1, ZMETulE N 5.6~22.4 ng/mL.

2.1.4 HET R NLEIEHBUAEMH &Y B 10 g
MR, BREEFEES, M 70%EE 70 mL EK
W E 95 CRIIEA, Y, $2HL3 Ik, ®IX 1.5h,
G, FRIRAE AN E 1.05 (60 C), KL
FRE pH 22 2~3, JNESER 488 10 mL 255 3 X, I
JEFISBE TR .08, WRAZIE, IS E ORI,
JeRt, YETUEWR, FRIEWRE, i 40 HIE, RIS, K
ZRREFTHR A 0.01 g, R FHBRBIH & 15 2 Ky K
HE A LR T = E0N 82.35%

2.1.5  HE A P B RE S AT BRE 10 g
MR AR, BREEMA, N 60%ZE 200 mL,
80 C/KMREIAAREL 2.5 h, WA, W45 HIET
WA, FREHE, 1f 40 BIE, RIS, RERER AR
0.01 g, LA TNt B, SRS A e e ikl
K A H S TR Ak A 1) TR BN 77.54%, [E1VA 7
A Y=1.3533 X4+0.039 4, »=0.997 5, LM
4 0.04~0.20 mg/mL.

2.1.6 AOIHTSEEE DB (N-024 1 1) NEK
S, FHEHEZE N 10 “C/min, A7 E A 60 mL/min,
S BVER T MR JETFEIR HY). T AR
W nE 2RI MG BRI . T AR E L
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AR AR (30£5) mg, AP ECT 38 BEESE. BAVIEREIRIY) TG-DTG HZk I
Mg, R TR TREEAT AR B 1-A~CL IR W) TG-DTG #iZk WK 1-D, JRZ544
WEFE, WEIRTTE 580 C, HAMFEN-PAT 2 kEH.  TG-DTG ik WL 1-E, MHASHIE 1.

2.1.7 AL SR Origin 8.0 HEATHE A 2E Xof EE S BRI Tk il S 1 B A e B R T
2.1.8 oML RSN BT EHEERE  225.7~351.6 CHBONE BRI B, HUREN
B
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We ¥4k TG-DTG £k F-Fr e TG i<k G-Frfi i DTG Hizk
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Fig. 1 Pyrolysis characteristic curves of G. jasminoides and its main active components
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Table 1 Pyrolysis parameters of G. jasminoides and its four

active ingredients

DTGmax/ Mass/

P PRI B Comin) %
JRZH% Bk B =i ~167.6 °C 041 5.14
167.6~2162°C 326 6.24
FEME 216.2~2903 °C 13.63  41.84
BMrBY  290.3~403.4°C 1028  16.16
403.4~4653°C 141  23.86
B KB B i ~1268°C  1.04 1.91
126.8~165.9°C  1.14 4.11
FENM 165.9~387.0°C 426  55.11
MrEx  387.0~5252°C 203  27.87
RIRERRGE S KB Eii~160.2°C  0.62 3.60
160.2~225.7°C 399 1422
THEMAE 225.0~351.6°C 487 3471
MrEx  351.6~5653°C 121 1325
SYTES Bk B =~162.1°C  1.16 3.57
TEMR 162.1~3469°C 522  48.89
B 346.9~5724°C 122  13.21
AR BRI B =i ~87.8 C 0.27 6.17
T EHR 87.8~411.2 C 336 5473
BrEE  411.2~562.0°C  2.16  30.88

DTG ma- B KR TR Mass-HVRTER

DTGax-maximum thermogravimetric rate  Mass-thermogravimetric rate
34.71%, {E 282.2 CHIHILIREEN 4.87%/min H]H
FRIRIGE R B AR B AR AR A s FH S SRR U
PREPARAFPE AT RN, 162.1~346.9 CHr BN - E
B B, $AKE N 48.89%, fF 284.3 CIH H B3R E
N 5.22%/min [ FARIRIGERT B # K H o A8 WA A
XF A LR R HU R e 1 FR R PETT 1, 87.8~
411.2 CHrBoNEERMRH B, RN 54.73%,
1E 239.4 CHI IR 3.36%/min [FFREREHY
Bk TR IER A ; X LUAR TR R e AR
PERT S, 165.9~387.0 CHrBONE BB, #4
JEN 55.11%, fE287.1 CHIINIRE N 4.26%/min
(P FASRIRITERIY B K B S AR VG WAL o 0 B B s 288
ST IR AN R APE 280~290 C HILERL
SRR E R IE (& 1-E. F)o %A 3R
B pE 2 W %0, 290.3~403.4 CHrEE#KRE Ny
16.16%, TEAEGLEK M T, A1 H SR Bk 28
ST A VIR & B RIEERRL, (HIF
R, CAHONARHE, 456 Mo d i 20 nT 4 U HE
T RIBEE SoNET 2903 C, 458414 M &
2 TG-DTG MiZ vl %1, #E TP RIEIE & SNA
1387 °C, AT HEINAE 0k i R M R R

290.3~387.0 C.

22 BREENE

221 RYERRFE DL 0% LI 75 e il i &
WIEDY 92 pg/mL U1 FON HET I - 23 ARG 55
W B B TR IR VA 0.2+ 030 0.44 0.5+ 0.6,
0.7~ 0.8 mL - 10 mL &, 43 7#h/K 3.8. 3.7+ 3.6+
3.5, 3.4, 33, 3.2mL, M 1 mL BEHESERR,
PEAIGHE 5 min; UL 10%BRERENIEUE B E %
FE, PEAY, WEOGHUE 90 min, DL 80% LB TRIES
H4H, T 760 nm PEAALM EHRILE (4) EH. Lh 4
E RN (V), WE TR EIR BN ALFR (X0,
oxbRAERN 2R, HEATERMERE, BEETRERN Y=
115.61 X—0.017 3, »=0.998 8, ZMEJulE N 1.84~
7.36 pg/mL.

222 HEAIAERSIE PRI SIS 40 H i, B
0.15 g, 5 E G 50 mL 80% LEEIEW, 30 C
LN A HEEL 30 min, HUHBA EFRE R E, P
80% LI AN R PR R, O EIET, JERAI AL
A -

223 WE T

(D) BZ@mEElE: R EREET
10 mL &3, hi/KZE 4.0 mL, 60 1 mL 40
IR, $E5), HE 5 min, UL 10%BRERENE
WBOERZBZE, $5), #CNE 90 min, LURFIE
A, WEHAE 760 nm KA 4 14, #£92.2.17
TibR e M 2 TH B R f B 2 B R IR T, 1
HHE TR S 2.

(2) A 2 Moy i) B e - B S VAT
EE, 1% 0.05 g/mL JIATEEE, 30 C/K¥ 30 min,
BT IRIE . KGR B0, 8, a2 m e s e
J7i s AN 2= R E 2 20, e FLAE 760
nm KA 4 H. % “2.2.17 TiksdEdh & i+ 5T
DR b A B IR B 22 W ) TR RO B, TS 5 SRR
B B 2 My

(3) BB ERENE: RIE (hEZ) 2015
O o DY S D e R o A AR F

WRJGR (1) B = S B T — AN B 2 T
2.2.4  REHFERL RS RO B RS 2 SRS
W 0.15 mL, KR “2.2.37 WiENE 4 18, &
426 X, RSD N 0.13%, FRIIXEAGEE KU
2.2.5 FRoEMEIRES RS RO B RS 2 SR
W 0.15 mL, % “2.2.3”7 IJ54ET 300 604 90
120, 150. 180 min ill5E A 1, 180 min PN A {EFH
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Fa5E, RSD N 1.06%.

22.6 EEMERK DURRERE 2 S, K
“2.2.27 TUH P IRV & T, 3 AT HIRE 6
o RIS EGAW 0.15 mL, % “2.2.37 W7k
e R, SPATIRES 6 1K, £33L RSD M 1.22%,
K ZEEE R

2.2.7  IFEEISCRRES RS PR E e S TR 2 5 A
i 9y, B 015 g, o REERE R R 2 ER 50%
(3 ). 100% (3 £3) F1150% (3 43), KA
B TR RS . 1% “2.2.37 W ENER S TR
&, THEAEE TR TFYEILEA 101.4%, RSD
9 2.12%, REIFE FY AR R AT .

23 BEARIWEZRTFOREFITE

2.3.1 KBRS AR TR M TR BUE T
fEse 5 4y, B 100 g, BIPZHLAN, TEEEEN 290,
300 330. 350. 370 ‘C R4l 5 min, HUH A,
BIASHE TR R o bl 25 LF e T R %8 “2.2.27
TUR J7 i) ki id i, R4 IR “2.2.37 TR
T3 100 5 R 5 o B 4 B 03 9N 1,652 1.845, 2,521,
1.647. 0.946 mg/g. IRy 330 CHHERR & &=
B, IBLIEEL 330 CofctE.

2.3.2 KBS TEAAE R MK TR BE 1
WEYL 5 4y, B4 100 g, BISZHLN, TEHRE RN 330 C
N BIEE] 4. 5. 6. 7. 8 min, HUHEREE, ENFE
BEF R o il & I ME 7o 4% “2.2.2” TR
Tk &R, AREIEIR “2.2.37 TR ik
e BF T R &5 5 il v 2.374. 2,734, 2.987.
2213, 1.075 mg/g. YBHIH AN 6 min KR 5 R &=
SRR, IR R 6 min it

2.4 Mo EAER AR AR FR KBS TZ
241 RIS ER WRiEREELRS R, &
PIOHIEE (A, IPHIEE] (B) 2 ANEZEAE A
J% 35 &, 1| H] Design Expert 8.0.6 #4404 &
(H4) %it (ccD) JEH, LTRSS E
CY) e AR, 38 e LT 43 b AT M 2 AR
1, 13 B0HEF IR S M S5 A, DRI 3R 7K ST B v T
RIGWIT 545 R WK 2.

242 RIS = LER SRR E LR SRS Y
RABBIPIAR 2 WHFRBERL: BR&®E=3.14—
0.019 A—0.067 B—0.19 AB—0.50 A>—0.38 B2.
#=0.9259, ULHIZERRERERE 92.59% M R {E )4
1, R ZB AT R, R ZEDN, 7]
DAFH A R AT A A AR T o e 8 T 25 SR 1 O 2

BTl 3, 2% RS THE T 2% A R ot B ) S 5
Wi R /N S ) > b L o

#*2 BEZFKFE. WEERERITRER

Table 2 Factor level, response interview design, and results

IR A/C B/min Y/(mg-g™")
1 330.00 (0) 6.00 (0) 2.893
2 310.00 (1) 7.00 (+1) 2.409
3 330.00 6.00 3.235
4 350.00 (+1) 5.00 (-1) 2290
5 330.00 6.00 3.194
6 310.00 5.00 2.060
7 330.00 6.00 3.167
8 350.00 7.00 1.870
9 301.72 6.00 2.186

10 330.00 7.41 2.323

11 330.00 4.59 2.650

12 330.00 6.00 3.221

13 358.28 6.00 2.295
"3 HESH

Table 3 Variance analysis

RIE PR HBE SEYFGM OF{H PE
WA 2.640 5 0.530 17.480 0.000 8™
A 2997X103 1 2.997X1073 0.099 0.761 8
B 0.036 1 0.036 1.180 03136
AB 0.150 1 0.150 4.900 0.062 5
A? 1.760 1 1.760 58.160 0.000 1™
B2 1.000 1 1.000 33.160 0.000 7
ZE  0.210 7 0.030
JAUTE 0.130 3 0.044 2.180 0.2332
4fiRZ 0.080 4 0.020

M 2.850 12

*P<0.05 AEFET, “P<0.01 JHR G

P <0.05 significant difference P <0.01 more significant difference
2.4.3  MERIHAIGSE AR AR BT AR LA 2 b iR
JE KBS ] (1458 EAE FRAE -  J ] T 25 1 11
3D Wi S B L] 2. B Design-Export 8.0.6 fiiib b
AR B e A T R M TS ORI R E A
329.94 °C, OHIRTEY 5.91 min, TR R 25
#N 3.145 mg/g.
244 LZZRBAUE RIS HRIRSER, 4
A SEBRERAE, NG TR R I A T D i
FER 330 °C, IBHIIEA 5.91 min, %0k T 2264F
HE 3 IREEE, 450 3 RS = 0o
3.153. 3.046. 3.160 mg/g, 18 F|F5-F-35 0 &%
N 3.120 mg/g, STRMMEARSELT, 6B w2
TV L ) T B OR B o
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Fig. 2 Effect of frying temperature and time on tannin

content of G. jasminoides carbon

2.5 RRIZEEIEFRIOANFEEIIE
2.5 R SRR N RO R i T
ZHHINE TR, BRI IR HIRE S BONE 74 e
Yudis, BOHIAESN, HRJOn, B,
MK D VR KRR KR, ORI, B Seik
SRR . 0 A BCIRE M HIANE 7 IR PR R A% Sl
R it AT [ b OHE A2 At Ay 1) 6 B A 24 ot 2
PN 1 g/mL KB4 o

252 SpHSHEAU BURENERIIF/NR 48 K,

BENLA A 4 4. A Bkl gL, g,
A, TR ig hH 1 IR, BARENERETA
0.018 g/g. FiEMHIZH 0.018 g/g. LG HEHIZH 0.018
glg, LY 3d.

BEMLBTEME  FORIRGGZ 1 hs, fEIREk
KL, EFE LRI, SRETERSRERI N 1 HE
1% 8 mm AL, FFaaTERS, RS 30 s Rk
PRI A Ik 1k, EEREPE 2R
YeE s b, B AR ] o

2.54 APTT. PT. TTillE FTRIRGH ) 1hq,
AR BRE M, #2558 11, B 0.9 mL MmN &
0.1 mL 3.8%# 2 B2 44 (%) Eppendorf &, VR &)%),
3000 r/min &0 15 min, Y4E L2, 752 h WML
BN E N/ANIEYERE M D REfR PR (APTT. PT. TT).
255 SuitsEJiik oRA SPSS 22.0 et B AT
HAm AT, IHEEEH Y +s R,

2.5.6 OFEEMLET RS B A bR, BnEe
H2H A G0 1) 25 32 e A 5 2 46 /)N B URE I BT ()
(P<<0.01), A& fh4HRe I 3 4 1/ BREE LN [A] (P<
0.05), kM HAM R TGk, H2 4
WEWRZESR, FRIE4.

2.5.7 XN APTT. PT. TT WIS 554t
B, Wik 20 mT DAL 25 4 /N B APTT(P<<0.05),
e R H AR A 2 AR, (LGS HH
sy, 2 AMETITHEER; STFAHNE,
X/ PT TT BFER], Bl 14 5]
ARE AL T B ZER, ERILE 4,

x4 BENFEBRMATE. APTT. PT. TTEEER (X £5,n=12)
Table 4 Comparison of coagulation time, APTT, PT, and TT in mice of each group (X s, n=12)

2H 5 FE/(gke™) Yt ILI} &) /s APTT/s PT/s TT/s
Eel=! — 223.33+83.67 24.06+5.47 8.8740.50 16.64+1.17
FriL 0.18 80.00+33.54"" 19.74+1.80° 8.93+0.28 15.96+0.61
&S 0 1) 0.18 116.67+58.95 21.09+1.62 9.08+1.38 16.52+1.05
A 0.18 150.004+67.08" 24.4344.07 8.554-0.47 16.68+1.06

H5EAMAKE: "P<0.05 "P<0.01 ™P<0.001
P<0.05 "P<0.01 "P<0.001 vs blank control group

3 Wie

2R — T RS AR, Btz 8h
IR R AR B, M 2R 2 A A,
OGS A 24 ML) T 2RI A R BE AN T R 2 BIAR K R
. HHT, #OHrEAR IR T 25 a7
At (19-20), ARSI 2 MR 50 SCRRATG T+ A FA A7 Tk i
H. RS A VLIRSS AT %, R
FARAI BT E AR AL FE, BRI Tk i 28

LSRR AR I Hl 46 TZA, (RGBTS0 45
RRIVEE T =2 200 CLAR, HaF IR Bk
SR I T SFAE it 220 ¥ R BB R A T R g
EHTE RS TEE . R T E PR 21k i 2
Foo REZEWNNRZ LM AT e S0 5 E 8. Ca®
TR BRI I HoAl R 7 A A R, R
FHRHIF FUARTE 2012 B2 b kb i J B o 25 B4 o,
WNvE R SPARL . R SRS IR A R BN
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2~4 5, BRI T PR RE R, #ASER i+

B BN LR, BF AL R B T I E HE

FORFEM PR & &, R I R [FHRbE TAE SEE

e RATINE, B ES N 2.263 mg/g,

TR T KEB I IRFF it o
AHIE T B A 2 M ARG 1 R AT LR

M 253050, 45 SRR WINE T A ] AL g

il i 5 A2 it B 2 B Y 3 A DS BB LN [R], SR A

AT AEAR A i B A B 2R o A A L i) o

R H el T T K. MSEIREIE, &EXN

APTT. PT. TT MsZmi 2 s A2 R, Bk |

Mgk N APTT, ZFHBEMNAEASII%E

o A3 IR E AT e A2 HE T Bk 2 AR S5 4E 4

b M ZjHis . PSS ERZ, Wl R &R

Frabafn, PRI S AT AR HoAth 24 OB RS AT AT 9T

D1 T 1055 - = RV 11 2w a1 L oi S 75 7

ARG T AR ML B o
TG H 200 S M ] 2B 7= T2 BA R E A

KT EARER P A T RRE K R IR . Ss H #var i

AR B ENVEAH S SO R 25488 T2, &bk

TKAGSHL, FFHEAT AR AR, W75 N

Mk BAkfb. $orth. SEg0aHIMHEt, Bkl

il 2] L R B AR E T B R AR T
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