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WE: [ B8] AR KNI B Ao K5 e BRI & d 40 24 Taxus yunnanensis #ov+ ¥ 10-% gk e £ =M 0-
DAB ) A= ¥ #E X RGH AT, AAhFRERE, [FH]MET —RERIHFR GRS S FHEL, A
M2 HAERAEH & B L 2 M P 10-DAB M MBI 3 A K (D). R Z 3 (Ky) Fo e 4 (Byy) KB JE 69 T ALH
#, MRRREREGERTA, [4F ] OIURREHH BRI 10-DAB I A= % 45 B2 69 E L AL 4 40.745 F= 18.762 kI mol ',
¥ 3F TRBIRICA 36.428 4= 16.668 kI-mol ™', HUARIELE 5 By Ao K36 m A IR IR 69 BRI MR BOR F 09I 5w 3g e, 2 Fb
BRI EF, 10-DAB M fe R A B EARIBEE A 38K RRERD, 2 MO OMRILHH BRI E S 5 4
84.40% #= 93.88%, K& IEIGIFEIE LR K 71.62% F= 93.35%, QFRPETRK N FHR A AL I B F2 I
Fask A # I 10-DAB M A= LA B2 69 1 AE (AH) AR TAL (AS) 39 A SEAE, Mo 5387 B WAk (AG) A4 fifh, &PARIR
ARZRK, HALALN., OZBT JOEAET D, Krfo Bio FURF 0 TR T HUBAEHE4H B) A= R 35 Jm LI 10-
DAB Ml A= 4585649 D, #= K R EFF & W3 K, W By, MIBE I & 2 I VA H Bt KT 100, %9 10-DAB I F= % 44
BORFGEIEETAT ., [£#] —HRRIHFHER LTSI B RR = B 24 F 10-DAB A= %A 8564
F X, —HRR N FENGERERIEAAZENTBHL LA PRI 10-DAB =586 5 X, BREREE (k) o)
* 2% (Ink) F= - # ik 5 8 (K) 9373 (InK) 5 RBGEE (DBl (UT) 2EB £ F, =HL 24+ 10-DAB I
Fa Taxol W9 4R BLEAZ B T AF ., B 6 & 3 4 32
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Kinetics and thermodynamics study on the extraction process of
10-DAB 1l and taxol from the branches and leaves of Taxus yunnanensis

BAI Huilian, ZHU Jingbo
(School of Food Science, Dalian Polytechnic University, Dalian 116023, Liaoning, China)

Abstract: [Objective] The objective of this study is to investigate the kinetics, thermodynamics, and mass
transfer mechanism of extracting 10 deacetylbaccatin Il (10-DAB 1II) and taxol from the branches and leaves
of Taxus yunnanensis by mechanical stirring assistance and water bath heating. [Method] The first-order and
second-order extraction kinetics models were fitted, and the empirical diffusion model was used to estimate
temperature-dependent variation laws of the diffusion coefficient (D,), mass transfer coefficient (Kt) and Biot

number (B, of 10-DAB Il and taxol in 7. yunnanensis, so as to explain the mass transfer behavior during the
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extraction process. [Result] (1) The activation energy for the activation of 10-DAB Il and taxol by

mechanical stirring-assisted extraction was 40.745 and 18.762 kJ-mol ™" respectively, higher than those obtained
by water bath extraction (36.428 and 16.668 kJ-mol ™" respectively). The extraction rates of both mechanical
stirring-assisted and water bath heating extraction methods increased with the rise of extraction temperature.
Among the 2 extraction methods, 10-DAB [Il and taxol had the highest extraction rates at an extraction
temperature of 328 K. The mechanical stirring-assisted extraction rates of the 2 components were 84.40% and
93.88%, respectively, while the water bath heating extraction rates were 71.62% and 93.35% respectively. (2)
The results of thermodynamic study on the extraction process indicated that the enthalpy change (AH) and
entropy change (AS) values for the extraction of 10-DAB Il and taxol by mechanical stirring-assisted

extraction and water bath heating were both positive, while the Gibbs free energy (AG) was negative, indicating
that the extraction process was endothermic, turbulent, and spontaneous. (3) The results of estimating the
diffusion coefficient (D,), mass transfer coefficient (K1), and B;, with the temperature variation using the
empirical diffusion model showed that D, and Ky of 10-DAB Il and taxol extracted by mechanical stirring
assistance and water bath heating increased with temperature rise, while Biot decreased with temperature rise
and was far greater than 100, indicating that the extraction process of 10-DAB Il and taxol belonged to internal
diffusion. [Conclusion] The second-order extraction kinetics model better aligns with method of extracting
10-DAB Il and taxol from 7. yunnanensis by mechanical stirring assistance, while the first-order model is
suitable for the slow extraction of 10-DAB Il and taxol by water bath. Both the logarithm (Ink) of the solute
extraction rate (k) and the logarithm (InK,) of the equilibrium rate constant (K,) exhibit a linear relationship with
the reciprocal of the extraction temperature. The extraction process of 10-DAB Il and taxol from T.

yunnanensis belongs to internal diffusion. [Ch, 6 fig. 3 tab. 32 ref.]

Key words: 10-deacetylbaccatin Il ; taxol; dynamics; thermodynamics; Taxus yunnanensis

SEASBE (taxol) HH IR ELF K WANI A5 T 1971 AEFE KL T AZ Taxus brevifolia TR, 2 E & 5
25 A B (FDA) 20 91 1 1992, 1994 4R b T KAR B WML T 10-28 Z WL 52 M (10-DAB 1)
BI2EA A ] T IR RR ™, 1998, 2010 4EFET 10-DAB M E Sl LML ms . R EMFESE PR 2
P F GRS, XSy W B HL DR B RIS . P 22 0 G [o@man st , S TR
T UP LR B SR AT SR S BVAT TS 2T AR A A S AR A2 EAN 10-DAB 1Y
FEORE, (BLL GAZAEY) th S A2 B o i 3 A AR BRI AR . RSP PELL A R v SR A I o 1 4 B
0.010 0%~0.080 0%, VY43 B3R N 0.014%~0.017%" . EEEAE R FHLL GAZ T yunnanensis AR ILLL
GAZ T cuspidata $ Bz W TR BCN 0.005 09~0.030 0%, A% H R348 0.001 39%~0.013 7%, [t 4
R S A A R e R G N 2 ol . R EVBES ) Z N, AL G AR R U 2242
BECANRET 2 H s KRR, A B A2 e R 2 75 2 K 10-DAB 1T, BARE 4
X AR WAL B BRI ZT T AZ R 0 1 P9 A TR R R BRSSP 9 53 5 10-DAB A T
58, HE AR EAA R, LSBT 0 BON LG AZ T 3~10 £511% 10-DAB I 74 5kt 47
G W H AT A PR A I K A B A B2 2 () B R4S . 1988 4F DENIS 2513 Ji7l 1A SR IR SR 46
B iR, a8 Wk H OJIMA %0 Fl HOLTON %501 78 1992 4E il 1994 4E AT HiiE . M
LG A PRI 10-DAB AT A2 BTS2 R 10-DAB 244 S 2 B b ot 2242 e 5 25 B &
B,

FE A M SR BBUR 6 RV 718 S b A A v B T s e A A R B DR (B, B R RS e
PEH 2 Ao DMERRIY O R 2 S R TN T 2 A AT e o, i ik 1.2, R KOG
JoT K B 325 R BE AT IR AIR Y o BRSNS PR EROE T e i Bh e i, BT HERI A T . w1y
REAYAR O MUAR A Rl Bh B B L7 (b | R IBCR i SO0 SR vz T R AR =y i e . ML
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PEA DO AR O] DIAS S REAI AN AR, BAW GBI D>, 2Gh sy 2Rt , A R0y
ey, RIRRMIWESEA: ™, Al S O B PAEOMEAT RO A D0 T X T I R T PR Al B R
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B BT S RWEAL, 2o SR 10-DAB T ANEEAZ BE A 4R BGE FE 8h 1 260 s 3 2 ke e qk
YT RAEEE X, HETHAR WK T ZELEA2 10-DAB I FIEAZ B B8 71 2 AH SCHGE o
AT FEIE i T MU B A S I P BCE A2 e A Sl B R sl a2 JE S8 8 HOE R
Jizt, AEEHRBGE R BTEALRE . OISR VTR R BURBONEE AL, IR AR 2ZE R OC &
BRI A R 5 S0 3 1 AR L EIROL 3 — 20 AR W SR AL BT HILR] SR AR SCAE ) 2
AE L7 AR TSR Tk A AR 4 S B E RER

1 MEEF&®

1.1 UEES5HH

X #4245 AC Chrom S6000 #5524 i AH 35 3 X (AL st B H QIR A BRA ) . 600Y I Z DRy
FERL (7 M AR5 A BR S 7] . W2S FUTFFRRE IR K IR AR (R X TT AR m B T ) J0-1 BURG 253 )
L SRR P G AR 25 A FRA 1) . BS223S B T K7 (L st B Z NS RS AR A F]) . KQ-
500B B A i i ey (LSO St i BHYAR ).

RV 510 10-DAB TR A2 BEAR UE S (L6 =99%) W T P94 K LA WRHE A IRA R ; 20 (i
afi), W (FiRE =98%) W T RIEEFRBHERIM A AR s OIF (Grdrat). WEE (Grirsh) W F K Ee i R
RRALZARFNAT R A ] s mRFLLE AR R A = r Rl .

1.2 HmH&

¥ = P L1 AR E R AL R RN 0 4, JECRPRLEE A 150~250 pm 2 5 B JERLTE 50 °C JLA
T2 IR T OB T Hds T
1.3 ‘i

K H C18 i 4 (4.6 mm*250 mm, 5 pm) #4708, WM A B ONE, oA B gk, B
VEWLAEFE IR © 0~20 min: 15%~50%A; 20~50 min: 50%~100%A; 50~65 min: 100%A; 65~67 min:
100%~15%A; 67~80 min: 15%A. A /A N8, WA E R 0.8 mL-min™', Al KRy 227
nm, HEN 30 °C, #EFEEN 10 pl,

1.4 10-DAB IIFAE 2 B2 57 th BOARE MBiA RHl &

FRIUGE 7 10-DAB I A28 A2 BEbR o 5t 5 1 PR, TG 70 AN [m) Joi o e B8 66 B2 A S i, 1] 0.22 pm
TFLUE AT U8, SR R SO € 3 - AR A B S R 8 (HPLC-DAD) I /5 5 10-DAB T F1 55 A2 FE b
HerhZk . 10-DAB MARAEATZ A IE T FE N . y=1.798x10"x+2.353x10°, R>=0.998 9; “2EAZmehnfi i<k ) n]
RN y=2.707x10"x+1.649%x10°, R*=0.999 8, H: . x KyhrfE i i & ¥ & (mg-mL™); y MR H
HPLC-DAD N5 (i B (mV-s), 435 HF RS ARSI 1 10-DAB T ATES A2 B 2 v B A I

BRLL AL 10-DAB T ATEEAZ B 04 ot i Vi B 28R BT b it e B3 . Al

C1=CrxA; Az (D

M=C;xV. 2)
o (D~Q2) H . C) MEE S B E W B (mgemL™"); G, JyAnE & B WK (mgemL™"); A4, R #E S 4 AR
(mV-s); Ay FARAERIERF (mV-s); M FESL S (mg); VAR (mL).
1.5 REFE
1.5.1 MU A H 4 BRI PR 50 g = M 20 A2 IR A 250 mL F S, 5 0 W Bl 400 4% 5%
136 romin™', LA 1:5 BH& L aEAT AL R0 B BRI, AE B PSR [A] 2 2~120 min, $5EHGE 77 A s A5
S 64.7 C, FEHGREES AN 15, 35, 55 Co $2BOR T 10-DAB I FH 58 A2 B 5T 12 vk 2 3 o s o h e 1153
3,
152 KRiBFRB S g nmL G2 T 250 mL BRI, Diama G2 mis 1.7 mL-g ' HEER
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M, LA 110 BHR TR ISR EL,  Jf4a IR ERUSHB] A 5~240 min, $EEBGA R EEEE 250 64.7 °C, HREEUR
BEAMRIR 35, 45, 55 °C. $2BUR T 10-DAB T AIEEAZ B o vie 3 i o v h 423 11539

1.6 fRERAR

1.6.1 A FHR SRCHK [19-20], 3T —Bral J1 =B8R B 3l 71 FBER 73 5I6 2 Fh 2 B4 E A2
Kt P SR A B TR AR IS 2 T . — B R BUSE AR (3) I E AR (4); B RIUEAIAZL (5)
ATLAG A (6), WATLAS AL (7) iandettig . BRI .

Cr = Coo = Co| (1 =719+ Co; (3)
ln(coocioct)=k1t+ln(cmcjoco); (4)
%%:bwffm% (5
f=£ﬁi; (6

t 1 t
¢ mees
K G)~7) e C NI £ () 2 LT IR S B R W TR LB (g mL™); Co 23 4T
R S A TR R G TR FE (mge L) Co Cooly— BB A — B A m
Ko 2 IR 1 A0 LV B (mge L) o KR (5)5 ey SRR AAL (575 ey R R A
(mLemg 57y, LU HOZ IR A B
KRR Arrhenius 7R T UME § th A HRBGH A BCZ IO R R, RIS (8) HHETIE (LA,

D

E, 1
Ink = —=2 x — +Inkg. (8)
R™T

8 H: bk HIRBGEREE (mL-mg '-min"); E, MIGILHE (kI-mol™); T HIEE (K); R MiEHAMKE
%7 (8.314 J-mol - K"); ko HAEHTH T, WHCHIURR

1.62 #AFHR  HIESEOTTHE O KA R AR 2 CE %, W Van’t Hoff TR LG
Yy FRAERS AR, Bt R O AR, FEERLE R 9 ) 22 R G R R AR A 4 S 35 A T H
e %% (AH, kJ-mol™) FIHE (AS, kJ-mol'-K™") 1y i1 243X (9) 3 & £ il - 5 & B3 K (InK,) 5 i FE
(U/T) ZIA 2t 33Aa 58] . & m i H B EE (AG) AL (10) 1H5PY:

InKe =—— X =+ —; 9)

AG =AH-TAS . (100
K (9~(10) Hr: K, VA5 B R , BIE PR U SR AZ e 2 o o vk 5 A S U % SR A e 2 ) I
VR IR,

Y,

Ke=3——v (1D
(1) o Y, M 10-DAB T8 2R i (mge g '); Yiue NIK 10-DAB T ELEEAZ B B (mg- g ).
1.63 BT HT LU R R Fick 55 @ HY S B 58 10-DAB I FEE A2 B 0 A 30) 1 &
#. 10-DAB AL AZ B A3 B A 0 J2: FH A I RE 1 10-DAB T 5842 B A bRt 2 ik A S A [ 4 5
KNS Y BB A 2 Bad B . @10-DAB T AL F2 B 5] 2440 3t fu, 5 76 X Bk A ERAAR [ A bz T
S E AR R 200 pm. B10-DAB T FIEAZ IS F (W5 iz R —Fp P B4 . & i e i) H-AS iR e e
R (D) #iiA . 10-DAB T, EAZEAHLAAL &Y B8O R & 4 A HEAEH . @7
FERSIOTE B PSR S K TANR G . ZWSHAH LR ), 10-DAB TR S8 AZ BE A I b kB (e
T . O AL, EBEFLBR RS AN B AT A R A AT . © 7K I B EUSE 6 A S 168
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SV BE SR FHE )28 240 min SRITE . MU FEFEIUY 10-DAB T R BEL & W ORI 42 .
] A T A 1 B3 R o ) B BB (Boy) S0 S PTG SIEA% o PN A BEL AR G 1) T2 B 5 k), BRI
RAEBUL A PR 3 Fick 55 2.
oM _ (10 (,0M
'E‘D4ﬂm0 mﬂ° )
K (12) ' M ASELAERZER PSR GV R RERE (kg-m”); r N oML EZER SERIEL
GAZRL O IEEE (m); D, MEZIEZIALEWI A Y TR « A (s).
SRk [24], AN (12) FERIURZAE RN B 554 1 430 DL A =G (13) T (14):

oM 10 (,0M
M pe| L2 (221, 3
o1 l)[rzar(r 8t)} (13
Y D.m? Inn?
ln(Ys—Y,)_( rg ]t+To (14>

X (13)~(14) P Y WA EFRE AP B (me-g s Y, 0 ¢ 200 BARL S 7= B (mgeg')s r, NBORL
AR (m); D, WY BRE (m*s™),

Bio A (15) T3 . G i R BRI A IR B T In[CA(C— C)1 5 I ] 19 9¢ & I 24 2 (16)
TR

erT .

Biot= D_e (15)
Co KTA
1 = o 16
n(COO_Ct) ( Vs )t (16)

K (15)~(16) 2 Kp AEFRRE (m-s™); 4 Wk FEREEE (m?); Vo MIERER (m’).
1.7 EES

i WPS 2021 b BEEHE , SR SPSS 22 #E4T HLR 43 #1 (one-way ANOVA) ML H K RPH1%),
5B F KK 0.05, i Origin 2017 7EE .

2 RS

2.1 WAL Bh R ENAN KA IZENAY 10-DAB AL ERERETH
211 AURIEH A B ICE AL I LA AT LR W HUAREE P15 B 32 A 3 A4 URE T, 10-DAB I
TSR 2 B () SR B s 18] 43531 8 90, 40, 15 min A1 50, 25, 15 min, PREEFEBUYIIAE 10 min Py, HIE
BUREE N 55 C i, $REUTEWIERE . 10-DAB TS A2 B A4 H B st 7] BE -5 B EE 59 T v 1fi W i
g, RIS LR B RS I TBE , PEIBOGR B R T R, ELELA BRI B
212 REsRREWL MNE BT LEH: 7EKEBFMET, 10-DAB A1 F2 BE A B 4 B
0~45 min, HH2 HCGH 3R B B2 BOREE 19 T b . $2 B0 B T T = T 4 52 T 10-DAB A4S
S 7% fife EE i IR BE T G I . 1Ak, 10-DAB T Taxol 2 HCOF- 767 isf ) J5 2 v 5 i 12 BOIRL B8 f 7 ves 1i
HR.
22 fREWR
221 HUARIEH A BB B Ao KGRI S 1 AN (8) AR IGHE A E BT T SRR PR H T T RS
WA s iR B RE 22 TR AL RE , I T AE Y 3 BRI I -1 T N SR A - A RE AR BLAE . s TR
VS T - TR R 5 - [ R P A AR R AR 55 5 BOCH BUHDR HB (b) m), [81 2 W R T 10-DAB TRTHER A2 i
7E 2 FRBUR Ink 548%HEE (/D) MBS R

H I 2A A0 2 #4280, 10-DAB AYE AL BE 53 51 h 40.745 F11 36.428 kI-mol ', ] 2B A]
Bl 2 FPERIOTR, Taxol BYTEALAEZN 71K 18.762 1 16.668 kJ-mol ™', ZAHFFT45 5 5 KIM 45027 % g 4¢
FESEALEE R 16.827 kJ-mol ™ L5 RIEAR —3 . & EBA K 10-DAB MEFLEERIATST

JHEAT B 12, BRI B R sl AR, IR RS . AR 1 oR: ZKsh)
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(=}
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—T" 1 1 1 1 )
) 20 40 60 80 100 120 0 40 80 120 160 200 240
t/min t/min
—=—10-DAB I, 15°C —v—%KE, 15<C —=—10-DAB I, 35°C —v—%EE, 35C
—e—10-DAB I, 35°C ——%XKEE, 35<C —e—10-DAB I, 45 °C —— KR, 45 C
—a—10-DAB I, 55°C —<«—%EE, 55<C —a—10-DAB I, 55 °C ——RKEE, 55C

SR FRIELTE S, n=3. RFING TR AR RS I 1 2 53 8 3 (P<0.05).
B 1 RRP B AR AR EACE Y BRI T ok

Figure 1  Effect of temperature on the content of taxane compounds during extraction

A. 10-DAB Il B. MM
-1.5F 25~
- -
20} 0l
sk y=—4900.8x+13.036 1
: R>=0.924 8 35l y==2256.7x+4.037 6
_ : R=0.905 5
3.0} -
= - =
T35t - Lo
40 y=—4 381.5x+9.405 6 -
' R*=0.9726 43 o )=28492x+4.2418
45+ R>=0.926 9
50
750 1 1 1 1 ) 1 1 1 1 )
0.0030 0.0031 0.0032 0.0033 0.0034 0.0035 0.0030 0.0031 0.0032 0.0033 0.0034 0.003 5
1/T/K! /T/K!

m HUBRBEHEAHEIEEI o IR
k. BB A H AL

B 2 F1A Arrhenius 7 20 TR H 48 Bh 32 B Fe K G SR AL be AL G- 0 B A AR
Figure 2 Determination of activation energy of taxane compounds in mechanical stirring extraction and water bath extraction using Arrhenius

equation

SRR TS A HUMBEFE A BB 20 SR, KRBT & —Broh Ji2esinl, A Ks iR A il
v B 55 FC Ay vk B ORARF I B R A
222 WUARBLHEH R A KSR R A MR 2 L. PR R SR R TR g ok, 5 3
BRMEER B KA ERMBASES N I, R 2 PP BT R A B REALIG T o 33X 02 T IA
(10-DAB TR A2 ) 7553 14 A0 J53 Hh DA 1285 2 % 3o e v 358 o e 22 HE B ) 8 AU 1 YR A0 ) o S 380
TRBE NS, Sy — Oy, HARET A R RE RUER I 2 FRREBGT R R H A
223 WURBLH A B IR B A KSR AR O T RIEARER S T SO AP, WA R
B (D). LR (Kp) Fl Bigo Bl 4~6 Bn: HEBURE M 288 K Tt F 328 K i, AL FEHEH 10-
DAB T U2 BE T R v 5 R BORM% 0T 22 850 5 35 1 i (P<<0.05), 34975 F/K B $E . LA FH$2 URITK
BRI = BG4 10-DAB 42 B R rf By S0 P B3, I BLR BORIE R R 50 BEIR BUEE 1Y 7
ERTTHE R . AT AR BGRE A T A T = B 4L A2 10-DAB T FIEEAZ A7) P (7

W% 3 s FABERAIR G THE iR, 2 AU 4R EC 10-DAB TIRTEE A2 BE A 9 1 2R B0 B T
FEMTH R K . AL REIA A YN 2 B 21 5 A2 B00hE A0 3 T % 5% B985 700 110 1 I 3ol A B e I 700 A 8
PR BRI, A% o A v [0 N 280 8 TR ) T v T AR R, T S 300 T R 5t/ o B R 1Y
Fhis F% 5 R B G 2 B BOCR BRI B B B I 25 B AR FHZS SR ] DL IR B 4 A% o R B s el /N
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Table 1 Kinetic parameters of extraction of taxane compounds by mechanical stirring-assisted and water bath

] ) . — B ah ) AR R Z BB A
FEPTT I EREREY  T/C R -
Jy/min R TERE/(T-mol™)  ky/(x107° L-mg'+s™) R

15 0.022+0.002  0.958 1.860£0.046 0.999 8

10-DAB I 35 0.040+0.002  0.967 40.745+1.855 1.947+0.073 0.999 7

§ 55 0.178+0.002  0.950 2.641+0.026 0.999 5
ML 4 Bl R 1:5

15 0.024+0.002  0.982 5.676+0.051 0.997 0

S 35 0.031£0.001  0.996 18.762+1.211 6.445+0.233 0.999 0

55 0.064+0.000  0.982 7.538+0.016 0.998 0

35 7.744+0.089  0.979 7.273+0.353 0.970 0

10-DAB I 45 13.72340.028  0.931 36.428+0.282 8.785+0.008 0.962 0

) ) 55 18.388+0.091  0.988 14.319+0.528 0.986 0
TR IR 1:10

35 7.53740.012  0.956 0.300::0.000 1 0.923 0

-y 45 9.792+0.011  0.950 16.668+0.256 0.315+0.000 1 0.958 0

55 11.201£0.009  0.996 0.348+0.0004 0.949 0

LTl A — ARG RG oh HRRL

R2 NHHRHHEBIKSREELREUSNNANESH

Table 2 Thermodynamic parameters of extraction of taxanes by mechanical stirring-assisted and water baths

RO LERIMEY  T/C BRELE K, AH/(kJ-mol™")  AS/(J-mol " K') AG/kJ-mol') R
15 1:5 1.7560.001 —0.976+0.007
10-DAB II 35 1:5 3.088+0.005  38.840+0.305  138.240+1.034  —3.741+0.013  0.922
" 55 1:5 12.977+0.299 —6.506+0.034
HUHEE F I B B B
15 1:5 3.256+0.053 —2.774+0.044
v 35 1:5 6.926+0.207  30.359+0.186  115.045+0.460  —5.075+0.044  0.997
55 1:5 15.330+0.094 ~7.376+0.035
35 1:10 2.240+0.003 ~1.591+0.006
10-DAB I 45 1:10 2331£0.004  4.981+0.031 22.819+0.087  —2.047+£0.004  0.958
" 55 1:10 2.523+0.002 —2.504+0.002
TRTEHEH
35 1:10 2.338+0.002 ~1.889+0.001
KRB 45 1:10 4.019+0.005  71.958+0.291 239.765+0.942  —4.287+0.009  0.949
55 1:10  13.068+0.101 —6.685+0.018

YL KPR BOEA s AHNAGAS s ASTIAS s AGHGibbs H I

X HCRMBN. AT (14) T By EEBORT HRAL B AIETRAL. B KT 100 %015
TR AE ST PIFIEL . L R AESRE : ZR LTS 10-DAB TIURISER B S 7 22 Y
HOBHA A A OEBGL RE  p BOR R SRS TR B HIRA EEBBL, JESh, BLIK
B PR AT KUY B B ISR AT L B BR SN B )
3 it
31 BAFERNLE

B BN Jy 2 PGSR Tl A P B . AL M RSB I 30 ) 2 BRI T
BB BRI S R T R AR RS R T B . IR
FHTH SR 0 52 At B 2 T P (b BT 15 B R AR T 4, A1) T G B 151 T
i, KL TPEATROR S A AR TS, AL R AR R s il )



112

wOTL A MROR R e 4R

2026 4E2 A 20 H

A. 10-DAB Tl

1=-599.1x+2.744 6
R=0.9577

y=—4671.5x+16.628 2
R*=0.921 6

0.003 0 00031 00032 00033 00034 00035

/7K™

5 A, HUBERHE B FEHR

[N} NS} 3]
wn - Nl —_
T T

PEARB/(x107° m?-s7)
)
T \\\l

=]
ON\L o)
T T

= B A ) FE HY

328

%) 10DAB T

B. A28
3.0¢
25+ ¢
y=-3651.5x+13.837 4
2.0 R=0.997 2
15}
y=—8 655.1x+28.836 7
LOF . R=09485

05 L L L L J
0.0030 0.0031 0.0032 0.0033 0.0034 0.0035

1/T/K™?

o JRIBHEIK
KNP R HOE 5

B 3 AURSEH A B SRR AL b R AL A k- B T A AR R RUR R 6 AL

Figure 3  Variation of equilibrium constant rate with temperature during mechanical stirring assisted extraction of taxane compounds
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Figure 4 Relationship between diffusion coefficient and temperature during the extraction process of taxane compounds
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Figure 5 Relationship between mass transfer coefficient and temperature during the extraction process of taxane compounds
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Figure 6 Relationship between B;, and temperature during the extraction process of taxane compounds
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Table 3 Diffusion coefficient, mass transfer coefficient, and B, value of taxane compounds extracted with mechanical stirring assistance and water bath
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