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Optimization of complex enzymatic extraction for proanthocyanidins from
Granati Pericarpium and establishment of its Kinetic models
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ABSTRACT: AIM To optimize the complex enzymatic ( cellulase-pectinase ) extraction of proanthocyanidins
from Granati Pericarpium and to establish its kinetic models. METHODS With the yield of proanthocyanidins as
an evaluation index, Plackett-Burman design was applied to screening the influencing factors, after which Box-Be-
hnken design was adopted in the optimization of enzyme dosage, enzymatic hydrolysis temperature and enzymatic
hydrolysis time. Four kinetic models ( Allometricl, Expdecl, Logistic and Sweibulll ) for the extraction were es-
tablished, whose applicabilities were analyzed by precise factor (A;) , deviation factor (B;) , root mean square er-
ror (RMSE) and coefficient of determination (R*). RESULTS To obtain a 1. 88% of good proanthocyanidins
yield, the optimal conditions were determined to be 1. 5% for enzyme dosage, 48 °C for enzymatic hydrolysis tem-
perature, and 270 min for enzymatic hydrolysis time. The fitting precisions of both Logistic model and Sweibulll
model were relatively high, and the latter showed a better prediction effect at 48 °C optimal enzymatic hydrolysis
temperature. CONCLUSION The established optimal conditions and kinetic models can be used for engineering
scale-up and optimal control in extraction of proanthocyanidins from Granati Pericarpium.
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£ #8 Punica granatum L. NZEOR ., R,
AIRECA 2 000 ZAFEFKT DT, #ekkm ik 58
TrEY, KRR AL, RN, Al
WHH M, B (EAMKe) Tl faIidE,
W (hEZ) 2010 R SR, SH L.
Wl ZHEE 2R, R E2mENS SA
A 10.4% ~21.3% . JRAETE R R RN
FEARMISTY, R AL R RS Y
MR A 3-FR ey, 3, 4- R ILECA 45 A s R AT
W TR AR R AR BAY, B Ak,
P . PUBEME . B A O A A 2 R A
s

FEEP, AEYREHREC SO PR P 254 308
PR s, INALFYE R . RN 55 LE Wyl nT
DA fiff 200 ML BE 27 A 2210 A, A 4 B B0 ) 1
U/ NI LR | 240 T B 254 o5 B X A 80 0 MR
PRI B B B A ARG A T BEL O, DT A D
WY SESTAML, HARERE. % T
U, SRR BRI RS ST . Rk, AR
W LAATHE B AR, A5 2 4 R -5 SR B N
, i@ 17 Plackett-Burman . Box-Behnken %3111k
T 25, RS BeE R R G A7 8h )
ST, R AR A P SR BB AR I
1 &8 RFENEE
L1 A5 A AR A LR T B AR
FEAZ O = X, e 2 B =) AR M A 5 R IE
IR T B e B Rk B, LA R XS (%
A >99.5% , 5 877-201401, th[E 5 2h G
FERGERE) 3 FYERM (B§E J1=15000 U/g) ,
JReHE (WS =1 100 U/g) (258 ALARH A
FRAF) . HEE, FREE. iR, viR S, o
R (CREH RO ) ) 5 K2R K
CRIE2EBe BB BBF R L) o
1.2 ME FAL104B BIH 7o KOF (b ifg
SERPA AR AT PR A R ) 5 WEJ7200 B9 AT UL 4355
FEit (JtJetl g ER AR A ) s FWI135 Al %
DItemiEpl (REER TR A R F)) ; HH4
AU AE R K8 (LB ERIEEIF M) ;
SH2-MAPEA K B2 5 (LIl AR T )
RE-2000B RUJER: 28 & 48 (L LT TR IR
TEAT]) 3 AHER IR (WL LB AR SRR b
i) ) 3 PHS-3E BURREETH ( LGB AU B A
BT ) s RWI6 B i FHPEds (LG5 (U A%
INERARAH) o
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2 ZWAHE
2.1 AW LeH R R A R VR B R
PR ORSEE B T R E R B LS 2 0 IR
5.0 mg, BT 50 mL /N, HIBLAMITERE
25 mL i, BI4E 0.2 mg/mL Xf BRI TR . K2
WEC 0. 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 mL, &
T 10 mL &0, HWESEAZZ 8, RIFS0.00,
0.01, 0.02, 0.03, 0.05, 0.06 mg/mL JZx %-H
B, A3l s 0.5 mL, BT 10 mL HIE LA
B, R A 2.5 mL 3% T 55 - 1
2.5 mL 30% A ER-H BEi W, W BERR B 2 20
T30 CAE IR K 3 h ORI 15 min, FE 0 IR¥E ),
T500 nm PRI EWOGEE A, IFLIHCA G AR,
LR BT AR AR (C) #EATIIA, 15330hR
M4 A =0.0026C -0.051 (R*=0.9991), 7
0 ~0. 003 mg/mL i [l NEEPER R R AT
2.2 Mmook RSB PRHOR IR 2R E R EE Y
AR 5.0 mg, BT =SB CREE T, A
AL EIE Al (L 4E R -A ) 2 BE Nl
i, P pH H IR L 22 m il 2 B0E BHI L
B, PH RS B BOE M, T ROE IR KR
SRR SR B E ] OSSR, SR
FEWR K H KB 10 min, 98, S8 WOE 2 2250 mL,
YENHA SR . R 0.5 mL, ¥ T 10 mL H
FEWEAE R, % 2,17 TR EMEROEE A,
BlRAEHRSTARMER, AT,

e(y) = HHEREETRAR oo (1)
2.3 RERIEAE
2.3.1 ##igk (Plackett-Burman 1% 11) Vi Vize
R T2, R 8 A, 5l R kL
FELORRELE . BibE T B A (4R M-R KR
M) Lol Il A BT pH L [ A I R R A
B, R HR X X, X5, X, X5, Xgo X, Al
Xe, BPMHEERBHEER. KN KE. UEAE
IR (Y) MmAE, 8 NEmHE R A A,
AT 12 YR . EACEILE 1,
2.3.2 {4k ( Box-Behnken 1% it) ZE Plackett-
Burman it 36l b, EEEMBEE (X;) . i UG
& (X,) FIBgfEmtE (Xy) FER 3 AR, W
FH Box-Behnken 1% i+ 37 W W AR 5 [ 228 5 22 [4] 1) bR
BOEZR, LIRS KR 2,
2.4 FHAFHEA RHEHRT A WMEHET
B, HFH1J522 RMSE FIAH G K F R® SR IFM 4555
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%1 Plackett-Burman % it E =Kk FE

Tab.1 Factors and levels of Plackett-Burman design

iy A% K FKF
X, JRpkiE/H 20 100
X, BHE 1:15 1:25
X5 ﬁﬁfﬁfg/(r-min’l ) 60 180
Xy HEHFLLHE 1:1 2:1
Xs  JmEgi/% 0.5 2.5
Xe  fvJEpH 3.8 5.2
X; [l C 36 50
Xg TR/ min 180 300

%2 Box-Behnken i&itE =7k F

Tab.2 Factors and levels of Box-Behnken design

K-
RS -1 0 1
Xs i/ % 0.5 1.5 2.5
X, T il B/ °C 36 43 50
Xg M2 ] ]/ min 180 240 300

FOBLA R ™ R, A, R B A 5 5
FOIRBIE . A fEMUl, BORILA R, B, <1 %
RSME TS, B, > 1 FoR S0 e B
. HDREEE |, BOUALA LS RMSE Al R
FORBURIORERE . BB/, 5 #a 1,
RS RE R . AR (o F0m 8 sz
(IR, pred FRTNE, obs ZR M) .

4, = 10[ F ] o)
B, = 10 [ Dzt 3

bs — pred)?
iww:/2<?4m> »

2.5 %itodr B RH Design-Expert 8. 0. 5
A, FEOESIER S ) F A4 5 R A Origin Pro
8.0 FKff,

3 HBRESH
3.1 BRI ZEZAHMA
3.1.1 Plackett-Burman %3+ % n =12 X%

TR, DUSER R (V) HimE,
130, BCRBIME, XF X, ~ Xy #EATIA, it
HEM BRI 3, T2tk 4,

M4 Al BRI H) B K (P <0.05),
EHERBR =0.960 2, hiE RELRS, =0.854 1,
FWIREAERE 85. 41% MY78 Sk, BIZAHY AT LLHI R
PRH 4N XTS5 R AR R AR (X)) .
MEffR IR E (X,) | WIS (Xg) HIIRE) K
(P<0.05), RishEZZmKE, ¥ if L Box-Be-
hnken B #EAT LA s oAt 5 SR 3R 0952 0 24 ik

FH (P>0.05), B BBHOREEE AT 2, ik
P25 RLE 60 H, RBHMLE 1 ¢ 20, 4 4 3
90 r/min, HAHELGI3:2, /i pH 4.5,

%3 Plackett-Burman iZit ZHE R &R
Tab.3 Arrangement and results of Plackett-Burman design

Hims X X, X5 Xy X5 Xg Xy Xy Y/%
1 1 1 -1 1 1 1 -1 -1 1. 16
2 -1 1 -1 1 1 -1 1 1 1.36
3 -1 -1 -1 -1 -1 -1 -1 -1 1.30
4 1 -1 -1 -1 1 -1 1 1 1.39
5 1 -1 1 1 I -1 -1 -1 1.34
6 -1 -1 -1 1 -1 1 1 -1 1. 06
7 -1 1 1 -1 1 1 1 -1 1.25
8 -1 1 1 1 -1 -1 -1 1 1.35
9 -1 -1 1 -1 1 1 -1 1 1. 56
10 1 -1 1 1 -1 1 1 1 1.01
11 1 1 -1 -1 -1 1 -1 1 1.33
12 1 1 1 -1 -1 -1 1 -1 0.99

%4 Plackett-Burman iZit 75 Z 5

Tab.4 Analysis of variance of Plackett-Burman design

KR BRI A i FiH PAH

(el 0.31 8 0.039 9.05 0.048 5
X, 0.036 1 0.036 8.46 0.062 0
X, 0. 004 1 0. 004 0.94 0.403 7
X5 0. 000 8 1 0.000 8 0.19 0. 689 2
X, 0.024 1 0.024 5.67 0.097 6
Xs 0.087 1 0.087 20.22 0.020 5
X 0.011 1 0.011 2.52 0.2107
X, 0. 080 1 0. 080 18. 66 0.0229
Xs 0. 067 1 0. 067 15.74 0.028 6
k% 0.013 3 0. 004 — —

B 0.32 11 — — —

3.1.2 Box-Behnken ¥&if & H n =17 {56 151145
Yo, DIsHER RGR (V) RBulm e, V473
W, BOPME, X X X, Fl Xg #4752 M #r,
VO RHE RS R WAL S, K6,

%5 Box-Behnken iZitZHEER

Tab.5 Arrangement and results of Box-Behnken design

JEN sy Xs X5 Xg Y/%
1 1 0 -1 1.53
2 -1 -1 0 1.50
3 1 0 1 1.72
4 0 0 0 1.78
5 1 1 0 1.73
6 1 0 -1 1. 40
7 1 -1 0 1.31
8 -1 1 0 1.79
9 0 0 0 1.83
10 0 -1 1 1. 66
11 0 1 -1 1.75
12 0 1 1 1. 86
13 0 0 0 1.76
14 0 0 0 1.78
15 0 -1 -1 1.28
16 -1 0 1 1.75
17 0 0 0 1.82
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% 6 Box-Behnken iZit A ZE S

Tab. 6 Analysis of variance of Box-Behnken design

SRR BRI AmE ¥y FE P1H
fei sy 0.55 9 0. 061 84.30 <0.000 1
X 0.021 1 0.021 29. 16 0.001 0
X, 0.24 1 0.24  330.30 <0.000 1
Xq 0.13 1 0.13 184. 00 <0.000 1
X5 X, 0.004 2 1 0.0042 5.86 0. 046 0
X5 Xg 0.002 5 1 0.0025 3.47 0.104 8
X, X 0.018 1 0.018  25.29 0.001 5
X2 0. 065 1 0.065  90.55 <0.000 1
X,? 0. 032 1 0.032  44.22 0.000 3
Xg? 0. 020 1 0. 020 28.22 0.001 1
FR% 0. 005 7 0. 000 7 — —
Sl 0.0015 3 0.0005  0.58 0.659 9
R2ZEH 0.003 5 4 0.000 9 — —
R 0.55 16 — — —

PR S Bl AT E, MEIRIE RN Y =
1.79 - 0.051X, +0.17X, +0.13X, + 0. 032X, X, +
0. 025X, X, — 0.067X,X, — 0.12X: - 0.087X; -
0. 070X; .

H2% 6 mI I, BRIk B W EOK (P <
0.000 1), A XZEE R =0.990 9, & RZ%
R.;=0.979 1, FUIREMFE 97.91% (A8 Sk, 45
RURIIA B (P >0.05), RKPIZBAUA B
R4, AT LR SR AR 45 i 17 4% £ 5 0 07 {1 =2 ) ) %
Z, WM HEEE . R X L X, X, &R
I XX, X, X PAK RI XS X5, X ik
BEARF (P <0.05), FBI50 P26 T 06 7 {8
M AR B LR R R, 3 D EERE X
T R R AR O B IR B (X)) > g
IFE] (Xg) > I (Xs5).

B 1 ~3 Sy h i B R A5 s e I, R
] & B, R LA R AR R AR
KM WAR, e T 2SBAAE T Ity E K
TN o, XX REAEAARE (P>
0.05), XX, BFE (P <0.05), FI A i ih
LRENE; TR, 5 X Mk, WX, s
T R AR AR 25 A, B TR e G5 PR X i 7 L ) 552 i
iR, X, X, sZ8 BEAEMR % (P <0.01),
Iy AT I L U AR R R R 2 AESE o,
5 X BiAA L, W X, b 45 m 2 i AR AL AR X AR
R g U X e (T P 5 W) b Rl i FsF ) O o AE PR R
W EMWRHRN T, R X, flih 2 AR A
FAE, BIX, XTme AR S e b X X K
3.1.3 BiFRE i) Design-Expert 8. 0.5 & {4,
TN L 55 Tl R A AR B T RAE T R AR T 2%
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Fig.1 Response surface and contour plots for enzyme dos-

age and enzymatic hydrolysis temperature
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KOO AR S g, 25y, WGP 60 MM K 48 Col, G I feftE, $RBGAE]F
H. BH&LL1: 20, Hii#al B 90 v/min, AWM #RRESIIHWELGEE, BT RS RRm; KT
B3 :2, /i pHA. 5 INAEGE 1.5% , fEAREHE 48 CHF, BEE JIRFE/MAI; & T 48 CHf, BN
AR (38, 43, 48, 53, 58 C) TFTUEAGEERE 2R E, SEEATREPESCEAE R MWK,

HUSAER 2, BRI 30 min J5, 43F@ 15 min HC e c Ihc
FEO. 1 mL, — %300 min Z55k, 5 SR BGEFE Sast s
AT R EARIHAEER (n=5), (AERYE g 0l
B 0.1 mL AT, #5810 R, AR g
S RN, WOE F RS TE oo
11 0.0 L : I . |
Cn — VLF{ [ VT _ 0 l(n _ 1):IC¢ + 0 1"2:1 Cz} (6) 0 60 120’/min 180 240 300
Hrp, C, 058 n EFERRAE T R &A=& Ed4 FESEER#E
FE (mg/mL), C N n IREFERRAE BT ZE&H Fig.4 Curves of yield of proanthocyanidins
HIWEME (mg/mL), Vi AREEAAR (mL), n
FBREREL (1 ~10 1K) o VI 4 thggdi 2kl , SR H OriginPro 8. 0 {4

TEARR BRI R, FAET ZARML LR XEIRETBRE Y, JFLLA, . B, RMSE i
4, THEALTE R ARBEAE S I A K T LT, ROIPMBRBLA . SR T,
7 TEEGHRRE T HEER

Tab.7 Kinetic models under different enzymatic hydrolysis temperatures

" ; IIEE S BRI S5
R K 5 R T/ . ) A, B, RVSE 2
Allometricl 38 0.029 9 0.656 5 1.099 1 1.0380  2.2447x107°  0.957 3
43 0.089 9 0.513 8 1.107 1 1.0288  5.5972x107°  0.9262
y=ax’ 48 0.1311 0.478 7 1.059 8 1.0038  3.9563x107°  0.9623
53 0.101 2 0. 506 8 1.074 9 L0196  3.7627x107°  0.9549
58 0.077 9 0.520 1 1.1246 1.037 3 5.8644x107°  0.9085
" ) - TGS RN S8
B 1 5 A/ e 1 [l A, B, RVSE P8
Expdecl 38 1.3796 -1.4896  143.867 7 1.054 6 0.994 3 5.0690x107*  0.9890
43 1.658 1 -1.7890  97.790 8 1.050 3 0.998 6 1.2226x107°  0.9816
y =y, +Ae ™ 48 2.057 3 -1.9718  115.2888 1.019 2 0.9986  3.9393x107™*  0.994 8
53 1.849 7 -1.8607  112.1220 1.026 5 0.999 1 5.5302x107*  0.9924
58 1.461 9 -1.6700  89.3259 1.049 4 0.997 2 1.0632x10°>  0.9810
B I S/ TGS AT S8
A A, %) » Ag B; RMSE R
Logistio 38 0.1468 1.3044 118.2218 2.2035 1.030 2 0.9994  2.1820x107*  0.9947
43 0.2942 1.6170 92.9546 2.4665 1.033 1 1.0002  6.7735x10°*  0.988 1
A -4, 48 0.4361 2.0847 105.1613 1.9647 1.013 8 0.9902  2.7702x107*  0.996 2
y :1 . (L)” e 53 0.3066 1.8926 102.3445 1.9022 1.018 6 10002  4.2926x10™*  0.993 1
%o 58 0.2305 1.4265 88.7639 2.6057 1.030 7 0.999 8 5.5758x10°*  0.988 4
B S/ TGS BRI S8
A x, d k Ag By RMSE R?
Sweibulll 38 1.2005 -21.3166 1.6549 0.0068 1.037 5 0.998 5 2.7842x107*  0.9929
43 1.5663 —14.9643 1.4648 0.008 9 1.0422 0.9995  9.8965x107%  0.9826
oAl - 48 1.9159 -48.7469 1.6594 0.006 7 1.011 3 0.999 6 1.9319x107*  0.997 1
lhemn 14y 53 1.746 6 -22.2978 1.3933 0.007 9 1.019 6 1.000 1 4.3394x107*  0.9930
¢ ! 58 1.336 8 -8.8081 1.4859 0.0096 1.040 8 0.998 7 8.1383x10°*  0.983 1

A, RMSE#UN, B, R (EAEEIT 1, BUBAL  (Expdecl #8) FIGAD S FAR BB ( Logistic
BHEHE, OriginPro 8. 0 BREF RS EA IOHERNEE A7) . Sweibulll BIAD) (038 RMEHELERT 4 027
BB (Allometricl BER) | B8R K B RORER (L 46 7T 40, 45 0B B AR RJE (48 C) T,
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Sweibulll #8% %1 fij A, RMSE & /) (1.011 3,
1.9319x10°*), B, R f#EiL 1 (0.999 6,
0.997 1), WCYBHEIRE N 48 CH}, Sweibulll
T At A B, A H A R (38, 43, 53,
58 °C) I, 1EH Logistic BRIk EH AL A
3.2.2 BRI O T SR b HO A [ il R
N IR U BRSSO RE DG, EASE
EONB AR bR (X)), BERITNE S Ak dr (Y) i
FHATT ) BRI 8 iR AT, AN I A
JET, Fe AR B (RS B = A 1 52 B R4 Y
ZHMFR (R >0.991 3), S S JEAR o K 2
(Logistic . Sweibulll £51) FLEHE L H R, H
i Sweibulll #E7Y1E fr G MFEtL P (48 °C) Bk
REU
x8 ARBBEETHESAE
Tab. 8 Fitting equations under different enzymatic hydrol-

ysis temperatures

W WA B IS
38 Logistic Y=0.992 8X +0.005 9 0.996 1
43 Logistic Y=0.990 7X +0.011 0 0.9917
48 Sweibulll Y=1.017 6X-0.015 4 0.9977
53 Logistic Y=1.0139X-0.008 9 0.991 3
58 Logistic Y=0.987 2X +0.012 6 0.992 4
4 itig

el AL A B A2 A I ok 4R B Bk L R
AL B A b b R AT R IOR Y SCRR IR
B, BRI EA YRS AR RS A
ARSI T B A BRI K P R AL Z 1 T
A, AR AT AN 1.88% , = T E N [F 2EHF
FIRAMAEGRBT S . Boh, 1ERRY)
PEEU B F7 2 AT A A 5T 40k P, Logistic BRI EL A
FAARAE ", 1M Sweibulll BERIGEA K1F

AR T BERR N AL | A I R A S [ £
REUT 25 ma PR 2 SR i A e ) R 0 K
ST, DU A 0 ok ) 7 AL )R ) G R, LR
PURTEE ARG R b, B M 52 TR 1 5% i 4
K, FEINEG RS FE R, R AR AR i R
G R RN AR mEE e Ry 0 7K
S, DU A R T ) 1 L ) ) B R R,
JRPRRAE R A BRG] — R )5, BRAl e K il
f IS (B X JRAE T AR R RN K, IR YRR TT
RS A B e, BRSO IF SR e B AN AT 4 R il &
FEDMFIVER , 7K A 25 4 5088 ) A 4 At L R 2 24 3R
20, AN S TR A, A SO o M TE
AL RS o GREANR A — 2 5 0 7 PR R
2580

BRI fR)Z, S50, AR B2 AL IR
FERIXAERSY, PSR i HUBURDRE B A5 5 )
(e fid, TSN S MR AR 0L, AR S A
FBIEIEN . AN, EAHEHERICT LA IRTE S
AP EEATRY, RA 2 PR A R A M B B
g, FEOF AT Z R85, AR RS
WE, AR R AR ARG

S HHE SR ORISR A ORI T — D AR 1 [ -
WOARF RS, T 2 AR OB H RS AN
HENE . BT Al M ZREE SRS AN R, AR
MEHE S AR PR AR U R s e, M,
BORSEHEFH OIS A A A AR 25 M1 AN ] , e
SR B R P Rl Jr e E AR DL R ey sy
PR R, DAPRIEZ ISR SCbr A ™ T 2 h AT
IR

S 3Lk
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Vitamine E increases the thermal stability of three constituents in Renzhu Um-
bilical Paste

WANG Chao', HOU Wei-yuan’,  YE Bing-huang >,  LIANG Tu-liang', LIU Yu', ZHANG Jun'"
(1. Research and Development Center for New Chinese Drugs, Guangzhou University of Chinese Medicine, Guangzhou 510006, China; 2. Huangpu
People’ s Hospital of Zhongshan City, Zhongshan 528306, China)

ABSTRACT: AIM To investigate the thermal stabilizing approaches for three constituents in Renzhu Umbilical
Paste. METHODS The volatile oils extracted from Amomi Fructus, Atractlodis Rhizoma, Cinnamomi Cortex and
Caryophulli Flos, were added into lanolin for preparing the paste. The contents of atractylodin, cinnamaldehyde
and eugenol were determined by HPLC, whose retention rates were taken as indices in the investigation of the pro-
tective effects of antioxidants, including vitamine E (VE) , butylated hydroxyanisole (BHA) and 2, 6-di-tert-bu-
tyl-4-methylphenol (BHT) , on their thermal stability with reference to the constant temperature accelerated test.
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