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[HFEZE] VEff D101 — 1 FLIRIARAR [ 52 AL SN IR KT, 558 o — L — BRI K i Al B H e Ak
TETH LA, a9RRY], HRERMN: o - L- BB & 30 U/mL, 5ol iR EZ 60 °C,
pH =4.0, JEYREWE 2.4 ¢/, JRIGEHR 80 v/min, 7EILAM T BEME N 420 min, Hh R 75 1L Fik 5|
78% . AN, WA, TR Mn®* | Fe>* XM S A W sm AL YEVE ] . Lineweaver-Burk SUSI B &
&M K, =5.12 /L, V,, =0.013 g/(L - min) , FIF#ZEAIE (thin layer chromatography, TLC) HIEZHOK
FE AT (high performance liquid chromatography, HPLC) Xof B FE I AT 00T, FRBIEAS Y, RO SE e R ]
TRV ALY SN ) T
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Preparation of Pruning by Immobilized Naringin
JTAO Chao', LI Jimgya1 , LI Lijunl’z, YANG Qiumingl'z, WENG Huifen'"*, XIAO Anfemgl’z’3

(1. College of Food and Biological Engineering, Jimei University, Xiamen 361021, China;
2. Key Laboratory of Food Microbiology and Enzyme Engineering of Fujian Province, Xiamen 361021, China;
3. Fujian Provincial Engineering Technology Research Center of Marine Functional Food, Xiamen 361021, China)

Abstract: Naringin immobilized with D101 — 1 macroporous resin was used as the reaction substrate, the
process conditions of @ — L. — rhamnosidase hydrolysis of naringin to convert pruning were investigated. The con-
ditions for pruning transformation were optimized as o — L — rhamnosidase dosage 30 U / mL, reaction tempera-
ture 60 °C, pH =4. 0, substrate concentration 2.4 ¢/L, shaking rate 80 r/min. Under the optimal conditions,
the conversion of naringin reached 78% after enzymatic hydrolysis for 420 min. In addition, it was found that

2+

high concentration of Mn®>*, Fe’* could significantly promote the enzymatic reaction. The K and V__ of Lin-

eweaver-Burk fitted curve were 5. 12 g/L and 0. 013 g/( L- min) , respectively. The analysis of the hydrolyzate
by TLC and HPLC showed that pure pruning could be obtained after the reaction was completed.

Keywords: pruning; substrate immobilization; naringin; enzymatic transformation
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A GH B 70T LA 5 T M (47 -5, 7 — SR A -7 - R A )
ER-R AR, RS BLSEIUER N EEA RN . M o - L - R
WP R AR F T AT AR S e K A S DA o« — L — B2, ARl &7

AR D IR, FIH o - L - RASHET I A P55 102 i 4 58 7 1 A 30 F
B, ARUZR AT Rt &, AEERS T ImAR" 00 ELZE KV b DA 8 IR S A R i
fRPEmAR 22 . BARMIE Y Sis TS . SRS HLAN, (R A AL A K IIEA T A S i
WF, MR H ARy, OISR RIRS S A2 B . R, BIFSERG O S A A A, 2
e AT B Ay T A JES 0 T AR B A Y

PR 1 RV 00 B 7 e — P IS T T TR AH AR |, SRS VA eV b A T R IR P M O 5
2R, KA N A ROSIE I AR S AL, R R LA S A 8 R 25 Tk 0 ) AL R
WG, Al B [ ETER IR A b, 225 I B [ A A K B T S 2 A AR R, AT AR
SPGB CL B IS RO (B FHBIFSE AR 22, Ulijn 5500 {1 — 2R Ak 1Y
ZIRE I, B ARLIRE ETE PEGA 00, 28K b, TS TEK W FH VG T 2R B IR 4% 65
TR, FPPEEIR99% . Wang 2 LOT ) A 4 22 L 0 3 (controlled pore glass, CPG) [EEZT, il
A B ITI IR - SERC RN . A SCHFE T LRI AL BRI B X il e 1 HEA TR e Ak, E4%
il AR B ORI, XS A R R ) S LA TR 2D T 5E, RIS RN, RS, IR S
OYES, FPEsEA R I, A B AR YA SR A SR iR A

1 MEERE
1.1 EAo-L-REHEEHENE

W54 AL FORL pPICOK-rha IEEARIERE GS115 BMRIEATIEAL, THLJ5 M BERL 2 2 BMGY WA s:
FRIEPARLEIETE, R Ay, =3. 0 IURRIA, ARYGEEME" QI EE B A RS, B THEIRTE 30 °C| 220 r/min
MU FBESFRIAEMN o - L - RBBHE, KB 72 h 5, %3500 /min .0 10 min, U FEK.
1.2 a-L-BREEFEEHHONE

K H BRI (43575 (high performance liquid chromatography, HPLC) S D R R R Wk
FTREE 1AM, 0 A VAR R R 950 pL PR - BEfR A AN vPl (pH =5.0) A 1 mL
300 mg/L HYJEYHN 50 wL AR, 50 °C 2 15 min J&, 3 0.22 wm JEMEJS A HPLC I % 52 %
MR AT AR TS E . 750 °C . pH =5.0 MM TR 1 min, {HFE1 pg MR HHIHRN a - L - K
ZEREFF B A R SO —A o« — L — RS RGNS 1 2,
1.3 KFLIRE RS AT AL 12

HARRRWT . BVRE—95% (KAL) LB 24 h— 13k EAE—95% (KB40 L FEvE—
FEIBIKVE—2% (JHE /380 $hWeifl 3 h—Z8 /K PYE—2% (i /380 AL ERTE 3 h—Z8 18K vk
1.4 HEHENEZEL

A3 0.5 g JREAY 5 FORALI B IR A E] 50 mL 0. 2% (g/mL) WM R T, BT 50 C
(I IR R K TR TR [, 2 T R IR AN R AR AR Ik
1.5 #hHEFRMERNE

HPLC JEAS AR W B0 115 e B Vs o B v BE A8 Ak, JFARSE T =0 T80 Hh AR R X0 A iz A 1
NGRS B IR A B AR AN B i (mg/g) = (C, = C,) xV/m , . C, . C, 53 B
TER IR BN ATS MR EE (g/L) 5 V FoR AT (mL) ; m FoRmMIERHE (g, WHE),
1.6 o-L- RIEEEEELEELHEEKBTIES T

BLO. 4 ¢ TRANFRAF IR A 0. 002 o/ mL MR I, S0Pl pH =5.0, BT 50 CoKiH R
PGEE, [FBTA o - L - RABHTEEGRG, ROVARRM AT 20 mL, AEHRECA 120 v/min T EiEAE
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EAAH R S0 360 min, FERG— B RIBUE—IR, WB7KK0E 10 min J5, BHEHIEEE, e KR hid 5
W Wl R R T S B T RS AR . FEIG R b, 38 e B A R P SO AR R, R
AR . RREE . pH A, TR Y5 HUE 4w B A0t [ L B AR E R
1.7 WHMEHFELENTE

WAL R % = [ 0 ) A /182, 11 x580. 53 ] /Hh iz s B x 100, Hirfr, 182,11 K
FZSHEAE X 4> i, 580. 53 S fz T AH R4 T i
1.8 a-L-REHEHBKEEEMEENNNEST

PR Al B R, o - L - BESHET B A RO AR, EARRIMIRIRE T, T 60 C,
120 r/min #3751 IV 360 min, 60 min BOFE—K, WhK/KI 15 min K3 Je D0 & Bk ok b ok Eﬁ
AR, WIME « - L — SRESHEF /K 8 il B e i 3h 2B S 8 K v,

2 HERESH
2.1 EEWHHEE IR E AR

TEFE 5 B 7 LI AR IR oA i1 5 A Ay e e A4, Sd sk i S A Ao Al e 1 g e B, DA R 4%
W RE 2 AL A K 7E o — L — BRAEWE T B A VR TR MO B AR B i8R, 15 th B R BR i, SR
HPLC ¥E5E 5 Fi Al fe By mepf i, 25 R 1 fos

F T AT O, 5 b i 228 1A X A iz 7 A B £ K /N D4020 > D101-1 > AB-8 > D101 > DM130,,
MK 2 Hraf IR Y, S0 2 h 25 REAR [ At je e B g4 1 22 A K, (HJ22 h J5 D101-1 B
HaHm%*ﬁﬁﬁ)‘ﬁﬁﬁ’wﬁﬁﬁEﬁﬁ?ﬁ?ﬁ{@ﬁjﬂa, 511 H 5 B R XA e A R R B 5 SR 2 A T

P50, D101-1 AR BE R A g 5 P8 AL T 2080 SR B T Ae s I 80 R B i, DRI LG 275 AR i 28 A X At e ey A e o

DI e B AREA R SRR, 30648 D101 -1 KL FFAR) BE s 223086

o 90F 801 —e—DI101-1 —4&=DI101 ——DM130
z S D4020 —m—AB-8
< 85f 2 60
‘g 80 Z
< 40
EE 75+ o
£ -
= = 20 |
ui 70 R
i = I
£ 65
'a 0 | | | | | J
H%— D101-1 D101 DM130 D4020 AB-8 30 60 120 180 240 300 360
= ) 1§ Resins t/min
B 1 R[E K7L IR B 4% RS X 461 K2 5 A (e Fn iR B = B 2 KE#EEELHEENEEER
Fig.1 The saturated adsorption capacity of Fig.2 Enzymolysis of naringin immobilized
naringin in different macroporous resins in different types of resins

2.2 a-L- RESEERL BRI E KT A

1620 mlL TR T, B HAL A T o — 1 — BT A0 DRI, Al 2 T
BRI 6 h, 05 S TV M TR, 0 BB 0 P B TR LR 5L, FLEE ] 3a
B, M 3a AT LA B2 DREGE O, s A DI, R I 2 3
S P TN T 0 521 — 2 R S L . B0y R BL R K, L
AR DT SR, B, B ERKCE 30 U/mL, ARSEROIMINAGEE, kAR ik
SRS, M]3 b FHEA B, AR BRI R A, B, e DR 30 U/mL.
T 5 30 A A B R P L bl e 1 5 RO AT TR 7 T 80 D i L
BRI K, 3T Al T R 7 BELS T 6 5 B
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A 3b R LA i, Hol s B 25 A [, BEA DR BERG R, ol fige B Ik 3848 T ot P [ B4
IR A R AR, HR ﬁmit%@*oé%ﬁﬁ@f&ﬁﬁ,%ﬁﬁki,%ﬁ@ﬁﬂﬁﬂ¥
o TS R R B R S I, S IR Rl O, Tl RN AT — e IR, SRR Y A A
ISEE I, R SN SR B S A R R 253G, B A B M X S A — i AR, Rt
JIEPIR FE R S, 30 JsOR 0 1 in BBk B D i B B R AR AR B LU IR B o BE . T LUIRY)
WK, SRR IS Ab e 2o TR, BEERG 75 A JOME A B et R R 2 Al 3R i o Feid
JIEVIRIE . IRV BRI 2.4 o/L I, M HHRARE R, IRYBERERT 2.4 /LI, i
RN, BT AR G B B W Ry 2.4 /L

80r == 10 U/mL

. —e— 20 U/mL ,100r
|| Zaue
% 60+ m 2 g0t
= 60 50 U/mL2 =
£ 2 6ol
S 40t =
=} =}
3 5 4op
¥ 200 % LN
= N 20t 4
& R4

O 1 1 1 1 1 1 0 1 1 1 1 1 J

0 60 120 180 240 300 360 0 60 120 180 240 300 360
t/min t/min
a) JINE i Enzyme dosage b) JEY) R Substrate concentration

B 3 Ny = 0 ¥R B X A K ES R AE A Y S T
Fig.3 Effects of enzyme dosage and substrate concentration on hydrolysis of naringin

pH B S A AR B SE0R , BR B 08 A5 AN IS B A5 AR o [T PRI ek, HATE
o pH B R S50F T A AT DU B0 B RIG 7, BRI, 548 pH (RO Al e e VR FH 04 52 - 40
B, BUBROVAAR R TG ) pH L, 25 SN BT I AL AR B [E] R S it 2k, BB A 1A 4a
7R o pH (BTG SON 1 0) 46 T84 | 3 TR A B i DL Rl J AL R R — e e, A 4a AT,
pH =3.5~4.5, $ALREHIAK, FRAMAX AL pH (B R E S, pH [E4kEL K, k%
Fmioi/)y, VAR IZ RS N R RS, 7 pH =4 I R RS 8 ELACR AR 8, 55 B A Ak
Al B2 Kk SO 8 i pH B —2,  PRHCZE R S 0 Hh e 82 il pH = 4.0,

W A S 10 TR 385 2 R B A AR ORI DG 3R, TE B IR B A5 TR A W] LR IR e KR 7, (H
AEVIEE R — PR T, SRR T Az IR, S e TE . I 4b T, BEE TR T
R S AR AR N G S, A B TP AL R B 1 . SRR B 60 °C I il S I 00 A8 de K, Al
B AR m, (H2 IRAEIAF] 70 CJ5 0.5 h PG BEAC ST | il A 1 %) 728 P o ol P[] ) S 4 T
FUNEY . BT LA B SN A4 B R 60 °C

60p=#—=pH=3 —< pH=3.5 80r 30 °C —8=40 °C
,§ —4—pH=4 —m— pH=4. < —o— 50 C—gg= 60 C
Z . |—apH=5.5 2 60pT+70°C
£ 40} —gmpH= ‘é
< Z 40
g g
< 20f S
5 5 20t =
~ b — s
o~ \Ag L
& 0 ! 1 ! ! ! J ® 0 | | | 1 | J
0 60 120 180 240 300 360 0 60 120 180 240 300 360
t/min t/min
a) pH b) & Temperature

4 pH{EMRE X E FEEEERNZI
Fig.4 Effects of pH and temperature on hydrolysis of naringin
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5 mmol/ LI AIa) 4 & &5 ¥, Bl sy 1 h Jo BORE
D 455 J 25— X T e S Ny %) S W), i A 435 SR A
KI5, WEIS malLlES, @EsE1rish5
AL N, 525 A RS, Mn®* | Fe* il Co®*
XSG AR FEERT, H 5 mmol/L i Fe®* {2
VEEH Bk, Na®, Ca’" . K*, Mg™* Hl Zn** X
filg 6 IR AN Fe®* A Cu®* X g 14 BH S5 1Y) 60

[l 2 At 52 R A% RN AR, 43 S AR B R 160,
140}

120
100

80 +

Ak 2R Conversion rate/%

Fe* Mn* Co* Blank Na* Ca* K* Mg*Zn* Cu* Fe*

f | ;H\: F 3+ it | =) .

“ﬁ%ﬁﬁﬁ’%%;;ﬂiiﬂgﬁﬁﬁi S B 5 5 mmolL & % & F X1 B A 0 W
1‘\ &G B AN AR BL IR Mn™" 411 Fem ™ X Fig.5 Effects of 5 mmol/L metal ion on

NAEIEER, 450K 6, K 6a mTH, 575 enzymatic hydrolysis reaction

FIZEAR HO, ARV RE A Min®* X0 AR S L RS AN T, S I 40 o 4 L2 K S 7 0 J93Ail B2 1  Ab 2 #8JLF-
R, BN s ) —Se e AR A, EURAR IR, v vk B2 A Min® * X Tl gk S 1o B AT AR o ) e
YERT, Mn®* ATREVE N AW e AL R AR HE . Fh Pl 6b PR, AR BE MY Fe?* Xof A S N LT A A itk
YERT, M Fe’ W 0.1, 0.5, 1 mmol/L I HIUk Sz N7 o A FAh B 11 e A AR e W A 281k, 4
Fe? " YREZIAF 10 mmol/L I, WI4R KW s AARR, (R S5 o T RN B o, 7R MR P Y Fe? ™

Ak, SRR, MR, BT ER Y Fe® X WA SN AT R A S EVE
100 [ Q0 ¢

80 r

—@—0. | mmol/L——0. 5 mmol/L
20 1 mmol/L —=—5 mmol/L
—%—10 mmol/L —®@—%5 [ Blank

Ak 2 Conversion rate/%

0. 1 mmol/L——0. 5 mmol/L
+1 mmol/L —=—5 mmol/L

5? {’t% Conversion rale/%

ﬁk_ 10 IPmOI/LI - "ﬁ? = Bla‘nk ‘ | ‘ |
0 0
0 60 120 180 240 300 360 0 60 120 180 240 300 360
t/min t/min
a) Mn* b) Fe*

B 6 AERER Mn>F1 Fe*3T & fiF k B {2 M
Fig.6 The influence of different concentration of Mn? and Fe* on enzymatic hydrolysis reaction

2.3 RMRIZWIEM 1 L KKK

MR HT T IR B0 25 5 . 7ENEEE M 30 U/mL, pH=4.0, ¥R 60 C . #E%HEAR N 80 v/min, JiE

YIBTEIRE N 2. 4 o/ L BYZPF T SEAT R T 2080 AN 1 LRI, 52 RWIE 7, &7 ATLIE
80r 807

: 60F

[*)
o
T

4 40+

N
(e}

5L 2R Conversion rate/%
S
?F!Z /f't$ ( onversion rdl("/%

¢ 207

60 120 180 240 300 360 420

0
0 60 120 180 240 300 360 420 0

t/min t/min

a) 20 mL %3 F 55 20 mlL validation test b) 1 LKA 5K: 1 L reaction test
7 20mL REFREM T ZRWIERIM 1 L XK

Fig.7 The optimal process validation test 20 mL reaction system and 1 L reaction system

o
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RIS EAT AR BRI, W R KT AROUACRT, B FALRAE 420 min WFATIKF] 78% , %
P A R AT i e, (B, SRR R BB SOV AR L, Rl AR AT BT TR, T L
SR IR V-8 BT P B B B RO HE S 3R] e vl A B S A R IR 2 5 SR T i T s eI RH, 75—
FERE L BH (E TR ST BN, ROWAR R ORE] 1 LS, BEE ROV AE i SO A
AN, Al B AL AR AN B K, WA SN 420 min J5 BEAS IR B, AR H AL R 2
75% , 3%5 20 mL SR AL 2 RHEA —F

2.4 EMRRNHNZF

S T, R BRI - BRI Lin AT
eweaver-Burk XU{E| ZA L & H#E R v = 38.929 « + . R>=0.9913
1ﬂmaﬁﬁ%%ﬁm%&ﬁﬂ%ﬁﬁmﬁ$nw7?3“

5, 5%, K, =5.12¢L, V. =0.013g/(L+-min), =

TRIFBAIAE R R A AR IR AL K, =0.588 /L, = *°f

Voo =0.011 &/ (L - min), % H R LML IR =

K (TR I, 2 s (LR K, KR, or

VAU PR , ot 28 o 3 25 6 3 N
F BN 38 AR5 IS 0 1 SR PR AR, S ) R 0 02 04 06 08 10
TH. AEm@U

2.5 TLC # HPLC $E 547 R B2 =41 H8 %R R

TERAME T AW uER R, 15 2 AL i B 7E o - Lineweaver-Burk 3 8] 41 #8l & i £
L - R REr fb /B R R T vk A%k, mT LIAS Fig.8 Lineweaver-Burk plots to

determine the kinetic parameters

59 S AR5 5 17 S B B
ORI E L S, RRBRBRA R O P
SR RE ), 5SRO R MR h T pruning.
A ot UL T RS S
BEATDAR SR H R T TR, A o -

1~ BRI — BN Il 5
FOMC T AL, 2L 7 h 35 B0 6 i 14
RN 80% , SR 7 ) 5 T A0 R, i
LG AR A, BN TA o - L - BB - )
W SR PR SR S P P R e e, DL IR T R R 2
T PRI A B A B 2 4, 72

Notes:1—naringenin,prunin g,naringin mixed standard;2—rham-

L. 28 e 4

e 4 B ali A AR R ] BA o nose standard;3—pre-enzyme reaction solution;4—reaction 7 h re-
S v p action soluti
TER AL T2 RGN , 181 Tl B A o — “g;ﬁ;mvﬁkaswmmgﬁmﬁ
L~ AR L T EFT A P e, T A ahn Tiom
B RN ) RN BT e RIS . R Fig.9 TLC of reaction mixture separated by

(A1 FN 52 N S BORE B 1 46 0 56 iF L i R B R V(ethyl acetone): V(chloroform): V(water)=80:20:4.8
HPLC &5 401 10 Frzs, B8 10 af L, InEgRAT RO i i KOS A B, I BRR N, Al Bz
TEo — L — FEWETT A HEAL VR R 3B S B A 758 7, B SO I 1) A S, B 7 g A B
TRB W, G TIAERERIIE 2, V7 h 5 RN EAKBPPA, OV S A S E T
FD i ARFE AL S8 BRI BT o IZAGIN 7 AN H b JEOWE A A 78, (B2 vl DA s S L™ 40 v A il 1
R,
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Fig.10 HPLC of the reaction product reaction in different stages of enzymatic hydrolysis

3 #ig
X o — L — FRZEWHF ARk 1 5 Al B A7 7K i S R dE AT 5 58, FE T 8810 5 Fh R FL W B AR o
FL A FWERARIRIAE R D101-1 KFLWEIBING . o — L — ERZSWH il 4 T 1 Tty Bz 7 7K A 1) o S
Sty WEFHEE 30 U/mL, FUWIRJE 60 °C, pH =4.0, JEYFRWE2. 4 o/L, P HZ 80 v/min,
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TEMAAE T ROV 420 min, MBI HEALSIERN 78% v EEHY Mn®* | Fe® * X iR S AT 1 5k i E A
Mol L T 25 1 LRI IE Tz i T BA RSB, e M TLC LM
HPLC BilEA i, O oé 4x)m al 45 220 i 877
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