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Characterization of laccase-catalyzed oxidation of phenolic
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Abstract; [Objective) In order to develop novel and bio-active possessed pigment,the catalytic charac-
teristics of apple phenolic compounds catalyzed by Trametes versicolor laccase were investigated. [Method])
The process parameters of apple phenolic compounds catalyzed by T. versicolor laccase were optimized
through both single-factor test and orthogonal experiment and the stability of oxidation products was ana-
lyzed; the composition of the end products was determined through HPLC and its properties were measured
by scavenging free radical of + OH as well as DPPH - . [Result] O The optimal parameters for the process
of laccase-catalyzed oxidation were as follows:reaction temperature of 55 C,substrate concentration of 2. 5
mg/mL,pH 5.5, enzyme dosage of 3.5 U/mL. @ The oxidative products presented maximum absorption
peak at 363 nm, the color of which darkened with the increase of pH, and less sensitive to heating and
light. @ HPLC analysis showed that substrates of catechol, epicatechin and catechin produced 2,2 and 4 ox-
idized products,respectively. @ Each product revealed higher activity to scavenge free radical of « OH as

well as DPPH -« at their high mass concentration than the substrate, which showed dosage-effect effect
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within certain mass concentration scope, and a maximum scavenging activity to + OH of 85.42% was

reached at mass concentration of 500 ug/mL . while that to DPPH + was 94. 32% at 1 000 ug/mL. [Conclu-

sion)] The conditions of apple phenolic compounds catalyzed by T. versicolor laccase were optimized, and

new colorful and soluble product formed from apple polyphenol catalyzed by laccase. The product was sta-

ble to light and heating,and showed increased antioxidant activity than the original extract in high mass

concentrations.

Key words: Tramates versicolor laccase; catalysis; apple phenolic compound; HPLC analysis; antioxi-

dant activity

ZERYRPAR N LRERRERAN
AL PO PR S Z R . SERZ R
R BAEIRIFE G A Z DR E 7 450 1 B
R e AR RS T IR L R A
WREAGYS . EIVEREDFRL R BoR, FR
Z Wy BA E A YIS 2 R 2y B fRE, R £
A PROIRETE PR L 2 Z W 100 5 DL BB T2
BE TRl L BE 24 Bt i ATk BE A AR
FROR IR R 2 B W W5 32 B [ N AT G
B G K7 M S ) v B H AR 08 3 2R 22 T 1) 2 L )
B AL R R HALH B A RREA R R SR 2 1
S IR Z NN SR B S 5 S S
PlAL ARG T B 2 B AL 2R AE . (HEA G
) FH T A5 0 AR X 30 8 22 Wy BE AT A W AL L 5 X
SALE YRR B ST 0 BEAT T . B R (ECL. 10,
3.2) JE— P H A AL BEAE AL 2 A0 B 57 R
&AW 2 B 26 T | o b
= B S 5 B AR 2 7= A PR SRR E T
G o B 28 55 0 A A L G PR A LA R 1
K A P s A 8 ) e T A T H T
YL AR TR R D Re Y R F R, LA T
FEOT T R T S 2R W 2 ) T 14 i AR SRR AL ol LA
SR T R A B SN2 T S A RS R 9 Tl
xS 2R By S AT AR W 5 ALl A A AR I
i E e A A 26 B 50 S A ™ W AR E PR TR
TG PR RE . IS 2L B A AR E R K P 5,
O 25 55 T s T4 TN 00 R 000 4R il AR AE £ i Tl R Y
JIZ N AR A B R R AR AR

1R

L1 # #

L1 XEMAHs 2 2XA & LR TR
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Table 1  Orthogonal experiment design Lo (3') of apple polyphenol oxidation
Kl & Factor
IK AF 5 \ KT EL 3k [BE b3 Yk BE
K- 2R L/ C i%%@h)ﬁﬂi@f;/ /;xﬁ@&&:/
Level pH (mg *» mL™1) (UemL™1)
Temperature . .
Substrate mass concentration Dosage of enzyme

1 5.2 2.2 3.2

2 5.5 2.5 3.5

3 5.8 2.8 3.8
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F 25 I 2 HAE 363 nm K A IO 1A

(2) I BE X5 S Ak ™ W e e 5 e, O[]
pH(3.4,5.6,7,8) (3 5 2 Wy S8 Ak 7 W v WL 43 i)
T 25,35,45,55,65,75,85,95 C I KIBE M .30
min J5 HCH R A DLZEBK AR B AL e =
W HAE 363 nm < Ab B OGAE .

(3) DX E AL R YE R e, R [R]
pH(3,4,5,6,7,8) B3 2 By & A ™ Y i W AE A SR
ST HOGES S 7d B R10~12 h, &1 d
W5 HAE 363 nm i 4 b B W OGAE L I W58 55 1 1) i
AR, LR S e h = H .
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mol/mL i JLZE W bR £E . 0. 2 mol/mL % JL 2% & #5
F£.0. 3 mol/mL JLA R ARFEM 2.5 mg/mL (135
ZEW 7 e UL LA INA 3.5 U/mL %
fit , F 55 CHEIR N 2 h, P PIE W2 LR £ TR AL
3 AR R VR T 5 T 4 000 r/min ¥ VR .0 10
min, 155 9 i W E AL =Y .

1.4.2 FAZ#ey HPLC ® 2 7E 300~800 nm
P TR ILZ Wy R ILAS R LA R bn vl 1749
i W5 3 A B RS AE 280 nm P K A A B 5E K
W, ELAS 32 5 sl AR b A5 9 00 08 T AR R 1 0R
A 280 nm K AT R .

HPLC 43 # % . & 3% # Symmetryshield
RP18(4. 6 mm X250 mmX5 pm), ki 35 C, 46l
B 280 nm, WA AH N K-ZIE-CRRIB G W : A H
VOK) 2V (ZHE + V(L) =96.5%3:0.5,B
KNV K 2 V(LK) : V (LBR)=69.5:30:0.5;
LR MEBA BE VR, 0~ 55 min S 0~100% B;55~60
min & 100% A,
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AIE-Fe B pk » OH &AL 48 — A JE-Fe' , Al
FHAB R AE-Fe' " (B 41 () il 4 0 2 3 Ok A o 3 2R
Zxf « OH BIgBR & . B pH 7. 4 MYBEER $h 22 vh
W 0.2 mL, RGN A 7.5 mmol/L 48 — & JE%H
W 0.4 mL,7.5 mmol/L FeSO, ¥ % 0. 14 mL,50,
100,200,500,600,800 pg/ml fY 35 £ W I H A AL
PRIV 2.0 mL,3% H,O, ¥ 0. 12 mL,IE5) 5
F 37 CAREIR 60 min, F 520 nm T b {4, id # R G
B . DA 78 7K AR At 3 Vi 2 18 i) B o A 3% A S
B0, 2 mL @R £ 22 vl i RN it L 0. 66 mL Hi 78
KIEEWAE Rz A A T B 4747 8 3
WK, B 2E R 56 45 5 DL 15 B4 2R (scavenging activ-
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SA =[1—(A,— A)]/A, X100% ,
KA, RN R WROGAE A, R R B IO (E
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Fig. 1 Effect of mass concentration of apple polyphenols

on yield of oxidation products
(2) W E ., B2 B/R . HEEWwRE R 1. 0~
3.5 U/mL B, 3525 2 By S Ak 7 W) 00 AH X 28 i B
VAR T e 8 1 398 KT 4 I, R VR 2 Ry 3.5 U/mlL
B Sk B AH K A 3k B B KA, =2 5 U
%, KRB E MG, FI 2R VIERT
BEHGH BEE 3.5 U/mL HH

JCAE B WG AR AR A A o il 48, 7 BT 1y o i R
(pg/mL) , f J5 TR o o B I & i
B S i = B 1 BT AR VR R/
BEX100% ,
1.6.3 #TE4Feme  FTE SR E R
FHER My 6 BE 3L L RURR U fh 507 R Y S5 B U
B Cao) X WG Cy) ibs fE il 28y = 0. 091 32 —
0.005 6(R*=0.996 7) ,illl 2 ¥ ity /£ 680 nm Ak (1 W
JCAE B WO AR AR A A i il 42, A5 5 7 Wy o i ok
(pg/mL)  f J5 THRAE BT Il & i
AT R = T M BT vk BE /BRSO A K
BE X100% ,

2 AR5

2.1 ¥REMBREUCREEENRL

2.1.1 BREZRE (D ERZmEmERE. K1
UL ERZW W R 0. 5~2.5 mg/mL &},
AR R X A R O R R Y R B S
MR Z W W 2.5 mg/mL B AL P WA
Xof A A A B R K AE 2 5 B SR £ W T vk
038 o 48 Ak 7= 0 R 6 2 R DU B BTG f e T
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Fig. 2 Effect of concentration of laccase on yield of

apple polyphenols oxidation products
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Fig. 3 Effect of reaction time of apple polyphenols on
yield of apple polyphenols oxidation products

LG b &L 3 A 4 R AE 20~60 min, 5
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P RENE B RGN T ANE RN ZRY) . R
HIF 5 1 A o AL Al 2 S LIS [R] 24 60 min,

ST A R 2> 56. 92 %0 . B ) 2 U /0 50. 88 %6, B
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Fig. 4 Variation of phenol content after

enzymatic reaction

2.1.2 BARAMA LT L Aegtit BEE 2 AL
2 W AR E Ak A & ALBCD,, BIEFE pH
5.5, M BE S5 CL, IR Z MW EWEkE 2.5
mg/mL B 3.5 U/mL 54T, A=Y
AR AR B e . AN 4 SRR A R E AT 52
JIE DX AR Tl A A AR R SR 22 By 1 5 e e R OO
2 Tt v B L pHL L 52 SR/ Y R R IR EE
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Table 2 Orthogonal experiment of the L, (3") apple polyphenols oxidation
e [P %%Z@ﬁﬁﬁ%ﬁ?l}z/ (?Eﬁ/i?){zl/
Transaction pH W/ C (mg + mL =) (U + mL™) OD3s3
number Temperature Apple p()lyphengls Dosage of

mass concentration enzyme
1 1(5.2) 1(52) 1(2.2) 1(3.2) 0.483
2 1(5.2) 2(55) 2(2.5) 2(3.5) 1.278
1(5.2) 3(58) 3(2.8) 3(3.8) 0.928
4 2(5.5) 1(52) 2(2.5) 3(3.8) 0. 889
5 2(5.5) 2(55) 3(2.8) 1(3.2) 1.520
6 2(5.5) 3(58) 1(2.2) 2(3.5) 0.912
7 3(5.8) 1(52) 3(2.8) 2(3.5) 0. 807
8 3(5.8) 2(55) 1(2.2) 3(3.8) 0.996
9 3(5.8) 3(58) 2(2.5) 1(3.2) 0.756

K, 2.689 2.200 2.376 2.759

K 3.306 3.794 2.923 3.003

K; 2.580 2.581 2.581 2.813

R 0.242 0.531 0. 300 0. 081

2.2 HREBMENTYHEE M 2.2.2 pHAAAEHBZ LG Y0 %3 BT
2.2.1 RALF Yy AT REERINAAL Y BEE pH RIS, SR 2 By S A B N IR

Ry 5 5 ToK CHEE LB N L T 2 1R 55
A, H UV-1700 43 5606 B 3H7E 300 ~800 nm i
KHE# AR 5 BoR, iz A =Y 1E 363 nm i
KA B KW 0 SR I B B T it X W I

Horb pH 78 3~5 W 2 W R W (075 pH Jy 6 I,
BRELAE pH KT 7THEWE 2B 60, X
A IR A G e A 5 45 2R — B R 2 R AL
Pk pH AR RO
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i o Ay oy ~ o~

B 0.30} Fij‘:’ 65 CHﬂ‘a()DSGS{Eﬁﬁ?U%k{E»E 65~95 C

I o B U EE 380, ODss JLF R A= B i 28 4k, i
0.15¢ - 4
WS4k 7 W A AR iR 00 T B o B RS S MR AT
- . . . . . 2.2.4 REARIEMALEG Y K5 B
300 400 500 600 700 800 - - S " .
¥ /nm TE[R — pH &, H 2R 6 B 22 M S0 Ak 7™ W 19 5% i AR
1 I N N W -
W s Wm:;a“g;jf;;w - ANT d 2 ODy JLF 4 % 2 725 4 5014 AL 7=
5 S5 AL 0 A T IO \ PN ‘
' i N " XF it BEOAS SURR S SR TF R B R R AR -+ 40 A H
Fig.5 UV/V spectrum of apple polyphenol
oxidation product
®x3 AEpH TERZBMEUTYWARABNEK
Table 3 Color changes of the solution of oxidative products under different pHs
oH 3 1 5 6 7 8
e A i B A FReL s foRul Tt
Color Yellow Orange-yellow Tan Red-brown Brown Chocolate brown
F4 AARETERSHBAEUTYRAENTL
Table 4 OD changes of apple polyphenol oxidative products under different temperatures
B/ C pH
Temperature 3 4 5 6 7 8
25 0.512 0.529 0. 536 0.551 0.579 0.611
35 0. 609 0.618 0.638 0.658 0.682 0.714
45 0.696 0.722 0. 745 0.776 0.795 0.817
55 0.734 0. 755 0.782 0.813 0.821 0. 828
65 0.741 0.762 0.793 0. 826 0. 832 0. 834
75 0.738 0. 760 0.789 0.823 0. 828 0. 833
85 0.736 0. 759 0.788 0. 822 0. 827 0. 832
95 0. 737 0.758 0. 786 0. 822 0. 826 0. 832
x5 AAXBHETERSHELYRAENTH
Table 5 OD changes of oxidative products under different days of sunshine
S ) /d pH
Time 3 4 5 6 7 8
1 0.476 0.512 0.534 0.555 0.573 0.592
2 0.483 0.525 0. 556 0.572 0.581 0.611
3 0.478 0.521 0. 549 0. 568 0.576 0. 608
4 0.476 0.521 0.548 0.567 0.572 0. 607
5 0.476 0.519 0.548 0. 566 0.574 0. 606
6 0.477 0.519 0. 546 0. 567 0.572 0.601
7 0.477 0.518 0. 549 0. 566 0.571 0.603
2.3 ERZEEATYWE HPLC 547 H =9 1 0 i ] 75 7 2 1 B R 1 A X

I HTER R BRI R B R Y LR R L
Ay RILKR R KA HPLC &3, 4521
WLIE 6~11,

2 HPLC f il L2 By R JL R R ALK R 0
A Tl SR AL 7 W 289 R AN TR A A BOA [ 1 ) B ) TR
G XILZE B HEAT R A AL . EEARE 2 MY

Bk MR 4 Macheix S5 (9 0F 5%, I H T g6 2 L
A5 ) ARk LA Rk AT A A A Ak Ak
Yr¥s oy B — ) HPLC W, F8A 2 i k=9 s »f
LA Z AT AR A A, R Z A= o —1
HPLC W, 2 A4 i 4 B Ak =4 (& 6)
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Fig. 6 HPLC chromatogram of catechol Fig. 7 HPLC chromatogram of oxidative products of catechol
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Fig. 8 HPLC chromatogram of epcatechin Fig. 9 HPLC chromatogram of the oxidative
products of epcatechin
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Fig. 10 HPLC chromatograme of catechin Fig. 11 HPLC chromatogram of the oxidative
products of catechin
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Table 6 Interpretation of HPLC analysis of oxidation products of three phenol substrates
SR A R A=) £ B4 B [H] / min U T L ATRERY LB
Apple polyphenol Oxidative product Retention time Peak area Possible compound
JLZEH Catechol 1 7.520 500 763 K% Unknown
2 30. 906 1570 669 K% Unknown
e X 1 14. 655 1661 138 K Unknown
LZ % Epcatech
RIHR Epeatechin 2 21.978 2 730 092 %1 Unknown
1 27.130 222 758 2% # % Theaflavin
JL2E % Catechin 2 27.877 539 291 }"&ﬁ%*d*]ﬁﬁ?@@ﬁ Theaflavin-3-gallate
3 28.764 1118 940 R E-37- B TR Theaflavin-3’-gallate
4 29. 832 210 283 K%l Unknown

SR 2 W B O R S e (B A D I BUAR RIEBCH D R A A TR G HPLC B3 LY
Z AW AL B 2 B R s D U P By TR O SO BRVE 22 T A 0 L T B BT Ak
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Wi 24 77 X H TR AN R BT L Rk S S
1) A S0k 65 A8 0 A7 — — X Rz DT S B A o
AT R BT BT LA T B — 2D TR AESY .

2.4 (RSHMRESKUHNRENLFESE

2.4.1 - OH a9F 4R IR T7TTLEH,FE
JF B W S N 50~800 pg/mL B, 3E R 2l K H A AL
PR« OH BA BRI BRVEH . Y B a W
50~500 pg/ml B}, Bl 2 0 et vie B A 15, S SR £
KA A=« OH (17 bR 2R 28 37 84 0, 76 5 2
W BE S 500 pg/mL B, SF R 2 My K HAE AR 7 W
« OHMW I B % 48 35 i K AH, 40 5 4 83. 77% Al
85. 42 % » Z Jo Bt 25 [ o Wk A9 B4 0L T B R 2 R
Feflta s, s8R N S R 2 W SO S A B A

A TR BRAR G AR R SR AT — S A T P R
AL ) P 75 908 114 7 1 394 DA o 00 ) 2507 A1 38 ¥ 5 > A1)
T 0007 58 T 0 M RN I, X e OHL 9 35 Bk A AL Bl
Z R

Hi 7 b W] DL, 2 B kO 500 ~ 800
pg/mL B SERZ WA AL YR« OH B BR AR 1
B 2R 22 Wy vy 2% WA O R R v ik S Al 7 ) L
AT AT BR AT o H PR AT BE R S A W RETE A
BEOR AU 5 A L A [ B0 4 Al P B 9 R e AT 3L A7
TR Z W LILEAL YR R LA E REH 2
(] ] G B AT A S AR b 18] 1 T {6l 4010 7 W B Ak 114
PrEAL TSR Yl AT A — 0 B VR R
R Wy A AL W) BAT H SRR 2 W O B B A AL T
P

K7 TEAREREXERSHBRESFUFTHT - OH WiEKRE

Table 7 Scavenge rate of different-concentrated apple polypenols and its oxidative products on hydroxyl radical %
FE it i e / (ug + mL~ 1) Concentration
Sample 50 100 500 600 800
FRZE 56.2540.018 5 65.3640.011 9 76.9440.029 0 83.7740.008 8 80.6240.025 8 77.4940.014 2
Apple polyphenol
=R a7

52.3640.014 6 62.65d0. 057 0

Oxidation products

75.98420.024 0

85.4210.009 7 83.6640.043 4 79.3240.023 6

2.4.2 xr DPPH « ¢9 & m4E A AR K [R5
T PR 2 W SOH A WX DPPH « 1916
PR 8 frn ., £ 8 WK, 7E 5~ 30 min, ki & i}
(] Y 4 L 3 2R 22 By S AR AR = W) xF DPPH « (17
PSS DN =E N S S N =i e
R N A A Y E R DPPH « (R i m T

R e B2 i HAE SR B ¥ 0.1 pg/mL LS
RZ WXt DPPH « 193 bR 68 /1w = T H A8 AL ™ 90
o MR (1 000 pg/mI) B, AL 7= 9 %t DPPH -«
G PR BE T TR 2 . 5 EATX - OH iEBR &
(25 RAH — B0 2t — DUl A A - Y B A — E 1Y R
R B A R

x8 AEHE.FARARERETERSBREESL™Y DPPH - EKRE

Table 8 Scavenge rate of different mass concentration apple polypenols and its oxidative

products to DPPH « radical in different time %
e [T =T
Gl RREE/ 5 min 15 min 30 min 60 min 90 min 120 min
Sample (pg+mL™D)
FRZM 0.1 65.56+0.011 8 66.26+0.0127 68.52+0.0165 68.16+0.0201 68.21+0.0185 68.2440.019 8
Apple polyphenol
Y
. ﬂﬂﬁf"’:% 0.1 60.67+0.0111 61.2240.0201 61.92+0.0221 62.0240.0207 61.924+0.014 2 61.89+0.001 2
Oxidation products
‘\H,‘ A i\
FRZE 1 000 87.0340.104 0 88.6240.014 9 89.534+0.0223 89.584+0.021 6 89.354+0.0197 89.2840.0137
Apple polyphenol
AL i ]
Sy 1 000 92.50+0.084 7 93.5940.237 7 94.26+0.106 6 94.3240.108 6 94.1940.233 0 94.28+0.074 3
Oxidation products
3 Wi A DA B B M R ALG AR 7= AR ARG R B
> j4

BiHfie Sz A2 pH (R AL B B 2 AR O {H B
2055 Tl ) B2 00 R 288 0 B R BE L % o) g A 2
I BE LA A 50 4 TR 2R 2R B IR A A R
I W0y J5 ik Y R R i R 3 S I A R o e 4R
YIEAR R 2 DN R, fER IR R .
B L1 3 1 He A5 M) P A0 PR R 5 e R e R BRE
JEE 14 JEE Wy Joi e vk J3E S B B 7 W ) e AR 3R AT

it S SR 22 By 1) SR A0 0 5 s R P JRLEE D 55 C L
SR 2 W A AL SRR R WE O 2.5 mg/mlL,
BRMEAE Ny 3.5 U/mL, [N 2R 2 B iy SR .
Pl X JFC AR S I S o 302 2R 22 v BT A B TRRI SR S )
B CIK(E LD S

My 2R W) S A8 Al 7 W) B AT 22 b A= W T
Horpd BRI PUEALE . BTG RS B W) A
O T AR R G R R E B T (oS R
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R WL HHDP)Y A 4 % VI R 5 A A7 A
5 A i BN JE Y R R A R E R G
PRI 32 5 20 W B HC R4k = W 6 R TR) L fR 3 1 3 B
REJI AR 7ER ) 4 4R, i A 410 7= 9 7T A A
[ B30 (1 S R 22 W 1 £ R, [ I S AR 2 I A Ak
PRI IR L pH Y B R L X R R SR
R AR T — o B R R 4R . AR 45
TR SR 2 S AT BT B v T L
« OH M1 DPPH - H th 3L (175 bR 68 1 7 — & i i ik
BN E T 2mA g, Wikl h, 8 gEs S
ML WA WIS & A 35 AL R B
(RAB <) RAUA 25w FI% 1 8 A o] R A A T
P& v B 1

AR L R FH R il RIS R 2 By & HPLC
53 W 359 L AHCH ARG I TR 06 P I RS R
O ERCR A MR B TR 2 B R Y A
550 B A AL = 0] B S LR (B R A AL A By B
3% A8 (0 R 5, DR G 7E o5 R VROAH 0 A7 v R 3 2R 2
FE A 7= ) By 52 % 5 8 3K B ) 5 T — X3 O M
BEREK DU o 5 B ik — 2B T 5 3

4zt B

AWFFEAT BB H S R (T, versicolor) B fiff XF 3
IR 22 W i AR A0 1Y A AR O A% R S RN i B 55
CL W RZ W B E 2.5 mg/mL, pH 5.5, Bk
& 3.5 U/mL, HAE R 58 55 0% A N i B = 37 21
22 W Jou it vk I > p H > 8 i Mk 52 . ¢ 1Y 94 I 0T IR B2
TR o RN B I R R

ENFV S EUR T SEIWUIR S SE LRSI R
Ty B AL P2 ) TE 22 40 X 363 nm b A 3R Y W i 06 L %
WAERYE (pH 3~5) X T 28 AR . pH 6 £ T
B AR M H 7T~ X TR\ O R . A
A0 Y B S X6 O FEOR BURR, AT AR &R R CE 7 d
WA AR R RS s 4 HPLC /il , LA &R 3R
LA LS AR 2 W B e A AL 5 B T AR
BT KN R R G B8 TR 74 .

SR 2 By S AR AR 7 ) I B AR AR S PR Y R
Wy XA R R 7= A0 H B A« OH F DPPH « ),
SRty S H A AL P W R T ) 0T BRI
P PR BT B R, AR N B o OH M
DPPH - ByREJ1 ¥ 00 T30 R 2 W, 22 B0 — 5 (9 5
VR R OV . TR WK E N 500 pg/mL B, 4
L= %t « OH 138 Bk %6 55 . 35 85. 4204, 6 i it
WREE A 1 000 pg/mL . Jz i B[] 24 60 min A, Hoxt

DPPH - 175 Bx R e -1k 94.32%,
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