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Characterization of polyphenol oxidase in chicory root

SHANG Hong-mei, HAN Shu-jun,CHEN Cheng.,GAO Yan,LAN Hong-qiu

(College of Animal Science and Technology , Jilin Agricultural University ,Changchun, Jilin 130118, China)

Abstract: [Objective] The aim of this research was to study the factors influencing the polyphenol oxi-
dase (PPO) characteristics of chicory root,so as to improve the browning control in chicory root process-
ing. [Method) Using fresh chicory roots as experimental materials, the optimum substrate was selected
from 3 trihydroxyphenols,5 diphenols,and 4 monophenols,and the effects of the optimum substrate con-
centration, PPO extracting solution amount,pH value, temperature,and inhibitors on PPO activity,and the
kinetics of the enzyme-catalyzed reaction of PPO were determined. [Result] The optimum substrate of PPO
was pyrogallic acid,and the optimum concentration was 40 mmol/L. The optimal PPO extracting solution
was 0.4 mL. The optimum pH value and reaction temperature were 7. 0 and 35 C ,respectively. Michaelis-
Menten equation was obtained to express the kinetics of enzyme-catalyzed reaction of PPO with Michaelis
constant and maximum reaction rate values of 0. 39 mmol/L and 217. 39 U/min, respectively. The enzyme
activity was greatly inhibited when pH value was below 4. 8,combination of 0. 4 mmol/L citric acid and 0. 8
mmol/L L-ascorbic acid, temperature at 90 ‘C for 10 min,or 100 C for 6 min. [Conclusion) Browning phe-
nomenon in chicory root processing can be controlled and the quality of products can be improved by selec-

ting appropriate pH, temperature,and combining with chemical inhibitors.
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MR YR PR IR L PN | D) A =y | BT AR L
BIAREY AR By X 2R 8y R & BT R VAR
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FEALES A = A G R AL (S SS-2, 5N
AR H AR A R A FD LR R E O HL (S
3K30, Sigma,Germany) .48 #h-1] UL 43 56 56 B 11 (5
5732, MR AR A IR A ED AR
1.2 K %k
1.2.1 HEARPPO MBEZ G H & K%
B E R PPOY, FREL 100 g 35 U6 T 4 1Y 5 6 35
R IMA 0.8 g BZ . 6000 F15 Z M Nk 1% 4t TR
1R B 28 9 ot 2 B R0, a3 A 200 mL K PR
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PPO 1) 1] 25 2 B8R 18 520 1) Oy 35 9 38
Mk, B2 g B R, A 50 mL 0. 2 mol/L
(pH=7.0) MBERREh 22 vh ik . Fl il 1H S BE P 8% T
4 CFHiHE 30 min, M 2 RO HIERTRHEEO
Hldr 4 CF 12 000 r/min &> 20 min, |4 % BIHN
PPO HLEGWL . T 4 CA&AMFFIRFF.
1.2.2 PPO &R 2 PPO KN E S Bk E
I D 038 X et . RS Sk W R R % R (0. 2
mol/ L, pH="7. 0) Bt il i) £ 1k & & T IRV WL - 5 Lt .
BUKY 2.5 mL, A B 5528 vh (0. 2 mol/L,pH=
7.0)0.5 ml; W i BUR Y 2.5 mL. B0 A PPO
FHBG 0.5 mL. R J5 F 55001 UL 43 606 BE T3 o )
FEHAE 330 nm KN BIROGIE (OD) , B ff 20 s 32
LR AR H T 2k Fe W) 1 26 B 1 & 38 (AOD/ o) 1 B8 i %
PE. DIFE 1 min N5 EBOGERE N 0. 001 24 1 ARG
PR, U R . AT 3 IKBCF-H1E.
1.2.3 HEWRPPO 9B Fa4rdE DKM KR
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mol/L [BEIR £k 22 v (pH 7. 0) e il ¥k B 2 0. 1
mol/L WM& FIR . M 2R =l % & T . 52K
TR X IR T AR AR T SR DR L i R L BT B
TR A By R 1y R Y VS WA Sl RN R s B )
2.5 mL Jin A PPO FLEFIK 0. 5 mL #F 17 B2 S hj » 2
Fe X B R A 0. 5 mL B2 5 2% #h ¥k (0. 2 mol/L,
pH 7.0) & FAE 240~490 nm #F 17K F 4, #
E FAEMBOE K . RN I B RO KT 4
B E Bk 12 AW R PPO I M 8 B P i ok
JES 40 P T T R AL 100 Y0 5 T8 4% A IS 4 4 F o T
T, AR PPO W Y4 el o),

JH 0.2 mol/L My#E IR 45 22 b W (pH=17. 0),
A S TC I Mk BE R 2. 0,2, 5,3, 3,5.0,10. 0, 20. 0,
30.0,40.0,50. 0,60. 0 mmol/L &% & F Wi
W, & 2.5 mL, Il 5E PPO T M, % 48 i iKW
[ BE X PPO I 1 1 52 1
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3)PPO AH B 78 i %F PPO & P (19 52, HX
40 mmol/L MMAEMERE FREW (pH 7.0)2. 5 mL,
AR 0.1,0.2,0.3,0.4,0.5 mL ) PPO # fif§
W (pH 7.0), 1 N E PPO 35 1 . % 2 i 2 BURK
T A%t PPO & M 5200

HpH X PPO R0, H Na, HPO, (0. 2
mol/L) FIF 2 (0. 1 mol/L) il pH 4+ 53k 2. 4,
3.0,3.6,4. 2 B2 v, [W B F Na, HPO, (0. 2
mol/L) Fl NaH, PO, (0. 2 mol/L) %W i il pH 43 5
H4.8,5.4,6.0,6.5,6.8,7.0,7.5,8.0 (K2 uh
WYL R pH (2. 4~8.0) [ 2% wp i I i vk B
i 40 mmol/L By EMER & FRRE W AE N IKY) , H it
2.5 mL,ZEE\ T W& PPO W&, % %¢ pH X} PPO
R Eiop-A R

5) MR FEXT PPO 16 P (4 52 M . MR 4 A 6 ) X
T ik SR S 2 Wy 4R A G IF 5% O ik O VR it L B 5 R
JEXT PPO I 4 0 5% W, 35 8 I N 3 4300 ok 15,
20,25,30,35,40,45 F1 50 C . PPO & PE, &Y
7 40 mmol/L ByEMH R EFIREW (pH 7.0), i
2.5 mL B Sl R
1.2.4 &EAIH A 213 B4R PPO F g % m
D i . B PPO HLEGW 3 314 90,100 CAabHE 1~
10 min, &b 3 B8] (8] B& & 1 min, 3135 52 B 8] 57 B EC
T UK R B, W E PPO IR ML R O8N 40
mmol/LIgEMER & FRE W (pH 7. 0, LA 4b
(1 PPO 6P Ry 100 0, o 55 4 X il 0 1 0 2 = Tl
Ak B GF S M 2 L % 5% PPO AR e M,

)R . R 0.2,0.4,0. 8 mmol/L f#7#5
i A L-Brp i iR & e, 4 9 A~ Ak B, A& B
FIBCH] 40 mmol /L AR & FREW (pH 7. 0)
VER I BEJEY) . &R 2.5 mL, 2 Rl & PPO 3%
P AR AN B ) PPO 3 42 100 %0 - 3T 55 AH X filf 7
P L 25 M 70 %5 PPO 36 P 1 B2

2 RS0

2.1 HERWPPOMEKWERN
TEEA R Y W B A TR I3 T I 2 2 AR Y
PPO &M 5 RMEF 1 i, HEI1IWLUES. 3

EAR PPO XA [A] By 28 )58 9 1) U@ v A W9 1 22 5%, M
Xof il 95 PR K IMR WK - = oG > sy > Ry, 7E
SICE R T DL IR B R R R R = R )
i PPO 1 A %t il 3% 4 58 &5, 430 i 100. 00 % 1
53.11% ., fE Tl , LAMIMERR (35. 49 %) . 4 5 iR
(31. 91 %) FI4F 2K — |y (22. 87 %) R KW IF , PPO iy
AR B PEH o o T LA BT R I A B, PPO Y AH X
fitg W PR BAR . B LA L SRR B TR N Al IR
Y, AR I K R 330 nm,
£1 FERPPOMEDEBRHY
Table 1 Substrate specificity of chicory

root polyphenol oxidase

ffE PPO X il

il i37] WK /nm M/ %
Class Substrates The best  Relative
wavelength activity
:flﬁ% FEER A TR Pyrogallic acid 330 100. 00
Tri- i) %€ = fij Phloroglucinol 300 53.11
hydroxy-
phenols #EFR Gallic acid 320 19. 61
[f] %€ — fii Hydroxyphenol 290 8.03
X} Wy Hydroquinone 320 7.46
v A —
Diphenols A8 % .y Pyrocatechol 300 22.87
23 J5 2 Chlorogenic acid 400 31.91
Wi HEfR Caffeic acid 390 35.49
[ 28 % Ferulic acid 320 6.37
UL A AE Guaiacol 300 6.07
Monophe- s
nols K Phenol 290 10.12
fi& % Tyramine 390 25.98
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A A & S0 ) — Gl 42 2 v i 26 . 7€ PPO
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Voax (43504 0. 39 mmol/L A1 217. 39 U/min,
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H A 3 AT YR AR B TR H & (2.5
mL) REFAAE PPO HLEG W 7S & 4 0. 4 mL I H:
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B T T 1 I o BB T I i P G i B S K 2 S
20 22 18 1R A R VS 0 Tl 1k 2 18 T B L 10 P Ot e
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Fig. 1 Effect of optimum substrate concentration
on PPO activity of chicory root
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Fig. 3 Effect of enzyme content on PPO

activity of chicory root
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PPO 2 —Fh & il 8 1 . 78 pH BAR PR YE 55T L il
PP £ R Ok L il PPO 2k 25 35 4 5 T AR B
RS, ] 25 i 125 1 R AN U A 1 =LA AR B L i PPO
PR AR L, Y pH BB A &P PPO
Wk, A 4 ATRLE H L pH 7E 4.8 DL I, 2 E AR
PPO J&MEEZE T 0. B UK. 76 48 15 AR T 3k 78 v iy
# pH FHIZE 4.8 LUTF o LAV 5% 49 15 AR A9 1 2 48 22
TR,
2.5 RENFER PPO F TN

T BEXT PPO & M 0 52 M & XU 1Y . I T
RE I A b B 7 %) 3 B2 {HL L RE AR i I AR AR
K2 PPO J& 8 [ 5T, A3 B0 I 3 2 8 R 3% M3 o7
=YL RY Y 58 B AR E ML T PPO 235 5 0

S

o

o
1

v

y=0.001 8x+0.004 6,
R=0.9974

0.004 : : : ' '
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1/[S]/L * mmol™")

Bl 2 ZHEAR PPO i Ak £ M & 7 1R /Y RS B 26
Fig. 2 Double reciprocal plots of chicory root PPO

with pyrogallic acid as substrate

120 ~

o (=3
(=) (=}
T T

PPO activity
(=)
o
T

PPOE /U

2.4 3.6 4.8 6.0 6.8 7.5
pH
[ 4 pH X4 EAMR PPO & 1 1Y 5% i
Fig. 4 Effect of pH on PPO activity of chicory root

T BE SRR PR A G . R S AT LA
£ 15~35 C, ffi 4 i B L F+. PPO I 1 32 i 1 o
16 35 CHyIA B A ok s iR B KT 35 CH, B & I
i) EFE L PPO W YEZ W 55 . . 4 5 AR PPO
PR IR B e B B Fedds R B S 35 C
2.6 BBMFERPPO FEMEI

mE 6 A LLFE ., 78 90 F1 100 C T, 45 B
PPO [ AH X il 05 P il 25 A I () ) 428 K 77 B A, FL
Tk B g R T Tl 9 P R ARBRPR L 72 100 C 24T 4b
FH 6 min 3§ 90 C &M T 4L 10 min, PPO A X7 fif
WPEREE T 0, RUIA EMR PR PPO 284k, Ui
B v AL B ) PPO I MR — Rb oA %007 1
2.7 MHEFIFER PPO E R

H 3% 2 AT R FHAT I IR A L-Bo 30 il 2 52 T 1)
0550 300 AT B S 2 AR PPO B A X I . B L
0.4 mmol/L #7882 #1 0. 8 mmol/L L-HT Ik Ifil ik &2
e F) 28502 di e, T i 4 AR PPO AH X ilg 16 1 1% =
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Fig. 5 Effect of temperature on PPO activity of chicory root
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Fig. 6 Thermal stability of PPO activity of chicory root
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Table 2 Effect of combination of citric acid and I.-ascorbic acid on PPO activity

i s Fr#gE R/ (mmol « L™1) L-$i 3R ML ER / (mmol « L=1) PPO H X il 7 4 / %
Experiment number Citric acid L-ascorbic acid Relative activity
1 0.8 0.2 6.83
2 0.8 0.4 4.98
3 0.8 0.8 1.19
4 0.4 0.2 1.47
5 0.4 0.4 2.49
6 0.4 0.8 0.79
7 0.2 0.2 24. 00
8 0.2 0.4 40.63
9 0.2 0.8 9. 85
Xf i CK 0.0 0.0 100. 00

3 Lhiptiie

AWFFELE R B B E R PPO WIEGE IR Y b £
PR F IR H i AUk B 40 mmol /L 2 )28
=W TR TR PPO BEAR BN BIFSY 0 IS ) 45
R AR R O, R AT HGE L 4
mn P 2 gy P B PPO (1 f i A H RS 4 S ol e 12 5
Zhao ZEUHEIE L 3R AE M PPO W Bl MR R N
figZn . XEEHFE A5 SRR R [E MY PPO 1Y
T N JEE AN AT

HWF5R 2 A FEAY PPO ) i i A A,
WICAZ IR A 4P &R A 2E Y PPO 1 Rl
SN BE A 25 CL, % 30 CH L P E A R 35
CHY TR gy 40 CH R AE TR 2K F R AE M 28 PPO
(M J5 38 R IR B R 45 CHYL M AE SR S 60
CH L ARG 25 Won . 45 E R PPO W 53l & M
SR 35 C, AR Y PPO W5 iE 2 N AR
] . AT RE 5 H A K IR0 R R oA 6T

RZWF5R R 428 & i T By 289 i AE PPO 1)
HEAEAE HI T IE B T B 269 o, OF 38 2ok 3R A1 S 3L

HEVRAE 0, Ik PPO J2& 5| d A6 P 48 722 i 56 2% 14
Z—. WX EAR PPO B AR R — 4
I A ) e 72 0 A BRAILAR S AT Sk Bl A 4 o 2 AR
Tk AR A Ak & A S AL e Al . A ) 2P R
VTR Yk BE L pH L EE L PPO FH Bl 100 In &= S 3
il 38 B AR PPO JEPERY 52, 25 R oK. 48 AR
PPO By feid iR W) N FE IR IR o R o 40
mmol /L, PPO il fi 5 [ 3l 71 2445 6 K R 12 L il e
JRE R 3l 7 27 K IR R 0,39 mmol/ L, i K0
A 217,39 U/min, FEAR PPO Y 55315 HL B R
W h 0.4 mL, feid pH RO B 535 7.0
135 C. FEAEMIN Tl B b o pH & Hl7E4. 8
PLF R R 0. 4 mmol/L il L-HT IR L AR 0. 8
mmol/L B ,90 C A 10 min 8¢ 100 C 4T 6
min, ¥ ] FEARINHI 25 E AR PPO J& P, 35 20 /D48 A8
KA BRI T S B H . T OC T A EAR
PPO B4 &5 2l Ak LA ST M 5% e R 2% 1) A 52 B AR
LR TR

[ &% 3Tk ]
(17 SRR RT3 A7 AT 45, 35 B 200 BRI S 204 B 52 ()], 79
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