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Study on the Mechanism of Enzymatic Browning and Its Inhibitors
during Lonicera caerulea Fruit Pulp Beating
MA Yonggiang', LI Dan', XUE Qingzhuo', XIU Weiye', LI Guangzhi'?, YU Shiyou""
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Harbin University of Commerce, Harbin 150028, China;
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Abstract: In order to solve the enzymatic browning phenomenon in the pulping unit of Lonicera caerulea fruits and
improve its utilization value. The main phenolic substrates involved in the enzymatic browning reaction in the pulping
process of Lonicera caerulea fruits and the inhibition ability were investigated, and the interactions between phenolic
substrates and epicatechin on the reaction of polyphenol oxidase (PPO) were analyzed and its mechanism of enzymatic
browning was also determined. The three most effective inhibitors were further selected by comparing the effects of
ascorbic acid, L-cysteine, calcium chloride, EDTA-2Na, and citric acid additions on the browning inhibition rate. The
results showed that epicatechin was the primary influencing factor involved in enzymatic browning in the pulping process
of Lonicera caerulea fruits, and the quenching mechanism of epicatechin on PPO was static quenching. The response
surface optimization test determined the optimal combination of composite inhibitors as 0.11% ascorbic acid, 0.11% L-
cysteine, and 0.08% EDTA-2Na, and the browning inhibition rate of Lonicera caerulea fruits juice under this condition was
93.17%. It indicates that the above composite inhibitors can inhibit the enzymatic browning in the pulping process of

Lonicera caerulea fruits.
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FFFFEXT EEAD TS I X AE D i SR A R, G 1 1Y
PSSR AR ) — R R A T e 5z T LA B
RE A A PHIF A G, DA v i me R T 5
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1.1 MRS5S

WEHESR  fEEE SR, A R IR VLA R,
KA T 6~7 Ay, WURMRI; IR S Mnk s el 43
Brat, B 254 B AR A BRA 75 1,8- 5 3k iR

B, 22 e MR R E PUIR Mg . L-

epeals . SALES . O DU PR TN B IETRR 1
sk, TR T AL TR A R F 5 Hoasistam i =
Vi T S

FL1963 #{THL  iRINAEZERH A RAF; UV-
5200 ZEAMAT WA EET RO RS A PR
H]; TDSA AU 0L IR ELARAE A BR
4 E]; LDZX-50FBS i [EZEIA K wy iR LR
JY #5t8) ; Sartorious-PB-10 pH it J M AT iREAE
YR A BRI F; PHS-2F K RIEH g maiX
R RS A B/ ) HL-2B 3B fHmaE iy
PUAS MBS A BR 2N Wl s HI-3 HR®E S bhes  2ede
A BN ) HWS-26 HLBEVR /KA i
—ERLEAL A B2 7] ; DHP-9082 Hi HVIH 1R 5% F5 46

g EH MR R AT .

1.2 XWFHE
1.2.1 WEBeRFTHRIEAT L BHEHER T —-18 C
FERAT, TEE IR T fROR, TEESE RS HINE 60%.
FTIEBFE] 3 min, FTIEHRE 32000 r/min T ASAF T
DML TR, TR G 100E, A58 Ese R .
1.2.2 BEEERPEZEYIRAMNE e R dT
RN UEPRAVE S, £8 4000 r/min 25.0> 20 min, B i
WA TFR PRI E o K W HE TR B 100 f%)5, B
10 mL #i BV T P BE (AR FHEE 1:1), Z£ 10000 1/
min 54 F B0 10 min, B F¥EW A 0.45 pm #%FL
VENE L UE, SRR . S BERBRAKCY (7%, DAEisk
WA AT (HPLC ) I W e SRy By s I
1.2.3 B ZRIRPISEE
1.2.3.1 PPO XMLl in PEI 2 2 BB
FEARRN Gy e R IR IR PPO 15 Z L B R, IF I 2
PPO 7hi M. FEIRXE PN 3 mL BElR Eh 22 vhin
(0.2 mol/L, pH6.8), 1 mL A& s )47 (0.5 mol/L),
BT 28 °C K, Nk 5 min, ZR)EHIA 1 mL Mg
W, IRA 4], 78 420 nm PR E HAE R 4 min
PG REAE, 5B 30 s T 1 ¥R, LAAEST4h AA {HAE
1€ 0.001 A 1 AEES F7 5007 . BEES T TE OL (1)),
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tX Vg x Wx0.001

rfr, AA S IBEIFTE] N OG BB A8 1k V 2y
PEEE AT, mL; t S SN ETTE], ming Vg SoillE
A TR AR FR, mL; W N BRE R, g
1.2.3.2 MRSy & BAR LB SHT  43 000 2
BER PR RSN JRPITE 4 °C Wt f2 b S a8 i
FAE B RER S B i AR A L R 728 i AR Ak, SR FAH
MRS RIEAR 53T I 7 15 M B R AR 22 IS o

ARSI ARYEAE OC SR B ORI AR R4, 1l
A2 FN3) T PoE FREL d, i (4) 115
FALEARTREL Pe. PRE REEFR SRR XTS5 R A
XPGERLRE, FATEAE BB R AR B —DI AT GE
SR Y Y PRI AR i 25

PPOVF % = X (D

BREXYHRE RE: & =P X (2)
PR 20 Y Y 8 R B dij:2rijPin ﬁ 3
X D

BRBERE: Pe= [1-3d

o, Y FORMNAS M AR 1, j AR A 22 (Bf
JRR . FILASE L B ; P, o R i 4R R A
P, WRIER j AUIEAR R vy MRIER 1 F j BOAHSC SR AR
1.2.4 PPO MIRJLAFEAH AR ZFpaE It
TR SR ILAFAE T PPO 431, Hop G FE (0 5018 . 2R 15
SR FE IR . XL ILPRFRIL T LU B N IRZE
S, PR AT 38 a5k N YR G AR A R A 5T R I LAS R AN
PPO = [A] 9 AH HAE FH LA B 2 JLAS X PPO MUY
SR o DGR S PPO AH B AE N
— P T, AR SCR PO O CRE TR LA R
5 PPO R FE A AT IR | 45 G- B BN s S5 2524
1.2.4.1 fEAAWAECH]  BORETR R ILAS R
fi T W12 2% vh I W (pH6.8) v, BE il 0k B 45 1) Hy
0.34. 0.69. 1.03, 1.38. 1.72 mmol/L fJF JLAE K
W, &
1.2.4.2 VFERISBPIISE 1 25 C FIF N ARF
WERHERILEES PPO RS, BB 2 h Jg AT
PTG TERLIM o 2 TE AR S E: PR T
Aex W 280 nm, PR 5 R S EESEE Y2 10 nm,
A 600 V, B4 2, i 550~580 nm. PPO [
PENCVR I TR Stern-Volmer 5243871, Stern-
Volmer HHEWAZ(S5):

%:HKQTO[Q]:HKM[Q] (5

S, By Jg A AT AR SEE A F i
AT K AR B YRR 7 T ATV
S5 T 9F- 9 A s [Q] WA IRI R IIE: K,
ENASTEICRHG K| A IR R
12,43 GEOHBONZS & SO TFgE X T s
VK | MY NG TG RS TG A6, 4560 R 8

K, 54560 558 n il i) Lineweaver-Burk X4
TR AT 31829 Lineweaver-Burk X8 77 72 UL 2y
H(6):

F,

;F:IgKﬁnlg[Q] £ (6)

A, Fo S ARINA R KGN 2GS F oA
A [F] e BE R K B P28 G0 s K, &S & H 3G
n HEEEAREL [Q] SRVAEIGRIIHRE
1.2.5  FpAR A8 AR P 70 0 150 PR 28 56
1.2.5.1 PRI FER G X A0l O a5 fEiE
HE RV T A BES N 0.02%. 0.04%. 0.06%. 0.08%.
0.10%. 0.12% FYBHLIRINER, 4351 EHEAE BT, LIMEAR
i HIRESS/SE f=F e 2 225 imZ N (I P2 o = N E I G- o
1.2.5.2 L-PRBeaBR i Xt d il s R zm 18
WEHERIT 4 BIES I 0.02%. 0.04%. 0.06%. 0.08%.
0.10%. 0.12% 1% L->F ez 2, 43 5 45 748 5, DA
Hy 75 A 1) 2R Sk 8 R 5 85 L2 B SR Xk L i 11 4
FREE
1.2.5.3 SHALESERIME XN HI R 52 AR e
By P4 B AN 0.02%. 0.04%. 0.06%. 0.08%.
0.10%. 0.12% MIERALES, 43 HIIE S AL B, LieAsdil
TR AFE R ZE AT LA I IR L
1.2.5.4 EDTA-2Na @& XFMHIEIR AR w7
WEBER A4S 0.02% . 0.04%. 0.06%. 0.08%.
0.10%. 0.12% HJ EDTA-2Na, 235 E S 28 BE, DI
AR AR % %E EDTA-2Na X H A HnI AR
1.2.5.5 BRSNS XN HICR 52 fE i ke
BT Sy B ES I 0.05%. 0.15%. 0.25%. 0.35%.
0.45%. 0.55% PWIATIETR, 43 I EAS AL R, LisAsdl
TR bR SR AR H A R
1.2.6 5 A AR b A8 J0 il 3500 0 a5 e 7 Tl (e A3
30 10 B PR 2 S BG TATE H T AR SR A — R il 751,
FJF Box-Behnken ¥ it b 43T, DL 2]
SRAT N AE R 745 PR 2R R] 2 B AE ST, ST TR
M7 . L-2EBeslR . EDTA-2Na ZIna % s se vt
AR AN, BRI Z RIS UL 1,

1 WA HRE N R

Ig

Table 1 Factors and levels of browning inhibition test
HE
AF ABURMBRIE: B L-PMERAEIE  C EDTA-2Na
(%) (%) (%)
-1 0.08 0.08 0.06
0 0.10 0.10 0.08
1 0.12 0.12 0.10

1.2.7 HRAEFEFRAGIE

1.2.7.1 BERSEMNE FAFRHEE 1, 8- 385t
BERARVE S I PP B 500 ul S4E )5, AT &
SYECR 0.5% BT R EE - LA WO 2 25 2 10 mL,
FEATIRAE S EINE 508 nm W GIERY, 153 hR e
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£ (Y=0.0577X-+0.0064, R*=0.9995), F & HEH7 v gl
LR T R o B

1.2.7.2 28l gl Ao oeE I
420 nm b WE HE S 7T AR, AR AR R ] AR A

VA=

A
T(%) = °A—><100

0

x (D

b, T a4 5 Ay S AR 55 it W e
HHTE 420 nm AEISGIE A A HIIAFNTIF Y ke
SRITE 420 nm 2B SGAE .

1.3 B

LA SPSS 22.0 XA FAC R S AH M 43#T, I
LA Origin 2018 E &, W W 1 43 B7 DA Design-Expert
AT, SEESPA T T 3 IRFFLISEBHEREZER N o
2 HRESH
2.1 EEERPEAAYIREE

i HPLC M5 5 He Sy T b iy 2 i 5 2 ks
WEGS A T L, AR A B Bt () i s e e SR b g 12
ZH R, e R v AR 1 P 2 S I AR
WES RN W e ST A T, 5 SNl 1 s,

S
A
BILEE
)
ir A T

n |
TR n

0 5 10 15 20 25 30 35 40 45
fifA] (min)
Bl 1 Eyprn s A s R g

Fig.1 Chromatogram of phenol standard solution and

Lonicera edulis fruit juice

S BE AN R BE O SRR . RILZEER P TR

2.2 PPO fEWERSERYIBSEMENE

Sy AR e SRR . RILEK BN T 5
PPO Wi F2 P 7E 420 nm AW SGRE(E 9 AS 1k, 145
152 PPO XA [FEy 28 AL BER , Unse 3 P,

K3 ERERZ MR RN AN B S e R
Table 3 Catalytic activity of Lonicera edulis fruits PPO on
different phenolic substrates

75 SIS fitki% (U/g)
1 SRR 163.67+5.87
2 FILEKR 157.00+6.81
3 FT A

3 3T LE N, R MERILFRZE R
R P B, PPO M 6 PE 3 &, 40 B 2 163.67 Fil
157.00 U/g; 5 TAVEN RN P, ARKME] PPO BY
Witke ULRAGEEIRANR LA K BRI =50
A AR SRR, 7 T RS ke Ry b i e se A
ISV o
2.3 HEEERPEEIR S EUNETERNTIL
2.3.1 AR SIS R ARARDCHE T R 4
A RE R VI R A i (e e A S N ) e (S
RANFR LA . A& 2 CERR) LI M AB AR BE AR
b, B3R 4 P XL X, X, 5 Y, 3 TS TS
BF 5, HFE S5 ATUFD, SEmRMFEILESEESEN
AR Ak 55 485 AR B AR A0 04 A 56 FR S 51 oA -0.964 F -
0.983, 2 B A (P<0.01), F H .tk 3 LAS R
A E R (LHE) B TLR IR B & = A8 b
554848 FE AR IAHSCME R B 0.985, B4 3 IEAH
FK(P<0.01) . ULBHEEGERIT PR ILAE N
FE AR R, A R A e AR SR
{EHE AR RIS

T4 R SR A6 AR B AR bR A 2R 1k

Table 4 Changes of browning degree of Lonicera edulis fruit
juice at different storage time

WA TR LRI, BRI LV E R R, il XA X IR Xe B v
M3 2 iR, (d) (ug/mL) (ug/mL) (pg/mL) B
0 11.25 166.71 4.83 0.292
2 WY BRI OR B IR TR] R A [l 75 A 2 9.14 150.83 9.42 0.368
Table 2 Retention time and linear regression equation of 4 7.52 137.47 11.74 0453
phenolic reference materials 6 343 131.85 14.26 0.536
8 3.16 125.31 15.11 0.527
FEARAAPE PRERIE (min) ety PLE R EURY) 10 2.67 121.54 15.75 0.579
A - _
oy R s %S BENTSRELROBLEY
oy 20,876 9=8.3314x+20.648 0.9996 Table 5 Correlation coefficient between browning factor and

FH L1 AT, e SR T R I e T R
JER . FRILASE AT o FE 1 rhoi e SR v ik &
FINAEBRAT AR 2 T2tk ml A 5 B2 aT LAAS Y,
BERIT RIS RS ERE, M 166.71 pg/mL,
WL IR B & Sl 11.25 pg/mL, 5 T ) & f %A,
& 1.07 pg/mL,

browning degree change

HWHEF LEES TS PlE
SRR —0.964™ 0.002
FILKE —0.983™ 0.000
TR 0.985™ 0.000

T R FoR 22 T 3 (P<0.01) 6

232 WA SERY) RS Akl X,
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Xo X Y, ZIEIHIE BB 6, 72 RER 4
A DR T B Y B B R X TR B SR
PR DE TR Y AR R AL Py N AR
R AT

1 1, 13 P, I,
Eiiﬁﬁi/%iﬁ:[ o Lo )Py = r2\
ry Iy 1 P, I3
1 0.974 -0.966
%%5*%&%%A¢0W4 ! —w%}
-0.966 -0.994 1

P, -0.964
P, |=] -0.983
P, 0.985

fi##%: P,=—0.150; P,=—0.221; P;=0.620, B[ Ay &
JERR . FILASER | R 2 B 1 Bl AT AR
CIEESTHEEES s e) SES o
4 : P,,=0.215; P,;=0.599; P,;=0.146; P,,=
—0.616; P;,=0.145; P3,=0.220.,
#6 AP TEAHKERE

Table 6 Correlation coefficient of each factor

% Xl XZ X3 Yl
X, 1 ~0.964
X, 0.974 1 -0.983
X, -0.966 -0.994 1 0.985

Fh BRI A R ECR A1 A R B AS R AL
% 7 o

X7 WRERE
Table 7 Path coefficient

S X X, X,
X, -0.150° -0.215 -0.599
X, -0.146 -0.221" -0.616
X, 0.145 0.220 0.620°

TE: ol B HEE AR 2B A el A R A

PR RO 45 DR 20T 4% SR B A G e R
JH d 375, 4554: d,=0.023; d,=0.049; d;=0.384; d | ,=
0.065; d,,=0.180; d,,=0.272.,

£d=0.973; Pe= V(1 -0.973) = 0.164

R 35 ] %) 4 748 B 1 PR R EOT LU
dy>d,;>d,;>d,,>d,>d |, D6 R 25 i e 728 B 1 e
FE R 2R LSRR 2E B AE RS2 s AR FE 1Y
55 T UUE R 2R SRR AR (1 38 FLAE FH SR 52 1 A5
BEER —IRE R 3 SRR AN ) LAS R sg BAE /2
SN AR B S PUDRE PR 3R 5 2 LAS R 25 i iy 218 i
PR LS R 2R 5 2t SRR S N v 78 E 1 55 7S 5 ) [
K. Pe URFAGEALFREL, H 0.164, ULHIH K T 52
M AR T I e S A TR 3R

BB R B BHEE AR R B, K30 KX
FEIE S BRTRAE ZR B RN, SR L2 2 BhiB fe Xt
B PERISEMR I TER IR, IF HR LA R SIMEHE 2
A RS ETRR ) 2 B T R o B A s W e R
MY FEDRE R 2R, T LS SRR 22 AR N

SR AL BE I EE U IRIER, DAL, ZRG ST A
BESR T b BS80S N Sk LS
5 PPO MIAHEAEH

2.4 PPO MFR/LEZHEIEAMLER

2.4.1 PNIEZECOCHERMPEER IR E  mIE 2 aT L
E i, B R LA SRR AN, 2 Gnim B R Wik,
PLH 2 LK K 53 PPO &2k T EEAE A 1k, IS 3
PPO KA T oMK, #FRILAFE S PPO A
VEF B N TR 2 6 Y615 54T Stern-Volmer J7 FE LA,
R*> 7}y 0.98, FHH Fo/F 53 LACE MU 2 80 R 474k
P FR, HE 8 AT A, VK EECH 4.8<10°, =Y
PR EEERARILASE S PPO A1 B IAH .
YERP, AR TF R AT RS TRl — R 1078 s,
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Fig.2 Fluorescence spectrum and Stern-Volmer diagram of
epicatechin and PPO reaction
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Table 8 Stern-Volmer constants of the interaction between

epicatechin and PPO
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Table 9 Binding constants and number of binding sites of the
interaction between epicatechin and PPO
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Fig.3 Effect of ascorbic acid on inhibition rate of
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Fig.4 Effect of L-cysteine addition on the inhibition rate of
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Table 10 Response surface design model and results

o= A B C Y: A HIE (%)
1 0 0 0 92.56
2 0 0 0 93.04
3 -1 0 -1 84.73
4 -1 1 0 86.47
5 0 0 0 92.74
6 1 0 1 88.58
7 -1 0 1 85.97
8 0 -1 1 84.86
9 0 0 0 92.92
10 0 1 1 89.03
11 -1 -1 0 82.85
12 1 0 -1 88.54
13 1 1 0 90.57
14 1 -1 0 85.23
15 0 1 -1 87.91
16 0 -1 -1 84.32
17 0 0 0 93.15

1 AR 2200 Hr e

Table 11 Regression model analysis of variance results
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Fig.8 Contour plots and response surface plots of the interaction of each factor
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