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Abstract: A highly efficient and environmentally friendly method for the preparation of high-value natural antioxidant phloretin was
described in this work. Naringin dihydrochalcone was prepared from naringin which is a kind of natural citrus extract by one pot hydrogenation,
and then was hydrolyzed by a-rhamnosidase and cellulase to product phloretin. The process conditions including pH, temperature and substrate
to enzyme ratio of a-rhamnosidase and cellulase were optimized by single factor and orthogonal experiments. The antioxidant activity of
phloretin, trilobin, naringin dihydrochalcone and naringin were also studied. The results showed that the optimum conditions of a-rhamnosidase
were as follow: temperature of 60 “C, pH of 4.0, and the substrate to enzyme ratio of 0.6:1. The optimum conditions of cellulase were as follow:
temperature of 45 °C, pH of 5.5, and the substrate to enzyme ratio of 0.3:1. Under these optimum conditions, the conversion of phloretin was
96.1%, which increased by 10.53% compared to the original method. The orders of antioxidant activity were as follows: the DPPH free radical
scavenging capacity of phloretin (0.18+1.45) > trilobatin (0.3+1.63) > naringin dihydrochalcone (0.95+1.24) > naringin (8+1.97), the reduced
iron ion capacity of phloretin (7.140.68) > trilobatin (2.5140.75) > naringin dihydrochalcone (2.05+0.58) > naringin (0.11+0.92). The new
preparation method of phloretin was mild, short-cycle, high-conversion and was easy to scale up. Phloretin produced by this method had a good
antioxidant activity. This work will be helpful to the enlarge production and application of phloretin.
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Fig.1 The preparation of phloretin from naringin through two steps enzymatic catalysis synthesis process
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TR A B =5 RIS 12 h BUFE 1 7%, pNP-Rha
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Table 1 The table of a-L rhamnosidase of factors and levels

H&
7S S —— .
BESC  pH  m(EkAD):m(5)
1 55 35 0.4:1
2 60 4 0.6:1
65 4.5 0.8:1

R 2 AHERIEZKTR

Table 2 The table of cellulase of factors and levels

Ay
KE — N
BE/SC pH  mURY):m(®)
1 45 45 0.25:1
2 50 5 0.3:1
3 55 5.5 0.4:1
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60 pumol/L VE N T AR - 73 HIHL LA b R YR ek 2.1
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WA VR, DLCEEEFRIES . BB AR
K 515 nm NIHBEE, VENVIMEWROGEEE 40
RYNFFNRAE =R B TR CE 12 h, 43500 2 )
FAEA Ao FATIE =W FIRAN 1 5P,
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Fig.2 The preparation of dihydrochalcone by converting flavanone through two recations in one-pot synthesis
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Fig.3 Effect of pH on the catalytic reaction of a-L rhamnosidase
and cellulase
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Fig.4 Effect of temperature on the catalytic reaction of a-L
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Fig.5 Effect of the substrate and enzyme ratio on the catalytic
reaction of ¢-L rhamnosidase and cellulase
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IR ZE T T RNT ZE o b 45 AR 3 AR 4 R
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LFFIREMAANTR], 25 BRI 20T BR A= L R K A2 /N A
KEVNEFIF N A GREE >B (pH) >C (5K
WL, RERETHRELRENER T Z%MEN
AB,Cy, BIIREE 60 “C. pH 4. BESEMIEL N 0.6:1.
MF 4 FTUUE HIREER P {H<0.05, pH MEE SR
XPHANE R p E>0.05, Tt AR EE X B2 REF /K AR
HAT WV, pH RS IR LI AN R 200 B
BN YN S RTE Aca R

3 EXTLHEH T RERUERRESH
Table 3 Conversion rates under orthogonal experimental
conditions and the range analysis

A B C
FEF SwC o Ghadme TIORY%
1 155 135)  1(04:1) 82.62
2 1 24)  20.6:1) 85.71
3 1 3(4.5) 3(0.8:1) 86.33
4 2(60) 1 3 88.53
5 2 2 1 95.40
6 2 3 2 91.28
7 3(65) 1 2 83.52
8 3 2 3 80.15
9 3 3 1 79.80
K, 84.81 84.82 85.92
K, 91.72 86.84 86.84 ASBSC
K; 81.11 85.70 84.93
R 10.61 2.02 1.91
RAEATF AB,C,

*4 REEEHEBBERXIWNHFEDT
Table 4 The variance analysis of orthogonal experiment on
rhamnosidase
mERR  Fik gwE ¥F  FAE P1E
WA 527590 2 263.795 59.055 0.0.000%*
pH 18682 2 9341 2091  0.150
L EMk 8759 2 4380 0980  0.392
#7E 89.339 20  4.467
BA 639465 26
252 HHEBRE KR
FELTAE R S0 B0 PR 3R A0 25 R A At L
I8 LGB IEAS R AT, AP 4R B AL b
SEI IR ZE S T AT 20 i A Rk 5 AR 6 P
M 5 FTLAE AN [F] PR BN £ 4 R B AL SN )
SUMRANIE], B BRI LT AE R B K ARSI R/ AR E /S
HHIF A D GRE) >F (MES5EML) >E (pH),
YR BRI AL EER T 245N DIE3F2, B
% 45 °C. pH 5.5, BESEMILEAN 0.3:1. &K 6 TTLLE
H=AMAZERR P E<0.05 Uil pH ARG 5 R0
B Bl /K AR5 BAT 2 VR AR SR
Zra LA SRR, PR BRE AR i A A
IR WA 5 A PR L 25 A A 2 BR SR 1 B 1) SR R B
60 ‘C. pH 4. BFS5IRMILLA 0.6:1; LFHERTEIZFA A
% 45 °C. pH 5.5, BESERAILEN 0.3:1,
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5 EXTHEH T BHRUERIRESH
Table 5 Conversion rates under orthogonal experimental
conditions and the range analysis.

D E F
RS BEC  pH  ELEML HAR %

1 145) 14 1(0.25:1) 88.41
2 1 2(4.5)  2(0.3:1) 94.52
3 1 3(5.5)  3(0.4:1) 93.30
4 2(50) 1 3 90.53
5 2 2 1 83.42
6 2 3 2 92.36
7 3(55) 1 2 85.58
8 3 2 3 81.19
9 3 3 1 83.44
K, 92.11  88.13 85.17
K, 88.73 8630 90.82 DFoE
K; 83.30  89.61 88.37
R 8.81 331 5.65

MK D,E;F,

R 6 AHZRBBIEXIWHES
Table 6 The variance analysis of orthogonal experiment on
cellulase
FERR Fik BwE ¥HHF  FHA P1&
BE 359.218 2 179.609 101.040 0.000%**
pH 56.072 2 28.036  15.772  0.000**
Bl Ram 140539 2 70270 39.530 0.000%*
RE 35552 20 1.778
K An 591.381 26
253 mEELZLIIE
R TE 28 SEBAILAL 5 1) L2056 AT =P AT 36
5, SkEREERaIR 7 s, LR
96.11%, SIRACHTHRE B R FLALR 85.58%HHLL, 1w
10.53% /45

xR7 BRELIZR
Table 7 The best process table

IE&MN EIF5 EAE /%,
1 95.91
2 96.30
A,B,C,D\E5F, 3 96.11
A 96.11
T O 85.58

26 M. wT—AEHEGREFMAMNKE

2.6.1 M DPPH A WA a948

ANEIREE FREr . i S B EH. =M. AR
BZE iRk DPPH-[REIEERUNE 6, ICso HIEANE 6
FIi7m o
100 - Wi
90 - o litf 4R /K
80 - =M
70 wRER
60
50
40
30
20
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I/%

00.0 0.I2 OI‘4 0‘I6 0.I8 1.I0
C/ (mmol/L)
& 6 FREKEMME, ME—SEEE, =ME. RESER

DPPH- HYgE

Fig.6 Capability determination for clear DPPH- from different

concentrations of naringin, naringin dihydrochalcone,

trilobatin and phloretin

MK 6 7] A HBEE VUM SR E 5, FsE
¥% DPPH [#fe /)12, MR ZKIFRR DPPH HRE
B m =M M A H A, 455K 4
HICso ME,  ICso A TRHNT DPPH H HHESBRR AL H]
50% N Fr e FUEA IR, ZEUE AR, rEfiEE
. MWK 8 ATLLE Y, MR ZKIERR DPPH BE /1 2At
HH 44 15, JemE S A/RER) 5.2 5, R=HER
1.6 f%.

% 8 MUFSEAEDEFREARE DPPH 9 1Cx {E
Table 8 Clear DPPH ICs, value of four lavonoids

5 ICs¢/(mmol/L)
Ah3 >8.00+1.97
AhF = A& H 0.95+1.24
ZetH 0.3+1.63
A E 0.18+1.45

2,62 LJREREH T A S1(FRAP)
FEIEJFEK BT (R R 700 e Ml Al — S
= R R PR AR A R 7RISR 9 B
<9 MFhHERIR) FRAP (&

Table 9 Reduction iron capacity FRAP value of four lavonoids

5 FRAP 14
K FE 7.10+0.68
Zet 3 2.51+0.75

A — AR 2.05+0.58
A3 0.11+0.92
K 7 RIAR R R R R 8 FIRE s T =t
T M S A REE A 4553 9 IS5 R, FRAP




MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.12

R, RUHPUAAPUEFEA RN F %, B
SEMEVE R R RER I TR TR B ER> = >l
H A EURE>HE, BLAERANEER DPPH [1J7i%H
MIEE R 2. H1F 6 A& 7 BEHIAR B R OB iE Pt
FE DU TR R fre s Y o

25F

= il
20k - Ml — A A RER
Tl A=
150 > REER
< 1.0+
0.5} /t:_‘/‘///‘
O'OT‘K’: - - - -
0.00 0.0 0.10 0.15 0.20
C/ (mmol/L)
&7 FREKERME . ME_SERE, =MHF. REZETLR
PRETRIEE

Fig.7 Ferric reducing antioxidant power from different
concentrations of naringin, naringin dihydrochalcone,
trilobatin and phloretin

3 ZHig

3.1 ARSZIGHI P PEREME A R T AR &=, &
Toh AL DR 2R SO R IE A SR IO AS H AR FE IR 1.2, 25—
R T2 IR 60 'C, pH 4, MEEEMELN
0.6:1, 5 bEEMREE T Z VIR 45°C, pHS.5,
RPN 0.3:1. {EffE T2 FIRE R RIE
96.11%, 5 TZMMAGTIAHILEEIE S T 10.53%. 25
S AUV )R P Ml FE R R AR R, 8% 2RI
85~95 ‘CJx M. 3 h 3R E, W h 86%, IhJii%,

SR, FHEBIKENER, MASEERG S, S
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