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Optimization of ultrasonidy assisted extraction of phenolic compounds

from the peel of Chinese water chestnut
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60 C .4 % 2h % 240 W, A F B 1 55 min, 3% & # T & % 8
AEW R KL A 15.20 mg/g,
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Abstract: The ultrasonic assisted extraction technique was employed
to obtain phenolics from CWCP and different factors on the phenolics
vield were considered, including the solvent type, ratio of liquid to
solid, extracting temperature, ultrasonic power and ultrasonic time.
Based on the single factor tests, an appropriate solvent for more con-
sistent extraction of phenolic compounds would be defined, and re-
sponse surface experiments would be used to optimize the extraction
parameters. The results showed that the optimum conditions for total
phenolic extraction were determined: ratio of methanol to solid 1 : 15
(g/mL), extracting at 55 ‘C for 55 min with, ultrasonic power
270 W. Under the control of these conditions, the yield of total phe-
nolic content (TPC) was 4.42 mg/g. The optimum conditions for
total flavonoid extraction were shown as ratio of methanol to solid
1:20 (g/mL), extracting temperature 60 “C, ultrasonic power

240 W and ultrasonic time 55 min and the yield of total flavonoid
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content (TFC) was 15.20 mg/g under these conditions.
Keywords: Chinese water chestnut; total phenolic content; total fla-

vonoid content; ultrasonicly assisted extraction
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W& F B, ™ T . Folin-Ciocalteu: i ff > 98% , % H
Sigma /3 H ;
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B K- JA1203 B, b RSFALEHAN R A R A A

B R P A KQ-3000E &I,V T IR B 1L M U 88 A
PR 5

TG IR A B 5 4 . SHZ-D (MDD &Y, I, LT 3 T 48
AR5

TeFEZE K 4% R-201 B, I ifg B R AE WA BRAS # 5

Bop fE IR K HH-L B, E 48 2845 PR A 6] 5

HAHM Mt EE T UVI1800 Y, A A Shimadzu A #]
1.3 Ak
1.3.1 ZEFE MR B iR I MESRRRICEETE R 1 g 4k IR
B (700028 DM LG BRI B L P ) L 7 I (] 4 R
Je s BLES g R IE WU 300 L A EE HIRE & .
1.3.2 A Ey & (total phenolic content, TPC) l%E K
Folin-Ciocalteu ¥ 3F £ % SC#k (12 & Bk a0 F - W BV BE N
0.17 mg/mL K E FERWHER T 0.0,0.2,0.4,0.6,0.8,
1.0 mL 230 9E T 10 mL &P . &M A 0.5 mL Folin-Ci-
ocalteu I #H| F1 3 mL £ B T /K, 40 1.0 mol/L i NaCO,
IR 2 mL, 5] G E 60 min, LB T AKBBREZE,. T
760 nm AbE WO BE . LABEE IR MR T O B A AR IR OB
TP A bRz AR 2 BT DL IS e Oy # . kiR
PR 1 mL A B W 25 R D W TR Y
TEEEF RN .

2.01
L5k ¥=0.092 9x+0.068 7
g R*=0.999
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Figure 1 Standard curve of gallic acid solution

1.3.3 ¥ EI& 7 (total flavonoid content, TFC) [l &

SR NaNO,-Al(NO, ) -NaOH 83 91 5% ik [13]1&
AR RS R 0.2 mg/mL P T AR MEWK 0.0,1.0,2.0,3.0,
4.0,5.0 mL 4} & F 10 mL ZF®M T, &I A 50% Z &
5 mLAS#i N A 5% NaNO, 0.3 mL, %5 %% 6 min, F-IA
10% ALNO;); 0.3 mL,#E5)#8 6 min, 5N A 4% NaOH
VT 4 mL, ] 502 & B SE 4%, ¥ 51 J& i 15 min, F 510 nm
IR SR LA TR RE S A A B L R 1R A O\ Al A 4 1A
2k CEI2) o I 3340 1 0H 7 R L B K BE i 3 ) 1 mL[A] -
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Figure 2 Standard curve of rutin solution
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(1) P35 700 b 245 X 28 547 g S T 0 5 0 D 5 2 1) 52 D - 4 1
FRE 1 g 2258 04 H AR HE 10 15 (g/mL) 43 i A K L H B
CBE IR LR LT 5 Fid 7 F ZE SR BUELBE 50 'C U AT
2240 W AEH] 40 min, K52 48 W2 I8 @ 455 WA B T A
B 3 YO AT IR I BT (A

(2) A I b Xk 22 54 py i 1 R A 95 O R B . o B R
W1 g 255 A0 AR BRI L 10 5.1 0 1041 1 15,1 ¢ 20,
1125 (g/mL) A B B AESRIBUREE 50 °C U A T 3240 W
YEF 40 min, K 52 OB 1 U8 € 2505 D0 A 6 ) R B &5 L 3
1732 56 BOF 48 .

(3) $RIUIR B 0F 22 5 K S T R A 88 ) % 2 19 52 ) - E T
PRI 1 g 2558 7 4 MR BORH B 10 15 (g/mL) , Bl
FEBORB L 10 20 Cg/mL) i A B, 43 1) 78 42 B 40,
45,50,55,60 ‘C ,#7A T 240 W {E A 40 min, 15 48 B o
T8 FE A ) S R R B R 3 YO AT IR BT

(4) JE 7S 3y 28 0] 22 55 e S T R A 8 ) % 1 R ) - E T
PRI 1 g 2558 By 4 S R IBORHR B 10 15 (g/mL) , B
BRI EL 12 20 (g/mL) i A K, 76 42 BUR 55 °C L
AR 180,210,240,270,300 W A 40 min, 5 2 B
I B A R R A A R 3 YO AT O M

(5) 75 R i) %ot 2 54 Bz S T R 5 280 TR 2 2k 1) 5 D - 7
PRI 1 g 2558 By L ZE SR IO BE 55 °CL S B HR BOR L 10 15
(g/mL), # A TR 270 W, Bi 2 BB L 1 0 20
(g/mL) B Iy 240 W 19 5 7 T WF 5888 75 1 1] 430
20,30,40,50,60 min X225 K¢ AL M LGB R 32 BOBOR 19 52
WA e S o AR BT G 3 A ) T A R T R B L 3 K
AT R B A .

1.3.5  ma gl s it ARE R R R AR, LR &
R A B A A A e R DAURH G AR BRI R
e 7 e IR Sy 2 ¢ PR 28 0047 I L TR 9 BT S ke I 6 5 SR R A T
Ak 3 I LLBE .
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21 BEZRARER

2,11 VR RP T ZE I R B R A B S R A M
JEAH 2 4 0 S A MR BE S VR M R WA G e . R R R
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A 2 SF B 2R PR R B B AR B 2 A Al

Hy e 1 AT S [R] VA 7R B IO 22 55 K T B o I Y A
FRATRIRM RN . v Y AR Sy £ B0 IR R T A B Y
R E R TR, A F (3.13£0.09), (13.21+
0.21) mg/g. X EER P EEHEA BN HUE MBS
FE L R 32 T 7 Sk 0 i R R B 46 I 9 L 3 A AT 1 A
Or o 3 T RESR AR IR 2 SE B P B W I

Rl BRAMENEBNEEMEENEMW

Table 1 Effect of different solvent kinds on TPC
and TFC (n=3) mg/g

RIS SN S TR

7K 1.8340.02" 2.59+0.12¢
B 3.14+0.10 13.540.17¢
LB 1.28£0.09¢ 8.11£0.11¢
YT 0.72£0.01¢ 8.89+0.12"
LR TR 0.3440.03¢ 4.60£0.164

T FBA [ B R 22 57 8 3 (P<<0.05)

WXL AEYRMEMERENEEMB LIS
Wy AR A AR 3R 86 P, 43 93 R ) Folin-Ciocalteu i il
NaNO,-AI(NO;);-NaOH b 83 0 52 [F/] — FF a0 2 8 FS
W A R B, A B BT R, — e
X 2 FhOT IR AR B AE AR — R R B AL 5 AS BE HE IR 4% T 1 T
oo 28 5 1 B SO A T B R A A AR5 55 — 05
THI 3 T RE S 27 5 B v 1 T 2 ) O R T B S O A o
E TR I 45 0 25 S A5 K T 0 R R A A b o
THIZER AL, B 5K 2 Bl 3k I S R AR S A 0
ZE ) T EA RS B0 T AH R B PR R PR B S TR R D Y
T R R A R 22 R0,

2.0.2 RIE T EESE R MR R I R m mE 3
AT B ) O A A S R R R R R Y
B RN A IR 8] 10 15,1 0 20 (g/mL) B, A
L YA B e R L 43 ) D (3.14420.10), (14,134
0.29) mg/g, 2 Ja Bl ¥ T F 2 4k 22 3 K, 6 1 R B 8 R 1) &
AR RS . U B Y W 2 R R 2 ) 5 AR R R s
i Ak BRI A )G, gk S 3 v s = O AR B E R
T R R A A S R B R0 R R o T RE 4R 4 T R
A Tfly S T D R B R R A I AE 11 15,1 20
(g/mL) A5 HERA B,
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Figure 3  Effect of ratio of liquid to solid on TPC and TFC
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Figure 4 Effect of extracting temperature on

TPC and TFC

W BB, 78 270 W iy & By & & s K.y (4.26 £
0.10) mg/g, ZJ5 MBp & 2T RGeS nY 32 BU8CR
5 R R IR 26 0L, 2 D A5k 240 W OB, B R de
5 (15.0340.08) mg/g. {HFH TR 1Y 4k 22 1 K, 8 5 R
W IT IR FREAC. 1B AR R — Oy 2 2 &
T U S A AR T TE B IR 20 0 B Y () it B R 1 M 2 R R 26
VIR 53 F 4589 5 53 — 07 10 J2 — L6 0 M 2 OV oy i3
5 WHE ) 5 e 4 IR R BE A TN AS A . R, 4 B R R 270,
240 W g B G B TR R L) S AR R AR T 2,

2.1.5 A I [A) 0 22 5 R R R B A R R
T K 82 M B IO - R A T Dol A A 77 B &
T R HBCHRE 1] G RT AA5 ) 00 0 B AR 8w DL 2 (]
JAT B BEWETS . p B 6 A i 5 7 ] G AR K 2R S
TR AR R B0, 2 A ATl 50 min WL B TR AR
B Y T 18 B B B 48 A O (4035 20.08), (15.42 &
0.07) mg/g. 4k ¢ 4+ 75 i (8], B 35 R & & LT R 45 e

207 )
—— G

7’;]57 —=— B i

éo //\\-
iy =
Q‘DE 10+

=

L

S 5¢

& ’/‘,/*/"\o

0 s \ \ \ \ \
150 180 210 240 270 300 330
P Ty
Ultrasonic power/W
BS REGENEHRERTFASZTHY A
Effect of ultrasonic power on TPC and TFC

155

Figure 5



RIS E N

2018 % 8

SE LT ENTTAE T M. BRIE Bk, RIS a) B I L By 2 o
FRBUBFE Sy AH i T AR E PR A A B R G i R
o5 A AR HE B AG R DUTIT T B I 4R ORCR
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Figure 6 Effect of ultrasonic time on TPC and TFC

xr2

2.2 Wa R R R I 5 AR
2.2.1 MRS 5EEMEER EHRRRLBNEMZ .

R FH W 07 T I B TR A AR TR R S K R AR T2 A I
2% MoK BUE L% 2, ma TR 3G R S A5 R L3k 3,
iz 1] Design Expert 8.0 4¢3+ 8 {4 x5 & 3 1y i 55 £ 48
TZ2kEHPE k5 TPC(Y,)) 5§ TFC(Y,) 5 4 MR FR W
ZkZ i [al H R A 5
Y, =4.36+0.27X, +0.13X, —0.11X; + 0. 14X, —
0.28X,X,+0.24X,X;+0.21X, X, —5.000E— 003X, X5 +
0.3X,X,—0.058X;X,—0.6X{—0.49X}—0.4X}—0.3X},
(D
Y,=15.36+0.15X, +0.31X, +0.35X; +0.17X, —
0.073X,X,+0.18X, X5 +5.000E—003X, X, +0.24X, X, —
0.39X,X, —0.07X, X, —0.23X% —0.32X} —1.33X% —0.17X%,
2

EBEEEMIREIEITERMKFREGE

Table 2 Factors and levels of experiment design of total phenolic content (TPC) and total flavonoid content (TFC)

K X BHE L (g/mL) X $2E B 2/ C X T3/ W X, I ] / min
’ WE BEW BE WEM Wm REEM BB BKW
—1 1:10 1:15 50 50 240 210 40 40
0 1:15 1:20 55 55 270 240 50 50
1 1:20 1:25 60 60 300 270 60 60
R3I B EEEM Box-Behnken K815t B &

Table 3 Design and results of Box-Behnken experiment of total phenohc and total flavonoid
W5 Xy Xz X3 X BBEE/(mgeg 1) BEEMERE/(mg-g D

1 —1 —1 0 0 2.75 14.27

2 1 —1 0 0 3.83 14.85

3 —1 1 0 0 3.42 15.08

4 1 1 0 0 3.38 15.37

5 0 0 —1 —1 3.57 13.25

6 0 0 1 —1 3.52 14.44

7 0 0 —1 1 4.07 13.58

8 0 0 1 1 3.79 14.49

9 —1 0 0 —1 3.33 14.53

10 1 0 0 —1 3.47 14.76

11 —1 0 0 1 3.04 15.02

12 1 0 0 1 4.01 15.27

13 0 —1 —1 0 3.56 13.30

14 0 1 —1 0 3.84 13.64

15 0 —1 1 0 3.12 13.15

16 0 1 1 0 3.38 14.42

17 —1 0 —1 0 3.28 13.46

18 1 0 —1 0 3.32 13.35

19 —1 0 1 0 2.76 13.86

20 1 0 1 0 3.76 14.46

21 0 —1 0 —1 3.43 14.13

22 0 1 0 —1 3.21 15.26

23 0 —1 0 1 3.18 15.23

24 0 1 0 1 4.16 14.81

25 0 0 0 0 4.25 15.48

26 0 0 0 0 4.54 15.42

27 0 0 0 0 4.41 15.22

28 0 0 0 0 4.28 15.24

29 0 0 0 0 4.34 15.36
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£ HRAE 2SR K R SR A U B SR IR 21

T (3R 40 FE R (3R 5) 81 AR RS 1 J5 22 43 A7 PR
L2 BT P A R/NT 0.000 1, U B 45 w17 fH X 2% 6 Y
MR A 3 . B e G BRI A B3
(P>0.05) , 15 B iz [l 5 0y A 45 4 4 400 1 38 28 A 7T LT 9%
M0 1 5 A AR 1K 3 L S A I 5 SR AT 0 T s T E R B
R*/3 524 0.952 2,0.963 6,8 TPC fl TFC 5 4 >~ g A &
2 [) B4 2 0 [ 5 96 AR 25 HL IR 5% 22 50« IR0 AT 2303 3o

T3 A 5 B R L S R AT A3 A AR T

A 4 AT, — U XX I X X, XK X X XK TR
X X5 X5 XEXE TPC 5 Wi 8.3, — ik X, WX, 38 B
X XXt TPC 52 5 2 22 B & 52 i PR 6k TPC 152 Wi R J2&
IR RILRMER R . R FESI AR P HA LIE S 2w K
T ERNIT Ky <A B> 7 ) > SR U > R T,
[P 2 5 AT, — R I X, (Xs » S E I Xo X, o ZURIT X3 X5 4

F4 EBEAEEKAEESH
Table 4 Variance analysis of regression model of total phenolic
YE-+ 33 RE B ¥or F {4 P {8
LR 6.26 14 0.45 19.92 <0.000 1%+
X, 0.85 1 0.85 37.79 <0.000 1%+
X, 0.19 1 0.19 8.58 0.011 0~
X; 0.14 1 0.14 6.37 0.024 3~
X, 0.25 1 0.25 10.99 0.005 1%~
X, X; 0.31 1 0.31 13.97 0.002 2+ *
X; X; 0.23 1 0.23 10.27 0.006 4
X, X, 0.17 1 0.17 7.67 0.015 0~
X; X3 1.00E—004 1 1.00E—004  4.46E—003 0.947 7
X, X, 0.36 1 0.36 16.04 0.001 3%~
X; X, 0.013 1 0.013 0.59 0.455 4
X 2.37 1 2.37 105.47 <<0.000 1**
X3 1.56 1 1.56 69.49 <<0.000 1**
X3 1.05 1 1.05 46.61 <20.000 1%~
X3 0.59 1 0.59 26.07 0.000 2+ *
oz o3l u 0.022
1) 0.26 10 0.026 1.94 0.273 6
afiiR % 0.054 4 0.013
el 6.57 28

T ox FREFBFE(P<T0.05), x * F/REFHEEP<0.0D),

R5 REMEEEREMNAESH
Table 5 Variance analysis of regression model of total flavonoid
R 3 -5 A B i ¥7 F {8 P1{H

LAY 15.91 14 1.14 26.48 <<0.000 1* *

X 0.28 1 0.28 6.57 0.022 5*

X3 1.12 1 1.12 26.15 0.000 2 *

X3 1.51 1 1.51 35.23 <20.000 1"~

Xy 0.34 1 0.34 8.00 0.013 4~
X1Xz 0.021 1 0.021 0.49 0.495 5
XX 0.13 1 0.13 2.94 0.108 7
X, X,y 1.00E—004 1 1.00E—004 2.33E—003 0.962 2
X2 X3 0.23 1 0.23 5.26 0.037 9~
X2 Xy 0.60 1 0.60 13.99 0.002 2 *
X3 Xy 0.020 1 0.020 0.46 0.510 2

Xt 0.34 1 0.34 7.81 0.014 3*

X3 0.67 1 0.67 15.58 0.001 5~

X3 11.56 1 11.56 269.23 <20.000 1"~

X1 0.18 1 0.18 4.17 0.060 5

T 0.60 uo 0.043

24U 0.54 10 0.054 3.83 0.103 9
4R 22 0.057 4 0.014

f58 16.51 28

T ox FREFEBFE(P<0.05), * * F/REFHEEP<0.0D),
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Liquid of ratio to solid and ultrasonic power on the impact of interaction on TPC
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Figure 9

Liquid of ratio to solid and ultrasonic time on the impact of interaction on TPC
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AT L B S R R R TFC 52 8 3 K5 Wi/ 1 8 2
1678 P Th 2 BT 1 30 [ P . TFC 3 8 S 3O EE 14 T e 32 i 4
Kig/a T2, %8 LI ik dt 47 0 A ol 3 U 2 5
B T AR B PR AE .

MIE 12 B HARBGE AL T HAR K TFC 52 75
5 P oA A8 52 M 650 A T 224 i Ty 48 SR B2 ) o P [ ) S
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Figure 10 Extracting temperature and ultrasonic time on the impact of interaction on TPC
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Figure 12 Extracting temperature and ultrasonic time on the impact of interaction on TFC
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