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(4 °C .8 000 r/min) 5 % LW . FFEM kR E
PRI 3 U, 4 42 OB e B 28 AL 45 “C BLas e &2
T AR M R ER 2 10 mL & H,
RAVEY 2 BS R R TG, B it LR 0.425
mm 7, B T —80 °C vk A OG- % T

DA B RREL, FREL 1.0 g B 2 BRE & WA
AR AR R R R R A — B R — VR
B NaOH ¥ . 7E 40 C T #EOGIR % 1 1k — & B ],
MGG A 6 mol/L th R IE W A pH =
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VEWLULE ] 10 mL 8 &K Pk %, B0 B T
W S5 L EWIRA A SR LR £ B &
A5 W, G IFA NN, e 28 K AL 45 °C 2S5 ik
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e IR 3% 1R 21 5 = I EDE A E 90 min, 750 nm
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B 400 pL AOFE SR, 2 B8 L R A o il 2 1 1 O
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BA PR F A g A DR KPR R LB 40 5 1
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MAEA 1.3 DR T2 A o 1 AR &L 4
17 E FL A R R IO T 245 A B S g, 45
HWERE T AW 10 2 1,20 ¢ 1,30 ¢ 1,
40+ 1,50+ 1 (mL/g), NaOH EWHKFE 1.2.3.4,
5 mol/L.#& Bt 1.2.3.4.5.6 h, B4 KEL
3K, LA 45 P2 38 2 9 L
1.6 Mo R EAA IR IE

TE BN 23086 FE il F L 2R ] Box-Behnken i %
Vit IVRUEL HE CAD L B2 B0 7 ik B2 (B | 42 B i)
(O Ky [ A8, 45 & i 4 R (OY) i (8 647 3 A
3K PO AGEE, BIAR R 5 AKELER 1,
BARKRKREL 3K,

F1 BOAARBEZS5KE
Table 1 Factor and level of independent variables used

in central composite experiments

IKF- Level
K £ Factor ¥ Leve

—1 0 1
7% / .
@ﬂ‘tt(/\%(n‘ll/g). 10+ 1 20+ 1 30+ 1
Liquid to material ratio
NaOH (B) % & / (mol /1) | .
NaOH concentration 7
i figt B 18] (C) /h
8L A% I6F (1] 9 5 N

Alkaline hydrolysis time

1.7 HPLC ENME LGB MAMSE

YER AR 12 B B I3 s 34 &2 4% 1.0 mg, JH
BV OTE S 2 10 mL, T &M 28 W) 5T IR A i o
W BT —20 CURHIR T . R TR bn A A W00 B LA
[F) e JEE B0 2, L T e R A R A A L e T R O 4 A
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et (a3 5 1R T RS A sl AR 30 °CL ik 1.0
mL/min, #ERERE 20 pL, B FESIAS U 25 . D K 43
MR 260.283.320.367 nm, WA : (A
F10.1% H R B 27K (B) . A HLAH PR I BR B2 . 0~ 40
min,5% ~25% Aj; 40~ 45 min, 25% ~35% A,
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WA I 25 6 35w T AR, TR ]
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55, MPE I 45 B, B 109 NaOH ¥ W AE J B
R 22 56 0 FEBUA 7
3507
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< 200F
150f
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0

4G B BUR/(mg/ 100 g)
Bound phenolics extraction

2% Solvent types

A:10% NaOH s B:10% B IRE W C: 1020 FRIE W D fit
- W (AL 1 9); E.ERMR-H R M (R 1+ 9
A:10% NaOH solution; B:10% sulfuric acid solution; C:10% hy-
drochloric acid solution; D: Sulfuric acid-methanol solution(V/V =

1:9); E:Hydrochloric acid-methanol solution(V/V= 1: 9)

Bl BRAMENEEHRNEMNIEE
Fig.1 Comparison of solvent types for bound

polyphenols extraction
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Fig.2 Effect of solvent-to-solid ratio on

20:1

bound polyphenols extraction
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# NaOH 3 W0 BEARSEH N A U T 1 26 )
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IS E) Ay 3 b B A AR 8 B, 5 A I 4R B 3K F
B b, B BRI M5 A W g | AT [
Ve 70 FR B K 43 25 R T BORORE b B v R e B 38 S A AR
b, 5 3045 G T 4 B o Bl 5 G ik ESF () 114 28 K 3% 97 D
A, BB PR AR ] 2.3 .04 hoiX 3 AN K F AR A7 R R
T
2.3 W Rz E A R B

ZiA AR L5 R P NaOH B AE N 1
PR 232 50 19 48 B R MR 48 Box-Behnken #3115t
LB E T WO NaOH % 00 BE B i if 1) 3 A4~
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Fig.4 Effect of alkaline hydrolysis time on lﬁgﬁﬁT}Eﬂzﬁ‘ﬂﬁ@Eﬁ*ﬁ ik 1S Tﬁﬂﬁ%ﬁ*ﬁ
bound polyphenols extraction &%1tM%%EXI£ ’ﬁj\ﬁ”m‘%‘% 3 KK S,
F2 MEZEIRKELER
Table 2 Test results of response surface methodology
e A B C 25 AR UL/
s WOkt NaOH i Wi i BRI (mg/100 &)
Liquid to material ratio NaOH solution concentration Alkaline hydrolysis time Bound phenolics extraction
1 —1 —1 0 249.33
2 1 —1 0 308.79
3 —1 1 0 296.11
4 1 1 0 293.69
5 —1 0 —1 261.55
6 1 0 —1 285.54
7 —1 0 1 278.75
8 1 0 1 311.34
9 0 —1 —1 264.27
10 0 1 —1 282.82
11 0 —1 1 300.20
12 0 1 1 309.53
13 0 0 0 370.54
14 0 0 0 346.23
15 0 0 353.34
16 0 0 0 356.47
17 0 0 0 360.61
F3 EAFEBRFESHT
Table 3 Analysis of variance of regression model
A 5 K IR -5 Fil R ¥ 75 F 18 P1E M
Source of variation Sum of square  Degrees of freedom  Mean square F value P value Significance
[ )4 B A Regression model 22 094.98 9 2 455 45.81 <20.000 1 wo
A 1613.69 1 1613.69 30.11 0.000 9 o
B 443.42 1 443.42 8.27 0.023 8 *
C 1.394.98 1 1.394.98 26.03 0.001 4 *
AB 957.28 1 957.28 17.86 0.003 9 N
AC 18.49 1 18.49 0.35 0.575 4
BC 21.25 1 21.25 0.4 0.548 9
A? 5979.3 1 5979.3 111.58 <20.000 1 e
B? 4522.67 1 4522.67 84.4 <20.000 1
C? 5 294.07 1 5 294.07 98.79 <20.000 1 e
5% % Residual 375.12 7 53.59
42l Missing item 50.05 3 16.68 0.21 0.887 9
4li{% 2 Pure error 325.07 4 81.27
iR Total error 22 470.1 16

H.x P<<0.05, MR 3E; *x x P<0.01, WM EE; » = x P<0.001, %0 &E B ¥, Note: * P<(0.05,significant impact; * * P<
0.01,extremely significant impact; * * * P<C0.001,highly significant impact.
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Mo o7 T 43 B 45 8 B4 B0 5 Jy fE k. Y = 357.44 +
14.2X,+7.45X,+13.2X, —15.47X, X, +2.15X, X, —
2.31X, X, — 37.68X,% — 32.77X,* — 35.46X,* (R’
0.983 3), HEERX P, X, X, XY 73 F R ok
NaOH VA M B B ik sl [] (B i 45 6 B e it

2 3 AT LA H 0 i 45 4 i 45 B 1 (0] )
B P {E<C 0.000 1,7/ B W2, 30 0.887 9,454
[l 75 F2 R* =0.983 3, AT i3k B [l 059 5 it 5 455 48 ¥y 41
AR AT [T A T R i A5 G i Y 25 A T A B A
& BHZHE) KR, R B RCE  NaOH %
WV B BRI B (A = A H G R

A P AE/NT 0.01, FBABORE b X6l i 285 &
PEBCR 2 i &% B.C i P fH/hF 0.05. %1

>
’éﬁé‘@ﬁ%‘%ﬂiil(mg/mo'g)
Bound pheno];m exiraction

=
24 T SR IR/ (mg/100 )
Bound phenolics extraction
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000050563
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e

0.13 @ N
O
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N

s

sy,
Sis 1,
e

B 5

NaOH ¥ W07 BE B0 IR 18] %5 80 45 2 19 42 U /Y
W . RS N Z KRN R F(E AT LA
Wi 25 T A PF X455 B 52 O A9 2 e SR 55, o F
EMOC DLW VR TR B g . ARG ALBLC B A”
B \C* i F AE R/ AT A 45 [H 3R 45 & i 412 B 1Y
LR 7 M5 B 55 MU < BORE EE CAD (BB I 1] (OO
NaOH # K (B) .

W 7. TR T 2 e 7 {45 % DR1 2% A 14 = &4 2 (1]
O eI o W v B S i 7 i NG S RV R 2
Foft 2 A~ PR3 B2 AR T i AR B A2 AR 1 A0 . AT
Design-Expert.8.0 73 #7156 it 143 %4l . 45 21 19
M o7 THT % A e 2 PR UL 5.

4545 IR I (mg/100 g)

Bound phenolics extraction

0.87
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NaOH solution concentration
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Bound phenolics extraction
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LA 1 i)
Alkaline hydrolysis time

-0.50

-0.00 0.50

WL Liquid to material ratio
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Bound phenolics extraction
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Alkaline hydrolysis time
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RAHEE (A) JH % Bt 18] (B) \NaOH i R £ (C) K9 32 B {F A X Wl i 45 & B R BN 8 10 %2 i

Fig.5 Bound polyphenols extraction affetcted by the interaction of liquid to material ratio(A),

alkaline hydrolysis time(B) and NaOH concentration(C)
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H1 % 3 A1, AB B P {H/N T 0.05, [AIFE A&
SA A UL EWFA L WL (A) 5 NaOH % W W
FE(B) Z [ 4776 % 2 HAE . Bl & OB EE K&
NaOH ¥ W v B2 1Y 35 . me 1 8 (45 4 By 32 ) i
2SS ETHE PR R, OB . NaOH % W)
P A /NI L A R R A U B A K T VR EE K
NaOH ¥ W v B2 X 45 4 1 4 L 19 5% Wi 45K 5 TRt
B NaOH ¥ 9 e B 55 K i 25 w8 26 50 i - i I 4
K BIWORE L B NaOH %5 W e B ) 45 4 1 2 I
R N

AC.BC B P ¥ KT 0.05, BB R L (A 5
B B 18] (C) \NaOH 5 Wi B (B) 5 B i B[] (O
ZMEEAERANRE. HE 5B.C ¥l A&, m
A (45 G T 4 B A ) Wil B0 DR 32 1 b i 22
T R B AR A A U TR -2 P
R Z B T B AR BAEH .

D EAE T2 UEZE B . e N 43 B A5 R A i
TABE N R R 21.8 + 1 (mL/g),NaOH ¥
WV B Ry 4.06 mol/ L, B fif iF ] g 3.19 h, TN 25 &
By R N 360.21 mg/100 g, K36 92 PR #8419
BT ZSHEMT N R 22+ 1 (mL/g),
NaOH WA E N 4.1 mol/L, B f# N E] N 3.2 h,
TEML T2 SH0W Sl JE 17 50 UE 56 , 50 Br 4 BOE
WE 5 W, B 260015 0 0t 45 & 42 I
(356.51£5.02) mg/100 g, ik £ 75 0 & (1) 98.97 % .
ULIRAL S 1 T2 S HCE A BOR T 111 .

24 ‘AN RABPEEBOFHENESE

HY 2% 4 W] A U S I B IO TP oA I 10 B4R
15 o 5 A5 o 4R BB P R I 8 o LA ) (HL AR D 7
WA 25, RS 4R BOR P 3 S A
B A AR | LA g, bR B Y
IKF 284.44 pg/gs A5 A T PR MO T S A R
OB R MR A RE L T R
HhOR B U A SR T ) B R A R (297,29 pe/g)  H
P R A B AN 14.93 pg/g. U 5 B 4 O P 1) I 1R
P /b AR R BRI B i & A B o B B R
TE IR 128.07 pg/g. BRF R I L 2SR AR B A6
B, JE AT BE R B 2 AT L Tk g g R ) O B
N A Pk R A R S R R R T 2
FERSTORSE AW HERREPRATEY (RET
i) | PR AR R i 2B (T 2 TR L o vl R ) B R
et ek SRR L D LA R A A A N 3 v R 2 A
Ry DRI R B RO SR R R R L AS TR 7E 1%

SRR Wl . SRR U Ui B A R A
T 2 I R R I R A R R

F4 AN RAEBPREEBOMENESE
Table 4 Types and contents of individual phenolic
in ‘Dekopon’ pulp residue ng/g
bk Ui B Eiked )
Types Free phenolics Bound phenolics
18 % # Hesperidin 284.4449.77 147.934-4.38
B 2 4 Neohesperidin — 50.98+0.84
Tl i A A A SRR
171.15+1.08 297.2941.07
Naringin dihydrochalcone
H#i 8 F] B Diosmin 52.23+0.92 —
7T Rutin 40.8640.28 103.37+2.51
Mil 2 & Quercetin 35.08+0.46 49.08+0.32
11 25 Wy Kaempferol 181.65+1.67 —
BT8R Gallic acid 33.68+0.56 29.06+0.37
MWIHERR Caffeic acid 3.9840.07 19.2440.91
il $L A2 Ferulic acid — 128.07+1.46
SRR
51.89+0.33 -
Chlorogenic acid ’
N e

BLgR 19.9140.79 —
Protocatechuic acid
=" RAREKMEF], Note:“—” indicates none detected.

A \A

3 it

PREEUEE A W B IO AR 5 TSR B4 R P Cf5) 2n 24 i R
SER R KT T 7 OR B R B T R
AT 5 S ) 70 0 7 R 4 T ) B ORISR L & R
3¢ W R 1 5 00 K i 45 320 19 22 B T 43 BUOTE 5 %0 K-
S TR R L sk A A AR (DA R Sy 4R L
JFoED (Kim 88500 (L2 kA £ BUFURL 35 & 300 1
VRN 25 6 T 1 S BORIOCR AR T RR RV 1) . AR SR 45
REWL,10% NaOH ¥ IR 3R B 25 4 42 U 1 3%
o A R M 7

5 B o R 223 50 R e 7 T A Ak 3 0 2 R L Bk
PEBCORH IO MG R A RS AR ET 238
R A 22 mL/g. NaOH W W B R 4.1
mol /L, Bl fif isf 6] 2 3.2 h, i ¢ 52 B 5 BB ol 1% 45
A B HE U 1K (356.5145.02) mg/100 g, 34 3] 15 il
{1 98.97 % » Uk BA AL J5 1) T. 2 S B B AT 550 vl
1Tk,

HPLC Kl 25 5 8 7R, <A 1k R SR A i
MOUE B 5 45 A I R 2 R S AR 2E R A
S K R A SR PR v T AR L ol R L A B A
A RE T 2 LIS S AETE 0TIl A3 Wy A8
BH) B BRI 22 DA B S AETE . SR BT U S
P R 2R AL R W R A R D TS A T Y
i Y I i N T = L B
Holtekjolen %501 il #F 5% 45 AR AT .
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AHIFTE L 2R 0 ¢ AN R A A 2R P i 1 S o
0 TR B A TR A 1 Bk A i 3l A AR s 1 T R A
FEL R, AN A AR R P B S B O
AN P 26 B R S W s LA R . ORK
T S — P AZ R AG  B TR BB N AR B R AE A
pNIIRESRE SR 7/ RETK SO0 WL N IR AW I PRy £
TEH.
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Optimization of alkaline extraction process for bound
phenolics from ‘dekopon’ citrus pulp residue

ZHONG Yichen,PENG Ying,ZHANG Peipei, PAN Siyi

College of Food Science and Technology s Huazhong Agricultural University ,Wuhan 430070,China
Abstract In order to improve the utilization value of bound phenolics from ‘dekopon’ citrus pulp
residue, the ‘dekopon’ citrus pulp residue without free phenolics was used as raw materials. The effects
of different solvent extractions on the content of bound phenolics were compared. Subsequently, the sin-
gle-factor test and response surface analysis method were used to optimize the alkaline extraction
process.And the type and content of monomeric phenol in bound phenolics and free phenolics were detec-
ted by HPLC method. The results showed that NaOH solution was the best extraction solvent for the
extraction of bound phenolics. At a liquid-to-material ratio of 22 mL/g, NaOH concentration of 4.1
mol/L,and alkaline hydrolysis time of 3.2 h, the content of bound phenol reached 356.51 mg/100 g. Ten
monomeric phenols were detected in the free phenolics extract, among which hesperidin was the highest
(284.44 pg/g), and ferulic acid was undetectable. Eight monomeric phenols were detected in the com-
bined phenol extract. The content of naringin dihydrochalcone was the highest (297.29 pg/g) and the
content of ferulic acid reached as high as 128.07 pg/g. Chlorogenic acid, protocatechuic acid were unde-
tectable. In summary, the phenolic acid composition of bound phenolics is rich, and the content of phe-
nolic acid is significantly higher than that of free phenolics, especially the ferulic acid content.
Keywords citrus; pulp residue; bound phenolics; free phenolics; response surface; alkaline extrac-
tion
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