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Response Surface Methodology for Optimization of Extraction Process of Naringin and Neohesperidin
from Huyou Fruitlet

JIANG Hongyua’b’C, LIU Yufeng”, PAN Xue”, YIN Xia®, WANG Zongchenga’b’c*(Hunan University of Science and

Engineering, a.College of Chemical and Biological Engineering, b.Hunan Provincial Engineering Research Center for Ginkgo
Biloba, c.Hunan Key Laboratory of Comprehensive Utilization of Advantage Plants Resources of Southern Hunan, Yongzhou
425199, China)

ABSTRACT: OBJECTIVE To optimize the extraction process of naringin and neohesperidin from Huyou fruitlet.
METHODS Based on the single factor experiment, Box-Benhnken three factors (ethanol concentration, solid-liquid ratio and
extraction time) experiment by response surface design was carried out. RESULTS The optimum conditions was as follows:
solid to liquid ratio 1 : 10, 60% ethanol, extraction time 1.8 h and extraction two times. Under these conditions, the total yield of
naringin and neohesperidin from huyou fruitlet was 23.44%. CONCLUSION The method is simple, reasonable, feasible and
provide a experiment basis for its industrial production.

KEY WORDS: response surface methodology; Huyou fruitlet; naringin; neohesperidin

B fh N = 7 LA Y M (Citrus. grandis L.
Osbeck) 5 & F (Citrus. sinensis L. Osbeck)FJ 7448
AR AR RS B RS,
20%LA b, FEIGHRE R L Rl ECE, PO B
e B R B A A R 40 A R
S R 1 B EE M R 7R s S AT DL 2 )
PN R 2ok 9Ei e SRS S R Ay a5 R G2 B
=2 PR R R TR Y I B R A 8 A AR
FABY: b g Jk ¢ e B0 1 et il 4 ), E g0
BOTHBEA — & HIFRMET . hAh, B
2 FF IR A A 9 F 1 T B — A T,
e —MIcE. IRAEE . mst R —ARAET R ),
FURIE I, RWRIFA, I BA MR 5 RCS RH

R, BN “ R s g i A bR dh
Pl ATH T T R R R e — e
KOS N TRE. BEHTI, BARAKKT
WAl s MEHRAPUANL. EZ. JUE. B
WA BE. BEIE. Bl TP 3 bk R
i A s 2 3 U, A R 2 R i A A
BB, WA RAREER L KR SR AT
HWRA, B D A B A A R R
R OIE T AR SR T8 LS AR 1) 2R rhOR R R
HRARE S, MEEEERL, B RHE SRR
b, IR A 2R rh 7 B AU AL A5 218 B B AR 3
&, BA RGN AT, Al H B H e
AN HE R, HERHFSERD. KRBT

EGWE-: WA SRR B SRR B8 (2012-318); A AR 1R BB 15T H (2016-8)

fEH/N: Fa5, 5, L, Y Tel: (0746)6381164
(0746)6381164 E-mail: wangzongche@163.com

E-mail: jhy lily@126.com

- 1546 -

Chin J Mod Appl Pharm, 2017 November, Vol.34 No.11

WIS TS, B, Wik, YR Tel:

oh R AR R 252 2017 4F 11 A28 34 B2 11 3



FUEA RN %) 5 Tkl R 5 RS R RS I T
A, DUHACR 3R HL o) 55 Al A0 43 21 BRA 0086 R 1
PRt — € 1) IR AR o

1 FENEE

1.1 RS

T Akt 407 SR SR g T 0 Y 78 M ol e R A R
F 2016 4F 5 H SAM R AR TR R, 4R
Fif2<1.5 cm, F£F 60 C B 2T A LT
60 Him; M HEXE SIS B1511023, 4§
J5>98.5%) FIHT 16 Kz %5 B i (k5 B1602134,
afi FE>98.5%) 410 B EgRT R T AR I A
IRATE; B, Bl BEER. 95% LT N4 HT4l
1.2 X% %

FW-200 7538 13 BER BEHLCAL 3 b % Ik A 2%
FIRAT): SHB-IEH KR Z HEER. ERA
T 233 #E 28 OF I IR TSR A R A F]); RE-52B
JE 3 78 AN (M SR AEAAN S ) ) TE124S HLF
KPAL T Z R WA R AR A F]); LC-20AT
e OB BB A (H A By A Ao
2 Hik
2.1 bR 2|

FARM A RARBUR A 2 B S B S &
I 7E 2 B8 P [E 25 3 2015 4 Rie— SBAR 5200 R A B
5P B A (0 B e Ui HPLC i),
AN H B Cis (4.6 mmX 150 mm, 5 pm); Ll
CME-7K (20 80)(FHEERR I 15 pH {H 2 3) ATt sl AH;
T e 283 nmo HUMH 72 HF %) HELG 9.43 mg 7
PSR 0 B 9.71 mg, FIHEEER S 10 mL, 4
SIWLEL 0.6, 0.8, 1.0, 1.2, 1.6, 2.0 mL KIVEIRA
WY 6410 mL PR, FFBE @ 2 RIAS 0T HE L
T, DA TR AR, 0l HEE ot 5 Y0k D
AL bR 25 AR T 22

b

22 REUTE

BUARIZ A K 10 g, BEJRPRE, A
LS IRAE 70 CHIKIB %A TR, & 4%
RS 4E, Io/KCORE, B A 250 mL. M
U1 mL FRFRE 50 1%, PO REME 10 mL A AL
JEME IR, XS PEMAE AR S, S R
VAV IFD o RO R 0 AR, D AR, DA
FRAEf 2T BIREE, ARSI EA %,
2.3 BRERRAE

I3 5% L RE R P (40%,  50%, 60%, 70%.,
80%), BHEEL(A1 6, 1:8, 1:10, 1:12, 1:
14), #EUEEI(1.0, 1.5, 2.0, 2.5, 3.0 h), $#2H
W1, 2, 3 WR)KT A &)y S Aol iz 5 e i
RPN
2.4 WM

7 LR ZOR G (B R b, [ e SR 2 IR,
XF CGEEARIE . BRE G FREUE R 3 ANE R AT
M B, AR$EM S Box-Behnken H1/0a#H
AR BT R R T =Y, AT S5,
FIH Design Expert #4038 56 £ 2E 4T [ )3 5
Br, IR EE R T 25 A
3 #ER51R
3.0 Ak E S bRtk

WL HPLC W5, 58 A 2640 1 A i 7
LA RN N T s R N DA e
5550 R B A IR VR A ko R A YR € T R S VA TR
)t T L 1. A B R bR AE 2R T AR N
A=1.515X10"¢+3.301 X 10°(=0.999 9), %1 i [
4 0.057~0.189 mg-mL™"; HHE B (kR vt ih £ 5
T2 A4=1.905X10"¢-2.411X10%(=0.999 8), Zki:
JuFE N 0.058~0.194 mg-mL ™",

I Y

T T T T T T 1 T
0 5 10 15 20 25 30

t/min
Bl 1 A 0 B RO 1
A-XTIRGL: B-RERL: 1Rl 2B .
Fig. 1 HPLC chromatograms of sample

A-—control; B-sample; 1-naringin; 2—neohesperidin.

rRE BN 255 2017 4E 11 H 56 34 555 11 3

T T T T T 1
5 10 15 20 25 30
t/min

Chin J Mod Appl Pharm, 2017 November, Vol.34 No.11 - 1547 -



32 BRREFRRR

3.2 RHRHCERMEm B S iR R
KE10 g, BRJEHEMH, 250N 6, 8, 10,
12, 14 5 &1 70% CEEHREL, B3R 2 K, #:K 1.5 h
3 SR VRN 1 RAT R R DA = T o = A
GORLR LAl Bz 5 MUET A B2 B A R m . 45
DL 2, BE A R RO, Al R AR R R
BRI MBS, BRI GER] 110 5, Al
R R R z EF (0 49 2 B I G 5 1Y 3 n 38 A B
o R EEDCEHELE 10 100

5%
S
(=]
‘\\
4

T S
00 1 1 1 ]
1:6 1:8 1:10 1:2 1:4

HA L

B2 R . BRI R E R
Fig. 2 Effect of solid-liquid ratio on the yield of naringin,
neohesperidin and total

322 CLPEEREEXNAFEMISEW S i ifhsR
MRS 10g, BREEEIRS, 250N 10 {521
40%, 50%, 60%, 70%, 80%Z.FF [ HEEL 2 Ik,
FFR 1.5 h (26T BREHTA 4 51 Al iz 7 R BT 8
B, 552 LR B A R R A R AR
. R ILE 3, B RPN, A T
13RI K, TH RS B 13 3 S 45 FR AR
BRI R, OREREE N 60%HT,
& B R FETRE S I R B A

3.2.3  PREUR RIS E A B S A Ah4R
MAR® 10g, BREEKHA, A 10 fFER 70%
CEERNRAEEL 2 IR, 4y Al4REL 1.0, 1.5, 2.0, 2.5,
3.0 h BYZ&AF T 42 B A & SR oo Bz A T R
T, T SR U ) o) i 52 5 R0 T R 1 15 28 (1) 52
Wi, S5 DLE 4, S0 HrAT FnSE BN (B AE 1.5~2.0 h
B, MR R R AR R SRR, H
2.0h btk 1.5 h BEHASEH R, 1f1>2.0 h J& i,
(R e HY 2 B 1] 1.5 h R o

- 1548 - Chin J Mod Appl Pharm, 2017 November, Vol.34 No.11

200 - -/./-\-\- BE%
15.0 +
= i e
¥ 10.0
\II[E
— A it
50 F
00 1 1 1 1 1
30 40 50 60 70 80

LEIRTE %
E3 ZEREMMESE. FEE TR EERNPH

Fig. 3 Effect of ethanol concentration on the yield of
naringin, neohesperidin and total

20.0

50 +

0.0 1 1 1 1 1
0.5 1.0 1.5 2.0 25 3.0

FRIUET H]/h
Bl 4RI R BT H A AR R A

Fig. 4 Effect of extraction time on the yield of naringin,
neohesperidin and total

3.2.4  FREIURECS R B3 kg R
MAR 10g, BFRLMES, MA 10 f5E1 70%
CEEPREL, A RlERSEE 1, 2, 3 WK, FRIR$EE
1.5 h [ 451 T 32 HUHA el 2y SR v Bz 5 AR 08
H, 5 LRI O il 7 R R R B 1R R 5
Wi 5 LA S, BRHL 2 Yk AH R R O
AREEMSE A, AT ATE I AT 2R, Tk
FRAFISE A A R, HE BRI 2 IR,
3.3 MR R EG 2 R K  H

3.3.1 Box-Benhnken it /7 £ MRK LR 7EH
R 2R I0 2l b, [EE 4RE 2 Wk, X LBk
BHR LG SR ] 3 /N R 2R AT e 82 T BSR4k
FR A e B T Box-Behnken HPCa2H &30 86 it R 3
WAt 7 %, AT, WG R K
W 1, R R R IE 2.

oh R AR R 252 2017 4F 11 A28 34 B2 11 3



20.0 ./-/
15.0 | )
Hib A
. /———‘
3100 F
/‘—”‘ e
50
0.0 ' ' L
1 2 3
B

B5 RECKH AR, FEEFREFRGDH
Fig. 5 Effect of extraction times on the yield of naringin,
neohesperidin and total

®=1 A EEEEEAKF
Tab.1 Factors and levels in response surface design
KF
SES
-1 0 1
A LEERIE Y 50 60 70
B R LL 1:8 1:10 1:12
C U [R]/h 1.0 1.5 2.0

K H Design expert 8.0.6 B {4 X} 5256 45 k4T
Z UL A BV, 75 21 EH A 4 5 Aol B SRR
TR RENN SR EE(A), BHELL(B), TR
6] (C) i) — K £ Wi Ial 4 75 #E N ¥=22.60-0.254+
0.57B+0.89C+0.0604B8-0.0234C+0.52BC~2.864°—
1.128%-0.71C%.

E)

AT RS R R
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mental results
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Fig. 6 The effect of interaction of ethanol concentration and
solid-liquid ratio on the total yield

- 1550 - Chin J Mod Appl Pharm, 2017 November, Vol.34 No.11

/%

160 | 40 g

60.00
C: PN/ 120 = — 5500  A:LEHKRIE/%

1.00 50,00

B 7 BRI G RBUR[E B 2K B AR xR AR
Fig. 7 The effect of interaction of ethanol concentration and
extraction time on the total yield

8
EJ}\L:
2.00
1.80 _—11.00
. 10.00
C: FEM [)/h B: kR L

B8 Rtk b R BUR [A] 6 28 B A A AR 3 e
Fig. 8 The effect of interaction of solid-liquid ratio and
extraction time on the total yield

3.3.5 IOUEMEIRIE %I AS B 0 B R I T
Sk LBERE 60%, EHEELA 1010, $2HUR
] 1.8 h, [FIJE 2K, BEE 3 KL, B8 H
B B R A I SE R S AR R A 23.45%,
23.56%, 23.31%, FHIEFRN 2344 mgg, 5
ME ML, WA E TSR CREKRE
60%, BHELLA 1010, $EHU[A] 1.8 h 2 T ¢,
4 g

A S 565 388 3ok v O T V2 L A A 2 [ 3 i Y
M R TS HBEEENTZ, KA
Box-Behnken W11 /5 58 EE L ) IR 22 TR 2E AT
B 45 A 1 0I5 Al 0y SR H oA R BT R R
KGR, @ ke BT 25 A AT AR T AR 4 R
Wl B SRR R T 2R T RN &
B FE N 60%, BHEEE 1010, $REUSTE 1.8 h,
FIASEEL 2 Ik, FEAREAE T, MBS
RN 23.44 mg g . AL BRI T 2%
fF, wr Tt EEML, AH Ty KAER
FIEF A &) S TR — 2D I R R SR T B Rl

oh R AR R 252 2017 4F 11 A28 34 B2 11 3



REFERENCES

(1]

[2]

(4]

WU Q, PIAO X L, ZHANG J. Determination of three major
flavonoids in Citrus paradisi cv. Changshan Huyou fruit [J].
Food Sci(f i Bl2#), 2011, 32(18): 168-170.

SONG J F, FENG J Q, HU J H, et al. Study on the dynamic
changes of three contents in Citrus Changshan Huyou fruit in
different growth periods [J]. Chin J Mod Appl Pharm( [E E}
R FHZG2), 2014, 31(12): 1474-1478.

HUANG A H, ZENG Y E, CHI Y G, et al. Optimization of
extraction technology for neohesperidin in Fructus Aurantii
Immaturus by orthogonal experiment [J]. Tradit Chin Drug
Res Clin Pharmacol(*F 257 25 5 PR Zj #), 2009, 20(6):
580-582.

LEE J H, LEE S H, KIM Y S, et al. Protective effects of
neohesperidin and poncirin isolated from the fruits of Poncirus
trifoliata on potential gastric disease [J]. Phytother Res, 2009,
23(12), 1748-1753.

MANDALARI G, BENNETT R N, BISIGNANO G, et al.
Antimicrobial activity of flavonoids extracted from bergamot
(Citrus bergamia Risso) peel, a byproduct of the essential oil
industry [J]. J Appl Microbiol, 2007, 103(6): 2056-2064.
TRIPOLI E, LA G M, GIAMMANCO S, et al. Citrus
flavonoids: Molecular structure, biological activity and
nutritional properties: A review [J]. Food Chem, 2007, 104(2):
466-479.

FENG B M, JIANG G, JIA J M, et al. Study on the
anti-allergic activities of narigin and neohesperidin [J]. J
Dalian Univ(Ki#E K222%4R), 2005, 26(4): 63-64.
FRYDMAN A, WEISSHAUS O, HUHMAN D V, et al.

rRE BN 255 2017 4E 11 H 56 34 555 11 3

]

[10]

(1]

[12]

[13]
[14]

[15]

Metabolic engineering of plant cells for biotransformation of
hesperedin into neohesperidin, a substrate for production of the
low-calorie sweetener and flavor enhancer NHDC [J]. J Agric
Food Chem, 2005, 53(25): 9708-9712.
ROBERISON G H, CLARK J P, LUNDINN R, et al.
Dihydrochalcone sweeteners: Preparation of neohesperidin
dihydrochalcone [J]. Ind Eng Chem Prod Res Dev, 1974, 13(2):
125-129.
WEN H L, OUYANG Z Y, HU X B, et al. Research progress
of neosperidin dihydrochalcone [J]. China Condiment( ' [ i/
k), 2008, 33(10): 70-73.
GAO J, LIU F C. Optimization of the extraction technology of
naringin from Aurantii Fructus immaturus by orthogonal test
[J]. China Pharm(" [E 24 55), 2014, 25(35): 3291-3293.
FRUR, BT MBCE 093 5 S U 2 B B 9 3k
[3]. b7 %)%, 2014, 11(7): 67-68.
FREZG 8. —H8[S]. 2015: 246.
WANG Z C, JIANG Y R, LIU X W, et al. Optimization of
extraction of total flavonoids from Zingiber officinale Roscoe
stem and leaves using response surface methodology and
evaluation of its antioxidant activity [J]. Res Dev Nat Prod(’k
SRR S5 K), 2015, 27(9): 1582-1588.
SHI Z, WANG J P, ZHANG J J, et al. Optimizing the
extraction process of the total saponin of Dioscoreae
Nipponicae Rhizoma by response surface methodology [J].
Chin J Mod Appl Pharm(* EHARN FHZi%), 2017, 34(1):
68-71.

Wk H3: 2017-04-22

(K514 : B EH)

Chin J Mod Appl Pharm, 2017 November, Vol.34 No.11

- 1551 -



