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Simultaneous Determination and Optimization Ultrasound-Assisted Extraction of
Poncirin and Naringin in Poncirus trifoliata Rafinesqul

Ah Reum Lee, Seol Jang, A Yeong Lee, Goya Choi, Hyo Seon Kim and Ho Kyoung Kim*
*Herbal Resources Group, Korea Institute of Oriental Medicine, Daejeon 305-811, Korea.

ABSTRACT : The Ponciri fructus immaturus (Poncirus trifoliata Rafinesque) has been used in oriental medicine for uterine
contraction, stomachache, abdominal distension and cardiovascular diseases. Two main compounds, poncirin and naringin
were successfully analyzed by high performance liquid chromatography (HPLC) and carried out method validation according
to ICH guideline. A successful resolution and retention times were obtained with a C;g reversed phase column, at an 1 m¢
min ! flow rate, with a gradient elution of a mixture of methanol, water and acetonitrile. Poncirin and naringin showed good
linearity (R?> 0.999) in relatively wide concentration ranged. The recovery of each compound was 95.81 ~ 101.48% with
R.S.D. values less than 1.0%. The application of ultrasound-assisted extraction was shown to be more efficient in extracting
poncirin and naringin from Ponciri fructus immaturus. The predicted optimal poncirin and naringin yield were poncirin
2.15%, naringin 1.65% under an extraction temperature of 40C, an extraction time of 10 min in a solvent of 70% methanol.
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M A , Ad Exshe Aol st 28-S HIRste] 3
o, FEH, I B It S 5 USS A S B
A4 (Ponciri fructus immaturus)S %3} (Rutaceae)©l F3 Atk (Jeon er al, 2012; Kim et al., 2004). #42]
&5t RE (Poncirus trifoliata Rafinesque)?] 14| 242 flavonoid AJ%<] poncirine &4 2k 2 AAHlE A
G2 F . A5H 1~2cme o FujE AFH3l] 2 28, Z2zAlE Estadel 3 dejzdtEvol2e] &4do] 9
A = S ARSI (Hwang, 1997). 3hestolla] x]4le) o deEA ATk (Kim ef al, 1999; Teng et al., 1992
TS ke BR guk £ wd] 5o ARSI ™, 5 Zhu er al., 2013). Naringin® S 2HE | &ve} wiEH
g 915 EESH oL st FXNTI7] St dE] ARE AZE AINER WA= 2HE, & vlelg 24, 7F B
=32 At (Chung et al., 2005; Lee et al., 2009; Yoon et a3, G MEZSA Ao e AR HIETH
al, 2012). HZoe FHa T, HANFE a9 A FE2E (Gordon et al., 1995; Jung et al., 2003; Ng et al., 1996).
o] M E] AEAPES Fedhe a3t ok RuEAn Flavonoid 4322 A4, 4% E4s7] 98l B2 24
(Lee et al, 2008). A|He] dEo2= /2w limonene, WEo] /=R Ed] 2 FolM= High Performance Liquid
linalool, camphene3} flavonoid “3%<l poncirin, naringin, Chromatography (HPLC)®] o] AME-%3L QI (Ribeiro and
natrirutin, hesperidin, neohesperidin ~Z2]3. coumarin /3%-<%1 Ribeiro, 2008). A& g% flavonoid A3+ +4 (Hwang,
umbelliferone, auraptene, imperatorin®] R I = ST}h (Lee et 1997), A&} A2+ S flavonoid glycosides®] #2] % =
al., 2011; Wang et al., 2010). Flavonoide 212 Z7], 8 oAl HPLCE °l&3IaL, & naringin A &5+, A
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Ao} Aok AtekEol el B HeFsk=t] 974 HPLC7H
o] AMgEoFIY . By EY (Kanaze ef al., 2003).

Ao g HAERREH F8 AE F22 FEA R F
FE35 AReIiet B gulet duR] AR 71
29 5E A dliEd YA fA FE53 vlolA=2d]
FZo0] AREIL, 53] flavonoid At 253 FEH
F=32 At (Sun et al, 2012; Yang et al.,
. 259 F=¥ (ultrasound-assisted extractiony> H|7}
FEHOR 710l gk SRS T E A3}

, 2ot 8iE ek AAdEe 3Eskd
FETEC] T AR QK 8] 7t
he ATE EEAY FF 7I¥eltt (Jang e
al., 2012; Ling et al., 2011; Xia et al., 2011).

Ao HJEEAM ##HES Hwang (1997)3 Kim %
ARSI Wang 5 (2010)014=
SHFFEH vlolARAFEHE Y]
(2011)2 poncirin naringin®] & 4
o] &3 AA T 22 TS o] &35 HZH 9
ulujgk AAolth, AEA o EA)

>

s,
B Ao E A

L.

Aol KP 10 (MFDS Notification No.

2013-103, 2013)°] A EEHZ AA=HoIUE poncirin
naringin®] EHAQ FA WS AHsta FEE9, Al
B804 HE, FEA B FE2E T FHEHY =
20E gtz itk
Mz o un

1. ME A

AE FENA S AL AHS FeeE oA
2013 6goll USRS FHarok BARNE 7] 1¢e}

. Az AALS Mixer (HMF-3000s,
Hanil, Korea)@ #43F 3 70 meshe] A2 A 71E-g7]d
BHaste] ARg-sITh A Ae] A EAJRS] poncirin (> 96.0%)
£ FlukaA} (USA), naringin (=96.8%)> Chromadex*} (USA)
oM FYsAe™ (Fig. 1), A52] B ALRE
2121 acetonitrile, distilled water, ethyl alcohol, methanok
Burdick & JacksonA} (USA)2] HPLCH A|&S ARE-sFSITh.

== ul

T= =X

2. Hxe] Y HPLC 24 gy

1) NZ Hxfel 2 EES ZH
A BB sonl §F Fehazo] B ¥, Su) TR,
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Fig. 1. Chemical structures of poncirin and naringin.

Table 1. HPLC conditions for the quantitative analysis of poncirin

and naringin.
Items Conditions
Instrument LC-20A series (Shimadzu)
Detector UV-Vis (wavelength at 313 nm)
Column Xbridge Cyg 4.6 nm x 250 nm, 5 ¢m (Waters)

(A) Water, (B) MeOH, (C) ACN

Mobile phase 70 : 15 : 15 (0 min) — 50:25:25 (20min) —
0: 100 : 0 (40 min) > 70 : 15 : 15 (50 min)
Flow-rate 1.0 m¢/ min
Injection volume 10 w1l
| T=, AR - 80 B, FE A, 5 e

%239 FZ7] (Branson 8510, 40 kHz, Emerson Industrial
Automation, USA)E ©l&3le FZ3%3 FE2x2108 &
2 AR AR 33 v AAEITh B4 A FEAS
0.45 im syringe filterS A ANS A EE ARE-SIATE
Poncirin, naringin 5% ZF 2mg 2 I3 Ao 10ml

methanolol] £3JA17A 200 g/l 2 THSo] TEYNLS A =3
S methanol2 TAFCE 3A3e] 10, 25, 50 %

100 g/t =7t FEE FEGS THEe] 3wke P

STt

3
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=VS

(LB P )

2) HPLC

HPLC= LC-20AD pump, SPD-10A UV-Vis detector
I} SIL-20A auto samplers o2 T ¥ LC-20A series
(Shimadzu, Japan)©]3Z #2418 AL XBridge™ Ci5 (4.6
x 250 mm, 5 um, Waters, USA)E ©|&3}lH Tt} olsdoz=
Water : Methanol : AcetonitrileS- gradient mode® <& St}
FYPFE 10 4L, F5-2 1.0 mb/min, UV detectors ©]
&3] 313mm oM A=

A&

SIS T} (Table 1).
MY AHZ (validation)

¥ validation ICH 7}o]=2}9] (Gandhimathi and
Ravi, 2008)°l] 3le] X|4€] poncirin, naringin®] 74 3FAL
10~200 pg/mé F A 2 etdeh. AESA (Limit of
Detection)2} A 33HA] (Limit of Quantification) %< HPLC/
UV-visell 9 § & A3} ks 53l 378 digk 1533k

3)

=]
LY

E
5
T

=

2

(05 AAtstal, AFAARFAE 2Hdste] 71€7] ()5 LOQ
E 33x0/S¢ LOQE 10xo/SE AAFSIAT Ma et dl,
2013). Y Al disl] ARl WEe] VA= ¥MSE
gelslz] 8l YWl (intra day, repeatability) 2 €7} (inter
day, reproducibility) =24 (precisiony 3714 F=olA 3
7FetiaL, Avbe AtiEFEHAE (RSD)E WIS A2
H7ME 93 348 Al (recovery)> BFE 7Pl o3t
o HEFHAE S5k 1T

4) SHIX2]
EAEALS Minitab 16 (Minitab Inc., USA)YS ©]-&35}%]

3, FEHH ME FE5ES ANOVA (Analysis of
Variance)g ©]8-3t] &4t 24 § TukeyH &2 AMAAS

2 A8} 3, Korean Pharmacopoeia Tenth Edition (KP 10,
MFDS Notification No. 2013-103, 2013) F%& ¥y3}e]
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Fig. 2. Chromatograms of poncirin and naringin in standard and the sample at 313nm.
(@); KP 10 analytical method, (b); developed analytical method.
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Table 2. Linearity curve, LOD and LOQ data for poncirin, naringin.
Analvies Regression Correlation Range LOD LOQ
vt equation* coefficient (R?) (1g/ml) (1g/mo)** (1g/mo)***
Poncirin Y = 3085.2x - 2365.8 1.000 10.2 ~ 203.0 0.019 0.056
Naringin Y = 3430.8x + 2712.2 0.999 10.3 ~ 205.0 0.016 0.049

*y; Peak Area, x; Concentration, **LOD = 3.3 x (SD / slope of calibration curve), ***LOQ = 10 x (SD / slope of calibration curve).

Table 3. Inter-day and intra-day variability for poncirin and naringin.

Intra-day Inter-day
Concentration
Analytes (ug/mb) Found* RSD** Accurancy*** Found RSD Accuracy
(12g/me) (%) (%) (1g/me) (%) (%)
25 25.40 £ 0.01 0.05 100.13 25.41 £0.03 0.13 100.16
Poncirin 50 50.93 £ 0.07 0.14 100.35 50.89 = 0.09 0.18 100.27
100 101.61 £ 0.01 0.01 100.10 101.70 £ 0.10 0.10 100.20
25 26.38 £ 0.02 0.08 102.98 26.38 £ 0.02 0.07 102.96
Naringin 50 51.79 £0.02 0.04 101.06 51.86 = 0.06 0.1 101.19
100 102.91 £ 0.07 0.07 100.40 102.96 £ 0.11 0.12 100.45

*Mean + SD, **RSD (%) = 100 x SD/means, ***Accuracy (%) = {1-(mean concentration measured — concentration spiked) / concentration

spiked} x100.

Table 4. Recovery of poncirin and naringin by standard addition

method.

Analytes Amount added Amount found Recovery* RSD
(ug/me) (ug/me) (%) (%)
101.80 97.53 95.81

Poncirin 101.80 101.23 99.44  0.082
101.80 102.88 101.06
101.96 101.94 99.98

Naringin 101.96 103.47 101.48  0.023
101.96 102.91 100.93

*Recovery (%) = [detected amount / (original amount + added

amount)] x 100.

J»} Water : Methanol : Acetonitrile
(70:15:15—50:25:25) 71&7] €2lx21S ggsto] 4
a9} 71Ee] wWo e 23k AznlEad (Fig 2a)lA
+ naringin FEE0I4 93¢ Hilo] Al fElsol %7‘1
ket A2 Y BN E 22 s =
2ol (b2 Rt (Fig. 2b).
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a

91 H4=5Pi| (LOD), AP (10Q) HS
Aol A JAJHELQD poncirin (R*=1), naringin (R?=0.999)
Fogt A48 Btk F=H99F LOD, LOQ %t
poncirin  10.2 ~203.0 g/l F=H oA 0.019 xg/ml,
0.056 1g/ml ©]3L, naringine 10.3 ~205.0 pg/ml F=H oA,

0.016 g/ml, 0.049 ug/mb o2 mjgke] HAE7IR] A% 73k
T} (Table 2).

ZH2 kM
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2.

I:
A

o
=
KR

R

3. MYo| MUM (Precision)2} =
THel A F7EE flel T AEEE ZF4dAde] &<l
= 77 T A FEE 7]FoE d7F (inter-day)
o} A (intra-day) FEE=E 33 ke =G319ed I7b
TE 0.02~0.11%, 94 3 0.01 ~0.07%°] “Jthi
A2} (RSD%) w3 HoiF=3lth (Table 3).
Aol Gy HE skl F5E 4PS A
poncirine 98.77%, naringinS 100.80%<]
A3 7H} 0.082, 0.023% FUAE B3]
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Jolgle= A& sk (Kim ef al., 1989)

ete, &, vEez ié}"?\‘:} Ha g e, &,
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Fig. 3. Effect of methanol concentration on the contents of
poncirin and narln%m *; One-way analysis of variance
(ANOVA) using Post-hoc by Tukey (p < 0.05). **; Standard
error is represented by error bar.

Fig. 4. Contents of poncirin and naringin extracted by various
sample versus solvent ratio (g/mé). *; One-way analysis
of variance (ANOVA) using Post-hoc by Tukey (p < 0.05).
**, Standard error is represented by error bar.
N Ee Fee wrh Hekee 4GNS} vl vl

A gEsE BY RF/L 2 583 S 2 SHge)

AYatr 5 x&o] Rl AEFE SvlE AT AR
=|oJZIt} (Shin and Lee, 2011). 7F & 5&°] =2 W&
=% =5 E6td Bl A3, =3 ves —%%%EE]' <
FE&moM o =& FE5 B S8l FEE S0
O E2 2 dnEe Eol e o dxE AlEe] 23

< WA St AEFSURE FE Bo| AEHY F&
3?%7} %—El{— B37F JAJTH (Kim er al., 2010). 70% =g
2 EollA poncirin TH 2.18%=2 FAKOZE Foid 3
7V =943, naringine 50, 70% ¥Rl -2
Ae BAATE Hrgo] 50% ek 1.57%,
1.59%= A=A og =2 2kS BT} (Fig. 3).

a

o)
14,2; iﬁa
70% eSS
5. A=
el

=2} S0 20 WE FE5

x4 FEFeol 7P

2 g}
=2 70% WEE 50 md &}

=
[

Mg SRlnh o 5 X8
Fig. 5. Contents of poncmn and narlngln extracted by
different time. *; One-way analysis of variance (ANOVA)
using Post-hoc by Tukey (p < 0.05). **; Standard error is
represented by error bar.
Fig. 6. Content of poncirin and naringin extracted by various

temperature. *; One-way analysis of variance (ANOVA)
using Post-hoc by Tukey (p < 0.05). **; Standard error is
represented by error bar.

=R

A By

60 min Ao oA zt AlE4m) B x| BukS AL8-E
& HSlE H|wal] Bkt AlE9) 8uje] H&S 1:50,

1:300, 1:500, 1:100002 AAajo] 3Z3 A},
1:300014 poncirin 2. 19%, naringin 1.64%°%.2 &2
HBJA, BA A= F AR BF 1:300904 214

%% AINE BAY (Fig. 4).

a 1

1:100,
712}
AO

o}
=

o 7y

rﬂ

HEs 50ml, A B
7+ (5, 10, 20, 40, 60, 80
10 min®llA poncirin
< EATE Tukey AFF-
402 =9F3 naringin
10RO AEAoR =

Bt TS BAoH Alo] A4E FE580] o=
_% g'].o] g 4 O]oi];]_ (Fig. 5).
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=2 70% WEE 50m,
7 10 mind} 20 wE slehHslE
<8 30, 40, 50, 60, 70C2] ZZNN FZ3
40CollA poncirin 2.22%, naringin 1.68%2-2 =&
Bk A Ay T AR 25 40CHA {2
BRI 40T o|F=2 257} TS F5
77| YERTh (Fig. 6).
F3l] A49] poncirin, naringin®] et
Ze9E olgal HA FEUE € %03’—
. A4 9] poncirin, naringin> 70% methanol 2
F87H]E, 10 min FeF 40ColH FE=T80] 7}
F2z718 dEs9nt. 2AEE AR A
7 gujel gujul R ¥WaEAS W FE5E°] poncirin
1.40 ~2.18%, nanngm 0.86~ 1.59%% 7P B zpol& B
At ole v FEA &Hi7E FEEE P 29
ol Jes UMEF 7122 A7 43 Ma et al., 2008)2} H]
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FETFEH AYEAEE 7Iug A3} (Woo et al,
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