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Optimum Conditions for Extracting Flavanones from
Grapefruit Peels and Encapsulation of Extracts

Min-Jung Ko, Hye-Lim Kwon, and Myong-Soo Chung*

Department of Food Science and Engineering, Ewha Womans University

Abstract The extraction of flavanones such as naringin, narirutin, naringenin, hesperidin, and hesperetin from grapefruit
peels was performed using subcritical water extraction (SWE), hot water extraction, and conventional methods such as
methanol and ethanol extraction. We analyzed the total flavanone content using high-performance liquid chromatography
(HPLC) for each extracting method. Among the three methods, SWE was the optimal method with optimal operating
conditions of 170°C temperature and 10 min operating time. The maximum total flavanone extracted was 86.539+3.52 mg/
g grapefruit peels. Moreover, we treated the extracts with 60% B-cyclodextrin and then analyzed the surface structure of
the encapsulated compounds by field emission-scanning electron microscopy (FE-SEM). The results indicated that the
encapsulation in B-cyclodextrin improved solubilization, and the inclusion complex could serve as food supplements.
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Table 1. Classification of flavanones according to their skeletal formula

Chemical structure Flavonoid group Compound 3 4 7
3’ aclveone naringenin H OH OH
e it hesperetin OH O-CH, OH
. O-neohesperidose
7 0o S narngin H OH (rhamnose and glucose)
. L O-rutinoside
glycoside narirutin H OH (rhamnose and rhamnose)
oH G hesperidin ~ OH  O-CH, O-rutinoside

(rhamnose and rhamnose)

Dongducheon, Korea)s ©|-83led 24h & AZsI . Azxd
AMFEE= L&Y A Blender 7012S, Waring Co., Torrington, CT,
USA)E ol&ate] 2l Zafste] 1mm o|st= Eustste] Wi
B ARg-siaith

Eofik=o| F&

e AARFE EFHhbee FEE oldAS, €, A,
g A& o]t FESIATE oFdAlF FZ(subcritical
water extraction; SWE)-2 o} Al FZ 7 X](accelerated solvent
extractor; ASE 350, DIONEX Co., Sunnyvale, CA, USA)E ©]
g3to] FFReH, e AHe 4™ 1 gS TRE(ASE Prep
DE, DIONEX Co., Sunnyvale, CA, USA) 3 g3t £33 & F&
Aol €37, cellulose filter (Whatman, Buckinghamshire, UK)Z
A olgflol] Fztsle] FE3I T ol dAS F& VA FE A
o] B¥L Fig. 13 2l F&0] AW F& A 9B I
ZHE]3L F 1 min Bt Sl Eo] F& Ao ATt oF 5min
B¢ 4 90 bar oI BE F, FF ATbo] AR A

AZE st 2= 2d AR o8l 2xs dAE]
22 release valveol|] <3l 90-131 bar =5 A eth
B 9F 30 s <kl collection vialell(2F 30 mL) &
At 5 5% 110, 130, 150, 170 2 190°ColA
] 5,10 2 15min® 2 = 15 /M9 F&5& TP
F2e] oAl FEES SA7XVIE 24 h 5% s471=x
SIATh FAAZES] 0.06gS 102 HEREo] = filtering
(PVDF syringe filter 0.45 um, Whatman, Buckinghamshire, UK)
<, HPLCE o|&3ty 439t 4 F52 s A4 1g2
FHo| Wil g2pFo)A 100°C, 2h 59 FEIL FAARS
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HPLC &4

A54d FE2E FfEo e E2=R< naringenin,
naringin, narirutin, hesperetin, hesperidinS HPLCZ ©|-8-3}] %4
2 A B0 Y. 25222 295% narirutin (Chromadex Inc.,
Irvine, CA, USA), >95% naringin (Sigma Chemical Co., St. Louis,
MO, USA), >98% naringenin (Chromadex Inc., Irvine, CA, USA),
>80% hesperidin (Sigma Chemical Co., St. Louis, MO, USA),
>94% hesperetin (Chromadex Inc., Irvine, CA, USA)S AM&-313)
th A AAERE FE2E FEE THEHY de Sk
HPLC (HPLC 1260, Agilent Technologies, Waldbronn, Germany)
A2 Cheigh 5(16)°] W& HPsto] AHE-8l3itt. ZOR-
BAX Eclipse XDB CI8 3.5um, 4.6 mmx100mm<] column
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Fig. 1. Schematic diagram of subcritical water extraction system.

(AgilentyS ©]-83193, 142 0.4 mL/min, €7 aqueous acetic
acid solution 0.6% (solvent A)2} methanol (solvent B)E A}-&-3}
ATt 0-20min 10% solvent B, 20-40 min 40% solvent B, 40-
50 min 60% solvent B, ¥ 50-60 min 20% solvent B = A3}
ST} UV detector (Agilent)E ©]-83} 285 nmol|A 60 min &<t
AT

Al

=]
Al 247

A0 24

Zevl=e] B9 A8 4A FEE naringenin, naringin,
narirutin, hesperetin, hesperidin®] ¥FE2S Z7} 1,000 ppm]
100 uge- spikingdle] HPLC ZZFHE 232 retention time2] H]
o2 BAEAT. BEFRAE A7 Zekee] #FEE A
FHog v BT A3 F& 271 AAS naringenin,
naringin, narirutin, hesperetin, hesperidin &] ¥ 57l¢] Z2hil=9]
S=FS Z12) mg/g grapefiuit peel (grapefiuit peel; GFP) ©$91Z
ARkeder. ZH2ke] 24 A 5 212 STk i (my
g GFP)el 74 =7 548 218 4 F5 xdelga 473
st 2ela yhe Seked S 55 oK B
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A FE AGFE L, FEAHeE ARsE0 BE A
Z4zke] 7oA Al W ke Faste] BT HAR o=

ERfSlT). BAF Bl spss A BA AzESo)(version 17.0,
SPSS Inc., Chicago, IL, USA)E ©]€3} Duncan testZ p<0.05

o] fojgEollA A8l
b=l &St 3 S
HAzAc=Z HdAH %% < 40, 50, 60, & 70%2] B-cyclo-

dextrin® 2 A28t} 5555} B-cyclodextrin®] EFHES 14
@& 7](Poly tron-PT2100, KINEMATICA AG Luzern, Switzer-
land)E 18314 A2 5,000 rpmellA 60 s7+ F#238} SkAATh A2
5, sAAxE 0]4%}04 24h Azt 223 sigich =
F2E Ax B 30X 48h F 7EYE
B4 AxE wo= ¥l 9 vtk HARANA B-
cyclodextring Mgt Aed FE2E9 T2 3WE HEs
Atk 3FFe AEE platinume 2 80s7F
Cressington Scientific, Watford, UK)3+ &, Field Emission Scan-
ning Electron Microscope (FE-SEM; JEOL-6701F, JEOL Ltd.,
Tokyo, Japan)& ©]&3t] 2] A& T YA FH Fx o
e AT

S1¥)(Sputter coater,

A1 W @

e

Eoiib=e| Md ¥ HIT 24

Sehil= 2549 0.024, 0.048, 0.095, 0.190 2 0.380 mg/g
Hehe-g gt 10 Frol mE HFAe dxAA(R=
0.999 hesperetin, R*=1 naringenin, R’=1 hesperidin, R*=0.983
narirutin, R*=0.999 naringiny THFEUTE ZHzke] 2 BEAH
Fao] dapiAe| wel AR FEE] Suhvle ko] Sl

ST}, Fig. 29} 7o) X]—E@;é] FZEE= =2 narirutin, naringin,
naringenin®] ¥+=0] A

=o] AA-.

3L hesperidin, hesperetin= &% -

Eofib=e| =& F& = ¥

A EH R 7P ol FE e Eehike F
naringin® ©}JAISF F22] 170°C, 10 min ZAA Zth 78.100
mg/g GFP©] i%ﬂ"i\z}(Table 2). 71EAFAA ZAZolE 17 mg/
100 g edible grape fruit $H7-5o] Atk A1)} vwste] 3}
Folu F2HTh 7\}27@1101] Zalul=Est w9 o] F8-Fo]
Aths AMS & & Stk weEbA] £ Ao A5 NE o) &
alo] 2R Ao ]& = Aol =& A4 7IXE 7RIt} Naringin
o] F5 2o wE 4t B4 Ak oA F= 150°Cl
A 3238 10, 15ming 170°CAlA 15 min §9F 55 =AM
naringin®] % &#°] Duncan test?] 0.059] F=olA <2421
2ol 7t UEREA] 289kt 150-170°C 204 naringin®] FZ©|
BEFHH R o]FofA e AR ALREH A I o2& &
9] glo] golalal =AY {3/d5&0] naringin FES ¢
g Age FA4E el &2 J5ES Hole AR A7
Hr}. o] £1¢] FF Z79AM = naringin 79 {-oFQl XolE
Bt Naringin & Setvk=f® Z42be] % F232712 narirutin
2 olAdAISF 170°C, 15mino| A 8.613 mg/g GFP, hesperidin
150°C, 10 min®ll4] 1.117 mg/g GFP, hesperetine 190°C, 5 min®l
2] 1.988 mg/g GFP, naringenin> 190°C, 10 min®lA] 2.331 mg/g
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Fig. 2. HPLC chromatogram of grapefruit peels extract.
Extracted compounds: narirutin, hesperidin, naringin, naringenin,
hesperetin

Table 2. Naringin extracted from grapefruit peels using different
extraction methods

Extraction condition

Ftraction Temperature Time Colljg:lrtlrgalgon
method 0) (min) (mg/g GFPY)
SWE 110 5 34.724+0.97
10 75.198+0.98

15 35.244+0.84

130 5 70.138+0.97

10 38.717+0.81

15 63.361+0.71

150 5 49.52440.92

10 70.985+0.72

15 71.468+0.66

170 5 59.770+0.74

10 78.100+0.75

15 71.187+0.64

190 5 62.674+0.78

10 58.704+0.59

15 50.936+0.51

Hot water 100 120 56.101+0.57
Methanol 60 120 61.826+0.28
Ethanol 60 120 60.668+0.24

Each value is represented as meanststandard deviation. Data are the
means of three determinations.
UGFP indicates grapeftuit peels.
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= 22 v EAE FE3] 8olsith 53], Table 13+ 2
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Fig. 3. Comparison of conventional extraction and SWE of
flavanones from grapefruit peels. Experiments were conducted in
triplicate. Each bar represents mean and standard deviation values.
GFP indicates grapefruit peels.
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WAtk 100°C, 2h &S FES SFEHS 62.006+1.72 mg/g
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U= Edol A9 glo] A4S 7P FUrZ AEs AA=2
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Fig. 4. Schematic illustration of $-cyclodextrin and active substance to form inclusion complex (A). Analysis surface-structure of extract
(B), B-cyclodextrin (C), and encapsulated compounds using FE-SEM (D).
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