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Summary

New HPLC method was developed for determination of some flavonoids
such as naringin, hesperidin, neohesperidin, rutin, quercitrin,
naringenin, hesperetin and apigenin and their contents in citrus juice
and citrus peel from citrus varieties grown in Cheju.

Detection was at 280nm and reversed phase H-Bondapak C-18 column was
used. Better resolution among flavonoids was observed in pH 4.0 or less
in 50% methanol with acetic acid. Water/methanol/acetic acid as the
mobile phase was better than water/acetonitrile/acetic acid. The
stability of standard flavonoids solution by solvent was examined in pH
12 adjusted by 1IN-sodium hydroxide solution, methanol and 20%
n,n-dimethyl formamide in methanol (20% DMF), respectively. Flavonoids
was more stable in 20% DMF than any other solvents. Standard flavonoids
solution was injected three times consecutively and the reproduciability
was 0.24 to 3.56%. Correlation coefficient of the calibration curve,
with 5, 10, 20, 404 of standard solution, was 0.9946 to 0.9999. The
extraction efficiency of hesperidin from citrus peel was evaluated with
different extraction method such as reflux, ultra-sonicating method,
using three solvents (aqueous solutions with pHl12 adjusted by IN-sodium
hydroxide, methanol and 20% DMF), respectively. The reflux for 4 hour in
20% DMF was the most efficient of the tested methods and solvents.

Flavonoids were determined in citrus Jjuice. Naringin was 30.2~
68.2mg/100m¢ in Dangyooja, Natsudaidai and Kinkdji. Hesperidin were
85.6mg/100mé in Sankyool and 18.1mg/100m¢ in Hungjin and Sanbdkan.
Neohesperidin was 10.5~25.3mg/100m¢ in Dangyooja, Natsudaidai and

Kinkdji. Rutin in Navel-orange and Hungjin, and quercitrin in Hungjin and
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Meiwae Kumquat, and naringenin in Sudachi were 2.00mg/100m¢ or less.
Flavonoids were determined in citrus peel. Naringin was 100-110mg/g
for Naringin in Dangyooja and Natsudaidai. Hesperidin was 129-242mg/g in
Hungjin, Sankyool and Sanbbkan. Nechesperidin was 34.4-87.9mg/g in
Sudachi, Dangyooja, Natsudaidai and Kinkdji. Rutin in Sanbdkan, and
quercitrin in Iyo and Natsudaidai, and naringenin in Navel-orange,
Dangyooja, Natsudaidai and Kinkdji, and hesperetin in Dangyooja,

Natsudaidai and Kinkdji were 2.00mg/g or less.



I. ¥ =

Arze] ZE2 FZ vtoydRds AAPE 19889 412,660 M/TolAN
1992 718,700 WTOE A& F7t Aol ArkAFE, 1993). olg ZAIF
o] FHEoRE AEYHoR Fatt @ W f{riitz AeFeg Fa¥ v
E}gl 3 flavonoidsZ7} <eltt. ZEFHFe flavonoids =L ZE+= naringin,
hesperidin, neohesperidin, rutin, naringenin, hesperetin, narirutin,
nobiletin, tangeretin, sinensetin, natsudadain, didymin, poncirin,
eriocitrin, 5,7,4’-tri-methoxylated flavone, sudachitin, 5,6,7,4'-
tetra-methoxylated flavone, 5’'-desmethoxy nobiletin, 4 -methoxylated
flavone, 3,4 -di-methoxylated flavoneZe¢| K I1x31 <QlCHHarbornez}
Mabry, 1982: Wh#+=} ILM§, 1971).

Flavonoids Ade] Aol x £ 03 A&l olo] A3 HIE Matsubara
5(1985)2 *Fuztyle] A4 FEEEFH Y& AshIe =3HY
narirutin?} rarcissing £a|3l o]5 flavonoids ViRHNUS Helslg o
o, lio $(1984)& flavonoids7} ¥X& oWsi= A7) ASES BRI
th 2} §5(1988)= ZFulelN &% ¥4 HA naringin®] FHAES
B slg oM, Franciss(1989)2 flavonoids”} aflatoxin Bl2] E@Ho|E S
g gicta RSt

¥H, flavonoidst A FUAHOE Fasled ZFd 7IFAFA EAFE 7HA
31t 53] z2+221 flavonoids® naringind 2 8hE U2 2 (Horoitz}
Gentili, 1969) Zt=2] E31#3} 2elo] ¥, 0lson %(1979)2 naringinase
E o|8&3lo] grape fruit F22 & & AAY F Atz B,
Matthews S5(1990)2 styrene-divinylbenzene resing AM3lo ZaHFAY
limonin?} naringing& AMAY 4 U2 Rastyct ZHEF flavonoidsE =
T2 FRHFOTA hesperidinZ 2AZo] #FH Fol HEHYEAR juice
Az F A7t Z2lol wel HetE YBIANIIBE ZFF22 FAAS ddo]
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gt el A 2ols hesperidinased AbE3to] hesperiding £3iAdo] =
& hesperidin-7-glucoside® &&isto] wWENS Wx|stz  Qdct(@I T,
1985).

Flavonoids £ o8 pavisy, A&y FHPew, 32 olEAety
¥ (Tatum2} Berry, 1973), HPLCH, GCH(Casteele &, 1976) ol 2ith
Davis]2 Ztet Al43ta u] o] Asted F flavonoids& thfF o= F&
sted AYsh nMeiAel hEo] olu, UFIAZotEIAtI Y Y U
Aol Ayt A Zto] wol &0 /Y HEE YU of2Re] o
T} EF GCHE trimethyl-silyl(THS) SEABE A7|EE Hddo] Wolz
t}. matd 2272 71708 flavonoids& P sledlE HPLCHOl 718 B¥
3wy o eajxx QtHTing?} Rouseff, 1986).

23 H% flavonoids®] HPLCO 23 EM¥PHES X, Rouseff(1988)=
28X # AL}  grapefruitFAES FHSIZ ¢Sl c-18ZE oA
water/acetonitrile/acetic acid(79.5/20/0.5, v/v)& A}&3}od narirutin,
naringin, hesperidin, neohesperiding ATBEAMIlIHE=H, o] WHS
hesperetin ¥ apigening 2A ¥ $ ¢l wAo| glrl. Perfetti 5(1988)2
LAXNFA AEL PEsHs] fist C-18LHY LUhRA 0102 Alelof
20%B—50%B (A: acetic acid/methanol/water = 1/5/94; B: acetic
acid/acetonitrile = 1/99) gradient& Al23}o] narirutin, hesperidin,
didyning& B EMIg=d o] #YL carotenoidsE hexanelZ FYI ¥
methoxylated flavonoids& methylene chloride® zE¥st= AAe|l Fof
ol 8ol Umzing AFgFMo] L3177t olYPrh Park (1983)2
C-8Z et} 0455 A}olofl A—B (A: methanol/acetonitrile/0.5% acetic acid
= 5/10/85: B: methanol/0.5% acetic acid = 95/5) gradient& A}&35}le] 23
Z] 2] of A naringenin-7B-rutinoside-4’ -glucoside, eriocitrin,
naringenin-7B-rutinoside, hesperidin, isosakuranetin-7-B-rutinoside,
sinensetin, nobiletin, tangereting A3ttt} o] u#hHE tzle]of A
hesperiding F&3}31 4108 zZAAst= 2HPol QoA A7x] YE8& &
Aol FE® £ o= FHHol glovt, i, de|Azlol ojste FFEME
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Z 2= flavonoids7h H3tY 7lsAdol &rh #@)I 5(1985)L 22wz 2
hesperiding-2] #4A F3NES A3¥sl7] 28t hesperidinase® H a3t
hesperidin, narirutin, hesperetin-7-glucoside, naringenin-7-glucoside,
hesperetin , naringening& B&FAM 3t =0, flavonoidss & 2e]Lelof A
o WAt FaHEE FEA U ZAZF o] NaOHF-EN S ALY o]
U2 AREA A2t #3EY 2271 9t

3 flavonoid®] HPLC A WHMEL JAI3H M2l a8Wg
w2 %3 ¢lem, naringin, hesperidin, nechesperidin, rutin, quercitrin,
naringenin, hesperetin, apigening& FAlo] 23 wHe RIH ul g
ch ety 2 dAPoiME ZFR flavonoids®E TR0 T Zx|slHA Al
EYAoz 293t naringin, hesperidin, neohesperidinz} nj&}Ad2el
rutin, quercitrin, naringenin, hesperetin, apigenin 4¥5& HPLCo| 2
A FAlo] BRENYE £ e HYZRAL FHED, o] ubHol osja =

FEA AEF FLEF 1152 flavonoidsE B35l #arg ZAbsiadch



. & 9 KHE

1. M=

1) 2&F 9 AlY

HPLCEA o AMEH HFFEFZC2A naringin(GR, N0073), hesperidin(GR,
H0049), rutin(GR, R0035), quercitrin(GR, F0013), naringenin(GR, \0072)
4 hesperetin(GR, HO721)2 Tokyo Chemical Ins.(Japan) AHZE,
neohesperidin(GR, N-1887)3} apigenin(GR, A-3145)2 Sigma Co. H|E& A}&
3ten, HPLC 427 ZE % ZEF flavonoids A& 93 X2 E 9
SE= Table 12} Zth AYoll AEH methanol, acetonitrile, water:=
HPLC-&& AFE3le o™, acetic acid, meta-phosphoric acid, n, n-

dimethyl formamides E3& Al&3}ac}

Table 1. Concentration of flavonoids for HPLC analysis

Flavonoids Abbreviations Concentration(g/mt)
Naringin (NG) 74
Hesperidin (HD) 82
Neohesperidin (NHD) 76
Rutin (RT) 184
Quercitrin (Qcr) 116
Naringenin (NGN) 54
Hesperetin (HT) 46
Apigenin (AG) 120




2) ZEAE

HFzAL g FFol AHitglo]l 7MY WS RBFLEBM(C  unshiu (L
Ousr). ©WEF(C obovoidea HORT. ex Twwnen), <EH(Fortumnella crassifolia
Sar) & NARA T&FolM, $THR(C sudachi HORT. ex Sumi)e A7
XA sldZoiA, EHWE(C natsudaidai Hirs) 2} =RM(C sulcata HORT. ex
Taws) & EHFZE LdE Aldoglold, dolE LHR|(C. sinensis Osax) 2t B
BHI(C  iyo HORT. ex Tww)S AT AW 3eeloa, M%(C
nippokoreana Twws)< BAFE 4tg ddeldlM, EMT(C grandis Ossex)
= BAZZ ofl¥g YZeleld, MTF(C Junos SIEB. Tuw)e MHAXEA] st
FollA 2§38t cHTable 2).

Table 2. Sampling regions and scientific name of citrus varieties

Commom or Scientific name’ Sampling
Local name regions
Yooja (YJ) C Junos SIEB. T Hahyo Seogwipo
Iyo (1Y) C iyo HORT. ex Tawu Hwasun Andeok
Navel Orange (NO) C. sinensis Osax Hwasun Andeok
Hungjin (HJ) ~ C. unshiu CV. Ousn Dosun Seogwipo
Sudachi (SC) C. sudachi HORT. ex Surpar Hawon Seogwipo
Meiwa Kumquat (MK)  Fortumnella crassifolia Suvar  Dosun Seogwipo
Sankyool (SK) C. nippokoreana Twi Samdalri Songsan
Dangyooja (DJ}Y C. grandis Osseox Napup Aewol
Natsudaidai (ND) €. natsudaidai Haum Shinyeari Namwon
Kinkdji (KK) C obovoidea HRT. ex Tewusa Dosun Seogwipo
Sanbokan (SB) C. sulcata HORT. ex Twwa Shinyeari Namwon

( ) abbreviations

* &(1988): ZK(1966)



e @A 42 g AN ZIUTFY FAES W Ay U
of A 15-2070& 2H2|5ted Mol AHEH wi7hA] MRSt 7ToA BT
A ARE AMESHECH

2. Yy

1) ZA

Pump(Waters 510), injector(Waters U6K), u-Bondapak Cig column (3.9mm
I.D. x 300mm L., 10im), turnable absorbance detector(Waters 486), data
podule(Waters 746), automated gradient controller® F¥ High
Performance Liquid Chromatography, Spectrophotometer(Hewlett Packard
84524), WAlEe]7)](Hanil Industrial Co. H50A-8), Ultrasonic(Branson
1210R-DTH) X! Homogenizer(NIS AM-7)& A}£3}oict.

2) HPLCY] ZA&my MH
z}zte] BFEES nwmethanolo] £313} 2002/mt £AES RAY F
Spectrophotometer € scanningdl EXE7} &2 1AS Meisiact

3) olEde] A4

o]%Ate] pHoll W2 flavonoids®] el 2E Al¥]7] 28to] 50% methanol
o] XAh& 7tstod Ztz} pHE 3.5, 4.0, 4.5, 7.008 X5l o|FHCE 3}
3, 1.5nt/min &8 EFAE 104 FUst FEA4slgch o] ofujdHe
A2 ZAg ulgle® BE o|FA 1000meo] X4t 5mE WU, olFA
© 24 acetonitrile/water/acetic acid B methanol/ water/ acetic acid &
ol thste HESBIH oM, oAt 242 Table 32} Zrh

o] d¥olN ¥ Zzlo] uwel o]FFeE FE A5t Table 42} T2
HPLC &M Z23& 4% starct



Table 3. Composition of HPLC mobile phase

Mobile Phase

Time(min) A B C D E F
CHaCN/HAC(1000/5) 20 0 8
0 CH30H/HAc(1000/5) 40 0 15
H20/HAc(1000/5) 80 60 100 100 92 85
CH3sCN/HAc(1000/5) 20 8
15 CH30H/HAc(1000/5) 40 15
H,0/HAc(1000/5) 80 60 92 85
CHaCN/HAc(1000/5) 20 15
20 CH30H/HAc(1000/5) 40 30
H,0/HAc(1000/5) 80 60 85 70
CHsCN/HAc(1000/5) ' 20 100 30
50 CH30H/HAc(1000/5) 40 100 60
H;0/HAc(1000/5) 80 60 0 0 70 40
A,B : Isocratic analysis
C,D : Linear gradient analysis
E.F : Linear gradient analysis from 15 to 50 min



Table 4. Analytical conditions for flavonoids by HPLC

Instrument : Waters Associates HPLC system (Detector Model 486)
Column : p-Bondapak C-18 (3.9mm I.D. x 300mm L., 10um)

Detector wavelength : 280nm

Flowrate : 2.0 mé/min

Injection volume @ 10 (£

Column Temp. : Room Temp.

Mobile Phase

Time(min) Methanol/Acetic acid(1000/5)  Hz0/Acetic acid(1000/5)

0 15 85
15 15 85
20 30 70
50 60 40

1) BE2E] 83 L ¢AEE AW uiu B
EZLA 24 ¥ EMA7AY dFEES AR MM =

IN-NaOHZ pH 128 ZA% $£8£9 40mof £3}3t3 12.5% meta-phosphoric
acidE 7}5to pH 7.622 ZAY F E& 7}sled 50me 2 B-£8lod Table 13
ge w52 sidr. ¥8, ¢i2 SU BEFS 2sto] 247 methanol, 20%
DMF(n, n-dimethyl formamide®} methanol-Z 20:802] H¥|H|E E3})o] B3jA|A
Table 13} ZL %EE 3o B0 g 3idct o] A7txA EEEAS IR
AAsEA 0, 4, 24, 60N ZHHOR Table 48t T2 2l M43t &

si7t 43 ¢34 e golE Mgt

5) 2@~



20% DMFoll &3j3t ¥F 8 10448 HPLCE 33] 2Aslo] xS FAsA

c}.

20% DMFoll 833t ¥F9 5, 10, 20, 4043 HPLCE EA{slo ZAkd g 2

%
A stodct.

7) @2yl A flavonoids?] F+&

FARNLFE sl Z4AE 7EX|3 15,000rpmol Al 1582 FA s
1g& 2|5ty IN-NaOHE pH 128 Z ¥ 4§, pethanol, 20% DMFE 2Z}Z} 20
¥ & 7}stod 30E, 1, 4, 6, 8AIZt XU E: 2, 4, 6, 8AIZ -84

&
BRFasidch. Fad4S 324 F Fhatmann no. 1 X2 2313 FY
3 ol MAsled Yol 25meE BtHTh o] A& 0.45m filterE o 3}3}o]

= stedct

8) ¥1¥+&

FARPLF) Ay E FAMNY A 1gd st EFY 10m¢ H 20% DMF
100 E 7}8le] F8A oA 4A| 2t BFF 283 Fhatmann no. 1 AR E o3}
B3l 20% DMF2 M A%t ¥ 25me T A Estgc) o] A& 0.45m filter® o2}
sto] A stct

9) F22o AAe

A2E Yo F FALS AAL FAZ|(ajutA7])E ARt A Ftn
3000rpmof A 108 H<9F AlE2](Hanil Industrial Co. H50A-8)%} ¥ At3of
& Fe|stadct. Eag A3 Whatmann no. 1 9YAE 42 F 0.45m
filter2 of2}5to] HPLCR FA] EA3stalct

_.11_



m. #HE 3 #x

1. HPLCS] H&ug

227t B E 2¥Ho] oA HPLCol 2)8td flavonoids®] HBAMA] ZA&u}
AL 254nm(FH & 51, 1990), 280nm(Rouseff, 1988. Perfetti %, 1988:
Velloglu®} Mazza, 1991: Park 5, 1983: Galensa®} Herrmann, 1980: o] &,
1987: 4 %5, 1986), 283nm(1®)Il 5, 1985) W 313nm(Ting %, 1979)o]2ic}.
w2ty ol& mAo|A 8%F2] flavonoids HFE(2004g/me)o] chdod
spectrophotometer 2 scanning?t A2} F# %= Table 52 Zrtl.

Table 5. Absorbance of several standard flavonoid solutions

with different wavelength

254nm 280nm"* 283nm™ 313nm
Naringin 0.221 2.178 2.291 0.512
Hesperidin 0.234 2.243 2.345 0.556
Neohesperidin 0.195 2.004 2.114 0. 457
Rutin 1.020 2.791 2.534 1.706
Quercitrin 0.620 2.663 2.550 2.017
Naringenin 0.279 2.205 2. 364 2.494
Hesperetin 0.236 1.930 2.149 2.499
Apigenin 0. 500 2.552 2.604 2.490

%% high significance(a=0.01)



Table 50 4] 2} o] quercitrin, naringenin, hesperetin % apigenin®] &
T 313mmolA =4 UEldeu BE AR tisiA 280nn ¥ 283nmol A
EZ357 wA(e=0.01) YElton, 254npolld= FRE7E WA UEebsTh
280nm 3 283nmoll A H-oixte AFEA dgtort 280nm AF IR HEVE
A2 5 A E 517] 9t 280mnE ZREuPPL T AMEIstTt

2. ol EA 4H

¥zl F2 AHEEI 9 HPLC G4 ZRo] 23 flavonoids EMolA= o]
Ex 02 M water/acetonitrile/acetic acid(Rouseff, 1988: Perfetti %,
1988), water/methanol/formic acid(Velloglu®} Mazza, 1991), water/
acetonitrile/methanol/acetic acid(Park %, 1983), water/ methanol(%| 2}
3, 1990 ¥ 5, 1986) W water/acetonitrile(o] &, 1987)& AM&-3}i ol
t}. uwlz}A] water/methanol/acetic acid ¥ water/acetonitrile/acetic acid
o] z=¥of cizty ZEY Hart Adrth

pHe} retention timez}e] VAIZHE pH7E 22lol ojX= H¥2 Fig. 134
Zt}h. Naringenin?} hespereting pH 4.5 0|3} oflA] 227} A|ZlE|o] pH 4.0
olslof A &M Fe|/t Hded oy Ax:e ol2HAZutEActH e
Zlofl o3 227t {NY o YU e YEEL oIl HEFF o
FEA o] welxlE A2te ooy Felo d¥o] ¢lArh olFAe W&
flavonoids 2} HE52 22 Aj7t2 Table 62} ¥ chromatogram Fig.
2~72} th olFAt Af] A% rutin 4EY Fele A HAeu, naringin}
hesperidin, neohesperidin®} quercitrino] ZX A UEI}H naringenin,
hesperetin @ apigenin’d 2] HFEA| o] YR Z1 I A7} broaddfA 3
Mol etsigdct. o] %A B2 A% neohesperidin, rutin, quercitrin ¥
naringening] 2| 3 ¥ 2 91}, naringinz} hesperidino] A A Uephtn
hesperetin X apigenin’d&2] HF-FAIzte] YR Zojzlrh ibde] o]F4 C
] 729X naringinz} hesperidin, neohesperidinz} quercitrin, %
hesperetinz} apigenin®] peak?} ZAAA UElKdTE olFA Do FeE=



0—D naringenin  4—2 hesperetin
s 8
£
~ A/\
o
E A ¥
e 77 o
S o
=
L
(3]
C 6t

}
5 L ! A A
4 5 6 7

Fig. 1. Retention time of naringenin and hesperetin
with pH.
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Retention Time(min)

FFig. 2. IIPLC chromatogram of flavonoids with mobilc phase A
1. Naringin, 2. Hesperidin, 3. Neohespenidin, 4. Rutin

5. Quercitrin, 6. Naringenin

5¢
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Fig. 3. IIPLC chromatogram of flavonoids with mobilc phasc I3

1. Naringin, 2. Hesperidin, 3. Neohesperidin, 4. Rutin

5. Qucrcitrin, 6. Naringcnin, 7. Iesperctin



o 8 16 24 32 40

Retention Time{(min)
Fig. 4. IIPLC chromatogram of flavonoids with mobilc phasc C
1. Naringin, 2. Iesperidin, 3. Neohesperidin, 4. Rutin

5. Quecrcitrin, 6. Naringenin, 7. Icsperetin, 8. Apigenin
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Fig. 5. IPLC chromatogram of flavonoids with mobile phasc ID

1. Naringin, 2. lesperidin, 3. Neohesperidin, 4. Rutin

5. Quercitrin, 6. Naringenin, 7. Ilesperetin, 8. Apigenin
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Fig. 6. HPLC chromatogram of flavonoids with mobile phasec I£
1. Naringin, 2. Ilespenidin, 3. Neohesperidin, 4. Rutin

5. Quercitrin, 6. Naringenin, 7. Ilesperctin, 8. Apigenin
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Fig. 7. HPLC chromatogram of flavonoids with mobile phase I
1. Naringin, 2. Hesperidin, 3. Neohesperidin, 4. Rutin
5. Quercitrin, 6. Naringenin, 7. Iesperetin, 8. Apigenin
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naringinZ} hesperidin®] 37} BelEA] ¢igom, ojFA EE AHEY F¢
o &= neohesperidinz} quercitrin® ¥ A7} 2e|=#] ¢tator} oAt F& A}
2% H$ollx= 2 flavonoids A EE2 2|71 TS olF4doll uls) 4-31A

LEEbLE &2 A EolA HA olFdor duysialch

Table 6. Retention time of flavonoids on six mobile phases

Retention time (min)

Mobile phase’ A B C D E F

Naringin 8.10 7.69 16.02 25.53 34.03 32.14
Hesperidin 8. 65 8.26 16.16 25. 87 34.72 33.02
Neohesperidin 10.16 9.48 16.58 26. 43 35. 81 34.08
Rutin 14.59 11.65 14.83 27.32 31.04 34.72

Quercitrin 10. 61 17.73 16.58 29.03 36.31 37.84
Naringenin 48. 48 25.95 22.06 30.88 50. 52 40. 83
Hesperetin 3 32.27 22.59 31.57 52. 81 42.72
Apigenin 2 ¥ 22.59 34.78 54.32 48.72

% . See Table 3 for the names of mobile phases

- : Not detected until 55 min

3. EEEY &3 9 ¢HEES Y a3

HEZEEE IN-NaOHE pH 128 RZA¥ 8 methanol I 20% DMFoll 24z}
£3)3lod 0, 4, 24, 60X F HPLCE ¥ ZA}= Fig. 83 Zrh
Naringin, hesperidin, neohesperidin, quercitrin, naringenin, hesperetin
2 RE gujold Azt ztel wE UL 95-105% HAE LFsct
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Fig. 8. Ratio of peak area for flavonoids in different

solvents with storage time
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0% DMFollA] QFA 51 O L} NaOHS=8-oloflA] Z2otA3le] 2

2
Zbsteizt Ztaste Z¥E& HAon, apigenind EE &mielA FH3] F7t

Aol £MT gt o] F+5tH o, NaOHFE Ao &317F &ol¥ dhdd
37t 9 SHEYE A o] ZEHAUML ols AT FE YA
233tc= Horowitz@} Gentili(1969)2] R 1o} ¢x|stgdct. whely EEL
2 20% DMFoll 8-3li3to ARE-31aich.

4. 2@ A
20% DMFoll £33t X F ) 1045 33] FA¥ A2} Table 72 Zrh

Table 7. Reproduciability of peak area and retention time

in flavonoids analysis

Peak area Retention time(min)
Mean RSD(%) Mean RSD(%)
Naringin 1197957 0.26 32.14 0.14
Hesperidin 1264464 0.32 33.02 0.11
Nechesperidin 1322857 0.39 34.08 0.12
Rutin 1571250 0. 36 34.72 0.13
Quercitrin 1164247 0.24 37.84 0.11
Naringenin 1453688 0.40 40. 83 0.09
Hesperetin 1448621 0.54 42.72 0.06
Apigenin 2686304 3.56 48.72 0.04




Table 70flA 2} o] peak area?] AITRFEFBXHRSD)E quercitrin 0.24%oj
A apigenin 3.56% T UEIon, WMEFAZRY AtjEEHxE
apigenin 0.04%0] 4] naringin 0.14% ¥ A UFII AAE vehjedr).
Rouseff(1988)= peak area®] AtlEEHx}7} naringin 0.47-1.06%,
neohesperidin 0.40-1.27%2] ¥ ¢jo]3 MF-ZA|Zte] At EFEH 217} naringin
0.27~1.08%, neohesperidin 0.034~0.92%2] H¢letx Rustd =g, 2 Ao
4= peak area®] AUIEFHx}7} naringin 0.26%, neohesperidin 0.39%0]%
S HEAIZEY] AfEFEH A7} naringin 0.14%, neohesperidin 0.12%E U}E}
U 2@ o] fstadet. 22} apigenino A peak aread] AThEZHxIL
3.56%2 A 7H3 AP gol UmA Ueixted, ols He FE8Y FHE
YAt 2O Z apigenin® E¢tEY wWEOoE FztHct

5 A»A

20% DMFoll &3§%F ¥ & 5 10, 20, 4048 HPLCE 2% AAML Fig.
99} 103} Uch AFMLY AHAAS(R)= 0.9946-0.9999M ] 2 A  Rouseff
(1988) 7} K313t 0.9992} H]=¥t A}E YUERf L]

6. 2@ uolA flavonoids?] &

A E22E flavonoidsE F&3t=tls NaOHFE (M) 5, 1985 o] &,
1987 . Ting &, 1979) &= methanol(Perfetti 5, 1988: Velloglu®} Mazza,
1991; 9 5, 1986)& ARg3ted AYFEE AU +84 BF FE5 3ln
2lth. Methanol?] 7§+ hesperiding] &3 =7} Y& EH 7} Q3, NaOH$&
o2 flavonoids®] #3] 7}sAdo] Qlct.

FAZzPLF ANF AEE 53, IN-NaOHE pH 128 Y $go,
methanol X 20% DMFS & LulE3lod 0.5 1, 4, 6, 8AI &3} e} T
T 2, 4, 6 AT &Y BFRFES ¥ A Fig. 113 Yrh oA}
Zo] XSIY Hrle $84 BEFSo] ¢ilgdon, F2LmzA=
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IN-NaOHZ pH 128 XA $£L98 = methanolo] $+351%9 3 methanol BT}
£ 20% DWF7} $-5tgict AZPEEE 205 DFlME 4X 7 BEFET F S
o, IN-NaOHZ pH 128 Z 33 FEJoljrM= 441 BFEFSY Z 97t 47
F2H 80| 4812t Methanolol & 6A]2 BFEFET HPo F2HEO
713 9435t o 5(1986)2] Naol xSt oLt 20% DMFolA 447 B&F
F2% ZL7t FE2H 80 ¢ 45idnt. webyq £ ABoM e Aol &
TS BEE F2H 80| &2 205 DFolA] 4A]ZH &3 A5 dedsiact

7. A sE

TARAXF AN E ARE 3o AL EE JFHY Zs Table 83
Zrh

Table 8. Recovery of flavonoids extracted from citrus peel by reflux

added( 1g) recovered(g) recovery( meantSD % )
naringin 580 473.6 85.7 + 2.49
hesperidin 700 637.7 91.1 + 5.28
neohesperidin 660 622.8 94.4 + 4.54
rutin 144 133.9 93.0 + 6.06
quercitrin 800 1066 130.0 + 14.7
naringenin 440 359.0 85.6 + 2.60
hesperetin 440 474.2 107.8 + 1.29
apigenin 880 686.4 78.0 + 7.11

3482 78.0~130.0%0]21 2™, quercitrin?} apigening A &3tH I8
o] 85.0~110.0%¥ 9] T L4=35}9c}. Quercitring] 7S 3 4$8o] 130.0%s2 =



A el 212 HEEA o] quercitrinzt FARE EFo] AEH Zeg B
oln apigenin®] 7Z-$ ¥ 8o 78.0%% 2 A F84 AT BFRF2
HollA o] o3 FH Ao FFHUrh M@ F(1985)2 Satsuma
mandelin juiceolAl ¥ 40| hesperidin 102.4-105.8%, hesperetin 96.3~
98.1%2 R15lgdom, Rouseff(1988) L3z FAoAMe ¥Hepgo]
naringin 97-102%, neohesperidin 93-98%% X isigi=d], & AHoA 4
£0] naringin 85.7%, hesperidin 91.1%, neohesperidin 94.4% W hesperetin
107.8%2 A Z¥ o] f= AP o]z A JHdste AFFo) =37t 4
Zog FAHcH

8. tEAA AU 7Fzu F9 flavonids ¥

nFaa q zhadzby] 22 flavonoidsE® #4% HPLC chromatograms<
Fig. 120] uYehlglem, flavonoids®] #8& Table 9o UERjQCT]H
Flavonoids®] $eb2 2Mwty ige| AAz], zZde $R]A7|d A I8
& werh 24y wE E$PHHE B EA BA(1983)2 Hassaku
juice® naringin®o] Davis® &2 41mg/100méo]L} HPLC*H A= 12mg/100me,
Natsudaidai juice€ naringino] Davis™] © 2+ 55mg/100méojL} HPLCH oA =
29mg/100m¢ 2 Davis'o] HPLCH XU} oF 2u) o]4}t WA UERdcrt A& HA
glof wE HeHILE BE FZo] ¥ F (o] F, 1987)7t FA&E o243}
of AN BMY AS(o] 5, 1979)Rch 2v] o] wA Urhltd, 7877}
o A+F YFS gLastdrHEE 2} X, 1983).

2FFAA 29 naringin ¥ 3lF 68.2mg/100m¢, P2} 42.5mg/100mé
3 ZZ=olA 30.2mg/100mE A UERGR, #2 2 $TiRIE 8. 00mg/100
mtfejgon, olofzt, uE, ¥, 27 itd d HRZME ZEEHA U
olt}. o] Az B2} EX(1983)0] natsdaidaiollA] 50mg/100gC. 8 X 1%t
A} visesiglony, A BA(1983)o] ojoiztz ulgolAl, o] F(1987)z}
)l 5(1985)0] &FolA naringino] Z&EA] Qgltie Biet dxstaict.

2@dF2A %9 hesperidin ¥ AtZolA 85.6mg/100mZ TS FFof
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Table 9. Composition of flavonoids in citrus juice and citrus peel

Flavonoids®
Citrus

varieties™
\G HD \HD RT QCT NG\ HT

YU 8.02 9.03 4.28 ND ND ND ND

1Y ND 6.60 \D \D \D \D \D

\O \D 10. 4 ND 0.52 ND ND ND

HJ ND 18.1 ND 1.81 0.53 ND ND

Juice SC 7.8 7.49 5.04 \D ND 0.08 ND
(mg/100me) MK \D 2.67 ND ND 0.53 ND ND
SK \D 85.6 ND \D ND ND ND

DJ 42.5 \D 25.3 ND ND ND ND

ND  68.2 \D 15.7 ND ND ND ND

KK 30.2 1.13 10.5 ND ND ND ND

SB \D 17.9 ND ND ND ND ND

YU 16.9 283 19.3 ND ND ND ND

1Y ND 116 ND ND 1.24 ND ND

\NO \D 112 ND ND ND 2.67 ND

HJ ND 242 ND ND ND ND ND

Peel SC 16.3 55.9 42.9 ND ND ND N\D
(mg/g, dry basis) MK ND 2.98 1.47 ND ND ND ND
SK ND 129 ND ND ND ND ND

DJ 100 ND 87.9 ND ND  0.29 0.28

ND 110 ND 34.4 ND 1.42 0.20 0.30

KK 58.5 6.22 35.1 ND ND 0.53 0.44

SB ND 164.8 ND 1.08 ND ND ND

% See Table 2 for the names of flavonoids.
% See Table 1 for the names of citrus varieties.
ND: Not detected



3to 718 wA UEixton, FA @ ABZE2 18pg/100m J2] 24 §tero]
woem, #z2, oldZ, W& W Frirl= 6-10mg/100me Helol T}, FHH
222 FEAA = 3.00mg/100meo) L2 A fato] 7pF yotonm, ©hezt g
stdolMe &= oalrh o] ZAzlel &KF 5(1982)0] Satsuma mandarin
juiceol A hesperidin S 47-71mg/100m¢E H ¥ Az} 2pol7} 2 2L
YR (A= =Y)de 2ojolm, /Il 5(1990)0] hesperidin et u
QWX FA  34~58mg/100g, o] LFA  26~51mg/100g, SFTHREA  3-
7mg/100g, FRIFA 11-17mg/100g2 B3 2z} xjo]j7} Qe AL AARA
Aol /Pl 5(1990)2 o2} o] Mof NaOHZ flavonoidsS £3[A] 71 2R A}
o] o] AztEItt. = @I 5(1985)0] Satsuma mandarin juiceol A
hesperidin ¥%& 73.5mg/100mtE H1¥ ZHT} §ado] e Ae B2 A¥
oAx FA2E st AY EMIAXY, @l 5(1985) FAS NaOH$ &
doz F&3lo FMBAr] fEe Ao FFHTL W o] 5(1979)0]
27L& F2 hesperidin ¥&E F3 26mg/100mE B3 2z} §ao] zpab
HlR3 = ol F48 o2ste] HPLCE BA43 Ho] 5U3y] mEe 2
oz AZtdrt ZAEFH2A 39 neochesperidin L W2tol A 25.3mg/100
wZA 71 w3, std W FFA= 10~-16mg/100me Melgon, Sz 1
FrH¥ = 5mg/100m¢ LR E LiElW ¥bE olodzt, ulE, ¥, 27, g q
HEgA= AEHA 4t ZFF2L F2 rutin FARPLFY U
L#x]olq 0.52~1.81mg/100m¢, quercitrind ¥R} ZZtolA 0.53mg/100me,
naringening F-C}R| o)A 0.08mg/100m¢E ¥tato] nj$ yloti=t], o] Simon
5(1992)0] #x] FAolA rutin & 0.3~1.22mg/1 L2 B} Z 2t}
CIPS S =

22y 9 naringin ¥FL shFolA 110ng/g, Z-F=lolA 100mg/go] 7
250l tE EF T A Ueikton, FFats §2 W FriH R o)
wAUTL MWE} EA(1983)2 natsdaidai®] ZHEF¥] 2 naringin®] ko)
567mg/100ge] 2t R 3tH =t o] AHolA naringinel ¥3Fo] mf$ A L}
Ehdt 212 ARE J1Eo2 3L AN dREojtt. zEy F9

%



hesperidin &2 F2loA 242mg/gC T 2, 272 U FIFRET} o)
A UEtten, oldizt, JlE, 4td 9 AR 112-1650g/g RS BA
g&ol w2 Holdrt. ¥H [Aolr= 28.3mg/g, TRl = 55 9ng/gl
2A o] st TRzt 4l stFolMe HAEE R ottt M@ 5(1985)
A|2tE]= Satsuma mandarin 2}¥]2] hesperidin ¥} 1341~2174mg/100g 2. &
a3t =, o A¥olA hesperidin®] o] mj¢ &A UEhd 2L F2
WY zlole} ARE J|E08 IS AASIE ] gEoit).

223 ¥ neohesperidin HFS  TRAtoA 87.9mg/g LB A TIE £Z
Hrh ggo]l wUx, f2h, i, stF W FIAlolAME 19.3-42.9ng/g0 2

fol && Ho|2d, FZZME 1.47ng/g 084 o] nj-¢ yotony, o
oAz, & F3, F W dERZeNE ZEH=R oot zEy 29
rutin AR ZtoflA 1.08mg/g, quercitrin & o]zt FlFoN 1.24~
1.42mg/g, naringening Ul&, 92, std U ZI=zlo]A 0.2-2.67mg/g,
hesperetinZ W2}, std 2 FFAolA 0.28-0.44mg/go] ZAEE| 0] gafo)
of-- yotct

AN o & wj 724¥ 4% naringin, hesperidin 9 neohesperidin®] ¥}
o] BE FFIA 90% o4& Ueligon, A7ix] HAEuE ARE of o]
Z dEg, 33, 22 g 9 dERZolME hesperidino], Rz}, Frix,
! Z#XA}= naringin, hesperidin, neohesperidin®], %W-&A} QU F

naringin} neohesperidino] F%&& o|F¢it}.



V. #EH

2v3F flavonoids® tlefe g ExshHA] AEHOZ F93% naringin,
hesperidin, nechesperidin2} n]&4F¢l rutin, quercitrin, naringenin,
hesperetin, apigening& HPLCH &JsiA FAlol FFENY 4 s HAZR
A& FEsa, o] WHol N AHFxA IR FLEF 1FY
flavonoids ¥&& FFA9} 2@ 2ta] z}zto] thsiA FFstdct

Z271% 280nm L p-Bondapak C-18 ®4 UG AU o oL pH
4.0 o|3tolA flavonoids®] we|7} ¥AIE|QOm, water/acetonitriles
acetic acidX.C}= water/methanol/acetic acid®] Zels¥o] 3l =
ZFES {3ty A3 LojE% 20% DMF(n,n-dimethylformamide
methanol = 20:80 v/v)7} methanol ¥ NaOHs£dRCE &3jxrl 331 X7t
ol W a3zt Zotrt, 20x DMFol £313 EFo 10ulE 33 A3
AU EEHEXRE 0.24%~3.56%5H ¢lo] 23, HPMel ABALE 0.9946~0.9999
Hejoleitt. Z+F I ofA] hesperidin®] F2HAEL 20%x DMF2] 7 %7} methanol
B NaOH $-§NTH $900], £84 BREIZ0] 2STY FENT 94
3tgiom, flavonoids®] ¥7}3$&2 78.0~130.0% ¥ S vehidch

#HEFL F9 flavonoids #F2 F&2h k2 R FEAIIA naringino]
30.2~68. 2mg/100m¢, neohesperidin®]  10.5~25. 3mg/100m¢, Aol A
hesperidino] 85.6mg/100m¢, & B AR 7oA hesperidino] 17.1~
18.9mg/100me0] QAtt. Rutind W&} FTolAl, quercitring §3, FZoj
A, naringening FTHRojA] ZA&F ot I o] 2.00mg/100méo] L},

zgu] 2] flavonoids &L whFxt 4 stFo]A naringine] 100~
110mg/g, T3, Atd 4 A9 Zto A hesperidin®] 129~242mg/g, FTHy|, W&
z}, g @ ZFxloYA neohesperidino] 34.4~87.9Img/gLi 2] T A F Ao H|}
o 2 9fo] mj-$- ettt Rutind AR 7oA, quercitring oleiztz} dtZol



inl tiox
A, naringening UWlE, Y&z}, sl3 3 ZF=zlo|A, hesperetin® T-&x},

stg % FExtelA AEEdou 1 gako] 2.00ng/gol Kt
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