¢ Ehiils

NARQO mumsms B2 A0 EEEHESHISN

Studies on Biologically Active Compounds in
Citrus Fruits and Their Effective Utilization

S5 jpn

HARE

~FHB: 2019-03-22
F—7— K (Ja):
F—7— K (En):
ERE: B, F—
X—=ILT7 KL R:
Firi&:

https://doi.org/10.24514/00001604




{DDDDDDS} 19
19018401 200500
000 o0o0doogononngd
o0 odoagonon
oooo
KeywordsDOOOOOODODOOODODOOOOOO0O0O000DOOOOOOO0O0O00O0OO
0000000000000000000000000000000
ooodno
nnlnfn ] n] ] ——————— 19 4 00000000000000000
000000000000000OO0O0OOO nfafala]a]a]a]n JE——————— 58
22 5 000O000O0O0O0OO0OO0OO0OO0OO0O0O0
22 alalalalalala)aa]u R — 62
2 00000000O0OO0OOO0OOOOOO0 6 OOOOOOOOOOOOOOOOO
OO0OOOOO0OD0 22 0000000000 64
3 000000000000000OO 7 OOODOD0 o 67
OOOOODOD0 o 28 000000000000000000000
4 00000000000000000 sjslsi=i=lslsls 67
0000000ooo 44 1 00000 e 67
S 47 2 0000000000000 68
000000000000 000000000 3 0000000000000000
] ————— 49 p-000000000000OOOO
nn] n] ] T —————————— 49 0000000000000000 e 70
2 000O00000OO0OO0OO0OO0OOOOOO0 4 74
alalalalalala)a]a]upurrr e —— 49 ooooooo 74
3 0000000000000000O0 Dooao 77
000000000000 e 55 T B A —————————— 82
19900 00000000000000000000
Ooooooo 0070001300000000000000000

gogbobooobobooobbooobbooon
goboobooobooobbooobboaonooo
gbooboooyooboobogoooooboonog
oooomooobobooobooooeonnon
gooogooooooobbbobobbooooooo

obooogoooobi1esioogooooonoonog
goboboooboooobobooobbooobo
goboboooobbooboboboobbooon
uggbobooooooabobooobbooooo
oboobooooobooboboooobobong
gboboooooboboboooobobong

obo1vg 30110000
gooog



20 ooboooboooooooooboonon 50020050

gdddooooooooooooboboobobon
ggodduouoooooooooboooboo

0000000000000oo0oo0ooooogo
0000000000000000000000o
00000000000000O0O0o00oooogo
00000000000000O0O0O0000oO0o
000000000000000O00000O00o
00000000000000000000000
00000000000 000O0O0000ooooo
Jdodddooooooooooooooobbobon
gdddooooooooooooooobboon
ggdddooooooooooooobooboobon
ggodoooooooobobbbobbbobn

gooooboooooooobooobobobobon
000000000000o0o0oooooooogo
0= JJ00000000000D000000OO
00000000000000000000000
000000000000000O00000O00o
00000000000000O0O00000O00o
000000000000000O0000000o
O0odoooooooooooooobooboDOoPeH™
JoobooboboD  T™XMbooboobooog LT
O00000LWLXOoOoo* ooooooooo
goboobdobliooboobooboogn
gcoXoooopcU TXOOOOOOOODOOO
00000100000000000000 LOXO
00000000oO0oool1l200000000A012-
LoXooo 500000000 s-LoXxoonoo
000000000 COX0O 12-LoXO0o0ono
O00000o0oOoOoooocoXxoooooooo
O00000000000000 TXA:0000O
LoXoOooooooooooooooooOo 5-
LoXOoooooooooooooooooooo
000000 12-hydroxyl-50 800 100 14-eicosate-
traenoic acidd 12-HETEO O OOOO*0 OO0
goooos-LoXooooooooooooo
LTOOODODOODODODOOODOO0OoOooooooo
0000000000000o0o0ooooooogo
00000000000000O0O0O000ooooo
000000000000000O00000ogo
0000000000 00O0O0OD00o0oOooon
00

oooooooooobooobooboooooogg
oboboooooboboboooobobong
oboobooooooboobobooboooboooo
O000000000000000000 PMELP™™0
O0000000p-0000000000 B -CRY IO
O00o0o0oooooo*™o0ooooooooo
gbobooooboboboobooobobong
gboboooooboboboboobobong
gbobooooboobobgooboooboobong
O0000o0o0obO0o0 4000000000 1680
obooboooobowoooogoDzsdogoooon
obooooooobobobooooobobonog
obobooooobobobooooobobonog
ooooooobooobobooobobooooo
obobooooobooboboooobobong
boboooooboboboooobobonog
gboboooooboboboooobobonog
gbooobobogoobs3spuouooooooonDg
goooooooobbbooo 400028100
gooblz00obosedgoooooboOoOogg
oooooooboboboboooooboobonoo
obobooooobooboboooooobo

goobooobobobooboooboboooon
oboboooi10b0obobooooobobonog
obooooooboboboooobobong
obobobgoobooooooboobooooooo
oboboooooboobobgoooobobong
oboboooooboobobooooboboong
gboboooobobobobooobobono
omoobooboboooooooboboooboooo
gboboooooboboboboobobong
ooooooobobobo3gooicbonbonog
ooooooo0obobobooooobobonog
oboboooobobobobooooobobonog
ooooooobboooboboooobooooo
ooooooobbooobobooobobooooo
obooboooooboboboooobobonog
obooboooooboboboooobobonoo
gboboooooboboboooobobonog
gboboooobobobgoobooobobong
gboboooobobobobooobobono
gbobgooobobobgoooobobong



goboodbobooboobobooboobbooboobboon 21

gboboooooboobooboboooooboonDo
gbobooooooboobobooobooboonDo
gbobooooooboboboooboobooDo
gboboboooooboobobooooobooDo
gbobooboooooboboboooooboooDo
gbobgobooooobooboboooobooobo
gboboboooooboboboooooboobo
gbobobooooobobobooboobooobo
gbobobooooobooboboobooboong
obooooooon
ooobooooobobobooooooobo
oooooooobobogobooobooboogon
gboboooooobooboboooboobooDo
oboboooobooboboboooboobonDo
gboobobooooobooboogoon
gboobooobooboboobooboboobogoon
gooooooooooooooodHpPLCOOO
gbobobooooobobobooooboobo
gboboboooooboboboobooboobo
gbobgoboooooboobobooooboonbo
oooboooboooboobooooooboooo
gbobooooboobobooooboobooDo
OOOoOoONGNOODOODODODOOOHPTOODOO
Oo000oo0ooooooo®*™oooooooo
O*0o0ooo00*0oo0oooooooooooo
gboboooobooboobobooobooboonDo
gboboobooooobooboboooboobonDo
gboboobooooobooboboooooboooDo
gbobgoboooooboboboooobooono
gbobobooooobobobooooboobo
O0o0o000oooo®*000000o0ooooo
gboobgoboooooooboboo™moooboooo
oboobooo0oboobooboooobooboooo
ooooooon
oooboooboboboobooobooboogoon
gboboooooobooboboooooboonDo
oboboooobooboboboooboobonDo
gLoXooooooooooobooooooboo
gboboobooobooboboboooboobooDo
O o000ooooooo**oooooo
00000000’ 00000o0o00o0oooon
gobobobboogoooobbbooggoLroXxgy

gcoXxonooooooobooo
oooooobobg4sboobonbooon
oboboooooboboboooobobonog
000*0000000000000000000
gboboooooboboboooobobonog
gbobgooooboobobgoooooomooo
12-LoX00nooboboooobobooobooboooon
gboboooobobobgoooobobong
goLoXoooooooooooboooobboo
oooooooooboboobobooboooooo
ooooobooooobobooobuoooooo
LoXooooooooooooooobgoobooo
oboomoboboooooooboogooooo
LoXoooooobogoooooobooboooo
goooooboboboobooobobooon
gboboooooboboboooobobono
gboobooooobobobgoooobobonog
gbobgooooboboboobooobobong
ooooooboooobooop-cRyoogono
NOBO TNGUO O PMFODODDOOOOOOODDODO
obooooooboobobooooooon
oobooooz20b000000001ILDODDO0OO
goooooboobocecpObOoobobooononOO
oooodHPOOOODOOODOOODDOODODO
oooooooooobobbbobooooiLgogg
ooobooooobooobobooooboocerd
obobooooobobobgoooobobono
gboboooooboboboooobobono
gbobgooooboboboobooobobong
ooooooboooobooboooboogp -CrRY
gboboooooboboboboobobong
gboobooboopMEOODDOCOXOODOUO
Oo0o0oo0oboooboobobOooDi2-Loxd
oboboooobobobobooooboboog
obobooooobobobuoooobobonoo
oobooooooboboboooobobonoo
gooog
gooboooooboboboooooo
gooboooboboboobooobobgoooon
gbobooooobobobgoooobobong
gbobgooooboboboobooobobong
gooogLroXpoooooooobooooboo



22 ooboooboooooooooboonon 50020050

goboobooooobooobbooobbooooo
uoboboobooooobbooobboaoooo
gbobobooobooboboboooboobonDo
gbooooooboobogon

gbobgobooooobobobooboobooobo
gooooooboog

1 0O0Ooo
dooooooooooooooooobboon
gdddooooooooooooooobboon
gdddooooooooooooboboobobon
gddouoooooooooooboboboobobon
Oo0oooobooobobodHSPOOOOOOO
ONRGUUOOODODODDOODOODODOUOOUOOoOooog
O0O0OUOOOORFRNMDOOOOOOODSMOO
O00oddooOoOoOooNOoBO TNGOUO PMFO O
oobobooobooobbooobbooooo
UOOHSPONRGOOOOOOOODODODODOO
ooooo*0000oo0ooooo®*™ooooooXo
O0O0O0O0OoOoOTNGO NOBOO PMFOOOOO
O00oooooooo®™™ 000 vebLO very
low density lipoprotein0 000000 O0*000
gdddooooooooooooboboobobon
gdddouooooooooboooobooboobon
oooooooo*a
odobooobobooobobooobooon
ooboobooobobooobobooobobooooo
oobobooobooobbooobbooooo
oobobooobooobbooobbooooboo
ooboboooboogd4sbbooobbooonon
ggoboboooobobobooooborPLCO DO
O00D00000ooooooooo2s000o0o0
goddoooooooooobooooogooga
gooooobbobobbidoooodooooggda
gdddoooooooooooooboobobon
oooobooobooooobooooboboooono
oobobooobobooobobooobobooooo
ooboboooobobooobobooobobooooo
oobobooooboooobobooobbooooo
oobobooobooobbooobbooooo
00000000 S 0000000000 GSTO

Ooo0oOo®*0ooo0o0oo0o0ooo®*# oo
ooooi17-0p -D-OODOODOODOODOOOODOO
O00oo0®*000000000o000ooooo
obobooooob0o2000000b0bOong
gboboooooboboboooobobonog
gbobooooboboboooobobong
gbobooooboboboobooobobonDg
oogo

2 O000000000O0O0000000D0D00O0O
ogoooo

100

O0000o0oooooooooooo®*oooon
godoooooooooodooboooooo
dooooooooooooooobooobooono
doodooooooooooooobooobooono
g¥seoo0000000o00oooooooon
dooooooooooooooobooobooon
0o0o00d0oooodoobDoooooogdg HPLC
0000000000000 00000®rsesssen
Wolf NagelO CsO0 00000 DOOOOOOOO
gooo3oos506es00000000000000O
000000000 Daigled ConkertonO 0 Cis
do0oooooooooooo490s5000000
doooooooooooooo34oooooon
O000000O0*®0000Van de Casteeled O O
CsJ 00000 ODOOoOooosboesnooooon
0o0000i0oooooooooooooon
O0*™o0000000o000o00ooo0oooooon
doooooooooooooooooobooon
dooooooooooooooobooobbobon
goodooooooooooooobbobobbbn
goodoooooooooooooboooooao
ooooog**o PME®®'000000000OO0
godooooobooooooooboooooao
goooooodoooooooood PMEOO
doooooooooooooooooobooono
ooo*0000000oooooooooooon

00
20000000000
(1) DooDo

Ooooogo Citrus unshivDOOOOOOOO



goboodbobooboobobooboobbooboobboon 23

0 C grandis cv. HiradoO OO OO ODOOOOOO
gooooooooooobooobouogoo
O00ooooooooooooooooooood
oopoo0000000

(2) OOOODOOD

Oo000O0oodHPLCOOOODOOOOODOO
0000000000 ECRMIOODODOOODOO
ONERMIDOOODOORBTIOODOOOO NRT [
NRGOOOOORTNIIHSPOOOODOOODOO
ONHPMOOOOODODODOD IRFIORFENDO DSMO
O0000o0QCTMIDDIODODOO PONLO O OO
OO00OLTNMDOOODO0OO0000 KFROCOOOO
O0APGOOOODOOOOOIRAIOOODOO
OooDMTOOOOODOORMTOMOOOODOO
OO0ODISAMO0DOD0O0OO0SNTMOOOO
OO0ACTMTNGOODODODODODOODOO
O0D00O0O0O0O NDMOOOUSDAO Fruit and
Vegetable Chemistryd O 0O O Pasadena, CAO O
0000000000000 0o0Fg O-10000
SepPak Plus Cis0 000 0O0O0O0O Watersd Mil-
ford MAODODOOOODOO

HPLCO O L-62100 O O L-60100 O O O AS-2000
dooooooooL30000000000OoOn
goooob-el000 0000000 DOOOOONO
godoobooouoooooooboooooao
000000000D000000 LiChrospher 100
RP-1800 2500 x 400 OO0 OOOOOOOOOOO
00

(3) DOOOOO

0000030000000 000000000
ooos500000000D000000D0OO Ultra
Centrifugal MIIDOOOD0O0DOD0OO00O0OODOOO
goo200000000000001000000
gooooooosmLO0booooooooooao
DMSO[ 101 M00boooooooooooad
00d0d12000000000003,000xgd 1000
O0o0oooooooooooD 1imLooonod
O0ooooooooooooooooooood
O02000000000000000001000
OO0D0DO0O5mLOD000000O0 5mLO10%0 O
0000D00000000000 SepPak Cis00 0
0000000000000 0000 10mLO 10%

000000000045mLOO0O0OOOODOO
O-DMSOLD 101 M 0000000000000
oogoooosomLOOOOOHPLCOOOOO
00000000o0o0o0ooooooooooooo
000000000000i15000xgd2000000
000000000000001/20000000
0000000000000D03,000xg010000
00000000000000020000000
0000000000000 0 SepPak Cis0 00
000000000000 00HPLCOOODOO
go00oO0osy mOOODOODOODOOOOODOO
0og

(4) HPLCODO

O0002000360m0 00000000000
00000000000004000000000.6
mL/min000000000000000010p L
000000000000001,00001,550p.s..0
0000000 3000000000020000
000000000000000ADO00IMO0O
00BOOOOOODODOOO(1)005500 700 55%
A (2)550 950 0 550 0 % AD (3)950 1000 00 % A
000000000000 000 2000 360nm0 UV
000000000000o0o0o0o0oooooooo
0000000o0o0o0o0o0o0oooooooooo
ooooooooooog

(5) DOoOoOoo
O00000ECRONRGOHSPOTNGO ODOODO
0d0000o00o00ooooomooooon
OoOdoiloppmi 0 0000000000000
00000000000000000000000
000000000000000ooooooooo
000000000000HPLCODOOOODOOO
J0000000o0o0o00o0o00o0oooooooo
00000000o0o0o0o0o0ooooooooo
o000000o0o0o0o0o0o0oooooooooo
0000000000000000000s5000
doo0o0oooooooooooog
300000o0oooo

(1) DOoooo

250000000000 HPLCOODOODOOO
OFig. 0-20000000000000000
Table 0-100000000050000000



24 Oooboooooooooboonoboboog soo2o050

OR:;

RO

4

OH 0]

R

OR:

RO

%

OH o

R:

OMe

MeO

MeO

%

OMe ¢}
R:

OR.

RO O.

OH ]

Flavanone
Eriocitrin (ECR):
Neoeriocitrin (NER):
Narirutin (NRT):
Naringin (NRG):
Hesperidin (HSP):

Neohesperidin (NHP):

Neoponcirin (NPO):
Poncirin (PON):

Isosakuranetin (ISA):

Flavone
Isorhoifolin (IRF);
Rhoifolin (RFN):
Diosmin (DSM):
Neodiosmin (NDM):
Luteolin (LTN):
Apigenin (APG):
Diosmetin (DMT):
Acasetin (ACT):

R=rutinose, R1=OH, R2=H
R=neohesperidose, R1=0OH, R2=H
R=rutinose, R1=R2=H
R=neohesperidose, R1=R2=H
R=rutinose, R1=0OH, R2=Me
R=neohesperidose, R1=0OH, R2=Me
R=rutinose, R1=H, R2=Me
R=neohesperidose, R1=H, R2=Me
R=H, R1=H, R2=Me

R=rutinose, R1=R2=H
R=neohesperidose, R1=R2=H
R=rutinose, R1=0OH, R2=Me

R= neohesperidose, R1I=OH, R2=Me,
R=H, R1=0OH, R2=H

R=R1=R2=H

R=H, R1=0OH, R2=Me

R=R1=H, R2=Me

Polymethoxylated flavone

Sinensetin (SNT):
Tangeretin (TNG):

Flavone-3-ol
Robinetin (RBT):
Rutin (RTN):
Quercetin (QCT):
Kaempferol (KFR):
Isorhamnetin (IRA):
Rhamnetin (RMT):

R=H, R1I=OMe
R=0OMe, R1=H

R=H, R1=0H, R2=H, R3=0H, R4=H
R=H, R1=0H, R2=R3=H, R4=rutinose
R=H, R1=0H, R2=R3=R4=H
R=R1=R2=R3=R4=H

R=H, R1=OMe, R2=R3=R4=H

R=Me, R1=0OH, R2=R3=R4=H

Fig. 0 -1 Structures of flavonoids investigated.
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Fig. 0 -2 Separation profiles of flavonoid standards.
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Table 0-1 Retention times (tr), capacity factors (k'), relative retentions (a ) and UV absorbance maxima (A max) of the

flavonoids investigated

No. Common name Systematic name tr+ SD® i o A max’

1 ECR Eriodictyol-7-_-rutinoside 1759 = 0.05 2.84 285

2 NER Eriodictyol-7-_-neohesperidoside 1985+ 0.05 3.33 117 285

3 RBT 3,7,3'4'5-Pentahydroxyflavone 2181+ 0.07 3.76 113 251, 318

4 NRT Naringenin-7-_-rutinoside 2597 = 007 4.67 124 282

5 NRG Naringenin-7-_-neohesperidoside 28.81 + 0.07 5.29 113 284

6 RTN Quercetin-3-_-rutinoside 30.81 + 0.07 573 1.08 258, 360

7 HSP Hesperetin-7-_-rutinoside 3209 + 0.08 6.01 1.05 285

8 NHP Hesperetin-7-_-neohesperidoside 3495+ 0.08 6.63 110 284

9 IRF Apigenin-7-_-rutinoside 3733+ 0.08 7.15 108 267, 336
10 RFN Apigenin-7-_-neohesperidoside 40.27 = 0.08 7.79 1.09 268, 336
11 DSM Diosmetin-7-_-rutinoside 4317 £ 0.07 8.43 1.08 253, 268, 345
12 NDM Diosmetin-7-_-neohesperidoside 46.11 + 0.06 9.07 108 255, 268, 345
13 NPO Isosakuranetin-7-_-rutinoside 54.64 + 0.06 10.93 121 284
14  QCT 3,3'4'5,7,-Pentahydroxyflavone 56.32 + 0.10 11.30 103 256
15 PON Isosakuranetin-7-_-neohesperidoside 57.65 + 0.06 1159 1.03 284
16 LTN 3'4'5,7-Tetrahydroxyflavone 6293 + 0.06 1274 1.10 242, 256, 351
17 KFR 3,4'5,7-Tetrahydroxyflavone 70.02 £+ 0.02 14.29 112 253, 266
18 APG 4' 57-Trihydroxyflavone 7155+ 0.06 14.62 1.02 269, 335
19 IRA 3,4'5,7-Tetrahydroxy-3-methoxyflavone 7201 + 0.08 14.72 101 253
20 DMT 3'5,7-Trihydroxy-4-methoxyflavone 7325+ 004 14.99 1.02 252, 268, 347
21 RMT 3,5,3'4-Tetrahydroxy-7-methoxyflavone 7651+ 0.03 1571 1.05 256
22 ISA 5,7-Dihydroxy-4'-methoxyflavone 7728 £ 0.05 15.87 101 282
23 SNT 3'4'5,6,7-Pentamethoxyflavone 7784 + 0.06 16.00 101 240, 265, 326
24 ACT 5,7-Dihydroxy-4-methoxyflavone 8219 + 0.04 16.95 1.06 269, 301, 329
25 TNG 4'5,6,7,8-Pentamethoxyflavone 8488 + 0.04 1753 1.03 271, 322

* Mean values and standard deviations of retention times for five replications.
” Measured in the eluate, the composition of which varies with tr
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Table 0 -2 Relationships between flavonoid levels and peak areas of flavonoids investigated

Flavanones Flavones Flavon-3-ols
No. Compound B x10°0F B x10°0  r° No. Compound & x10°0F B x10°0  r* No. Compound & x10°0F B x10°0  r°
1 ECR 2.89 250 0.999 9 IRF 127 -0.73 0.999 3 RBT 0.74 -3.22 1.000
2 NER 241 -3.56 0.999 10 RFN 101 -0.36 0.999 6 RTN 0.65 -13.63 0.988
4 NRT 2.37 2.36 0.999 11 DSM 123 -1.82 0.997 14 QCT 111 -8.32 1.000
5 NRG 2.20 -2.30 0.999 12 NDM 1.04 -3.69 1.000 17 KFR 147 -1.64 1.000
7 HSP 221 931 1.000 16 LTN 2.00 10.82 0.999 19 IRA 1.63 -15.79 1.000
8 NHP 154 513 0.999 18 APG 322 0.72 1.000 21 RMT 141 -8.00 0.999
13 NPO 1.54 513 0.999 20 DMT 223 -1.82 0.997
15 PON 1.46 5.75 0.999 23  SNT 240 9.27 0.999
22 ISA 317 829 1.000 24 ACT 339 -4.63 1.000
25 TNG 312 -0.73 0.999

* Coefficients of the regression equation y = ax + b, where x is flavonoid concentration (ppm) and y is peak area for concentra-

tions ranging from 10 to 100 ppm.
® Correlation coefficients of the regression equation.
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Table [0-3 Recoveries of eriocitrin, naringin, hesperidin and tangeretin from albedo and juice samples of Satsuma
(C. unshiu) and Hirado buntan (C. grandis cv. Hirado)
Compound Mean recovery + S.D. 0 %O
Satsuma Hirado buntan

albedo juice vesicle albedo juice vesicle
ECR 1025+ 24 1028 = 25 1019+ 23 1027 £ 2.2
NRG 975+ 37 969 + 338 985+ 41 982+ 39
HSP 1016 £ 57 1049 + 6.0 985+ 41 982+ 39
TNG 1031+ 31 1030+ 33 99.7 £ 29 1023 + 31

For operating conditions, see text.
“ Mean values and standard deviations for five replications.
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Table 00 -4 Contents of flavonoids in flavedo, albedo, segment membrane, juice vesicle, and leaf samples of Satsuma

and Hirado buntan

No. Compound

Contentfl mg/g fresh weight

Satsuma Hirado buntan
flavedo albedo segment Juice Leaf flavedo albedo segment Juice Leaf
O a membrane  vesicle O O membrane  vesicle a
1 ECR 0.020 0.028 0.018 0.002 0.123 2 - -
2 NER - - - - - - - - 0.020 0.130
4 NRT 0.745 4938 2.896 0.154 0.084 0.026 0.015 0.014 - 0.141
5 NRG - - - - - 1.363 13.952 11.187 0.785 4013
6 RTN 0.126 tre tr 0.029 1170 0.053 - - - 0.975
7 HSP 9.452 21.030 4.225 0.087 9.155 - 0.011 0.013 0.017 -
8 NHP - - - - - 0.074 0.120 0.060 0.015 0671
9 IRF 0.048 0.029 0.681 - - - - -
10 RFN 0.101 0.026 - 0.441 0.105 0.161 0.061 0.056 2.323
11 DSM 0.044 0.020 0.014 0.775 0.036 - - 0.006 0.119
12 NDM 0.019 0.023 - - 0.282 - 0.028 0.023 0.011 -
13 NPO 0.195 0.871 0.343 tr tr 0.015 0.064 0.052 tr -
15 PON - - - - - - - - tr
16 LYN - - 0.019 0.011 tr 0.058
17 KFR 0.017 tr - - - -
18 APG 0.008 - -
20 DMT 0.057 - 0.017 - -
23 SNT 0.022 - - 0.031 0.021 0.014 tr
24 ACT 0.025 tr tr 0.076 - - -
25 TNG 0.076 0.019 - - 0.117 0.078 - - - -
Total 10.955 7482 0.286 0.286 12,935 1.807 14.362 11.424 0.910 8430

* Mean values for four replications.

" not detected.

¢ tr, trace amount, not measurable in UV spectra.
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OR:

RO 0}
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Flavanone
Eriocitrin (ERC) :
Neoeriocitrin (NER):
Narirutin (NRT):
Naringin (NRG):
Hesperidin (HSP):

Neohesperidin (NHP):

Neoponcirin (NPO):
Poncirin (PON):

Flavone

Rutin (RTN):
Isorhoifolin (IRF):
Rhoifolin (RFN):
Diosmin (DSM):
Neodiosmin (NDM)

R=rutinose, R1=0OH, R2=H
R=neohesperidose, R1=OH, R2=H
R=rutinose, R1=R2=H
R=neohesperidose, R1=R2=H
R=rutinose, R1=0OH, R2=Me
R=neohesperidose, R1I=OH, R2=Me
R=rutinose, R1=H, R2=Me
R=neohesperidose, R1=H, R2=Me

R=H, R1=0H, R2=H, R3= O-rutinose
R=rutinose, R1=R2=R3=H
R=neohesperidose, R1=R2=R3=H
R=rutinose, R1=0OH, R2=Me, R3=H
R=neohesperidoside, R1=OH, R2=Me, R3=H

Polymethoxylated flavone

Sinensetin (SNT):
Nobiletin (NOB):
Tangeretin (TNG):

Heptamethoxyflavone (HPM):

R=H, R1=OMe, R2=H
R=R1=OMe, R2=H
R=OMe, R1=R2=H
R=R1=R2=OMe

Fig. 0 -3 Structures of flavonoids investigated.

oOoNDMODOODDOOODOOODOODOOODO
ONRGONHPOO OO RENOOODOODODOODOO
O00O0NRGUHSPOUOUOUONHPOOOODOS0
gobooooobooobobooobboooboobo
googodHSPONOBOODOO TNGODOODOOO
gboboooooobooboboooboobonbo
ONOBOUODO TNGO DO OODONRGOHSPO
NHPO O OOOOOODODOOOOoOoooooo
gboOoigi7to DgoobgooooooboooDbas
U2z200000dddddodogooogien
gboboboooboobobgo7oobooboonDo
gboboboooooboobgobooboobonbo
gooboooo0oooboobooooooboooo
gbobooooboobobooooboobooDo

000000000000o000o0ooooooo
J000000000o0o0o000ooooooooo
O000Fig 0-4M0 0000000000000
0000000000001802200000000
00003050000000000000000
J0d000000o0o0o00oO0ooooooooo
oooooooooo

(2) DOoOOOO
00000000000000001mo00
0001020 00000040000000000
000000000000000ooooooooo
000000000000000000 Table O-
120 000000000000000D000O00O0
00000000000000000000000



30 Oooboooooooooboonoboboog soo2o050

Table 00 -5 Classification of citrus plants investigated for flavonoid content®

specimen Tanaka's no. ref. # common name scientific name
Citrus-Archicitrus
Papeda
Acutifolia 1-1-1 1 Cabuyao C. macroptera C macroptera
Obtusifolia b
Longipetiolata
Limonellus
Eulimonellus 11-4-13 2 Mexican lime C. aurantifolia
11-4-14 3 Tahiti lime C. latifolia
Megacarpa 11-5-17 4 Bergamot C. bergami
Pseudopapeda 11-6-29 5 Biroro C. montana
Citrophorum
Citroides 111-7-31 6 Citron C. medica
Limonioides 111-8-36 7 Eureka lemon C. limon
111-8-38 8 Sweet lemon C. limetta
Decumanoides 111-9-48 9 Lumie C. lumia
Cephacitrus
Decumana 1V-10-56 10 Hirado buntan C. grandis cv. Hirado
1V-10-61 11 Shaten yu C. grandis cv. Shytian you
Intermedia
Flavicarpa 1V-11-62 12 Marsh grapefruit C. paradisi
1V-11-63 13 Kinukawa C. glaberrima
Aureocarpa 1\V-12-74 14 Hassaku C. hassaku
Aurantium
Medjoglobosa V-13-78 15 Natsudaidai C. natsudaidai
V-13-84 16 Sanbokan C. sulcata
Aurantioides
Racemosa V-14-93 17 Sour orange C. aurantium
Contracta
Sinensoides V-16-100 18 Valencia C. sinensis cv. Valencia
V-16-100 19 Morita navel C. sinensis var Brasiliensis cv. Morita
V-16-105 20 lyo C yo
Osmocitroides
Tenuicarpa V-17-107 21 Hyuganatsu C. tamurana
Compacta -
Paranobilis V-19-111 22 Shunkokan C. shunkokan
Citrus-Metacitrus
Osmocitrus
Protosmocitrus -
Euosmocitroides VI-21-113 23 Yuzu C. junos
VI-21-115 24 Sudachi C. sudachi
VI-21-121 25 Kabosu C. sphaerocarpa
Pseudoacrumen
Acrumen
Euacrumen VI11-23-123 26 King C. nobilis var Knep
VI1-23-124 27 Satsuma C. unshiu
V11-23-125 28 Yatsushiro C. yatsusiro
Microacrumen
Anisodora V11-24-126 29 Keraji C. keraji
VI1-24-127 30 Oto C. oto
Citroidora Megacarpa VI11-25-130 31 Ponkan C. reticulata
VI1-25-133 32 Dancy tangerine C. tangerine
VII-25-134 33 Clementine C. clementina
VI11-25-136 34 Jimikan C. succosa
VI1-25-140 35 Shikaikan C. suhuiensis
Microcarpa Angustifolia
VI11-26-143 36 Tachibana C. tachibana
VI1-26-144 37 Kobenimikan C. erythrosa
VI11-26-145 38 Kishu C. kinokuni
Latifolia
VI1-27-148 39 Sunki C. sunki
VI1-27-153 40 Shiikuwasha C. depressa
VI1-27-154 41 Koji C. lefocarpa
Pseudofortunella VI111-28-159 42 Shikikitsu C madurensis
Fortunella-Eufortunella 102-302 43 Meiwa kumquat F. crassifolia
102-304 44 Nagami kumquat F. margarita
Poncirus 103-401 45 Trifoliate orange P. trifoliana

? The classification and the nomenclature of Citrus plants were based on Tanaka's system.

" not investigated.
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Table 0-6 Flavonoid contents in flavedo tissue of citrus fruits

31

flavanones flavones
ref. # name ERC NER NRT NRG HSP NHP NPO PON RTN IRF RFEN DSM NDM SNT NOB TNG HPM

1 Cabuyao 45 42 0.0 0.0 30.2 75.8 83 423 0.0 0.0 0.0 343 218 396 nd 6.1 0.0

2 Mexican lime 82 0.0 59 0.0 125 0.0 84 253 0.0 188 0.0 249 246 24 15 18 11

3 Tahiti lime 122 0.0 176 137 462.0 0.0 23 718 133 133 0.0 435 405 48 18 21 0.0

4 Bergamot 6.8 183 72 155 0.0 115 18 6.8 89.7 0.0 129 825 6.3 43 0.0 13 0.0

5 Biroro 127 0.0 44 115 660 0.0 26 6.3 0.0 124 0.0 57.2 149 47 23.0 9.2 56

6 Citron 0.6 0.0 00 00 0.0 0.0 00 0.0 46 00 0.0 16 0.0 00 10 09 11

7 Eureka lemon 694 0.0 27 00 193 0.0 00 0.0 0.0 10.0 58 377 0.0 25 0.0 0.0 0.0

8 Sweet lemon 0.0 00 137 6.6 228 0.0 57 0.0 6.2 35.0 0.0 149 0.0 00 0.0 0.0 0.0

9 Lumie 81.0 0.0 0.0 0.0 708 0.0 0.0 0.0 56.8 0.0 0.0 19.0 0.0 39 0.0 0.0 8.7
10 Hirado buntan 0.0 0.0 26 136 0.0 74 15 19 53 00 105 36 30 21 0.0 78 0.0
11 Shaten yu 0.0 0.0 0.0 15.9 0.0 0.0 0.0 107 0.0 00 20 0.0 30 16 00 19 0.0
12 Marsh grapefrui 258 0.0 114 994 0.0 295 51 140 0.0 00 46.9 0.0 6.3 00 111 0.0 22
13 Kinukawa 95 287 6.4 614 31 157 23 524 141 0.0 50.0 0.0 25 22 54 126 08
14 Hassaku 11 18 15.8 459 16.1 84.0 0.9 6.0 93 0.0 57 0.0 76 0.0 4.8 78 33
15 Natsudaidai 0.0 0.0 77 102 11 113 22 435 0.0 00 44 21 29 33 24 102 0.0
16 Sanbokan 335 0.0 121 31 228 0.0 17 16.3 0.0 73 0.0 10.0 98 00 135 264 118
17 Sour orange 34 144 93 520 0.0 569 20 661 63.7 118 251 73 355 00 253 163 0.0
18 Valencia 82 0.0 133 0.0 495 0.0 101 0.0 0.0 23 118 111 6.0 64.6 337 15.7 41
19 Morita navel 174 0.0 400 120 1170 0.0 182 0.0 0.0 97 87 16.6 105 345 220 114 83
20 lyo 103 0.0 65.2 0.0 363 0.0 36 0.0 0.0 36 0.0 75 129 25 389 187 37
21 Hyuganatsu 122 0.0 36.0 0.0 100 0.0 69 0.0 0.0 0.0 150 34 226 48 420 50.3 148
22 Shunkokan 575 0.0 128 0.0 1230 0.0 0.0 0.0 0.0 51.0 0.0 410 319 121 139 645 45
23 Yuzu 11 151 524 50.4 40.7 69.6 13 276 0.0 33 20 34 8.0 34 0.0 06 0.0
24 Sudachi 269 219 188 204 54 408 33 0.0 47 0.0 41 6.6 36 0.0 0.0 08 0.0
25 Kabosu 0.0 0.0 179 15.7 216 241 30 0.0 0.0 0.0 26 0.0 8.3 19 4.0 85 28
26 King 0.0 0.0 34.0 6.9 3500 0.0 49 0.0 71 25 83 6.9 21 11 19.2 179 230
27 Satsuma 20 0.0 745 0.0 945 0.0 195 0.0 126 48 101 44 35 22 108 76 38
28 Yatsushiro 09 24 40 0.0 355 0.0 11 0.0 0.0 0.0 108 0.0 33 42 36.8 411 244
29 Keraji 87 0.0 58 0.0 894 0.0 00 0.0 0.0 0.0 94 74 143 70 98.7 134 72
30 Oto 0.0 00 44 00 237 0.0 00 0.0 0.0 00 0.0 0.0 0.0 28 236 220 134
31 Ponkan 51 09 15.0 0.0 812 0.0 53 00 0.0 6.1 0.0 294 75 116 198 218 0.0
32 Dancy tangerine 00 0.0 388 00 2680 0.0 273 0.0 0.0 121 0.0 534 0.0 35.0 507 315 0.0
33 Clementine 17 0.0 48 00 760 0.0 15 00 75 78 0.0 372 47 59 140 148 137
34 Jimikan 6.9 25 18 0.0 1750 0.0 83 00 0.0 78 0.0 427 112 105 160 138 0.0
35 Shikaikan 0.0 0.0 375 0.0 1590 0.0 203 00 16.7 209 0.0 26.1 35 27.1 315 172 47
36 Tachibana 302 0.0 80 0.0 549 0.0 22 0.0 0.0 0.0 0.0 136 54 28 233 179 0.0
37 Kobenimikan 38 0.0 37 0.0 413 0.0 16 80 0.0 20 0.0 38 9.0 22 166. 149 0.0
38 Kishu 0.0 0.0 429 0.0 1800 0.0 137 0.0 0.0 34.0 88 644 33 59 118 108 0.0
39 Sunki 0.0 0.0 308 0.0 1220 0.0 9.0 132 379 94 0.0 274 6.9 121 674 488 0.0
40 Shiikuwasha 0.0 0.0 46 0.0 616 0.0 09 0.0 0.0 24 25 213 0.0 6.4 122 713 0.0
41 Koji 156 0.0 273 0.0 263 0.0 323 0.0 0.0 0.0 0.0 144 45 116 128 136 0.0
42 Shikikitsu 13 99 254 0.0 333 55.6 57 0.0 6.0 0.0 50 15.2 57 64 230 133 0.0
43 Oval kumquat 0.0 0.0 340 53 0.0 0.0 177 16.3 0.0 0.0 47 0.0 0.0 0.0 0.0 0.0 0.0
44 Meiwa kumguat 0.0 0.0 205 6.3 0.0 0.0 122 9.0 0.0 0.0 15 0.0 0.0 0.0 0.0 0.0 0.0
45 Trifoliate orange 0.0 0.0 275 192 0.0 0.0 51 487 353 114 0.0 30 42 24 0.0 21 0.0

Values are averages of four replications (mg/100 g fresh weight).
Table 0-7 Flavonoid contents in albedo tissue of citrus fruits
flavanones flavones
ref. # name ERC NER NRT NRG HSP NHP NPO PON RTN IRF REN DSM NDM SNT NOB TNG HPM

1 Cabuyao 0.0 43 0.0 0.0 76.2 313 26.1 365 0.0 0.0 0.0 141 16.1 30.8 0.0 58 0.0

2 Mexican lime 27 0.0 72 0.0 409 105 34 0.0 0.0 340 0.0 373 48 0.0 19 28 0.0

3 Tahiti lime 90.8 00 88.3 74 1840 0.0 122 77 0.0 90.1 0.0 60.0 37 0.0 13 0.0 0.0

4 Bergamot 63 435 139 670 21 686 22 777 0.0 00 21.0 99 138 00 10 0.0 0.0

5 Biroro 8.8 0.0 137 57 1730 0.0 83 0.0 0.0 270 0.0 643 135 17 2.6 13 0.0

6 Citron 33 0.0 0.0 0.0 16 0.0 0.0 0.0 0.0 0.0 0.0 28 0.0 00 0.0 0.0 0.0

7 Eureka lemon 156 0.0 304 0.0 918 0.0 0.0 0.0 0.0 457 17 454 0.0 0.0 0.0 0.0 0.0

8 Sweet lemon 0.0 00 66.4 93 780 0.0 20.1 0.0 0.0 645 0.0 161 0.0 0.0 0.0 11 0.0

9 Lumie 206 0.0 37 0.0 833 0.0 0.0 0.0 0.0 0.0 0.0 737 0.0 0.0 0.0 0.0 0.0
10 Hirado buntan 0.0 0.0 15 1400 11 120 6.4 0.0 0.0 0.0 16.1 0.0 37 0.0 0.0 0.0 0.0
11 Shaten yu 0.0 12 0.0 407 0.0 55 0.0 0.0 205 0.0 20 0.0 0.0 00 0.0 0.0 0.0
12 Marsh grapefrui 0.0 0.0 231 2700 0.0 152 102 638 79 0.0 27 0.0 136 0.0 11 0.0 0.0
13 Kinukawa 59 36.6 239 366 257 474 26 52.6 74 00 239 0.0 0.0 0.0 09 13 0.0
14 Hassaku 0.0 88 90.0 549 424 324 12 18.1 0.0 0.0 169 0.0 0.0 0.0 0.0 0.0 0.0
15 Natsudaidai 0.0 71 217 919 120 353 15 371 0.0 0.0 234 0.0 52 0.0 10 14 00
16 Sanbokan 743 0.0 1210 69.8 1070 0.0 53 0.0 0.0 125 0.0 6.9 81 00 21 40 21
17 Sour orange 39 255 279 1900 0.0 1320 30 524 311 0.0 146 22 476 0.0 14 11 0.0
18 Valencia 36 0.0 118 00 2300 0.0 730 0.0 0.0 0.0 0.0 0.0 0.0 45 31 16 0.0
19 Morita navel 11 0.0 370 32 2740 00 123 00 0.0 00 0.0 00 57 21 14 10 0.0
20 lyo 54 0.0 376 0.0 1280 0.0 219 0.0 0.0 0.0 0.0 0.0 0.0 31 47 21 0.0
21 Hyuganatsu 14 0.0 244 0.0 446 0.0 725 0.0 0.0 30 0.0 0.0 58 0.0 26 38 11
22 Shunkokan 413 0.0 1290 0.0 1270 0.0 9.6 0.0 0.0 101 0.0 16.2 55 0.0 42 16 0.0
23 Yuzu 0.7 19 205 130 283 124 45 232 0.0 49 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 Sudachi 995 275 169 116 69.3 240 28 6.2 226 00 18 25 50 00 0.0 0.0 0.0
25 Kabosu 27 5.7 240 916 348 113 25 8.1 247 0.0 0.0 0.0 30 0.0 0.0 11 0.0
26 King 176 0.0 659 17 1580 0.0 375 0.0 0.0 0.0 0.0 0.0 71 0.0 20 21 28
27 Satsuma 28 0.0 494 0.0 2100 0.0 87.1 0.0 0.0 29 26 20 30 0.0 18 19 10
28 Yatsushiro 0.0 0.0 86 0.0 1430 0.0 46 0.0 0.0 0.0 20 0.0 0.0 18 44 5.9 33
29 Keraji 0.0 0.0 51 0.0 617 0.0 38 00 0.0 00 129 20 181 21 272 340 25
30 Oto 0.0 0.0 86 0.0 1310 0.0 52 0.0 0.0 0.0 0.0 0.0 0.0 0.0 34 37 22
31 Ponkan 31 0.0 70 0.0 1870 0.0 487 0.0 0.0 42 0.0 72 6.2 22 333 415 0.0
32 Dancy tangerine 28 0.0 94.2 0.0 4970 0.0 80.8 0.0 0.0 37 0.0 134 0.0 70 931 65.1 0.0
33 Clementine 92 00 112 0.0 2870 0.0 196 00 0.0 305 0.0 334 41 20 25 26 26
34 Jimikan 0.0 0.0 133 0.0 2560 0.0 264 0.0 00 00 00 72 0.0 00 108 126 0.0
35 Shikaikan 14 0.0 274 0.0 2940 0.0 177 0.0 0.0 0.0 0.0 31 48 33 359 213 0.0
36 Tachibana 131 0.0 145 0.0 1280 0.0 70 0.0 0.0 0.0 0.0 51 0.0 6.2 46.7 399 0.0
37 Kobenimikan 10 0.0 215 0.0 1680 0.0 198 95 0.0 24 0.0 144 132 0.0 437 445 0.0
38 Kishu 27 00 186 00 2530 0.0 56.1 0.0 00 55.1 19 343 90 20 37.1 39.6 0.0
39 Sunki 13 166 100 0.0 1940 0.0 49.0 10.7 451 6.3 00 82 24.0 345 303 198 0.0
40 Shiikuwasha 9.0 0.0 30.0 0.0 1550 0.0 157 0.0 0.0 00 0.0 6.1 0.0 25 41.0 269 0.0
41 Koji 180 0.0 647 0.0 1160 0.0 242 0.0 0.0 0.0 0.0 56 0.0 25 26.8 31.0 0.0
42 Shikikitsu 19 35 343 0.0 80.8 110 43 0.0 0.0 0.0 16 115 37 0.0 29 17 0.0
43 Oval kumquat 00 00 307 0.0 30 0.0 137 233 0.0 00 19 0.0 0.0 00 0.0 0.0 0.0
44 Meiwa kumquat 0.0 0.0 192 0.0 21 0.0 106 18.0 0.0 0.0 149 0.0 0.0 0.0 0.0 00 0.0
45 Trifoliate orange 0.0 0.0 722 1200 0.0 0.0 18 2240 0.0 4.1 0.0 29 24.1 0.0 0.0 0.0 0.0

Values are averages of four replications (mg/100 g fresh weight).
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Table 0 -8 Flavonoid contents in peel tissue of citrus fruits
flavanones flavones
ref. # name ERC NER NRT NRG HSP NHP NPO PON RTN IRF REN DSM NDM SNT NOB TNG HPM

1 Cabuyao 11 43 0.0 00.0 64.6 253 216 284 0.0 0.0 0.0 19.2 175 123 0.0 5.9 0.0
2 Mexican lime 56 0.0 65 0.0 258 49 6.1 135 0.0 259 0.0 307 153 13 17 23 0.6
3 Tahiti lime 105 00 56.3 103 1210 00 77 367 6.0 553 0.0 525 204 22 16 10 00
4 Bergamot 66 331 11 456 12 450 20 458 372 00 65.9 400 107 18 0.6 06 0.0

5 Biroro 103 0.0 10.1 8.0 1310 0.0 6.0 25 0.0 213 0.0 61.5 140 29 10.6 44 22
6 Citron 29 0.0 0.0 0.0 14 0.0 0.0 0.0 0.6 0.0 0.0 26 0.0 0.0 01 01 01

7 Eureka lemon 132 0.0 225 0.0 711 0.0 0.0 0.0 0.0 355 29 432 0.0 07 0.0 0.0 0.0
8 Sweet lemon 00 00 388 79 491 00 126 00 32 49.1 0.0 154 00 00 0.0 05 00

9 Lumie 146 0.0 19 0.0 468 0.0 0.0 0.0 272 0.0 0.0 475 0.0 19 0.0 0.0 41
10 Hirado buntan 00 44 10 976 00 90 47 00 43 00 140 07 35 00 00 00 00
11 Shaten yu 0.0 09 0.0 333 0.0 45 0.0 20 16.6 0.0 20 0.0 0.6 03 0.0 04 0.0
12 Marsh grapefrui 9.2 0.0 190 2100 0.0 203 84 462 51 0.0 184 0.0 11.0 0.0 46 0.0 0.0
13 Kinukawa 6.8 345 193 286 198 390 25 52.6 92 0.0 30.8 0.0 0.7 06 21 43 0.2
14 Hassaku 03 6.9 701 414 354 259 11 149 25 0.0 139 0.0 20 0.0 13 21 09
15 Natsudaidai 00 47 208 639 82 271 18 393 0.0 0.0 16.9 07 44 11 15 04 0.0
16 Sanbokan 65.2 00 969 549 881 00 45 36 00 113 00 76 85 00 46 9.0 42
17 Sour orange 38 220 220 1470 0.0 1090 27 567 413 37 108 38 438 0.0 89 59 0.0
18 Valencia 59 0.0 66.5 0.0 1410 0.0 421 0.0 0.0 11 58 55 30 34.0 181 85 20
19 Morita navel 81 0.0 228 70 2070 0.0 780 0.0 0.0 42 37 71 78 16.1 103 55 36
20 lyo 71 00 269 0.0 965 00 156 0.0 00 13 0.0 26 44 29 16.5 78 13
21 Hyuganatsu 45 00 184 00 347 00 537 00 00 21 43 10 106 14 139 172 50
22 Shunkokan 43.0 0.0 1160 0.0 1270 0.0 8.6 0.0 0.0 9.6 0.0 188 83 13 185 83 0.5
23 Yuzu 09 6.9 147 100 192 103 33 249 0.0 43 08 13 30 13 0.0 02 0.0
24 Sudachi 65.0 249 97.6 70.7 389 145 03 33 121 0.0 29 45 44 0.0 0.0 04 0.0
25 Kabosu 15 33 146 59.6 210 753 27 4.7 143 0.0 11 00 53 08 17 42 11
26 King 125 00 478 32 1230 00 281 0.0 20 07 24 20 56 03 6.9 6.7 86
27 Satsuma 33 00 281 00 1540 00 515 00 49 44 46 26 33 00 64 48 24
28 Yatsushiro 05 14 6.0 0.0 820 0.0 26 0.0 0.0 0.0 70 0.0 19 31 228 259 152
29 Keraji 33 0.0 54 0.0 421 0.0 24 0.0 0.0 0.0 116 40 16.7 39 53.8 713 42
30 Oto 0.0 0.0 59 0.0 627 0.0 19 0.0 0.0 0.0 0.0 0.0 0.0 18 163 154 94
31 Ponkan 40 05 442 0.0 1370 00 284 0.0 00 51 0.0 176 6.8 6.6 110 124 00
32 Dancy tangerine 16 0.0 701 0.0 3970 0.0 575 0.0 0.0 73 0.0 308 0.0 191 273 174 0.0
33 Clementine 54 00 57.8 00 1800 00 104 00 38 190 00 354 44 40 84 88 82
34 Jimikan 34 12 76 0.0 2160 0.0 176 0.0 0.0 38 0.0 245 55 51 835 737 0.0
35 Shikaikan 0.6 0.0 135 0.0 2150 0.0 85.3 0.0 98 122 0.0 16.6 40 17.2 199 110 27
36 Tachibana 256 0.0 98 0.0 749 0.0 35 00 0.0 0.0 0.0 113 39 221 182 141 0.0
37 Kobenimikan 21 00 147 0.0 1190 00 128 89 00 23 0.0 232 116 08 908 845 00
38 Kishu 12 00 104 00 2120 00 319 00 00 431 58 515 58 42 829 783 00
39 Sunki 05 6.1 56.4 0.0 1480 0.0 238 122 405 83 0.0 203 132 89.1 53.7 38.1 0.0
40 Shiikuwasha 41 0.0 16.1 0.0 1040 0.0 76 0.0 0.0 13 14 144 0.0 47 85.2 51.1 0.0
41 Koji 180 0.0 421 0.0 607 0.0 115 0.0 0.0 0.0 0.0 109 27 8.0 87.9 94.6 0.0
42 Shikikitsu 16 6.8 297 16.8 56.3 819 50 0.0 31 0.0 33 134 47 33 133 77 0.0
43 Oval kumquat 00 00 322 23 17 00 155 203 00 0.0 31 00 0.0 0.0 0.0 0.0 0.0
44 Meiwa kumquat 00 00 199 33 10 00 114 133 00 00 80 00 00 00 00 00 00
45 Trifoliate orange 0.0 0.0 49.6 690 0.0 0.0 35 1130 179 78 0.0 29 14.0 12 0.0 11 0.0

Values are averages of four replications (mg/100 g fresh weight).
Table 0-9 Flavonoid contents in segment membrane tissue of citrus fruits
flavanones flavones
ref. # name ERC NER NRT NRG HSP NHP NPO PON RTN IRF REN DSM NDM SNT NOB TNG HPM

1 Cabuyao 0.0 36 0.0 0.0 116 463 56.5 1080 0.0 0.0 0.0 144 44.0 455 0.0 12 0.0

2 Mexican lime 70 0.0 94 0.0 502 13 16 0.0 0.0 0.0 0.0 26.6 0.0 0.0 0.0 06 0.0

3 Tahiti lime 00 00 00 0.0 00 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

4 Bergamot 39 189.0 70 70 18 156 00 247 653 00 64 00 43 00 0.0 0.0 00

5 Biroro 00 00 187 40 952 0.0 0.0 0.0 0.0 0.0 0.0 111 28 0.0 74 0.0 0.0

6 Citron 09 0.0 0.0 0.0 93 0.0 0.0 0.0 0.0 0.0 0.0 87 0.0 0.0 0.0 0.0 0.0

7 Eureka lemon 129 0.0 212 0.0 479 0.0 0.0 0.0 0.0 125 13 127 0.0 0.0 0.0 0.0 0.0

8 Sweet lemon 00 00 267 0.0 554 00 75 0.0 0.0 137 0.0 109 0.0 0.0 0.0 0.0 0.0

9 Lumie 110 00 22 0.0 372 0.0 0.0 0.0 0.0 0.0 0.0 158 0.0 0.0 0.0 0.0 00
10 Hirado buntan 00 00 14 1120 13 6.0 52 0.0 0.0 0.0 6.1 00 00 14 0.0 0.0 00
11 Shaten yu 0.0 27 0.0 670 0.0 37 0.0 0.0 379 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
12 Marsh grapefrui 136 0.0 118 1130 0.0 16.2 55 301 55 0.0 21 0.0 57 0.0 0.0 0.0 0.0
13 Kinukawa 114 279 399 310 41 150 00 321 0.0 0.0 126 0.0 0.0 0.0 0.0 0.0 0.0
14 Hassaku 41 78 65.7 765 348 317 20 615 0.0 29 9.0 0.0 0.0 0.0 0.0 0.0 0.0
15 Natsudaidai 00 60.3 00 661 824 408 0.0 9.2 0.0 0.0 0.0 00 0.0 0.0 0.0 10 00
16 Sanbokan 31 0.0 766 174 149 0.0 129 0.0 0.0 107 0.0 0.0 129 0.0 0.0 0.0 0.0
17 Sour orange 57 1480 137 746 0.0 391 08 205 86 19 95 0.0 22 0.0 0.0 0.0 0.0
18 Valencia 92 00 244 0.0 1100 00 898 0.0 00 0.0 0.0 0.0 6.6 0.0 0.0 0.0 0.0
19 Morita navel 97 00 333 0.0 1010 00 927 0.0 00 00 0.0 00 6.2 00 00 0.0 00
20 lyo 54 00 357 00 668 0.0 223 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 00
21 Hyuganatsu 14 0.0 157 42 198 0.0 53.6 0.0 0.0 0.0 0.0 0.0 18 0.0 0.0 00 0.0
22 Shunkokan 85.7 16 1920 13 774 0.0 277 0.0 0.0 35.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
23 Yuzu 00 11 121 653 755 333 29 44 00 0.0 0.0 0.0 35 0.0 0.0 0.0 0.0
24 Sudachi 129 6.0 265 19.1 38 151 0.0 0.0 00 00 0.0 00 35 00 0.0 0.0 00
25 Kabosu 07 0.0 123 480 80.8 259 23 0.0 160 0.0 0.0 0.0 46 0.0 0.0 0.0 0.0
26 King 59 0.0 515 0.0 456 0.0 258 0.0 0.0 0.0 0.0 0.0 27 0.0 0.0 0.0 0.0
27 Satsuma 18 0.0 290 0.0 423 0.0 343 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
28 Yatsushiro 19 00 6.9 0.0 466 00 33 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
29 Keraji 10 00 205 0.0 288 0.0 81 0.0 00 00 0.0 00 00 00 35 53 00
30 Oto 00 00 97 00 439 00 46 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
31 Ponkan 26 25 133 0.0 1340 0.0 614 0.0 0.0 127 0.0 0.0 0.0 0.0 33 27 0.0
32 Dancy tangerine 10 21 97.3 0.0 831 0.0 55.8 0.0 0.0 26.7 0.0 0.0 0.0 0.0 32 34 0.0
33 Clementine 20 00 683 0.0 669 00 103 00 00 6.8 0.0 33 00 00 00 0.0 0.0
34 Jimikan 30 00 588 0.0 1180 0.0 500 0.0 00 00 0.0 18 00 00 0.7 07 00
35 Shikaikan 12 00 171 00 627 00 322 0.0 0.0 0.0 0.0 0.0 00 0.0 19 09 0.0
36 Tachibana 54 0.0 114 0.0 380 0.0 57 0.0 0.0 0.0 0.0 0.0 0.0 0.0 19 13 0.0
37 Kobenimikan 09 00 454 0.0 570 0.0 372 0.0 0.0 0.0 0.0 18 0.0 0.0 30 28 0.0
38 Kishu 0.0 00 193 0.0 811 00 430 0.0 00 173 0.0 55 123 00 21 22 0.0
39 Sunki 15 40 121 0.0 1080 0.0 518 0.0 76 19 0.0 25 54 26 13 12 00
40 Shiikuwasha 00 00 36 00 337 00 44 0.0 0.0 0.0 0.0 13 0.0 12 21 13 0.0
41 Koji 455 0.0 198 0.0 123 0.0 34.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12 12 0.0
42 Shikikitsu 0.0 0.0 204 38.0 39.2 448 0.0 0.0 0.0 0.0 0.0 3.7 0.0 0.0 0.6 0.0 0.0
43 Oval kumquat 00 00 716 84 15 00 375 578 00 00 6.8 0.0 0.0 0.0 0.0 0.0 0.0
44 Meiwa kumquat 00 00 339 53 0.0 0.0 12 312 0.0 0.0 33 0.0 0.0 0.0 0.0 0.0 0.0
45 Trifoliate orange 00 00 178 329 00 00 62.6 3890 0.0 0.0 0.0 0.0 249 0.0 0.0 0.0 0.0

Values are averages of four replications (mg/100 g fresh weight).
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Table 00-10 Flavonoid contents in juice vesicle tissue of citrus fruits

33

flavanones flavones
ref. # name ERC NER NRT NRG HSP NHP NPO PON RTN IRF REN DSM NDM SNT NOB TNG HPM
1 Cabuyao 11 22 0.0 0.0 253 248 740 433 0.0 0.0 0.0 319 52.3 16 0.0 45 0.0
2 Mexican lime 20 00 14 00 420 0.0 22 0.0 0.0 77 0.0 22 0.0 00 00 0.0 0.0
3 Tahiti lime 471 0.0 22 40 56.0 0.0 11 0.0 134 55 0.0 22 0.0 0.0 0.0 0.0 0.0
4 Bergamot 134 293 177 523 26 762 33 1870 283 0.0 399 0.0 48.1 0.0 0.0 0.0 0.0
5 Biroro 0.0 0.0 28 54 0.0 0.0 0.7 0.0 0.0 13 0.0 0.0 83 0.0 038 0.0 0.0
6 Citron 107 0.0 0.0 0.0 16.0 0.0 0.0 0.0 139 0.0 0.0 76 0.0 0.0 0.0 0.0 0.0
7 Eureka lemon 815 00 08 00 638 0.0 00 00 0.0 16 0.0 6.1 0.0 00 00 0.0 0.0
8 Sweet lemon 0.0 0.0 4.0 0.0 593 0.0 0.0 0.0 43 0.0 0.0 22 0.0 0.0 0.0 0.0 0.0
9 Lumie 379 0.0 0.0 0.0 573 0.0 0.0 0.0 77 0.0 0.0 12 0.0 0.0 0.0 0.0 0.0
10 Hirado buntan 0.0 0.0 0.0 785 17 15 0.0 0.0 0.0 0.0 56 06 94 0.0 0.0 0.0 0.0
11 Shaten yu 0.0 0.0 00 184 0.0 26 0.0 0.0 111 0.0 57 0.0 56 0.0 0.0 0.0 0.0
12 Marsh grapefrui 275 0.0 208 1270 0.0 457 41 256 54 00 106 0.0 146 00 00 0.0 0.0
13 Kinukawa 44 9.0 345 86.1 22 509 0.0 6.8 127 35 77 0.0 00 0.0 0.0 0.0 0.0
14 Hassaku 157 16 108 1330 29.0 611 0.7 5.7 47 8.1 83 0.0 0.0 16 0.0 0.0 0.0
15 Natsudaidai 0.0 18 336 331 31 417 0.0 112 0.0 0.0 223 0.0 0.0 0.0 0.0 0.0 0.0
16 Sanbokan 289 0.0 150 0.0 66.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17 Sour orange 72 292 16.5 693 0.0 483 11 00 324 00 289 0.0 119 00 09 0.0 0.0
18 Valencia 197 55 543 0.0 932 0.0 29 0.0 216 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0
19 Morita navel 9.9 0.0 120 0.0 944 0.0 56 0.0 93 0.0 0.0 0.0 6.1 0.0 0.0 00 0.0
20 lyo 21 0.0 125 0.0 178 0.0 30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
21 Hyuganatsu 106 0.0 97.8 6.1 62.9 0.0 203 0.0 0.0 0.0 0.0 0.0 0.0 00 05 0.0 0.0
22 Shunkokan 6.6 0.0 633 0.0 221 0.0 41 0.0 38 51.2 0.0 23 36 0.0 0.0 0.0 0.0
23 Yuzu 08 16 330 139 174 930 6.8 217 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 Sudachi 39.9 172 99.2 61.2 55.3 52.7 84 0.0 0.0 0.0 0.0 23 84 0.0 0.0 0.0 0.0
25 Kabosu 0.0 0.0 33.0 108 274 9.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26 King 92 0.0 311 0.0 153 0.0 74 0.0 175 0.0 0.0 0.0 24 0.0 0.0 0.0 0.0
27 Satsuma 02 00 154 0.0 87 00 00 0.0 00 00 0.0 14 00 00 0.0 0.0 0.0
28 Yatsushiro 05 0.0 11 0.0 124 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 16 0.0 0.0
29 Keraji 15 0.0 6.2 0.0 311 0.0 09 0.0 0.0 0.0 0.0 00 0.0 0.0 6.6 48 0.6
30 Oto 0.0 0.0 0.0 0.0 200 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
31 Ponkan 08 07 58.8 0.0 84.7 0.0 95 0.0 32 0.0 0.0 0.0 0.0 00 08 0.0 0.0
32 Dancy tangerine 00 08 70 0.0 242 00 07 00 00 00 0.0 0.0 00 00 09 0.0 00
33 Clementine 0.0 0.0 74 0.0 373 0.0 0.0 0.0 47 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
34 Jimikan 0.0 0.0 136 0.0 264 0.0 17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12 0.0 0.0
35 Shikaikan 0.7 0.0 254 0.0 529 0.0 16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10 0.0 0.0
36 Tachibana 0.0 00 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 337 00 0.0 0.0 0.0
37 Kobenimikan 12 0.0 25 0.0 242 00 00 00 00 00 0.0 0.0 00 11 32 14 0.0
38 Kishu 05 0.0 100 0.0 201 0.0 15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 18 0.7 0.0
39 Sunki 12 141 438 0.0 213 0.0 80 0.0 176 0.0 12 0.0 43 33 27 17 0.0
40 Shiikuwasha 15 0.0 0.0 0.0 196 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 25 08 0.0
41 Koji 804 0.0 167.0 0.0 74.0 0.0 132 0.0 0.0 0.0 0.0 0.0 0.0 0.0 08 0.0 0.0
42 Shikikitsu 28 0.0 402 412 535 106 07 39 89 0.0 29 39 0.0 0.0 0.8 09 0.0
43 Oval kumquat 0.0 0.0 616 0.0 24 0.0 266 399 0.0 0.0 6.7 0.0 0.0 0.0 0.0 0.0 0.0
44 Meiwa kumquat 0.0 0.0 418 32 17 0.0 244 36.8 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0 0.0
45 Trifoliate orange 0.0 0.0 13.0 93.7 0.0 0.0 452 1340 79 0.0 0.0 0.0 355 0.0 0.0 0.0 0.0
Values are averages of four replications (mg/100 g fresh weight).
Table 0-11 Flavonoid contents in citrus fruits
flavanones flavones

ref. # name ERC NER NRT NRG HSP NHP NPO PON RTN IRF REN DSM NDM SNT NOB TNG HPM
1 Cabuyao 0.8 33 0.0 0.0 129 285 439 492 0.0 0.0 0.0 209 575 63.0 0.0 41 0.0
2 Mexican lime 39 0.0 44 0.0 197 15 30 33 0.0 10.2 0.0 147 39 0.0 04 0.7 0.0
3 Tahiti lime 547 00 16.1 50 351 0.0 27 97 93 177 0.0 151 53 06 02 03 0.0
4 Bergamot 101 288 143 438 21 590 25 1240 348 00 433 119 331 05 02 02 0.0
5 Biroro 47 0.0 10.6 6.0 869 0.0 29 11 0.0 9.9 0.0 310 113 13 71 20 10
6 Citron 45 0.0 0.0 0.0 53 0.0 0.0 0.0 36 0.0 0.0 42 0.0 0.0 01 01 01
7 Eureka lemon 102 00 114 0.0 356 0.0 00 0.0 0.0 158 13 208 0.0 03 0.0 0.0 0.0
8 Sweet lemon 0.2 0.0 1638 19 258 0.0 45 0.0 32 146 0.0 70 0.0 0.0 0.0 0.0 0.0
9 Lumie 718 0.0 0.7 0.0 192 0.0 0.0 0.0 120 0.0 0.0 148 0.0 05 0.0 0.0 11
10 Hirado buntan 0.0 0.0 03 617 0.0 73 26 01 177 0.0 19.1 0.2 09 03 0.0 0.6 0.0
11 Shaten yu 0.0 07 0.0 297 0.0 34 0.0 09 56.8 0.0 32 02 25 01 0.0 02 0.0
12 Marsh grapefrui 183 0.0 170 1360 00 210 53 304 51 00 95 0.0 185 00 10 0.0 0.2
13 Kinukawa 57 193 290 173 85 177 09 248 102 19 16.0 00 02 02 07 15 01
14 Hassaku 7.7 44 85.2 303 314 166 10 14.2 32 4.0 10.5 0.0 0.9 07 0.5 0.9 04
15 Natsudaidai 0.0 79 26.2 444 117 144 05 189 0.0 0.0 183 02 08 03 04 14 0.0
16 Sanbokan 381 00 503 218 369 0.0 29 13 0.0 52 0.0 28 77 0.0 17 33 16
17 Sour orange 49 210 170 979 00 684 16 282 29.0 20 56.6 16 173 00 40 25 0.0
18 Valencia 159 27 166 0.0 962 0.0 571 0.0 108 03 15 14 77 88 50 22 05
19 Morita navel 9.6 0.0 178 14 642 0.0 348 0.0 59 08 07 14 104 32 20 11 07
20 lyo 39 0.0 192 0.0 463 0.0 88 0.0 0.0 04 0.0 08 13 09 49 23 04
21 Hyuganatsu 65 0.0 135 33 186 0.0 36.9 00 0.0 08 16 04 48 05 54 6.4 18
22 Shunkokan 348 0.2 1050 0.2 761 0.0 9.6 0.0 14 67.0 0.0 9.1 31 06 81 36 0.2
23 Yuzu 05 35 129 75.0 122 63.9 29 144 0.0 19 03 06 72 06 0.0 0.0 0.0
24 Sudachi 415 16.6 740 50.9 318 80.1 34 14 523 0.0 12 25 105 0.0 0.0 0.0 0.0
25 Kabosu 0.7 12 944 37.0 105 36.9 16 17 55.7 0.0 04 0.0 9.2 03 0.6 15 04
26 King 97 0.0 392 11 568 0.0 172 00 92 03 08 07 42 01 24 23 30
27 Satsuma 14 0.0 134 0.0 412 0.0 151 0.0 114 10 11 06 08 0.0 15 11 06
28 Yatsushiro 09 03 36 0.0 306 0.0 15 0.0 0.0 0.0 14 0.0 04 0.6 54 53 31
29 Keraji 22 0.0 75 00 242 0.0 25 12 0.0 0.0 53 18 55 18 217 353 22
30 Oto 0.0 0.0 34 0.0 259 0.0 14 0.0 0.0 00 0.0 0.0 0.0 05 44 41 25
31 Ponkan 19 0.9 634 0.0 594 0.0 212 0.0 18 30 0.0 4.7 17 18 306 337 00
32 Dancy tangerine 04 09 298 0.0 626 0.0 169 0.0 0.0 55 0.0 36 0.0 22 330 209 0.0
33 Clementine 16 0.0 282 0.0 546 0.0 40 0.0 36 55 0.0 88 10 09 20 21 19
34 Jimikan 13 02 216 0.0 665 0.0 146 00 0.0 07 0.0 50 10 10 165 140 0.0
35 Shikaikan 0.7 0.0 820 0.0 641 0.0 270 0.0 21 27 00 36 11 37 442 240 0.6
36 Tachibana 9.1 0.0 6.1 0.0 328 0.0 26 0.0 0.0 0.0 0.0 33 99 65 543 420 0.0
37 Kobenimikan 14 0.0 109 0.0 408 0.0 80 24 0.0 06 0.0 6.6 23 08 269 241 0.0
38 Kishu 0.0 00 63.3 00 702 0.0 16.0 0.0 0.0 142 16 146 133 11 235 217 0.0
39 Sunki 0.0 6.0 575 0.0 721 00 219 32 16.7 26 00 59 130 244 148 105 0.0
40 Shiikuwasha 20 0.0 6.0 0.0 411 0.0 32 0.0 0.0 0.0 05 51 00 18 303 180 00
41 Koji 84.2 0.0 198 0.0 148 0.0 288 0.0 0.0 0.0 0.0 14 04 10 12.2 125 0.0
42 Shikikitsu 18 19 313 30.6 481 825 18 0.0 53 0.0 24 6.3 14 09 43 26 0.0
43 Oval kumquat 0.0 0.0 399 31 16 0.0 195 278 0.0 00 39 0.0 0.0 00 0.0 0.0 0.0
44 Meiwa kumquat 0.0 0.0 279 34 09 0.0 118 232 0.0 0.0 4.6 0.0 0.0 0.0 0.0 0.0 00
45 Trifoliate orange 0.0 0.0 27.0 379 0.0 0.0 435 2410 8.6 24 0.0 0.9 36.0 04 0.0 03 0.0

Values are averages of four replications (mg/100 g fresh weight).
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Table 0-12 Flavanone and flavone contents in each tissue and fruit

flavanones flavones
ref. # name flavedo albedo segment juice fruit flavedo albedo segment juice fruit
8] 8] o] 8] membrane vesicle o 8] 8] membrane vesicle 8]

1 Cabuyao 165 040 786 030 1720 010 1010 020 954 458 010 668 40 105 020 903 030 146
2 Mexican lime 173 O30 432 020 521 010 476 040 213 751 020 808 0O10 272 O30 99 040 298
3 Tahiti lime 6892 020 2040 010 00 00O 110 030 439 119 02l 154 010 00 00D 211 O30 483

4 Bergamot 476 040 2590 020 612 030 3580 o10 2580 314 010 457 040 760 020 116 030 124
5 Biroro 698 030 1770 010 975 020 89 040 894 127 010 110 020 213 040 731 030 63.6
6 Citron 06 040 49 030 102 020 267 010 98 92 D2l 28 D40 87 030 215 010 80
7 Eureka lemon 265 o3o 1100 010 629 020 146 040 469 560 020 928 010 265 030 77 040 382
8 Sweet lemon 254 O30 876 nin) 588 020 633 040 281 561 020 817 010 246 030 65 040 248
9 Lumie 152 030 1040 010 483 020 952 (040 265 884 (10 737 020 158 030 89 040 285
10 Hirado buntan 150 O30 1420 010 1130 020 837 040 628 323 010 198 020 75 040 156 O30 388
11 Shaten yu 266 (040 414 020 676 010 187 o30 302 85 040 225 030 379 020 122 010 63.0
12 Marsh grapefrui 1310 040 3600 010 1580 030 1810 020 1870 665 (10 253 030 133 040 306 020 343
13 Kinukawa 320 O30 987 010 575 020 194 040 438 876 010 335 020 126 040 239 030 309
14 Hassaku 172 040 1030 020 1260 010 354 030 613 385 010 169 030 119 040 227 020 212
15 Natsudaidai 270 040 1360 010 1220 020 429 o030 653 253 020 310 010 10 040 223 030 214
16 Sanbokan 403 040 2430 020 948 030 245 o100 936 788 010 357 020 236 O30 00 00O 223

17 Sour orange 1910 020 4030 010 1510 030 1490 040 2180 185 02l 229 010 222 040 741 030 113
18 Valencia 527 o3o 2490 010 1450 020 176 040 1200 149 010 92 D30 66 040 222 020 382
19 Morita navel 1260 O30 3240 010 1450 020 230 040 866 122 o10 102 O30 62 040 154 020 264
20 lyo 442 030 1680 010 1050 020 309 040 667 878 01l 99 D20 00 00D 00 000 109
21 Hyuganatsu 155 040 764 010 414 020 198 O30 368 153 0o10o 163 020 18 030 05 040 216
22 Shunkokan 1300 030 2620 020 2810 010 864 040 1860 344 010 129 020 351 040 609 030 932
23 Yuzu 258 040 772 010 304 030 766 020 411 207 010 49 020 35 030 00 00O 10.6
24 Sudachi 138 O30 730 010 834 040 334 020 300 198 020 235 010 35 040 107 O30 66.6
25 Kabosu 823 030 811 010 280 020 810 040 279 281 020 252 010 206 030 00 000 68.1
26 King 3550 010 2300 020 1000 030 481 040 988 881 (10 140 030 27 040 199 020 231
27 Satsuma 1040 020 2690 010 748 030 243 040 562 598 010 152 020 00 D00 14 O30 180
28 Yatsushiro 364 030 1440 [yin) 478 020 140 040 312 121 010 174 020 00 00O 16 030 16.3
29 Keraji 104 o30 626 010 318 020 397 040 256 278 010 988 (1200 88 040 120 030 797
30 Oto 241 O30 1330 010 454 020 200 O40 264 618 010 93 D20 00 D00 00 00O 115
31 Ponkan 839 030 1930 010 1540 020 155 040 682 470 010 946 (020 187 030 40 040 774
32 Dancy tangerine 2750 020 5150 010 988 030 327 040 674 922 020 182 020 333 030 09 040 653
33 Clementine 1770 020 2600 010 1290 030 417 040 703 370 o10o 306 020 32 030 12 040 382
34 Jimikan 1650 020 3390 010 677 030 806 (140 750 586 Ol 684 020 28 030 10 040 820
35 Shikaikan 768 O20 3010 010 749 030 447 040 579 106 010 777 020 101 O30 47 040 258

36 Tachibana 590 020 1320 min) 403 030 00 000 346 433 o10o 979 020 32 040 337 030 116
37 Kobenimikan 430 030 1734 010 653 020 279 040 431 332 Ol 118 020 76 030 57 040 614
38 Kishu 1850 O20 2780 010 873 030 321 040 782 341 010 179 020 394 030 25 040 90.0
39 Sunki 1270 o220 2110 nin) 1260 030 280 040 810 319 010 168 020 225 040 308 030 879
40 Shiikuwasha 622 020 1600 010 345 030 211 040 422 226 010 765 (20 59 030 33 040 557
41 Koji 724 020 2210 010 402 030 334 040 459 294 010 659 020 24 030 08 040 275
42 Shikikitsu 360 030 544 020 326 040 610 010 480 746 010 214 020 43 040 174 030 232
43 Oval kumquat 379 030 347 040 822 010 685 020 451 47 030 19 D40 68 010 67 020 39
44 Meiwa kumquat 233 030 223 040 377 010 484 020 318 15 040 149 010 33 020 25 030 4.6
45 Trifoliate orange 274 040 3500 020 4300 010 1490 030 2860 584 010 311 030 249 040 434 020 486

mg/100 g fresh weight. Number in parenthesis represents the order of concentration of flavonoid in fruit tissues.

NHP

[PON] 11(3, 5), V(18-22), VII [ IRF ] | 103 | | V(16)
Q| O Q@ | O
1" 102 VI 1) IV, V(15)| | 11(4), V(17)

Fig. 0 -4 Classification of Citrus species by inclusion pattern of seven flavonoids in albedo tissue. Species containing
not less than 1 mg/100 g for each flavonoid was judged as positive except NRG and HSP, both of which
were judged at the level of 50 mg/100 g. For the identity of species, see Table [I-5.
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Table 0-13 Principal components and factor loadings for the flavonoids of flavedo, albedo, and peel tissues

flavedo albedo peel
principal component principal component principal component
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

eigenvalue 425 284 1.76 1.63 142 433 257 1.80 1.36 124 470 2.56 1.89 129 114
% 2501 1674 1032 9.60 834 2550 1515 1061 7.99 727 27.62 1504 1115 7.60 6.69
cum % 2501 4175 5208 6168  70.02 2550 4064 5125 5924 6651 2762 4266 5381 6141  68.09
factor loading

ERC -0.06 0.10 -0.19 -041 0.57 021 -0.34 -0.55 -0.17 042 -0.18 0.02 -0.52 -051 -0.38
NER 0.82 0.39 -0.05 0.29 0.10 0.68 023 -0.25 -0.17 0.10 0.72 -0.40 -0.07 -0.17 0.10
NRT -0.14 -0.16 -0.80 -0.10 0.23 -0.22 -0.25 0.00 0.78 0.03 -0.16 0.23 0.00 -0.75 -0.07
NRG 059 0.04 -0.29 -0.09 -0.27 073 0.10 0.03 -0.02 -0.15 071 -0.10 0.15 -0.06 0.05
HSP -0.49 0.57 0.17 0.16 024 -0.66 0.46 -0.21 -0.18 -0.14 -0.66 -0.55 -0.01 -0.08 0.24
NHP 081 024 -0.12 -0.20 -0.33 0.83 024 -0.20 -0.14 021 0.82 -0.35 0.05 011 0.02
NPO -042 0.40 -0.63 -0.04 0.10 -043 0.40 -0.03 -0.46 027 -0.47 -0.40 0.24 -043 -0.14
PON 0.75 0.25 -0.15 -0.38 -0.40 0.55 012 -0.03 0.07 -0.33 0.65 -0.22 0.02 0.05 -0.04
RTN 0.70 0.33 0.03 0.32 021 0.16 -0.12 0.13 0.13 0.70 0.33 0.06 -0.02 0.02 -053
IRF -0.16 051 0.35 -0.36 013 -0.23 -0.36 -0.64 -0.09 -0.27 -0.22 -0.17 -0.81 0.12 0.17
RFN 0.64 021 -0.07 056 0.25 077 0.28 -0.22 -0.24 0.08 0.84 -0.38 0.04 -0.19 0.18
DSM -0.04 0.73 0.28 0.14 048 -0.24 -0.28 -0.82 0.27 -0.12 024 -043 -0.77 012 0.07
NDM 034 0.30 0.30 -0.69 0.09 0.66 042 -0.28 -0.12 -0.19 059 -0.46 -0.20 -0.04 0.05
SNT -0.03 0.12 0.12 -0.22 014 -0.10 043 -0.04 0.26 003 -0.10 -0.29 0.13 0.38 -041
NOB -0.50 071 -0.17 0.09 031 -0.48 0.79 -0.12 0.07 003 -053 -0.71 0.32 001 -0.02
TNG -051 0.65 -0.19 0.09 -0.30 -0.47 0.77 011 0.06 0.02 -053 -0.68 0.31 0.00 -0.03
HPM -0.15 024 0.38 0.21 024 -0.14 -0.11 0.31 -0.41 -0.41 -0.18 0.28 0.15 -0.15 0.61

Table 0-14 Principal components and factor loadings for the flavonoids of segment membrane, juice vesicle, and

fruit tissues

segment membrane juice vesicle fruit
principal component principal component principal component
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

eigenvalue 356 263 1.86 158 146 421 322 2.38 152 1.10 447 251 213 170 133
% 2225 1641 1161 9.87 911 2477 1896  14.00 8.98 6.48 26.27 1478 1253 9.98 7.80
cum % 2225 3866 5027 6015  69.26 2477 4372 5772 6671 7319 2627 4105 5358 6356 7136
factor loading

ERC 0.18 -0.18 -0.64 0.08 -0.44 0.03 012 0.19 -0.06 -0.40 -0.10 0.20 -0.50 -0.22 0.34
NER -0.65 -0.11 0.14 -047 034 -0.86 017 -0.16 021 0.06 081 -0.06 0.06 -042 -0.09
NRT 0.28 -0.17 -0.66 -0.46 013 0.13 0.05 047 0.68 -0.16 024 0.21 -054 -0.16 -0.66
NRG -0.63 011 0.03 -0.08 0.15 -0.64 0.26 -0.07 0.17 -0.05 071 0.16 0.10 -0.03 -0.19
HSP 0.76 0.05 0.12 -0.27 -0.13 0.17 -0.62 042 0.33 0.21 -0.63 -0.33 -0.11 -0.33 -0.16
NHP -0.66 041 0.01 -0.22 -0.32 -0.93 -0.04 -0.05 0.16 0.01 0.87 -0.15 0.02 -0.31 -0.03
NPO 0.46 049 0.00 -042 033 -0.23 -0.73 0.37 -0.19 -0.20 -0.15 -0.66 -0.14 035 -0.38
PON -0.19 0.60 011 -0.03 0.36 -0.78 -0.14 0.06 -0.07 -0.21 053 -0.40 -0.13 0.20 -0.23
RTN -0.49 -0.15 0.14 -0.33 -0.20 -0.29 0.20 -0.09 -0.07 0.60 0.52 0.21 0.01 0.09 0.13
IRF 0.45 -0.08 -0.41 -053 -0.29 0.12 -0.05 0.39 0.72 0.06 -0.25 0.07 -0.65 -0.53 -0.27
RFN -0.68 022 -0.01 -0.27 -0.08 -0.87 0.26 -0.13 021 0.05 0.86 011 0.16 -0.35 -0.14
DSM 0.13 0.28 -0.19 0.53 -0.63 -0.17 -0.77 0.30 -0.22 -0.05 -0.07 -0.38 -0.48 -0.39 0.58
NDM -0.15 093 -0.16 -0.07 0.05 -0.74 -0.45 0.16 -0.19 -0.09 054 -0.74 -0.24 014 -0.02
SNT -0.15 0.84 -0.11 0.04 024 -0.03 -0.58 -0.01 0.02 0.57 0.07 -0.77 -0.20 0.20 0.17
NOB 048 0.03 061 -0.12 -0.29 0.20 -0.33 -0.83 024 0.01 -0.43 -0.39 0.60 047 -0.09
TNG 042 0.19 0.57 -0.27 -0.26 -0.01 -0.85 -0.46 0.10 -0.04 -041 -0.40 0.62 -0.42 -0.06
HPM - - - - - 0.12 -0.32 -0.76 031 -0.29 -0.26 0.17 0.08 023 -0.14

- not analyzed.
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Fig. 0 -5 Scatter diagram from a principal component analysis based on the concentration of flavonoids in flavedo tis-
sue (a) and zoom of the plot (b). Symbols: O, Papeda (O), O, Limonellus (O), O, Citrophorum (O); o ,
Cephacitrus (O), O, Aurantium (O), m , Osmocitrus (O ); O, Acrumen (O ); e , Pseudofortunella (O ), A, For-
tunella (102); v, Poncirus (103).
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Fig. 0 -6 Scatter diagram from a principal component analysis based on the concentration of flavonoids in albedo tis-
sue (a) and zoom of the plot (b). Symbols: O, Papeda (O), O, Limonellus (O), O, Citrophorum (O); o ,
Cephacitrus (O), O, Aurantium (O), m , Osmocitrus (3 ); O, Acrumen (O ); e , Pseudofortunella (O ), A, For-
tunella (102); v, Poncirus (103).
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Fig. 0 -7 Scatter diagram from a principal component analysis based on the concentration of flavonoids in peel tissue
(@ and zoom of the plot (b). Symbols: 00, Papeda (O), O, Limonellus (O);, O, Citrophorum (O ), o , Cephac-
itrus (O), O, Aurantium (O), m , Osmocitrus (O ); O, Acrumen (O); e , Pseudofortunella (O0'); A, Fortunella
(102); v, Poncirus (103).
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Fig. 0 -8 Scatter diagram from a principal component analysis based on the concentration of flavonoids in segment
membrane tissue (a) and zoom of the plot (b). Symbols: O, Papeda (O), O, Limonellus (O);, O, Citrophorum
(d); o, Cephacitrus (O), O, Aurantium (O ); m , Osmocitrus (O), O, Acrumen (O ); e , Pseudofortunella (O )

A, Fortunella (102); v, Poncirus (103).
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Fig. 0 -9 Scatter diagram from a principal component analysis based on the concentration of flavonoids in juice vesi-
cle tissue (a) and zoom of the plot (b). Symbols: O, Papeda (O); O, Limonellus (O ); O, Citrophorum (O); o ,
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Fig. 0 -10 Scatter diagram from a principal component analysis based on the concentration of flavonoids in fruit (a)
and zoom of the plot (b). Symbols: O, Papeda (), O, Limonellus (O ); O, Citrophorum (O ), o , Cephacitrus
(@), O, Aurantium (O ); m , Osmocitrus (O ), O, Acrumen (O); ® , Pseudofortunella (O ); A, Fortunella (102);
Vv, Poncirus (103).
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Fig. 0 -11 Dendrogram calculated using the UPGMA based on the concentration of flavonoids in Citrus fruits. Roman
numerals and numbers in parentheses indicate Tanaka's categorical number. For the identification of num-

bers, see Table O -5.
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Fig. 0 -12 Scatter diagram from a principal component analysis based on the concentration of flavonoids in albedo
tissue Symbols: O, Aurantium (O); O, Acrumen (O).
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of acetone and dichloromethane extract (a)
and water extract (b) from lyo tangor
seeds. Peaks in (a): limonin, A; deacetyl-
nomilin, B; nomilin, C; obacunone, D. Peaks
in (b): 17-B -D-glucopyranoside of limonin,
1, deacetylnomilin, 2; nomilin, 3; nomilinic
acid, 4; obacunone, 5.
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Table 00-15 Limonoid aglycones and glucosides in seeds of lyokan, Shiikuwasha, and Hanaju

Contentl mg/100 g dry seed[]

Limonoid lyo Shiikuwasha Hanaju
Aglycone

0 Limonin 4577 187 54
0 Deacetylnomilin 72 - 86
0 Nominlin 253 96 12
O Obacunone 91 45 7
O Total 873 328 159
Glucoside

0 Ichangin 75
O Isolimonic acid - - 45
O Limonin 53 116 -
[0 Deacetylnomilin 48 18 620
O Deacetylnomilinic acid - - 470
O Nomilin 224 759 130
O Nomilinic acid 34 185 110
00 Obacunone 87 196 140
O Total 446 1274 1590
aglycones / glucosides 20 0.3 0.1

* Numbers are average values of three replications.
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Fig. 0 -2 Dose-response curves of the albedo extract of (a) Lumie (C. lumia) and (b) Ponkan (C. reticulata) for cyclooxy-
genase (o ) and lipoxygenase (e ) in platelets. Platelet cyclooxygenase activity was assayed by measuring
the formation of TXB:z from [1-*CJarachidonic acid. Platelet lipoxygenase activity was assayed by measur-
ing the formation of 12-HETE from [1- C]arachidonic acid. Values were meanz SE of three replications.
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Table O -1 Inhibitory activities of albedo extracts of citrus plants against platelet cyclooxygenase and lipoxygenase

activities®
1Csol] v g/mid
Specimen” ref. # common name scientific name” cyclooxygenase lipoxygenase

Citrus-Archicitrus oo
Papeda oo

Acutifolia 1 Cabuyao C. macroptera 153 >1000
Obtusifolia B oo
Longipetiolata - oo
Limonellus oo

Eulimonellus 2 Mexican C. aurantifolia 124 >1000

o 3 Tahiti C. latifolia 134 >1000

Megacarpa 4 Bergamot C. bergamia 398 275

Pseudopapeda 5 Biroro C. Montana 91 >1000
Citrophorum oo

Citroides 6 Citron C. medica 67 >1000

Limonoides 7 Eureka C. limon 155 500

o 8 Sweet C. limetta 66 302

Decumanoides 9 Lumie C. lumia 24 275
Cephacitrus oo

Decumana 10 Hirado buntan C. grandis cv. Hirado 470 >1000

11 Shaten yu C. grandis cv. Shytian you 305 >1000

Intermedia-Flavocarpa 12 Marsh C. paradisi >1000 >1000

13 Kinukawa C. glaberrima >1000 560

-Aureocarpa 14 Hassaku C. hassaku 890 >1000
Aurantium oo

Medlioglobosa 15 Natsudaidai C. natsudaidai 700 530

o 16 Sanbokan C. sulcata 590 230
Aurantioides oo

Racemosa 17 Shuto C. aurantium 360 56
Contracta - oo

Sinensoides 18 Valencia C. sinensis cv. Valencia 186 >1000

19 Morita navel C. sinensis var Brasiliensis cv. Morita 470 >1000

o 20 lyo C yo >1000 >1000
Osmocitroides oo

Tenuicarpa 21 Hyuganatsu C. tamurana 490 >1000
Compacta - oo

Parabonilis 22 Shunkokan C. shunkokan 980 >1000
/) oo
Citrus-Metacitrus oo
Osmocitrus oo
Protpmocitrus - oo

Euosmocitroides 23 Yuzu C. junos >1000 >1000

o 24 Sudachi C. sudachi >1000 170

25 Kabosu C. sphaerocarpa >1000 >1000
Pseudoacrumen - oo
Acrumen oo

Euacrumen 26 King C. nobilis var Knep >1000 >1000

o 27 Satsuma C. unshiu >1000 >1000

o 28 Yatsushiro C. yatsusiro 720 75

Microacrumen-Anisodora 29 Keraji C. keraji 442 >1000

/) 30 Oto C. oto 580 >1000
Microacrumen -Citroidora oo

-Megacarpa 31 Ponkan C. reticulata 298 93

0 32 Dancy tangerine C. tangerina 322 302

o 33 Jimikan C. succosa 120 158

o 34 Shikaikan C. suhuiensis 50 592

o 35 Clementine C. clementia 770 >1000

-Microcarpa-Angstifolia 36 Tachibana C. tachibana 810 80

o 37 Kobenimikan C. erythrosa 71 420

o 38 Kishu C. kinokuni 300 880

o 39 Sunki C. sunki 593 930

-Latifolia 40 Shiikuwasha C. depressa >1000 >1000

o 41 Koji C. lefocarpa >1000 89
/) oo

Pseudofortunella 42 Shikikitsu C. madurensis >1000 830
/) oo

Fortunella-Eufortunella 43 Oval kumquat F. margarita 643 >1000

o 44 Neiwa kumquat F. crassifolia 680 >1000
o oo

Poncirus 45 Trifoliate orange P. trifoliana >1000 >1000

“Values for lipoxygenase were measured as 12-HETE formation from [1-“CJarachidonic acid; those for cyclooxygenase were
measured as thromboxane B2 formation from [1-* Clarachidonic acid.

” The classification and the nomenclature of Citrus plants were based on Tanaka's system.

“Values were average of three replications.

" not investigated.
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Fig. 0-3 Correlation between the classification of citrus plants and the influences of their albedo extracts on the for-
mation of TXB:2 and12-HETE. Values were percent formation versus control of TXB2 and12-HETE in the
presence of each extract at 100g/ml (mean of three replications). For the identity of numbers, see Table
0 -1. Encircled numbers showed similar levels of influence on each other among the same group based on
Tanaka's classification system.

Table 0 -2 Effects of tissue type and ripeness of Lumie (C. lumia) and Ponkan (C. reticulata) on the inhibitory activity
of extracts on platelet cyclooxygenase and lipoxygenase

Inhibitionf] %0

Lumief] cyclooxygenasel Ponkanf] lipoxygenase
Tissue unripe ripe unripe ripe
flavedo 595+ 49 580+ 41 490+ 6.7 565+ 73
albedo 568 + 45 565+ 43 531+ 69 546+ 7.0
segment membrane 478+ 438 294+ 38 423+ 64 139+ 39
juice vesicle nd’ nd 543+ 68 345+ 6.2

“ Values were percent formations versus control of TXB2 or 12-HETE in the presence of each extract at 100 pg/ml.
”Mean + SE weights of unripe and ripe Lumie were 384 + 26 and 51.8 + 4.1 g, respectively.

“Mean = SE weights of unripe and ripe Ponkan were 41.7 + 4.9 and 1096 + 6.6 g, respectively.

 nd, not detected.
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Fig. 0 -4 Structures of inhibitory compounds against
rat platelet lipoxygenase from Ponkan (C.
reticulata) fruit.
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Fig. 0-5 Dose-response curves of purified caf-
feoylquinic acid derivatives and caffeic acid
for platelet 12-lipoxygenase. Activities were
assayed by measuring the formation of 12-
HETE from [1-1Clarachidonic acid. Values
were the mean + SE of four replications.
Symbols: o , methyl-4-O-feruloyl-5-O-caf-
feoylquinate; e , 4-O-feruloy-5-O-caffeoyl-
quinic acid; O, caffeic acid.
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Fig. 0-6 Extraction and isolation of inhibitory com-
pounds against platelet lipoxygenase from
the peel of Lumie.
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Fig. 0 -7 Dose-response curves of eriocitrin and eriod-
ictyol for platelet 12-lipoxygenase. Activities
were assayed by measuring the formation
of 12-HETE from [1-*C] arachidonic acid.
Values were the mean + SE of four replica-
tions. Symbols: o , eriocitrin; e , eriodictyol.
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Fig. 0 -8 Dose-response curves of eriocitrin and erio-
dictyol for platelet PMNL 5-lipoxygenase.
Activities were assayed by measuring the
formation of 5-HETE from [1-14«Clarachidon-
ic acid. Values were the mean = SE of four
replications. Symbols: o , eriocitrin; e , erio-
dictyol.
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Table -5 Concentration of ECR in selected fruit tissues

Eureka Lumie
flavedo 694°+ 16 o750t 810+ 18
albedo 1564 + 4.0 04250 2058 + 4.7
segment 1289 £ 20 014.20 109.7 £ 19
membrane
juice vesicle 815+ 19 0 3580 379+ 08
fruit 1016+ 19 718+ 18

Sudachi Koji
01450 269+ 04 01340 1555+ 39 0 14.60
040.10 995+ 19 054.60 1800+ 42 01100
013.00 129+ 0.2 o770 455+ 0.7 06.90
03240 399+ 08 02430 803+ 15 0 67.50
415+ 08 842+ 18

* Values were averages (mg/100 g fresh weight) of three replications.

” Values in parentheses were % total amount in fruit.
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Fig. 0-9 Structures of phenylpropanoid derivatives investigated for lipoxygenase inhibition.
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Fig. 0 -10 Dose-response curves of caffeic acid, p-
coumaric acid, and ferulic acid for platelet
12-lipoxygenase. Activities were assayed
by measuring the formation of 12-HETE
from [1-**CJarachidonic acid. Values were
the mean £ SE of four replications. Sym-
bols: o , CA; e , pCA; O, FA.
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Fig. 0-11 Dose-response curves of caffeoylquinic acids
for platelet 12-lipoxygenase. Activities
were assayed by measuring the formation of
12-HETE from [1-**Clarachidonic acid. Val-
ues were the mean+ SE of four replications.
Symbols: o , 4CQA; O, 5CQA; e , 3CQA.
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Fig. 0-12 Dose-response curves of caffeoylquinic
acid derivatives for platelet 12-lipoxyge-
nase. Activities were assayed by measur-
ing the formation of 12-HETE from [1-
Y*Clarachidonic acid. Values were the
mean = SE of four replications. Symbols:
o, MAF5CQ; e , 4F5CQA 0, 3, 5DCQA.
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Fig. 0 -13 Structures of EDT and structurally relat-
ed compounds.
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Fig. 0 -14 Dose-response curves of EDT and struc-
turally related compounds for platelet 12-
lipoxygenase. Activities were assayed by
measuring the formation of 12-HETE from
[1-**C]arachidonic acid. Values were the
mean = SE of four replications. Symbols:
e  EDT; o, E7G;, A, NER; O, ECR; m,
HED; O, HPT.
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Fig. 0 -15 Dose-response curves of EDT and struc-
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lipoxygenase. Activities were assayed by
measuring the formation of 5-HETE from [1-
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Fig. 0 -16 Dose-response curves of EDT and its 7-O-
glycosides for 5-lipoxygenase in intact
PMNL. Activities were assayed by mea-
suring the formation of TXB2 from [1-*C]
arachidonic acid. Values were the mean *
SE of four replications. Symbols: e , EDT;
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Ponkan fruit
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Washing
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\4

In-line extractor
[05/64 inchO

\

;

Scalding out
0900 ,2min0

v

Peeling off

:

Cut into halves

;

In-line extractor
[18/64 inchO

chopper pulper
extractor

Hand press
extractor

:

Filtration 1.00 O

Filtrationl 0.500 O

:

Centrifugél 5,400xg,25secl]

Y

Pasteurizationl 9001 ,30secl]

10 5/640uice ‘

Fig. 0-1 Processing of juice samples from Ponkan fruit.

l

l

i

‘ 10 8/64uice ‘ ‘

CP juice

HP juice

Table 0 -1 Genaral quality characteristics of processed juices from Ponkan fruit

. Soluble Acid as pH Ascorbic Pulp Oil
Extraction . o - .
method soll_ds citric acid acid
0 Brix[O 0 g/100 miO 0 mg/100 miO 0 v/v %0 0 v/v %0
1L 57640 Crude extract 137 - 413 - 213 0.052
Filtratel 0.5 mmQO 137 - 413 - 152 0.045
Centrifugate 137 0.48 413 33.6 6.4 0.036
IL] 87640 Crude extract 137 413 17.7 0.042
Filtrate] 0.5 mmQ 137 - 412 - 136 0.036
Centrifugate 137 0.49 412 313 71 0.028
CP Crude extract 14.2 421 - nd®
Filtratél 0.5 mm0O 14.2 - 421 - 24.3 nd
Centrifugate 141 045 420 343 9.2 nd
HP Crude extract - - - - - -
O Filtratel 1.0 mm0O 14.7 0.47 414 332 45 0.137

" not examined.
" nd, not detected.



70 Oooboooooooooboonoboboog soo2o050

gooobogoooiLobgoocecpoboonboonong
Oo0oo0000o0ooOo*®oooooooIiLooo
gobooboooooobobobobooooooobcer
gboboboooooboobobogoooobooDo
gboboobooobooboboboooboobonDo
goooooobbooobobooocepPbboO
gboooooboooboboooobooodrPOO
gooobbobOoo137udooooooDooiLgd
OOoo0oOo0oOOoDoOoolILhO 5/64000.03601L
0 8/64010028% 0000000000 0O0O0OO0O
gbobooobobooboobobooooobooDo
gboboooobooboboooobooboonDo
0000000000000 ooooooooo®™
ooooooo®™o0oo0ooooooooooo
oooocpObDbOOOpB-CRYODOOODOO
oHPOOODOOOOOOOOOOODOODOOO
PMFODODOOODOOODDOOODDOOODOOODOOOOHP
gbobobooooobobobooooboobo
gcpOObODOOobOODObDODOObOODO

oooooooooooooooooop-000d
gooooooobooooooooooog
goooooon

100

gobdooooooooooooouooboo
O00000oUoooooooooooooooon
OO00000O0O0PMFOB -CRYODOODOOOOO
gogLoXgoocoXoooooooooooo
0o0oouooooooooooooooooooo
O000ooooooooooooooooooon
O00oooooooooooooooooooon
godoobdooooooooobooooooao
ogoooood

20000000000

() OoDoaOo

0000000 iILo 576400 1L0O 8 /6400 CPO
HPOOOOOOOOOOOOO

(2) OOOODOOD

PMFOOOR -CRYO HPLCO OO OO OHPLC
OO000LCIOADOOOUODOOCOOPMFOOODO
O O LiChrospher 100RP-180 Merck, Darmstadt,
Germanyd 00O 00O 250x 4.60 id, 5y mOIp -

CRYO DO D OODOYMC Carotenoid S50 Waters,
Milford 0 O O O O 150x 4.60 id, 5pmO0O0O0O
OOTNGOSNTOOODOR-CRYODOOGOGOoOO
gdooooNoOBOOOOOOOOOOOO

(3) DOODUOOOOOOoOOOoOoO

a Joooooooooooo
goooooooooooooooboobboon
000o00o00onbDOgsSmLD 3,000x001000 0
dooooooooooobbobobosmLlbbOnO
OO0/DMSO0 1010000000000 000O
0oooodooooooooooooooon 2
0000000000000 00000009%0%[
000000o0Do0ODO000g-20000 SepPak
ciogogoslsooooooooonodgPME
O4mLOOOOODO/DMSOO 101000000
000000 smLO0OOOO0OHPLCOOOO
ooooPTFEOOOOOOOOOOOOO 05ug0
gooooo

b OOO0OOOOOOOOOHPLC

00000 HeimhuberOOOOOOOO™ 00O
Jddddooooog/o04o0e00000000
O00285mO0002000360mO00000000OMO
Jdo0oo0o0oOo40000000000.6mL/min00O
Odooooooop LO00o0oOPMFOOODODO
godoooooooooodoboboooooo
dodoooooooooooooon

(4) p-00O0O0ODDOOOOOO

a p-O000D0O0O0OO0OOOOO
gdboopolooooloooboonoosb4sodn
lomLOOODODODODODOOOODODODOOOnO
O medium porosity O 0000000000000
Jdoooooooooooboooood somLb
0o00000oooooooooOoogeomLO OO
Oo0o00ooooooooo3oooooodgs
godooooooooooooboboooooo
000000000000 00000D Goodner
Oo0oooooooooo®™oooooooooon
ododooooooooooooooooobooa
SmLO0O0O0ODOOOOOODOODOOO12mLO0O
000o00oD0oo0oboDOoooooO0g5mLO10%
KOHOOOUODOoOoDOooooooooooooo
dooooooooil10o0o0o0ooboooboobon



goboodbobooboobobooboobbooboobboon 71

gboooboozomLOO00OO0O0ODOO0OO 100mL
gbobooooooboobobooobooboonDo
gbobooooooboboboooboobooDo
gbobooboooooboobgoboooboobonDo
gbobooboooooboboboooooboooDo
gboobooboboobOU1omLt HPLCO
OoooDDOoO0OO0O/000tert-0D00OOOOO
0O MTBE 9208 [MJ01%00000000OO0OO
gog
b p-000000D0OODOHPLCOO
O00000ooooo/0b00dtertD00O0OODO
OOMTBE 92081 01%0 000000000
Do0ooo¥ ooooooo2800000000
ImL/mind0000450m0 00000000 20p L
ooobop-crRyODOoOOoOoOoOobOOobOoDbDOoDO
gboboobooobooboboboooboobono
(5) 00D00DO0DDO0O0DOUOOOOOO
gooooobboboooooooob-2000
goooobboooi1z-LoXoog coxXxoono
gbooooboboobobooos-LoXgooog
goobooooooo-400000

30000000000

(1) DO00DO0O0OO00OO0O0o

Jod00o0o0o0o0o0ooooooooooog
0000000000000 PMFODOOOOO
0000000000000 PMFODOO NOBO
OO0TNGOOODOOOOSNTOODODOO Table
0-2M0000PMFOODOODDOOODOO
0 Table 0-6 000 Table 0-7 0000000
00000000000000oOoooooooo
0000000000012.6014.3013.10 58.1%0
000000000000000 NOBO TNGO O
OO0SNTOOODOOD824081.30825%0 000
J0000000o0o0o0o0oo0ooooooooo
00016018%0000000000000000
00000000 PMFOOODDOOOOL5%00
0o0wl0DO0O0000000000000000
0000000000o0o0o0ooooooooo
0000000000000 Table O0-30000
0000OHPOOOODOOODOODODOOOOOOOO
NOBO TNGOSNTO O OO0 DO OO35604.100
0.130/100mMLOD000OOOOO0OOOOOO

Table 0 -2 Concentrations of PMFs in Ponkan fruit tissues

mg/100 g fresh weight

Tissue NOB TNG SNT
flavedo 197.781 3410 21790 3.720 11.561 0.3200
albedo 34.241 1.920 41,50 1.530 2100170
segment membrane 3.261 0.190 2.7 0.140 tr

juice vesicle nd’ nd nd

whole fruit 30.261 1.8200 33.76]1 1.7600 1.70 0.240

Values were the mean of four replications. Values in parentheses are standard deviations.

“ tr, less than 0.01 mg/100g.
”nd, not detected.

Table 00-3 Concentrations of PMFs in processed juices from ponkan fruit

mg/100 ml
Extraction method NOB TNG SNT
100 5/640 0.621 0.0600 0.681 0.080] tre
1] 8/640 0.6Q1 0.040 0.671 0.090 tr
CcP nd” nd nd
HP 3.561 0.260J 4100 0430 0.181 0.020

Values were the mean of four replications. Values in parentheses are standard deviations. * tr, less than 0.01mg/100 g.

" nd, not detected.
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Fig. 0 -3 Dose-response curves of the extract of
processed juices for platelet COX. Activi-
ties were assayed by measuring the forma-
tion of TXB:z from [1-*Clarachidonic acid.
Values were the mean + SE of four repli-
cations. Symbols: o , IL (5/64), e , IL (8/64),
0, CP; a, HP.
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acid. Values were the mean = SE of four
replications. Symbols: o , IL (5/64); e , IL
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Fig. 0 -5 Dose-response curves of the extract of
processed juices for PMNL 5-LOX. Activi-
ties were assayed by measuring the forma-
tion of 5-HETE from [1-*C]arachidonic acid.
Values were the mean + SE of four repli-
cations. Symbols: o , IL (5/64), e , IL (8/64),
O, CP; A, HP.
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Studies on Biologically Active Compounds in Citrus Fruits and
Their Effective Utilization

Yoichi NOGATA

Summary

Citrus fruits are the most principal fruits cultivated in Japan but their yearly production and consumption
are decreasing in these days. Compounds occurring in citrus fruits such as flavonoid, carotenoid, coumarin,
terpenoid, and limonoid have been vigorously studied for their biological activities and many reports have
been published in recent years. The aim of the present work was to generate an increased commercial inter-
est in citrus fruits and expand their production in terms of biological compounds included in them.

In chapter 2, a quantification method of analyzing flavonoid constituents in citrus fruits was developed, and
the flavonoid compositions of 45 citrus fruits in different tissues were determined. Based on the flavonoid
compositions, discrimination of citrus species was investigated. Limonoids in the seeds of selected fruits were
also analyzed.

Firstly, high-performance liquid chromatography coupled with ultraviolet-visible spectrophotometry using a
photodiode array detector was developed as a method for the simultaneous separation and determination of
25 kinds of naturally occurring citrus flavonoids. The separation system consisted of a Cis reversed phase col-
umn, a gradient system of 0.01 M phosphoric acid (A) and methanol (B), and a photodiode array detector.
Each of the 25 flavonoids was eluted from the column with a gradient system composed of three periods; (1)
0-55 min, 70-55% (v/v) A in B, (2) 55-95 min, 55-0% A in B, (3) 95-100 min, isocratic, 100% B, and quantified by
spectrophotemetric detection at 285 nm. Identification of specific flavonoids was made by comparing their
retention times (tr) and UV spectra with those of authentic standards. The relative standard deviations of tr
values were 0.029-0.321%. The recoveries of flavonoids added to tissues were 97.47-103.03% from albedo and
96.87-104.93% from juice vesicle with standard deviations of 2.32-5.72% and 2.18-5.96%, respectively.

Secondly, it was possible to discriminate the section of genus Citrus based on Tanaka's system by the inclu-
sion pattern of seven flavonoid constituents except for part of Aurantium and Limonellus group species. Prin-
cipal component analysis based on the composition showed that the scattered diagrams obtained from fruit
tissues had different separation conditions each other. Flavedo was suitable for discrimination of individual
species in Limonellus, Citrophorum, and Fortunella group, whereas albedo was so for those in Acrumen
group and segment membrane was for those in Cephacitrus group. Unfortunately, scattering in each diagram
didn't spread well enough to differentiate 45 species. One approach to solve this problem was to use data of
several tissues in judgment. Another approach was to carry out the analysis focusing a certain section to per-
form more precise discrimination; a section of a sample is known by its flavonoid composition. On the other
hand, the effect of the production area on the flavonoid compositions should be clarified in the future.

Thirdly, limonoids in the seeds of lyo tangor (C. iyo hort. ex Tanaka), Shiikuwasha (C. depressa HAYATA),
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and Hanaju (C. hanaju hort. ex. Shirai) was examined. The composition and quantities of limonoids in lyo seed
were similar to those of species in Acrumen group. Since lyo has a large quantity of seeds as by-products,
this fruit was considered to be an effective source of limonin, nomilin, and obacunone. Both Shiikuwasha and
Hanaju seeds had larger amount of limonoid glucosides than aglycones. In the seeds of Shiikuwasha, 17-f3 -D-
glucopyranoside of nomilin occurred at 759 mg/100 g dry weight, and in that of Hanaju, 17-3 -D-glucopyrano-
sides of deacetylnomilin and deacetylnomilinic acid did at 620 and 470 mg/100 g dry weight, respectively. As
these 17-3 -D-glucopyranoside derivatives are not general in citrus species, detection of some biological activi-
ties unique to them might add values to them.

In chapter 3, inhibitory activities of citrus fruit constituent against platelet lipoxygenase, cyclooxygenase, as
well as polymorphonuclear leukocyte 5-lipoxygenase were studied.

Firstly, inhibitory activities of the albedo extract of 45 citrus species against rat platelet cyclooxygenase
and lipoxygenase were screened. Among the species investigated, the extract of Lumie (C. lumia) was shown
to possess the highest inhibitory activity against cyclooxygenase (ICso : 24 p g/mL), and that of Shuto (C.
aurantium) was the highest against lipoxygenase (ICso : 56 y g/mL). The albedo extracts of citrus classified in
the same taxonomic group appeared to have similar inhibitory activities toward these enzymes. The flavedo
extract of ripe Lumie inhibited cyclooxygenase to the same degree as the albedo, more than the pulp extract.
The flavedo, pulp, and juice extracts of ripe Ponkan (C. reticulata) also inhibited lipoxygenase in addition to
the albedo extract. Both the flavedo and albedo tissues were shown to be abundant in inhibitory compounds
against cyclooxygenase and lipoxygenase.

Secondly, an activity-guided separation for inhibitors of rat platelet lipoxygenase was carried out. This
approach led to the isolation of two compounds, 4-O-feruloyl-5-O- caffeoylquinic acid (ICso : 55 y M) and
methyl 4-O-feruloyl-5-O-caffeoylquinate (ICso : 1.9 y M) from the peel of Ponkan fruit, and eriocitrin (ICso : 22.3
Mg M) from Lumie fruit. Their structures were determined by NMR and MS spectroscopic and sugar analyses.
These compounds also had inhibitory activities toward rat polymorphonuclear leukocyte 5-lipoxygenase. The
ICs0 values were calculated to be 2.67, 0.70, and 29.1 y M for 4-O-feruloyl-5-O-caffeoylquinic acid, methyl 4-O-
feruloyl-5-O-caffeoylquinate, and eriocitrin, respectively. Although eriocitrin had lower activities to these
enzymes, its aglycone had much stronger inhibitory activities; the 1Cso values were 0.07 and 0.20 y M for 12-
and 5-lipoxygenase, respectively.

Thirdly, the inhibitory activities of chlorogenic acid and eriodictyol derivatives were studied to clarify a
structure-activity relationship of these structures toward platelet lipoxygenase. Concerning chlorogenic acid
derivatives, following evidence was known; 1) catechol residue was indispensable to exhibit the inhibitory
activity, 2) binding of caffeic acid with quinic acid results in the loss of inhibitory activity, 3) the rate of loss
differs with binding position, and 4) binding of caffeic acid and another cinnamic acid derivative with quinic
acid leads to the gain of potent inhibitory activity. Also, the presence of catechol group on B ring in eriodicty-
ol derivatives was necessary. In this structure, sugar moiety caused the loss of the activity and dimer of
sugar subjected to the lower activity than that of monomer. In case of the inhibition for 5-lipoxygenase in
intact polymorphonuclear leukocyte, only eriodictyol had the inhibitory activity (1Cso : 12.7 p M) among chloro-
genic acid derivatives and eriodictyol derivatives, suggesting that hydrophilic moieties such as sugar and
quinic acid could be an obstacle to the permeation through the cell membrane.

In chapter 4, effects of extraction methods on the concentrations of selected bioactive compounds in
Ponkan juice were investigated. Ponkan fruit was processed by either in-line (5/64 and 8/64 inch), chopper
pulper, or hand-press extractions. Concentrations of polymethoxylated flavones (tangeretin, nobiletin, and
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sinensetin) and (3 -cryptoxanthin in juice, and inhibitory activities against arachidonate cyclooxygenase and
lipoxygenases of the juice extract were analyzed. The juice processed by hand-press extraction contained the
largest amounts of nobiletin (3.56 mg/100 mL), tangeretin (4.10 mg/100 mL), and sinensetin (0.13 mg/100 mL).
The concentrations of (3 -cryptoxanthin were 0.66, 0.59, 0.55, and 0.50 mg/100 mL, in chopper pulper, in-line
(5/64 inch), in-line (8/64 inch) and hand-press juices, respectively. Both extracts of in-line juices showed
greater inhibitory activity toward platelet 12-lipoxygenase than the others. The inhibitory effect of hand-press
juice extract on platelet cyclooxygenase activity was remarkable among the juice extracts. All juice extracts
effectively inhibited polymorphonuclear 5-lipoxygenase activity to nearly the same extent.



