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ABSTRACT

In this study, functional materials such as

carotenoids and hesperidin from Satsuma

mandarin(cv. Yamakawa wase) fruit in
environmently-friendly orchard were compared
with those from conventional orchard. The
environmently-friendly orchard have not got
any chemical fertilizer, insecticide, sterilizer and
herbicide since 1998 and managed to sod
The environmently-friendly orchard
treated to fertilizer,
insecticide, sterilize and weedicide, controlled to
since 1998. Fruit took off for
sampling on September, 1 and October, 14 and
24. They had 3 different treatment of juice, peel
and freeze dried. The freeze-dried samples

were extracted to flavonoids by 99% ethanol,

culture.
was not chemical

sod culture

and hesperidin contents were measured to

HPLC system. Carotenoids in fruit peel and

o e ojaudE

flesh at fruit maturity and harvest season were
extracted and separated toPcryptoxantin with
HPLC. Hesperidin contents of the sustainable
orchard were higher than the common orchard
in fruit juice and peel at fruit maturity and
harvest season. Pcryptoxantin contents were
also higher in feel than fresh, and sustainable
orchard (EM BOKASHI) than common orchard
(control).
suggested that the fruit from environmently-
friendly orchard can be developed for funtional
food and encourage farmers to grow the plant

Therefore, these results were

profitable agriculture in Jeju island.
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F AR Aol PYUo] BAFA S AHe1
UE F7H7F B 38R 5AEY §5Po] =7
s Atk AFAR IFAFAEL
A patolol] theFdt HeEjo] A e &
o]Fx Yot zeY VYA FAE $ga9
#BHe FddE B7stn AExds, B2z
T 788 A2 A& AAY 92 Ram
At (2 5, 1999).

AFEE 22 Aol wdaix Zagr] o
| 12k 4] v Fe] w9 an o1 F gre
H 259 60%E AR QoA 7]7H4HY] o]
2 AT (A, 2002).

a2 F¢ AT BE 4L 34 93
Y s dEso Auves 33 Y
Foo Rk AZ AFFFEslAE BFe =
AREE A8 g Au 2 3948 A%
&2 L AYA frivYoez AR Az
S8t e F7 Yasd 5 30447 H
a2 o F (2002)2 R EY Iz A 7} EGu) Ay
=% AGAAYN eFUL] WS- EAQo mRE
Yl AN BFe FxE LDIEHH AL
A F7EE AEgS B

AT 71T T B E54L 3
A 3 el AYYL Rzt zgo) Qi 1)
ER12 24 flavonoid 3}§2 9| hesperidin® w9t
€ YA E diosming ®o] #8331 ot =
BE}ARI] ASE WA ZyrEe 242
A A3E HlEl E(tocooherol)7} Wt} o] ur
4E AAHE = dBeryptoxantin 77 o)
A3t Ade ¥ S| AEUAZ sinefirino] 87}
HollEe Aol wrEA1 rh(Natioal Agriculture
and Food Research Organization, 2001). Kim
(2000) AFoA Aukn e 23Uz w3z
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4$& BOKASHI# EM-BOKASHIZ WEAIZ u)
BEE AEAT B3 HAE DA 5o gL
=28 4¥3o B2 gt BOKASHIE: 2&
a7 Hul2 87 0%E 71F5d AE 20%, A
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5%E AH73Y. EM-BOKASHI:= BOKASHI <]
T/ & Al EM(effective microorganisms)?& &
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873 ZEdolAM o 300m Azl YN 72
X 4¥E YT Aot B F FA9 ug
Z71(9¢ 19), vldSEr(108 149), H27)
(108 289)d #HAd& A Ao YgzAE
& dg 5 A2 JI9} F8oz By =
AAzxE ot

TAUZE @ HYEANE #UF} 2€E2 ol
THAAIR (200009 W] uwa} 1g Ruta
8o dial 10mle 9% NP2 60°C ZANA
1M+ 33lel ZA flavonoid A2 &}
29 4%, 39 2 459 flavonoid RS
HPLCE o] &3] A3o] Fu}.

Carotenocid# 9] EFE¥AML Fig. 19 Wiz
o] ¥2 z¥ 10¥ 1497 2899 3y @ 3
% 10g€ 40% WES 70mlz olg3 2291
suction flaskE ol &3 7} JALE 40% vl
©@EE AAG Fo Az 01% BHTZ &
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A 500ml diethyl ether® 200ml Z{F42 H7}
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10ml diethyl ether2 =ojii 20%
methanolic KOH(10mDZ  H|¥3& AR
(saponified). A4 gas7t F A9 AFEH
V8 Aeg sAA 2ANFS AXNAHTG 2 A
gt A ¥3E NHCl 8902 £3o] HIAU
th 47128 §Zo Ro} FUn FEF i
A diethyl ether2 3871 € 47z A3& &
Fo #7128 &8 2 ether 3 & 7IUAR
¥%712 94 Az 8 4 7R F5E ARG
I u¥3lg A8E HPLCE AZFL 37193
HPLC®] °]54¢! MTBE/MeOH(1 : 1, v/V)& =
ol 045um FAH714¢ ¥H (PTEE syringe

22
T =

Peel(10g)

filter, Micro Filtration System)& %3 «#&
At

&3 2olE 18 T(HPLC)E puming system
(LC-19AD), auto-samplers (SIL-20A) 28X
UV-visible 4% 7] (SPD-10A) R AFH ¥4 @
X2 FA ¥ Simazu (SCL-10A, Japan) system2
ol &394t o] AL £ A(CHICN: Acetic acid
=995 : 05)2 €94 B(water : acetic acid = 99.5 :
05)& Table 13 o] ¥% Tl ZAH3= T2
a¥e UEAC o] &4 40VP-ODS
column [Shimazu, Japan (250 mm X 4.6 mm)]el ©}
2 1mle ERUHEA 40°C A flavonoid

ol&

Flesh(10g)

I

Homogenization

Centrifugation(5,000rpm, 7min)

Residue Shaking Incubation(2hr, 170rpm, 10T)

Filterate
!

Separatory funnel

Extraction with acetone/methanol(7/3, v/v)
contained 0.1% BHT(100ml)

Treatment with dimethyl ether

Upper layer
i

Evaporation(at 35TC)
|

}
Lower layer

Saponification(2hr, at room temp.)

Separatory funnel

Diethyl ether 10ml
20% methanolic KOH Solution 10ml

Separation with saturated NHCl solution
Washing with distilled water (3 times)

Upper layer
|

Evaporation{at 357C)
|

1
Lower layer

Dissolving in MTBE/methanol(1/1, v/v) contained 1% BHT(5ml)

Crude carotenoid solution

Fig. 1. Extract scheme of carotenoids in peel and flesh of Satsuma mandarin
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Ae EF 2A
narigin, rutin (Sigma, America)2 100, 250, 500
ppm & B2 2 ZA 3 F injection Hr}. o] EF
S ds]A 280nmE ZAH UV-visible A&
7]olA #2l¥ chromatograml Z 28 Ao} A
FHAE Z Mg FFo A1ES Yo 329 F
%, 39 @ #F9 A|8EL HPLCO injection 3
7198 19500xg =AM 1087 A2 ot
°]5 A& 3 chromatogram& HFE 24 %
g Tl BEEHY HdPM 22HH flavonoid
A E4& FZFA.

hesperidin, neohesperidin,

Table 1. Operating condition of HPLC for
hesperdin.

System controller : SCL-10A, Shimadzu, Japan
Solvent Degassers : DGU-14A, Shimadzu, Japan

A& flavonoidAl EAEA ) ojgd ge& A=
o] 8& &AM Table 29 #o] o}%% MTBE/
MeOH/waterg 13259 95:1:494 25:71:4
239 Bx¥IE FAYG B4 columne
Bondark TM C18 94 [Waters
chromatography, Milford, America (250 mm X 4.6
mm, particule size 10pm)Jol 35°C ZAA
Carotenoid#9] HEFE3U B cryptoxantin
(Wakou, Japan)&H#o g2 ZA|3 & injection 3
th olE FFTEAA ddA M45mzZ =AW
UV-visible HZ&7]9A £2¥ chromatogramo
ZRE Qo HFAHL 4 A8 g AL
< Ao

column

Table 2. Operating condition of HPLC for

carotenoids

System controller : SCL-10A, Shimadzu, Japan

Gradient pumps  :LC-19AD Liquid Chromatogram,
Shimadzu, Japan Solvent Degassers :DGU-14A, Shimadzu, Japan
Autosamplers :SIL-20A, Shimadzu, Japan Gradient pumps  : LC-19AD Liquid Chromatogram,
UV/Vis Detectors : SPD-10A, Shimadzu, Japan Shimadzu, Japan
Column : Shim-pack VP-ODS 250LX46mm  AAutosamplers  :SIL-20A, Shimadzu, Japan
HPLC Column, SHIMADZU UV/Vis Detectors :SPD-10A, Shimadzu, Japan
] Column )1 Bondapak'™ C18 125A
Mobile phase 1011m 39%300 mm
A solvent = Acetonitrile (CH;CN) : Aceticacid = 995 : 05 HPLC Column, Waters
B solvent = H,O : Aceticacid = 9.5 : 05 .
T Mobile phase
Injection volume 0L
- A solvent = Methanol : Methyl tert-buthyl ether : H:O
Column temperature : 40 C %14
Flow rate 1 ml/min B solvent = Methanol : Methyl tert-buthyl ether : H0
Wave length : 280 nm =25:71: 4
Gradient table Injection volume 20
Time(min) A(%) B(%) Column temperature 35T
0 0 0 Flow rate * 1 mi/min
15 40 60 Wave length > 445nm
26 40 60 Gradient table
30 20 80 Time(min) A(%) B(%)
0 100 0
Carotenoid% ¢ EFAEL silica gel plate 12 100 0
(Silica gel 60 F254, Merck) & A}-83F thin-layer 25 0 100
chromatography (TLC)9] hexane/acetone (75/25, 30 100
v/v)E AMEuE AL o HPLCA 9§ 2 35 100
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Fig. 2. HPLC chromatograms of flavonoid for
fruit juice of Satsuma mandarin cv.
Yamakawa wase harvested on Oct. 28,
2005.

A ; Standard of hesperidin, B; Control
C ; BOKASHI, D;EM BOKASHI
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Fig. 3. Seasonal changes of hesperidin content for
fruit feel in  environmently-friendly
orchard as chemical(control) and organic
material (BOKASHI and EM BOKASHI)
fertilizer application during fruit
enlargement, maturity and harvest period.
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Fig. 4. Seasonal changes of hesperidin content
for fruit fresh in environmently-friendly
orchard as chemical (control) and
organic material (BOKASHI and EM
BOKASHI) fertilizer application during
fruit enlargement, maturity and harvest
period.
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- CONIRDL
BOXASKI
EMBOKASHI

Hesperidin(micro g / 20micro liter juice)
AN

Sep ! Derrd Get2s

Sampling days

Fig. 5. Seasonal changes of hesperidin content
for fruit juice in environmently-friendly
orchard as chemical (control) and
organic material (BOKASHI and EM
BOKASHI) fertilizer application during
fruit enlargement, maturity and harvest
period.
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Fig. 6. HPLC chromatograms of carnotinoids for fruit flesh of Satsuma mandarin cv.
Yamakawa wase harvested on Oct. 14, 2005.
A ; Standard of B-cryptoxanthin, B ; Control C; BOKASHI, D; EM BOKASHI
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Fig. 7. TLC chromatograms of carnotinoids for
fruit flesh of Satsuma mandarin cv.
Yamakawa wase harvested on Oct. 14
and 28 2005.

A;Standard of B-cryptoxanthin, B;
Control, Oct.14, C; Control, Oct. 28., D;
BOKASHIi, Oct. 14, E; BOKASHI, Oct.
28, F;EM BOKASHI, Oct 14, G;EM
BOKASHI, Oct. 28
TLC conditions : 1) Plate; Silica gel 60 F254 TLC
(Merck), 2) Solvent system;
Hexane/Acetone (75/25, v/v)

g Z2o A BIAo] FAHEE FIFA
o2 A¥AEYL ¥ F7b Y Ao
BOKASHI:= 9 #EAHY Wioz urgoln
wg &7 24deltt (Jenkins and Daly, 2005).

R 3zl o3 agro-ecosystem¥Y 22 EM
F& vFAA EF A BB FAZES
7} A gtch(Higa 9} Parr, 1994; Hussain &, 1999).
Daly$} Stewart(1999)2 43l EME AHE3
on AYEI} K5FdAM ZZ 29%, 31%%
23%7F Z47t HAadzx B3Pk  Higast
Wididana(1999) EM<S AAMAH<QA FH & A3}
= Aol oz ZAEAPNE sl HAR A=
o] Rz Fdolgt AT

2 Agda ogg wE #7 EZFQ
BOKASHI$} BOKASHISt EMo| &3dtd 2719
Wi 71230 Auld @RISR dwrd
3 5ol Axy FAo dF rITPYEL
flavonoid® carotenoid#l A& A3 ulu3|
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Fig. 8. TLC chromatograms of carnotinoids for
fruit feel of Satsuma mandarin cv.
Yamakawa wase harvested on Oct. 14
and 28 2005.

A;Standard of P-cryptoxanthin, B;
Control, Oct.14, C; Control, Oct. 28, D;
BOKASHIi, Oct. 14, E; BOKASHI, Oct.
28, F;EM BOKASHI, Oct 14, G;EM
BOKASHI, Oct . 28
TLC conditions : 1) Plate; Silica gel 60 F2564 TLC
(Merck), 2) Solvent system;
Hexane/Acetone(75/25, v/v)

B et} Nogata 5(2006)€ Tanaga ¥Rl
upe} Lol 42%F, 2445 233 HAS 139
8 flavonoidsE ¥A4E ot Fad AYPEL
flvonoid 7 &
naringin, nechesperidin 22} 3 rhoifolin®] 8%
g Eolgs AL ¥ 27U A%
Zd o 7154 ¥F B (2000090 o3
2ag bzl Ao 2L F2AQ 9915 B¢
rutin, narigin, hesperidine] #H&o] =AUt 34A
o 2 AYo] A" AHZ A A E hesperidin
glo] AZEHYEd EFo O o2 AFgdEY
2 g3e dg1se vlad EE 8¥TolA 9¥
2o FlA 2587mg ol el & AYe A3,
EM BOKASHI AgolA 99 ot o tmgo 2
A48 HAYA T 1084 2 FFo] yU. a7
g 13 FAHE%7) Bge 3 4374
a2 3ol wotAvE B AYel AAxAYL 23
# #Ae 447 ¢+ g

neohesperidosyl neoeriocitrin,
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HEHFE carotenoidiFe] Hioln Ao 1 4
7} #ol EuEx driGross, 1987). Carotenoid<]
TR o FAHELS e wsAted ue)
@o] ¥M3H(Gross, 1987). FAo] AAsE Fot
carotenoid®] ¥& A F2o] dojym FAld ®
o] dojdrt wetd FF9 s 2FuZ
(Satsuma mandarin)& ZHo] %3 o A
¥ (juice sacs)? T3 224 R E(flavedo)d
F8 P cryptoxantin ©] %3 o] HtHGooder &,
2001; Ikoma &, 2001). &< W3l e A
=719t 87 ZAIE A FUF FHAZA
o] #Fue Ko diF Ao o
Ko(2000)9 93] BEx & 3 url 9ed IAve
526mg% °l32 #H&{&L 078mg% [Utt. B AY
o ZAI}E BYE, H4$¥sd #HIE EM
BOKASI 7} & AH2ug &L 068mg%a
ol W3l 054mg%E JEHT. AGBoE &
o]de] Aol HAYor A f714 Hlg A
2 2 wed A8 Aeddd 27 AA
(Table 3). §3] &% H71xule] EM BOKASI
of g #37t FHAZA B 10d = 2y
o1 g zole FAMAHLI FHEYRG ¥ F
T2 Aolof o Aoz Azto) @A}

ol d¥e ANE FIsA IFAASFY
o 3ol EM BOKASIx=#7} 739
2 B cryptoxantin o] T E A7
. &3 #HANM B cryptoxantin® #F§ et
A%E JYeEiAYdE B a(Dorgan 5, 1998;
Nishino, 1998)7} Q1o & U&7F Aol m&
1SR EE o83 JlTA AELAY B4

dAZE At

hesperidin
Bk =%

A (o]
| i

2 dFdME 23UR ARz AY 284 A
Hjell Qlo] mAE WFERF7Z WE J)FHER
Ql carotenoid¥ # ¥ hesperiding#e] WalE o
Pufe] AT v By A§H F49
2 1997 olF w43 Fstug g HEH AE3)
A gow 2AAWE Ao FHo A= oY
1Y, 109 147 28Ul iy w98 W 7n

AEF FH7z 9 $4dzd AEzRH
9% dE-&=2 flavonoidE &3t HPLCZ
hesperidin & &g A%t Carotenoid &= 4
o] A%719% #87]d nue H{ogRYH 3
o] 5o HPLCZ P cryptoxantin7} 227}
H At Hesperidin 338 749 A£&7)9 48
Z1ol & FHIodA BYPHsY B 1A
Fdo] gk £ B cryptoxantin FFE 2}
SR #97 gdn 387 F5A04 Bsid
olg9 ZAde I#A LY Ay @
hesperidin, B cryptoxantingafo] o3 4w
94 B3¢ Jeldd agnz B Ay Ags
SFAe do] IR AuE LY A
HEFLEMLY 7t B2 F71SdA A
Fxo A7 HEE ABoP:= RE AAF
I Y

AL AL

o] EE< EUAENY ¢ IFF AN
d AHGE ARID ] Aol st ATHYL
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