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o. & B

1. oFA

2 Ao ALEE Bl E 20050 AFE AAEZA TEE T74-1AA oA Al
st Fwor Au) REZ AZWE A 18-04-3-1625 2 AZWE AT L5
ZH(Citrus unshiu Markovich)S #A|FA] EA|F4 o9S BAe 850 Fxotx4

B RU(T064-T3-1860)0 4 4910 SAel A=A 08 AR oy
2(F)eUS B(ESFA DA FFuol ALE ATk (A5 DO01195, HAY
06. 01. 03.)

B Ao AlgH §RE EF we §RHFFQ &X Saccaharomyces exiguus
SJP6728AF1 (55 53] 10-0536456)5 Sl #AR] vtAlF o2 -8 wjgF wol A&
s} Aok,

3. Al ek
Bigzeol sk flavonoid glycoside® 2] A #ol Al-83F F5% 0 & hesperidin
(hesperetin—7-rutinoside), neohesperidin, hesperetin (3,5,7-tryhydroxy-4-
methoxyflavone), naringin(narigenin—-7-rhamnoglucoside), narigenin (4,5,7-
trihydroxyflavone)2 Sigma Chemical Co.(St. Louis, MO, USA)= 4
TAdstA

HPLC-& Methanol(99.8, reagent, Merck Co., Darmstadt, Germany)< A}-&3}%1
o, 7|et AlkS 55 ol AlFS AHESEATH



Rs
0 0 P
R 1/ g R4
@]
OH
Compound Ry R, Rs Ry
Hesperidin Gle’~Rha OH OCHs H
Neohesperidin Gle’*~Rha OH OCHs H
Hesperetin H H OCHs OH
Naringin Gle*-Rha H OH H
Narigenin H H OH H

Fig. 1. Chemical structures of Citrus flavonoids



4. A3 717

HPLCEA o AH&3% 7]7]%= DIONEX SUMMIT HPLC system(Germany)o =
Pump+ P680 HPLC pump, % 7]+ ASI-100 automated sample injector, 7=
7]= UVD 340 U UV/VIS- detector, CHROMELEON chramatography data
system(version 6.40)2.2 G4 % o] At}

A4 #2]7]+= Refrigerated Micro centrifuge(Hanil) & AF&3l1 o, A& AX
Analytical BalanceS AF&3F a1, pH =4S pH meter(710A, Orion, USA)E =
AstA



5. Ha & 2A

5.1. Biipe AR

Bigz 600 goll = 6 LE ¥ 171 ol A 2413 te F&ebo] wheE Bk
g 6 Lol dAle] H7b= glo] &% 2 FRuike 10 <
3B~40TC, 5% 80~90 % x7elA 743+ F7AH TESHA
nf 1 7FAo 2 gl 200 mA FHste] ¥E BEAskaT

5.2. JFEAT Pl nATE

Az 219 18 kgs EdHlE &7]o S &5 el ¢4dd] FE& TF
AR HE 3 o7)o EEEHYEN 100 S FEFEL &% 35~40T, 5% 80~
90 % ZAoNA 1497 74 L&t AR AAS Y& v 2wl HF e
100 g¥ Hstol W& Hastsirh

8 kg& A7l 1A <t A= AAg AAHS AR Fol JELEA

Azl &, o] AxES Ft ZTEr—’F 500 UE ”01 52l o, thA] HQl e
Saccaharomyces exiguus o 500 W= Ho] A FAE LaAS FH A} &=
H g kg ole 30To|A L& (OF-12, Jeio Tech Co., Ltd., Korea)A| 71 A 14, 3

= =)
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HPLCHE2A o] AF&3F column< Luna 5p Cis (Phenomenex co., USA)o| 1o,
ol 52 38% methanol® 3o 1.0 mé/mine] FHo=Z Z#HFUY. Inject
volume< 10 g, column temperature= 40C, UV Wavelength 204 mm=Z 3}

o,

8. SAA

2HE d& AyeE HF+EF2A (mean + SENE 7| E
42 Bonferroni mutiple comparison methodE A}

Q1 Al fegon Asart



M. B 8

1. HPLC &4

A gol o]&3 HPLC ¥4 Z7H o & %% naringin, hesperidin, neohesperidin,
narigenin, hesperetin® retention time< 217 9.8 min, 11.0 min, 12.2 min, 31.8 min,

414 min °lA A& Ak (Fig. 2)



UV _VIS_ 1

700 B & X2 #11 [modified by %] stds

mAU WVL:204 nim

2-10.704
400
4-29,067
3-12.017
200 1.9477 5-37.288
min|
50 T T T T T T T T T
00 50 100 150 200 250 300 35.0 40.0 45.0 50.0

Fig. 2. HPLC chromatogram of naringin, hesperidin, neohesperidin, narigenin and

hesperetin(1: naringin, 2: hesperidin, 3: neohesperidin, 4: narigenin, 5: hesperetin)
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Table I. pH of Citrus unshiu peel by Liquid Fermentation

Time course of fermentation(day)

0 1 2 3 4 5) 6 7

pH 4.65 3.94 3.48 3.40 3.30 3.28 3.11 3.01

Fig. 3. pH of Citrus unshiu peel by liquid fermentation
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Table II. Specific Gravity of Citrus unshiu peel by Liquid Fermentation

Time course of fermentation(day)

0 1 2 3 4 5 6 7

Specific
. 1.018 1.016 1.016 1.018 1.016 1.016 1.016 1.014
gravity

Fig. 4. Specific gravity of Citrus unshiu peel by liquid fermentation
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2.3. Wi AATEES AEAHE A

Bz dAHgES HPLCE o838l AFAdES w43 23 hesperidine HEH A
A4k neohesperidin, hesperetin, naringin, narigenine 7A&% %] kch

Bz AA L EE9] hesperidin 2 wE A 54142+0.0173 (mg/g)olA A& 1¥
F S7kste] 7.5475+0.0269 (mg/g)oZ Hiwe B F g 3YA7HA] FFaste] @
& 5¥4A7A] 54513+0.0190 (mg/g)o.& A% <HAH AEE Holthrt tr] F7)shr
|Ztste] g AJZF 7Y Fol= 6.8495+0.0191 (mg/g)o2 wra AlZF ARY foshA
= 7FeF9 tH(p<0.001)(Table I, Fig. 5).

=
o
=]

>
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Table II. Contents of Hesperidin of Citrus unshiu peel by Liquid Fermentation

Time course of fermentation(day)

0 1 2 3 4 5) 6 7

hesperidin 54142 7.5475 71832 56768 6.0656 54513 6.8716 6.8495
(mg/g)  +0.0173 +0.0269 +0.0189 +0.0810 +0.0129 +0.0190 +0.0164 +0.0191

Fig. 5. Contents of hesperidin of Citrus unshiu peel by liquid fermentation
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16002110808 #4 [modified by Administrator] citrus0003 wv_VIS_ 1
0 Imau WVL204 nim|
1,000-] 1-14.078
500-]
min|
200 T T T T T T T T T T T
00 50 100 150 20.0 25.0 300 35.0 40.0 45.0 50.0 55.0 60.0
1 40075‘ 1110808 #14 [modified by Administrator] citrus0912 UV VIS 1
' mAU WVL:204 nm|
1-14.037 B
1,000
500
min|
-200 T T T T T T T T
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0
1400 E1110808 #34 [modified by Administrator] citrus1012 W Vis 1
A0 mau WVL:204 im|
1-13.367 C
1,000
500
min|
200 T T T T T T T T T T T
00 50 100 150 20.0 25.0 300 35.0 40.0 45.0 50.0 55.0 60.0
1 400211110808 #47 [modified by Administrator] citrus1112 W VIS 1
' Im, WVL:204 nm|
1-13.101
1,000 D
500
min|
200 T T T T T T T T T T T
00 50 100 15.0 200 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0
16002110808 #87 [modified by Administrator] citrus1412 W VIS 1
0 mau WVL204 im|
1-13.317 E
1,000
500
min|
-200 T T T T T T T T
00 50 100 150 200 250 300 35.0 40.0 45.0 50.0 55.0 60.0
1 6007& 1110808 #99 [modified by Administrator] Citrus1512 UV VIS 1
Y] WVL204 nm
1-13.338 F
1,000
500-]
min|
-200 T T T T T T T T T T T
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0

Fig. 6. HPLC chromatogram of Citrus unshiu peel by liquid fermentation
(A: 0 day, B: 1 day, C: 2 day, D: 3 day, E: 5 day, F: 7 Day)
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A
&

M

3. Bk AL EE] ABAE

A1
~

ShiA
Shin

31 IEEAE B vALEES] A%
JrdAE Pk aALEES HPLCE ol&ste AxAES A3 4%
hesperidin< 7 & ¥ 3 A 4t

= A] ekt

JEGA e P AL EES hesperidin HS WwE A 64.4671+0.1010 (mg/g)ol
A=A dsitrl Ea 6LdAFE fgastr] AlFkste] EE 109A
55.0873+0.3993 (mg/g)e.z HAHS HQl F(p<0.001) YA F7tste] wa 14¢
T 68.0428 +0.3006 (mg/g)o.z S7FaAA W &g 3o Wtk FAXORE fF
o] &}A] kSt (Table IV, Fig. 7)

neohesperidin, hesperetin, naringin, narigenin< %
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Table IV. Contents of Hesperidin of Non-heated Citrus unshiu peel by Solid

Fermentation

Time course of fermentation(day)

0 2 4 6 8 10 12 14

hesperidin 64.4671 68.4527 69.9983 70.9750 66.1073 55.0873 62.4533 68.0428
(mg/g)  +0.1010 +0.3545 +0.1757 +0.3866 +0.1466 +0.3993 +0.2545 +0.3006

Fig. 7. Contents of hesperidin of non-heated Citrus unshiu peel by solid

fermentation
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11| 23 #32 [modified by Administrator] 00114 wv_VIS_ 1
500200

WVL204 nm|
1 2-13.673 A
200
7% 1-10559
min|
50 T T T T T T T T T T T
00 50 100 150 200 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0
60021 1A #20 [modified by 1 10114 L Vis 1
AU WVL:204 nm
1 2-13713 B
400
200
7% 1-10.600
. min|
50 T T T T T T T T T T T
00 5.0 100 150 200 250 30.0 35.0 40.0 45.0 50.0 55.0 60.0
600 EL11 DA #56 [modified b il 12114 W VIS 1
AU WVL:204 im|
4 2-13.812 C
400
200
4 1-10652
¥ — min|
50 T T T T T T T T T T T
00 50 100 150 200 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0
600211 T #80 [modified b 1 14118 W VIS 1
AU WVL:204 nm|
1 2-13.829 D
400
200
*J\/\/\M 1-10680
. B min|
50 T T T T T T T T T T T
00 50 100 150 200 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0
450211 D #147 [modified b 1 18114 W VIS 1
AU WVL204 nm
1 2-13.200 E
200
1 1-10.26
min|
-0 T T T T T T T T T T T
00 50 100 150 200 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0
500211 DA #214 [modified b 1 22114 W Vis 1
AU WVL204 nm
] 2-13.457 F
200
’JK\/\N 1-1043
min|
50 T T T T T T T T T T T
00 5.0 100 150 200 250 30.0 35.0 40.0 45.0 50.0 55.0 60.0

Fig. 8 HPLC chromatogram of non-heated Citrus unshiu peel by solid
fermentation(A: 0 day, B: 2 day, C: 4 day, D: 6 day, E: 10 day, F: 14 Day)
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A
&

ShiA
ShiA

3. 2. @A B uARaEe] AxnA

A P AL EEe] HPLC 23} hesperiding 7 ¥ 1A 9} neohesperidin,
hesperetin, naringin, narigenin& 7% % #] 2k},

A2l Bk ALEES hesperidin S FE A 67.6017£0.3230 (mg/g)ol
AR 149§ 59.8362+0.6652 (mg/g)o®2 FAHSE FoUA FFAEHA
(p<0.05)(Table V, Fig. 9).
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Table V. Contents of Hesperidin of Heated Citrus unshiu peel by Solid

Fermentation.

Time course of fermentation(day)

0 2 4 6 8 10 12 14

hesperidin 67.6017 67.5297 64.5568 67.4214 62.4719 61.9232 57.9563 59.8362
(mg/g)  +0.3230 +0.4241 +0.5441 +0.2324 +0.3915 +0.6268 +0.6937 +0.6652

Fig. 9. Contents of hesperidin of heated Citrus unshiu peel by solid fermentation
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500/ DA #26 [modified by Administrator] 0011% wv_VIS_ 1
AU

WVL204 nim|
- 2-13.689 A
200
’JL/\W\ 1-10586]
min|
50 T T T T T T T T
00 50 100 150 200 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0
500 X 1| 0 #14 [modified by 1 1011% UV VIS 1
AU WVL204 nm
2-13.688 B
200
7JJL\/\W 1-10.588|
min|
50 T T T T T T T T T T T
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0
350 &L 7 #50 [modified b il 12118 W VIS 1
AU WVL:204 im|
] 2-13.858
250 C
125
] 1-10717
i min|
50 T T T T T T T T T
00 50 100 150 200 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0
500211 DA #77 [modified by 1 1414% W VIS 1
AU WVL:204 nm|
2-13.797 D
200
’JN\—IW 1-10.657,
min|
50 T T T T T T T T T T T
00 50 100 150 200 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0
50021 D #141 [modified b 1 1811% W VIS 1
AU WVL204 im|
i 2-13.168 E
200
1 1-10.23
min|
50 T T T T T T T T T
00 50 100 150 200 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0
500 X 1| 0 #208 [modified b 1 22118 UV VIS 1
AU WVL204 nm
- 2-13537 F
200
’me 1-10.49
min|
50 T T T T T T T T T T T
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0

Fig. 10. HPLC chromatogram of heated Citrus unshiu peel by solid fermentation
(A: 0 day, B: 2 day, C: 4 day, D: 6 day, E: 10 day, F: 14 Day)
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o] Wty Wz}

e

4. A

5

3

A A # hesperidinS #E A 0.0450£0.0001 (pg/mé)ol A 2g 3AA7MA 2o
bR T E 3do] AuYWA  FAsy] AFste] 79 wHEst o
0.0352+0.0002 (pg/m)o.z EAIA o2 FoAA Fa3A Hp<0.001).

A FAE neohesperiding & A 0.0609+0.0001 (ug/m)ollA] 7€ HE3F 2o
0.0699+0.0004 (pg/mb)S.= F7FatF AR SAA SR Fo]d2 gl

A FAE naringine @& A 0.0464+0.0003 (pg/ml)olA 7L WEsE o
0.0445+0.0008 (pg/mb) o= Zw FAastAAT AR Feojdo] gl

A FAE narigenine W& A 0.0338£0.0015 (ug/mb)ol A wr& 3L A 7#] =738k
o Hags Holtrp o] FFAasty] AlAtste] 7Y rast o+ 0.0428+0.0007
(pg/me) 0. & F7FstAAI R A= FodS 3tk (Table VI, Fig. 11)
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Table VI. Standard Concentrations by Fermentation

Time course of fermentation(day)

Sample 0 1 3 5 7
(ug/mk)
L 0.0450 0.0485 0.0488 0.0389 0.0352
Hesperidin
£0.0001 +0.0000 £0.0002 +0.0015 £0.0002
L 0.0609 0.0553 0.0643 0.0637 0.0699
Neohesperidin
+0.0001 +0.0002 £0.0014 £0.0012 £0.0004
L 0.0464 0.0477 0.0474 0.0446 0.0445
Naringin
+0.0003 +0.0002 £0.0005 £0.0003 £0.0008
L 0.0338 0.0448 0.0481 0.0378 0.0428
Narigenin
+0.0015 +0.0005 +0.0016 +0.0007 +0.0007

Fig. 11. Standard concentrations by the fermentation
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ABSTRACT

Studies of Citrus unshiu peel by yeast fermetation

Cheol Sang Yun

Department of Applied Korean Medicine
Graduate School

KyungHee University, Seoul, Korea
(Directed by Prof. Sabina Lim, K.M.D., Ph.D.
and Prof. Nam Jae Kim, P.D., Ph.D.)

In this study, we investigated physicochemical properties of Citrus unshiu peel
products fermented with Saccaharomyces exiguus SJP6728AF1.

The pH of Citrus unshiu peel by liquid fermentation was decreased according
to the fermentation time increased. Among the flavonoids in the Citrus unshiu
peel, hesperidin were identified before and after fermentation on the Citrus
unshiu peel, but neohesperidin, hesperetin, naringin and narigenin were not
detected. The contents of hesperidin of Citrus unshiu peel by liquid fermentation
was a little increased, and the contents of hesperidin of Citrus unshiu peel by
solid fermentation was decreased.

Flavonoid glycones such as naringin and hesperidin in Citrus unshiu peel are
slower absorbed and consequently less active than their aglycone, narigenin and
hesperetin, respectively. It is clear from this results that the heated Citrus
unshiu peel by solid fermentation may be applied to new herbal medicine
development with transforming flavonoid glycones to active aglycons. However,
the fermentation conditions should be improved to produce the more active

compounds.

Key word : Citrus unshiu, Saccaharomyces exiguus, fermentation, flavonoid,

hesperidin
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