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Inhibitory Effect on the Oxidative Damage in Pancreatic Beta Cells
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Abstract: In this study, the optimum conditions of fermentation
were determined by isolating the microorganisms with the
ability to bioconvert the Citrus peel flavonoid, and the effect
of the fermented Citrus peel extract which was bioconverted
on the oxidative damage of HIT-T15 cell was investigated.
The Aureobasidium pullulans Y-12 was isolated and identified
with the strains having bioconversion activity. The fermentation
conditions for bioconversion activity were confirmed to be
optimal when culturing for three days at 25°C, 150 rpm in a
culture medium containing 5% Citrus peel power and 0.8%
casitone. As a result of bioconversion, 32.8 mg/g and
21.5 mg/g of naringenin and hesperetin, which were aglycone
flavones, were produced respectively. Also in the flavonoid
content, it was confirmed that FCP produced 154.8 mg/g
while CP produced 33.7 mg/g, thus producing more by
approximately 4.6 times. As a result of treating FCP and CP

AT EI L vlo] @ G4
'BioHealth Convergence center, Daegu Technopark, Daegu 704-801,
Korea

2\:“?7@@ sk 9212 ZAo] sl
Department of Food 801ence and Technology, Catholic University
of Daegu, Gyeongsan 712-702, Korea

A gt ) A=)

3Department of Microbiology, College of Natural Science, Keimyung
University, Daegu 704-701, Korea

Tel: +82-53-580-5284, Fax: +82-53-580-5284

e-mail: hskim@kmu.ac.kr

after inducing the oxidative damage for HIT-T15 cell by
treating the deoxy-D-ribose with ICso (38 mM) concentration,
the surviving rate was recovered to 90% for FCP treatments
in the 0.01 mg/mL concentration and for CP treatments in
the 0.025 mg/mL concentration. Also in the insulin secretion
rate, FCP treatments increased by 206% and CP treatments
by 132% when treated in the 0.1 mg/mL concentration. As
the bioconverted FCP can inhibit the oxidative damage of
HIT-T15 cell in the low concentration, it was considered
its usability as the functional material for prevention of the
type 2 diabetes.

Keywords: Citrus peel, Flavonoid, Bioconversion,
Aureobasidium pullulans Y-12, HIT-T15
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V)= Adash 2 o] AR o= e StepR AR
o] skom, tigteldelli= <EWF (Citrus unshiu Markovich)
T 7EF 55 2AXE (3, Rutaceae)®) /3=t )
o2 ] et [1]. st AE= Qo o= Cini
Unshii Pericarpium O]F/]—qu_ 3HH, polyphenol+, vitamin,
essential oil 52} 37 hesperidin, naringin, narirutin -2
citrus &5 I 52] Z2FE 0] =579} tangeretin, nobiletin
£ 7 6] EehiolmE fHRak U (24]. 22
Hipo|ltgh Te|ofz S oulshs flavuselM €
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RO 7 ol oF 6091F ol o] ¢eA Sl=Hl thy-
= G A vildA (glycoside) FENE EASH, 19391
237}2] Albert Szent-Gyorgyioll &J3ll Hx=Z el ARE-
=t [5]. EEhH o)t FeEd 24 9 vitamin C
K3 S-S 1o vitamin PEkal w2]7]% 3P, Qo] chsh
19 AdF%o] °F 23~1,000 mg == 5ol F-2kgo] ¢l
T Aoz d#A Ql}[6,7]. EEHE 0] =+ polyphenolic
=42 2} F2o] ulg} flavones, flavanones, flavonols,
isoflavones, anthocyanidins “12]1! flavanols (55:= catechins)
TOR WREY, T8al o]elgh 722 Zpolof| sl AYA)]
el A9 &4 9 oir} 1] ar Askshs o] Jebzict
3L W1 E AL QIt) [8-10]. Ameer 5 [11]- naringin¥}
hesperidin?} 2 v EekR o] =0] AW ST HE
ZARet A3}, Fly) Gof| A= aglycone FENQ naringenin
3} hesperetin?te] AEEH At Bask v Qlt}, o] 4
A Fefe] ZefH o= Aslapgol Aol
THERE a4 -5 ot Jo] 72]¥ F aglycone Y
2 A%k FEa 1 F P &, I 5O o]k
A 2S5 QY [12,13]. HAIRE Aol §hoF
AE 55 9= Aol vz S5 7 e FHI”]
aglycone ZeFE =0 =0] Shgo] 53] wH7] ol 7H7H<1
O] Z] v 1F-2] Ajolol e GAEA 2] Afole] E)
FrEE A7 2 4 Qlok [14,15].

G tjaFRl vHddgto R A 28 Wil A
D20 e AP §7 7 wlebES] 75 A5
7F dojup=t, eI 75 A ske] /1S T AR 1Y
G G reAAte] Sk 144 8”1 5 oReks 7R
of A71¥ L Utk [16]. 7L T WA dGel ot n|7t
ARl WIEMM2E 71543 57 (glucose toxicity)2t
sh, s EEY el Ed A7HiESE (glucose
autooxidation), AFs}4] Q14+s} (oxidative phosphorylation),
hexosamine 7% FollA] W% = free radical = Q1+ Als}
A ~EYAL Z7P F8 elow delA vk [17,18].
o|F Il Al 28 P eFeXR9) B Ak dlst
Aol AF7F A Qi

wbA] 2 Aol s e EdRE o] EE dhelod
Frkslso] ¢t Aow 4zl X9 E do R vl
< olgst AEAZ 7S E8sto] Xl ghe v
ZetH o B8 HulEAZ HEAA MER 76 A%
SAE N TFsA S ERIskaA} SR3iTh

2. 4% R 9y

21. 484w

2 Aol AR 79 2008 W% AR AFEAE 71
2o Z AFxH F 07 (F)US B (Daegu, Korea)
A Fdaklar, EetEeolE #AE S RFEAE
hesperidin, narirutins> ChromadexA} (Irvine, CA, USA),
naringin, naringenin, hesperetin<> Sigma-AldrichA} (St.
Louis, MO, USA) #l55-& AR}, 12|31 B-glucosidase

& 545 98l AFHEE esculin? 4-nitrophenyl-B-D-
glucopyranoside (pNPG), sodium acetate, p-nitrophenol 5-2]
A]oF5 Sigma-AldrichA} (St. Louis, MO, USA) 245 4]
SITH HIT-T15 AT+ S| E5-23) (Seoul, Korea)
oA RIS AL, AlET wlekel] ARE- BiA]IQ1 RPMI-1640
3} Fetal bovine serum (FBS), penicillin “12]37 streptomycin
< (LA (Daegu, Korea) © ZHFE] ]sto] ARSI

2. EAGHFE L FA
¥ Fgfro|Ee] AR o FEle S eo|E
o} Egldl|izo] FH-ote] FAtslksol] s Ao ® o
A Q= A, vlaky 18 ar 2 AR Al5R] JYE &
2l g o R st njAl] ZebR o] =0 ke Qs p-
glucosidase & 7= w5 FEleiint 7 Al5e] =
HE 1 ge EeS 10 mLef sk, 1081 ©hHA] 84
3] tryptic soy agar (TSA), nutrient agar “L2] 3L potato
dextrose yeast extract (PDY) agar Wi#|ol| Z+Z} 100 pLA
HEsto] 30 C ol 2~3U3F vljksbdA] A== colony 2
e WS 7o ® 1AF EEint 1A el e
719 eulA]ef] 0.1% esculin?} 0.05% ferric ammonium
citrate’s 3718t esculin F¥Hll<]e]] vljeFslo] colony F-$17F
A BAE = RS Sto R Fgste] 231 FeElsial o,
#HZ AHL B-glucosidase ES F73ste] o] 71
TrE A TE AT E ARSIt

FHF A2 42 dr (Axio imager, Carl Zeiss,
Oberkochen, Germany)= ©]-8-3F FEE2]Q1 54} (PHE
HEALe] o]z]sto] 78+2] 18S rDNAE universal primer
Q1 ITS1 (forward), ITS4 (reverse)= ©|-2-51%] sequencing
3z, NCBI Z3#|01#] (http://www.ncbi.nlm.nih.gov) 2] blast
search program= ©|-83l] 71X Q2] As/dS TAKSH
7.

2.3. B-glucosidase €43

A E2H =01 =21 hesperidin, narirutin 723! naringin
o] ) RS 7REEsh= 549 B-glucosidase 2] 4
< Leite s [19]9] Well whet SAek3int. &2 7+
HjGF e lts Ao R 3lo] 4 mMO] 4-nitrophenyl-B-
D-glucopyranoside (pNPG)E 33t 50 mM sodium acetate
buffer (pH 5.0) 2 mLoll Z&4 200 uL= 7}8kar 40°C
FerxolM 3083 WAL F-, 0.5 M) A7 NaxCOs
& 2 mLE& H7keto] k-5 AXAZTE oW ¥ p-
nitrophenol®] %2 405 nmoA FFEE 593+ p-
nitrophenol-& ©]-8-3F ¥ R 0 2 HE 4HEe19lal, B-
glucosidase T2 7] REENA REGARRE 23 1 uM
9] p-nitrophenolS A/ dsh=tl] s 40| S 1 unit=

Alagiet.

24 AR AR QD EFdH o|= I

Ay ZepR o] o] AEAZ A8 Alxe X9 dads
12,000 rpmollA 10:27F ¥42] (Avanti J-25, Beckman
Coulter, Brea, CA, USA)3lo] A5S AAsIL T 23]



Zlm| Flavonoid MExat #3 22| ¥

FIE HIERMIZZON CHBE MY &

fol

o 2d S0t 69

g & (pelletyoll AREE 213 o] 208 (W/V) ok
= FA7kete] 70C ol 313 FE8in). T2 o9
(whatman paper No.2)& °]-&3alo] oj¥slal, 755 7]
(N-1000, EYELA, Tokyo, Japan)S ©]-g3}o] 45C oA 5=
3 & =A7A%7] (PVTFDIOR, Ilshin lab, Yangju, Korea)
£ o] gslo] 35| aL, ©]E fermented citrus peel extract
powder (FCP)Z 3ASIIT. thx+= ash| o2 8%
¥ Bg U WO R A8 0, citrus peel extract
powder (CP)= ¥AISIATE

AEAg  ZEhH ol =0 3RS Jung 5 [2012] W
Hell whet Ha X9 FFE5S 5 mg/mLo] HES 20%
dimethyl formamide (DMF)E 3-8t tgh&e] §-3ljs}to]
5+7F Z23k42] 3kal, 0.2 um syringe filter= ]2}k 8-
S B8 ARE A|Z81o] HPLC (Waters 2795, Waters Co.,
Milford, USA)Z #2431t} #2498 242 WatersAF2)
Sunfire Cig(4.6 mm ID x 150 mm, 5 um particle size)S AH-
siom, 852 ek (A)F 0.5% Ak 8 S
2= (B)Z o] 8a10] 27] 105714 A:15%, 2057H4 A:30%,
35%7HA] A:40%, 503714 A:65%, 60%E7HA] A:15%]
gradient =713} 4] UV 280 nm, 1.0 mL/min, ZH %
30CeA 10 pLe] AEE T8t £Askint.

25. QEATS A Ay

AT 23k ejare] ik i VAR AR X9 E
291510 30 mesh AE FFet X3 2 1.5 gofl 208 (W/V)
o SRS Frkel] Alxst 119 2a wiAE 7] uiA]
Z O]831% 0, PDY brothol| 4 36417 wljoFst njjorel
= 5%5A AEste] wieFelvh. e 8 e 9
o A whag 7l 2S94 28°C, 150 rpm, 72417 vk
S VR0 R @AY, ALY Je) whE 250 I
= AESI

2.6. M| =ug L =4

Hamster pancreatic B-cell?] HIT-T15 cell®] B2 Miyake
5 2119 ¥ we} 10% FBS, 100 units/mL penicillin
Z12]31 100 ng/mL 9] streptomycin= 5713 RPMI-1640
(glucose 11.1 mM 3£3H Hix]ef|x] 37C, 5% CO, 1=
HjFeltt. FCPel CPo] A2 A 2] $=5 sl el
MTT [3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyltetrazolium
bromide] < o] &3t A A4S I3t 24 well
platec] well F 10°719] A|3ZZ R5=510] 24417k wjksE 5
FCP&} CPE DMSO°l 295t 5= B3A1A ulixlol 37}
&k v, 24213 7 wjeFskaltt. ol 7 welloll MTT
(5 mg/mL)E F7sle] 4xRF 51 Hke- AR F, A ete A
3k DMSO 300 pLE 37181e] A3E W formazans F2-3]
435|217 microplate reader (Asys UVM340, Biochrom, UK)
= o]859] 540 nmollA FEE=E SN AR A
BFA] Qh2 TS 100% 5 3to] A 5735 S7gsIsich.

2.7. 431 4o gt A2 &S 9 ded Bols
EE ol ok Al3Ee] AketA EA4F f 1= 2-deoxy-D-

ribose (dRib)E HIT-T15 cell°] 10~60 mM2] ‘5= =2
35, MTT S &3l A WSS 2Aslo] AEE 50%
= WERE 1Cs s=F Askaltt. 18]al FCPS} CP2)
Aol vhE Al 0] Wshs DMSOl w2 4]
o 7} A2 ik Aol A7kl 303K HhEAIT
ICso 5522] 2-deoxy-D-ribose S 3718l F7} vljokst 5,
MTT Y& &8l AlEE H7kehA] o2 tixa+} vlasto]
AbElA el o5k A2 AEEE v slith. T17]al 4]
o} Z2 ow sER AR AgE AxEe Qadl
ol W3kE Akeh] QI8 Al Adeels Fsko]
4°Colld 1027t AAEEE 5, e 10 pLo] lead o
&S Mercodia high range rate insulin ELISA kit (Mercodia
AB, Uppsala, Sweden)E AH8-3t0] 450 nmollA] 3 =E

H o=
S7dsto] ARFekiar, AlFuleF o] i Sk
Brad-ford reagent (Thermo, Pittsburgh, PA, USA)E ©]-8-3}
o] 595 nmelM I =E sl ARSI & 2]
T Tl 3K (mg) & lEH EH|EE (L) o= AR §,

) Blwsle] QlEd Hls (%) 0% YERIICH

3.89 9 g

3. BERS 439 £
B-glucosidase &d-& R8st 2] 8] 124 0.2 7}
Qo2 HE wkH colonyd] M} HE| 7o &
297t FEeigion, dvld AAS Sl Arow wdt
T 1359 AR I 16502 ESIsit. 212k
ol sl 224 02 esculin 7Ftallss SIS At &
T3 JehE= 4504 B-glucosidase®ll I3l esculin®] 71
wallE]o] /34 esculetin®] A o]} REZ3}] colony 591
7} A A= S €IS = QI3itt (data not shown).
HETHOFE esculin 7Ftsllso] ERIE o= 4F9] e
PDY HiAIE ©]-8-5o] 28°C ol 2d7F nljeksto] vkl &
9] B-glucosidase &/d-& S5+ A}, Fig. 1014 BRI vis}
o) 4% BF Fx Ao] FAE T, 53] Y-12 ¥t
555 mUCE 7Hd 52 G448 VERASITE o= Leite
5 [191°] Aureobasidium pullulanss ©1-8-31] ThFSE BhA

600
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Fig. 1. B-glucosidase activity of isolated microorganisms. Data
values were expressed as mean + SD of triplicate experiments.
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Helx] B-glucosidases =7J5+ A7}, wheat bran®lx] 1.0 U/mL,
soy bran®lA] 0.15 U/mL, soy peel®l*] 0.2 U/mL, corncob
o4 0.35 U/mL, corn straw©ll4] 0.1 U/mL2] /4L e}
ok Barsk 29 v o, HelE v-12 758 a4
ngL‘:o] B A ok5st Ao 7 JEn g4 o] gl
T ﬂVﬁE 3] wjR] oA AA= = HE§o|
C"——loi‘/]*cx] AP

32. 3R AEE A

B4 o] HEH 452 2] hesperidin¥} narirutin

L A Eehricol =2 wRAE A8E 5 A
2 ga1sy] sfal 2s] W W) el s, ole

% FZ3°] HPLC + 4 < FYsisint. 1 @?% Fig. 20114
Hi= vkel o] 7P 358 B-glucosidase 73S 13l (Fig. 1)
Y-12 ¥ wa A Oﬂl‘ AEEA %}S’k‘ﬂ hesperetin 7}
naringenin peak”7} EE|0] 5429 ZH&-e] 9]3|| hesperidin
O 7E] hesperetin®] AYJ%]1, narirutin © =5-E| naringenin
o] AHES RIS Telx Felit 4% mFeA A
 F49o] vepton, 5 B40] M BE Y-12 #F
7} naringenin 47.5 pg/mL, hesperetin 51.3 pg/mL= 3k
&g A 7P skl (Table 1). o] Aol A=A
ol 7P 9 Y-12 dFE HF AR SAT
2 skl

Table 1. Contents of the bioconverted flavonoid from isolated
microorganisms

Flavonoid contents (ug/mL)

Strain No. : ; -
Naringenin (NA) Hesperetin (HE) NA + HE
Y-1 439 42.2 86.1
Y-3 38.3 45.6 86.1
Y-11 28.8 429 86.1
Y-12 47.5 51.3 86.1
0304 (a) 3
0254 o
0.20+ 2 |
2 0.15] § i
0.10 §
0.05] A J
0,00 Y, W JUIL 4y A
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Minutes
0.30% (®)
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Fig. 2. Bioconversion of citrus peel flavonoids by fermentation.
Isolated microorganism Y-12 was fermented at 28 C, 150 rpm for
3 days. Mobile phase: methanol/0.5% acetic acid (15 * 85~65 35,
v/v), column: Sunfire Cig 5 um, flow rate: 1.0 mL/min, detection:
UV at 280 nm. (a) non-fermentation, (b) after-fermentation.

Shimoda & [22]< 21=M|3ER] Eucalyptus perriniana
£ ©o]&sto "giﬂ%g F3yst A} naringin & =2 5-H
naringenin 7-O-B-D-glucopyranoside, naringenin “12] 3L
naringenin 5,7-0-B-D-diglucopyranoside & 7& w2
naringin -5%=# 2} naringenin ©.Z5-E] naringenin 4-O-p-
D-glucopyranoside, naringenin 5-O-B-D-glucopyranoside -
7570 A FEAE FRlsSi=T, ol ek
oj=of Aty Fo] AR FE HIAA ot 4
V2 PHPRES A ATl gl v vhekst S5
o] Eepi ol ShHo] WEOIAE 207 FAIET
upebA Aol M wha ol Mgk aglycone ]
el W3 F S ST ARE A0l 018 5 i 3

A T AT BAITRE 715H 0% TS, 52 A1
Ao] b5 How Az

245 53

Aggx{ 3} o] 71 953 Ao 7 FlE vo12 Il B
A s S5 FEskARl 54 AR} 9] 18S tDNA
BAS S0t Y-12 759 97149 B4 (HEA
EA} (Daejeon, korea)ol] 2]2]31°] rDNAE- universal primer
Q1 ITS1 (forward), ITS4 (reverse) & ©|-23l0] G7MLS &+
248k & NCBI 2] blast searchs &3l 58S AR 57

]—951‘1]—. 1 A7} Fig. 304 B2l ket 7ELO] Aureobasidium
pullulans®] A71L3} 757 100%E LAeto] HE4 0
2 Aureobasidium pullulans Y-1252 g8t #Anl7d-&
55+ FeekE EAolM % Fig. 4 Aureobasidium sp.
772 HgZl AF 542 budding?} myceliumo] ¥z

Scors = 1158 bits (584). Expect = 0.0

Identities = 584/584 (100%)

Strand = Plus [ Plus

Query 1 CTTCCGTAGETEAACCTGCGGAAGEATCATTAAAGAGTAAGEETECTCAGCECCCEACCT 60

Skjct 1 CTTCCGTAGGTGAACT ACCT 60

CAAGEATCATTAAAGAGTAAGEGTGCTCAG

Guery 61 CCAACCCTTTGTTGTT/ TACCTTGTTGCTTTGGCEEGACCGCTCGGET CCG 120
||||||||||\||||||||||||||||||||||||||||||||||\H|\||||||||||

Skjct 81 CCAACCCTTTIGTTGTTAAAACTACCTTGTTGCTTTGEL L CG

Query 121 CTGGGGATTCGTCCCAGGT CTCTTGTTATTTAACC 180

SBUCT 121 CTGGGGATTCG TTGTTATTTAACC 180

QUERY 181 GGTCGTCTGAG ATTTT 240
HIHIIIIHIIIHHIIIIHIIIIIIIIIHIHIIIIHIHHIIIIHIHII

SBUCT 181 GGETCGTCTGAGTTAAAATTTTGAATAAATCAAAACTTTL GGATCTCTTGGTTCT 240

QUERY 241 CGCATCGATGAAGAACGCAGCGARATGCG TGAATTGCAGARTTCAGTGAA 300

SBUCT 241 CGCATOGATG ACGCAGCGH

QUERY 301 TCATCGAATCTTTGAACGCACATTGCEOCCCTTGGTATTCCGAGGRGECATECCTETTCEA 350

SBJCT 301 TCAT ATTGCGCCCCTTGGETATTICCEAGGGECATGCCTETT!

QUERY 381 ¢ TTGGTATTGEGCEGTCETCCTTAGTTGGGCGEC! 420
|||||||||||H|\HHHHH|\||||||||||||||||||HHH\HHHH

SBJUCT 361 GO ATTACACCACTCAAGCTATGCTTGGTATTGGGCGTCGTCCTTAGTTG 20

QUERY 421 TT, CCTCGEECGEAL

SBUCT <421 TT¢

QUERY 481 T AACCTTTATTTTTCTAGGTTGACCTCG: AG 540
||||||||||||\HHHHHHHII||||||||||||||||\|H\HHHHH

SBJCT 481 TC ACTCTGCCGACTGA TTTATTTTTCTAGGTTGACCTCGGATCAG 540

QUERY 541 CECTEAACTTAAGT G A 584
|||||||||||||||||||||||||||H|||||||||||||||

SBJCT 541 GTAGGGATACCCGECTGAACTTAAGCAT/ TAAGCGGAGEAA 584

Fig. 3. Alignment of partial 18S rDNA sequence of the strain Y-12
and Aureobasidium pullulans.
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=0, PDA viA] oAl 7U3E wljekst &, A WA EA]
b= A oR Rol wlahd A= A o= A0 R
S, A, pullulansi= A 2= pullulan¥} 22 4 H3E
2] thd5+ (neutral exopolysaccharide)E JAlsh= 7102 <
& At A 07 o] E 1 glomn AFofx|= o] 72 Hl
NS AAste] 71678 A AAEE AEE Ha Qi
A. pullulans= =802 dFow gaws} vt A
= PEHE Hol SERGILE sh I o= depd
A2 AAE| 5 S [23,24]. T3 Leite 5 [19]2 -
glucosidase & “JAIst] & FYAd-S RSk vf Ql3, Li
5 [25] A. pullulans Y-2311-1Z5E] xylanase S “JA|5}aL
a4 EAS HsI3lS ¥ oluE} tannase A4kl gt
R 26)% Qi & ThFst a4 AMIES 7 AR B
wo] glo} k4] o] &7 A7} =t

3|

Fig. 4. Photographs of A. pullulans Y-12. (a) A. pullulans Y-12 was
incubated at 28 'C for 7 days on PDY medium, (b) Microscope
image (x400).

3.4. 73] Fa o FF =4

A. pullulans Y-12°1 2J$F 2] B3 208 AR 9
3 'hAagl, A, 25, wHESE T7E]a BEARlel i
FEFs APRIITE WA e YS 2% 7ol wiekst dxt
Table 2°|41*% arabinose®*] naringenin®] 53.3 pg/mL,
hesperetin®] 51.7 pgmL=E 7P A YEREO L, ghaelS
A7V 2 F5d71Hol 4 I naringenin®] 52.0 pg/mL,
hesperetin®] 51.3 pg/mL=E A FARSE 79 de&-23
Ehfjo] gkl 7bel] tigh Pk Sl Ao® vkt

Table 2. Effect of carbon sources on bioconversion of citrus peel by
A. pullulans Y-12

Flavonoid contents (pg/mL)
Naringenin (NA) Hesperetin (HE) NA+HE

Carbon sources

Arabinose 53.3 51.7 105.0
Fructose 443 42.0 86.2
Galactose 28.0 36.6 64.6
Glucose 41.1 38.7 79.8
Glycerol 54.2 48.0 102.1
Lactose 48.8 41.9 90.7
Maltose 49.6 443 93.9
Soluble starch 54.3 49.0 103.3
Sucrose 46.0 41.3 87.2
Xylose 49.7 44.2 93.9
None 52.0 51.3 103.4

A. pullulans Y-12 was fermented at 28 C, 150 rpm for 3 days on
various carbon sources.

A4AE 0.2% H7bsto] vieket A3 77144 Bt
71 - Aol A3m A o] A ek o, 53]
casitone 3 7hrellA] naringenin®©] 66.6 ug/mL, hesperetin
o] 594 pg/mLE FH7k] vls) ok 27% F%E 571
T} (Table 3). H& Aoz A4 casitone] 7} §5&
0.8% ¥ W naringenin 67.6 pg/mL, hesperetin 75.7 pg/mL =
7H F5sl 0, casitone 3710] S571EE hesperetin
o] gkgo] F7lE= A eFo] LERSITE (Table 4).

Table 3. Effect of nitrogen sources on bioconversion of citrus peel
by A4. pullulans Y-12

Nitrogen Flavonoid contents (pg/mL)

sources Naringenin (NA) Hesperetin (HE) NA+ HE
Casitone 66.6 59.4 126.0
Malt extract 60.9 43.9 104.8
Peptone 61.9 50.1 112.0
Soytone 62.4 52.5 114.9
Tryptone 58.1 50.8 108.9
Yeast extract 60.0 49.5 109.5
NaNOs 57.9 452 103.1
(NH4)2S04 50.1 41.1 91.2
NH4CI 47.3 36.7 83.9
None 55.8 42.8 98.7

A. pullulans Y-12 was fermented at 28 °C, 150 rpm for 3 days on
various nitrogen sources.

Table 4. Effect of nitrogen concentration on bioconversion of citrus
peel by A4. pullulans Y-12

Casitone Flavonoid contents (pug/mL)
concentration (%) Naringenin (NA) Hesperetin (HE) NA + HE

0.2 58.6 56.6 115.2
0.4 60.8 64.2 125.0
0.6 62.9 70.4 1333
0.8 67.6 75.7 143.3
1.0 64.8 773 142.1

A. pullulans Y-12 was fermented at 28 °C, 150 rpm for 3 days on
various concentrations of casitone.

Table 5. Effect of fermentation temperature on bioconversion of
citrus peel by 4. pullulans Y-12

Temperature Flavonoid contents (ug/mL)

(©) Naringenin (NA) Hesperetin (HE) NA+HE
15 45.8 63.2 108.9
20 65.7 88.8 154.5
25 76.4 88.5 164.9
28 61.9 74.3 136.2
30 47.6 62.0 109.6
35 ND 11.3 11.3
40 ND ND ND

A. pullulans Y-12 was fermented at 150 rpm for 3 days on various
temperature. ND: none detected.

g 250 tist JekS HESH] Y3 0.8% casitone
o] J7Fe 219] g wiA|E o]gste] 15~40C R9]ollA
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Table 6. Major flavonoid contents of non-fermentation and after
fermentation from citrus peel

Flavonoid contents (mg/g powder)

Sample — — — — —
Narirutin Naringin Hesperidin Naringenin Hesperetin Yield (%)
CP 16.3 0.8 16.1 - 0.5 35.1
FCP 12.3 1.0 87.2 32.8 21.5 7.74
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Fig. 5. Effect of citrus peel extract and fermented citrus peel extract
on cell viability of HIT-T15. CP: citrus peel extract powder, FCP:
fermented citrus peel extract powder. Data values were expressed
as mean + SD of triplicate experiments.
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Fig. 6. Effect of cell viability by citrus peel extract and fermented
citrus peel extract in HIT-T15 cells treated by 2-deoxy-D-ribose.
Normal was treated with DMSO, and control was added DMSO and
38 mM 2-deoxy-D-ribose (ICsp). CP and FCP were pre incubated
for 1 h at 37°C before treatment of 2-deoxy-D-ribose in HIT-T15.
CP: citrus peel extract powder, FCP: fermented citrus peel extract
powder. Data values were expressed as mean + SD of triplicate
experiments.
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Fig. 7. Effect of insulin secretion by citrus peel extract and fermented
citrus peel extract in HIT-T15 cells treated by 2-deoxy-D-ribose.
Normal was treated with DMSO, and control was added DMSO and
38 mM 2-deoxy-D-ribose (ICs). CP and FCP were preincubated
for 1 hr at 37°C before treatment of 38 mM 2-deoxy-D-ribose in
HIT-T15. CP: citrus peel extract powder, FCP: fermented citrus peel
extract powder. Secreted insulin was measured with super natant
from HIT-T15 cell culture. Data values were expressed as mean + SD
of triplicate experiments.
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