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Abstract

In this study, Opuntia humifusa was fermented with Citrus junos and its physicochemical and functional properties
were investigated. O. humifisa (Oh) was combined with C. junos flesh (Oh-CF), peel (Oh-CP), or whole fruit (Oh-CFP)
and fermented at 30C for 14 d. The number of lactic acid bacteria rapidly increased to 7.1 log CFU/mL during
the initial 10 d of fermentation, resulting in decreases in pH and soluble sugar contents of Oh samples. Total polyphenol
content increased 4-5 folds in all samples during fermentation. Isorhamnetin content was highest in Oh after 14
d of fermentation whereas naringin and hesperidin contents were highest in Oh-CP after 6 d. Antioxidant activity
of samples increased approximately 3-4 folds during fermentation. DPPH radical scavenging ability was highest
in Oh-CFP after 10 d of fermentation whereas reducing power was highest in Oh after 14 d. a-Glucosidase inhibitory
activity (GIA) of samples fermented with C. junos was higher than that of acarbose (0.85 pg/mL), with the highest
GIA observed for Oh-CFP fermented for 14 d (0.38 pg/mL). Favorable essential oils such as limonene, pinene,
linalool, terpinene and terpinolene were detected in samples with C. junos. The addition of C. junos flesh and peel
would be useful for enhancement of physicochemical and functional properties (antioxidant and GIA activities) of
O. humifisa, which could be effectively improved by modulating the fermentation period.
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4 A2 Bl AlE AHoERE Fu] FE 5% T
M R A R o2}, Rt 18549 S
B % 71549 A 8BS ¥ 5 e R E dEA
ItHCho 5, 2010; Kim 5., 1995; Park 5 2015). @Al
o] A% 71673 7N Etol] T3t B}t AnRES] 2L
A A1Eo]| thgt 819] F71of wet U 715/ Ahde]
St A &2AQ1 gy} ofof] At R TVes F85l] Vs
A4S Figkels 71e i 2 AgAH o 29| &8 7R
e 977} Wasi

Ak A\ o] A B4 Aje) il AR(Opuntia
humifusa)y= ThdZ A& AN Opuntia)®] AE=2
4117 2H Opuntioideae)of] £5hH, £719] FEi7t EHS
I} H|zsto] EHpE MRIolgtale Edt) st 20T =
ol ] gkl ARt AP Aok E40] Sl e
EZ A8 A1Ao|tKCho 5, 2009). iz &= 3
e, ol Ao, B C, A, 7714, o
AL Bt o 53 22 QA 83 -85S o
Skl A3l 55] Aol iRl Zgo] thE TRl Hls| o
haE Aog B uEo] QItkShin &, 2015). ESE Fdz
© AL i, 1 &4 o, MR A oA Boll Bt
£ YehE 7154 AAge R dHA ) Oom(Meckes-Lozoya
@} Ibafiez-Camacho, 1989; Park &, 2005; Yoon 5, 2009),
UM 25, 2FH, &Y, I, AL vl 3 59
Ot 7H AR L 29| 8ol Al gtk HMARe 1
EA} Ao]df9l Hglo] FAEOF arabinose, galactose,
xylose, galacturonic acid, rhamnose 52 BHZE F/JE 0]
Rol A7t 2 540 AUtkPark 5, 2010). W= A
7 715782 faeoh, Aol =2 B AAY S bt
Foll AojA B2 WH 71T R Qlste] Ao st
71oll= Ao @7] whizol & 712 &3 A7H=] 3
Bl= o8&l Qlth

FAKCitrus junos)y= FFHO] &k AEF YESoE
AL FRAL ARA Sl o, 1, 4k, A5 5 A
F ArfjollA] AAkE]= A EAL AHH 0w =535 3] AR
¢l limonene & RIS} 54 7|840] &2 A= 7ty
1 tHLee 5, 1987; Yoon¥} Kim, 2003). 9-A= ThE 7+
27 29 e HuE BE 4808 ARG 7RSS, &
5] Thu] FEo| AR Hdu 17 7154 ARl S5k
A B o] AN 7 71648 Tl met oA Hdx
Aol EHFE /Mo v AoE 7|thEr:.
Aof| ZAf5l= A2 JRCE YW (naringin) i} S| AH|
2 (hesperidin)i} 22 STtH 0| ER= o, 4L FF
TS, FIES, EFAE Aok A, FLTA, I} ol B

r ol

TEE f8st ARo 7 IRt dhjof § &2 o] 9l
L Aoz 4 9t Chae 5, 2008; Jeond} Choi, 2011;
Woo, 2000).

2 AFoME HEE 53 izl fAp] olgshy &
4 9 715748 7 53k 2Aek] Hdx IEAE S
Azt 7| xAERE EEotarAt sigich

oxalic acid, ascorbic acid, acetic acid, succinic acid, n-
pentadecane HF5-2 Sigma-Aldrich(Sigma-Aldrich Chemical
Co., St. Louis, MO, USA)°|A], isorhmanetin HFEL2
Extrasynthese AHLyon Nord, France)ol|l 4] =433t} Folin-
Ciocalteu’s phenol reagent@} 1,1-diphenyl-2-picrylhydrazyl
(DPPH), bovin serum albumin(BSA), acarbose, a-glucosidase
%= Sigma-Aldrich AJo]A] 79I55t} 7]ek ALSE AIoF ©
89l ST 2 HPLC 538 A3t

A A7t ddzx ws
Adx €719} Iufj= &39HdE % (Suncheon, Korea)o]|
A Fdstlom, fAks Ad 18 B7IlIA Fdste] A
Bolith Adxe} fAk= A £ 2718 AASH 142 &
70T Bt} ALBEHTE RAE B8t Tl Lelat
of mh= Bslel AMGSIAt. R F71E 742 2 emed]
22 om FSHAR oA AL, HAdx drfjs 2= A
ST 4} T8} TS B 05 om AR 3 o]
ARSI HdZ 2719 GHlE 1R /0%t A= FA4F
248, 1, Te)3 B8} T BFES ol§3 F 4ER
3 A|=E Table 13} o] H=5 FH[sto] 3 L &9 F+
730] Q= &4 8719 9al Eats 700 mLof| A' 600
2 %9l B8E 7lajo] & g0l 2000 go] HES 319
. B 8AKC. junos fruit and peel, CFP), -S-ATRE{(C. junos
fruit, CF), 12]2 A} ZI(C. junos peel, CP) A7} Z+
ZF iz ST 10% 770 gl FAL A,
Aspule] B o] AHS Bo) Wi AR5 oint 75
& efsle] Wieee Byslalnt nE Ant 4 81
3t & 30T incubatoro| A 1447F WaE ASYA7|H, 2F =
o NG ARt} $4 AR AMgelelch

pHet 2 24
HAdx HaH4o] pHe Fr= ZH2)F pH meter(Mettler-
Toledo AG 8603, Schwerzenbach, Switzerland)2} TA
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Table 1. Formulation for fermentation of C. junos-added O. humifisa

O. humifi O. humifi .
Sample” meiT é L;Sd sterl'gm(fgu)sa C. junos (g) Sugar (g) Water (mL) Total (g)
Oh 350 350 0 600 700 2,000
Oh-CF 315 315 70 (fruit) 600 700 2,000
Oh-CP 315 315 70 (peel) 600 700 2,000
Oh-CFP 315 315 70 (whole) 600 700 2,000

YOh, O. humifusa; Oh-CF, O. humifusa added with C. junos flesh; Oh-CP, O. humifusa added with C. junos peel; Oh-CFP, O. humifusa added

with C. junos flesh and peel.

(PR-101, ATAGO, Tokyo, Japan)E 0|85
pH meter= 14 o] BAslo] 435}t

=gk

o A

. °©

A A7 Az E F U ASSE S Ua
H AR 0.1 mLE BHSHTE HAR SAste] g
HE AREoto] A4olH K CaseX} Johnson, 1984). 3] o]
MRS agarg 253 & & TG thd SalAX] t2 37C
incubatorof| 4] 24A17F ZAkt X2k 5 Al55te] colony
forming units(CFU)/mLZ WERH STt

e

H
0=
i
Jfp

Y

[

o
gl
x

7|42
A 71 HAazx Eade] ] 7] e ZHS Schultz
5(1977)9] HhHo] w=} SPME(solid phase microextraction)S
o] &3k WA 3 g7} A7 3 g} YWREZELE 0.05
pL9] n-pentadecane(l mg/mL)S Z7}slo] wHE7Z]9A 60T,
100 rpm WHFSEOJA] 1027 SPME®] 37]1& 2RI
IX% SPME+= gas chromatography-mass spectrometry
(GC/MSD; Agilent 7890A & 5975C, Agilent, Santa Clara,
CA, USA)E ZAs5Ieith 7] Ad#9 #42 HP-5MS
column(30 mx0.25 mm, 0.25 um, Agilent)y= AR5 0]
] B2 0R QB 2= 40TofA 58 HEE 3 200C
7R B 5T £E= S2AIZ2H, injector 2= 220T,
carrier gas®| helium®] <52 1.0 mL/min, split ratio= 1:10
0]3ict}. Total ionization chromatogram(TIC)of|A E2]% Z+
AJE-S mass spectrum library(NIST 12)E ©]-&35}o] 545}
o, 7k Alg9] 7] HE2 13 WA o]E V|EeR
sto] WREEEES ol-&sto] FFollth

= 1

sE2mE 24

FEYHE TFE Folind} Denis(1912)9] WS WY s}
of &4} 96-Well microplate©]] A|& 40 Lo} SF
200 pLE & Z338E T 50% Folin-Ciocalteu's phenol reagent

20 pL8} 5% sodium carbonate -2 40 pLE XH = 7151
2 Rt o 1A B9 Aol RIS Microplate
reader(Eon, Biotek, St. Winooski, VT, USA)E o]-&35}o] Ht
SN FB=E 750 nmoJA Ssto] FET e dFE
gallic acidE HEEZZ dlo] pg gallic acid equivalents

(GAEymLZ e i)

O|AZHYIE], LIEZl & FAmZ|H 24

waole] olagel, uad U sladY wue
Moussa-Ayoub 5(2011)2] B L& HEst0] =451
Eppendorf tubeo]] AJ&E 1 mL2} 80% MeOHS 1 mL 7519
SEZF 283} A7 & 58 591 finemixer(SH2000, FINEPCR,
Seoul, Korea)Z WHFA|Z] & 15,000 xgof|A] 5E7F YAEE]
gt & 0.45 pm Syringe filter(SF13-HLB45-GM, Futecs Co.,
Dagjeon, Korea)Z oj1}5lo] HPLC E-AJof ARESI9iT) Wha
o] LI2ilzt slselele] $2E Xu 52008)0] HH A
L5139t} AlE 2 mLof| methanol} dimethylsulphoxideE: 1:1
Zgki(viv) 89 6 mLE 7jslo] 1At} 2es) BEolF
u] 124 12417t 52F 5 thE 0.45 um Syringe fiter
2 ofgl F HPLC 4] A3tk HPLC 24
Agilent 1200 system(Agilent, Santa Clara, CA, USA)< o|-&
3lo] YMC-PACK ODS-AM(Cys, 250 mmx4.6 mm, 5 pm,
YMC, Kyoto, Japan) Z&3} photodiodearray detector(Agilent)
£ AZ5to o]lAFE 365 nm, YHAXIF} SlAHZHH-S
283 nmOjA FE5ch HPLC o84 8] %27 Table 29}
Zom, flow rate 1 mL/mL, column temperature 40T,
injection volume2 20 pLZ FI5}3ATH

gHtsls &
A& drgofo] DPPH 2]zt 427452 Blois(1958)2] Hf
o Waslo] 24519t Al 0.2 mLo] 0.2 mM DPPH

|4 0.8 mLE 7Isto] & S903t thg FAolA 3087t WA
3}tk Microplate readerE o]-8310] 517 nmojA] 4= S
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Table 2. HPLC gradient conditions of mobile phases for isorhamnetin, naringin and hesperidin analyses

Time (min) Mobile phase A (%)" Mobile phase B (%)
0 100 0
5 90 10
Isorhamnetin 35 60 40
50 100 0
55 100 0
65 100 0
Time (min) Mobile phase A (%)” Mobile phase B (%)
0 85 15
Naringin 35 35 65
hespf:Lridin 45 0 100
50 0 100
55 85 15

DWater:acetic acid:acetonitrile=94.5:0.5:5(v/v/v).
) Acetonitrile.

SWater (1% acetic acid).

Y Acetonitrile (1% acetic acid).

He % wllic acid HEBAR A8olo] AFHS 24
of, DPPH &HZ A5 ug GAE/mLE AAKSIEH. &
UL Oyaizu(1986)2] WS HPFsto] SsIGith A=
200 pL, 0.2 M sodium phosphate buffer(pH 6.6) 200 uL,
1% potassium ferricyanide & 200 uLE = 7ol &
SRt & 50T AERFRolA 20871 BESAIXI Ty 10%
trichloroacetic acid 200 pLE 7}olo] ¥F3-& FX|A|Z . HE
SHZ 15,000 xgof| A 1087 YT & ASH 100 uL
£ 96-well microplate®] 3t the S5 100 ulL2} 0.1%
ferric chloride 20 pLg X2 7150 & 23t & 700 nmo|
H FHES 24517 g GAEmLE Bel2ie vehjolct

oyl

)

a-Glucosidase Asls £4

a-Glucosidase A3l'5 £-41L2 Vinholes 5(2011)9] WIS
Hslo] 24519t 714 €9 2 mM 4-nitrophenyl-a-D-
glucopyranoside(p-NPG)2} 0.06 U/mL a-glucosidase= 100
mM potassium phosphate buffer(pH 7.0)E o]-&5}o] A| &35}
At} 96-Well microplate©] HX=& (31, 63, 125, 250, 500
ng/mL) Al 20 pLof] 84 &N 100 uLE @il 2 S3s}o]
A & 587 Ao WASITE TR 2= 2 mM p-
NPG &9 100 pLE 7Fsto] & ERIvt & A2ofA 1027t
HESAIX] TR 400 nmof|A F3=E SASIGIh ojdf A=
£ YA g1 buffero]] B4 -8AT} 7]1E A Hof §EGA|

71 A< control 2 AME5}9.0H, o-glucosidase A5fi5-2 T
= Aol weh Akt v ICs 0= UERlH. tiaT=

acarbose -8HS ARSI

o-Glucosidase inhibition(%) =
[(AbSiec = AbSgample) / Absiec] x 100

Abs,..: Absorbance of the control
Absgmpie: Absorbance of the test sample

SAEA

= B4 3 R0 g APElon, HHFT= SPSS
Statistics(19, IBM Corp., Armonk, NY, USA) T & 73S
o]gslo] Pt RFHAE ALk, Als 7H] fo4l
H4+9] x}o]E Duncan’s multiple range testZ p<0.05 55
o4 Bt

24

Z |- al 7 b

= =

[

fAHL HEz WS F pH, B ¥ M M
Table 13} Zo] & %(0h), HAZ-FAE(Oh-CF), A

W54 (Oh-CP), HHZ-5-FAHOH-CFP) &=

30CoA HEAZE of Wsls= pH, G 9 ZANt2 22

i
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Fig. 1. Changes in pH (A), sugar content (B), and viable cell
growth (C) of O. humifusa added with C. junos during
fermentation.

Oh, O. humifusa; Oh-CF, O. humifusa added with C. junos flesh; Oh-CP,
O. humifusa added with C. junos peel; Oh-CFP, O. humifusa added
with C. junos flesh and peel.

Fig. 1A-C9} 2t} ¥ha 27)(09) A&9] pHE G4+ TH80]
Z7}El Oh-CF(3.56)2} Oh-CFP(3.66) A&7} A+ 7h8o] ¢l
= Oh(4.61)2} Oh-CP(4.47) A EHTE S=H], o= Hdx
off wlstof A+ Ths: ZHA|9] pH(2.98)7F 7] ELR Hof
Aok fA4 et 7t 242 7he Az 2Ee) Oh-CF
2} Oh-CFP= & 2% 53t pHOl| 2 W3S HolX] gdgke.
L}, 29 o]FHE pH7} OF 3.2 E & wopx on, Oh(t
£7)9F Oh-CPi= TH 29 &< F4 g4F Hel ol%
A8 697 A5 A4 pHZE EE 14971 FAE= A
OF yehdth 2a 14 5 Ao R fAE 7R
2 Adx Oh(HE=T)7t 74 A7t AlEEet fol2e
2 ¥ pHE HEHth

qhE, fAF A7t iz EEY 9o Mok Fig 1B
2l I A BE AR el 42.1-43.0 °Brixg o, W
A7} lggge]] whet wEA] fastel WA 14%ok= 28.0-30.7

°BrixE UERHSITE. HHa 6YollA 14U7HA] Ohe] B7} o
2 g o] B3] fojFog e A BATHp<0.05).
UE 0YollA] 14 Bt YHEN FEO TFAES 30% =5
o|lomH, £3] IR 6UolA 14U7HA] 2 Ohe] F=
o2 g oo vl @2 A5 Btk

Adzx-9AF 38§ 24 S WSk Fig. 109} 2.
HEZRE YRAX] Ohkth §ARE 371%F Oh-CF, Oh-CP,
Oh-CFP9] &AF Al8-0] 27] 3.2-3.6 log CFU/mLOJ|A &
F 69 39 8.69.2 log CFUMLE 2715193, Algat 29
Al Oh-CP7} I 6U7HA| ZAkd47} 7H =A] Uehge
™, ol RE At 47 M3} Fasto] WA 10Y o]l
7.1 log CFU/mL <~&& Yelth. AA|Z 0 HE A7
A R 6G7HA] AANEe] 5ol F7kekaL, o] XAF A
Sk AFS YeREd, ol BE 27] 6 <t pHO T
o] Fart wi=A Yehd(Fig. 1A, B) o2t @ & Utk
g F s Zikto] A/dske 24t ofsf ATt =
oFA|HA] Wikgo] ket 2ol A8l Aeli=|1L, Wikgol
U= AT AR BES 4= 9o g HAH o AN
A&o] E5otal 11 47} Fhaols 2102 gl QItHKim
5, 2014; Moon 5, 2003). & I7of|A= wra 67| pH
7F §40] AT & fA=EYEY ol 7] YA pHY}
3.5-4.5 IR 2 pHoJA] AIRHE|QL7] wfize] Wibgol Sl
£ J4E0] FE A% 7Fs8E Z 0= Holn, 0|59 A
Sof WE 2 Ao pH7} 3.27H] AstElo, 1 o]
e W2 A 20| ZAkte] 8o East a4 S
L5010 2 Qlaf Akt AJSo] 2t Asfj=l APSo] ESfot
e Z10F HojFlr}. 2 AoA] 1497 Iad Hdx
AR FAFSE 7.1 log CFUML $32S BT, ol= 4]
FETHoNA ok E2= o] 2kt 93(10° log CFU/mL)
Hi} &2 $507 AUz gads A7 AFY 4t S
= AE o] &8 715 AoE AmErh

v

Q4 Mt MUz wEool FI|NE

AdZ-A} Tade] GRS GOMSE o] g3te] 2
43 A Table 33+ 2k AN 7H B 1R
2 HIE= limonene FE3 WAE = AERFY 58
PreUE deiA ke 5. 1987). &7 Ohe] HiHy
7] RO 2= aleohol 7 435, ester 7 635 5 F 14FY
selEo] A& o, H|1A decanoic acid ethyl ester”}
B2 IS YU Oh-CF9] 7] /g8 5 methyl-tis-
silane©] 1.44 pg/100 g(33.72%)C.2 7F =2 SRS HY
t}. Oh-CF= & 18329 37| A& 5 1-pentanol, 3-methyl-
1-butanol, formic acid pentyl ester, benzene ethanol, decanoic
acid ethyl ester< Oh?} TL5HA AEE A L™, 3-methyl-1-
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Table 3. Volatile compounds of fermented O. humifusa with C. junos
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Sample” No. Compounds (pg?{l (%ntg) szﬂzc)tnt
1 Decanoic acid ethyl ester 0.69 33.99
2 Isoamyl alcohol 0.27 13.30
3 1-Pentanol 0.22 10.84
4 1-13-Methyl-1-oxotetradecyl-pyrrolidine 0.15 7.39
5 3,5-1,1-Dimethyl ethyl phenol 0.14 6.90
6 3-Methyl-1-butanol 0.13 6.40
7 Benzene ethanol 0.11 542

Oh

8 3-Methyl-formate-1-butanol 0.09 443
9 Formic acid pentyl ester 0.08 3.94
10 Undecanoic acid ethyl ester 0.04 1.97
11 Dimethy-1,1'-biphenyl-2-carboxamide 0.03 1.48
12 Heptanoic acid ethyl ester 0.03 1.48
13 Propanoic acid 2-methyl hexyl ester 0.03 1.48
14 Dimethyl malonic acid 2-ethyl hexyl isohexyl ester 0.02 0.99
15 Methyl-tris-silane 1.44 33.72
16 Decanoic acid ethyl ester 1.28 29.98
17 Ethyl-1,3-dithioisoindoline 0.76 17.80
18 Benzene ethanol 0.10 2.34
19 3-Methyl-1-butanol 0.09 2.11
20 Nonanoic acid ethyl ester 0.09 2.11
21 2-Methylazetidine 0.08 1.87
22 2,4-1,1-Dimethyl ethyl phenol 0.08 1.87
23 Octanoic acid ethyl ester 0.07 1.64

Oh-CF
24 Phenyl ethyl acetate 0.06 1.41
25 1-Pentanol 0.05 1.17
26 2,6,10-Trimethyl dodecane 0.03 0.70
27 2-Allyl-4-tert butyl phenol 0.03 0.70
28 Geranylacetone 0.03 0.70
29 Decahydro naphthalene 0.03 0.70
30 Formic acid pentyl ester 0.02 0.47
31 Triallyl ethoxysilane 0.02 0.47
32 Benzoic acid ethyl ester 0.01 0.23
33 D-Limonene 8.16 27.46

Oh-CP
34 Linalool 5.48 18.44
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(continued)
Sample” No. Compounds (pg?{l (%ntg) szﬂzc)tnt
35 a-Terpineol 3.03 10.20
36 Ethyl ester decanoic acid 2.35 7.91
37 Terpinen-4-ol 1.53 5.15
38 B-Farnesene 1.01 3.40
39 5-Methyl-2-1-methyl ethyl phenol 0.79 2.66
40 B-Guaiene 0.79 2.66
41 y-Terpinene 0.77 2.59
42 B-a-Cadinene 0.77 2.59
43 1,1-Dimethyl ethyl phenol 0.57 1.92
44 Caryophyllene 0.55 1.85
45 Phenylethyl Alcohol 0.39 1.31
46 0-Cymene 0.38 1.28
47 Methyl ester-12,15-octadecadienoic acid 0.31 1.04
48 B-Elemene 0.30 1.01
49 3-Hexene-1,6-dialdehyde 0.21 0.71
50 2-Phenyl ethyl ester-2-propenoic acid 0.20 0.67
51 Germacrene 0.20 0.67
Oh-CP
52 Humulene 0.19 0.64
53 Formic acid pentyl ester 0.18 0.61
54 1,3-1,1-Dimethyl ethyl benzene 0.16 0.54
55 a-Copaene 0.15 0.50
56 2-Propenoic acid 2-ethyl hexyl ester 0.14 0.47
57 6,10-Dimethyl-5,9-undecadien-2-one 0.13 0.44
58 Geraniol formate 0.12 0.40
59 Benzoic acid ethyl ester 0.09 0.30
60 1-Undecanol 0.09 0.30
61 Ethyl ester nonanoic acid 0.09 0.30
62 a-Pinene 0.08 0.27
63 4-Carene 0.08 0.27
64 2.,4-Difluoro-1-isocyanato benzene 0.08 0.27
65 Thymoquinone 0.06 0.20
66 Torreyol 0.06 0.20
67 Carbonochloridic acid decyl ester 0.04 0.13
68 8-Epi-alamaridine 0.03 0.10
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(continued)
Sample” No. Compounds (pg?{l (%ntg) szﬂzc)tnt
69 1-(4'-pentenyl)-1,2-epoxycyclopentane 0.03 0.10
70 y-a-Cadinene 0.03 0.10
71 Fumaric acid 2-heptyl tridecyl ester 0.02 0.07
72 §-3-Carene 0.02 0.07
Oh-CP
73 5-Gurjunene 0.02 0.07
74 y-Elemene 0.02 0.07
75 Aromadendrene 0.01 0.03
76 Arachidonic acid trimethylsilyl ester 0.01 0.03
77 Decanoic acid ethyl ester 1.01 22.25
78 y-Terpinene 0.88 19.38
79 N-Ethyl-1,3-dithioisoindoline 0.54 11.89
80 Limonene 0.39 8.59
81 Terpinen-4-ol 0.28 6.17
82 5-Methyl-2-1-methyl ethyl phenol 0.26 5.73
83 1-Allyl-2-methyl cyclohexanol 0.25 5.51
84 2,4-1,1-Dimethyl ethyl phenol 0.25 5.51
85 Phenyl ethyl alcohol 0.15 3.30
86 2-2-Butoxy ethoxy acetate ethanol 0.05 1.10
87 8-Cadinene 0.05 1.10
88 2-Propenoic acid 2-ethyl hexyl ester 0.04 0.88
89 7-Octadecanone 0.04 0.88
Oh-CFP 90 6,10-Dimethyl-5,9-undecadien-2-one 0.04 0.88
91 Methyl-1-methyl ethyl benzene 0.03 0.66
92 2-Methyl-1-hexadecanol 0.03 0.66
93 a-Terpinolene 0.03 0.66
94 2-Methyl-2-isopropenyl damantane 0.03 0.66
95 Junipene 0.03 0.66
96 4-Prop-2-enoyloxyoctane 0.02 0.44
97 Isoamylalcohol 0.02 0.44
98 4-2-Methyl-2-propenoxy butanoic acid 0.02 0.44
99 Benzene ethanol 0.02 0.44
100 2.,4-Dimethyl-2,4-pentadien-1-ol 0.02 0.44
101 5,4,0-Undec-1-en-3-one 0.02 0.44
102 a-Amorphene 0.02 0.44
103 2-Tridecyne 0.02 0.44

YOh, O. humifusa; Oh-CF, O. humifusa added with C. junos flesh; Oh-CP, O. humifusa added with C. junos peel; Oh-CFP, O. humifusa added

with C. junos flesh and peel.
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butanol®} decanoic acid ethyl esterg A|2I5laL Oh7l H =
< S HEHRIEE Oh-CP= & 44%9] 7] /diol ==
HoH, FAF 719 8 AJER1 D-limonene©] 8.16 pg/100
g0 2 A 7] AR F 27.5%% 7MY B TS YRy
A, thgo g o] EAshH ARt Y e Fofoks &
71842 &2 (Choi 5, 2006; Flath®} Takahashi, 1978)
linalool(5.48 pg/100 g)°] 18.4%E AA|513tt. th2-02 a-
terpineol(3.03 pg/100 g) > ethyl ester decanoic acid(2.35
ng/100 g) > terpinen-4-ol(1.53 pg/100 g) > B-farnesene(1.01
hg/100 @) %0& 7 LrERdTh Oh-CFPO] 79, % 2759]
3F7| A8o] A&E 90, decanoic acid ethyl ester”} 1.01
ng/100 go =2 ZAolN 223%= 71 B> o= YRt
Lee 5(1987)2 9A12] ZE5 RS U= 329 AE-2 limonene,
pinene, terpinene, terpinolene, linalool¥} caryophyllene ©.&
HsIg=t, ol#Rt AEES & AolA Oh AlmollA=
HEEA gokoy, A4 A7F Hdx dado BE HE

ATt

/2L ot ddz 25 F SEHE Y He

A A7 Adzol e & SEYHE I Wik 44
Fig. 29} Zt}. ¥a A FEYus T 83.28-99.75 ng
GAE/mL$].2H, Oh, Oh-CF, Oh-CFP:= & 6971 & &
BrlE Aol 7Rt F RAIE2H, Oh-CP= THE 10Y
7R A S715H] 478.18 pg GAEmMLE 7 &2 2|1
SRS YERAOIT) TE 10Y o] FEeuE dere o
AR oF 4-58) A& Z7F5F 2225(405.31459.57 pg/mL)o]
em, {2 HE 71t Adx YR AR (Oh-CP)7t
T 4 olF M 5 EfvlE IS HoH, ol
25 Ohol] H[5to] OF 11% 2 FFol9ith

H=4 SRHE-S phenolic hydroxyl7|S 7FA|H, A1Eo]
Wo] #x 248 A o] o3t AR &4 He

ol i

600

(ug GAE/mL)

Total polyphenol content

0 2 4 6 8 10 12 14
Fermentation period (day)

Fig. 2. Changes in total phenolics contents of O. humifissa added
with C. junos during fermentation.
Oh, O. humifusa; Oh-CF, O. humifusa added with C. junos flesh; Oh-CP,

O. humifusa added with C. junos peel; Oh-CFP, O. humifusa added
with C. junos flesh and peel.

ol
-

of Frotel I A8 59 oIt S YEd=

+=t|, Srihari®} Satyanarayana(2012)= 30CoJA 18¥
QF gt FHA Ha o] Edjuls dfol IR 18Y &
S7FoFthal B sk, Kimd} Yoon(2013)%= ZHAF 2
A Ay Al ZdHlE FEo] Wa Aol Hlste] 1.044) 57+
Skitkal B arsielt). o] 2o Son 5(2008) HIE 7}
P 43U WA B A AET s B3|
71.67- 11427 pg/mL2 Z715ck B 1sech B Ato]4]
T ZAE Bso] BlEA S71eE 27] UE 6Y 53 EYH

= 93] 7P RO ek, Hdxet A9 S

oft I AT o

[©)
—

oy

sl WS FEA7EY 24 Bavt ansge ey
2 qloiet.

74 201 iz 28 F 7lsd d& ¥t

8 5 Azt -fAA sk ol ¥l (isorhamnetin),
&R (naringin) 2} 3|2 2] H (hesperidin) i} 22 7154 4
EE59 H3lE RARE il 27} Fig. 3A-C9F 2t o]4
e vufgA| H=SRiEE JuzxE Zosh tpofst 4
=0l THEo] o, 3k, AL FHS, FY RIS
7He 7154 E4E IHA UtkGalati 5, 2003; Lee -5,
2005). AR} AN dS THaRo] 5% oR s
= Eofi ol JEO= gMilT] ot A8 d FF Eea
BlE A5t 59 27t = A= UA SItHDemonty
5> 2010; Tong 5, 2012). & Ao|A dRE A HE A5
Al olagUdo] AEEA| ggkoyy, Wart XIgol wet
A2t F7¥sto] | 149 Fof 1527 pg/ml 0= 57}
gt Ao g YeRton, Oh > Oh-CF > Oh-CP > Oh-CFP &
0% w2 TS HtKFig 3A). o|2fet R ot Hi=
9 g A 4= Chun 5{(2008)9] 1 HROJA o|laF
o2 A S Aastal, HiEigA| ggol St
= A7olANE TEHE

HH, FARIA T HAsE YIRS AP 54}
7h J7FEA] 92 t 2 OhollA= AEEA ggkoh, 4
A7HE i x dadl A=A Uizl slam2d gedol
g 0YoflA 22 0.75-1.15 pg/100 mLe} 0.81-2.06 pg/100
mLO] HSIE e o, £ AR wE 82 gt H7hd
Oh-CPoA 7} =2 Sfo] AZE =], =B 6 5
A&EA 02 Frste] FighE Bl & HA; Aask=s Ao
& UERTHFig. 3B, C). Hyon 5(2009)> B-F-AF ¥ &2
o BEE 7¥oto] 37COflA 48417t Bt RS R A &
g o] EE B4 A3}, Uiyt A doe] ¥a F
£ FFE Holo AAsil=t, ol Ha F te IH
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Fig. 3. Changes in isorhamnetin (A), naringin (B) and hesperidin
(C) contents of O. humifusa added with C. junos during
fermentation.

Oh, O. humifusa; Oh-CF, O. humifusa added with C. junos flesh; Oh-CP,
O. humifusa added with C. junos peel; Oh-CFP, O. humifusa added
with C. junos flesh and peel.

o SRIBE A3 ggolet RSk E, o] B
252 Ui sanede] vslel 144 QIxjl stol=
24712 wol Fasti 9 Aolet ogslolxH, A
o2 SIS AIBH S70) £go] B Zole} Bush
of 2 Aol el sladeld Sek A Aasig
ok, BB Sl B0 B 4 g Ao Yt
o). Yang 5011)9] ATl A% 93 Fvje] Hrleke
Gelsto] Azt uhdelo] Uaidt slamee o] wa
25l0] A% 94 TZ AR AHEE 42714 S7181%
31 0] 7971 ST Bste] LelAlat s
o AJR0] A9 o] ofs) S/ W 7Rke] QiR
L A9 02 242 Ak Bslo] Fage] W Aa
She Ao Holxlth. MEElo AT 20| i F
5177} Wasttha WekE £ ATolds B 62 ¥
WAz a AR Ut sladeld ke 217} 1.78-

2.86 pg/100 mL9} 1.75-4.67 pug/100 mL $:Z02 ¥hg 7|7¢
Z 7 2 $EE YERYon, o|3RE HA} faste] ¥
F 149 o= 717 1.10-1.96 pg/100 mLe} 1.52-4.26 pg/100
mLo] £3-5 UERTE Eun 5(1996)° W2 ZHaF F-9]
oA (= 10.77 mg/100 g7} SAH2d 38.90 mg/100
g) FEo] TRe(UA 2.95 mg/100 gIt F|AHH 6.53
mg/100 g)ol| Hlsto] YAz siAmEd Tfo] w2 55
oF ZAeitty B sttt ojgfgt B0 Qlsto] 2 <
TolA B WE 717 F 94 A H7KRE Oh-CP Al=7}
7 =2 Y slard dRke BHYon, ol /At
Tguke H7KE Oh-CFol Hl3) oF 38 & 3ol gick.

A A7t ddzx W § Hsls Hat

HAAZ-FA e 59| d4ieks ¥Hek= DPPH #iHZ 4
As T2 (reducing powen)Z S431H o 1 Ail=
217} Fig, 4A, B9} 2t BE Wolo] DPPH 2] 8 47
L0 uhg 029] 10.33-26.67 pg GAF/mL H9JolA] 2 14
Q ZoF A&H o7 Z7lslo] 64.29-77.36 pg GAE/mL H<)
£ Yo} & IR 7|7t 5 3-4u = SVIRE Ao=E
el S a8 149 ¥ AR ddx dade
DPPH &tz &A745E Oh-CFP > Oh-CF = Oh-CP > Oh9]
202 2 Vet #4245 2 Do) A4go] ghisks /)
Xoll B7fEe] Ao BRIEIT). g, fAFEZ} AKZ 2
T % §eo] sl Fig, 4BQ} 2o W 02 26.67-41.11
ug GAE/mLO HHE 10974 Z715t0] Z/fgke Lehict
(122.24- 192.48 pg GAE/mL). BT 142 3 718 =2 319
g2 HQl Algx iR+ Ohylew, thgo& Oh-CF >
Oh-CP > Oh-CFP £02 =2 712 B9t} oj= t&3 Oh
7} e 142 % DPPH 2ozt 2750 7P e 9
2 Uyl ke bl Azje} sch DPPH ehelz 4
A<= DPPH =4lo] ARSPA] Ed2HE $4A5 Ao}
HgH 242 HeEo] 3% r}t ¥isks Hefol, g
Fe'7} 245 Fofoto] fEjEttzdS eystE]o] Fe* JH]
2 == YEE ol8st Ao bgE HAYZS] Ast
Z7dRoIth(Yoo 5, 2007). AAA 0=t FAsEEo]
EA5h, Al=ol et gkl e AR HEY
of Uehd 2= et £3F Heo 5{(2010)2 29 YA}
9] A7]0f| wWhA= DPPH 2tz 4753} ghle9] At
7} E2A Yehdtial B asieitt

AEA Y] Aol HE F STote @A Ad A+
(Kang 5, 1993; Kim 5, 1995; Lee 5, 1993)0A4 = T
=8 RE He 3ol 225 ARl =4 vE
ym R 7|17 3 S e AT EolARE 94 7%t
o] %] AAEE= A o= Hilko] Itk Heo (2016 ARt
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Fig. 4. Changes in DPPH radical scavenging activity (A) and
reducing power (B) of O. humifiisa added with C. junos during
fermentation.

Oh, O. humifusa; Oh-CF, O. humifusa added with C. junos flesh; Oh-CP,
O. humifusa added with C. junos peel; Oh-CFP, O. humifusa added
with C. junos flesh and peel.

U8-5%9] DPPH gtz 245 BA4% 23}, 8 0A)XE
43.5%7} 30A17F HE T 52.0%% 271519 o] 72A7F
A AT B 1519 2, Parkd} Chang(2003)2 &
A} g9 DPPH &z AAG2 UE Ao 71.1%°]
A 59 SoH WS 5 69.0%% WolFrkal B asie] AlEat
do] Peks FHistE o= A Aol w43
e x719] A7o] Zasithal shlth & AtoflA] Hd
Z-9AF a9 A4 30T < 109 Bl Id 7|7t &
GAsFs0] Fof o] =EE 4 Qe oz HoRh

QA7 Mz WE Z a-glucosidase A5ls B3}
o-Glucosidaser= Aol 2A5t= G4 ZA BE5HE0]
amylaseo]| 2J3f] & ST|IFS ZETFOE FIfA|17]H,
24 Aol A4S B AYE Uk mRH, o
glucosidaseE #|3f5h= =22 a-glucosidase®} Atsto] 2
Ex0] ol L g Woleh] wiEe] A% W 240
T3S & 4 3= AoF BHaFEo] JJti(Choi 5, 2008). £
Aol A GAFE7E Al z e M) o-glucosidase #3152
HSIE IC 02 FAIRE ZFk= Fig. 59 ) 2E 09 A=
9] o-glucosidase Adfl'e- ICsp 0.97-1.31 pg/mL HYE &
R, FE 290% A B E H7IRE Oh-CPE A|9jet &2
E T8 A ICso 4] 7} acarbose(0.85 pg/mL)ET}h =7 L+
ElL} o-glucosidase Adfis0] F2 A0 E RIE|QITh 514

oy

2

el . .
it 12 Fermentation period
Bl

g g m0d
=2 08 @2d

o g B6d

—5 g @l10d
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Fig. 5. Changes in o-glucosidase inhibition activity of O. humifisa
added with C. junos during fermentation.

Oh, O. humifusa; Oh-CF, O. humifusa added with C. junos flesh; Oh-CP,
O. humifusa added with C. junos peel; Oh-CFP, O. humifusa added
with C. junos flesh and peel.

Values with different capital letters are significantly different within
the same fermentation period by Duncan’s multiple range test (p<0.05).
Values with different small letters are significantly different among the
same samples by Duncan’s multiple range test (p<0.05).

W U 6% o RE S A YE) o
glucosidase A|315 ICsogko] FA}F ZHassto] i 149 o]%
o= 0.378- 0.613 pg/mLE HE HE o} 28] o} F7lok=
AL 01 4 91910, acarbose(0.85 pug/mL)ETHE a-
glucosidase Adfl's0] oS AT 4= AUk Park &
2016y AAH2 Y] i S BT AolM T &
YulE ol =2 RN Aol & =A yEt
U Hz4 2FkEo] o-glucosidase A|SiAgof Tofst= AL
& HolAtal HIstglom, Jeong 5(2010) oF8AE 5
59 & EYvs, St eo|E T a-glucosidase]
Ao BAE AT A7 7220l AREAIE etk
Bysiooh B dAFAvo = fAF H7E Adxe] Har|7t
2 & Eulsat & St o|t $o| Sk Ao]
1= oH, ol a-glucosidase A3fF50] &OMA = %
T UAok= Ao HRItE &5, & 14YUojlA Oh-CFe]
ICsp2 046 pg/mLZE AT 5 7 =2 o-glucosidase #|3l5
& X3, o]= acarboseH T} OF 28l =2 £=X]o|t}.

2 o

2 A= AEZ(Oh)o]l FA TEA(C. junos fruit, CF), 3t
I(C. junos peel, CP) ¥ E-FAHC. junos fruit and peel,
CFP)E F7}sto] WBA|Z7|HA R o5t olaletd £4
9 7154 B3k 2ARISIHE fA4F Zheo] Ak ddxE
30CoA Hast A R 6 B9 dAktol wiEA 71
sEoHEa 69 ¥ 8.6-9.2 log CFU/mL, ¥ra 109 7.1
log CFU/mL), °o|¢} §| T wEA Ta(Ea 27
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42.1- 43.0 °Brix, 99 14¥ X 28.0-30.7 °Brix)E%lal o]%
1) AAS| BAFE A0 et 1 F 474
7 Hdxo] F Edvls 2 ER 109714] S716kR.eH,
Oh-CP7} 7Fg =8 3l2ke. L}ehirh478.18 g GAE/mL). ©]
TR U8 29 TR 2152 ugmbE] A}
Qo 9 149 FoJ= Oh(27.1 pg/mL) > Oh-CF(21.0
ug/mL) > Oh-CP(19.0 pg/mL) > Oh-CFP(15.7 pg/mL) <=0
2 %0 bt U fasea e Sk Ak A
FolARt AEESeH 27 Uy} sadd o
(0.75-1.15 pg/100 mL, 0.81-2.06 ug/100 mL)2 i 62 =
G 71t ol ol 43 Fision] T AR BF Oh-CPA]
oA 7FE E=A YETE fAF A7 Hdx Al=°] DPPH
#HE AASL WE 149 o|F 64.29-77.36 ng GAE/mLE
oF 340 Z715t5L0m A WE 717 B RS A A
WX Alggto] ti2ET =2 DPPH 2z 2452 B
ot ddx dE AR g2 dUdE Y ¥ 12224-
192.48 ug GAE/mLZ < 54l $71=%1 2™, Oh > Oh-CFP
> Oh-CF > Oh-CP 02 £ Ueiel. §4 7} Az
B g 9] g-glucosidase A5 ICsy 0.97-1.31 pg/mLOJ|A]
g 77to] Ado wet MR Frlele] a6 &
acarbose(0.85 ug/mL)ETh =2 Aol B, ©a 14Y
Zoll= Oh-CF9] 7% ICs 0.46 pg/mLZE acarbose} T} F
28] &2 9] o-glucosidase Adi52 EAT F7 1>
Oh(14%), Oh-CF(18%), Oh-CP(44%), Oh-CFP(275)°] 2
SEoH, 4 H7RtlA vigtAet 7] dusol O
57l A2wglet. Aze] §212 A7k AL WA 54
ols IS HIAA Fou, 7154 AR, sl
), 7].54(DPPH, a-glucosidase Adlls) & F7|HES 7H
A7)t Bl Ao E yeht AlgA o s S87MsS
ZOog 7|djEh
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