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A Study on Biological Activities of Fermented Jujube and Grape
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For the development of high value consumables utilizing jujube and grape, we investigated the biological activities of a variety
of existing fermentation products of jujube and grape. The results revealed that ethanol fermentation products of jujube and
grape had a higher antioxidative activity than acetic acid fermentation products. In addition, the ethanol fermentation products
of jujube (JEF) had the highest antioxidative activity, with it being greater than that of the ethanol fermentation products of grape
(GEF), the acetic acid fermentation products of jujube (JAF) and the acetic acid fermentation products of grape (GAF). As
regards tests on whitening effects, JEF exhibited the highest tyrosinase inhibition effects amongst the test groups. However,
when immunofluorecence was employed, JAF was seen to inhibit the expression of proteins related to the whitening effect. In
the lipopolysaccharide-stimulated mode peritoneal macrophage model, all tested groups of fermentation products (JEF, GEF,
JAF and GAF) suppressed nitric oxide production dose-dependently, with ethanol fermentation products demonstrating a
higher nitric oxide expression inhibition effect than acetic acid fermentation products. When subjected to antibacterial activity
tests, GAF exhibited antibacterial activity against all tested strains except Propionibacterium acnes. Both GAF and JEF
revealed high antibacterial activity against Escherichia coli.
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g b Qioh8).

EZT = Z & Rhamnales) = U5 3} (Vitaceae) ol
e UEA B24EE, ZEYR T & 114, 7009 F
of Z&7b ArH12]. Z=of FRH U= A A=Y
AAFASA 24 7FA] o o] B A7F AP QL
t}. (+)-catechin, (-)-epicatechin, procyanidin, viviferin &
resveratrol 52| polyphenol B 50| X9 F9 A&
AEEdE d8A ey, 25 B9 FA FE5EY oral
tumor cellof w3t AJEZEA, proanthocyanidin® free
radical &A%, & ZA2ZEHEY EF3T polyphenolic
fraction®] antitumor &2 &A, 18| 1 resveratrol?] oA
ZA% AA TY A A7 AR, 20, 22, 28,
33]. 22y tiF % == o]5F o] &3 A E gt 4
Ao T3 A= obF] o] FolA A Al = AA
o m2kA o]dt o] fE B AFME tiF 2 EEE o]
&t} dFE Iaet 24 HAE sto] B HNS F
3 5 H T MRIIZIAAY &A Y 9 SR ER

A s stel B AL SAsT

1o 1p

Ni

UTS WE U AN UE U
2 A¥ o ArgH W3 (Zizyphus jujuba Miller)@} L=
BAEE A ZARIH o A AR =
F55 ol &3t ol & ol 8% FE TR Y He Aujg
7 2 FS AA B493HE Saccharomyces klutveri DJ9T
(KCTC 8842P)2 o3 U Z= o] ZZ0H(18° brix)dl| 5% &
ol HES HFR] 30°Co) A 487 FAAFSHAN L3
2 WEE Yool YR BHAO] YRE BT} 34%
2 8-9° brixE UEHS o o5 55 % $Z2U=5} A
A EE AHESHETE B 24 A 9 A9 A7 7]edt
dFE dads AFAHYste Y3 Acetobacter
pasteurianus KFC 819 (KCTC 10173BP)E %3}l 30°C
oA 1047 B Fate] 24| FeFo] 3-4% E 7-8° brix
£ YEll= A& o83t 55 % F2UXR5] A=
2 Agaer.

Mz 2 Al

AR 24 AR ASH Aokl 1-1-diphenyl->-
picryl-hydrazyl (DPPH), xanthine, xanthine oxidase, nitro
blue tetrazolium (NBT), mushroom tyrosinase, tyrosine
I} L-3,4-dihydroxyphenyl-alanine (L-DOPA) % griess
reagent 5= Sigma Chemical Co. (St. Louis, MO, USA)
oA FAste] AHESFALH, AlEZ =40 S0 AHEE Al
EZF = A A EZ < RAW 264.79F H - ulA| 2= B16F10

& Korean Cell Line Bank (KCLB)o|A] +43} AR5
o A E B4 &3 A|9F2 Dulbecco's Modified Eagle Medium
(DMEM), fetal bovine serum, penicillin/streptomycin,
trypsin 250, 0.4% trypan blue stain< Gibco BRL Co.
(Grand Island, USA)o| A L4 3to] AFE3H o, 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium-bromide
(MTT)= Sigma Chemical Co. (St. Louis, MO, USA)°| A
Fste] Agstolrh. FTY PN SR TA FFE
g BAY A O Z A Staphylococcus aureus KCTC 1621,
Staphylococcus epidermidis KCTC 1917, Escherichia coli
KCTC 1039 ¥ o =EG9H# 02X Propionibacterium
acnes KCTC 33145 Ao wigFste] ARttt A wig &
2 kS 93t AA vl X = nutrient broth, tryptic soy
brothE Difco Lab. (Sparks, MD., USA) @ Gifu anaerobic
medium (GAM, Nissui Co. Japan)E FQ3}o] AFESIH L
o, A5 A S-S A LA A= A7) QA A o
agarg F7Fste] 2 Ay A&k

sl 5%
Fat B3} S paper dise H& °]-&35to] SH3ATH6].
%, B HiA o wjFE 24 FFE 1 Wgo] FHajA HA H)

A 10 mlofl A 18-24A17F v Fste] B/JSHAI] 2 ThA] HA|
HiZ] 10 mlo] #Y-& 0.1 ml HF3dt 3-6A17F & ujofst &
Bl 10 & $7F 9F 1% 107 cellso] EA AZste] F
T HE o2 HY3A =ustgct. B filter paper disc
(8 mm, Tokyo, Japan)& 1A B Ao &5 tha
0.05 mlidisc7} HEE A RS SEHR F4AA 37°Co) A
18-24 A1 7F v F3}e] disc FY 9] clear zone (cm)9] 2 3 &
248},
M= MEE =3

A A ZRAW 264.7) D Bt vbA| Z(B16F10)= Fh=
A ZFEF (KCLB)ol A £ gton, Aazujeds 218 10%
fetal bovine serum¥} 1% penicillin-streptomycing 3Z 3}
+ DMEM HjZ| & ARS8t A= 37°C, 5% CO, 24
oA wjFetRen, AE 54 42 Carmichael 5[5]¢]
W] w2t S4sqch o] WS MTT7} formazan® =
AgE= AL SHste AL=E, RAW 264.7 A29}
B16F10X] X 0.6~0.8 x 10° cells/mlE 96 well plateo] &
F3n g U Tz o g EL 5 =H(0.01-5 mg/m)Z
24A17F Bt A2ttt Welld 20 ple] MTTE-HS A7}
3t4] 37°C, 5% CO, incubatoroll A 4417 F<t BHEAIZ] &,
microplate readerS ©|-€3}4 540 nmo|A S W3}
2 2750l gzzol e AZAEES HREE A

o,

2
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Zol IaEEY F4Hs €442 DPPH anion
scavenging activity, superoxide anion radical scavenging
activity, ABTS"- cation scavenging activityS =43}¢] ¥
715kt WA DPPH anion scavenging activityo] ofjgt 4
L 7]&0] i WHe ¥MF st} 96 well plateo] St
FAst SAsHHTH3]. 4 A28 800 ulof 0.15 mM2
DPPH &9 200 wl& ¥ ¥ & 3027 A& o2
517 nmo| A FFEE ST, ARLHY F7H
BA7H9 53 4482 YeERY It Superoxide anion
radical scavenging activity®] 79, NBT =l 2|3
245 H15]. ZF A& €N 100 ul?}t 0.1 M potassium
phosphate buffer (pH 7.5) 400 plo}| xanthine (0.4 mM)&
=91 7] 400 wet NBT (0.24 mM)E 713813 xanthine
oxidase (0.2 U/ml) 100 WE 7}3te] 37°Co| A 1587 wk&-

A7l & 1N HCl 1 mlE 7}8le] ¥F8-& 2247 thL, ut
Sl Zof WAH superoxide anion radical®] %& 560 nm
NA S F=E A3 =3, ABTS' - cation scavenging
activity 2742 7 mM 2,2-azino-bis (3-ethyl-benthiazoline-6-
sulfonic acid)?} 2.4 mM potassium persulfateE E3}3}o]
AZoA 24417 Fot WAste] ABTS™ & A £
ethanolZ 3]43}e] ABTS*: 100 o] A& 100 wE 7151

12 5o 13 & 732 nmoll A FHES A SHATH25].
osT) £
Tyrosinase A& &AL Yagi 5[31]19] o wzt

2435}t 827 L= 0.175 M sodium phosphate buffer
(pH 6.8) 500 o] 10 mM L-DOPAE =0l 7|4 200 ul
9 A28 100 ul¥ E3H ] mushroom tyrosinase (110
U/ml) 200 ulZ A7}ste] 25°Co| A 287k WES-A]# \k-g-of
Zo] A% DOPA chromeg 475 nmojA &3 3}t
Tyrosinase A&/ Al &2-&H | F7bFof A7 &
T A2 Yt 38, immnunoflurecences ©]
23t v g3l 42 B16F10 A|ZE& Lab-tek chamber

g wello] AIZZ 1x 1052 BF5he] 2447F PP AR 5,
ANEE 7% HE AYerh 24-48A17F0] A F 7k
phosphate buffer saline (PBS) ¢80 2 33] A3t 5
0.5% triton X-100& 1087t 718t NZ2& B9 o
Al PBS ¢&gd0 2 33 NAES T 1% bovine serum
albuming o] 1A)7F 52 W5}, Primary anti-body
(tyroisnase 1:100, microphthalmia-associated transcription
factor (MITF) 1:100)E 4°C¢| /\'] over night3} ¥ t}. 12} gt
$o] B PBSZE 32k A& 3 alexa flour 568 goat anti-
mouse IgG (1:1,000)2 A7}5}aL 2FFste] 1A)7F B9t vk
Al At} 408 Z o DAPIE 200 wA wello]] A 7}5FK Tt
PBS &Eg8H o2 43] A& & chamberE A A3t & slide
o] mounting solutionS A7}l AW £HOo 2 A5}
BEE At

s st =8
JdZ a7 4L nitric oxide (NO)Q| =& &H3t=
B o 2 NOY & v U9 nitrite =& griess

reagents o]-&3}o] A3t RAW 264.7 H|ZE DMEM
2| S 0]-&3}e] 5 x 10% cells/mlE RAZF & 12 well plate
o] HF3taL, 5% CO; incubatorol Al 24A17F A B sl
. Al3Z9) 1 ug/ml®] lipopolysaccharide (LPS)E 2|3}l
1A17F 9] 0.01-1 mg/mle] tjF L == I g ES X3}
o] 24A17F v Fat Gt HiFH Y] T HE B2 T griess A
oFy} "k2-A]7] & ELISA reader® 540 nmojA SJ=E =
H3he] NO WSS WELE EAsAT

3t clear zone §/4d2 TS 23} Table 13 Zro] YERNRL

Table 1. Antimicrobial activity of various fermentation products on several microorganisms.

JEF (mg/disc) GEF (mg/disc)

JAF (mg/disc) GAF (mg/disc)

Strains
1.5 25 5 15 25 5 1.5 25 5 1.5 25 5
S. epidermidis -2 - - - - - - - - - - 1.1+0.21°
S. aureus - - - - - - - - - - - 1.2+0.10
E. coli - - - - - 131055 - 12+0.07 1.7+055 - 1.1+0.06 1.5+0.15
P. acnes - - - - - - - - - - - -
@No inhibition.

blnbition zone diameter (cm), JEF: ethanol fermentation of jujube, GEF: ethanol fermentation of grape, JAF: acetic acid

fermentation of jujube, GAF: acetic acid fermentation of grape.
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Fig. 1. Cell viability of various fermentation poducts. (A) macrophage (RAW 264.7), (B) melanoma cell (B16F10), [_] JEF : ethanol
fermentation of jujube, Il GEF : ethanol fermentation of grape, [l JAF : acetic acid fermentation of jujube, B GAF : acetic acid fer-

mentation of grape. Result are means + S.D. of triplicate data.

ot 259 A A EO| P acness At RE #F ] ‘:H
S GREIVE Lehgon, thao] 24 AR 2

coliol A @+t a7t YERT &, E. coliol EH“H/\%:
Er 47 HaET A HEES| 5 mg/disco Al 1.3 cm,
15 cmE UEtfglen, dj5 24 Ha &9 Z 9 2.5 mg/
disc?} 5 mg/disco| A Z+ZF 1.2 em, 1.7 cm®] A "H% [BE=
Wolct o]¢} & AR Ko 4 Uak) 24 t’}i
7H 3 AL =2 o g e, Bk g eo da s
Hotes 229 daEo] gkdt #FolA ASAseS U
Bul= Aoz A

3_2}9_1—‘6}7] o3k MTT AAH L 96 well
ooy, HAAFZ TE ELISA reader (multiwell
microplate reader)E o] &3l W ABE 7IdslA BE
o4 qlol AEEH % MR ANY 2N Yol ALg
21 9t Wy 29 g Who|th21]. g3 ¥ Xk UEE
E0] A2 FA4of uX|= FTFol sl gotr 7] st 0.01-
5 mg/mlO 2 48A17F ot A st 2 WA E X5 1 mg/
mlof A= 90% o] Al FEES UEtfleH, 5 mg/
mlo e HEE BF AEZE4E e dchFig. 1). ©1<}
& A3 2 NO &4 3} immunofluorecence &2 1 mg/

ml °]5}9] FEo A st

ghitsl gat S

59 2= IaES9 A adts
Table 2} Zro] YEFYgith. W], DPPH anion scavenging
activity (AAgol5) 34 4% 59 ¥43& Ui+ 5 my/
mlo| A 59%E Yetfo] TEE F 7H &2 DPPH &7

24% 438

Table 2. Antioxidant activity of various fermentation products.

Antioxidant activity (%)

Samples  DPPH  UEOCE, ABTS
(mg/ml) scavenging scavenain scavenging

activity . g g activity

activity

JEF 1 33.8+12 36.9+1.9 58.1+49
5 587+t24 76.4 £ 0.8 956 +£1.6
GEF 1 296 4.1 19.5 £ 3.9 238+ 16
5 369+17 61.5+22 60.7 £ 5.0
JAF 1 241 +15 416 +6.7 38.6+28
5 53.2+04 69.9+£2.8 73.7+19
GAF 1 95+12 21.3+41 185+15
5 321+ 04 57.8 £3.9 555+ 14
Vit. C 1 83.8+0.2 856 +7.2 98.8+28
5 86.9 £ 0.1 96.2 £52 100 £ 1.2

JEF: ethanol fermentation of jujube, GEF: ethanol fermenta-
tion of grape, JAF: acetic acid fermentation of jujube, GAF:
acetic acid fermentation of grape, Vit. C: ascorbic acid.
Result are means + S.D. of triplicate data.

2 53%, L= 9
aEe 37%, :’;E-«] _7;'\_/\} waE —8— 32%9] &A%
%EEJ—} ZALHEE ¥ WA GRS T
#E0] &2 DPPH £7%< Ye At o]+ Hong 5[8]
o AT ARTels ZHAT 5 memlolA] 53.8%¢] &

S Uehfo te] 24k MERT} SARE B34S teh)
Slth. E3L Krigaya [13]2} Yamaguchi [32]9] A A}3 o 2}
ol HEA TR £ AVUAYL YchE H1E B2
Al a Ao A & o] #HE4t SRtEe] EEHE AL
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A=, o] 5] AT FF A7F dasioa gzt
Hoh FHA R, superoxide anion radical scavenging
activity 820 = 59 ¢ZE FAEC] 5 mg/mlof A
70%, ZAF HAEEC] 69%2 ¥ &A% Yo, X
o gAY A YREL 47 62%, 58%Y 2A TS
Uetiio] ti59 43E daEo] 7MY 2 245 S UE
Wlth. o]« Hong 5[8]¢] ml&, &<, A9 €4 & o
B 2259 Y3 xantnin oxidase A5 =

E FEE 5 mgmlolA g L 2RO HaEET 12
A e Hetdol HaEE0] $4EE Uttt uhA
2o 2 ABTS': cation scavenging activity:= ABTS2}
potassium persulfate®}o] HF3-© 2 ABTS'- radicalo] A4
9 540 49 ASAL A P, A2F Aol
w2t Agt M 02 decolorization® & AL S5t U
o] ™, hydrogen donating antioxidant®} chain breaking
antioxidant ZFE 243 4= 9It}[30]. o] Y3 ABTS 44
e SR 2 229 43 E E A LA EY AL
5 mg/mlof A 61%, 56%2] ABTS 4452 YEld 2,
FOHaE F 3L TaY H¢ 5 mg/mle FEA
vitamin Co| &3t= S & Yetdol BasE 5 7MY =

& 27%< vehygiet.

il

i
o

oSt S8 ZAat

Melanin A2 tyrosinase, tyrosinase related protein
1, tyrosinase related protein 29} T2 3F2] & dof 23
ZAECH11]. o83 EAELS AlE Yol|A cyclic adenosine
monophosphate / protein kinase A A2 £3| melanine
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Fig. 2. Tyrosinase inhibition rate of various fermentation
products. [_| JEF: ethanol fermentation of jujube, [l GEF: eth-
anol fermentation of grape, [l JAF: acetic acid fermentation of
juiube, I GAF: acetic acid fermentation of grape, [ Vit. C:
ascorbic acid. Result are means + S.D. of triplicate data.
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gt &, Aol w57t =EEH 959 keratinocyte
7} A=S A o] o-melanocyte stimulating hormone,
adrenocorticotropic hormone 52| A3 AGEZ-S melanocyte
Z BulsA go] A|EZ WY cyclic adenosine monophosphate
7} £7VHA) =9, protein kinase AS EASIA|A MITF &
WL ZAAATH, 27). 0|2 Lo Z71E MITFE
tyrosinase, tyrosinase related protein 1, tyrosinase related
protein 22| AL FZA|A melanino] F7}sHA Hot
[26]. 3%9] &4 F tyrosinasex tyrosin® ZHE DOPAS}
DOPA-quinone2 AA FZ£Z o2 ZZMO| melanin M4
Aol Trofets AR A9 Ao 95t melanocyted] &
AR o] dojubal o]oj A melanocyte7t B3t HTHT). &
A3} = melanocyteo| A= tyrosinase Aol ZAEFH L
melanin®] /o] A Ho| o5 &3] yroz 2Ht uj&s}

A Ho} 7w, F27he g M Yol YojuA He. of

A
Tyrosinase
expression
| .
A
MITF
expression
| .

Fig. 3. Reduced cellular expression of tyrosinase and
MITF using immunofluorescence assay. (A) control, (B) etha-
nol fermentation of jujube, (C) ethanol fermentation of grape, (D)
acetic acid fermentation of jujube, (E) acetic acid fermentation of
grape. B16F10 cells (1x 10° cells) were seeded in serum free
medium for 1 h at room temperature. The cells were treated with
1 mg/ml of various fermentation products for 48 h.
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£ WEHA] tyrosinase A AR A= & oA Y melanin - 5 o7 7HA] FESFHI Ao Bojsts ALE GHA G
polymer $4S AIH 02 AT 5= 9lo] ] F ujulz] 9 on o gt A 7| 5HA o Fag 8-S 5= o)
Mdte] 9lolA tyrosinase BAAA] AL G835 HrpHO I AEZEAS o077 % St}{16, 18]. RAW 264.7 cell®]
2 A= Y9, 10]. 5 2 L= HAESY tyrosinase  NO B JA F=E S43H7] skl A2 10 ug/mle
A e ST 29 5 ¢IZE LAY AL 5mg/  LPSE AY F 5 ¢ 29 HaES FEHUE A5}
mlo A 54%2] Al HeEto] YaAE FoAA 7P w2 AAHEHE NO F2 ST 21 Fig. 49 Zo] et
A= et on, 24 A E 5 mg/mloA 36%2]  LPS A2 LPS FA 2|9 H]gto] £ NO HdFS
tyrosinase A3fs& YEIHGIT 229 43 & 9 AT Uguiglen, ZtdaEnit NO 2E S e /\] 7le Ae
AE2 5 mg/mloll A 47 26% oY AdleS YEIHS AT = AT &, 29 A HEEY F9 1 mg/ml
tH(Fig. 2). AlZ YeollA 9 melanin®] 4 714 9 v|d7]d 9 FEoA 37%2 NO & oA axtg ‘*}E}‘H Rom, o
o] FBHAE Yot7] 9Jsto] MITF ¥ tyrosinase®] W@  F % 2= &35 THEEY 35 &2 =4 35%0] 7}
A=E HY9Ed A (mmunofluorescence) AASH 24 748 NO ¥d oA a5 et

3} Fig. 33t Zro] Yepholct. MITF a2 o3 24 #HE ojg} 72 ’%}7]9] 2ADE ST EH A EEERY &

20| 22 HlaA] FFEEo| Soj=s Ag TS ZZ TEEC] ¢ A4S UEHden, diFY ¢33
o0, tymosinase S WHS 9 GF W KRS WA WaPol R, N, $9F U GREAE HEAE A
B4 1 mgnis] PE2 AUT A AR Z28 IHY 22 JASA AV FAE I 1549 4F A A2
2o g2y va §F T ZolEk RS BA} 6§ 2AYEA BES 9% 2A 422 F4D £ Y
aiu}. Ee ZEY L WAEL FY Hdo| nujsh Aoz wow,
EEE AL & stk o]« tyrosinase T4 A3 A
oA G5 Uehfo] & o Aga nwsHY F Q@ OF
We 1% o] BT A olof B Aolth
9% % ZEF ol §oto] LEAANY 24 A U 5
dESEN £ Zut SHEEA EE7] flste ol 5 o8& ¢IEE At
NO= NO @A aao] s LrarginieC 2R E PH= 24 TEE & & TEES59 AHBES AIskt. It
7] AR AuS, AE2E4, AZ-eA 9 ol o B SN A HESEY dFE HEE0 #
120 120
glOO JEF 100 GEF
E 80 80
=
£ 60 60
s
= 40 40 1
)
o 20 20—
Z
0 0
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£100 100
°
& 80 80
=
= 60 60 |
S
8 40 40
S
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Fig. 4. Effects of various fermentation products on the production of nitric oxide in macrophage cell (RAW 264.7). nor: LPS not
induced group, con: LPS induced group, JEF: ethanol fermentation of jujube, GEF: ethanol fermentation of grape, JAF: acetic acid fer-
mentation of jujube, GAF: acetic acid fermentation of grape. Result are means + S.D. of triplicate data.
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