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Process Optimization of Ginseng Berry Extract Fermentation by Lactobacillus sp.
Strain KYH isolated from Fermented Kimchi and Product Analysis
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ABSTRACT

The pharmacological effects of ginseng berry have been known to improve psychological function, immune activities,
cardiovascular conditions, and certain cancers. It is also known that fermentation improves the bioavailability of human beneficial
natural materials. Accordingly, we investigated the optimal fermentation conditions of ginseng berry extract with strain isolated
from conventional foods. We also analyzed the fermentation product and its antioxidant activity. The bacterium isolated from
fermented kimchi was identified as Lactobacillus sp. strain KYH. To optimize the process, fermentation was performed in a
5 L fermenter containing 3 L of ginseng berry extract at 200 rpm for 72 hr. Under optimized conditions, batch and fed-batch
fermentations were performed. After fermentation, organic acids, amino acids, sugars, ginsenosides, and antioxidant activity
were evaluated. The optimum fermentation conditions were determined as pH 7.0 and a temperature of 30°C, respectively.
After fermentation, the amounts and compositions of organic acids, amino acids, sugars, ginsenosides, and antioxidant activity
were altered. In comparing the distribution of ginsenosides with that before fermentation, the ginsenoside Re was a major
product. However, amounts of ginsenosides Rb1, Re, and Rd were reduced, whereas amounts of ginsenosides Rh1 and Rh2
increased. Total phenol content increased to 43.8%, whereas flavonoid content decreased to 19.8%. The DPPH radical
scavenging activity and total antioxidant activity increased to 27.2 and 19.4%, respectively.
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Q12K (Panax ginseng C.A. Meyer)< S5 Araliaceae)
o &3, mE|A Alghs PR ZREA S, T, i T
A A ¢ AdFet AHEEo] & ko]t Wang CZ & Yuan
CS 2008). Q14ke] 2] <fkgAi-& A =Alo] =(ginseno-
side, ginseng+glycoside) 24| T2 2] &Eol| A AAE = Atxd
7o 553 2 9 @48 /e ez dEA gl
(Choi KT 2008). ZIHi=Ato]| =52 Qlite] BE F-9]d E4)
stn, Akl I, FAE, Futolelz, 71998 A, 2 E
A, 7t B, g9 Aot A F5 2848, A5 I T
oF 30 ofF o]/de] thekdt A B S ste AR HaEof
SFEHQI LW et al 2011; Attele AS et al 1999; Lee SY et al
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2010; Wang CZ et al 2006; Attele AS et al 2002).

Z1 A ¥ 2] (ginseng berry)= AALEm 2 J A =Ato]| =9] &
Fol Qlaktel ok vh=A ek, 53] XA 2= 2 AL
o]= Re9} Rd 3Heko] Azl oz o 7z o7 A4 - tHDey
L et al 2003). < JAYu] FE=9] thefFet FelasE0l
whE 2 Qe & 318 (Lim KH et af 2013; Kim HB ef al
2011; Huang YC et al 2005), &335(Lee KW et al 2012), &
Di(Park EY ef al 2012; Attele AS et al 2002), 3] 7HXie
IT et al 2007), LA Eo 3t 352 7]15(Wang CZ et al
2006; Xie JT et al 2011; Lee YT et al 2003)S 7HA & AL
L=RrA= b
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o] @A 3} Wolxth Amidon GL er al 1995; Ando T et al
1980). # LEE Folo] FEE I 24 48 2 A
el 2748 BHo R she kg A7h Ba¥ 9tk Rajan
KN & Rajrendav AD 2009; Park YS & Jang HG 2003). 53]
HAYES o] 83 HAAE HFE vAPES] qUALS A<
g LRSS UFE A E EEY A, nAEe] 4|8t
© 4T 7Rl aaEd oal AlxEd 22 2gE 9l
4 A EdE0] fFel7] szl A o]-8-E(bioavail-
ability)o] &4 Eolx|& Aoz L2 X tHHubert T ef al 2008;
Katina K et al 2007). Microbacterium, Aspergillus, Acremonium
& T OGS o5 Z2blo] 0E #FE o] &ste] 14t
AE A U3k =7Eo] dRE 1 9 K(Cheng LQ et al
2008; Chi h & Ji GE 2005; Lu ZQ et al 2008), A2 &
o] &3 AFEL n|H|3 2 o|tiLee BH et al 2006). W}
A 2 AFellM e AR A3 AR #5FE A
wshan, Ao A BERNE FEHstaa} skl on,
AR T Lactobacillus sp. strain KYHE ©]-8-3to] 24 9]
2 stell EE AFe] e FE2Ee] AeAlels T
A AT ksl 24S vl
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1. Al o ME

el dae Wl o Al X]AKGeunsan, Chungnam,
Korea) 258 #Ho]|2~E ez FFEHAL, 2P TPt
AR WEste] Bastth Al AH8E BE dFe 5
ARt FEE Ajsta Yl AFRA FAg EE A
oA EelHAT HAlE ofe] kAT o] &ole] AR
w713, AR Fsky] A7k WAl Zasiich

FA8 31 A|2FQl gallic acid, hesperidin, Na,COs, alumi-
num chloride, NaOH, BuOH, ethyl acetate, H,SO,, acetone,
2.2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid(ABTS), 1,1-
diphenyl-2-picrylhydrazyl(DPPH), trolox<= Sigma Aldrich Co.
(St. Louis, MO, USA)°lA 1313
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2. TdE| &E HiX| M=

e LR o] S 9 e 918 el A (mineral
medium; MM)+= 3 g KoHPO,, 0.2 g MgSO,, 0.05 g CaCly, 0.1
g NaClE SF<5 1 Lol| 833l pHE 7.00.2 B3] A
Zotsitt dulA|o] &R FEE(yeast extract; Y)= EFa}
AL W= MMYE E7]8K9 3, E-AdQl 2% sucroseS A7}
gk 7ol = MMY2SE 327|531t &4 (agar; A) 2%E 37}
ste] 1A WA E A2 Aol AollA A= g 3AH

MMY2A2S 2 %78+ 3L, 20 °Brix X Au| 2] FZ(ginseng
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berry; GB) 5%%E F7bste] HA| wiA]E Alz=gt 79l
MMY2S5GBZ 3%7]8}9it).
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T 22
AuE] 55 LE Vs TES TElsh] A 71E
wll ] 2 MRS(Difco, Sparks, USA)E AF&-3l59 T MRS 34|
A= A 2%(wiv)E J7Tsle] A28k MRS2A(MRS plus
2% agar) = 3E7]|5F9TE MRSl 28 I=gd= Heg &
2991 sucroseE 2%(w/iv) H718F9 S 749l = MRS2A2S =
F71eTh T EE st HA] 159 455 MRSA2S
H wjR]o] =8-S sled 30T 2704 24~48 hr vl 3t
Atk 49 gd F2YES MMY2S5GB HiA] 10 mLE &
&
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ot
0z

RV

o 1=
T e F A 20 mm x 150 mm)dl] FHFH o2 §7)
31, 30T 271014 24~48 hr Wi FBIATE F2) Foll whEA
o2 2wl 3~42H AhulFatsiet. g EE
TFE MMY2S5GB Hix[<ll A HAe] 54 5 2 SA4=
Uehll= #55 Aoz st 54 o] #5=

HFH o e Fo] #59 4 Shin JH & Yoo
SK(2012)9] "H-S 2Aste] AT 2] FAS 168
RNA 9714 <E-2 ABI PRISM 310 Genetic Analyser (Applied
Biosystems, Carsbad, CA)E AF83lo] X319 1, Fsid2
DDBJ/NCBI/GenBank database2] BLAST program= ©]-8-3}
o Hlwsltt. 7t A71M L] e alignment Clustal X
programE ©]-&sto] WHERE FH om, ASrEe] A
< APl o)A st 2731 tHThomson ID et al 1994).
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Lactobacillus sp. strain KYH & @8 A& Fs7] ¢
341 MMY2S5GBel| pH meter(model 720P, Istek Co., Korea)
£ o] &3} 20% HCIF 20% NaOHZ pHE 72 233 ¢}
<, MMY2S5GB 50 mLE 250 mL B %F Zeks3o)] &7 1



90 21 - FA

<&(JS-AC-60, Johnsam Co., Korea)ollAl 121 CE 15 min
TAZSE WA 2F HA4 25 213 37] Heixe
ZAeell A e viAlell A A v Feted EF7
3} € g 2%E A A7 WIE o83t 20T, 25
T, 30C, 35C, 40C =4 100 rpm o2 12 hr v Fa}ISd
o WS Sk B 1 hr D E samplingS ko] A2
A2 S48t ¢E 4 pH 2118 27 9184 pH
£3,4,5,6, 72 243t | Al vt d57F &
ske w g 2%E HEFH 2 30T, 100 rppm 2 12 hr
HjoFslith Wik St B9k 1 hr 99 & samplingS 51
TAe] S2E SHselnh ¢ S22 & a5 SRS
g3to] F7Fsislth. 8)3-2)(batch) 'WE-3E- 3 L MMY2S5GB
W] & working volume 5 L Z&E 7o Va1, gl Fof A
& o)) Aldil< 3 200 mLe] Lactobacillus sp. strain KYH
wj okl S HE3k9 Tk 1 v 30T, pH 7, 100 rpm 272
2wkt AL, 12 hrolth samplingdtSith. f712 (fed-batch)
WE = 3 L MMY2S BX]E working volume 5 L & 7] A
30°C, pH 7, 100 rpm .2 12 hr ¥jkgk Fol| 20(Brix) 1AW
7 %99S | mL/min $52 1 LS FF8F0 L, v
4 hrobth samplingdtAth. 9] 542 & o5 SHH= ©l
4ot ottt s Sar|zt Fetol 4

2 7P S 3}l colony forming unit(CFU)YmLE ¥ 7]&}53 T}

; %vg

74 ‘:1'-9] 'E"‘—q.*% f3le] A& 0.5 goll 80% ethanol 50 mL
£ 7lete] SFidz7]elA 80T, 5 hr'set 353 Fof &
3}al, ethanol 20 mLZ 83t U8 HPLC(Shimadzu Co.,
Japan)Z #2319t Columna shim-pack ISA-07/52504(250
x4.0 mm)Z A3 I, ©]F7de] T2 A: potassium borate
(pH 8)¢} B: potassium borate(pH 9)°]Ut}h #4 &=+ 65
T, 742 0.5 mL/min, injection volume 20 pL°]AT}. A=
7]+ fluorescence detector(Ex=320 nm, Em=430 nm)& A}-&-
sto] EASRATH
71 M
1A B8 9slo] AR 0.2 goll 75 20 mLE 718
of g2ZoA 80T, 4 hr'gt vt B FZ3F o] ethanol
20 mL% %83+ T2 HPLC(Shimadzu Co., Japan) 2 %23}
9t Column2 two shim-pack SCR-102H(300x8.0 mm)S
AH-313 31, ©] 532 4 mM p-toluenesulfonic acidE AH-8-3F
oL, 4 %= 40T, 742 0.7 mL/min, injection volume

<2 20 pLo|At}. AE7]= electrocontractility S AH8-3FA T

M
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Hotrlob fAima el

3) ofa|=pt 24

T4 ob= et oAt 2HEEA71(S-433H,
Sykam GmbH, Germany)E A}8-3} 2™, column cation
separation column LCA KO06/Na(4.6x150 mm)= A3}t
7171 A% £EE 57~74C, buffer F4-2 0.45 mL/min, rea-
gent 52 0.25 mL/min, buffer pH 'H$l= 3.45~10.852
31911, fluorescence spectrophotometerS AF&-5F] 440 nm,
570 nmollA FFER S5t

/\ H}H
A2

4) ZIM|cAtol= =AM
1&{]‘—*}0] =5 F2] 2 FFsh7] 184 TLC-densitometry
o] &3 tH(Corthout T et al 1999). EF 2 A mAfo] =
Re, Rd % RglE-2 Chromadex Co.(USA)2| A|&FS T35}
AHgslR o, FA Al = HelE 93 TLC plate= Merck
Co.(USA)Q] A|ZFC Z silica gel 60F 254 aluminium sheetsE
AH88l9l o, 7181l = butanol : ethyl acetate : water(5 :
5 : 4, v/v, upper layer) &2 AFE-SFSITE WAl AJek2 213 3F

A H,80; 5 mLE S75 95 mLE Egste] Al zskqi)
A AJekS BAlslar AZAIZ] 2 105C dry ovenol| A 10%3F

7he A Ete] TLC Plate 73l 2]
Ittt A Ao =2] %
scion image program(Scion Image, Scion Corp., Maryland,
USA)= ©]&ste] 241513l

71’ -‘?‘ﬂﬂ /\]‘jiu‘/] spot

%2 digital densitometry$]

HsF 3tgEe F#FHS gallic acid(Sigma Aldrich Co.,
USA)E EFEZ=Z 3lo] Folin-Ciocalteu reagent(FCR)ZH2Y
Wi o 2 B3 tHDewanto V et al 2002). EFE2 A%
< gallic acid(20, 40, 60, 80, 100 mg/L) & 1 mLZ 9 mL
DIW(deionized water)ol] £&ale] |23tk 100 uL AHZ
45 1.5 mL Na,CO; (20 g/100 mL), 500 uL FCR, 6 mL
DIWS} £38Het 3 AF2oll A 2 hr B3-S A|7] 3L 765 nmol|A]
TBEE SHNA F wEsRE g AFRAs ¢ T

gallic acid(GAE)2] o= H7lstiitt

2) & Z2lRo|= et

AA ZetEo]=9] L aluminium chloride V]S
o] 83fo] =%8}1 31(Saleh ES & Hameed A 2008), E5&
A& hesperidin(Sigma Aldrich Co., USA)S.2 20, 40, 60, 80,
100 mg/L € 1 mLE 9 mL DIWel| &3ato] A=ttt
0.5 mL AZ894 1.5 mL 95% methanol, 0.1 mL 10% alumi-
nium chloride(Sigma Aldrich Co., USA), 0.1 mL 1 M NaOH,
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2.8 mL DIWE &3¢ & 24 30 min ¥-8-2 Al7]2
415 nmel| A FF=E S5 = e
L——’Z—/\]E g o

3) DPPH 2iC|Z &7He8Md =3

DPPH g}t]Zte] thah 27242 Bloise] W< Wds}
o] 2739 tHBlois MS 2004). 4] A1-&-% 22-diphenyl-
1-picrylhydrazyl(DPPH) &2 2] F=+& 75 pMZ A 23t th
2tt]Z Wk DPPH €9 3.9 mLe} 2E & JAQWE] =
B9 100 lLE E33ta, 24 A4l 37T, 20 min ¥HSA]
Z1 & UV-1601 spectrophotometer(Shimadzu Co., Australia)Z
ol gste] 517 nmellA EFFE=E ST T+ me-

thanol : water(1 : NZ 3t FZ2EL dlAlsiAth kg &
DPPH Zt|Z AAZAL 7o thit A5 FF=S
Hlwale] ofgje} 2 Aoz ALlketi

DPPH 47]%(%) =

(FEEF AT TR -FE2E2 T FHEE) % 100

<= TEAC(Trolox equivalent antioxidant capa-
city) Wl 9Jste] =43 tLiyana PCM & Shahidi F
2006). E241-2 trolox(Sigma Aldrich Co., USA)Z (20, 40,
60, 80, 100 mg/L) €42 TH=°] 1 mLE 9 mL DIwWe] &%
gel AZF F 660 e FREE Sl WEAT.

& Psls e AR ABTS S &78te tst 58S &
FEAQ trolox®] EFEFAF Hlwste] AlLbslsivh
Za g nF

1. -2 FE52 UE 7F 22 ¥ SF

UE A REE T2 TFES MRS2A2S WA ol A
2] e 2932 Adske dFE A ¥
Tog 728 F Adeh AHE Weks dFES Ui
To] FEHE HoFla, e 9l FRYE HoFs
TTFEL ] S BTtk d5¢] 54 3 A5
A XNEH S A3t sequencing g A, T T

] 16S rRNA gene 992 1274 bpe] d71& FA ] U
t}. Lactobacillus type©l &8s T2 ERlFoH HF
O 2 Lactobacillus sp. KYHZ HH37|2 3} th

2. Lactobacillus sp. Strain KYHO!| 2|5t ZlAH|2| 2t

29 & x=A

Do) et oA QA Swe] 3 9
Aok, WE LE7h F7hgel W] FAY YA 58] @

oA =, ol& WAL fFAIE #13E Al|A| 7} 28] 7] wjZo]
©H(Wang DIC et al 1979). Lactobacillus sp. strain KYH ¥
o] 237l glolA wlF e uhe PFE dolur] Sigie]
MMY2S5GB WAl & pH 72 25 FH ol 20T, 25T, 307, 35
T, 40Te] 2=27A 1 hreft}h 660 nmollA S3= &
=23 3lo] FAAAAS vlwal ¥ Azl 30CA] 7P Aol
20 2 FAF 5 AUk 3 e o F2 AMF Z7Ne]
AlZFele] 25 hr7kA] S2lo] ket Zlo 2 YERGTHFig. 1A).
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Fig. 1. Growth kinetics during the fermentation of Lac-
tobacillus sp. strain KYH on medium of MMY2S5GB at
various temperature in pH 7 (A) and various pH in 30T (B).
Fermentation medium was mineral medium (3 g K,HPO,, 0.2 g
MgSO,, 0.05 g CaCl,, 0.1 g NaCl per 1 L water), yeast extract
0.5%, sucrose 2% and ginseng berry extract 5%.
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J=]sl= Zo]tiJeon IM et al 2011). £
| SX FEES] HATad o
gt Hao| A= 30Tl &ashes 2ol 718 3421 Ao
2 ®3so] 9ItkKim ST ef al 2013).
Hj kel o] pHE o FE, 12} o] Al o] F
g m|X Y, €59 pH7F HetA dFEE EAF] o]
Fol 2etx] &4 &5 wEd xolE Hol7] wiel 1|
23} 98-S ATHWang DIC ef al 1979).
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o.\?,

[e3

0 oM

Eo| S22} AYatol] S8 AES
27 pHE 23 3}7] YsiA] MMY2S5GB vi#] 2] pHE 20%
HCl 2 NaOHE o|&3lo] 3, 4, 5, 6, 72 ZA3l] 30T o)A
v ket A3t 5, 6, 79] pH HiA| A Eikek S Below,
2 FollA pH 7904 71 & S8k BoR SRl
v pH 3ollA= Aol A9l dojub] estth(Fig. IB)

w2k Lactobacillus sp. strain KYHOl €]t 21 Agn2g]
Tl HA 202 30T, pH 79 Aoz Feled 5= 99k

N

:’:?*7—‘1 = ﬂ]aﬂ(closed system)
g Folth Kim ST 5(2013)2 Lactobacillus plantarum,
Bacillus subtilis®l] 2|3+ Q4tdn] SXFE5E2] TE A+
AMe 2E FHA ARl 48 hr ol Wigkal Basiith & A
oM BRI} FYshe T AA=Ae] = Re B TGS(total
ginsenosides)®] & ZA| WS}slA] Skeh whebA] wAS] F
2lo] 71 HolEw 60A13F oW E HE o] HAAIES
2 Hr1eldh Fig 2004 RoFE AAE 7#59 54 k-
netics® BT 93] 21 F=7](2F 48 hr)7| 8 o] o}n}
W] FEdo] FFe F24S AAlske
Aoz AYZFETHLee IS e al 2008). HE 2] pH WM 3IA =
2o 7A8kS- HArth A eAlo] = Re] ke Htg s 7|
© 2 F 1.45 mg/mLo| %1, TGS(total ginsenosides)= <F 3.4
mg/mLe] A THFig. 2).

3122 oA HAu e T T2 A At T
31517] W Eoll E Ao & fed-batch(two-stage) TE S
sttt WA #F5 F7|17HA] S22 & $of 1A
%920 ‘Brix)S 1 mL/min =2 ¥5< skith o5
2o 47 &8 Al 3 12 hr X} dAgo] Ha, o] %

Bdo| T3€

RORS

==

o of

2 50 FH] Agsgon], A BEE 17 br
B ST WA F DA wAo|S Red] FE WEHAL

7]Z o & °F 23 mg/mLe]) 1L, TGS(total ginsenosides)e] %F
£ 5.76 mg/mLe] I THFig. 3). Kang BH 5(2013)2 Akt
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Fig. 2. Kinetics of growth and change of ginsenoside Re

and total ginsenosides (TGS) during the batch fermentation
of Lactobacillus sp. strain KYH.
Fermentation medium was mineral medium (3 g KoHPO,, 0.2 g
MgSO,, 0.05 g CaCly, 0.1 g NaCl per 1 L water), yeast extract
0.5%, sucrose 2% and ginseng berry extract 5%. Fermentation was
performed on shaking incubator at 30°C, 100 rpm, and pH 7.
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Fig. 3. Kinetics of growth and change of ginsenoside Re

and total ginsenosides (TGS) during the fed-batch fermenta-
tion of Lactobacillus sp. strain KYH.
Fermentation medium was mineral medium (3 g KoHPO,, 0.2 g
MgSO,, 0.05 g CaCl,, 0.1 g NaCl per 1 L water), yeast extract
0.5% and sucrose 2%. Fermentation was performed on shaking
incubator at 30°C, 100 rpm, and pH 7.0 Flow rate of ginseng
berry was 1 mL/min.
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3k Qi 2 Fat 3580 dEoM At g
A Bl et & ) R mAte] =

714 B4 9138k ion chromatography
Ih= Table 13} 2k 24 i #714F
£ oxalic acid, citric acid, malic acid, tartaric acid, lactic
acid, formic acid, succinic acidE°|t}. W& A JAug] F=
3R F e FE2EY] f714 3= Zel 7 AU
ok IE A A FEE A

acid 50| FF o]Fa e vhdo|, g & HAuE] S

B & citric acid 2 oxalic acid 5°] FE& ©] 'E%gir/}.

2ol & lactic acid¢} acetic

2) & 24

AAeE 259 8 743 A= Table 29 2t
T2 glucose 2 fructoseE°] F+F o] F2 =, &
5 QA FEE 0 F Ague) FEEe) ge 2
Z}o] 7} wht} Rhamnose, ribose, mannose, galactose, xylose
B Foll BTk o)t FEo| WER Qo] A
Aoz HojAth whHo maltoses T & Fof ko] S}
HA) ofnt= 2wl e] thdRIE T EeE Aler B
S Rl=g

8} r{r ) l:ol

3) ofo|i At E4

opnf gk Ak =, At JE =, 1 #2,

Table. 1. Oranic acid contents of ginseng berry extract

A

e

A uE 3y 89 % 4YEel 54

= 93

M

==

7hd SHekE, 84 sigte 53 @ FrE ddske
%X‘i g A 9l oM (Calkins CR & Hodgen JM 2007), Bkel|
= 93-S XY ©@k glycine, alanine, threonine, proline,
serine 5 ¥9F2 leucine, isoleucine, methionine, phenylala-
nine, lysine, valine, histidine, arginine %, 4132 aspartic acid,
A glutamic acid”} ATH(Brand JG & Bryant BP 1994).

T8 A e FEEd 2R 5 Y FEEe F
ojn|i=Ake] kS Taple 33 2T} ZAdH|E] W g Ay &g
T FEE9 oln| At =2 aspartic acidd} glycine©] 71
ol shaE e, 1 T3-S 2 glutamic acid, alanine, leucine
ol et ohv=ite] F
723.7 mg/gel L, 'LE T AW FEES
ok webA & AT Ade EE o F
oF 2% F &= ST

ZFT-EI:_O_ g A ;‘K_]Aguﬂg] FEEL

930.3 mg/g°] %l
Z ohn|iAke] ol

4) ZIM Ao = Bk 24

g A A FEEH ¥R e FEE9
TLC chromatograms= © .
9} 2t} Jeon IM S(2011)o A= Xygﬂﬂa g A] AA =
AFe] = Re, Re, Rb19] o] 711 a1, Kim ST 5(2013)
& M =Ate]= Rhl, Rg2, Rd, Rg3, Rh29] $tko] &
Mk & AFollA] I A g FEEY 4R &
AW E] FE2ES v weS wl AA|eAte| =9] A2 3
£ Table 49} 2t} 2 A eAlo] = Ree & Aaglo] 7}
2 we S Hgon, HE A AuE] FEE e E
% e FE5H} WA Aol = Rbl, Re, Rd2] 3+

o] Wakth. vkl Azl IE & FEEdd = g
Hé}i A FEEANAN RIHA %A A eAke] = Rh1 <}

= @
2 o
™
X
i
>,
0,
!
0
e
33
fl
los]
7e
S

Organic acid (mg/100g)

Oxalic acid Citric acid Tartaric acid Malic acid Succinic acid Lactic acid Formic acid Acetic acid

Before fermentation 131.50 697.52 N.D.* 488.86 677.64 4,288.78 112.17 1,926.57
After fermentation 33747 3,077.27 N.D.* 275.56 335.56 1,255.13 102.90 380.98
* N.D. : Not detected.
Table. 2. Free sugar contents of ginseng berry extract
Free sugar (mg/100g)

Sucrose  Maltose  Lactose Rhamnose Ribose  Mannose Fructose Galactose Xylose — Glucose
Before fermentation N.D.* 4.38 9.29 31.58 8.26 36.10 641.35 499.33 51.22 942.90
After fermentation N.D.* 8.79 10.31 24.28 1.80 13.02 34491 147.64 9.89 114.81

* N.D. : Not detected.
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Table. 3. Amino acid contents of ginseng berry extract

Before fermentation After fermentation

Amino acid (mg/100g) (mg/100g)
Aspartic acid 102.21 107.98
Threonine 38.90 49.14
Serine 44.98 59.24
Glutamic acid 68.95 85.89
Proline 25.02 28.85
Glycine 88.44 115.15
Alanine 62.33 75.26
Cystine N.D.* N.D.*
Valine 49.59 59.74
Methionine 7.87 10.81
Isoleucine 34.12 47.09
Leucine 55.48 76.03
Tyrosine 24.59 2891
Phenylalanine 25.03 37.05
Histidine 39.61 51.72
Lysine 34.27 49.68
Arginine 2234 47.85

Total 723.71 930.38

* N.D. : Not detected.

Rh27} BR1EQIt) o] & ZAH Aol = Res Re2Z A :
Alo] = Rgl Rh1 2.2 AEHTo] © 3102 HofZIthKim
SJ et al 2013; Quan LH et al 2012; Stritularak B et al 2009).
g AP 4 2 S FEEME HE A7} vlwskd
< uj JAweAle] = Rgl, Re® #HAE A1, whH o) A A}
o]= Rd, Rhl, Rh2, Rg2 ¥ Rg39] 2 Z71=AtHLee AR
& Park JH 2015; Kang BK et al 2013; Lee KS et al 2010).
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Fig. 4. TLC chromatograms of ginsenosides of ginseng
berry fermentation.
Numbers from 1 to 9 represent ginsenoside standards (Rbl, Rec,
Rd, Re, Rg3, Rgl and Rh2), Rbl, Rc, Rd, Re, Rg3, Rg5+Rkl,
Rh1 and Rh2, respectively. Numbers 10 to 11 represents the di-
stribution of ginsenosides before fermentation, ginsenosides after
fermentation.

dE A e

|
sle] S-S stletl, 28 A IE] FEECE 9.
GAE mg/g®] % ¥& d&o] e Aoz F4o] =Yx, &
T 24ug] FEEE 143.88 GAE mg/gl 2 °F 43.8%
S7hd Z o= UEsiTHFig. 5A).

F ZgtH 0| = 31EEL hesperiding hE A% EFA =
stod S5 et dE A e FEECE 5247
mg/ge] & ZetE ol = ghEfo] e Bo R S o] HU,
g T A FEEE 42,07 mg/gl® F 19.8% 7+
&E Ao YESITHFig. 5B). Wb & 7 A= F 9
= 3] e of 4% J= Sl & EehE o]
o] ghake oF 20% 3= 7435 th Kang BH 5(2013)%}

Table. 4. Percentage weight (%, w/w)of eight ginsenosides in before fermentation vs after fermentation of ginseng berry

extract by thin layer chromatography analysis

Ginsenosides(%)
Rbl Re Rd Re Rf Rgl Rh1 Rh2
Before fermentation 53 5.2 14.3 51.5 8.1 15.7 N.D.* N.D.*
After fermentation 0.31 0.22 1.15 43.37 8.13 12.88 7.03 0.15

* N.D. : Not detected.
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Fig. 5. Amounts of total phenol compounds (A) and total flavonoid compounds (B) of ginseng berry extracts by fermentation.
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Fig. 6. DPPH free radical scavenging activity (A) and total antioxidant capacity (B) (trolox eq.) of ginseng berry extracts

by fermentation.
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