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- oAl Hlglo] Z Q3 FTAAAMEQl ginsenoside= tetracyclic dammarane skeletonE Zt:=
T 7§8] group: protopanaxadiol group(5Z ginsenoside Ra, Rbl, Rb2, Rc and Rd),
protopanaxatriol group(5Z ginsenoside Rgl, Re, Rf and Rg2)QZ o]Fo|x|iL
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GINSANA
—— GINSANA

<Z}a}Ex}e] Ginsana A&

H Ao HAZ Ee A A=E
|

R glo A el A erlolE F2& X3

JEHS D-05
7b FRdA A v Wy
(1) A= 2 =3y
Al B (oA B A Hale} g BANsIS 5x £AUL TG
O & "Hid¥H MSG 3%, glucose 2%,

A z3 F 80 mLS 121 CollA 1527t Hdstadct. S
Yeast extract(YE)E 3 7}sto] Lactobacillus plantarum EJ2014 starter& 2% HZ3F F,
30C olsgujo]Elo]A 3031} Az wjorste] A5t TtH Figure 1).

5% hydroponic ginseng (80 ml)
¥
Sterilization (121°C, 15 min)
\

30% MSG (10 mL)
20% Glucose (10 mL)
10% Y.E (2 mL)

¥
L. plantarum EJ2014 2% (2 mL)

\
Fermentation (30°C, 0-30 days)

Figure 1. Flow chart for lactic acid fermentation by L.plantarum EJ2014.
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(2) 22t 4 2%

(7}) pH @ Atz &

Ha A A 7] pHs 6.53004 R 4947HA] 4.28% Z4siglen, O &
B 30Y7HA] pH 4.37-4.532.% H|=sHA RAIEE A¥E HA  + o A==
Z7] 0.13%0]| A R 4 1.19%712] S718F F UF 10Y 0.69%% F2H3| ASIE L
o, 7 F WUy 159 0.9%E Z71% F UR 30U471A] 0.80%% R &H R ASt= A
= 2 ¥ 4 A5G cHFigure 2).
15
o | mpH -e-Acidity
12
6 0.9
: :
o 0.6 g
3
0.3
0

Fermentation time (days)

Figure 2. pH and acidity of fermented hydroponic ginseng by L.plantarum EJ2014.
) A =

v}—';*— =2 Az}b ZAb %iﬂ AE = Zob 7| 5,65%107 CFU/nLE A Este] R 1
10° CFU/mL 2 Z7}stgial Wa 4938 10° CFU/mLo| A M A 3] Zasts A& 2l
g 4 9odon wy 3098 BAESE 5.30x107 CFU/nL-& VEh Y tH(Figure 3).

5.0E+11 -

5.0E+10

5.0E+09 -

5.0E+08

5.0E+07

5.0E+06 -

Viable cell count (CFUlmL)

5.0E+05 .
0 1 4 7 10 15 20 25 30
Fermentation time (days)

Figure 3. Viable cell count of fermented hydroponic ginseng by L. plnatarum EJ2014
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(Th) GABA ¥ &%

GABA (y-aminobutyric acid)?] AL &
Ztolth, WA 1Y GABAR HFo] A2E= A Holow, wa 30471 F
7} GABAZR AFEE= 7S s = olglcH(Figure 4).

[ste] BgEM Ml TLCE o] &% 2

[<]
3] MSG

r o
ol
—_
i
4o

0.5% 0.5% 0 1 4
MSG GABA Fermentation time

Figure 4. GABA production pattern in fermented hydroponic ginseng by L. plantarum
EJ2014

L}. MSG &='H(0, 1, 3, 5%)

XHE IHC!-H-I
claﬂoloﬂ TN LS FAANME Poloh A AN bx AU T
Az3 T 80 mLe 121 Coﬂxi 1557 BFsteint. 2 % HFH MSG 0, 1, 3, 5%,
rE 2% JET F, 420 AE

glucose 2%5 & 7V5}to] Bacillus subtilis HA %< starte

ql:ﬁ.uﬂo]l:—]q]/q 34 7t wforste] EAstgdth(Figure 5).

| 5% hydroponic ginseng |
\

| Sterilization (121°C, 15 min) |
\

MSG 0,1, 3, 5%
Glucose 2%

¥
B. Subtilis HA 2%

\
Fermentation (42°C, 0-3 days) |

Figure 5. Method of alkaline fermentation by B, subtilis HA according to MSG

concentration,
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(2) 2zt A
(7F) pH &
W A MSG 0, 1, 3, 5% % $7el4t ui=| 2] pH: 6.66, 6.93, 6.62, 6.732% U}
Efutth. Ul 71x] 2A BT UFE 190 5.66, 7.22, 6.53, 6.11% ZtAsIecis WA 2
ol pH 5.74, 8.00, 8.07, 7.58% Z7}s}airt. W& 39 MSG7l FrtEA] ¢S AL pH
7} 5.45% ZtAslel o}, MSGUF 1, 3, 5% HUFH AL pH:e 7.91, 8.19, 8.178 Z7}

= 'S Ko}l AlE: %7] 0.02, 0.02, 0.08, 0.08%Z LIE}WATE. MSG 0% 2712
- Wa7 JAPE T AET HSHA fRIEE A& A ¥ 5 At MSGTE 1%
4 ZALS wE 1o 0.06%E UElWom WE 24 0.02%F A ¥ 0w 3d

L0452 thA] FIbehe ZE e ¥ 4 QlodTh MSG 3, 5% A & 14 0.07,

1242 Z7Fsteitiz W& 24 0.05, 0.08% 3 0.02, 0.05%% Z+ASt= 2L &l &
AdrHFigure 6).

(> fd
o
N\
o,

w
[

ol
-

S S om ooy

N

MSG concentration (%) 0.2
pH EN0 BNl (13 mmS5
Acidity -0 A1 -3 5

9.0

pH

6.0

Acidity (%)

3.0

0.0

Fermentation time (days)

Figure 6. pH and acidity of fermented hydroponic ginseng by B.subtilis HA

2, o¥
X

HRE=+E0.02, 0.02, 0.10, 0.15 Pa-s"2 ZHAE 3t}
79 Pa-s"E MSG HIIFo] HWerH FRE el S H
oh. HABe] A MG 5y 2A] WE 10 Zhol
Az F AAEA W y-PorolA] MSe o] Sot
o% Hogglon Wizl AWHWA Helo] x| b A Hol N7t AUHLE A
o AlEEgTh Wi Tl AUE 2 W2Ee] Tat B rpor FEHA T
2 13%% AE FAsItHFigure 7).

e,
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Mucilage EN0 1 EW3 EE5
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Figure 7. Consistency index and mucilage content of fermented hydroponic ginseng by
B. subtilis HA

(t}h) Elo]2Al &3
Ejo]| 241 ZA3F Az} %7] Elo]| 241 4.85, 4.50, 4.63, 4.49 mgxE ZAE YL, MSG
0%2] -5 LRIt APEHEAN Z xjo| & Ho[x] gttt MSG 1%2] HS 713 & Zo =%

Z71 ¥ UE 3ol $AEE AW Hoth NS 3, Suel F9 UEI AYPSS
A&H o g Zrlste %S RYTtHFigure 8).

30 MSG concentration (%)

-0 &l O3 -5

20

Tyrosine (mg%)

Fermentation time (days)

Figure 8. Tyrosine content of fermented hydroponic ginseng by B.subtilis HA

(2}) MSG A2 =
Y-PGAE 2J78317] ¢l3l H7I3t MSGe| o] -&& FIst7] I8l TLCE ©|&3to] AWES
ol Kottt MSG 0%0]] A MSG spoto] EHQIE|x , MSG 1% A 52 A W& 2
A HE MSG7} A2IH Ao LFE}YTE MSG 3%2}

g_ll

9 FE3H= MSGIE QAT
WE7E AN AGHH T LSt AE AeitHFigure 9).

o F




x2 dilution

- = e

05% 0 1 2 3 0o 1 2 3 0 1 2 3 0 1 2 3
MSE  msco% MSG 1% MSG 3% MSG 5%

Figure 9. Consumption pattern of MSG in the hydroponic ginseng fermented
by B.subtilis HA

C}. Yeast extract (YE) =W (12} ZRF wUH)
(1) =iz 9 4y

Aol L (FH ) ol A 2 F7A4e] Fe|ef A& o
A Zg F 80 nLE = 3 = G 5%, glucose 2%, YE
0, 1, 3, 5%= A 7}5}to] Bacillus subtilis HA %% starterE 2% JZ3F & 42T Rt
AFuolEloll A 27t wjeksteitt. O F 14 nEXF UFEO] FUHEST skim milk
105 F7138 2 &IVt Lactobacillus plantarum EJ2014 starterS 2% 7
Aulolglof A 5zt ufjefste] FAJstAtHFigure 10).

filo

of 5% $7 4t gy
M

¢

| 5% hydroponic ginseng |

\
| Sterilization (121°C, 15min) |
“ st i
MSG 5% —-| 1st fermentation product |
Glucose 2% \
YEO0,0.1,0.2,0.3% | Skim milk 10% |
\i \
| B. subtiis HA 2% ||| L plentarumEJ20142% |
\i \

| Fermentation (160 rpm, 42°C, 0-2 days) |— | Fermentation (30°C, 0-5 days) |

Figure 10. Method of co-fermentation by B, subtilis HA and L. plantarum EJ2014

according to yeast extract concentration

(2) A=z & 2%

(7 pH ¥ At= 53

g A $7AJA YE 558 AR5 pHE 6.42, 6.31, 6.29, 6.22% YEQ] 3z} A8
o] pHZ} BhESes ZS el & 4 9ot YEVF Eo7HA] 42 2AS 12 AT
HH 1 pH7h Z4sto] 5,88 UEREl oL, 13 UE 2¢ 7.388 FUsiginh RbE YE
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7 A7 A EE 12 2XF UFEI} IAPHSFE Z715e] 2xF UHFE 2d 7.31,
7.63,7.272 ZAE gt} 22} A wF A skim milk F7FE Q18 pH7} 5.52, 6.55,
6.58, 6.53°. % 7rAstoict 2xF AP UF I AWEHA pHIF X HH O 7HASIe] 2
i} Zab g 5U0= 4.40, 4.40, 4.45, 4.3990th. ZHzbe] YE % AR X7 At

= 0.14, 013, 0.14, 0.15%0A A Z7} & 2hASle] 13} 2P UE 2¢2] 4=
= 0.12, 0.14, 0.13, 0.14%E VEhRQct 2 ¥ 2z} ZAAbUdF oyl APE|HA ALE7}
Z7}sto] 2xF Zab whE 59 ZF AJRe] AtE= 1,08, 1.35, 1.35, 1.50%% U}E}YtCE
(Figure 11).

Yeast extract concentration (%)
12

pH EN0 (0.1 0.2 mmO0.3
Acidity -0 -4-0.1-8-0.2 ¢-0.3

15

pH
i
Acidity (%)

0.5

1 Fermentation 2nd Fermentation
Fermentation time (days)

Figure 11. pH and acidity of co-fermented hydroponic ginseng by B.subtilis HA and
L. plantarum EJ2014

(W) B+ 5%
A &4 A3 13 2273 UFEI|T 5 22FS 107 CFU/nLolA 13} 227 U
1¢ 10% CFU/mL Z7}8tg 3 22 F UR 29 107 CFU/nLE ZFA3% 3 23} Al iy

7t AR AR Basial 24 Y YR SUA 22TE A BasHN
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Yeast extract concentration (%)

1.0E+11
B. subtillis HA ——0 —4—0.1 -0-0.2 ——0.3
L. plantarum EJ2014 ~®-0  -A-01 0 02 -+ 03
E
S 1.0E+09 |
i
(=3
£
3
=1
o
T 1.0E+07 -
@
=
3
S
1.0E+05 L :
0 1 2
1t Fermentation 0 1 3 5

2nd Fermentation

Fermentation time (days)
Figure 12. Viable cell count of co-fermented hydroponic ginseng by B. subtilis HA
and L, plnatarum EJ2014

(ch) Fzz 9 HAE 5%

FAJUA DR F UF 1904 YEO, 0.1, 0.2, 0.3% A% 2z} Zte] AREX 0.34,
0.05, 0.02, 0.02 Pa-s"& ZAF|gc}t. wWF 2do|= 0.41, 0.15, 0.01, 0.02 Pa-s"&
Z7tstgdtt BAES UF 1Y YE 0% 7oA 2.91%0A UF 2Y 1.97%% A= A
stlon, YEZ} FHIto] SIS A IRE Fo| hste ZE HA ¥
elalth(Figure 13).

0.6 Yeast extract concentration (%)
’ Mucilage N0 [=70.1 EEO0.2 EH0.3
Consistency index -0 -4A-0.1 -0-0.2 =<=0.3
= 1 3
foa - £
: 5
2 5
= 41 20
g %
s k|
12} ©
% 0.2 3
g S
o 4 1
0.0 T — L 0

of

1 2
Fermentation time (days)

Figure 13. Consistency index and mucilage content of fermented hydroponic ginseng
by B.subtilis HA

(2}) GABA 3Fed 27
GABA (y-amino butyric acid)e] 44& HHelsy] slsted FHEA YA TLCE o] &3 2
Zolth, YEZF BRI Qe ZAoIA 23 WA 5U] MSG7F GABAR HTro] A ztEls




RAAE Rdem, YEZ} 0.1, 0.2, 0.

3% A7IE 272 AE KW YEQ BTt 21
+F GABAS] A¥ &y} whelrs AYS

R ot (Figure 14).

x2 Dliution

1% 1% 0 1 2 0 1 3 5 0 1 2 0 1 3 5

MSG GABA YEO% YE0.1%

x2 Dliution

F
" :
® oo0oeee eoeoe e
- L

1% 1% 0 1 2 0 1 3 5 0 1 2 0 1 3 5
MSG GABA YE02% Y.E0.3%

Figure 14. GABA production pattern in co-fermented hydroponic ginseng by B.subtilis
HA and L. plantarum EJ2014

2}, Skim milk =X (22} &AAF 21§F)

(1) A= 2 Wy

CiAo] o L (H P ol A b2 4] Felet A ARSI ow A4 zhaf ol
= A|RZ F 80 mLE& 121 CollA] 163 Hstedrt. 2 5 HH MSG 5%, glucose 2%
£ H71sto] B subtilis HA ‘55 starterE 2% FF F, 42T & dFuo[E oA
297t wfgstodet. 1 F 1A AR UREC FUPYELE skim milkE 0, 1, 3,

b% F71H o7 A ]-3]-04 L. plantaruem EJ2014 starterE 2% AZE 3 30T <elFwo|E 9

| 5% hydroponic ginseng |

| Sterilization (:21"0, 15 min) |
\4
GM?E;S ‘;A,% 1st fermenta:ion product |
| B Subﬁ,l DA 2% | [ 10% Skim m:k 0.1,35% |
| Fermentation (160tpm, 42°C, 0-2 day) | L plantarunl EJ2014 2% |

| Fermentation (30°C, 0-5 days) |

Figure 15. Method of co-fermentation by B, subtilis HA and L. plantarum EJ2014

according to skim milk concentration
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(2) A% @ 23
(7h) pH W ALE %4
W A 47U e pHE 69322 Ushon, 13 127 Wit AW pi

13

Z7}sto] wE 2dol= pH 8.08% UIElYITE T ¥ skim milkE 0, 1, 3, 5% =8 3

b Zhe] AlEX pH 8.08, 7.36, 5.22 7.302.8 ZAE| ot 2x} B wE s} 2y
A pH: 7.86, 6.65, 4.75, 5.18% ZtAslelon} 2xp Al wF 5U2] pH: 8.07,
8.00, 5.85, 5.64% TIA Z713t= ZAE Bt AsL X7] 0.08%004 12} w3 1
d 0.09%% AZ Z7} F UF 2d 0.03%% 7rAstedct. Skim milk7zF B2 Fo] Al
= 0.04, 0.13, 0.86, 0.63%% skim milkE B7}3t 2o Z7}steic}. 2xp Arbidd
7t AYEHEA A=Tt FIF F PASeE AL A ¥ 4 ok 53] skim milk 3%
20 22 ZAabd® 1Yol 0.9% At=& Yehldon, olF ite= F43] Haste=
B Bt ols ity dFol 23t 71Ad MSGUF AXETA GABAR HBH uf
protondzHlo] wE AtEe] AT O T AlmEoH, 2F LA At=E 0.05,
0.05, 0.21, 0.36%% ZZ=E YcH Figure 16).

n

N
(2o
_I\l

N

Skim milk concentration (%)

pH ENQ0 Bl 3 EmS
Acidity -0 41 &3 %5

12.0

9.0 -

pH

6.0

Acidity (%)

3.0 -

0.0

1% Fermentation 2nd Farmentation
Fermentation time (days)

Figure 16. pH and acidity of co-fermented hydroponic ginseng by B. subtilis HA and
L. plantarum EJ2014

2} DG LAFI| Zot T2FL 10° CFU/mLollA] 10° CFU/mLo 2
A kg b AWEEA skim milk7l 0, 1%E F71F o8 HIIgE AR
2] 79 10" CFU/nLE 743l o, skim milk 3% AL 10° CFU/nL7tR] ZHASHel S
o, skim milk 5% ZZ2] A|EE& 10° CFU/mLo 2 Zhastelct, Batge] A 27 107
CFU/mLol Al skim milk 0, 1% Z7AL Ax}&" oz wF 59 108 CFU/NLE Z75}9 L,
skim milk 3, 5% A X ZAb wF 1Y 10° CFU/mLLE Z71 ¥ 24F 5471 10°
CFU/mL& 2|8ttt o] A¥E T3 Zabd@olrl skim milk7t 383 JF& nl2ch

sl ogieh b 4= glglth(Figure 17).
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Skim milk concentration (%)
1.0E+11

B. subtillis HA —-0 &1 -0-3 =5
L. plantarum EJ2014 --®-0 -A-1 @ 3 -5

T

£ 1.0E+00

[

Q

t

=]

o

o

'8 1.0E+07

o

5

8

=

1.0E+05 L .
0 1 2
1% Fermentation 0 1 3 5

27 Fermentation
Fermentation time (days)

Figure 17. Viable cell count of co-fermented hydroponic ginseng by B.subtilis HA
and L. plnatarum EJ2014

(th dz= 9 F1E 53
F73A4 nZF UF 1Yol FREE 0.01 Pa-s"2 ZAE QT UE 2¢ 0.02 Pa-s”
2 Z7)5l9c), AAELS ulF 19 2.67%0 A LF 22 2.32%F QxpH oA A=
2HASH= A'FS BTt (Figure 18).
0.04 >
EMucilage
-o-Consistency index
4

£0.03

? by

: £

3 25

o - 5

Z0.02 | . I -

2 = @

g f=1]

— 5

5 2

S o.01

0

1 2
Fermentation time (days)

Figure 18. Consistency index and mucilage content of fermented hydroponic ginseng
by B.subtilis HA

(2}) Elel2Al 5%

Elo] 241& 243 Azt Wi Ao Elo|EAl ek 7.83 mgrE SAE UL, 297 1
2} R UF R T 15,80 mguE LIEFRITE skim milk 0, 1, 3

UE Ao 23 UFE 09 7+ A5 Elo|E4l daFo] 15.80, 16.93, 26.73, 38.31 mgrE

Uehsith 2 % 23 %R AR B Elel Al Pape] Srbste] 23 HAPSE 5
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d 19.37, 24.04, 26.88, 55.12 mgu=
o} Elol 241 gteto] HldH O R Zrbsle 7 igure 15). welA 23} R4t
& wEAlo] WAEE skinm milke] S ThASo] Thld el F o] 2siA THEa]
S HEl|EE AHSHE AL HE UHES] JSHEAL A3AAE SAo o
HE W 73S ZAATE RO e Figure 1

[\
o,
i)
¥2
inj
o
L’

FA3} F7HH skim milk %
Fi

i Skim milk concentration (%)

0 &1 03 -5

60

45

Tyrosine (mg%)

15

0 1 2 0 1 3 5

1%t Fermentation 2nd Fermentation

Fermentation time (days)

Figure 19. Tyrosine content of co-fermented hydroponic ginseng by B.subtilis HA and
L. plantarum EJ2014

(u}) GABA e &7
GABA (y-aminobutyric acid)®] 28& FHlstr] flste] B A TLCE °| &3t 24
Ztolrh, Skim milk7} F7FE|R] Q42 Z oA 221 WA 5Uol= GABAZ} ARER] U=

& HA & o dglrt Skim milk7}t 1% M7 oAM= 221 WA S5Uo = HES)

=

3
= MSG §t&fo] B2 Z1S ol & 4 9l o, skimmilk 3% +F20.F HI7IH A5
7% 22} WA 5 GABA ARGl &2 ZE U ¥ 4 dUdrh skim milk7} 5% F7t
H 2A2 A$ 22 UF 580 AL RE MSGr} GABAR HE|H Zog RArH(Figure
16). wetd F7JA4e] axe WaEE FeiA JA= l B8 2ZolA 23} Ak
WAE Y o AT 5 ZPE skinm nilkE 3714 HIlsks Zlo] itk
ol 22} WA E BT FISIHA FAlof wjR|o] HESH= MSCE 7 d=HY

GABAZ. ATAF|= Ao= Uehyct,
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@
® 900009009

1% 1% 0 1 2 0 1 3 5

MSG GABA  gyim milk 0%

o »Q
® QoooOV@

1% 1% 0 1 2 0 1 3 5

x 2 Dilution

0 1 2 0 1 3 5
Skim milk 5%

x 2 Dilution

0 1 2 0 1 3 5

MSG QAEN Skim milk 3%

Skim milk 5%

Figure 20. GABA production pattern in co-fermented hydroponic ginseng by B.subtilis

HA and L. plantarum EJ2014

o}, Yeast Extract (YE)

TEE UTEY

g\
¢
hnd

( zﬁi ol Hl-l:lt-'l
Aol () ol 2 AL Felo A& T3St 5% FH A4 Thafol
A ZZ F 80 mLS 121 CollA] 1587 HEF3stgich G 5%, glucose 2%

H 7Vt Bacillus subtilis HA
oA 27t wjokstdTt. I & 12} RA
YE 0, 1,
30C el

) N

ﬂ m[m m[o a =

| 5% hydroponic ginseng |
\

| Sterilzation (121°C, 15min) |
\

MSG 5%
Glucose 2%

\
| B. subtilis HA 2% |

\

Ein

a

=2 starterE 2% H
o 4

| Fermentation (160 rpm, 42°C, 0-2 days) |—

Figure 21.

W E IR O F skim milk 10/2}

3, %5 FIIHP ST FIIStY] L. plantarum EJ2014 starterE 2% FF F
FullolEloll A 57t ujorsto] E45tQTHFigure 21),

1st fermentation product

\
Skim milk 10%
Y.E0Q,0.1,0.2,0.3%

\
| L plantarumEJ20142% |

\
| Fermentation (30°C, 0-5 days) |

Method of co-fermentation by B, subtilis HA and L. plantarum EJ2014

according to yeast extract concentration
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) Azt 9
(7F) pH & At
Wa A £7AAANS] pHE 6.45004 1} W& 1€92} 2¢ 6.71, 7.46% Z7}staict. o]
% skim milk 10%2} YE 0, 0.1, 0.2, 0.3%Z d7}3t 7} zte] A|8LX 6.24, 6.26, 6.25,
6.24% L}E}YITE. L. plantarum EJ20145 A ZE35}o] 23} AL HF E R3Pst= 59 pH
7t ALH o2 ZrastETh 27| AR 0.14%0 M A% FIt F 7& T F71ste 1A}
AR LR 249 AEE 0.1245 Yeldich. 3 F Fxbum ol 33 Hﬂﬂ A AT F
7bste] 22 At wE 5ol ZH A Fe A= 1,30, 1.24, 1.28, 1.22%% LU tElyiT)
(Figure 22).

Yeast extract concentration (%)

12.0
pH N0 [E0.1070.2 HNO.2
Acidity --0 -A-0.1-8-0.2-0-0.3
9.0 | 4115
ﬂ;?._
. g
2 60 | 2
3
Q
<
3.0 |
0.0

15t Fermentation 2nd Fermentation
Fermentation time (days)

Figure 22. pH and acidity of co-fermented hydroponic ginseng by B, subtilis HA and
L. plantarum EJ2014

() B+ 53
AAde ZF A 13 223 Ha77 5ot I XFL 107 CFU/mLoll A 12} 227 W&
1do] AF24 10% CFU/mLe.g2 2715t 15 227 UF 2o A< 107 CFU/aLE

]_
ZHA4RE F 2x) Fab UavE JAPEHA AESH R ZhAaste] 23 A4 U Y xR
2 10° CFU/mL& UlERWiT), 22} Aab g 2o AxbZS %7] 107 CFU/mLolA 22} AlAt
Wy 580 % 10° CFU/mLE 82|38t tHFigure 23). o]t 1x} $7Qate] a1 2xF UF
2 2xF Axbidgd 717 Sotel] w2 A %216}% Zo 2 Hol, WaufA|o

EAsts AAE 5ol 2 A8 Ao £ zhets) glct.

o 4>
lo
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Yeast extract concentration (%)

1.0E+12
B. subtillis HA -0 -4-0.1 -5-0.2 ——0.3
L. plantarum EJ2014 &0 -4-01 3 0.2 -¢-0.3
o
E
2 1.0E+09 |
Qe
=
5
o
o
3
© 1.0E+06
-]
]
8
=
1.0E+03 L
0 1 2
1st Fermentation 0 1 3 5

2nd Fermentation
Fermentation time (days)

Figure 23. Viable cell count of co-fermented hydroponic ginseng by B.subtilis HA
and L. plnatarum EJ2014

I
0 AAE 53

(th) Az= 9 2
FAQA D XF WF 1¢oA 0.6]1 Pa-s"ZE SAE QT Wi 2o 0.22 Pa-s"E 7+
235t FAES UE 1Y 3.53%04 UF 2 3.82%F 4= F7I5IGcHFigure
24).

b E=IMucilage @

-e-Consistency index

[ _

1y

5 . ] _
S1.0 2
3 1238
g 5
- o
2 S
3 /K i 2§
‘505 S
5 =
o
\. 11
0.0 @ . s 0
0 1 2

Fermentation time (days)
Figure 24, Consistency index and mucilage content of fermented hydroponic ginseng
by B, subtilis HA

(2h) G 5%

DNSH & o] &3sto] URAEL HYLE SHT Aoty UHm A 2.16%8 FE& H-fsta
uRom 12 D2 WHE 1Y 0.25%% 78] BE Wo| I ATy a4 dE 2Y
0.51%% 4% J7Ist= & A & = A= ole MAerte|=e] o] dFo]
wolRo g i sto g FZEHTt 23 Fab dF Al A FUHEoE HIMgE o
o] skim milk®] lactoseol 2J3} 2} YE w='8 23} B4t wdd 0o BT F&F2
1.77, 1.81, 1.81, 1.78%% UElWTh 2 F o] 3kl 7hAsle] 221 Al i 59

0.20, 0.22, 0.18, 0.19%Gc}(Figure 25).
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Yeast extract concentration (%)

EO0 ©0.05 0.1 HO0.15

Reducing sugar (%)

Fermentation time (days)

Figure 25. Reducing sugar content of fermented hydroponic ginseng by B.subtilis HA
and L. plantarum EJ2014

(ub) GABA &y &%

@ TLC &3

TLCE ©]-&3}o] GABA (y-amino butyric acid)?] A4S Helstgdctt. 2x} Hild wU®
Alo] 7t o2 YEZF HIHH RZoA MSGR] 4Xlo] wte] dojui= S HA ¥
ATt YE 0.3% H71H 7oA W& 3Y wholl wfx]o] ExsH= MSG7} BT GABAR
ARE L oz el (Figure 26).

x2 Dliution
-
) . A A B B N N NN
9% 1% o 1 2 o0 1 3 5 o 1 2 0o 1 3 5
MSG GABA YE 0% YE0.1%
%2 Dliution

*»

% 1% o 1 2 o0 1 3 5 o 1 2 0o 1 3 5
e Y.E0.2% YE0.3%

Figure 26. GABA production pattern by B.subtilis HA and L. plantarum EJ2014 in

co-fermented hydroponic ginseng
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@ HPLC &%

Y.E 0% 278 +H A4
Z7] 4.3%2] MSG7} §H% o]
Y-PGAE A3t FoIste MSGE skim milke] HI7IE Qs 2u) 3 Aste] L
EJ2014& o] &%t AabUm 7l ZSPEEA] 0.9%2] GABAZE BAEEAUSS FHel
CHTable 1). o]&= 12} X URE FalA 7|2 MGt o] & WA HAE
Flolom, 23 HAitd UHE FA FESH= MSGIE 758 =2 GABAR
Zo% FIFdrh

ne
fo
¥o, 1o

Table 1., Glutamate and GABA patterns of hydroponic ginseng co-fermented by
B.subtilis HA and L. plantarum EJ2014

Fermentation Time
0 day 2 5 day
Glutamate
43320.9 -
(ng/mL)
GABA 9032.5
(ng/mL) '

(v}) DPPH radical &A%

BHAE tiRF o= o] &3] YEE FIISHA] ¥ 5% 4704t DPPH radical 475&
ZQIgt Az} BHAE ICsoBkS 7.54 ng/ml& UEhAATE W& A %7 A4t =] 2] 1Cs
ZHe 67.40 mg/mLe UERjGOoH 13 2xF UE T 5 =R,

gt U HE2] 1C50%t-224.70 mg/mLE thRFLOE AME-3F BHARCTE &2 7HE Uehfodx|qt

Las S8 FAHEEol Sttt AE HA ¥ 4 3githTable 2).

Table 2. DPPH radical scavenging activities of hydroponic ginseng co-fermented by
B, subtilis HA and L. plantarum EJ2014

Fermentation Time (days)
Control
0 2™ fermentation
DPPH ICs, 7.5420.31 pg/mL
67.40+£2.46 24.70+0.96
(mg/mL) (BHA)
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(e}

S AT fIste] thAAM=Z
2 7taL 2442 ok A 25t
duoht &4 QEAE MIT assayE S8l A@sidch 5w UHEEY A1¥E o
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Figure 27. Comparison of cytotoxicity before and after by B.subtilis HA and
L. plantarum EJ2014 in co-fermented hydroponic ginseng
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Figure 28. Comparison of NO product before and after by B, subtilis HA and
L. plantarum EJ2014 in co-fermented hydroponic ginseng
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Table 3. Ginsenoside patterns of hydroponic ginseng co-fermented by B. subtilis HA

and L, plantarum EJ2014

Fermentation Time (days)

0

1t fermentaton

2" fermentation

2 5
Rgl 2.01+0.13 1.68+0.13 1.10£0.37
Re 8.24+0.47 7.08+0.52 4.35+0.95
Rf 0.96+0.04 1.03+£0.07 1.18£0.25
Rg2 0.80+0.03 0.90£0.05 0.78+0.05
Rbl 2.15%£0.10 1.25+0.47 0.42+0.03
Rc 1.07£0.05 0.38+0.06 0.53£0.03
Rb2 2.08+0.19 1.59+0.46 -
F1 0.61+.14 0.66+0.09 0.62+£0.07
Rd 1.16£0.05 0.63+0.53 0.32+0.02
F2 0.93+0.07 0.23£0.03 0.59+0.09
Rg3 0.41+0.01 0.35%£0.12 0.44£0.07
CK 0.48+0.02 0.48+0.10 0.38+£0.04
Rh2 0.20+0.01 0.16+0.02 0.28+0.01
Rgl+Rb1+Rg3 4.57+0.24 3.28+0.71 1.82£0.25
Total
ginsenoside 21.10£1.24 16.42+£2.25 11.01£1.27

Ginsenoside content:

mg/g
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Figure 29.Ginsenoside patterns of hydroponic ginseng co-fermented by B, subtilis HA
and L. plantarum EJ2014
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Table 4, Composition of prototype product using fermented hydroponic ginseng

Fermented Crushed . . Konjac
Oligosaccharide
5% HG 10% HG powder
Content (%) 22 44 33 1

Table 5. Physicochemical analysis of prototype product using fermented hydroponic

ginseng

Physicochemical analysis Values
Solid content (%) 27.55+0.01
pH 4.74+0.03
Total acidity (%) 0.27+0.01
Reducing sugar content(%) 0.68+0.01
Soluble soild content (brix) 25.25+0.96
Viscosity (cP) 425+20

% Viscosity was measured using Brookfiled viscometer (Spindle #1, 12 rpm, 15C)
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Figure 30. Packaging of prototype product
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