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Abstract

To reduce the production cost of Lactobacillus, discarded red ginseng starch was collected from a factory of red ginseng
extract in order to develop the Lactobacillus culture medium. According to the analysis of the gensenoside composition of
red ginseng starch, the total gensenoside content of starch was 2.73 mg/g, and the gensenoside Rb;, Rb, and Rg; contents
were 0.1, 0.29 and 0.52 mg/g, respectively. For the preparation of the liquid media, red ginseng starch was added at rates
of 0, 5, 10 and 20%. Further, Lactobacillus plantarum 15357 and Leuconostoc mesenteroides sub sp. strains were then
inoculated to these prepared broths. With the red ginseng starch medium, the growth rates (1.42x10” and 2.96x10" CFU/mL)
and the final cell concentrations were higher than the MM medium (1.0x10” CFU/mL). The optimal concentration of red
ginseng starch and yeast extract as a medium were 20% and 10 g/L, respectively. Under these conditions, the cell mass of
L. plantarum 15357 and L. mesenteroides sub sp. reached 5.11x10'° and 8.17x10'° CFU/mL. These results show a great
possibility for the utilization of red ginseng starch as economic medium sources in the production of cell mass of lactic acid
bacteria. This is the first trial of development of economic LAB growth medium using discarded red ginseng starch.
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A Ak} FEo] A7t W= tHRyu et al 1998).
HZoll= A8 ARdA Feld ikt Aol F2y
3 glom, AEY e AE 4R HE AFA &
g ¥ fFirbrE A3 St Kumagai T 2009). 21 &4 22
A9k AR A2 J gt A gt EZo] 2o
N FEelA AS37] el YFinE Bl AAs= 5
ol Hoju, Z+5 Aejed 249 AR Holjd 3o
2 &#A dti(garashi T 2007, Huang et al 2008).
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1. Mz 75
T Lactobacillus plantarum 15357, Leuconostoc mesen-
teroides sub sp.= X7 TR A ZHE o}
AHESRATE B4 AEE T oAl (A2 E
100% &4kl el 4k A8 A7-8= 75 oA
AW HjA] = MRS broth
(Difco, USA)E ©|-&3l9laL, &4k A& wixl= nvlZ3 &
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Aol AgT FA AR T4 55 A% Bgel 2
Ashe Fab FE0IN Tleleke B84 RS 2As
QAEe) & slo|AE ez AzEn, Az F -20CeA
W s Al o gahert
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B AR 05 g2 B58 Sehado| Hae Yo 23}
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FEsI o, 1023 Y § FE292 o Fstar ZhAte o
stk & 33 &
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evaporatorg ©]-&ste] g FHATE w5 & Sk Y
AFES 50% MeOH 20 mLol =9 0.45 ym membrane filter
2 o3It Gensenoside $d-2 Agilent 2690 HPLC system
(USA)E °©]g-3te] 74313t} HPLC 4] p-Bondapak Cig
(3.9 mmx150 mm, 5 ym) column= AFE-3le] o] F7te] F-4
¥ A8 25+ 747} 0.6 mL/min, 43CE 83, UV A&7
AZE 3742 203 nmZ 3o 48 TH(Kim et al 2007, Park
et al 2011).

z

10 g2 10 mLe] FF<rol dEata, 80T
water batholl 30%3F & Fofl LA#2](12,000 rpm, 10 min,
4C)E dta, A5 A4S 0.2 um membrane filter 2 o] 24313 S
™, of3}ol-& 108 3]4]3F ¥ carbohydrate cartridge column
(waters, USA)= A3} flow rate 0.5 mL/min 2 injection
volume2 10 yLZ HPLC(LC-10A, Shimadzu, Japan)@ &2
=g

5
] A AR RAW 264.7 Al ZZHE NO A4k
ol <HgdE NO 4telEQl NO*-
(nitrite)E Griess W32 2 =733} t}. EDTA(ethylenediamine
tetra acetic acid)”} ¢ 1+ 50 mM potassium phosphate
buffer® 2] whf| gk 3ol 4T, 10,000xgol A 15% F<t
A EEjste] 2Ao] FEAe FHleke, 2ol AEd 100
L= 96 well plateol] ¥ 11, 3719l Griess A]2K0.1% N-1-na-
phthyl-ethylendiamine H,O:1% sulfanilamide/5% H3;PO4= 1:1)
< B9 AUl 1083 ¥H-8-A1Z1 &, microplate reader &
540 nmellq TF =S =439tk Nitrite?] =+ NaNO; =
o]-g3te] AL FF A Hlmste] ALtstdch
6. & ™2 HiX|2] M=
27 WA ZE MRS WA AHESRen], 35 4
g ol AL8¥ nyd|2 v X|(mineral medium : MM)+ 5
F4= 1 L] K.HPO, 3 g FeSO, - H,0 0.01 g MnSO, - 7H,0
0.01 g, CaCOs 0.05 g, ethylene diamine tetra acetic acid 0.1
g= &35kl pHE 6.5% KA ste] A xskqi). wvlE wiA|

(T
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ol 0.5%(w/v) &2 FZE(yeast extract)S X512 W=
MMY 2 E7]3t3it) s ek & A= MMYl %

A Aol 10%(wiv)7h Hles 288 § 2

7. fihe B

Z4F AR MMY HiA| el A A eFet viA] 10%e
Hizlo] HEste] st en, ik X' wjdr]
(Jssi-300CL, JSR, Korea)°l A 30T, 120 rpm 71O 2 244]
7 Bt A vieketa, & Mds e Ao R AMESt
Mq_' ACE uHOk—A Q3 A A B MMY H]];qpq ZALe MMY
o] B4k AFol 2,5, 10, 20%(w/v), 18] ERFZ2EL 2,
5, 10%((w/iv) 2 F7yste] Alzslg]om, Zhzke] 2704 #
Ao 54 ‘Fﬂ—a— A5tk 2wk working volume
300 mLY] 4k AE HiR] o] SF 10%S FH2 o2 TFS
3liL, 30T, 120 rpm L& 72417 ESE )b At
$= =431 tHHwang ef al 2008).

2t A 2E WA 2RE Ak Bhe] 24e AHE A
B2 E A H90.9% NaC)E AH&-stel, 1030 349
o we} s|4et = BCPA 7} B =38 a3 ulX(peptone,
yeast extract, dextrose, tween80, cysteine, bromocresol purple,
agar)E WA 2 ARE-Ste] 30ToA g &, AE HegS

38 wEslel 3L,

10. E2 Ax 23589 &1}

o=
4 AE MMY HIAIE ARgEte] it S wiFet 5,
Al F-2](Supra-25K, Hanil, Korea)E 10&313le] oA & 3]
sttt d #A= T2 X ESA|(skim milk), S4F A

£ 23 skim milk, 4 AE E3ES Hriste] 723}
3T —40CE AAZ O B2 AZ7|(LP 50, 1l Shin
BioBase, Korea)ol|Al &390t} x4 w4l B8t &
DSIAI7] o A A2 Ao 9 812 ske] BCP HlA|

of BAE F 30CAN 1243 Wl ke, ARFE 3
sol B2 Az 7o YEFE 2P
1. 52 7z 2oto| 9T golof ME =1}

Ol 9T - o1gg - M - vl

HOoFA o} RATHEETE

=4 A% BaAd 2 gahre] Ui S Al ¢
3 o1 —?4" (Kobayashi et al 1974)2] Wl w2} HCIS A
43l] pHE 3.02.2 243 &4 AE MMY HlA](pepsin

1.0% 7Pl 30CE2 gt3=0] 30% F<t Wx|gt & A A
2|2 ol & 848kl BCP wiA] ol = Lf?} T 30CelA
T2AIZE v ekt ths AT E S35l B2 dx $o AE
F5 Ak

1

12. A e
2 Aol ARl BA A A= SPSS(Statistical Pa-
ckage for Social Science)E ©|-834 B £A315 ) 2 ¥

T HOERT QAR BAEIH AL, OF 7 Ho A}l uigh
SAA frelde A5k fel %l% 2] E-2F -4 (one-way
analysis of variance)= A3+ F p<0.05 F=FolA] Tukey's

<0.0

testE ©]-83 AFFE 7% (Post-Hoc test)=
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I}, Table 13} o] SatollA LAE = Re
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Table 1. Contents of ginsenoside of red ginseng starch
Contents of ginsenoside (mg/g)"
Red
ginseng  RF Rbl Rg2 Re Rb2 Rb3 F1 Rd F2 Rg3 Rk C-K Total
starch

0.24£0.04 0.10£0.01 0.15£0.03 0.19+0.04 0.29+0.07 0.33+0.05 0.01£0.00 0.16+0.02 0.09+0.01 0.52+0.10 0.52+0.10 0.10£0.01 2.73+0.20

" Ginsenoside contents in red ginseng starch. Values were expressed as the meantS.D. (n=3).
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Fig. 1. Chromatogram of ginsenoside of red ginseng starch.

mg/g, mannose 0.1 mg/g, “12] 1 fructose 0.3 mg/gl 2 =%

HATh A e feldS fAkre] Aol st &
Yoz Algd = 9lom Table 3, 4 2] Ao} Zo] T
(1.0x10" CFU/mL)¥} ¥ mdto] 4] AAHH1.9x10°~1.4x10"
CFU/mL)= S7HAAT wheba] 71l n|AE widel] 2o
3 fElde] S 3ol 2o AyE HolFglon, Al
ZFsHAl EbA] @otA 71E freldEoe AL 23stet
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Fig. 2. Prod f de of red FEE 52 AH8st] 4t 2 Bacillus T FE g3t

ig. 2. Production contents of nitric oxide of red ginseng . a = .

2 B3 AlolEE A3t A]7] A o

starch on RAW 264.7 macrophage for 24 hrs. dEE T Aeitel =g AR AR Ae M‘Oi*‘ Ln
Data represent the means of three separate experiments and error et al 2007, Park et al 2011, Kim er al 2010), &4 HE=
bars represent standard deviation. ol &38lo] 715A SAMFS AR} Bl A= ofF o]

FolA) e
B9 FX 50~400 ug/mLol|A 5.63~16.14 uM7HA] F7}5}

Ackh 4. 7ot 8] 2/ pH X & o5 #HE
b AR vl A fRAREE wlE Al AR TE] 9
3. =4 MEo walgt g2 gt pH 2 F o5 WstE IRlsy] Y3t L. plantarum
A AR fEld s A% A= Table 29 20| 153577} L. mesenteroides sub sp.& MM Bl A](Mineral me-
% felY S 3.6 mg/gS = sucrose 2.3 mg/g, glucose 0.6  dium; KoHPO, 3 g/L, FeSO, - H,O 0.01 g/L, MnSOy + 7H,0
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Table 2. Contents of carbohydrates of red ginseng starch

HOoFA o} RATHEETE

Contents of free carbohydrates (mg/g)"

Red ginseng

Glucose
starch

Sucrose

Mannose Fructose Total

2.30+0.08 0.60+0.12

0.10+0.02 0.30+0.04 3.60+0.15

Y Free carbohydrates contentsin red ginseng starch. Values were expressed as the meantS.D. (n=3).

0.01 g/L, CaCOs 0.05 g/L, ethylene diamine tetra acetic acid
0.1 g/L), &4+ A& wix] 28] FA(Yeast extract)S 3
PR A AR Aol MFekeA pH R ATSE 2
5ol Table 3, 49 YERARITE. Table 3914 MM Hi=] oA Hl

& fAkte] F @ 1.0x10° CFUML, pHE 74701312
o, Tk AR 10%E woket gakie] & 7 2 pHE L.

plantarum 15357, L. mesenteroides sub sp.£ 1.4x10'° CFU/
mL, L. mesenteroides sub sp< 2.9x10" CFU/mL 1]l pH
= 27} 4.629) 4170120 TE Table 4914 S4F 2% wlA] 10%
o dad 5%s 7kt fitS el o, ikt
5 D pHE L. plantarum 15357 2.8x10'° CFU/mL,
L. mesenteroides sub sp< 5.3x10'° CFU/mL 18] 3 pHE 2}
7y 4519 3.692 SHF AL 4 AR TE 0~2% A=
% #5E L. plantarum 15357 2.0x107~4.6x108 CFU/mL
123l L. mesenteroides sub sp= 1.0x10"~3.6x10° CFU/mL
2 Z23¥en, T4 AR vt e &

o
o}}lr

P
T

S7Fst ek e vk Azt

o}, jeklo] ALl wE galFe] ZAoe dEFe )
Z|A] gkoktt. MM B Aol & AL

CFUmML7HA 373819 2, pH
MM iAol E3HE o] & my o

s Gghonl, fel L 430 Baw GPE PR

U = HHZ] = A}%ékﬂ SE S g Al
ofst 2.5%(wiv) 1A o] M7k wiA M= it E

S
o e A Al =Y T AR A= fikto] A
e Holx| e 1% 4t Bdto] H7he wi|ellA 1.0x107
CFU/mL ©]’¢e] A& HATHRho et al 2011). Ak A4t
B8 0]83 fakt vl ol gt AT 55 A 4ol

Table 3. pH change and bacterial number of culture media of red ginseng starch medium according to the culture time
at 72 hr of Lactobacillus plantarum 15357 and Leuconostoc mesenteroides sub sp.

Ginseng starch(%) pH" Bacterial number(CFU/L)"
MRS 4.19+0.82° 4.57x10'°£0.32
0 7.47+0.33* 1.0x107 £0.51
2 6.74+0.17* 1.96x10° +0.42
L. lantarum 15357
5 5.25+0.62% 7.05%x10'°+£0.41
10 4.6240.43° 1.42x10'°+0.62
20 4.43+0.25° 8.53%10'°+0.72
MRS 4.18+0.67° 4.96x10'°+0.21
0 7.61+0.34° 1.0x107 +0.64
2 6.30+0.40% 1.57x107 +0.35
L. mesenteroides sub sp.
5 4.3940.65° 6.87x10° £0.34
10 4.17+0.72° 2.96x10'°+0.71
20 4.1140.66° 9.97x10'°+0.63

Y Values were expressed as the mean=S.D. (n=3).

Means followed by the same letter are not significantly different by Tukey’s test(P<0.05).

Data are reported as the meantstandard error.
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Table 4. pH change and bacterial number of culture media of red ginseng starch with yeast extract according to the culture
time at 72 hr of Lactobacillus plantarum 15357 and Leucostoc mesenteroides sub sp.

Ginseng starch(%) Yeast extract(%) pH" Bacterial number(CFU/L)"
MRS - 4214031 3.24x10° £0.51
2 7.81+0.25° 2.0x107 £0.62
0 5 7.96+0.18° 4.0x107 £0.74
10 6.85£0.56™ 3.41x107 £0.35
2 6.45+0.50® 1.59x107 £0.33
2 5 4.5240.33" 4.62x10° £0.21
10 4.57+0.64" 3.28x10° +0.32
2 4.63+0.21% 3.63x10% +0.51
L. mesenteroides sub sp.
5 5 4.83+0.31% 5.78x10° +0.41
10 4.19+0.36"™ 9.87x10° £0.32
2 5.17+0.33° 1.34x10'°£0.50
10 5 4.51+£0.41% 2.80x10'0+0.72
10 4.97+0.46 5.97x10'"0£0.11
2 3.89+0.37° 8.87x10° £0.20
20 5 3.9440.33¢ 4.63x10"£0.71
10 4.55+0.43% 8.17x10'°+0.53
MRS - 5.31+0.55" 5.11x10'°:£0.61
2 7.78£0.54° 3.11x107 +£0.42
0 5 7.90+0.61° 1.0x107 0.31
10 6.90+0.34° 2.7x107 +0.70
2 4.35+0.33° 1.83x107 +0.71
2 5 4.28+0.26" 3.79x10° £0.73
10 4.36+0.33° 3.62x10° +0.12
2 3.75+0.15¢ 6.32x10'°+0.21
L. plantarum 15357
5 5 3.66+0.17° 9.23x10'£0.61
10 3.64+0.28° 8.66x10'°+0.35
2 3.67+0.25¢ 1.45%10"+0.81
10 5 3.69+0.08° 5.32x10'°4+0.52
10 3.7240.19° 5.63x10'°+0.73
2 4.10+0.21° 7.14x10'°+0.92
20 5 3.86+0.32° 8.23x10'°+0.86
10 3.82+0.40° 8.05%10'0£0.77

Y Values were expressed as the mean+S.D. (n=3).
Means followed by the same letter are not significantly different by Tukey’s test(P<0.05).
Data are reported as the meantstandard error.
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A lEEE 2P EE F 50%E FHAM TEARNE S5
= AR Y(corn steep liquor)= ©| &3} Lactobacillus sp.

RKY2E t& vjefet Aot Baso] It Wee et al 2006).

A

of AL

5 &
2 AFME bt B2 Az Al on] ¢l F
B3 A|(skim milk)$} B AFol|M AlgSe T4 %
Z BoAe 4 AES FUbske o,
4 Az F g wge] nAe JFS st
Table 59014 Z4zte] oA Fakte] AEES A
A3} skim milkE 2%} 10%5 A7V W, L. plantarum
15357+ 2.0x10" CFU/mL 18] 3L L. mesenteroides sub sp<
3.0x107 CFU/mLY] A& TdEs Hx, $4F A& 2%
10%% L. plantarum 15357% 9.7x10* CFU/mL$} 2.0x10°
CFU/mL Z12] 3L L. mesenteroides sub sp- 2.0x10™° CFU/mL
T8 T4k AR 10%+skim milk 2% L. plantarum 15357
5.2x10° CFU/mL 18] 3L L. mesenteriodes sub sp< 5.3x10°
CFUmMLE %=t} &4 el Skim milkE Z3}13t]
T4 Az Bs 33E 318 o, Skim milk B &4t A
i dEe R At At AEdr7E 24 SHEU
th 5 AR 95 Fo A 5o S7MESE BE g9
108 =7} S718kou, 718 HaA]9l skim milke} ¥
stle we 2 &3 100 H = SA S = A webA
Sk Aol 7o} 7)1E BoA o] S o] &3PH 100~
1000w} B & B SV S2 ERlskh 4 A
o] Z3ksta e el B AEEF 71E Boxe]
EEH] S Bs 3 osiA v AeaErhe A
ZF T7F 100~1,0008] F= =& A3E Ho] fAkt
A A8 Azl 2R3 B2 AR 7HeE Aol 7]
Aol 23 10% skim milke}F 5% sucroseel] 7+71AF 5
=

oF 221 ) 5%2 Hrlsle] 24 A% a3 A%, vz

O o
ol

a R
EE

o
o frakE gEEe] B F/kTE Aubt glov, B
A5} 2o] A1) PG o] §7 AL ol FolAA Ut

THChoi et al 2004).

oo ook (N oz A

I}Z Table 6] YJeERHRATE Q1T AstA el L. plantarum
15357 8.7x10° CFU/mL 12] 3L L. mesenteroides sub sp<
9.0x10"" CFU/mLe|l o, 438t F, skim milk 10%°4+&
L. plantarum 15357 5.4x10" CFU/mL Z12]3L L. mesente-
roides sub bsp 3.3x10" CFU/mL, RGS 10%° X L. plan-
tarum 15357 CFU/mLE 2.9x107 CFU/mL 21283l L. mesen-
teroides sub sp< 3.5x10’ CFU/mL %3} SM 2%2} RGS 10%
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Table 5. Effect of freeze-drying cryoprotectant agents for
viable cell number

Viable cell number(CFU/mL)"

Cryoprotectant

agent(%) Leuconostoc

Lactobacillus

plantarum15357  mesenteroides sub sp.

Control (MRS)  6.4x107+0.14 8.3x10"+0.41

SM? 2 2.0x10£0.32 3.34x107+0.72
SM 5 8.12x107+0.11 1.07x107+0.53
SM 10 2.13x10"+0.09 3.21x107+0.34
SM 20 1.05%107£0.21 3.8x10+£0.54
RGS? 2 9.7x10%£0.41 2.0x10°+£0.35
RGS 5 1.6x10°+0.08 2.07x10°+0.72
RGS 10 2.12x10°+0.04 2.61x10°+0.85
RGS 20 1.32x10%+0.12 3.5x10%+0.90
SM 2+RGS 2 3.4x10%£0.34 2.5%10%0.71
SM 2+RGS 5 2.7x10°+0.22 8.2x10°+0.72
SM 2+RGS 10 5.2x10°+0.11 5.3x10°£0.52
SM 2+RGS 20  1.8x10"+0.02 5.9x10°+0.53

Y Values were expressed as the mean=S.D. (n=3).
Y RGS : Red ginseng starch.
? SM : Skim milk.
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Table 6. Effect of freeze-drying cryoprotectant agents by
artificial gastric juice for viable cell number

Viable cell number(CFU/mL)"

Cryoprotectant

agent(%) Lactobacillus Leuconostoc

plantarum 15357 mesenteroides sub sp.

Control(MRS) 8.7x10°+0.11 9.0x10'°+0.64
SM 2 1.2x107+0.11 5.0x10"+0.61
SM 5 3.1x107+0.51 3.2x107+0.36
SM 10 5.4x107+£0.05 3.3x107+0.35
S.M 20 6.3x107+0.06 3.1x107+0.72
RGS 2 5.2x107+0.12 2.8x10%+0.73
RGS 5 6.1x107+0.32 5.2x107+0.65
RGS 10 2.9x10+0.51 3.5x107+0.72
RGS 20 5.1x10"+0.63 4.5%x107£0.35
SM 2+RGS 2 9.1x10%£0.71 3.7x10°£0.21
SM 2+RGS 5 3.7x10°+0.05 2.2x10°+0.53
SM 2+RGS 10 7.4x10°+0.51 3.1x10°+0.52
SM 2+RGS 20  7.8x10°+0.04 2.6x10°+0.41

Y Values were expressed as the mean+S.D. (n=3).
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