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Combination of Natural Products Removing ROS for Growth Promoting Effects of the Useful Entero-
bacteria Lacobacillus sp. Kim, Jong-Deog", Min-Yong Kim!, Hyo-Jin Seo, Bong-Jo Kim?, Dae-Hyun
Kim®, Eun-Ok Kim, Hae-Young Chung’, and Jai-Yul Kong?. Department of Biotechnology, "Department
of Referigeration Engineering, Yosu National University, Yosu, Korea, 2Department of Faculty of Food Science and
Biotechnology, Pukyong National University, Pusan, Korea, 3College of Pharmacy, Pusan National University,
Pusan, Korea — The growth of Enterobacteria, Lactobacillus acidophilus and L. plantarum was promoted by
natural products themselves bearing antioxidative capacity and combined two, three and four kinds of them. L.
acidophilus was promoted by Paeonia japonica, Acori graminei rhizoma, Aurantii nobilis pericarpium, alone,
and two mixed combinations were composed of Acori graminei rhizoma and Cinnamomi cortex, Aurantii
nobilis pericarpium and Puerariae radix, and three mixed combinations were formed with Cimicifugae rhi-
zoma, Cinnamomi cortex and Glycyrrhizae radix, and four mixed combinations were made up Glycyrrhizae
radix, Theae folium, Scutellaria baicalensis george and Cinnamomi cortex. There four combination promoted
growth of L. acidophilus with 1.3 times than that of control, and their antioxidative capacity also higher than
that of 4 times, the ratio of elimination of hydroxyl radical was more than 70% in dilution rate of 100 times. In
the case of L. plantarum was promoted by Corni fructus, Nelumbo nuclfera gaertner, Sophorae flos, alone,
and two mixed combinations were organized with Schizandrae fructus and Theae folium, Paeonia japonica
and Epimedii herba, and three mixed combinations were combined with Corni fructus and Theae folium and
Paeonia japonica, Corni fructus and Coptidis rhizoma and Schizandrae fructus, and four mixed combinations
were composed of Corni fructus, Theae folium, Coptidis rhizoma, Scutellaria baicalensis george, and Corni
fructus, Schizandrae fructus, Paeonia japonica, Theae folium. These four combinations assisted growth of L.
plantarum with 1.5 times than that of control, and their antioxidative capacity also higher than that of 4-5
times, the ratio of elimination of hydroxyl radical was more than 75% in dilution rate of 100 times. As these
combinations of natural products could activate some parts of body, they might be applied pharmaceuitcal
sources, functional foods, and expected to fermentative beverages.
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ZXe] F+Y37 Lactobacilli MRS broth(casein peptone
10.00 g, meat extract 10.00 g, yeast extract 5.00 g,
glucose 20.00 g, tween 80 1.00 g, K,HPO, 2.00 g, Na-
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g, MnSO,- HyO 0.05 g, distilled water 1000 ml, pH 6.5)
£ AR89, L. plantarume MRS brothel] 0.5% lactose
mediumS £83t w2 E AFE-31F.21, 250 mle] flaskE
37°Co) A 150 rpm o2 wHkshHA] wjoksisiet

GrowTH PromoTiNG ErrecTs By NaTuraL Propucts 271

FEMALSe| MH

ﬁ"d"l‘%ﬂ /‘dﬁ% 5‘313%__7‘;}‘[4]’ %‘-u_li . Hol-q,}:%t}-g'::]_[ﬂ’ s:l.ug_
ko) FAT AL10], EaAFEIHEAE2], Hohsryist
[20], AW FeH22]520) ofv] TMel £51 Ao s
] 23)A) o] AREE AuF A YRS B3l 7]
B, A5, 59, 28 8, FEEES AT AR
o] A ke 30 FFHE At A8k

MolMge| & g =3

AAAE-2) A8 Zhzke] AGAHE 300 goll 33 S/
1500 miZ- 2o} 1A17Hs¢ 45 F23 +4S 500 mlE 5
Z3ed ARl IR ADAES AME w7 A
AAE 2N S ARSI, TR AdAbEe] 23 4
Zre) AFAES 1112 2318 3, A7EA]e] AdAkE
o] 23k ZpzZke) HAAMES 1112 X3 313 & )
7HAY) AdAakEe] 232 o] AGAES LR 2§
3 B3NS AlRle} A8 2 sl B a3t skl ule) AMSIgic)

MY SBME L. acidophilus B L. plantarurel BN
® SV HUMETe| B

L. acidophilus R L. plantarum®} ¥} 250 ml A7 &
gkazo) 8k 7HA), F 7R, Al 7R f 7R S22 A
ARZ€) 23 A& 3 mie}t Al EAe) Bh= wiAE 97 mi
A7¥sle] AL 100 mlE 3l A3 F, AL rpA=
%715 glove box(Jisco, J-926)W A, AF HE|7} F-2He
needleZ wljoFY W2 AT Bof Wo] &7] AF|Z, AuioF
3 FFE 0.1% HEsld 37°CoAM 7] wieksbaA 6xzE
70 2 A4 7kt A9 glove box WellA AlRE AFH
8 % 20w 3]A3}ed spectrophotometer(Shimadzu, UV-
2101PCYE- °]43le] 660 nmelld FB=F SA3I0, AT
o] AR AXT) S A &2 HEFEY 22 Ao
A& Al

SZELMAEMH(D.O. analysis method)l| 28k ROS H|
71 §4el &3

SEAARAW[14]0] 2]3F ROSY A A FA 9] HH-L
100 mi2] flaskel] linoleic acid 1 g} tween 40 -2-4-8- 2 ml @
2, AGAHEL] £ A8 3miE A7 SRR 5
< 30mliE EAT F, 37°CY F2ZAM Fe*' iond A7)}
I D.O. meter(TPS, Model WP-82)F AH-5}lo] D.OS] ZH4E
ZAstg o, RFER 2= 4 HAHEAI Q] BHA(tert-
butylhydroxyanisol) %! BHT(tert butylhydroxytoluene), =12} 3L
B-carotene S AME-3le] HAALES] A FE2N 9] Akt E
AUC(Area Under Curve)Z4] Bla3}ic).

Hydroxy! radical 27 &4 &4
Hydroxyl radical-2 AJA1S] HAlA oA AAkEl= 2|22



272 Kim et al.

FAbELE ol HyO7F Fe?v} Cu®* ion®] &) sloll A Ak
= 713 FAdo] 733t free radicalo] 22 o] 2]7E AA
k= A=E EA3AYHS,7,18]. Hydroxyl radical 227 24
< 2-deoxyribose oxidation methodS- AME31912m =, A1
o] 0.1 mM FeSO/EDTA £ 02ml, 10mM 2-deoxyribose
02ml, ¥ HFAAHE2S] 23 A& 02ml$} 0.1 M phosphate
buffer (pH 7.4) 1.2 ml, 10 mM H,0, 02 mlZ 7}3}32 37°C2]
ge-zol| A 447 WA F, 2.8%2] TCA(trichloroacetic
acid) € 1mlE 7}sle] W8-S FAA71%, YAHE
malondialdehyde S 1.0%%] TBA (thiobarbituric acid) <Y
1 miE 7}8ke] 100°Cel|A] 1087 719 A7) F F< Y73t
I 532 nmellA FREE S

& phenol&td A Wek=o| &3

AEEFH 2 phenold BRHEIA ek, gk wikE 3
T2 ol o3l A=z R AQAHEe] 23 A8 o
S B4 FEAE o83l 280nmellM FEE &3}
of Wk 3RME0 RS EAE9 T, $ phenoldFe] £
A2 Folin-Denis® S 7N&Fsle] &3 F tannic acid®] I
Fo2 ehigle

SEMAEMH(D.O. analysis methodPll 2|8 LS
°| ROS XA #A

S2AkE EAY ] 93le] 3057 AIAES ¥AE
F AUCE Al 7122 ¢4 AkskAIQ] 0.02%°] BHA
2 0.02%2 BHT 53 v|Esl9S o 5N Cimicifugae
rhizoma), &¥Z(Epimedii herbay- A3} 0] v]5=3hg B

16

14

12 -

10 1

D.O.({ppm)
0

0 20 40 60 80 100 120 140 160
Time(sec)

Fig. 1. Comparision of antioxidantive capacity with AUC(Area
Under Curve) of synthetic antioxidants(BHA, BHT, (-caro-
tene) and natural products. @:0.02% BHA(1656.8), l :0.02%
BHT(1516.6), A :0.02% [-carotene (485.3), @ :Cimigugae rhi-
z0ma(1045.2), @:Epimedii herba (783.2). Numerics are desig-
nated as AUC values.
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Table 1. Comparison of the AUC values of natural products analyzed by dissolved oxygen method

No Natural products AUC No Natural products AUC
1 BHA 1656.80 18 Cinnamomi cortex 592.23
2 BHT 1516.58 19 Lycii fructus 568.86
3 Cimicifugae rhizoma 1045.24 20 Theae folium 557.93
4 Corni fructus 984.50 21 Acanthodanacis cortex 555.90
5 Geranii herba 941.58 22 Beiamcanda chinensis 539.44
6 Paeonia japonica 788.73 23 Sophorae radix 537.52
7 Asparagi tuber 787.92 24 Angelicae gigantis radix 532.32
8 Epimedii herba 783.20 25 Sophorae flos 509.67
9 Mori cortex radicis 723.28 26 Acori graminei rhizoma 497.97
10 Nelumbo nuclfera gaertner 695.86 27 Puerariae radix 495.21
11 Chelidonium majus L. 695.86 28 Astragali radix 492.97
12 Coptidis rhizoma 682.05 29 B-carotene 485.28
13 Atractylodis rhizoma alba 665.05 30 Schizandrae fructus 484.36
14 Aurantii nobilis pericarpium 658.23 31 Glycyrrhizae radix 450.27
15 Galla rhois 652.37 32 Scutellaria baicalensis george 429.41
16 Eucommiae cortex 640.47 33 Crataegi fructus 363.42
17 Phellodendri cortex 601.10
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Table 2. Comparison of the eliminative activity of hydroxyl radical with natural products analyzed by TBA methed.

No Natural products Elimination (%) No : Natural products Elimination (%)
1 0.02% BHA 91.86 18 Theae folium 68.21
2 0.02% BHT 91.23 19 Corni fructus 64.95
3 0.02% f-carotene 90.86 20 Puerariae radix 63.57
4 Schizandrae fructus 90.73 21 Asparagi tuber 62.45
5 Geranii herba 82.47 22 Cimicifugae rhizoma 61.95
6 Galla rhois 82.35 23 Lycii fructus 58.57
7 Phellodendri cortex 81.97 24 - Astragali radix 56.94
8 Angelicae gigantis radix 81.72 25  Auwrantii nobilis pericarpium 51.94
9 Scutellaria baicalensis george 79.47 26 Crataegi fructus 51.81
10 Paeonia japonica 77.47 27 Coptidis rhizoma 46.55
11 Epimedii herba 77.47 28 Cinnamomi cortex 45.18
12 Glycyrrhizae radix 75.97 29  Mori cortex radicis 40.67
13 Sophorae radix 75.97 30  Beiamcanda chinensis 39.54
14 Chelidonium majus . 73.84 31 Acori graminei rhizoma 38.92
15 Nelumbo nuclfera gaertner 72.96 32 Eucommiae cortex 38.17
16 Acanthodanacis cortex 72.59 33 Atractylodis rhizoma alba 3.88
17 Sophorae radix 70.83

Table 3. Amounts of aromatic compounds of natural products measured at 280 nm with spectrophotometer.

Natural products Aalis; ;ga:;e Natural products Aabts;) ;gart:;e Natural products A;sgél())a:;le
Asparagi tuber 2.98 Sophorae radix 2.50 Anrg:‘;liiae gigantis 2.48
Chelidonium majus 2.80 Theae folium 2.50 Puerariae radix 2.48
Beiamcanda chinensis 2.78 Acanthodanacis cortex 2.50 Crataegi fructus 2.48
Glycyrrhizae radix 2.76 Cinnamomi cortex 2.49 Mori cortex radicis 2.48
Geranii herba 2.76 Epimedii herba 2.49 Nelumbo nuclfera 2.48

gaertner

Astragali radix 2.76 Eucommiae cortex 249 Acorf graminet 2.48

rhizoma

Schizandrae fructus 2.76 Corni fructus 2.49 Paeonia japonica 247

Coptidis rhizoma 2.75 Phellodendri cortex 2.49 Auran.t " no.btlzs 2.46

pericarpium

Scutellaria baicalensis oL . .

2.59 Cimicifugae rhizoma 2.48 Lycii fructus 241
george

Galla rhois 2.51 Sophorae flos 2.48 Atractylodis rhizoma alba 1.62
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3 wlest EHE e ew, v A(Schizandrae
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Table 4. Amounts of total phenols of various natural products

Amounts of total Amounts of total Amounts of total
Natural products phenols(ug/100 g) Natural products phenols(ug/100 g) Natural products phenols(ug/100 g)
Nelumbo nuclfera 2033 Geranii herba 19.40 Galla rhois 1922
gaertner
Phellodendri cortex 20.22 Sophorae radix 19.36 Crataegi fructus 19.21
Corni fructus 19.97 Scutellaria baicalensis 19.36 Lycii fructus 18.96
george
Puerariae radix 19.94 Theae folium 19.34 Eucommiae cortex 18.92
Angelicae gigantis radix 19.70 Chelidonium majus 19.33 Astragali radix 18.55
Paeonia japonica 19.68 Sophorae flos 19.32 Cinnamomi cortex 18.48
Asparagi tuber 19.61 Glycyrrhizae radix 19.30 Atractylodis rhizoma alba 18.38
Epimedii herba 19.58 Aurant.u nol?zlzs 19.28 Schizandrae fructus 17.81
pericarpium
Cimicifugae rhizoma 19.49 Coptidis rhizoma 19.28 Mori cortex radicis 17.67
Beiamcanda chinensis 19.41 Acanthodanacis cortex 19.22 Acori graminei rhizoma 17.66
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Fig. 2. The growth of L. acidophilus by addition of one kind of natural product alone, designated panel (a) to (d).

Panel (a), @:Paeonia japonica, W :Atractylodis rhizoma alba, A :Epimedii herba, ® :Acori graminei rhizoma, @:control. Panel (b), @
:Aurantii nobilis pericarpium, A :Angelicae gigantis radix, @:control. Panel (c), @:Acanthodanacis cortex, B:Lycii fructus, & :Cinnamomi
cortex, @ :Sophorae flos, @:control. Panel (d), @:Phellodendri cortex, B :Nelumbo nuclfera gaertner, A :Asparagi tuber, 9 :Mori cortex
radicis, @:control.
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Fig. 3. The growth of L. acidophilus by addition of two combi-
nations of natural products, designated panel (a) and (b).
Panel (a), @:combination of Acori graminei rhizoma and Cinnam-
omi cortex, W Acori graminei rhizoma and Sophorae flos, A
:Acori graminei rhizoma and Astragali radix, @ ‘Acori graminei
rhizoma and Cimicifugae rhizoma, @:control. Panel (b), @:combi-
nation of Aurantii nobilis pericarpium and Puerariae radix, I
:Aurantii nobilis pericarpium and Cinnamomi cortex, A :Aurantii
nobilis pericarpium and Theae folium, @ :Puerariae radix and
Cinnamomi cortex, @:control.
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Fig. 4. The growth of L. acidophilus by addition of three com-
binations of natural proeducts showed panel (a) and (b).
Panel (a), @:combination of Cimicifugae rhizoma, Cinnamomi
cortex and Theae folium, W :Cimicifugae rhizoma, Cinnamomi
cortex and Glycyrrhizae radix, @ .Cimicifugae rhizoma, Astragali
radix and Aurantii nobilis pericarpium, @:control.
Panel (b), @:combination of Cimicifugae rhizoma, Aurantii nobi-
lis and Theae folium, W:Cimicifugae rhizoma, Cinnamomi cortex
and Scutellaria baicalensis george, 4 :Cimicifugae rhizoma,
Acori graminei rhizoma and Aurantii nobilis pericarpium, @:con-
trol.
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Fig. 5. The growth of L. acidophilus by addition of four combi-
nations of natural products.

@ :combination of Glycyrrhizae radix, Theae folium, Scutellaria
baicalensis george and Cinnamomi cortex, B : Cimicifugae rhi-
zoma, Glycyrrhizae radix, Scutellaria baicalensis george and Cin-
namomi cortex, A : Cimicifugae rhizoma, Glycyrrhizae radix,
Acori graminei rhizoma and Theae folium, €: Glycyrrhizae radix,
Scutellaria baicalensis george, Aurantii nobilis pericarpium and
Cinnamomi cortex, @:control.
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Fig. 6. Comparison of antioxidative capacity with AUC of four
combinations of natural antioxidants used for culturing L. aci-
dophilus. @:combination of Glycyrrhizae radix, Theae folium,
Scutellaria baicalensis george and Cinnamomi cortex (495.48) A
:Cimicifugae rhizoma, Glycyrrhizae radix, Acori graminei rhi-
zoma and Theae folium(855.97), @ :Cimicifugae rhizoma, Glycyr-
rhizae radix, Scutellaria baicalensis george and Cinnamomi
cortex(518.76), W :Glycyrrhizae radix, Scutellaria baicalensis
george, Aurantii nobilis pericarpium and Cinnamomi cor-
tex(502.36), @:control (116.61).

Numerics in brackets are designated as AUC values of each com-
bination.
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Fig. 7. The ratio of OH" radical elimnation by four combina-
tions of natural antioxidants used for culturing L. acidophilus.
A: Cimicifugae rhizoma, Glycyrrhizae radix, Acori graminei rhi-
zoma and Theae folium, B: Cimicifugae rhizoma, Glycyrrhizae
radix, Scutellaria baicalensis george and Cinnamomi cortex, C:
Glycyrrhizae radix, Scutellaria baicalensis george, Aurantii
nobilis pericarpium and Cinnamomi cortex, D: Glycyrrhizae
radix, Theae folium, Scutellaria baicalensis george and Cinnam-
omi cortex.
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Table 5. Amounts of aromatic compounds and total phenols of four combinations of natural products used for culturing L. acidophi-

lus.
Combinations Absorbance  Amounts of total phenols
at 280 nm (1g/100 g)
Cimicifugae rhizoma, Glycyrrhizae radix, Acori graminei rhizoma and Theae folium 1.92 16.77
Cimicifugae rhizoma, Glycyrrhizae radix, Scutellaria baicalensis george and 1.93 17.08
Cinnamomi cortex ’ )
Glycyrrhizae radix, Scutellaria baicalensis george, Aaurantii nobilis pericarpium and 1.95 17.49
Cinnamomi cortex ’ '
1.95 16.05

Glycyrrhizae radix, Theae folium, Scutellaria baicalensis george and Cinnamomi cortex
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Fig. 8. The growth of L. plantarum by addition of one kind of natural product alone, designated panel (2) to (d). Panel (a), @:Phel-

lodendri cortex, B :Nelumbo nuclfera gaertner, A :Asparagi tuber, ¥ :Mori cortex radicis, @:control. Panel (b),

O :Acanthodanacis

cortex, B:Lycii fructus, &:Cinnamomi cortex, ®:Sophorae flos, @:control. Panel (), @:Cimicifugae rhizoma, B:Corni fructus, A :Theae
folium, @:control. Panel (d), @:Eucommiae cortex, B :Galla rhois, A :Sophorae radix,  :Geranii herba, @:control.
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Fig. 9. The growth of L. plantarum by addition of two combinations of natural products described panel (a) to (d). Panel (a), @
:combination of Paeonia japonica and Corni fructus, W :Paeonia japonica and Epimedii herba, A :Paeonia japonica and Coptidis
rhizoma, @ :Paeonia japonica and Schizandrae fructus. Panel (b), @ :combination of Schizandrae fructus and Glycyrrhizae rodix, W
:Schizandrae fructus and Theae folium, A:Glycyrrhizae radix and Theae folium, @:control. Panel (c), @:combination of Coptidis rhizoma
and Schizandrae fructus, W :Coptidis rhizoma and Glycyrrhizae radix, A :Coptidis rhizoma and Theae folium, @:control. Panel (d), @
:combination of Geranii herba and Schizandrae fructus, W :Geranii herba and Glycyrrhizae radix, A :Geranii herba and Theae folium,

@:control.
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Fig. 10. The growth of L. plantarum by addition of three com-
binations of natural products showed panel (a) and (b). Panel
(a), @:combination of Corni fructus, Theae folium and Coptidis
rhizoma, W .Corni fructus, Theae folium and Schizandrae
fructus, A :Corni fructus, Theae folium and Atractylodis rhizoma
alba, @ :Corni fructus, Theae folium and Paeonia japonica,
@:control. Panel (b), @:combination of Corni fructus, Theae
folium and Geranii herba, W :Corni fructus, Theae folium and
Baicalensis george, & :Corni fructus, Coptidis rhizoma and Schi-
zandrae fructus, @ :Corni fructus, Coptidis rhizoma and Atractyl-
odis rhizoma alba, @:control.
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Fig. 11. The growth of L. plantarum by addition of four combi-
nations of natural products described panel (a) and (b). Panel
(a), @:combination of Corni fructus, Theae folium, Coptidis rhi-
zoma and Paeonia japonica, W :Corni fructus, Theae folium,
Coptidis rhizoma and Schizandrae fructus, A :Corni fructus,
Theae folium, Coptidis rhizoma and Atractylodis rhizoma, @
:Corni fructus, Coptidis rhizoma, Paeonia japonica and Schizan-
drae fructus, @:control.
Panel (b), @:combination of Corni fructus, Coptidis rhizoma,
Paeonia japonica and Scutellaria baicalensis, W :Corni fructus,
Paeonia japonica, Geranii herba and Theae folium, & :Corni
fiuctus, Paeonia japonica, Geranii herba and Coptidis rhizoma, 4
:Corni fructus, Paeonia japonica, Geranii herba and Schizandrae
Sructus, @:control.
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Fig. 12. Comparison of antioxidative capacity with AUC of
four combinations of natural antioxidants used for coulturing
L. plantarum described panel (a) and (b). Panel (a), @:combina-
tion of Corni fructus, Theae folium, Coptidis rhizoma and Schizan-
drae fructus(477.2), A :Corni fructus, Theae folium, Coptidis
rhizoma and Atractylodis rhizoma alba(522.3), ¥ :Corni fructus,
Theae folium, Paeonia japonica and Schizandrae fructus(503.8), ll
:Corni fructus, Theae folium, Coptidis rhizoma and Paeonia japon-
ica(553.3), @:control (116.61). Panel (b), @:combination of Corni
fructus, Paeonia japonica, Geranii herba and Schizandrae
fructus(600.70), W :Corni fructus, Coptidis rhizoma, Paeonia
Japonica and Scutellaria baicalensis george(521.15), A :Corni
fructus, Paeonia japonica, Geranii herba and Theae
folium(620.19), @:Corni fructus, Paeonia japonica, Geranii herba
and Coptidis rhizoma(650.2), g:control (116.61). Numerics in
brackets are designated as AUC values of the each combination.
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Fig. 13. The ratio of OH radical elimnation by four combina-
tions of natural antioxidants used for coulturing L. plantarum.
A:combination of Corni fructus, Paeonia japonica, Geranii herba
and Coptidis rhizoma, B:combination of Corni fructus, Paeonia
japonica, Geranii herba and Theae folium, C:combination of
Corni fructus, Paeonia japonica, Geranii herba and Schizandrae
fructus, D:combination of Corni fructus, Theae folium, Coptidis
rhizoma and Paeonia japonica.
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Table 6. Amounts of aromatic compounds and total phenols of four combination of natural products used for culturing L. plantarum.

Amounts of total phenols

Combination Absorbance at 280 nm (ue/100 )
Corni fructus, Peonia japonica, Geranii herba and Coptidis rhizoma 1.86 16.26
Corni fructus, Paeonia japonica, Geranii herba and Theae folium 1.85 15.53
Corni fructus, Paeonia japonica, Geranii herba and Schizandrae fructus 1.89 16.15
Corni fructus, Theae folium, Coptidis rhizoma and Paeonia japonica 1.82 15.64
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