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Antimicrobial Effect of Red Ginseng Against Major Food Poisoning
Microorganisms Including Staphylococcus aureus
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(Received May 19, 2020/Revised May 26, 2020/Accepted July 1, 2020)

ABSTRACT - This study was carried out to evaluate the antimicrobial effect of red ginseng (Panax ginseng C.A.
Meyer) against several foodborne pathogens including Staphylococcus aureus, Escherichia coli, Candida albicans
and Aspergillus niger. The antimicrobial effect was determined by agar diffusion method using red ginseng extract,
crude saponin and non-water-soluble fractions. Red ginseng extract showed antimicrobial effect against S. aureus, but
not C. albicans or A. niger. The extract showed anti-bacterial activity at concentration above 30% against S. aureus,
which cause both food poisoning and atophic dermatitis. Crude saponin showed antibacterial activity above 7.5%
against the bacterium. However, the ginsenosides purified from crude saponin showed no antimicrobial activities at
100-200 pg/mL. To investigate the mode of growth inhibition, red ginseng extract and crude saponin were added to
0.85% NaCl solution containing S. aureus and then incubated at 35°C for 12 h. The results showed that viable cells were
rapidly reduced in above 10% concentration of red ginseng extract and above 2% of crude saponin, respectively. However,
the crude saponin and red ginseng extract did not inhibit the bacterial cells completely at those same concentrations. On the
other hand, whereas all non-water-soluble fractions showed inhibition zones above 10 mm against S. aureus, they showed
no inhibition effects against E. coli, C. albicans or A. niger. The methanol fraction-1 (MF-1) showed the highest antibacterial
activity against S. aureus, and the MIC (minimal inhibitory concentration) was 0.625 mg/mL. These results suggest that red
ginseng extract, crude saponin and non-water-soluble fractions show selective antibacterial activity against S. aureus, and
non-water-soluble fractions might be used as natural antibacterial agents.
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AR gRE 0 T8t Ao F 2E A (Panax
ginseng C.A. Meyer)> 1 °F&a7} (258 & 454 &
om, Hol| 4R HAFZl, FRaE &, YA, 719
A, it )E, 4878d7158 A S o8 7EA 7]
S0l tisl] AF e FEPHaA A HAeR yAlE bf
AP, T3, AR Al o]jo| = thdAl, AFG(arginyl-
fructosyl-glucose), Z2]¥|&, Zo|olEdl, & 5 ot
g S-S FHRekal AT, g, 2R &
<

o
=
s AAE WE Sk 5 4 waw 334

AF5 M F Staphylococcus aureus= 3573 A3k
ARl opzl A F59o Aldo|tt. Syt
7%, S. aureus= Salmonella, Vibrio 53 TE0] 2
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MRSA (Methicillin resistant Staphylococcus —aureus) 3
vancomycin®] 34 WS 7}A]:= VRSA (Vancomycin
resistant Staphylococcus aureus) 5] WA o] HIilE| o] A3
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Materials and Methods

-

182
HrE APE&o2 ARRE S Ald 2%, R ]
%, ZHo] 1% 5 459 FFE KGCAATAF REDEY:
(Daejeon, Korea)ol| H#521 Escherichia coli NCTC12923,
Staphylococcus aureus NCTC10788,

NCPF3179, Aspergillus niger NCPF22755 AR&3}9]Th.

. P

ot
o

Candida albicans

s, TATY, TIMAfo|E Bl 34t U388 2

ST sEde Addoes Agr e e
(240g, KGC, Daejeon, Korea)S A3}, ZAIE IS
Kim 5'9¢] Wl ko] tholofo] & 42| (Diaion HP-
20, Mistubishi Kasei, Japan)Z 2] 3te] AFE3I3ATH A
e Ato] = (ginsenoside)= SO 2 HE] =4 H-2]3t] KGC
Ol A FAF R&D¥E-H(Daejeon, Korea)d] R #Z<2 RMHF
(Reference material, KGC, Daejeon, Korea) ginsenoside-
Rb2, -Rc, -Rd, -Rf, -Rg,, PD (protopanaxdiol saponin), PT
(protopanaxtriol saponin)g ARESITE). 3 4o 2 Y
B 34} H]$84 E3(non-water soluble fraction) A&
ZH(5 kg)S 95% MeOHZE FZ(5 volume, viw)dt & &
Z(1:1, v/v)¥] methylene chloride(special grade, Sigma-
Aldrich Inc., St. Louis, MO, USA)Z &%} H|$584%
S BET ¥ 232 AAsIL BlFgATe 42 94
(hexane)?} 15% methanols 7}3Fed 4 2 15% MeOH
YL AT Ao EYEL AN E S H8l
DMSO (Dimethyl sulfoxide, Sigma-Aldrich, St. Louis,
MO, USA)Z FHFE =7 10-200 mg/mLo] F== &34
71 5 Aol AHgEsh T

FIM = A0 E (Ginsenoside)’d

ZALEY ] gF" A =Ale]=+= ultra-performance
liquid chromatography (UPLC, Waters Acquity, PDA
Detector, Milford, MA, USA)Z Table 1] L}ebd ZAj
A EAskTh AAmAbe| =] iR Zhzke] XA AL
ol REFOE AHE AFHAG peak HHS Fibs)
o FAEA Y. UPLCEAS 98] methanolell &3lE =
AREY 10% 84S oI (pore size 0.45 um) S+ F Table
1o Leba 2200 o) B Sk,

Y7 A

Skl et SRS e oARE HARsEH 9
3 7+A AlE§ paper disc (@ 8 mm, thickness 0.7 mm,
Toyo Roshi, Tokyo, Japan)E& €83t agar diffusion '
o o3l &S ARSI AAE FAEFHFTFE 5x10°
colony forming unit (CFU/mL)S Ala2] 73, trypticase
soy agar (TSA, DIFCO Co., Sparks, MD, USA) ujA]¢,
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Table 1. Analytical conditions of UPLC and HPLC-MS, respec-

tively
UPLC condition Contents
Detector PDA
Column Waters Acquity UPLC BEH C18,

1.7 um (2.1x100 mm)
A: Water in formic acid 0.1%

Mobile phase — -
B: Acetonitrile in formic acid 0.1%

Gradient Minutes A B
0 100 10
3 80 20
5 60 40
10 50 50
15 30 70
17 20 80
18 0 100
18 0 100
18.01 90 10
20 90 10
Flow rate 0.4 mL/min
Injection volume 5.0 uL
HPLC-MS Condition Contents
Company Waters
Mode ESI +
Cone volt 50 ev
Source temp. 120D
Desolvation 450D
Cone gas flow 50 L/hr
Desolvation flow 800 L/hr

ar g 3Fgo]9] 79 PDA (potato dextrose agar, DIFCO
Co., Sparks, MD, USA)el Z}Z} 0.15mLA = 3}

EAsl= AEE 4 30 uL® paper discoll A7
7Azste] Ao FHE o] FaFS HAskeh §, paper
discs 22¥3 Al 35°CelAM 1Y 5 s,
ARE 25°CoA 29 BRb, FFole 25°CA 5Y <

=2 O
v FstA Tt 82 paper disc 9o FAE clear
zone®| A7AS FAFOEA K JA| HEE AN

o A HERFLSZEE sodium benzoate (Sigma-Aldrich
Co., St. Louis, USA)YE 72} 10, 20, 30% AH&-3FA

By 9 ¥E S 5%
S. aureus?l| et FatESHY B AU ] At ash
zAFe7] 98 FAHESA2 0~100 mg/mL, FEAREY
)

v o -
0~200 mgmL7} 58 F52 243 5 wjx|e] JF

tlo rlo wu

FHas}sl7] 2l 0.85% A A9 mL)7F FrE Al
Foll A71sAt}. o] &, S qureusE 1x10° CFUmML7| &
T8 HIFSIE 35°ColA 12417 A X wige &, AdFS
2R3k}, o, S. aureuss 35°ColA 19 F<F )
gk &, v ST A4FE ARSI g A+t
T pour plate method®oll ¢J3] Z4 sttt AHEMA=
A2l A%, %l A] (nutrient agar, DIFCO Co., USA)ZS
AHE-3ER O, 25°Coll A 48A17F FRE vl S & Y=
colonyTE =743 Th.

Y o2 i

A& AHESIATE MICE £733H7] 913 TSAE Vg &
Fako] 231 Hahjx] o) 35°C, 24X)7F <t TSB (trypticase
soy broth, DIFCO Co., Sparks, MD, USA) A]JulX] o) x|
AR S, aureus FF(5x10°CFU/mLYE Z+2F 0.15 mL
A =wElgth. AL ABE 348, 0.0625, 0.625,
6.25, 12.5, 25.0, 500 mg/mLE THE F FFHAFL
paper discll 30 pLA &gk & TSAo ¥ 3L 35°C
A 240 7F S HiFE U MICE 24 31Tth MICE
paper disc®] clear zoneo] HZZ IRIE A F=2 4

A1t

A Heed £ g 2AME H8l 3] 2
HzAfol= Ao A Q3 peakoll 34| High-
performance liquid chromatography-mass spectrometry
(HPLC-MS, Waters, MA, USA)Z &7 9] Azs F43}
ATH(Table 1). Ao ARE-gH &v= HPLCESZ Merk
(Darmstadt, Germany)Z5-E T3td A3 T

Results and Discussion

A 9] ginsenoside T

2 Aol AREgE ZAREU S A Aol = R
A AR T A mAlo] E9te] Aol S HES
3 AR #A4E grshr] 9@l UPLCE S435kith =
AFEZH-E ginsenoside-Rg,, -Re, -Rf, -Rh,, -Rg,(s), -Rb,, -
Re, -Rb,, -Rd, -Rg,(s), -Rg,(r) & 115 Z3sL A
om 2 & 181.4mg/g (18.1%, dry base)°lSaL, o]
ginsenoside-Rb, 2 -Rg, 3ol Z+7Z} 37.03 mglg,
59.06 mg/gS. 2 71 =T}, Ginsenoside-Rb,, -Rb,, -Rc,
-Rd ¥ -Rg,&= PDA| AFEZH O ZAN o7 &3h= ALEY
< dirF o ® tAdA H R ARGo] vkl dHA 3l

i

-



Table 2. The contents of ginsenosides of crude saponin from red
ginseng (Panax ginseng C.A. Meyer) (Unit: mg/g, dry base)

Ginsenosdes Contents
-Rg, 3.40+0.05
-Re 5.3240.11
-Rf 9.00+0.11
-Rh, 12.90+0.12

-Rg,(s) 15.94+0.17
-Rb, 37.03+0.57
-Re 15.89+0.10
-Rb, 13.85+0.30
-Rd 8.99+0.06

-Rg,(s) 45.03+0.45

-Rg,(r) 14.03+0.15

Total Sum 181.38+2.01

The values were means;%S.D. by three experiments.

S, ginsenoside-Re, -Rf, -Rg,, -Rh,, -Rg, 5°| 25
PTAl A2 Wi R tiAsxl, 243 7158 7t
BHAg v dopY mAE ASA] gl E PDAl %
PTA Abxde] g3to] thsliA AlMIg F7F d37F 2
& o7 Atsdrh 2 Aol ARES ZARECS HA
181.4 mg/g 5 PDAl AREY §-2 134.8 mg/gC 2 PTA At
¥ 3 46.6 mg/g Bl oF 3] BE @S ZOoF A

% A tH(Table 2).

2 Rorr

S 9 EALEHO] g

NEEAol E coli B S aureusol] e S-S
Alds A3, Gram 24 A2l E colidl tiaird= A
AA EH7F AFEHA FA O, Gram FA AHFA S
aureus® TISIA = 300 mg/mLAlA dHa 37t F2EY
TK(Table 3). FAREUS] A% SAsEd3 FARE 2
F= Yehfo] TaHs=99) 1/4 H52 75 mg/mLolA] S.
aureus | 3 TFE4S JERN T Table 3). S. aureus
E AT, FATEST TE e doE AF
He A5 FEAF22A 1000CE 308 7HEslx o)
YA e 545 YRR dd 2o F2sHA
71E At ® AF5S dslr] ofgu. o] 72 2
FT5 ol HAl FAl ol T IHES 8 Ul
TOET UHA U, oty FHHe Hde §134

817 A glo R o= g4 8RloR =
allergy, &2, ZE# &, n|AE 5o Fo3 A8 A2
A AT, o] #2 MR- T FE S FeH F2
H A Ao Aol TEEE okeds vhEste] S
< AT 2y o] & Alostr] flEl olET S
AHE0] AREERAL e ZHIERo|EAAE F4A HAe] o
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° S &7t Slo] FAFFAEA, T2=EA,
2GA, AEAY 25733A T2 ARSI AR

2 2, A ol T FAEE] T A
HIE QP B3 o] 45 methicillin®l] )3}t
WS 7FA= MRSA % vancomycine®] tallA WS
7HAE VRSA F©] HIlE o0 A o] fle A
Azt A ] o]l aFHA e Aol olgg S
NA FAICERE HA A BHEHY Il 2 9

=

T2 e AR 95°CR T 7HE F Axst

AZH L, TS T4k 80°C ol de] E=oM F
= (14~1617h) Bl g=sto] AZ2sfnes, Sibs5o

A dtgido] HEE =42 E o] v
282 FHEY. S4EEd B 2AEde ASA
o] Aah-gel ogk AR Ao ok AQIA] &
£ A3 44E Table
7FEE7Y SIS A
a7k skl 10% J7HlM e AFEE 915%= &
At o7 7 S AFE oY #5e 9ds] Ak

2ATVe) AR Arbsest 271
ARSI Basiel 2 AATNN A FELLE (4
BAH & 97.2%)% vheklel fale Aalge e
T} AW O 2 sodium benzoate 7t A FHEFE A
A2 BAZI FFAZ B Yt o]l AdA
(bacteriocidal action)= FIES] ASS $Hd3s] AAAA
APEA7 = 28-S DeEAI N A+ 2H-8-(bacteriostatic action)
< g APEAE O o] 2R = KEHAIRE #9] ASS o
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AXNA dTE F2oAT)= AES 817] dioltt. B4

Sol= 47 AS7FsS #o| AT E onjoltt. met

A FaEE g At &gt S aureus] A543
A

Bde o] ofd Ao r FAHHE. o e
AF}E Kwak 599 SAAEA Y] At (Enterobacter
sp)oll thak ASAs] BaeA AFEU L] A& s &}
© ARt AAAEY Aot AR I E YA gt

duro g Al Eo| gk geFAhe-2 Al A,
i A, A AEl, AlEY 7eEd 5 oo
21712 A-g71do] dHA domn, F4tel= polyphenol,
polyacetylene, maltol, saponin 5 T}Fg Aitst Z2o] &
AFR. Park 5VE wAEC gk AN 22 2l
atell Shrd AbxEdo] Ml Eue] sterol¥} A gste] Azt
o] &L B3l I Yetle Zle=z 43 nt
(amphilic substance)ZA] A
9 T3} goletng Fol S aureusdl gk FALEL
o] g aie Mol Marutel] 3Esie] AlEZure] sterol
I A% 2 1A BFAEE AR FgraHtE Ve
e Azt 7sEd 7149 stz F4: & 4 3
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Table 3. Anti-microbial activities of red ginseng extract, crude saponin, ginsenoside and non-water soluble fraction from Korean red
ginseng against Escherichia coli, Staphylococcus aureus, Candida albicans and Aspergillus niger

Concentrations Inhibition zone (mm)
Samples

mg/mL (final%) E. coli S. aureus C. albicans A.niger

500 mg/mL(50%) 0 12 0 0

Red ginseng extract 300 mg/mL(30%) 0 9 0 0

100 mg/mL(10%) 0 0 0 0

300 mg/mL(30%) 10 15 0 0

Crude saponin 150 mg/mL(15%) 0 12 0 0

75 mg/mL(7.5%) 0 10 0 0

PT saponin 200 pg/mL(0.02%) 0 0 0 0

PD saponin 200 pg/mL(0.02%) 0 0 0 0

Ginsenosie-Rb2 100 pg/mL(0.01%) 0 0 0 0

Ginsenoside-Rc 100 pg/mL(0.01%) 0 0 0 0

Ginsenoside-Rd 100 pg/mL(0.01%) 0 0 0 0

Ginsenoside-Rf 100 pg/mL(0.01%) 0 0 0 0

Ginsenoside-Rg2 100 pg/mL(0.01%) 0 0 0 0

HF-1 100 mg/mL(10%) 0 12 0 0

HF-2 50 mg/mL(5%) 0 18 0 0

HF-3 200 mg/mL(20%) 0 15 0 0

HF-4 100 mg/mL(10%) 0 19 0 0

HF-5 50 mg/mL(5%) 0 17 0 0

HF-6 25 mg/mL(2.5%) 0 17 0 0

HF-7 50 mg/mL(5%) 0 17 0 0

MF-1 50 mg/mL(5%) 0 29 0 0

MF-2 200 mg/mL(20%) 0 20 0 0

MF-3 100 mg/mL(10%) 0 20 0 0

MF-4 25 mg/mL(2.5%) 0 10 0 0

MF-5 10 mg/mL(1%) 0 10 0 0

300 mg/mL(30%) 37 40 12 12

Sodium benzoate 20 mg/mL(20%) 35 39 11 11

10 mg/mL(10%) 29 30 9 10

HF-1,-2,-3,-4,-5,-6,-7: hexane fraction-1,-2,-3,-4,-5,-6,-7.
MF-1,-2,-3,-4,-5: 15% Methanol fraction-1,-2,-3,-4,-5.
Sodium benzoate: positive control.

Aol AlEer AA-Av AR 3 sterol AT 5 A
AR F7F 2871 A7 2o Jlow AlsE.

Ginsenoside?] &at&Xd

ZAREU ] 79 Table 30 YepdRteEo] E. colidl
el e T sxoA FFazyt AR A FAA T
TEERD 50%ANA % FH8AS vehideh. kA A
Heol AL AAaHE 2187l $138te] ginsenosideS
4%4ﬂpwmdm%£§ FHEH S A A

J

H~l

ginsenoside= I &4 HAHFER] 50-200 pg/mLAA =
T g HEEA Gt duE 22 100-1,000 pg/

mLAA AL ARSI A7 A gt
o FHaAHS gitta AGE 2R ginsenoside™ S.
aureus®| WA= FHZHS 7IKA Ze= AoZ AR
ot ey SAFsSd @ ZAFEYS Table 49 Table
501 vERd upel Zho] ®lw A EEll A4

gl AR 7.5%0] oA Huld Ferdde vEh

DAL EF FAEF 10% 3 2AREY 2%l = A&

HZEA

1—1-:2 on 50%
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Table 4. Effects of red ginseng extract on viable cell counts and the percent of growth inhibition of Staphylococcus aureus (Unit: CFU/mL)

Red ginseng extract (%)

Condition
0 0.10 0.25 0.50 1.00 2.50 10.00
12h 4.7x10? 4.6x10? 4.3%x10? 4.3x10? 4.0x10? 3.7x10? 4.0x10"
Growth inhibition (%) 0 2.1 8.5 8.5 14.9 21.3 91.5

Table 5. Effects of crude saponin on viable cell counts and the percent of growth inhibition of Staphylococcus aureus

(Unit: CFU/mL)

Crude saponin (%)

Condition
0 0.10 0.25 0.50 1.00 2.00
12 h 4.7%x10? 4.3x10? 3.7x10? 2.3x10? 1.3x10? 1.3x10"
Growth inhibition(%)’ 0 8.5 21.3 51.1 72.3 97.2

AE
Ao A-gFde] Gram 4 B MY MET FH
of wet Zpol7t S Aoz FAHHAT F, Gram 734
2 23 GMo] HX] o Al ZA] MlaEHte] oF |
A2 vwd gFe gl peptidiglycanZ 2 outer
membrane=2] ©|FHO R T o] At} thile] Gram ¥4
Ma& Alxzgto] oF 15-80nm =2 Gram AR
FAA R M| peptidoglycan TUF O 2 F0]9]0]?0) K
2t A=A ALo] HwA golst] wjZol <t
adE A el Aoz s, =3 Ha 52
= wAFZEEo] Vibrio vulnificusl] W3] FHa3E =B
ol AL ujAe] g-f-% isoeugenol, nomilin, B-sitosterol
2 citric acid ¢ UAAE2L] AR AL} Alzuke] 717
TS JAlete] FdeedS vebdthar Bk v gl

ol

i

T Hl=88 &2

I
lo
o
g

Z

s

4 Hegd 289 9 i
(95% methanol) & methylene chloride® H|484 235
223t &4l 2 15% methanole] EE3}ol <3 4t
8 7%, 15% methanol 8 555 AJTh HFEAH &
ol g Alxd F7E A7) flste] TLCE #4138
Az APELE HEHA] obA] HALEY FiREo®

=24t} (data not shown). thA} WAL 4% Gram 24 Al

=
EFHoRNE 9L
=

o E. coliy Gram YA Mo S. aureus ©1Y3 EF C.
albicans, =3°) A. nigerdl ™3l paper discE ©]-&3 &

T84S =43 A3} S aureusdl] EIME T4 H|4-&
4 BY(12F) BF S eIt Wl E coli
9 C. albicans, A. niger®] WX e FFE4E YA
2RUTHTable 3). S4F HIG-82d 8 FollA= 15% methanol
T (MF-1)°] 7P 733t gt asE Jeplidnh. mebs 3

Aol ZAE W54 oo FagEde] #F w

2Zrg-Fgo] Zol7t = AL SAEEd 2 A hxd
Z7HAE Gram 273417 2 Gram SIS ME

3
o Fpol= Q18 7ol Aol WEQ RO

o
HE

373

EHTh

H

Fr

> 18 &

A

o

H|=87d B4 (MF-1) H2N'sE (MIC)
2AFEMIC)E paper disc method'”E ©]-&3}]
st A3}, MF-12 Fig. 1914 &= "o} 72o] S aureus
tal] 0.625 mg/mL ©]°49] FZolX+= clear zone®| &
HIA T 2 o]ste] FRoME AFEXA] gokr MIC
£ 0.625 mgmLE FetEth, 1334 2R E EElE v
T84 MF-12 dE5SHOETEH HFN=Y F&
0.005%(&%F 5kg — MF-1 0.25
< g B7] W] =5 4
st £0 B2 AEZ 983 Ao AzhEA ¢
e THo2RE S aureusol 3 I EZS
RIsATHE SHAA 2 oJof7t Ut 7€ A4 <
A+e] methanol &% 5 Helicobacter pyloridl T3t %
’d2 ethyl ether & ethyl acetate £8ol|A] FzEom 1
St 548 polyacetylene A5 22 MICE 0.05 mg/mL ©]2}
3 BAE v op 2 AR AlEd o]£]9] HlAL
Fd Aol 75 A 24S UYelie AR A7tEnh

a

-

o2l B o

Wy 2

0 i
2
o
o
N
N,
ofr r
2,

g o

T,

MF-1 4 257

A 545 A7) 918 UPLC 3 HPLC-MSZ &
28 A3} Fig. 20014 HE vle} o] MF-1 23L& 27)
o] 83 peak (RT 8.11, RT 14.63)$} 5004 7709 &
minor peakZ 7= o] AT FA3F 279 peakE F
FEA7|(HPLC-MS)Z 48 A3 7z 827 179.55
2 187555 7HE AR =242 FEEHAG. A
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0.0625 mg/mL

6.25 mg/mL 12.5 mg/mL

Fig. 1. Anti-bacterial activity photographies of MF-1 fraction from red ginseng for minimal inhibitory concentration against Staphylococ-
cus aureus. The MF-1 fraction (15% methanol fraction) were loaded 30 pL per paper disc (8 mm).
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Fig. 2. Chromatograms patterns of MF-1 fraction from red ginseng (Panax ginseng C.A. Meyer) by UPLC and HPLC-MS.
DTotal chromatogram patterns was objected by UPLC.

YPeak]l (RTS.11) was estimated as molecular weight 179.55 by HPLC-MS.

9Peak2 (RT14.63) was estimated as molecular weight 187.55 by HPLC-MS.
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