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Efficacy of antibacterial treatments of
fresh ginseng (Panax ginseng C.A. Meyer)

Jun-Bong Choi' and Won-Il Cho™*

'Graduate School of Hotel & Tourism, The University of Suwon
*Research & Development Center, Dongwon F&B

Abstract Fresh, washed ginseng can be contaminated with microorganism loads as high as 6.5 log CFU/g for total
bacteria and 4.3 log CFU/g for mold. The goal of this study was to test eight antibacterial agents on ginseng. Immersing
fresh ginseng washed in 1% (w/w) sodium citrate, sodium diacetate, sodium acetate, citric acid, and sodium lactate solution
for 1 h resulted in a bactericidal effect of 31.0-97.5% for total bacteria. Among the organic acids, sodium citrate had the
best antibacterial effect, with total bacteria reduced from 6.5 log to 4.9 log CFU/g. A 1% (w/w) vitamin B, lauryl sulfate
solution with surfactant function by hydrophilic and hydrophobic sites can reduce 2.7 log CFU/g (99.8% inactivation) on
total bacteria. In the 1% (w/w) calcium oxide solution, total bacteria were reduced by 3 log, showing an excellent
inactivation effect of 99.9%. Calcium oxide is a highly useful material for inactivation of microorganisms in fresh ginseng.
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HZFo] o]¥t(Chung 5, 2006; Kim %, 2018). &3t &
Jele] gte] = A 2 fEEEE AR =
oo 2 HE 7 d=29Uo}l FtREREN Erwinia carotivora), B
EE]2 Aok Botrytis cinerea), B1EEUOF &8 (Rhizoctonia
solani) 52 Mol A9 &HHAE T4z FAs F
AAsHE do7)7] Wit wAES] Aojx FFAo|th(Lee 5,
2015; Noh &, 2016).

Fatol]l et mBE QFAEE ARFo s Aurd, AukA
43 PAEZE 0] 3-7 log CFUgE L%t 7P &9,
WAt A= 0.3-7 log CFU/g, S4tollAl= 0-3 log CFU/g X919
QUEE YA tHKim 5, 2010; Shim %, 2013; Shim %,

ST o=

2015). LG M= A, Ak B FAkelA B npdes
A& 2=(Bacillus cereusy’t HEEHAEH 1 LF T2 4t

HlALO

79 2-3 log CFU/g, WA 1 log CFU/g W9], T4-& 0.5 log
CFU/g o= 717 AEEQTh T3k F3ols 4tollAvt 0.7-
5.5 log CFU/g W2 FHA HE=UL, 94, A4 1 log
CFU/g ol3te] ml$- vhe 3] 2dxE YeERti(Noh 5,
2016; Shim 5, 2013; Shim 5, 2015).

AW B 2 F2AEE ol AL F48 A
st7] 918 M) 255 o] WEA Bt W2 2°CoA
—4°C YR fA8l= WS AR Y e 2xoA B
Al F3l(freezing damage)® 4ol =3t § F4E A= F57ks
717ko] FrobA A-gol + o2 YethKim 5, 2007;
Kim %, 2010). ¢ A= FAE fa8 Fa3 FA F4 v
AE AAZ 93 3 AT oS g9 XolIrAVEF
A, A, 2EF T A7 FAHATKKIm F, 2010;
Park 5, 2013). A7 A AHdG AHA Atz F2o]
o &7} 05-0.8 log CFU/ea 75502 7HF =A Yephou o
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Agt Agells E9skA] FalithKim 5, 2010; Park 5, 2013;
Seon &, 1999; YunZ} Yang, 2001). ©]<]e] tjF-&e] v]AE A
o] AF7F F, &FE B, A F HEH ZAL mfe|a®
o 7HE, 3% T o WHEE o8 it Ege] bl &
gk Zo]thKim 5, 2003; Kwak3} Chang, 2001). W&ty A7 =
7 AF AR Bol AMEEE S5t gk AAF A7E
B3 a9HQl mAE A7l Rl disiMe oFF FgEo] 2l
A ere A o|thKim 5, 2003; Kwak?} Chang, 2001).
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WoEE WR, WIEE, JSEE, 48HAF, UR % 58
F 5 4Fe] AEHE AN, UHSEEA, 282 9 5}
BN FUAN 2R AT PYRERE AT 4712
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T WAE A S gHsh] % Al A Al
o T8 A F st A49E AeS S8 EskE A
ARZ AT 3 AR ZAE B9 A W A AR o
3 S oA a7t Ug ROZ AEE AEE dYH 3
AE 12} Ad7gste] At 35 ESTHSawai, 2003; Son,
2010). Ao AHEF A FAAle BT 8FToE 714 A
S 4§53 pH A AlE<d FAUIEF(sodium citrate,
Sigma-Aldrich Inc., Saint Louis, MO, USA), -%14k(itric acid,
ESFOOD Inc., Gunpo, Korea), ©]ZAM}E H(sodium diacetate,
Sigma-Aldrich Inc.), FAF}E-H(sodium acetate, Sigma-Aldrich
Inc.), 22N }EF (sodium lactate, ESFOOD Inc.), Z&| 3 AHEA
A 5E BRs JE JWISARE AGEE MERIBY
234k (thjamine dilaurylsulfate, vitamin B, derivative, Sigma-
Aldrich Inc), 218 3¢ S A4 Rie=ggAgol=
(medium-chain fatty acid monoglyceride, Sigma-Aldrich Inc.), v}
Ao R = HANAN FET ZF AHER AMEEE Ats
F(calcium oxide, SERIMFOOD Inc., Bucheon, Korea) © ZA]
BT 2Fd ARgo] 7Fsd &S st ARSIt

Aol AR 8% FHA Al AT T Ul 1.0%
wiw) =7 A AAS 1Ll zZt2zke] &3S 10g F71sked
fHo 7 FA st A7)0 FiE AT AR o A=
< Bt A TRE FHT 59 HstE AN 23S
ok A HA] AP Fak FAawe] 18 HJES ARE

3l "AAF £ 715S JH F 3 FSR(VS-1991W PID

controller, Vision Science, Daejeon, Korea)oll4 25°C2] 422
AetAx APatdt. Aol AME-E Al &9 pH S92
pH meter (MP 220 pH Meter, Mettler Toledo, Columbus, OH,
USA)E o]&ste] AT

04 24

HEFEHZ T4 20gS FHA R FHsto] o] ¥e ¥
180 mLe] BH#TE 7l8le] #271(BACCT, NBT, Osaka, Japan)=
287} shakinggt & oJ3E a4 WAEE gA45le] 1 mLe
HEst9tt. Ad4= PCA (Plate Count Agar, Difco Lab.,
Detroit, MI, USA) ¥iA]oll 34 4& HF5 Tha, 35£1°CollA] 48
AIZE v FAIZL & 7} platedllA] 30-300712] colony”} Heol= A2
A, sds WHOZE AL A¥S 33] wHEste Fd9
WA E CFURSE FASATE HEAdw#S] vpd R A% o
T 4L dd SR EFS B4 AIEE 100°C, 108 71
3k & TSA (Trypticase Soy Agar, Difco Lab.) HiX|olA Fad
A4S B3 4519en, Jd 4 PDA (Potato Dextrose
Agar, Difco Lab.) WA & ©]-8-3}%th(Sawai®} Yoshikawa, 2004;
Yu 5, 2011).

SHz2

38] wkE ARk dolEel thair= SATTIA] SAS (Statistical
Analysis System Ver. 9.0, SAS Institute, Cary, NC, USA)E ©|
&3to] A Asiith 7 A 2 1 freld AL ttest W
WS AAete] Bagks vlasilen, 37 ool Ad 2 7k
FoAd AAL EAHEA(ANOVA), Duncan T 91737 (multiple
range test, p<0.05) ©]&3te] B, ATt
b

e iU =t |

ek

ool DjdE

AR FgstAle] A nAE AZE &3 e S At
EPA # AARE 98] WA Fa VAR SHAHE ARy
ok AlAE A k] Fig 19149F 2ol dWkAle-2 7.6 log CFU/
g, WG x2S w2 A2 3.8 log CFU/g, 18|31
FFolE 58 log CFU/g &0 8 Yehton, Aa|4ola A7+
AH F e AUk 6.5 log CFU/g QR v, A7 5
o] ZAF Al FAAN L} FARH A Fl= FH57F &
Al YEPATtHKyung, 2006). 3 AlE & nlAE2 Hge2e 3
log CFU/g, &38°]& 4.3 log CFU/g 222 B 5t (Fig. 1).
ol gz} o] MF Al FAF Hwe] Qo] AAH MAE F
FHEZ 0.8-1.5 log CFU/g e Aoz Yepgtoyt dAg v
AE Azksl aele =9aA] Bk 4ke] 49 2w
Mg F3Folud & Uil mAEoe] o] AL o] Al
o 23 edd AAE FAV e ZoE AyztE

Tl AS+ F 53] vARE Ageae 3EE 2 B
A Bzl AFdshs o7 thE o= 74" B3t v
& 7R WA EA} (endospores)E AT 4= J= HAA Fol=t
Tl 7P Fa3 At BPlelth(Kim 5, 2012; Kyung, 2006,
Son, 2010). HRAZE2~ Ixl= AlFEHow FAH(spore core), I
A (cortex) ¥ EZAFH(spore coat) 2|3 2] FH(exosporium)OE &
H3 Helzt 2 7 Qlth 53] v E pAdE x4 HE
Zoll o3l AT Fado] A= sl Absrol tig
WAae A HER ¥} FEZS gHFoR &N £ Q)
= A dwA N 2 Hgo] FolHh npARs XX

o
Gt
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Fig. 1. Effect of washing (1 hour soaking) on the microbial cell
counts of ginseng (Panax ginseng C.A. Meyer). Values marked
above the bar with different letters are significantly different by t-test
at p<0.05.

o] Bgdstol Qlof Fasitta & 4 AUthKim 5, 2012; Son,
2010).
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=2 343 FAMYEF (sodium citrate), ©]ZAF}EF(sodium
diacetate), ZAF}EF(sodium acetate), T-$12H(citric acid), 2}
Ef(sodium lactate) &Nl FAFZ 12k MHS F4S 1A17F
B AR FrE B4 A3 f7I FRERE 31.097.5%
o] 7+ &IE YERIYKFig 2). #7114 AA = b AR
7} 2L FgFaAe FAMNEFOR, FH0] 6.5 log CFU/g
X 49 log CFU/g & Ztt=o] &4 wAE<] 1.6 log CFU/g
A7l H= 97.5%9] AFES YERITh L o oAt
UEEF, ZAEF] 27 89.2%, 68.8%2] ZHES Uehile
o, I 9] PG AMIEFS AFEC] 603, 31.0% o
2 Yol ZFaayt ojsnt o)l Aol sk 2 24
AA e FFazrt faste] FAMIEFT o|ZAMUEFS §
F AT 1% (wiw) EFAA EHoxe] HAA] Fite] o
o A7s 232 Ay Bokth AF 43 AdE 98.1%E 74
AEF G5 ARA B FFadrt ga ST #9
7 2] (p<0.05)7F glo] FAat Aol 4kl wAE Aojol 2l
of A 71 AAZ APEHSUT B AgelA] AFEol
= et FAMEFS e AFA BUE o Z 85
ol F8NE pH 8.0 W99 oF ¥ZEde e 2F9
&5, #73 =g ol F=2 AREEHZ th(Hwang, 2017;
Kim &, 2007). +AMIEFS 58 S22 & sgd
ko] pH 24 Wi9le] Fiste] AX UFe] 2Hdsls =3k,
AL gl 5421 A7 ol (polyvalent cation)Zt Z
#olgsle] S A aHE e, ME 9Fe] et 7t
A =W AlZ RE 79 He FAE AASK] S8l o &
2 AUAE &H[E] uitol] F4lo] JAET L B 9ok
(Hwang, 2017; Kim 5, 2010).

At 97.5%9] FANIEF] 27t AtE 89.2, 68.8%=

Viable cell count (log CFU/g)

O = N W & O oo N 00 O

a
a a
b
c I I
Sodium Citric acid
lactate

No Sodium Sodium Sodium
treatment citrate diacetate acetate

Fig. 2. Effect of washing (1 hour soaking) with different organic
acids (1.0%, w/w) on the microbial cell counts of ginseng (Panax
ginseng C.A. Meyer). Values marked above the bar with different
letters are significantly different by ANOVA with Duncan’s multiple
range test at p<0.05.
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ot
oo

e YeEl= o|ZER, ZAVEEFS] 7%

AEFET YAl B siE]E 4F o] RAES] A
S B AR Eatslo] Al a7 xRl vz 3
o] Fx8} 7158 WA A Wske ZoE AZFETHKim 5,
2007; Kim 5, 2010). o|ZA}EF, ZAWEES pHE 4.7, 52
FEoE Eol £8)F pH 24 WLl ZAF Adite] mAE AX
W pH 9 Alxute] TS WStAIA 7HolEss Walsty,
NADH (nicotinamide adenine dinucleotide) 4F3}=S =ho} Az} A
g AA oS Fo ASES JAlskE FeZ dEA
(Hwang, 2017; Kim %, 2007; Kim %, 2010).
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HEMMe g7 st

o7 Al ol AIE FHM 7] 4TS F
E3le] AE F Fo] WES WANA el AE YF
2 AFs anpdez ZgsA |rkKim &, 2012; Kyung,
2006; Li &, 2008). H]AE ZTWZ HICE FJFaHs o
71e HEAR] FFARAE Fold AW EAT e, &
S48t fAE= pHollA 7 ZFE e A €48 JER

N
Ajtsted Fa o9 Ao BAHY S fal A
A AT FAlE AHgsto] mAdE s adE AR 3L

B ek o rfr oh

ARGGA AT FFAR 2Fo] Bo] AMSEE HEVIB 2
gkt ANE 7)15E 7H fEAd A A B
Fe Mgt =5 2zt AAIGel EF3 1% (wiw) S0l AlF
A5 A7 A F EFFE BN A9 A7 Fig 3014
o} 7ol Al H7b glo] AAIGol 1A7F HR|ste] AF &
FA2 T 65 log CFU/g tH] HIEFIB -2 84t A2]A] 3.8
log CFU/g.2 2.7 log CFU/g a5 99.8%2] 43 atad
5 JepQi). 2o whkel S A RegElAlEiel == 0.8
log CFU/g WS 7o) 833%2] & Al A3t 272 B
A E Aoaxrt dF oz "ot

S U B Rl edwel igA wpdEss 2 dls) &
a7 -8 vERIB - et o] A 713 A A 2
2 Aved o33 2o AdEal 7% 7w A%
2 Bl HlElIB Bt e daAl Qo= JddEHA,
A SEE% ALSEHY Qi) vEPIBEH-E AL pH 43
WeolZ o] tidt pH F&Fe] Ao W pH FGolA A
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Viable cell count (log CFU/g)
o — N w £ wv (2] ~ [--] (Y-

Medium-chain Thiamine Calcium oxide
fatty dilaurylsulfate

acidmonoglyceride

No treatment

Fig. 3. Effect of washing (1 hour soaking) with different
commercial antimicrobial agents (1.0%, w/w) based on
surfactant and calcium component on the microbial cell counts
of ginseng (Panax ginseng C.A. Meyer). Values marked above the
bar with different letters are significantly different by ANOVA with
Duncan’s multiple range test at p<0.05.

[

F= Al EZH(cell wall), Al3ZZ =Hcytoplasmic membrane

A 24 (cytoplasm)©l ™, 53] 7P 83 4 FH2 AlE ol
Aol 718A1 tiAF B A S sk Al ol AW
AL AeA R A B9 AERe] A} $99 77t
At 72 WS Ao T e HH, o3 Mo
2 g Axete] W Ao FHE G4, 7| QE
ol & wEHANE 9 B FE& ZHsA Hol aFFe
2 AE APES fEd ®BoKim 5, 2012; Kyung, 2006; Li
=, 2008).

Z&N g2 gu

T ol EY f vpFE XS TSt
ks, A M= Alojd 23t e AR
g 898 o]&3 i 2del Uit s}
Y3 TH(Choi 5, 2013; Sawai &, 2001). Z/HZH It A3
o] FARL kAo R 700°C oo 2IS 7kshE olatst
@47} AA S Al (Ca0)] AAHEY olRAE 24 (firing)
Zgolg) 3, £89e At IS W o] daA=
AF-ETH(Choi 5, 2013; Sawai 5, 2001).

A i mAE AE st A AAH o f=
AaA AgAel 2pold AAMFEF (NaOCl, Sodium hypochlorite)
o] F2 AMEEO] gtk AFEHE VK fE 4 HEoRE
AA7F(CL), FoFEARAHHOCD, Foldaato]&(OCh)e] 357
7F =, o] F Aottt xfotd Aol AlEe] YWk o
2 g9y 2o]|al it} 7] frEjda AR pH 54 o5
AEulgo] A4EEH, pH 6.5 olstilEe xlolgdast Je=,
WA pH 8.5 ol dollXE Aoldiitele o g EAjgit). da
o] A Aol AlEuke] o] AolE o 4B A
HS ASATIE EANRS Ao EM S U3T
Zto g AEA thPark &, 2017). AlFo] BFES A kg Al

%S

?
=0
By
oy

}-3]

it

=
=
A3k 7195 e Agolet S4o] A3 FAFHAE 98] &
o

4% AAY = e 7 25, A4 Beyol tFH T 9l

Viable cell count (log CFU/g)
v

No treatment 0.5 (%, w/w) 0.7 (%, w/w) 1.0 (%, w/w)

Calcium oxide  Calcium oxide Calcium oxide

Fig. 4. Effect of washing (1 hour soaking) with calcium oxide in
different concentrations (0.5, 0.7, 1.0%, w/w) on the microbial
cell counts of ginseng (Panax ginseng C.A. Meyer). Values
marked above the bar with different letters are significantly different
by ANOVA with Duncan’s multiple range test at p<0.05.

o aedge & Ul FFAR H 2 ArkChoi 5,
2013; Sawai &, 2001).

Enls3t A7 A9 1.0% (wiw) A fd0M 1 log
CFU/g W€]9] 7t &35 Yeplo] Y s=oA 7o 1A
At RS Witk A3 A3 Fig 39049k 2, 3.5 log
CFU/ge® T8 the] 3 log CFU/g W 7H+=o] 99.9%¢°]
e AFadE Yepllo] Alsldre] Skl nAE e &
AR Ggrrt 2 202 vyt sizds sl 24384
F, 05% (wiw) AsZdE S =il FF47T 49 log
CFU/ge. 2 F2F the] 1.6 log CFU/g W ZEo] 97.7%
o FoxHp<0.05) Y AFES HERNAJTHFIg 4).

B} A ARNOIME 24 7k Z0EE 2] dge 0.1-
02 mg/mL=E, 5% A g, AEde), P3F, FEENTF
w 5olA 24 log CFU/ge] Z4E&S YEho] zlold it A7
9} A9l 53 A7 FI7F REJtHChoi &, 2013; Sawai 5,
2001).

237 AT AdskEe 735 pH 125 W99 Ag ¢g
el oJal mAEe] Ae] EAo] JFS wol A &3E UEl
e Ao deA gloy, H2 pH 24 &3} o] 44
o 93] o] BT M2 dXE Utk AR,
Sawai 5(2001)& A8zl CaO Ad4-o] 3K(hydration) 28-S
SPEA pH 1259 4Ze] AdEle] $890] Hol 1xH oz gt
SA4E UepiH, 7)ol alsidee] Sdath Zgo] HrtE o
Y = 73S YeEhlle Flog BIEtChoi &, 2013;
Sawai 5, 2001). 2bspdE g F8 WAUSA A
32 8 a3 T 2AF EF ds dFdds o
ERli, g @A a3 s lokal 4 A ok A
F7HA] Absidere] gl didl RaEelzl # = g
(Escherichia coli), 32 X = 3w (Staphylococcus aureus), A543
2} Bl -5 (Salmonella typhimurium), VFEe12 M B -2 (Bacillus
subtlis) SolH TR H FFo|ZE= AFIEAIOIAIZ M| ZH]| A4
(Saccharomyces cerevisiae), TFT YRIZY2(Candida albicans), ©F
AR YA Z (Aspergillus niger) 2 B|ZF2~EZ U (Rhizopus
stoloniferays-°]th(Choi 5, 2013; Sawai 5, 2001). AH3}z¢o ok
27 5 ZAFY AR A FHRE AL U] (80%)=
7NEZ WEHA B A5 2 T & AR HA e &
N AAZIE o8 F e AZ=FR oA A

N
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o Az 5 glo] Flel sek AaAE BAE B W)
Holm AN o8 A w8 WA A7 L5AR FLY

77 Sl

A7 71548 A Bol B8 Ae T AAFA |
AZE AZ Fo= dukAlFE 6.5 log CFU/g, =8olE 4.3 log
CFU/g T2 A Yelhd rAE s R3] 98l %4
AA g 85| A8 ARG sl o e A9Es A
ATk oheket giE|gokel Fgolol| et dHadut e RS
2 4EA Ae 1% (ww) TANGEER, o|RAGEEF, AR
EF, 7AA 2 2 EF S99 AES ke 27t 1Az
B AXE A3 §714F FHFEE 31.0-97.5%2] FATE A7
3l 9= Bk Rt AS G 5 FAMUER] 65
log CFU/gollA 4.3 log CFU/g22 2 log CFU/g W9 24 1]
RAEo] A7l =lo} 7P dstEo] Fokth Fatell sk {714
g EAE Bol algE pH 24 W99 4k AHEo] uAE2] A
Xug B AEFAR ko] Qg " AR whE ) 9
Ake] 28} 715S WA LA nRdE s 2 tis]
gaEo] e Aoz dHX ANSAA AT A A 2
I AHgE 283 £+ 6.5 log CFU/g the] BIENIB 2R
g 2Ex] 3.8 log CFUESE 27 log CFU/g 75 o]
99.8%2] ¢-8t AtadE Yep et AREAEAY M54 &
2FA F97F AEEe] fAl RAek 42 Agste] T2 Wy

7HAQA Hol, mAES] AEo] W AYso)| FHA
2, FEELEIE 2 FEYAE 2 Yo F2& 2 sH
o] AFHHo R AX APES K= ") Frisd B
< PR pgE Alojell AAA 1.0% (wiw) Ak
golo e il Fo] 3.5 log CFUESE T2 T tiv] 3
log CFU/g W] Z5o] 99.9%2] $38 daasE vehfo]
absidgo] ko] mAlE A A2 SEE w2 je=m U
i), 24 A4S pH 1259 73 S SakaR
vAEe] A7 G0 dFS Fo] EHARI A+t EIE U
e Aoz gz
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