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Abstract

The growth inhibitory effects of chloride salts and organic acid salts against six food-borne microorganisms
(Bacillus cereus ATCC 11778, Escherichia coli O157:H7 ATCC 43894, Listeria monocytogenes ATCC 19111,
Salmonella Typhimurium ATCC 14028, Staphylococcus aureus ATCC 25923, Vibrio parahaemolyticus ATCC
17802) were determined using Bioscreen C in broth medium. The growth inhibitory concentrations of sodium
chloride and potassium chloride on B. cereus were 7 and 9%, respectively. E. coli O157:H7 and S. aureus
were inhibited by treatment of 3% calcium chloride. Magnesium chloride showed growth inhibitory effect on
B. cereus, S. Typhimurium, and S. aureus at 5%. The order of growth inhibition effects by organic acid salts
was calcium propionate > calcium acetate > calcium lactate. Calcium chloride (3%) with 0.01% lactic acid showed
strong inhibition on the growth of S. Typhimurium and exhibited stronger growth inhibition than calcium
chloride alone (5%). We concluded that calcium chloride and calcium propionate had strong growth inhibitory
activities and that calcium chloride and sodium chloride in combination with lactic acid had stronger inhibitory

activities than that of chloride salts alone.
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ol g} o] AE7|1A vl A Eo gt A7 7 A A
EAL 4R 7] 98 AF5 WA ES A A A
3= AFEo] Al&E vk AFE vl AES LA A oA
S8 Aolshr] HF Fdoz RS ER(4), Sk
() 22 FAREZHe} ¥EF F propionic acid, acetic

acid, citric acid, tartaric acid, lactic acid, malic acid -9
f7IAbe ©E E2 w4-gk AP Ee] BaE s ke, &
AEER) AHEE *—‘. £ 7t aRAES BE¥es
F-AEAU " Hd G AL 2w i)
APE gl HAEA F 3ER Y BEFA ] A2
7FeAel s Aele Azksa A Ee] FEAdEa ally
isothiocyanate(8), kAl &l ZF2FEE(9), A|94E FollA
+ glycerol caprylate, glycerol laurate, glycerol myristate,
o ~linolenic acid(10), lysozyme, B & B3] & 35 E- o
EH2(11), 71 EAH12-14), 4k} o)AM= (15,16), bac-
teriocin(17) 5o} Ut
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71v REAZA A F7}Fe A :
Chloridesd ¢} "1 4 & FA A A 7122 F2(Cl)e]
BEabg SEAS ghae)] 23 3] S4 JA, AE
2] COzell T3 3324 F71, protease B4 # 3 zH4- 4hF gt
of ojgt 1A Re], FEEHE 42 AT FAE IA
37} oed A 9] vH19). Sodium chloride ¥ potassium chlo-
ride® @5 52 ¥ 43l AF 5ol g Gl of
g F7} B aE 9 3(20,21), F714HS ¥ 438l S. Typhi-
murium®] FE el g AF7F A TH22).

e Al s v B digt A FF, 74t 2 {0
Aol ¥ gool] o8t s aFte] A Foll ik AAAA A

= REsn g B Ao 4= chloride salts 2 f714F 24
Ao Fxo @& AFE vIAEY FAE dA s BAAE
dolry] 98l 6% AFHF VY ES WAFLE SAHAA A
& £33}, chloride saltse} APl B 24 HE22H8-8 71#]
w, AZR el shgtEolel de o] $d e A4S E AL
Al ool W &A1) Ao NI FSEAE AFHE IR}
ahodct.
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2 A =0l AFE A ES Ao g TF4
A A &5 A sttt Bacillus cereus ATCC 11778, Lis-
teria monocytogenes ATCC 19111 2 Salmonella Typhi-
murium ATCC 140282 Nutrient broth(NB) = agar ul] %]
(Difco, Detroit, USA)el| 4] 30°C whekstel .o, Escherichia
coli O157:-H7 ¥ Staphylococcus aureus ATCC 259232
Tryptic soy broth(TSB) % agar ¥ #] (Difco, Detroit, USA)
oll4] 37°C wRekstd}. Vibrio parahaemolyticus ATCC
17802+ NaCle] 3% A7} TSB 2 agar vl x| oll4 30°C
wjekatd el Al aF7E HEE AP A oA Wl Fo] 2 7
£ A3k A=) 10 mLell A F3he] 24417 v F A7)
aoFel 0.1 mLE # 3] A28 wix] 10 mLel 3331 124]
ZHEE 22 wioFsle] dEA oA AFel AME-ssich

Al
gt A48 913} chloride salts¥= sodium chloride(Showa

Chemical Co., LTD, Japan), potassium chloride(Duksan

™

Pharmaceutical Co., LTD, Korea), calcium chloride(Showa
Chemical Co., LTD, Japan), magnesium chloride(Junsei
Chemical Co., LTD, Japan)& A}-£-3}l91, organic acid
salts= calcium lactate(Yakuri Pure Chemical Co., LTD,
Japan), calcium acetate(Shinyo Pure Chemicals Co., LTD,
Japan), calcium propionate(Showa Chemical Co., LTD,
Japan), $714F2 lactic acid(Hayashi Pure Chemical In-
dustries LTD, Japan)& Ah-&3l¢ith

Chloride®2l 734 AAX| 23t £

TSB9} NBel| sodium chloride, potassium chloride, cal~
cium chloride ¥ magnesium chloride® Z+7} 1, 3, 5, 7, 9,
119%(w/v) Z7FeE 3 121°Cell A 1687 BEsksict. o) wiA]
o FA A7) F5 aeFd S 1%((v/v) Arlskgich Al A}
49 6759 271%EE 100~10° CFU/mLSFe] 5%
3} 9l t}. Bioscreen C(Labsystem, Helsinki, Finland)] well
of #rEl AI8E 03 mLy £F F 2 &59 A vk
Zof| & wfeFshA A 600 nmell A 72417 F<F 12413 74 2
2 F4xE S3slgd o, 33 utBAYEE o] 42 4
g FFste] Vel A oh10).

F710 ZEHo| 2t TEA oM B SH

TSB$} NB¢l calcium lactate, calcium acetate, calcium
propionate® 1, 3, 5, 7 & 9%(w/v) A7}t 121°Cel A 15
7 2 & FF viekd 2 1%(v/v) A 7Fshed, chloride
Ao A FAd3A AEstsich

Calcium chloride 2 sodium chloride@t 24t B0
olst &4 X =1t

TSB2} NBel calcium chloride$} sodium chlorideS 242+
1% = 3%(w/v) A7FgE 3 H4Hg 0.01, 0.05 01, 0.3, 05,
0.8 2 1.0%(w/v) 7}ste] 121°CA A 15% &t BT3hd
o} o37lo] FulFd S 1% =2 AT F chlorided 9
Agutyzt FAdskA Algsksch

R E

Chloride@el #&4 oH =1}

Sodium chloride, potassium chloride, calcium chloride 2
magnesium chloride®] £X=7} 1, 3,5, 7, 9, 11%7} HE%
A7 e A AR o)) Z A FF v M ES A F3he] 30°C ==
37°Coll 4] 724 7FE-ek 1241 7} 747 2 2 Bioscreen CE o]&
sle] F#F X600 nm)S &4 Aa= Table 1~49} 2}

Sodium chloride(Table 1) S. aureusE A 2] & 57 F ol
t)ste] Al A &5 vteblc) B RR e AP FFES
FZof ula} 2ol ¢l sodium chloride®] H7FE7}
g wolle 2318 7] FAle] LA Jebg o, 53
V. parahaemolyticus¥ 5% F =72 & T8 £4 o] &35
dom 7% o142l ExoA 2T 60% TF2E F4] o]
AR = At} B. cereuset E. coli O157HTE 7% 14t A 71A]
Zalo] A=A} ¥k, L. monocytogenesst S. Typhimu-
rium-& 9% o4 A 7HA] FA o] AR ot} S aureus
= sodium chlorideol] A& 73 A4 & et sl =, Shin
=(23)8) A A S. aureus?} sodium chloride®] 7}
o A & o3-S whx] striE W el FAkstdTh Yang
=(24)2) A& el A B. subtilist sodium chloride 1% 3 7}A]
o] Ao Zhslyl on, 4% ol A Tl FAlol A
2 =) ¢rofrlz B wabgit) =3, Kathleen 5(25)2 sodium
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Table 1. Growth inhibition effect of sodium chloride against several food-borne microorganisms

Concentration (%)

Microorganisms tested

Control 1 3 3 7 9 11
B. cereus ATCC 11778 0.75" 0.82 0.45 0.22 0 0 0
S. Typhimurium ATCC 14028 0.98 0.98 0.90 0.62 0.18 0 0
E. coli O157:H7 ATCC 43894 1.31 113 0.98 0.72 0 0 0
S. aureus ATCC 25923 0.71 0.88 0.92 0.90 0.78 0.67 0.68
L. monocytogenes ATCC 19111 1.48 1.47 1.11 0.91 0.20 0 0
V. parahaemolyticus ATCC 17802 1.12 1.19 1.38 1.45 0.64 0.04 0.01

“Optical density by Bioscreen C at 600 nm after 24 hr incubation.

Values represent the mean of three replicates.

Table 2. Growth inhibition effect of potassium chloride against several food-borne microorganisms

Concentration (%)

Microorganisms tested

Control 1 3 5 7 9 11
B. cereus ATCC 11778 0.75" 0.75 0.72 0.68 0.22 0 0
S. Typhimurium ATCC 14028 1.00 1.02 0.88 0.72 0.50 0.08 0
E. coli O157:H7 ATCC 43894 1.29 1.15 0.97 0.86 0.77 0 0
S. aureus ATCC 25923 0.88 0.81 0.88 0.86 0.85 0.89 0.84
L. monocytogenes ATCC 19111 151 1.49 1.38 0.94 0.77 0.61 0.04
V. parahaemolyticus ATCC 17802 154 1.48 1.36 1.00 0.84 0.69 0.04

"See footnote on Table 1.

Table 3. Growth inhibition effect of calcium chloride against several food-borne microorganisms

Concentration (%)

Microorganisms tested

Control 1 3 B 7 9 11
B. cereus ATCC 11778 0.75" 0.48 0.08 0 0 0 0
S. Typhimurium ATCC 14028 1.00 0.44 0.34 0 0 0 0
E. coli O157:H7 ATCC 43894 130 0.12 0 0 0 0 0
S. aureus ATCC 25923 0.82 0.12 0 0 0 0 0
L. monocytogenes ATCC 19111 1.59 0.34 0.23 0.16 0.05 0 0
V. parahaemolyticus ATCC 17802 1.55 0.16 0.09 0 0 0 0
"See footnote on Table 1.
Table 4. Growth inhibition effect of magnesium chloride against several food-borne microorganisms
Micr . tested Concentration (%)
croorgamisms teste Control 1 3 5 7 9 11
B. cereus ATCC 11778 0.96" 0.95 0.51 0 0 0 0
S. Typhimurium ATCC 14023 092 0.98 0.22 0 0 0 0
E. coli O157:H7 ATCC 43894 1.37 1.15 0.90 0.19 0.23 0.12 0
S. aureus ATCC 25923 0.84 0.77 0.36 0 0 0 0
L. monocytogenes ATCC 19111 1.49 1.38 0.60 0.22 0.15 0 0
V. parahaemolyticus ATCC 17802 152 1.55 0.25 0.05 0 0 0

"See footnote on Table 1.

chloride 5% 85% o] Aol A E. coli O157:H7S} A o] o)
Holoka Byste] B Age] Ao xto] & ety o
L Az %9 xfole 71918 o2 A E ). Potas-
sium chloride(Table 2)ell 2] 2S5 w59 A1)
A% sodium chloride®] 72} v| %314 viebyent, S
aureuse 11% A7FA R Zaloda) 237} Hgdch
28, calcium chloride(Table 3)= E. coli O157:H73}
S. aureusel] W3t} @ F4 qAEAE Yebloh So-
dium chloride2} potassium chloridedl] t3}¢] 7}k A 844
< Yeld| S aureuse 1% A7FAl 3ol vl 8] 15%
FFoZ JAlFon] 3% olA} T T FAle]

TaE R] estch. B. cereus, S. Typhimurium % V. para-
haemolyticuse 5% ©] 48] FE oA FA]o] R ] gk
t}. Raccach®}t Henngsen(19)< Yersinia enterocoliticats
728 EX o4 sodium chloride®} potassium chloride .t}
calcium chlorideel 9] 8l ©] 7}3}A] FAlol A HHhy 2
arsbgoh

Magnesium chloride(Table 4) 5% FX.¢l 4 B. cereus,
S. Typhimurium % S. aureus®] &40l I3 = =] ergtcl.
28y} L. monocytogenest E. coli O157:H7L o] EXt}
magnesium chlorideel] & WAl o] 7hste] Zh7k 9%69k 11%
olAbe] FxolM FAle] A=A ¢kotrl
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B A A AlFS vl AL i chlorided o] +54
A A A= A o2 calcium chloride?t 743 7hslad o
™ magnesium chloride, sodium chloride, potassium chio-
ride &2 vhebydo} Terrell 5(26)2 pork sausage®l 4}
= 3714 F2ATe dg 2] JA &= magnesium
chloride7} 7} 748l9d 32 2 €}-&-9)] sodium chloride, po-
tassium chloride =02} R 13}l w=d], 2 Ao e 7+
2 A& vepydel, 3 Raccach®t Henngsen(19)-2
chlorided ®] Yersiniatroll g A A ool 94|
el | calcium chloride® ©]2-7F%7} sodium chloride
1} potassium chloride o} 7F38}7] wj & oA H377) o
i Byt B Age] AaE JAsta 9le) g

=(28)2 -rr7]49] o] Salmonella,
L. monocytogenes, Y. enterocolitica ® S. aureus 59 %
Al dA sl e, 1 282 pK.eh el gla, Al EY
PHA S, A £ AFFhash A A2A 482 g F
o #o 2448 epdehn wasjdct

Miller $(27)3} Pauline

Calcium chloride ¥ sodium chloride®2t Z4te] HE

k=i’
Al ZE v A Bl T3 FA] oA Expr) 43 7l o 2 et
w} calcium chloride @ sodium chloride®t 2% Fofl w@o)

ZA 3= AARS ¥ 45t 724 AA AHE =A

A5 Fig. 13} 20 Yl

slhod 1

Calcium chloride 5% % o]Abel| 4] ZAlo] &4 (Table
3=l S Typhimurium-2 calcium chloride$} 2 AF-&
4 A A 27F 3%2) 0.01% 5ol A 4] o] Fhab= A ek
th(Fig. 1). L. monocytogenes~= calcium chloride 1%} %
A 0.01% 5 W4 A A ¢ F4lo] A=A erghrt.

V. parahaemolyticus(Fig. 2)= sodium chloride 7% ©]3}
9] FExol| A FAlo] #abE gl 2 (Table 1) sodium chloride
ob HAbe Z47Y 1969} 0.5% 4 W4 )] o FAle] Hat
512 ekokow, Zbzt 19%9} 0.01% S AP L
FEE A kst Sodium chloride(Table 1)¢} potassium
chloride(Table 2)e WAel 7™ S. aureus= sodium
chloride®} & 4H-& 742} 19%9} 0.5% 4 3 7}sho] wfofall &
T2 FAle] FAF A il

V. parahaemolyticus E. coli O157:H7 % B. cereus®
sodium chloride % calcium chloride$} 48 £ 3te] A
el u g gl FA o] FAEHA gspel A=

v, A #Hrlpde] =84 F AEW $£49 Fxob e
Gram(-) A& HF-& 2 —’F—Er%* (Ag)ell thek WA
o] eFslrbE= ®.7(3,23)7F QA vk B Al E of & Gram &
Sol| W& Aol vl obotrh

T Z2adol st 754 X &1

Chloride® % calcium chlorideZ} 4155 »] 4 Z-of o3}
o 8 Ak 34 AdA ZArt & A 2E Jelyr o] &
vlglo @ §r]4ke] g9l 3 calcium acetate, calcium
lactate 2 calcium propionated] H7}s 2 24 A4 &
I}E ZAstgien, 1 A3E Table 524 7).

Calcium acetatet= 1% =4 V. parahaemolyticuscﬁ]
sl 7k 24 oA 235 Jetlo). Calcium lactate=
E. coli O157:H7, S. aureus, L. monocytogenes 2 V. para-
haemolyticusoll ™8] 7~9% %ol A 60.41~98.61%2] %
Aol d 232 Vel o} B cereuss 9% F M T =
Ao} Zxl=lgl o, S. Typhimuriumel] o 3§ 4]= 4] o 4 EbA] 9F2). Verhaegh 5(29)2 L. monocytogenesell 2
A7} 2k3}gd o}, Calcium propionate+ Al 8§k BE 5o AbS EHA A At ge] Absdlvln Bushsicl Ak
A& FAAH EAE Jebl e, 53] E. coli O157:H7, o] gt A= vl afe] b Az E Y, ko] vlse] A
= 3082 BusEglel. fr]4ke] sk sel = A o
el R el EL] A E gto g Folr) AT el A sfe]= <]
AZJ pHE A 5HAA sl E2 AAbol] g »IA (24,
29). 2 Ao Agst 659 AlFE vl A Fol el sodi-
! calcium chloride & 2 A} ¥ -§-A] &5 A&

w3t 24 o4 w3e vhehdo.

nol

= Z4e)

S. aureus, L. monocytogenes 2 V. parahaemolyticusoll o
M= 1% FEolAE 83.89~98.60%2] &4 oA axE
vebdlich B A fr14at 9 AFE nl A g Hgk
%2 oA &3}= calcium propionate(pKa 4.87) > calcium
acetate(pK, 4.75) > calcium lactate(pK, 3.86) <22 }et
Y pK7h €545 SAAA At & oz ey

um chloride %

g w2t S5

Table 5. Growth inhibition rate of calcium salts of organic acids against several food-borne microorganisms
Calcium acetate (%) Calcium lactate (%) Calcium propionate (%)
1 3 5 7 9 1 3 5 7 9 1 3 5 7 9
-1452" 33.13 26.90 53.66 75.78 -28.49-13.90-15.50-15.13-10.48 18.87 31.19 38.62 77.96 85.45

Microorganisms tested

B. cereus ATCC 11778

S. Typhimurium ATCC 14028 3518 32.65 35.35 54.07 8394 -2.71 1373 16.49 24.80 2517 15.77 16.84 19.46 43.11 78.21
E. coli O157:H7 ATCC 43894 74.71 86.1599.14 99.42 9954 255 30.53 32.18 63.04 60.41 98.60 99.97 99.54 99.65 89.72
S. aureus ATCC 25923 7419 86.62 97.05 92.7599.00 -~1.24 1750 4368 75.09 76.45 88.80 99.99 99.88 98.11 80.00

L. monocytogenes ATCC 19111 94.24 95.71 99.80 94.72 9627 25.83 70.39 66.28 72.03 69.86 97.10 99.92 99.45 96.96 90.50
V. parahaemolyticus ATCC 17802 9961 8391 89.56 78158047 27.93 88.44 93.11 98.61 9317 98.51 95.94 97.17 83.93 80.71

"Growth inhibition rate (%) = {1-(T1/T2)1x 100.

T1: Total area of growth curve of treated sample by Bioscreen C for 72 hr incubation.
T2: Total area of growth curve of control by Bioscreen C for 72 hr incubation.
Values represent the mean of three replicates.
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S. Typhimurium ATCC 14028 L. monocytogenes ATCC 19111
18 1.8

Optical density (600 nm)
Optical density (600 nm)

0 MR 2% o o

0 12 24 36 48 60 72 0 12 24 36 48 60 72
Time (hr) Time (hr)

Fig. 1. Growth inhibition effect of calcium chloride (CC) in combination with lactic acid (L) against food-borne micro-
organisms.

-¢-: Control, -M-:CC 1%+L 0.01%, -a-:CC 1%+L 0.05%, -x-:CC 1%+L 0.1%, -@-:CC 1%6+L 0.5%, -*-:CC 3%+L 0.01%,
- =:CC 3%+L 0.05%, -O-:CC 3%+L 0.1%, -&-:CC 3% +L 05%.

V. parahaemolyticus ATCC 17802 S. aureus ATCC 25923
1.8
- = 15}
£ £
< o
8 8 12 +
[ ~ 4
g =
=y @ 09 |
73 c
c [} K
[} T
e T 06
T 9
2 4
8‘ O 03¢
0 o o n—n "
0 12 24 36 48 60 72 0 12 24 36 48 60 72
Time (hr) Time (hr)
Fig. 2. Growth inhibition effect of sodium chloride (SC) in combination with lactic acid (L) against food-borne micro-
organisms.

—&—: Control, —8—:SC 1%+L 0.01%, —a—:SC 1%6+L 0.05%, —¢—:SC 1%+L 0.1%, —@—:SC 1%+L 0.5%, ——:5C 3% +1
0.01%, —0—:8C 3%-+L 0.05%, —0—:SC 3%+L 0.1%, —o—:5C 3% +1L 0.5%.

[=] - =2
Chlorided % 714t Z44& F=H2 A7kl v} °f EEE A ) EF - AARAT AA, Aekmw 7l
3w 620 AlEE n A Zo gk 24 oA 32 Bio- 4 AdgHA T A A AR gt npol A FE ) A
screen C(600 nm)& o] 83t Al &3l o} B. cereus= so- 2 Ak ATAlE Y dgu) A”lel ofs) A7 S

dium chloride 7% = potassium chloride 9% #] 2] A] Z4]

o =

o] A% ¢kgke}. Calcium chloride’s 3% ¥EoA E. ==

coli O157:H7# S. aureus®] FA)o] 2= 7] e&skcl Mag- 1. Chang DS, Shin DH, Chung DH, Kim CM, Lee IS. 2002.

nesium chloride® 5% %A B. cereus, S. Typhimurium Food Hygiene. Jengmoonkak, Seoul. p 48-52.

T 6] =10 ol Al =lo o ol o = 2. Gilmore TM, Mills V, Bruhn JC. 1998. A bridge to global

2 S.aureus®] S AAFG 714 AF A AES food safety in the 21st century. Dairy Food and Environ

v B oigk Z4 oA AIFE calcium propionate > Sanit 18 360-367.
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. o . e CRE 318l ml Ror o] A i celerate in the 1990s. Food Rev 23: 44-49.

murium-& calcium chloride &% 2 2] & vl = 5% o[ s & 4. Cho NS, Yang YY, Choi EH. 1986. Combination effect of

ol A Z=Ale] A= R ¢dgk o} calcium chloride 3%} 2 potassium sorbate and sodium benzoate with sodium chlo-
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