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A Study on Synergistic Effect of Chitosan and Sorbic Acid on Growth
Inhibition of Escherichia coli O157:H7 and Staphylococcus aureus

Seong-Beom Cho', Yong-Wook Lee and Jung-Hyon Kim
School of Public Health, Seoul National University, Seoul 110-799, Korea

ABSTRACT — This study was performed to investigate the synergistic effect of chitosan and
sorbic acid as a new food preservative. So it was performed to investigate inhibitory effect on
growh of E. coli 0157:H7, gram negative pathogenic food borne disease bacteria and of S. aureus,
gram positive food borne disease bacteria in chitosan, sorbic acid and combination of chitosan
and sorbic acid. Minimun Inhibitory Concentration (MIC) of chitosan in E. coli O157:H7 was 500
ppm at pH 5.0, 250 ppm at pH 5.5, 500 ppm at pH 6.0, and 2000 ppm at pH 6.5, while in Staph.
aureus 31.25 ppm at pH 5.0 and 62. 5 ppm at more than pH 5.5. also, MIC of sorbic acid in E.
eoli O157:H7 was 500 ppm at pH 5.0, 1500 ppm at pH 5.5, and 2000 ppm at more than pH 6.0,
while in Staph. aureus 1500 ppm at pH 5.0 and more than 2000 ppm at more than pH 5.5. Due
to the effect of pH in E. coli O157:H7, MIC of combined chitosan and sorbic acid was 500 ppm of
chitosan with 500 ppm of sorbic acid at pH 6.5, but 250 ppm of chitosan with 31.3 ppm of sorbic
acid at pH 5.0. In Staph. aureus, there was great effect of chitosan, but neither effect of pH nor
sorbic acid. When E. coli O157:H7 were treated with 500 ppm of chitosan with 500 ppm of sor-
bic acid and 250 ppm of chitosan with 250 ppm of sorbic acid at pH 6.5, they were inhibited. But,
they were increased at the initial concentration of bacteria at 1000 ppm of chitosan in 18 hours,
at 500 ppm of chitosan in 36 hours. There was no effect of growth inhibition with sorbic acid but
great effect with chitosan on Staph. aureus. The correlations between MICs of chitosan and sor-
bic acid in E. coli 0157:H7 accoding to pH were higher than those in Staph. aureus. R values in
E. coli O157:HT were 0.95 (p<0.01), 0.99 (p<0.01), 0.97 (p<0.01), and 0.99 (p<0.01) at pH 6.5, 6.0,
5.5, and 5.0 respectively. The synergistic effect of chitosan and sorbic acid in E. coli O157:H7
could be confirmed from the result of this experiment. Therefore, it was expected that the food
preservation would increase or maintain by using sorbic acid together with chitosan, natural
food additive that did no harm to human body.
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Fig. 1. Preparation procedure of chitosan.
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E. coli 0157:H7 Y Staphylococcus aureus0]| CHEt 7|
EAS| HAUKANSEMIC)

E. coli O157:H79] tjg} 7|EAbe] HAw§olasEt
pH 5.00 4 ¢] MIC= 500 ppmo] .1, pH 5.500 A= 250
ppm, pH 6.091 41 500 ppm, pH 6.5 413= 2000 ppmo] 21
ThH(Table 1). Staphylococcus aureusol T3t 71 B ke A
oA s 62.5ppm OS2 pHOl F¥E WA F3iTh
(Table 2).

Darmadji®} Izumimoto'= &5l 71 €4t g8 FHF3)
o] mjekst & 535 E =A% Ay} Staph. aureus?} E.
colidth I AL 2 if %*—.Ol AR Ak Bast
A3, Wang™= 5712 thE3 2)FET S| Staph. aureus
o i3t AxEH7} 7P wolwten, vh& Sal yyphimu-
rium, E. coli, Y. enterocolitica 0.2 E3}7F o™, pH 6.5

Table 1. Minimum inhibitory concentration of chitosan in
E. coli O157:H7

Conc. of chitosan in E. coli O157:H7 (ppm)
7.8 15.6 31.3 625 125 250 500 1000 2000

pH

5.0 +++ ++H+ HHE A R A - - -
55 +++ +++ HHE HEE o+ - - — =
6.0 +++ +++ +++ A+ .+t - - -
6.5 +++ +++ 4+ A+ A+t 4+ -

+++: excellent growth, ++: good growth, +: slight growth, —:
no growth. Data complied from triplicate samples after in-
cubation at 37°C for 48 hrs.

Table 2. Minimum inhibitory concentration of chitosan in
Staph. aureus

Conc. of chitosan in Staph. aureus (ppm)
78 156 313 625 125 250 500 1000 2000

pH

5.0 +++ 44+ +
5.5 +++ A++  ++
6.0 +++ +++ ++
6.5 +++ +++ +++

The symbols in this table were same as those of Table 2.
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Hr}l pHSS5A A& ar o] & 207 "usle) & 4
HAzel Attt g 502 2 Aol g 71EAD
o) IAAFHE FPLE X3 A3 Staph. aureuss 50
ppmol| A T2A7F & 00| o V. parahemo-
Iyticus¥= 100 ppm, Sal. typhimurium-2 2000 ppm, Psedo.
aeruginosa+ 100 ppm, Micrococcust 50 ppm, B. cereus
= 50 ppmolA] 72417k B9k FHEs} 08 YR FED
o AR AT 2A) Hol7h Y-S Wt
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HAURARNSEMIC)

E. coli O157:H7¢l| T+ A2xirke] ol gis
pH 6.5 2 6004 22 _A_} & &8 A 221 2000 ppm
(2.0 gkg)ll M= ‘%%01 ] E)2] gkorom, pH 55004+
1500 ppm, pH 5.0 500 ppmollA] & 4| =] Sl THTable 3).

Staph. aureusol] T3l A2W4ke] HLUSAA T

pHS55, 6.0 2 65Me 2F9 AHUsE7]EQ] 2000
ppmoll A H5& A8l £33 21, pH 5.00 A= 1500
ppmoll A A BATH. =, Staph. aureus2] 7% I EA

GdEEo o= vt ® E coli O157:H7R Y 1] A &Aool 9l
21 cH(Table 4).

A2 dA v} AEFHMES ] mEE A
SAAF] HLo] 2.0 gkg(2000 ppm)O 2 A FE 2 gl O
o2 ¥ E AT M 7 pHE R i 2.0 ghkgollA 15, 1.0,
0.5, 0.25, 0.125, 0.0625, 0.00313 ghkg © 2 2uchA|A 8] 4]
3l zt ujR)ol] A7}ale] AEsIgnt. Az AL A Aktol

Table 3. Minimum inhibitory concentration of sorbic acid
in E. coli O157:H7

Conc. of sorbic acid in E. coli O157:H7 (ppm)

H
P 15.6 31.3 62.5 125 250 500 1000 1500 2000

50 44+ 44+ HHE A A - - - -
5.5 444+ 4+ 4+ A+ .+ + - -
6.0 +++ +++ +++ ++H+ HHE HH+ HHE 4+
6.5 +++ +++ HH+ H++ A A AR

The symbols in this table were same as those of Table 2.

Table 4. Minimum inhibitory concentration of sorbic acid
in Staph. aureus

Conc. of sorbic acid in Staph. aureus (ppm)
15.6 31.3 62.5 125 250 500 1000 1500 2000

pH

5.0 +++ 44+ +++ HHE A+ 4 - -
5.5 +++ +H++ .+ . HHE AR+
6.0 +++ +++ +++ +HH+ A A+
6.5 +++ +++ +H+ 4+ .+

The symbols in this table were same as those of Table 2.

U 3714 2aREA e a8 gloy I 9f Aldely
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wir e 058 v e AYEAE o]gHo Haju ¥
H2 et G2e don dEA Jek? fo 4
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A E. colioll Wd Agvlake] HAMSAATES 27|10 #
I #AIGle] 1250 ppmo|Artar Haste] £ A3 e 2000
ppm Foirlo = i F2lo] A =] gro} 2ozt Y=
ol AEIFT9 zpolof g H oz YzZhHT,.

aLx
h=

E. coli O157:H7 L Staph. aureusOf| Cist 7| EAIT} A
2o HE HE|AQ] HAUFANSZMIC)

E. coli O157:H7¢] thste] pH 6.594] 71EALY] E %
0~2000 ppm 2 AZH2b F5 0~2000 ppmol| 4] ThoFsk
Wale eyl 71 EAF 1000 2 2000 ppmol M= 42
HIARS- 250 ppm H7VEES wf AH o, 7| EAF 250
2 500 ppmoll A= 500 ppmo]|$].2.H, 71 EAL 125 ppmaf A
1000 ppm ZZ&]32 62.5 ppmeliA= 1500 ppmo]|ATHTable
5). pH 6.001 A = 7]E4F 500 ppm o] ol X = AEHALS H
7FshA] ghoti F2)8hA] Fskom, 7| B4 250 ppmoll A A
ZR14FE 250 ppm P& 2] o Ao, 125 ppme]
A& 500 ppm, 62.5 ppmol| A1 1000 ppm, 31.3 ppmol| A=
2000 ppm$: 4871 2] 193-S 1) 1 5] 21 Ch(Table 6).

pH 5.50 4 & 71EAF =5 250 ppm o)Al A AzZH]
RS H7bskA] ot B oA E 9o, 125 ppmo]
ME AR 125 ppm 7SS W A5 A AL
™, 62.5 ppmell A= 250 ppm, 31.3 ppmol] A= 1000 ppm
183 15.6 ppmol| A= 1500 ppmoldt). w3 | EAMS
H7bshA] ks woll= 4294t F% 1500 ppmol| A 2

e

Table 5. Minimum inhibitory concentration of combined
chitosan and sorbic acid in E. coli O157:H7 at
pH 6.5

Conc. of chi- Conc. of sorbic acid (ppm)

tosan (ppm) 0 125 250 500 1000 1500 2000

0 B e S S s S
62.5 +++  +++ - -
125 +++ A+ttt A — - -
250 +4++  HH+ HH+ - - -
500 ++4+ 4+ ++ - - - -
1000 + + - - - - -
2000 - - - - — — -

The symbols in this table were same as those of Table 2.
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Table 6. Minimum inhibitory concentration of combined
chitosan and sorbic acid in E. coli O157:H7 at

Table 8. Minimum inhibitory concentration of combined
chitosan and sorbic acid in E. coli O157:H7 at

pH 6.0 pH 5.0
Conc. of chi- Conc. of sorbic acid (ppm) Conc. of Conc. of sorbic acid (ppm)
tosan (ppm) o 125 250 500 1000 1500 2000 chitosan

0 +H+ AR A
313 +++ A+ A -
62.5 +++ A+ A - - -

125 +++  H++ 4 - - - -
250 ++ + - - - - -
500 - - - - - - -
1000 - - - - - - -

The symbols in this table were the same as those of Table 2.

Table 7. Minimum inhibitory concentration of combined
chitosan and sorbic acid in E. coli O157:H7 at
pH 5.5

Conc. of chi- Conc. of sorbic acid (ppm)

tosan (ppm) 125 250 500 1000 1500 2000

0 +++  HH+ A+ - -
15.6 4+ HHE A+ - -
313 +++  HH+ 4 - - -
62.5 +++ 4 - ++ - - -

125 ++ - - - - - -
250 ++ - - - - - -
500 - - - - - - -

The symbols in this table were same as those of Table 2.

SAAH G THTable 7). 2 S 37°C 9% E. coli O
157:H7 &7} pH 6.0 ©]3}ol| A benzoate2} sorbate2] A7}
FEA7F Ve o 53] 2.0 g/(2000 ppm) A2X1A H7t
Al e FAS ehdE] AAF S-S st B 2Y
A} AR pH 5.000 4 E. coli O157:H7-S 71E4t &
T 500 ppm o)A\ M= AERALS HI)ER] GolE TF
wgo] A F 2o, 250 ppmel A 31.3 ppmoll A <A
Hgloem, 125 ppmoll A= 62.5 ppm, 62.5 ppmol| A& 125
ppm, 313 ppmol|AE 500 ppmo]gior, 15.6 ppmoll A&
1000 ppmol ik, E 7| EAHE WS Gke Wl sz
"4k F% 1000 ppmofi A 2H8-o] A= S tH(Table 8).
Staph. aureus= pH 6.50)| A 7| B4t} A294HS HE-A
2 A] E. coli 0157:H73= @] 7|EAMY] £ 57} 31.3 ppm
olgloll A= AEWIAE 2000 ppmoll M= A A ehoka,
71 EAL B % 62.5 ppm o] Aol e A2 HJ*J% CH
I UHOHE o] Ao ANk Ho= 7B
A ETo odEke WkQtr}(Table 9). pH .001]/\1 Staph.
aureus= pHoll #Agle]l 71EAL = 62.5 ppm 0] Foll A
T AR H7ISHA et B oAERlon, 31.3

(ppm) 0 313 625 125 250 500 1000 1500 2000

0 R R R e - - -
15.6  +4++ ++4+ +++ +++ +++ — - - -
313 +++ +++ +++ +++ 4 - - - -
625 +++ 4+ ++ - - - - - -
125 +++ ++ - - - - - - -
250 4+++ - - - - - - - -
500 - - - - - - - - -
1000 - - - - - - - - -

2000 - - - - - - - - -

The symbols in this table were same as those of Table 2.

ppm olFtol e AZHIARS FHggo g AHrlEteln x|
52 ¢k9kth(Table 10). pH5.501 4% 7]EA 55 62.5
ppm o] Aol = AEHAbe H7)EkA] o}t T uhgo)
o} 5100, 31.3 ppmoll A= 22114 2000 ppm g
71l S ul o] A= ATt 15.6 ppm ©|FpA M= A

Table 9. Minimum inhibitory concentration of combined
chitosan and sorbic acid in Staph. aureus at pH
6.5

Conc. of chi- Conc. of sorbic acid (ppm)

tosan (ppm) @ 125 250 500 1000 1500 2000

0 +H+ A R
15.6 +++ 4+ A A
313 +++ A+t At A HEE
62.5 - - - - - - -

125 - - - - - - -
250 - - - - - - -
500 - - - - - - -

The symbols in this table were same as those of Table 2.

Table 10. Minimum inhibitory concentration of combin-
ed chitosan and sorbic acid in Staph. aureus at
pH 6.0

Conc. of chi- Conc. of sorbic acid (ppm)
tosan (ppm) ¢ 125 250 500 1000 1500 2000

0 e = I o I e s
15.6 B T R o A o 5 S o S
31.3 +++
62.5 - - - - - - -

125 - - - - - - -
250 - - - - - - -
500 - - - - - - -

The symbols in this table were same as those of Table 2.
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Table 11. Minimum inhibitory concentration of combin-
ed chitosan and sorbic acid in Staph. aureus at
pH 5.5

Conc. of chi- Conc. of sorbic acid (ppm)

tosan (ppm) 0 125 250 500 1000 1500 2000

0 e T A e = 5 S
39 +++ A A A
7.8 R T T s s = ot S 0 R
15.6 +++ A+
313 ++  ++ H H+ + -
62.5 - - - - - - -
125 - - - - - - -

The symbols in this table were same as those of Table 2.

Table 12. Minimum inhibitory concentration of combin-
ed chitosan and sorbic acid in Staph. aureus at
pH 5.0

Conc. of chi- Conc. of sorbic acid (ppm)
tosan {(ppm) 0 125 250 500 1000 1500 2000

0 +H+ 4+ A - -
39 +++ - -
7.8 St S o -
15.6 +H+ A A+t - -
313 ++  ++ + + - - -
62.5 - - - - - - -
125 - - - - - - -

The symbols in this table were same as those of Table 2.

HARS H 3R F =S 2000 ppmE H7}sloE S|
2% 9)THTable 11). pH 5,00 A Staph. aureust= 7|

BT 625 ppm o[BIl E £2u14E A7 el
T B2F wgo| AAEden, 31.3 ppmol A 1000 ppm
A A= At

7|E4E Y ASHIA HIXZ|A| Q] A2t S4|2kA
ol 2 228 2= 9l pH 6.5, 37°Ce) 23l A e A
3 79 27)¥EE 10°CFU/mI &0 oM, 7|EAL
1000 ppm3} 500 ppm GE o 2vtk A3 mx|ol e 27)
o 7 S40] AA T} 18A7F o] FRE = 27T FER
th S8 aela A2 His8-3A 21 2000
ppmE H7E3E vl XM 24X 7R = FE 4]0 A FH
AT7E 1 o] FRE AL sk 2eiu 71EAN 4
EZRIMbE e A g Lol ME A ujek AR #F
Aol AAHAAY AbEEATh AA R AZN Hjs &
ko] 7e] 1/109] %2l 250 ppm3} 7| EAF 250 ppmS- HR]
& o] 2= HlAF 2000 ppm THEO|L} 7] EAF 1000 ppm,
500 ppm TEo 2 AMES FHT AN o 53 A

Log No. of Bacteria (CFU/r

4 12 24 36 48 60 72
Tirme(hrs)

—a—chitosan 500
—=—chitosan 260 +sorbic acid 250
—+—control {ppm)

—e—chitosan 1000
—e—chitosan 500 +sorbic acid 500
—e— sorbic acid 2000

Fig. 2. Inhibitory effect of chitosan and sorbic acid on
growth of Eschierichia coli O157:H7 at pH 6.5.

(Fig. 2).

pH 6.5, 37°C2] ZAs}to| 4 ¢] Controltol] Bla] A= HIAl
2000 ppm 5202 H7gh ol Ao A H el = 2}
o]7} gl wHH, 7] EAF 100 ppm, 50 ppm =2} 2] -1} A&
2rdbge] WEAgFdAE 4ol JAHAAY APE
HArhFig. 3). ¢4, 71EAD A2hlibe) a2
pH 5.5, 37°Ce] At A 42414 500 ppm @5 H A
o Z7lol FEAl0] A AT 24413k o FRE A
4= ZAlSlo] 48A]7F o] &&= control T} H|%2EF £FEoF
2134 t}H(Fig. 4). 224 7] EAF 500 ppm, 250 ppm THE
H7AloF M 8A Al 25 3A7E ofufel] FF4lo] ofAls]
AAY AP = S

Staph. aureus®] A 70 F219kAHE Control ol H] )
2814 2000 ppm G50 2 e oA 27T E R

Log No. of Bactetia (CFU/n

Time(hrs)

~u— chitosan 50
chitosan 25 +sorbic acid 2000
—— Control {ppm)

——chitosan100
——chitosan 25
—— sorbic acid 2000

Fig. 3. Inhibitory effect of chitosan and sorbic acid on
growth of Staphylococcus aureus at pH 6.5.
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