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Abstract

Chitooligosaccharides were prepared by enzymatic hydrolyzing of crab shell chitosan. Low Molecular
Meight chitooligosaccharides(LMW -chitooligosaccharides), 64.3% of which was composed of trimer,
tetramer, and pentamer, was obtained by hydrolyzing chitosan with the chitosanase originated Bacillus
pumilus BN-262. High Molecular Meight chitooligosaccharides(HMW -chitooligosaccharides), 49.3% of
which was composed of chitooligosaccharides over heptamer, was obtained by hydrolyzing chitosan with
the cellulase originated Trichoderma viride, Antimicrobial activity and colony forming inhibitory activity
of chitooligosaccharides were tested. MIC of LMW -chitooligosaccharides against Bacillus cereus, Bacillus
subtilis, Candida albicans, Escherichia coli, Escherichia coli O157:H7, Lactobacillus plantarum, Listeria
monocytogenes, Pseudomonas aeruginosa, Salmonella enteritidis, Salmonella typhimurium, Staphylococcus
aureus and Streptococcus mutans was 1.5%, 1.5%, above 2.0%, 1.5%, 1.5%, below 05%, 2.0%, 1.5%,
above 2.0%, 1.0%, 15% and 1.0% respectively. MIC of HMW -chitooligosaccharides against Bacillus
cereus, Bacillus subtilis, Candida albicans, Escherichia coli, Escherichia coli O157:H7, Lactobacillus plan-
tarum, Listeria monocytogenes, Pseudomonas aeruginosa, Salmonella enteritidis, Salmonella typhimurium,
Staphylococcus aureus and Streptococcus mutans was 1.0%, 1.0%, above 2.0%, 1.0%, 1.0%, below 0.25%,
1.0%, 1.0%, 2.0%, 1.0%, 1.0% and 05% respectively. Colony forming inhibitory activity of LMW-
chitooligosaccharides against Bacillus cereus, Bacillus subtilis, Candida albicans, Escherichia coli, Esche-
richia coli O157:H7, Lactobacillus plantarum, Listeria monocytogenes, Pseudomonas aeruginosa, Salmo-
nella enteritidis, Salmonella typhimurium, Staphylococcus aureus and Strepfococcus mutans was 94.10%,
30.45%, 99.99.%, 61.70%, 40.80%, 89.51%, 98.35%, 58.19%, 89.62%, 98.29%, 98.61% and 76.37% respec-
tively. Colony forming inhibitory activity of HM W -chitooligosaccharides against Bacillus cereus, Bacillus
subtilis, Candida albicans, Escherichia coli, Escherichia coli O157:H7, Lactobacillus plantarum, Listeria
monocytogenes, Pseudomonas aeruginosa, Salmonella enteritidis, Salmonella typhimurium, Staphylococcus
aureus and Streptococcus mutans was 65.90%, 68.26%, 99.97%, 73.03%, 33.89%, 100%, 98.87%, 100%,
79.51%, 82.80%, 90.03% and 97.62% respectively.
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1. Chitooligosaccharidese| M|z

0.8% lactic acid 8-l chitosan®) 5%7t H =%
H7Vete] ¢-43] Ho) 2 X3} NaHCO; T84S 713t
o pHE 557t =& A3 ) A" chitosan &
8ol Bacillus pumilus BN-262 &21¢] chitosanase®
whg-ol mig 0.05unit™ 4 7}k 45C oA 3AZHE ST

SAAT e $AL FIEte] B4 EFS
A AL ultrafiltrationd o EF AR sk AE2L
2 chitooligosaccharides{ LMW-chitooligosaccharides)
2 AZsH)

Chitosan 90g®ll 11 9] SH/FE 7Fsted 3087 W
Xgo 2 WHAF] T 01N lactic acid 1 1 & &%H
AzpslE A hAdd] =k 5AZ A3 F 0425M
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2. Chitooligosaccharidese| =41 249
Chitooligosaccharides 50mgoll &vll (acetonitrile :
250mM HsPOy = 4 : 6) 3mlE 7}3te] =o)3 A2

A R X3 3 G4 RS2 membrane filter
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05, 1.0, 15, 20%9 LMW-chitooligosaccharides
EE 025 05, 1.0, 20%< HMW-chitooligosaccha-
rides® 7}t Tryptic soy agar ¥iAlll plate™d 30~
300719 Jgro] A HEE A vj4E 845 25
ANaE3 HYd BE2 484 J= Candida albi-
canss =2 3 (spread plate method) 2.2 HZ 3}
3L 37ColM wlF3tAth. Bacillus cereus, Bacillus
subtilis, E. coli, E. coli O157:H7, Salmonella typhi-
muriume 127 7¥9vo) Candida albicans, Lactoba-
cillus plantarum, Listeria monocytogenes, Pseudomo-
nas aeruginosa, Salmonefla enteritidis, Staphylococ-
cus aureus, Streptococcus mutanss 2421 7varel] At
9] A 25 FFeo 24 MIC(minimum inhibi-
tory concentration, A =x)E FAME G
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Fig. 134 7ttt =, dimer, trimer, tetramer, pen-

Table 1. Conditions for HPLC analysis of chi-
tooligosaccharides

Column TSK-Gel Amide-80, 4.6 X250mm
(TOSOH Co., Japan)

Mobile phase Acetonitrile : 250mM
HsPOs = 4 : 6

Flow rate 0.6ml/min

Injection volume 154l

Detector RI detector
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DP2  OP3 DP4 DOPS DPE8 DP7T DP8~

Fig. 1. Composition of LMW-chitooligosac-
charides. DP2, dimer: DP3, trimer: DP4, tet-
ramer: DP5, pentamer, DP6, hexamer: DP7,
heptamer: DP8~. above octamer: DP, Degree
of polymerization.

tamer, hexamer, heptamer, octamer ©l4te] Z+zt
8.69, 19.66, 23.98, 20.65, 12.46, 877, L30%E TUZ
3~5%1 3ol AA L IF F 64.3%°) B3
Hlw A Fxleo] 22 slghEE FA4¥ chitooligo-
saccharides®] EFEoIh

HMW-chitooligosaccharides®] Z9¢xd¥ g
Fig. 29} Z9tth &, dimer, trimer, tetramer, penta-
mer, hexamer, heptamer, octamer ©]/dol Z+z} 14.24,
1355, 6.59, 7.27, 9.04, 16.39, 32.93% % == 7 oA
Q) Ao AA B IF F 49.3%° @dl= ¥luy B
Ao}l & BHEE FAE chitooligosaccharides®)
EHEIUY.

2. Chitooligosaccharides2| &hmtAd
Al B &aR I chitooligosaccharides®) 3

DP2  DP3 DP4 DP5 DP6 DP7 DP8~

Fig. 2. Composition of HMW-chitooligosac-
charides. DP2, dimer: DP3, trimer: DP4, tet-
ramer: DP5, pentamer: DP6, hexamer: DP7,
heptamer: DP8~, above octamer: DP, De-
gree of polymerization.
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e 43 A= Table 29 294tk & LMW-
chitooligosaccharides®] Bacillus cereus®ll 3 MICE=
1.5%, Bacillus subtilis?l g MICE 1.5%. Candida
albicans®l| W& MICE 2.0% ©l1%, Escherichia coliol
et MICE 15%, Escherichia coli O157:H79Y o gk
MIC+ 15%, Lactobacillus plantarumel W3 MIC=
05% ©\38}, Listeria monocytogenesd ™3t MIC+=
2.0%, Pseudomonas aeruginosa®] ™3t MIC+ 1.5%,
Salmonella enteritidisell ™g MICE 2.0% ©|/, Sal-
monella typhimurium®) ©™$ MIC= 1.0%, Staphy-
lococcus aureus®l ™3t MICE= 15%, Streptococcus
mutans®ll ™3 MICE= 1.0%%t} 3#, HMW-chi-
tooligosaccharides®] Bacillus cereus®] gk MIC+=
1.0%, Bacillus subtilis®ll W&+ MIC+ 1.0%, Candida
albicans® %3 MIC+= 2.0% ©1%, Escherichia coliol
th3F MICE 1.0%, Escherichia coli O157:H7 o st
MICE= 1.0%, Lactobacillus plantarum®) ™3+ MIC+
0.25% o8}, Listeria monocytogenes®| tat MICE
1.0%, Pseudomonas aeruginosa®] &k MICE 1.0%,
Salmonella enteritidis®l W3 MICE 2.0%, Salmo-
nella typhimurium®] W3 MIC= 1.0%, Staphylo-
coccus aureus®] ™ MIC= 1.0%, Streptococcus
mutans®l g MICE 05% % th

o] Aol A 2} 7+o] chitooligosaccharides?t WER =
T FEo wEtd i AAolE HAPSLU

Table 2. Minimum inhibitory concentration
of chitooligosaccharides

2 HFHE YA

MIC7} LMW-chitooligosaccharides®] %% o]§-%-
1.5%, HMW-chitooligosaccharides®] 7% thH1 1.0
%= 3] voket FEAdS YeERNATE T FollA
= Expgko] & HMW-chitooligosaccharides?t ¥4}
#ro] & T MW-chitooligosaccharidesol] H3}te] &t
Aol tha k=l ©)= chitosan @ I A% TR
EL] Aol tig MIC7} 0.1% °lstelARE 7H#-
&7t XY= 5ol Aot st Uchida
sV Bueh @ dxste A

3. Chitooligosaccharidese| 2= &4 XMl &

Chitooligosaccharides= Ho4-S velbd gt of
vzt 224 g4 A €45 veiidoh

Chitooligosaccharides®] F24 34 A &4&
=%t Ax= Table 33 29kt &, LMW-chitoo-
ligosaccharides= Bacillus cereusd W&l A= 94.10%
o] A& &AL, Bacillus subtilisol WA= 30.45%
o A& &AL, Candida albicans®l ™siA = 99.99
%9 A& &AL, Escherichia colidl dsiX = 61.70
%2] A B2, Escherichia coli 0157 :H7ll thai A
= 40.80%¢) A& &AL, Lactobacillus plantarumell
s M= 8951%2) A8 B4, Listeria monocy-
togenesdll s A= 98.35%2 A B4 Pseudo-
monas aeruginosa®l el A= 58.19% < A3l &4 -2,
Salmonella enteritidisdll hal A<= 89.62%2 A3 &

Table 3. Colony forming inhibitory activity
of chitooligosaccharides

Minimum inhibitory
concentration (%)

Colony forming
inhibitory activity (%)

Strains LMW- HMW- Strains LMW- HMW-
Chitooligosa- Chitooligosa- Chitooligo- Chitooligo-
ccharides  ccharides _ saccharides saccharides
Bacillus cereus 15 1.0 Bacillus cereus 94.10 65.90
Bacillus ,éubtﬂis 15 1.0 Bacillus subtilis 30.45 68.26
Candida albicans above 20  above 20 Candida albicans 99.99 99.97
E. coli 15 10 E. coli 61.70 73.03
E. coli O157:H7 15 1.0 E. coli O157:H7 40.80 33.89
Lactobacillus plantarum below 05 below 0.25 Lactobacillus plantarum 89.51 100.00
Listeria monocytogenes 2.0 10 Listeria monocytogenes 98.35 98.87
Pseudomonas aeruginosa 15 10 Pseudomonas aeruginosa 58.19 100.00
Salmonella enteritidis above 2.0 2.0 Salmonella enteritidis 89.62 79.51
Salmonella typhimurium 10 10 Salmonella typhimurium 98.29 82.80
Staphylococcus aureus 15 10 Staphylococcus aureus 98.61 90.03
Streptococcus mutans 10 05 Streptococcus mutans 76.37 97.62
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&, Salmonella typhimuriumd] W8] 4= 98.29% 9]
A&l &4 L., Staphylococcus aureus®l e A= 98.61
%) A &AL, Streptococcus mutansdl) A=
76.37%9 A3 &44-& JeQ ok 8 HMW-chi-
tooligosaccharides Bacillus cereusll thsl A= 65.90
%] A3 B3, Bacillus subtilisl WA= 63.26
%9 Ad &L, Candida albicansl ta)A =
99.97%<] A8 &AL, Escherichia colil WA e
73.03%9] A3 AL, Escherichia coli Q157:H79)
3l M= 33.89%<) As| &4, Lactobacillus plan-
tarumel BIAME 100%< A8 84S, Listeria
monocytogenesd el A= 9887%9 A&l &AL,
Pseudomonas aeruginosa®ll sl A= 100%<] A s)
8218, Salmonella enteritidis®) &A= 79.51% <)
A3 S, Salmonella typhimuriume) thslME
82.80%9° A8 BAL, Staphviococcus aureus®l ™
3l A= 90.03% 9] A3 A&, Streptococcus mutans
oA dallAMe 97.62%9 As E4L Uehidoh
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Chitosan= Bacillus pumilus BN-262 -8-# 2] chito-
sanase® X213} trimer, tetramer, pentamer7} &
A &YIF F 64.3%) D= v AL chi-
tooligosaccharides® F+44 ¥ LMW-chitocligosaccha-
rides® ¥ S12™, chitosan® Trichoderma viride &3
] cellulase® A2} et FHE 7 o]4te] o) A4 &
HAT F 493%° Ll AHog Exjgo] 2
chitooligosaccharides® 1+4¥ HMW-chitooligosac-
charidesE A A2 chitooligosaccharides®] 3+
o3 224 34 A3 €45 SAHSAY LMW-
chitooligosaccharides®] Bacillus cereus, Bacillus sub-
tilis, Candida albicans, Escherichia coli, Escherichia
coli O157:H7, Lactobacillus plantarum, Listeria mo-
nocytogenes, Pseudomonas aeruginosa, Salmonella
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enteritidis, Salmonella typhimurium, Staphylococcus
aureus, Streptococcus mutansoll &+ MIC(H &A1&
F)E 47k 15%, 1.5%, above 2.0%. 15%, 1.5%,
below 0.5%, 2.0%, 1.5%, above 2.0%, 1.0%, 1.5%,
1.0% 2., HMW-chitooligosaccharides®] Bacillus
cereus, Bacillus subltilis, Candida albicans, Esche-
richia coli, Escherichia coli O157:H7, Lactobacillus
plantarum, Listeria monocytogenes, Pseudomonas
aeruginosa, Salmonella enteritidis, Salmonella typhi-
murium, Staphylococcus aureus, Streptococcus mu-
fansell g MICE 742} 1.0%, 1.0%, 2.0% °l4,
1.0%, 1.0%, 0.25% )&}, 1.0%, 1.0%. 2.0%, 1.0%,
1.0%, 05%$3t}. LMW-chitooligosaccharides®) Ba-
cillus cereus, Bacillus subtilis, Candida albicans,
Escherichia coli, Escherichia coli O157:H7, Lacto-
bacillus plantarum, Listeria monocytogenes, Pseudo-
monas aeruginosa, Salmonella enteritidis, Salmonella
typhimurium, Staphylococcus aureus. Streptococcus
mutansl WE FEY FA AHs L gz
94.10%, 30.45%, 99.99.%, 61.70%, 40.80%, 89.51%,
98.35%, 58.19%, 89.62%. 98.29%. 98.61%, 76.37% A
°.m, HMW-chitooligosaccharides®] Bacillus cereus,
Bacillus subtilis, Candida albicans, Escherichia coli,
Escherichia coli O157:H7, Lactobacillus plantarum,
Listeria monocytogenes, Pseudomonas aeruginosa,
Salmonella enteritidis, Salmonella typhimurium, Sta-
phylococcus aureus, Streptococcus mutansell ™ gk &
2Y g4 A8 2492 47 65.90%, 68.26%, 99.97%,
73.03%, 33.89%, 100%, 98.87%, 100%, 79.51%,
82.80%, 90.03%, 97.62% AT},
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