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Abstract

The purpose of this study was to investigate the optimal condition to prepare N-acetylchitooligosaccharides
from chitosan by an acid mixture of trifluoroacetic acid and formic acid. In the meanwhile, analytic method based
on HPLC and the effect of microbial inhibition were also studied. N-acetylchitooligosaccharides with DPs=1-6 could
be differentiated by an established HPLC method within 38 min. The logarithm of the retention time correlated
linearly with DPs of N-acetylchitooligosaccharides. Hydrolysis of chitosan by triflouroacetic acid and formic acid
(2/1:v/v) mixture were carried out at different temperatures for vary time duration. The data showed that the content
of (GIcNACc)5 dominated in any hydrolytic conditions. The yield of N-
acetylglucosamine(GIcNAc)1 ,(GIcNAc)5 and (GIcNAc)1-6 increased for increasing hydrolytic time duration.
However, the (GIcNAc)5 level dramatically decreased after hydrolysis at 80 ~ 90 and 100°C for 90 ~ 60 and 20 min,
respectively. These suggested that long time hydrolysis might lead to the loss of (GIcNAc)5. The yield of
(GIcNAC)1-6 was 41.0%, obtained at 70°C for 300 min, but no (GIcNAc)6 occurred. 38.3% of total (GIcNAc)1-6
was found at 80°C for 120 min with only minor amount of (GIcNAc)6. Hydrolyzing at 90°C for 60 min, 54.5% of
(GIcNAC)1-6 , the highest yield, was obtained, and the highest level of (GIcNACc)6 was 3.5% among the processes.
The yield of (GIctNAc)1-6 was 38.8% obtained at 100°C for 20 min. The content of (GIcNACc)6 was lower than that
at 90°C. Collectively, these data indicated that an increasing hydrolysis temperature could cause a decreasing time
duration, to which the highest yield of (GIcNAc)6 was obtained. However, the fact that the yield of (GIcNACc)1-6
and the amount of (GIcNACc)6 hydrolyzed at 100 °C could not be increased, presumably due to the high temperature
effect on degradation of N-acetylchitooligosaccharides. We concluded that the optimal hydrolysis condition was at
90°C for 60 min in this study. A simple inhibition ring test was carried out to evaluate the microbial inhibition effect
of the hydrolysis product. The results showed that the hydrolysis product at 90°C for 60 min could inhibit the growth
of E. coli and Staphylococcus aureus.

Key words: Chitosan, N-acetylchitooligosaccharides, hydrolysis by acid mixture, HPLC, Microbial Inhibition



(chitin) (chitosan) ( :N- )

[1,2,3] [4,5] [6,7] [8,9]
(10]
(11]
[10,12-18]
[10]
[16,18]
[16]
[12-14]
(DPs<6) 11
(N-glycoside) [19,20] B -glucoside
[21] 11
HPLC
()
N- (N-
acetylglucosamine, (GIcNAC)) (N-acetylchitobiose, (GIcCNAC))) (N-acetylchitotriose, (GICNAC)3)
(N-acetylchitotetraose, (GICNAC)y) (N-acetylchitopentaose, (GIcNAC)5) (N-
acetylchitohexaose, (GICNAC)g) Sigma Riedel-de haeen GR
Merck GR
()
1. HPLC
[ 14] 2000 ppm
(Gl ¢cNpc)6 1 (Col umnLilQhr os phsurm 406 NH

x250 rmer ck, Ger mgrCy)l ynthy Rer si GumAPL8R50 mmher mohypersil,

HPLC Shi madlzOu AATC Pump Gr adi ent system
= 75:25
1.0 mL/ min
Shi madzu M6A Photodiodearray , UV=205 nm
po

41



Lou[19,20]

= 551 (viviv) 3mL

250 mL

02 um

(Escherichia coli)

agar)
60 min

() HPLC

(

cellulose acetate

10 20 30 60 90 100 120 180 240

50
5mL

4 mm Whatman 1

HPLC

(degree of polymerizations, DPs)
LiChrospher 100 NHo (column 1)

LiChrospher 100 NH,

0.1795 (DPs) 0.5077

r = 0.9975 [14]

HPLC

(Staphylococcus aureus)

40.2 min

0.1g
70 80 90

3 min

90 30 min
24 hr

38 min

Hpersil APS2(column 2)

300

100

(nutrient broth

90

log (retention time) =

(capacity factor)

Ohtakara and Mitsutomi [22]

36.1 min LiChrospher100 NH2
0.4953 r = 0.9969
(GlCNAC)1_6
1-5
()
1 70
70 100 — 300 min
min 100 g 16 g
28.8% 300 min 41.0%

[13,14]

42

Hypersil APS2

log (retention time)=0.1738(DPs)

115 199 332 551 907 1473

180 min 16-19%

70

240
240 min



80 30 60 90 120 min 70 N-
( ) 120 min 103 g N 70 240 min
90 min 120 min
30 90 min 30 min  15.1 % 120
min 38.3%
90 min
N-
[16]
3 90
90 10 20 30 60 90 min ( )
N- 80
80 60min 10 min  21.8%
60 min  54.5% 90 min  52.5% 70 80 203549
60 90 min 90
60 min 90 min
N- 90 60 min
54.5%
4. 100
100 10 20 30 90 min N-
10min 10049 20 min  16.7 g
60min  39g¢g 05¢g
30 min 20 min 30 min
N- 100 30 min N-
100
90 10 20 min 26.4% 38.8% 90
70 -90 100
N- 30 min
90 N-
(furfural) (hydroxyl methyl furfural) [23] 100
90 60 min
100 80
()
90 30 min 60 min
(E. coli) (Staphylococcus aureus) 30 min E. oli
Saphylococcus aureus 156+ 54 mm 132+ 43 mm 60 min 15.3+ 2.2 mm
13.2+ 4.6 mm G(-) G( [17]

43



[24]

HPLC
90 60 mi n

: NSC 90-2815-C-197-007-B

1.Suzuki, S., Okawa, Y., Okura, Y., Hashimoto, K. and Suzuki, M. (1982) Immunoadjuvant effect of chitin and chitosan. In

“Chitin and Chitosan” Proceeding of the Second International Conference on Chitin and Chitosan, eds. Hirano, S. and Tokura,

S. Sapporo, Japan. P.210. Japanese Society of Chitin and Chitosan, Tottori Univ., Tottori, Japan.

2. Suzuki, K., Okawa, Y., Hashimoto, K., Suzuki, S. and Suzuki, M. (1984) Protecting effect of chitin and chitosan. On
experimentally induced murine candidiasis. Microbiol. Immunol. 28: 903-912.

3. (1996) N- 38-44

4. Suzuki, K., Midami, T., Okawa, Y. Tokoro, A., Suzuki, S. and Suzuki, M. (1986) Antitumor effect of hexa-N-
acetylchitohexaose and chitohexaose. Carbohydr. Res. 151: 403-408.

5. Tokoro, A., Tatewaki, N., Suzuki, K., Mikami, T., Suzuki, S. and Suzuki, M. (1988) Growth inhibitory effect of hexa-N-
acetylchitohexaose and chitohexaose against Meth-A solid tumor. Chem. Pharm. Bull. 36: 784-790.

6. Maezki, Y., Tsuji, K., Nakagawa, Y., Kawai, Y., Akimoto, M., Tsugita, T., Takekawa, W., Terada, A., Hara, H. and
Mitsuoka, T. (1993) Hypocholesterolemic effect of chitosan in adult males. Biosci. Biotech. Biochem. 57: 1439-1444.

7. Miura, T., Usami, M., Tsuura, Y., Ishida, H. and Seino, Y. (1995) Hypoglycemic and hypolipidemic effect of chitosan in
normal and neonatal streptozotochin-induced diabetic mice. Biol. Pharm. Bull. 18: 1623-1625.

8. Tsai, G. J,, Wu, Z. Y. and Su, W. H. (2000) Antimicrobiol activity of a chitooligosaccharide mixture prepared by cellulase

digestion of shrimp chitosan and its application to milk preservation. J. Food Prot. 63: 747-752.

0. (1993)
74-88
10. (2001) 776-
787
11. (1999) 1-6



12.Capon, B. and Foster, R. L. (1970) The preparation of chitin oligosaccharide. J. Chem. Soc. 6: 1654-1655.

13.Rupley, J. A. (1964) The hydrolysis of chitin by concentrated hydrochloric acid, and the preparation of low-molecular-
weight substrates for lysozyme. Biochim. Biophys. Acta. 83: 245-255.

14.Chang, B. K. L., Lee, J. and Fu, W. R. (2000) HPLC analysis of Nacetyl-chito-oligosaccharides during the acid
hydrolysis of chitin. J. Food Drug Anal. 8: 75-83.

15.Cheng, C. Y. and Li, Y. K. (2000) An Aspergillus chitosanase with potential for large-scale preparation of chitosan
oligosaccharides. Biotechnol. Appl. Biochem. 32: 197-203.

16. (1996)
874-883
17. (1997)
596-611
18. (2000)
239-247

19.Lou, S. N. and Montag, A. (1994) Change in the nucleostatus of mushrooms during storage and thermal processing. Dtsch.
Lebensm. Rundsch. 90: 278-284.

20.Lou, S. N., Lin, C. D. and Rainer, B. (2001) Changes in purine content of Tilapia mossambica during storage, heating and
drying. Food Sci. Agric. Chem. 3: 23-29.

21.Kuehn, Th. and Steinhart, H. (1989) Kurzzeit-Druckhydrolyse zur monomerenbestimmung von Nahrungsfaser. Z.
Lebensm. Unters. Forsch. 188: 7-10.

22.0Ohtakara, A. and Mitsutomi, M. (1988) Analysis of chitooligosaccharides and reduced chitooligosaccharides by high-
performance liquid chromatography. Methods Enzymol. 161: 453-457.

23.Bdlitz, H. D. and Grosch, W. (1999) Food Cnemistry, pp. 252-254. Springer-Verlag, New York, U. S. A.

24.Sudarshen, N. R., Hoover, D. G. and Knorr, D. (1992) Antibacterial action of chitosan. Food Biotechnol. 6: 257-272.

91 09 10
91 09 26



70

Table 1. Distribution of various N-acetylchitooligosahharides produced from chitosan

hydrolyzed by a mixed acid solution during different time duration at 70

(9/100g chitosan)

Time of

hydrolyzation (GIcNAC)12(GIcNAC), (GICNAC) 3 (GIcNAC) 4 (GICNAC) 5 (GICNAC)g  Tota b

(min)
100 1.3¢ 6.0 35 4.0 4.2 -d 19.0
120 2.3 11 51 4.1 5.6 - 18.2
180 33 14 2.0 15 8.3 - 16.5
240 52 2.4 2.6 2.6 16.0 - 28.8
300 13.0 39 4.4 34 16.3 - 41.0

a

(op

o O

(GIcNACc)4: N-acetylglucosamine, (GICNAC),:N-acetylchitobiose, (GICNAC);: N-acetylchitotriose,

(GIcNAC),: N-acetylchitotetraose, (GICNAC)5: N-acetylchitopentaose, (GICNAC)g : N-acetylchitohexaose
Sum of (GIENAC)4 .6

Mean value of duplicate.
Not detected
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Table 2. Distribution of various N-acetylchitooligosahharides produced from chitosan

hydrolyzed by a mixed acid solution during different time duration at 80

(g9/100g chitosan)

Time of

hydrolyzation (GIcNAC)12(GIcNAC), (GICNAC) 3 (GIcNAC) 4 (GICNAC) 5 (GICNAC)g  Tota

(min)
30 2.2¢ 12 1.8 1.6 7.0 13 15.1
60 4.3 2.3 3.2 2.7 10.3 -d 22.8
90 7.4 4.6 6.4 34 10.6 1.0 334
120 10.3 7.0 6.8 59 8.3 - 38.3

@  (GlcNAC),: N-acetylglucosamine, (GIcNAC),:N-acetylchitobiose, (GICNAC);: N-acetylchitotriose,
(GIcNAC),: N-acetylchitotetraose, (GICNAC)5: N-acetylchitopentaose, (GICNAC)g : N-acetylchitohexaose

b sum of (GIcNAC); ¢

C  Mean value of duplicate.
d Not detected

90

Table 3. Distribution of various N-acetylchitooligosahharides produced from chitosan

hydrolyzed by a mixed acid solution during different time duration at 90
(9/100g chitosan)

Time of

hydrolyzation (GIcCNAC)12(GIcNAC), (GICNAC) 3 (GICNAC) 4 (GICNAC) 5 (GICNAC)g  Tota P

(min)
10 2.7¢ 2.2 2.3 2.3 12.3 2.0 21.8
20 5.2 35 3.6 3.0 15.9 3.0 34.2
30 8.3 4.9 4.6 3.2 23.8 2.0 46.8
60 10.5 6.8 6.6 3.8 23.3 35 54.5
90 14.0 7.7 6.9 4.4 16.1 34 525

8  (GIcNAcC),: N-acetylglucosamine, (GIcNAcC),:N-acetylchitobiose, (GICNAC);: N-acetylchitotriose,
(GIcNAC),: N-acetylchitotetraose, (GIcNAC)s: N-acetylchitopentaose, (GICNAC)g : N-acetylchitohexaose

b sum of (GIcNAC) 4.6

C  Mean value of duplicate.
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Table 4. Distribution of various N-acetylchitooligosahharides produced from chitosan

hydrolyzed by a mixed acid solution during different time duration at 100

(9/100g chitosan)

Time of

hydrolyzation (GICNACc)12(GIcNAC), (GIcNAC) 3 (GIcNAC) 4 (GIcNAC)5 (GIcNAC)g  Total b

(min)
10 6.9¢ 4.7 2.7 19 10.0 0.2 26.4
20 10.0 4.0 3.7 3.9 16.7 0.5 38.8
30 15.3 7.2 2.7 12 6.1 0.3 325
60 20.5 57 2.3 10 3.9 0.2 33.6

&  (GIcNAC),: N-acetylglucosamine, (GIcNAC),:N-acetylchitobiose, (GICNAC);: N-acetylchitotriose,
(GIcNAC),: N-acetylchitotetraose, (GICNAC)s5: N-acetylchitopentaose, (GICNAC)g : N-acetylchitohexaose

b sum of (GIcNAC) 4.6

C  Mean value of duplicate.

90 30 60

Table 5. The inhibition effect of hydrolyse products by 30 and 60 min hydrolysis at 90 on E. coli and

Staphylococcus aureus

Diameter of inhibition ring (mm)

Sample
E. coli Saphylococcus aureus
Control 4.0+ 0.02 4.0+ 0.0
Hydrolyse product 15.6+ 5.4 13.2+ 4.3
a9 for 30 min
Hydrolyse product 15.3+ 2.2 13.2+ 4.6

a90 for 60 min




8 mean valuet S.D. of three determinations

49



mAbs

40| Chl 205nm
-
I
20 |«
|
| w
I e
i
|
o |
I:-:, [ -
- i II - X - S
o |I = @ o o
mot N - o ;
i II [l = = o =
UL AR 5
R INAA N A
0 __,.J'E;I\—\AI AL LA AR Ny S o
0 20 " =
min
HPLC

Fig. 1. HPLC elution profiles of a mixture standards from (GIcNAc)q _g. (Retention time

(min) for (GIcNAc)1: 4.928 (GIcNAc),: 6.858 (GIcNACc)3: 9.930 (GIcNAc)y:
14.950 (GIcNAcC)s: 23.024 (GIcNAc)g: 36.122)
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Fig. 2. Regression linear between logarithmic retention time and the degrees of polymerization of N
acetyl-oligosaccharides (-o -:Lichrospher, -e -:hypersil)
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