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Abstract: In this study, chitosan obtained after varying extents of deacetylation (i.e., 10%, 30%, and 47%) was
employed to introduce antibacterial properties to chitin. The deacetylation reaction completion, wherein the amino
group content of chitin was reduced, was ascertained from the FT-IR and NMR analyses. The 47%-deacetylated
chitosan exhibited superior antibacterial properties against Bacillus in a disk diffusion test. To further improve
these properties, chitosan derivatives were grafted by acrylic acid and acrylamide. The varying concentrations of
carboxyl groups, primary amines, and —CH,—CH,— with increasing acrylic acid and acrylamide contents were
determined by FT-IR and NMR analyses. The enhanced antibacterial properties of the chitosan derivatives, owing
to the increased acrylic acid and acrylamide contents, were revealed by the disk diffusion test. In particular, the
derivatives with 1.3% acrylic acid and acrylamide showed the highest antibacterial activity, the bacterial reduction
rate against Staphylococcus aureus and Escherichia coli being 99.9%, as observed through the ASTM E2149 stan-

dard test.
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Figure 1. The antimicrobial mechanism of chitosan.®
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Figure 2. Molecular scheme for preparation of chitosan-acrylic
acid and chitosan-acrylamide derivatives.?
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Figure 3. Molecular scheme for preparation of chitosan-acrylamide
derivatives.?
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Table 1. The Composition of the Chitosan with NaOH Content
unit (wt%)

Ingredients

Sample Chitin NaOH H,O
Cs-10 29 9.7 87.4
Cs-30 2.9 29.1 68.0
Cs-47 2.9 45.6 51.5
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Table 2. The Composition of the Chitosan Derivatives with Aa and

Aam Content unit (wWt%)

Samplelngredlents Chitosan icceigc A:?i/élc Acrylamide CAN
Aa-0.6 1.3 96.2 0.6 - 1.9
Aa-1.0 1.3 95.8 1.0 - 1.9
Aa-1.3 1.3 95.5 1.3 - 1.9
Aam-0.6 1.3 96.2 - 0.6 1.9
Aam-1.0 1.3 95.8 - 1.0 1.9
Aam-1.3 1.3 95.5 - 1.3 1.9
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Figure 5. Infrared spectra of the chitosan with deacetylation; (a)
Cs-10, (b) Cs-30, (c) Cs-47.
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Figure 6. Infrared spectra of the chitosan-acrylic acid derivatives
with acrylic acid; (a) Aa-0.6, (b) Aa-1.0, (c) Aa-1.3.
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Figure 7. Infrared spectra of the chitosan-acrylamide derivatives
with acrylamide; (a) Aam-0.6, (b) Aam-1.0, (c) Aam-1.3.
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Figure 9. 'H-NMR spectra of the chitosan with deacetylation; (a) Cs-10, (b) Cs-30, (c) Cs-47.
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Figure 14. Antibacterial activity on the Bacillus of chitosan
according to the degree of deacetylation; 1: 10%, 2: 30%, 3: 47%.
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Figure 15. Antibacterial activity on the Bacillus and E. coli of
chitosan-acrylic acid derivative with Aa; (A) Bacillus, (B) E. coli (1:
Aa-0.6, 2: Aa-1.0, 3: Aa-1.3)
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Figure 16. Antibacterial activity on the Bacillus and E. coil. of
chitosan-acrylic acid derivative with Aam; (A) Bacillus, (B) E. coli
(1: Aam-0.6, 2: Aam-1.0, 3: Aam-1.3)

Table 3. The Result of Inhibition Zone of the Chitosan Antibacterial
Test according to the Degree of Deacetylation Using a Disk Diffusion

Method unit (mm)
Sample Strain Bacillus
Cs-10 1
Cs-30 10
Cs-47 12

Table 4. The Result of Inhibition Zone of the Chitosan-Acrylic acid
Derivative Antibacterial Test According to the Amount of Aa Using

a Disk Diffusion Method unit (mm)
Sample Strain Bacillus E. coli
Aa-0.6 11 11
Aa-1.0 12 13
Aa-1.3 14 15

A% Aatoll A Aa-0.69] JA = 11 mm, Aa-1.0& 12 mm
81 Aa-1.3E2 14 mm=E YJEREAL E colis 3 A Y 4
o)l A Aa-0.62] AA = 11 mm, Aa-1.0& 13 mm 18|31
Aa-1.3& 15 mmZ Aa F7}Fo] F7hete] wheh JAte] =2
717F F7V8t 3L olof| A Fojof Aavt autAoln E3
E. colio]] T3t 3+ a7} ¢ &35t Ao 2 Rt} Figure
16& Bacillus@} E. coliZ ©]-&38F Aam®] %of 2 7| EAL &
TA|9] gt AF ZiolH Table 5= Aame] ¢fof - 7]
EA R =A 9] AAIY 7)ot} BacillusE S3t Tt A 2

Table 5. The Result of Inhibition Zone of the Chitosan-Acrylamide
Derivative Antibacterial Test According to the Amount of Aam

Using a Disk Diffusion Method unit (mm)

Sample Strain Bacillus E. coli
Aam-0.6 12 12
Aam-1.0 13 12
Aam-1.3 11 13
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(2) (b)

(d)

Figure 17. Antibacterial activity on the S. aureus and E. coli. of Aa-1.3; (A) S. aureus., (B) S. aureus+Aa-1.3, (C) E. coli, (D) E. coli+Aa-1.3.

(a) (b)

(d)

Figure 18. Antibacterial activity on the S. aureus and E. coli of Aam-1.3; (A) S. aureus., (B) S. aureustAam-1.3, (C) E. coli, (D) E.

coli+Aam-1.3.

Ao A Aam-0.62] AA = 12 mm, A am-1.02 12 mm ~1
3 Aam-1.32 13 mmZ Aam Z7|gFo| Z7|sto]| ulet
Bacillus @ E. colio] gt AA|It)e] =77} Avtd oz £/}
AR Hol gatAdo] FolES gld 4= ek 22t
Aam-1.39] ZL Bacillus®l| 3t Ao Z7|1= 2358 7
A3} t) ol= Z|BARS AamZ IZE P A9 Aam
1.3%5 713t Aam-1.3+= Aame] I} =3t H72 Q1sle] &
}Ho g OZEDL HA| F3 Aame 2 i F o2 477
o Zojo| Faz <ste] 2o WAL A o
Bacillusol| T3t @=t/do] 235]2 Aot Aoz gttt &
3t Aamo| 12 E H 7| EAF S EA Rt Aavf 2 ZE &
| EAL A7} Bacillus 9 E. coliol] 3 A7} 27] o
£ol B o FRHL 8L BT 5 Uk Et A8
& GobHgs} A T4 7IEAe] B B4 oAl 2
T} Table 37} Aa ¥ AamE 22 E H 7|EA =49} 3
o 5742l Table 49} Table 58] A 27|15 v 2P off 7]
EAF SEAZ} O 2 A0E Holng P340l o 25l
ot @ = it o= A ES} A 7)o dolrt F
7¥ste] Aol B F7FskaL ol ot S0 Tad AYE
< T @A Eto] w9 A% AAgo| Z/PFLEN o
o 7 Exo] Urehd o2 malth

gqa3 gMS ke A7 7P 2 Aa-1.37F Aam-
132 7| BEAY S EAE E coli Y S. aureusS AHg35}o] ASTM
F2149 2o mrek A A AINSE 7 2Ha-g Aol thet g7
=242 B3t At TEHEE © 7 B4 S5 3, 7}
= TS Eel Aa-1.39 g+t A ZTE Figure 17
of JEMNRAL (a)= S. aureus, (b= S. aureustAa-1.3, (c)=
E. coli, (dy= E. colitAa-13S T&ate] vjoFA|zl Aoz
99.9% o AE&9] AE Bt E3F Aamo| I8 ZE ¥
AEAL SEA %, 71 £ FRAE B9 Aam-139] B2
Als A3E Figure 189 YEMIIL (a)= S. aureus, (b=
S. aureus+Aam-1.3, (c)= E. coli, (dy= E. coli+tAam-1.3& =
Wsto] BjFA] AR 99.9% F A& AIE B
ofali7]9] 5 F7he} ol Aa D Aame] EEHS 22}
ZER 2448 FINA 2 400 aw JURe Ao
Fozn B 7 7ag AT} vehd Ao e,

Conclusions

FT-IRZ} 'H-NMRE 53) 71919 ofu|i7| gFo] Zas
= golN e} ukgT} 7| EAR] Aa®t Aame] IEFZE Wk
= AT YEEAS Tl 2o E A 7'
A JAF 27100 YRS mIAA ge A E 5 A 7]
EALO] gobdstE ATt 10%, 30% L 47%E Hgor o
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A HS ARSR Bt A Ao A Dot eI} 47%2]
7| B4 ot E400] 7 E=UTH BotAlE S} 47% 7| EA
I Aa ¥ Aam?] IHZES B3t 7| BAF A9 g A
AAT 71 B4 =AY AAHY 27171 B F17] w&ol &
F A7t o $5as AS Helstan. Ea Aamo] T2t
nE B 7 R4 $EA R At TREE B 7 EA §E27)
of ageiol H F7kste] F AAe) oAl BHE ol G
EAo] 53 AT H Rl 53], Aad] F7FEo] 1.3%Y
71 &t E440] 5T 18] al ASTM E2149 13
AERE Bt A Aol A Aad) F7HEo] 1.3%%F Aam]
710l 1.3%%1 7|EAF SEX|= S aureuse}t E. coliol] o3)
99.9%9] # AL HHH
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