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Antibacterial Effect of Calcium Alginate Microcapsule
Containing Chitosan
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The inhibition rate of bacteria growth per molecular weight was higher according as the
molecular weight increased, the rate was the highest at the molecular weight 200,000.
Microcapsule of ionized calcium was able to be produced by molecular weight 15,000, 30,000,
50,000 and 200,000 of chitosan which was dried for 48 hours after melting it in 2% of acetic acid,
adding ionized calcium and controlling pH 1.2. The size of ionized calcium microcapsule was
between 200 and 300 um, the solvency, concentration and the content showed big difference by
the molecular weight of chitosan. The inhibition rate of bacteria growth of microcapsule
designated high in Gram positive, which was high in S. aureus, S. epidermidis and Bacillus subtilis,
low in S. mutans, high in C. albicans in fungi, low in A. niger. The inhibition rate of bacteria
growth of chitosan was comparatively high in Gram positive, low in S. mutans and it showed
high numerical value in C. albicans of fungi. The rate recorded good result at molecular weight
200,000 relatively, there was no difference according to the molecular weight. The inhibition
rate of bacteria growth according to the concentration of the microcapsule increased differently
between 1,000~10,000 pg/ml, it showed antibacterial activity close to the inhibition rate of
growth of chitosan rather than ionized calcium. The minimum inhibitory concentration marked
the highest in the mixture of chitosan and ionized calcium for all kind of bacteria generally,
there was a little difference between yeast and fungi.

Keywords — Chitosan, Alginate microcapsule, Antibacterial, Inhibition rate
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AHo) AMEEL chitosan A 15,000, 30,000,
50,000, 200,0002.2 I=TF|EAlIA BF wgkom,
Ton—calcium 3o)Mlol-S(# £ w7k &it, Japan)
2 2183193 Sodium alginates [BzE WEH St
(B4, Japan)E AHgSI¥on, o 8 A<k S5 &
E IdFAE ARSI

FE

B A M43 #FE FEFaHI RN E B
e & Ay AREE|A 38 Altisle] ARSI
wj E4 Age] ARSI AlX]= nutrient broth
(DIFCO, USA)E A8t

1) Staphylococcus aureus(ATCC 6538)

2) Staphylococcus epidermidis(ATCC 12228)

3) Streptococcus mutans (ATCC JC-2)

4) Bacillus subtilis(ATCC 6633)

5) Escherichia colil ATCC 10536)

6) Pseudomonas aeruginosa(ATCC 10490)

7) Klebsiella pneumoniae(ATCC 10031)

8) Candida albicans(ATCC 36801)

9) Aspergillus niger(ATCC 32656)

Microcapsule2| XX

F|EAS 78 agnate microcapsule®] AE=
Ton-calcium 0.5 g9+ 71EAr 1gE- 2% Z4F 100mlel 3=
Q] FEAL 6.6% FABEMESSAEH 122 F3H]
7 EFgde] WeES A7 ¥ caldum alginate
capsulec] FAE W71X] 5 XSk 3 o
4877y B3P 228382 (0shin FD5508, Korea)3lrt
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Ionized Calctum 05%
Chitosan 1%
|29 Acetic acid 100mt
[ Suspension }

/669 NaOH soln. pHI2:2

[ Neutralization j

2% Sodium alginate

Methanol 150mé

[ Overnight ’
]Filtration

[ Freese Drying(-66T, 5~ 10mmHg, 24hr) |
I

1: Microscoping }

Scheme I—Preparation of chitosan microcapsules
loaded ionized calcium and sodium alginate.

(5cheme 1). Microscopy(ZEISS AXIOVERT-25CFL,
West Germany) 2 microcapsule®] T8 #As|9Ic)

MNZMEARIE &

ol& ZEY 7B e BAE e 23 2 7)
EARE 333 microcapsule® 78 3L nu-
trient brothE test tubed] sl E44%4 J|&
4hE 43 alginate microcapsuleS FEEHE 7z}
7R 3 ANREE 4% v/N)EGA FHED 3 37°C]
CO, 270X 487 7HESE uokabas] A &9l

Nutrient broth 100ml ]
Microcapsule
Ionized Calcium 0, 1000, 5000, 10000 ppm
Chitosan
[ 121C for 30min J

[ Inoculation (4%, v/v) at Gram(+), Gram(-), Fungi T

( Incubation for 37C ‘
[ Sampling 0, 12, 24, 48hr \
( UV/VIS spectrophotometer at 620nm )

Scheme I1—Experiment of inhibition rate of micro-
bial growth.

g vlolazztAe] FHEY 153

2] AS5-E Spectrophotometer(SMART 190DUV,
Korea)ZE o] &3l 620 nmellA optical density® &
AalA ok 2ol o8l Al A &S A3
Aok A 8E A &3 viR]e] F M FA AL F
Aldo g 31990, jonized calcium, microcapsule,
sodium benzoateE HZ&TFLZ R HScheme ID).

Inhibition rate of growth (%)
-_8-9

= x 100
(100-C)

C: Transmittance of control

S: Transmittance of sample

HAUSNASE &

Z} Algo) gigt HA U AR T S-S AN
2] 244 (Agar serial dilution method)®2.2 31
th AJEE #& APA Nutrient agarol] 37°CollA
18712t 5%t 33] AlOujdRt F 0.9% NaClgde=z
A MAA Hjgde] "g=rt ZFETIE
(turbidity standard, F3-& 35%)3 Z2=E 243}
of z}zte] g o = 33Tt

Petri dishell membrane filter(0.2 um)& E3HA|
7 Zzte] A RE F1EARS F% alginate micro-
capsule® 7|Z2o2 3Jk] 200, 100, 50, 25, 12.5,
6.25 pg/mi7t HES 248 dARCR Ml 2
m/¥ @3 B3 Mueller Hinton Agarg 18 mi¥
7180 & 4o 23 F §l9] FYE 5wy AEEF
2 HFsioh ala 37°CeA 18117 MigAIA 7
o] ZAE AAT HATEE Sto 2 FABAT

2ot A IH

Microcapsule2| 0| &t

Az3 AL FEANE FRF alginate micro-
capsuled ¥HE dv) AT A= Figure 17
2t} Microcapsule®] Z71E 217 3,000~3,500
UM FHe 155~174mger, o)A -66°C
10~15 mmHgollM  24A17be%t Fadxs Fo
microcapsule®] Z71E &7 2000~2,5000 pum% L
%L 24~3.9 mgdHFigure 1).

NzZdEdHE

ol BT F)EAS xR, 7| EZH MW, 200,
000)8 33t alginate microcapsule®] Gram(+),
Gram(-), Fungi® A5 X JA &2 Frlst
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Figure 1 Photomicrographs of microcapsules:
before and after freeze drying(x200).

71 913 nutrient brothdl alginate microcapsule®
0. 1,000, 5,000, 10,000 ppm=IAl H7}sla AA] 2o
2 233 Gram(+), Gram(), Fungi®] A8A4%=
Table I~113} Zt}.
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2 AT A dAEE BRI Al A% dAgL 1
HHdTNAN vlmA A JElen, aggAdEe
HE-E WA To2A F1EAe) Qs ul$- &1
o2 Qgo] Asdrhe A T Ba'se syl
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Table I— nhibition Rate(%) of Bacteria and Fungi as a
Function of Molecular Weight of Chitosans(1000 pg/m/)

Chitosan M. W.

Microorganism

(ATCC No.) 15,000 30,000 50,000 200,000
Staphylococcus aureus

(6558 24.0 236 338 393
Staphylococcus

epidermidis 19.1 348 -70.0 80.6

(12228) :

St”Pt“‘z"“"s mutans 416 108 15.8  40.6

Bacillus subtilis
(6633) 50.2 57.4 68.0 83.1

Escherichia coli
(10536) 12.6 12.7 33.2 62.6
Pseudomonas
aeruginosa - 20.7 . 23.3 28.4 60.7
(10490)

Kilebsiella pnewmoniae
(10031) 13.3  21.1 458 90.4

Candida albicans
(36801) 62.1 716 725 855

Apaglie s g4 119 2.3 749

71 EAte] golMgalzel whE dtg/de) HEo|u)

7B e StAd gotEsis 9@ Bx& 5ol 5
23 gqlolgkn YA e, Saito 02 olA
3= E 66%, 79%. 90% L 99%7HA A2 s
o] Fusarium soliniZ e s HAWE AR TS
el A3 0.09%, 90%% 9% 3% 0.071%2] &
=2 g 8945 Jehlo] goEalrt HE5E,
% ojnlxr|7t B4 gargol Srhu Husisith
53] 90% oldel doliEs) 1Bl A It F
£ A EH7} e o, 1 o] de] EolHEalze
A 23 2e)7) gl sl

7B 2 O G375 REE] AEREA 950
o tigle] ASAAEHE viehdthe Akalo] 1979
Allan and Hadwiger'Ve] Hg¢o2 Bad oz
1984'4 Kendra and Hadwger'?¢] <J3) ©l-% ®&s}
A WA MEPE 71 EA] sl oe i3
I (Escherichia coli)2] 44 n|X)& g S-FHIA)
(&% 1%, BE 1% L I3IEF 0.5%: pH 6.0)°1
A AES AF F1BEARE 0.02% ©)1F A7)3198 o
E. colie] A5% 3] ARt Byt

ol 4T} 2ol 71EAe] Al i ATECNAM,
F1EARS B2 ol 9] o) E gHh3ka 9ol
olo] Mol MEHe] RS So| &7} SolHoz
sl Aite] 328 9AE 4 e, =3t 7]
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Eilo] AGd Ao EAFE /RN ISR 21 8
4L B} aRHolgt & 4= Qi)

FMENDE 71 EA Bol 8] E. coliol|tat 283
28 HQ3#Q) Fusarium solini 2 F. oxysporum 2%
ole] tigt A& HEZ A ExlFgo] B J|EA
3l EolA FHEEAr} o A3A velger, o1 &
AL J1EAL AAET ¥ 581991, A ®3isA)
R T BA Rl Be FIEANL Ao e 2y
ABHE HYrtn i) ol 2 A 7B
o] RS 1 Al A4S wetha e =
Atk &, 71EAe] 40~50mg BdF/g 7B AR
2 AGeHA BaAERE o P AR e b
Eiiglon, 1 o] B/t APEAE = 23]8
e o] F2EA hdthes AHlE o 4 9l

ZYe BAR )0 BE 7|EXe 3R s AE
g 23, EA% 2,800,0009 2EAF 71EARE 2,000
ppm® FEZ TS F4E dAAE F UL

o, Bl ‘Belg Aspergillus CHSS} Penicillium

CHS2 @57} Askele 7|EAT B84 7ig-Esl
Al B2 40,000~100,0002] 71EA 2851804
< ok 20uR71 d el o] FhElvha st

ol 2L h)gRitoll Uit AT Table 19}
2}, 0|23 dge] ATAFIAEe TRYA T
A A VERFEH], S. mutans 2 B. subtilisol|q =
< FXE BAFa, AddMe C albicansolA &

& F2RE e ek S, mutansE A €]
g agal 23T 2ok w4 JEk e,
AddXe C. albicansoX EL& F& YepdAct
(Table ID).

ol ZHS A 7 FAE BAAET F £4
3lo] mEETE R vhE AFo2N 3 ZTRATH,
AT, AGd, AEFaT Sl Ui Fazhse] B
2950 9131, Saccharomyces®S YN EX D As-
pergillus&-& AG FFo] Foll e S FAL&
ol A Sloir ZF 2 Fe] HEAZ HFE % o}
Yt AU ZFREANZAME 1 o8 7FsAo] FolA
2 Yk

7Bk A wlyjZe] 4 dod rheidel B
2 B AT o2 YA FEA0
DEA B9 o] MFEAS] IS FP37] W'
o dojue Aoz AYAFFEo] £ LElude
AZo) o8] ol ¥ ARE HAAE = 3L
< Aolth ‘

Z AAR F2T ZE3slFES AV agFos
F5A7171 fleire 71EAY 22lnes Aol#el 1%
23l Asizes I AN CEA Susd
tkn Baslgen ¥ B A3 dulele ARSI

Qralgkike v A B tisle] A ahea WA R %}
2 7Y, =8k visld A8_e7 aAw
pHoll 93+ g3k ®o] W=t} pH 40]3lo A& B

Table I—Effect of lonized Calcium, Sodium Benzoate and Alginate Microcapsules Containing Chitosan on the

Inhibition Rate(%) of Bacteria and Fungi

Microorganism (Chitosan M-8 550.000) fonized calcium bengoate
1,000 5000 10,000 1,000 5000 10,000 100
Stuphyl%%ogggi aureus 21.0 34.2 53.9 25.9 37.0 6L.5 65.1
Staphylocgzlzcztész 8e§;idermidis 50.4 62.6 65.7 42.0 46.6 64.2 74.6
Sf”?’f"c(gcgf;)m”t“"s 15.0 20.7 25.6 80.3 80.4 87.5 19.0
Bacilus, subili 31.9 55.5 75.2 63.9 70.6 82.2 70.6
Eocherichly coli 38.7 43.9 67.6 12.6 28.8 49.2 33.4
Pse“dﬂ"‘&"gjgg‘jf uginosa 20.7 31.9 75.0 37.4 54.5 63.0 49.2
Klebsiel(ltllo%gfil;monMe 98 4 40.3 50.6 17.0 36.1 43.4 46.0
Candids alicans 70.7 76.5 76.5 70.7 73.1 77.1 7.1
Aspergilus miger 58.3 68.3 72.8 11.3 37.3 37.7 32.1
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wEh o] HERE ThE A% REad e

Hlsfel Bl Slajol HREAS vehhe AYe S

% siek : S '
Qraapt LHES-S ok apdol) wlsle] o1 &@o] o)
A2 ARt AR FHA ort, Bell & Howg A}
&3p719] At 27177t AT} Zon,
AFFE G2 F 3l 2N 7Y S B

2 el 28 4BLFS RESE 22} G

Aol Hlgke] 1 Bo] diAR o Ao e gelA 9
o}, heRke BAo] HlmA wa, ® A Wid) A
Aol= 21 go] glo] wpagc} ¥

ol2ZE J|BA ERES dHadE I
98 oleg, TEAT FHEL vlm A@sATh
1 A3E Table T3 2t}

oledg FIEAS] B FRHo| ojBH
9=} F1EAHMW. 200,0000E5e] R} o
2T 7B B AN BE Fo] g o)
24=817 VEhEtH(Table ID).

FNEALe iR AR Fgole) Z4e dAE
= Aow A ln, ol I XTATE,
AE, AT, FEFLF 5 A 71 Tol Ui &

Table III— Compos/t/'oh of Inhibition Rate(%). of lon-
ized Calcium, Chitosan and Their Mixtures in Alginate
Microcapsules for Bacteria and Fungi

Microorganism Tonized Chitosan ]
(ATCC No.)  caleium i~ Mixture
Staphylococcus: aureus = -
(6538) 61.5 39.3 65. 1
Staphylococcus R
e;fi:%rmidis 64.2 80.6 84.3
(12228)
Streptococcus mutans. .
02 87.5 - 17.0 86.3
Bacillus subtilis.* - EE
(6633 822 83.1 83.6
Escherichia coli - y
(10536) 49.2 62.6 70.4
Pseudomonas
aeruginosa . 63.0 60.7 69.2
(10490) .
Klebsielln pneumonige N
SH (10831) - 43.4 90.4: s 96f0
Candida albicans :
(36801) 7.1 85.5 87.1
Aspergillus niger
35656) 37.7 74.9 79.1

TAgo] 7] W] o2 AEEo] 71BN o]

Zg Y] FHEE FSATIE Aoz Aladh
W, 7| EAS oiREe At Fgolel SHE

JAshe Aoz g7A o] A= e FHEE 7L

LA SRR FdS AR RA B

T HAUES 348 4 dvkm A=k dEpA]
FNEAS JEA B 548 rReRese] o 7l
el g AT 2 FFolo] Fol WAE BIE
Agshe AL Fas

HAUSHXIEE

Z} FFEl] g o] 28gd} 7|EHM. W. 200,
000) 2 71E N} o] AFEEFY NFHLeEE
§<to 2 BAR A3l Table IV Zth,

A& Bg AN Fee FFHoIM ol F|EA,
ol BEA| Kt} 7| EA o] 2dge] E o]
Ha BF AR 2} A e #Hd Es AR
B Staphylococcus aureus<} Staphylococcus ep -
idermidis 5 1@ g7l el ol ZEd 7B
€ 50 pg/mi) vhd 71 EANL o] BHEFAL 250
ng/miz 1.5 pg/mi=z 7 Fa8E epigen,
Bacillus subtilis 5 18pd7rael taixe ol 4+
I} 7182 100 pg/miQl ¥FA 7|EX o] ZaE
gt 50 pg/mi= VERGTY, Kiebsiella preumoniae 5

Table IV— On the Antibacterial Activity Effect of lon-
ized Calcium; Chitosan and Their Mixtures in Alginate

. Microcapsule
Minimum Inhibitory
i Concentration(ng/mi)
Mg —
0., Ionized .
’ calcium 2((%[,.3&) Mixture
Staphylococcus aureus
(6538) 50.0 50.0 25.0
Staphylococcus
epidermidis 50.0 50.0 12.5
C(12228) ‘ .
Streptoc(occus mutans 50.0 50.0 25.0
Bacillus subtilis.
(6633) 100.0 100:0 50.0
Escherichia coli
(10536) »200.0 2200.0 100.0
Pseudomonas
aeruginosa »200.0.  1200.0 $200.0
(10490)
. Kiebsiella pneumoniae
‘ 10031) - 50.0 IOO.Q 50.0
Candida albicans ;
Aspergillus miger 30000 )200.0  200.0

(32656)
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of adgATtd teiME 7)EAEL o]l e 50
Hg/mi%l W chitosan® 100 ug/mlZ SHFALS
Vel il e Escherichia coli$¢ Pseudomonas aeru -
ginosa 59 2S940 29 Fgold e e
71EAY, o] ZE 9 7)EAN o] AFEF nE
200 ug/m] ooz FPtEIYL WA Vel
(Table IV).
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& g vlo]a g S A 23 F o5 P}
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AE-g oty 9 7| B4l vlw HES A
a3k Ao}

1. 71EAt BAE Al A3 GAle-& Bxlgo]
VLS 22 AT Y dAES Ben, 21
200,0000014 71 =& AEAZAAE 5t

2. o3} Age] wlolaz AL ExbE 15,000,
30,000, 50,000 2 200,0009} 1AM 2% At =
o1 o] 23} AHE 7Isl] pHE 1.28 2Hslw, o
U7 T A BAARG o 2H AT 5 YA

3. o3} FF mpo|aRMA] =7 200~300
Hmolom, 7| EAL Bxlago] we} o oigt &),
AT 2 3 So] E FolS Yehigich

4. vlo|ARZMAL) Nt 4 JAE&L 21T I F
ANX A Jelt=dl, S. aureus, S. epidermidis =
B. subtilisol| A =9k31, S. mutanso| A= A et
o, RdXe C albicansd| A =4 e, A
nigerol| M= #2313 Th,

5. o] 23} Aol MPAFAAELS THWI A
=A e, S. mutans 2 B. subtilisol A =&
TAE HoAFHa, AgMe C. albicansolq &
TFRE YERAT.

6. 71 B4 A dA &S a7 A FollA 1)
oA A Yoy, S mutansol| = AxE 1,
Aol C albicanso)A] L& F8 Ro29=
o, BAFF 200,000004 ¥4 £ A4HE e
Ot BAjge] b felde glioh

7. melFEAle] B wE AlFAgAeS
1.000~10,000 pg/miclA f243 A Frteiion,
olesl ZAFRE 7|EA] AL e g
85 e

N

oy of

8 H& Ug Ax sv Addo R vE o o
ANe 7B ol d¥e] Eqale] J1E Egke

| FRe F9o]= Wxjor} vEhA] &gkct
ZHALY| 2

o] EEE 19983 Yt BeAT ZAu
Sfsle} psIgom oj] =G,
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