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Study on the Effect of Blending Ratios on the Antibacterial
Activities of Chitosan/Gelatin Blend Solutions
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Chitosan, second largest biomass after cellulose on earth, has potential for use as functional food package due
to its antibacterial activity. However, due to high melting temperature of chitosan, chitosan films have been made
by casting method. Because gelatin has relatively low melting temperature depending upon amount of plasticizer
added, it was added to chitosan to produce commercially feasible film. The objective of the current study was
to determine optimum blend ratio and amount of chitosan/gelatin blend solutions against antibacterial activities
for extruder resin. Gram-positive bacteria (Bacillus cereus ATCC 14579 and Listeria monocytogenes ATCC
15313) and -negative bacteria (Escherichia coli ATCC 25922 and Salmonella enteritidis IFO 3313) were used.
Paper (8 mm) diffusion and optical density methods were used to evaluate effect of different blending ratio
solutions on the inhibition of bacterial growth. Measured clear zone size ranged from 8 mm to 18.07 mm in
paper diffusion test. For B. cereus, E. coli, and S. enteritidis, addition of 50 uL blend solution (chitosan/
gelatin = 2/8; 0.3 mg) resulted in clear zone on paper disc. In L. monocytogenes, inhibition effect was observed
with 0.6 mg chitosan (chitosan/gelatin=4/6). Minimum inhibitory concentration (MIC) values of B. cereus, L.
monocytogenes, E. coli, and 8. enteritidis with addition of chitosan were 0.1461, 0.2419, 0.0980, and 0.0490 mg/
mL, respectively. These results indicate possibility of producing commercially feasible film with addition of

optimum chitosan/gelatin amount.
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wiger9)l 98lA Hgo2 HI ¥ o]F 19849 Kendrast
Hadwiger3)el 9Jal] ©& &3t WaAHA 718 ] S
A ¥ 2 ZAAA G tig It g AgEHT
ATH10,11). Jo(12)= tiFgol tigh 71EA k] FFA oM B
A 2809k wEA 7| B4 Boke EAHF 10,000-40,000 H
e AERF 71 Eqbe] oF 20uRe] FREAE VMUY B
aetaTy. s FIE4NE Bacillus subtilis, Staphylococcus
aureus, Pseudomonas aeruginosa, Lactobacillus sp. 52| A<z}
Fusarium  solani, F oxysporum, Verticillium sp. Botry-
osphaeria dothidea 91 79 F4& JAghs Aoz 4
Fth(13). Shahidi 5(14y 7B o]#3 @A S dA=
AFol g3t AL ARG BsAT. FHZde
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£ Ao AME3 7| E4Haverage molecular weight 40 KDa,
degree of deacetylation 90%)2 X AJo] A Bio-Tech.
Co.(Korea)= 58 Y4311, A= (elly strength)7} 240-260
bloom?! A2}El-& UNIGEL Co(Korea)lX &t w&t
ZIEAF 8009l acetic acid, E9] 7IAAE AME3 glycerol 2
NaCl2 7Zt7ZF Showa Chemical Co.(Japan), Samchun Pure
Chemical Co.(Korea)olA] UL, B ZFo(distilled
water)& AME-8FS )

ABRE ¥ X

T8 AFolA AN RAES durEe 4ERY 2
B AdoE /K #5558 AH-SIATE. 29X (Bacillus
cereus ATCC 14579, Listeria monocytogenes ATCC 15313) %
388 (Escherichia coli ATCC 25922, Salmonella enteritidis
IFO 3313) AlZES (AHIFFFHY F4 Su|AEREA
E{(Korean Culture Center of Microorganisms, KCCM)ol|A] &
& ity 2y B e FFEL 33 o) Ak Al
A &g B4 N F ARSI &, FA IF9 slant media
ol MigE #FE FaAUelA 1 BFo)E oo, 27d
nutrient broth(MB), brain heart infusion(BHI) #ju}j=x]o] z}z}
HESAL, 37°CAA 24470 F B2 A=l g7(SSI 603
Shinsaeing, Korea)ollAl 120 rppme.Z wid3dle] Table 13} 7+o)
43t A HT

Table 1. List of strains, cultivation conditions and colony forming unit (CFU/mL) used for screening of antimicrobial activity test

Strains Cultivation conditions CFU/mL
Gram(+) bacteria
Bacillus cereus ATCC 14579 NA, 37°C 1.0x 108
Listeria monocytogenes ATCC 15313 BHIA, 37°C 3.6X10°
Gram(-) bacteria
Escherichia coli ATCC 25922 NA, 37°C 1.4%x10°
Salmonella enteritidis IFO 3313 NA, 37°C 33% 108
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Table 2. Blending ratios of chitosan/gelatin blend solutions

Sample No. 3% (wiw) Chiu?san 3‘% (wiw) Gelqtin
solution concentration (%) solution concentration (%)
0 0 100
1 10 90
2 20 80
3 30 70
4 40 60
5 50 50
6 60 40
7 70 30
8 80 20
9 90 10
10 100 0
EEE8Y Xx

B4R Aetd s 2] FHTIA &8ide]l $X 47 o
ol 2%(v/v) acetic acidg Svi2 A8l WA FEA 2
Aol FE5ert 742 3%wwyt HEE 83 38 AP
8kaL, 7EeA QL glycerol 0.9 g2 713 H, THIE FHE 2%((wv)
acetic acid £ R 80-90°CE 71¥9%¥ ZF5 1000mLE =AY
o} o] F1EAF & A2tel 84 hot plate stirreroll A 80-90°C
2 7ttt AA Zzhe) 3%(wiw) T1EA S dete &
8- Az3Ac. 3 AW Zzhe] 3%ww) FIEA 2
el 88 Table 29} 7 EFH| & we} EFEAL =A
st &, EPLER 2HE ] EFLAELS #37)
€ o]83to 6,000 pmellA 287 FREE Al ¥ hot plate
stirerol 4] 80-90°CE A/MEwdt AjAH EFLH-E A=A
(Fig. 1).
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AF8A 2L paper diffusion method(26)0] Wat 2431

. &, 7% petri dishol nutrient agar®NA)9} brain heart
infusion agar(BHIA) ¥iX|& °F 20mL¥ £33l §IAI|Z,
2 Sloll 0.85%(wiv) A ETE 1008 e AdaEy
1 mL3} oju] AZE soft agar(Difco 214010, USA) 9mLE &
EHAA B F SN 28] B8 filter paper disc(8
mm in diameter, Toyo, Japan)E 37 © AL 0|83
AlE8 Hy wix] Yol &%, paper disc®] 7Hed FEL
A e GERAR F EledE AaE £ s0uL,
75 ulE ZH AT 28 g A& 128 ol ¥
T 25 uLE 2zt BFate] 4°CoA 1417 g & 37°C)
A HR oA 2477F FRE wigEIsiTh WiF § paper disc T
o Aol FAHH FHFAo) Ue Ao AU, 2
A& AAI71E vemier caliper(Mitutoyo Co., Japan)& &
L 1=g

Haxdlss &%

HiAHFE 542 NB ¥ BHI vi#] §94& Axslo 4
ZHEEkaae] 60 mLA 53 thE, 121°CHAM 1587 19
T(MLS-3020, SANYO Co., Japan) AlZth FHF€ NB ¥
BHI wiA]ol] &4 A7l #4& 242 1mLE HF3, B
cereus, E. coli R 8. enteritidis TEN+ E3H|&EE E38
Ae zbz} 0, 0.2, 0.4, 0.6, 0.8 mLY¥ H7}513L, L monocyro-
genes= 17 We] dHAYEE B8 EFLALS 77 0, 10,

Chitosan / Gelatin

Adding plasticizer(glycerol)
Adding solvent systems{2% acetic acid

v / heated D.W))

Heating and stirring the solutions up to 80-90T

v

Mixing the blend solutions with blending ratios

Homogenizing at 6,000 rpm for 2 min.

v

Heating and stirring the blend solutions up to 80-90T

v

Testing the blend solutions

Fig. 1. Flow chart for the preparation of chitosan/gelatin blend
solutions.

12, 14, LomLY A7 HT 3 dd3} A 871 A7 NB
2 BHI BIAIE 37°CollA 72A17F B9 Ashlek A)718A4, 19
TUE 4AITF 7+, 2-39L 8A7F HE o g mAEe] ASA
E& UV-VIS Spectrophotometer(OPRON-3000, HANSON Tech.
Co., Korea)E ©]83ld 620 nmollM SH=F 2A3Yct &
£ omL 715 A& FAF(contro) o2 FAIL, FAF B
o FEHEZF W RE A e Foem wusyn
T3 RFOE B2 2%(V/V) acetic acid(FEAhe] AL
#Es7) st Ffo] HEE NB % BHI WiA|o] 2% acetic
acidE 04 mLY¥ et 47iel 22 Wiz A se
& 43t
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Eu o] mME EFEA FFEY] e Asf¥ =
71 2 HAAHEEY #HEL Hoagy TFEAE JeERi
A, 7 AE Ha3ae] fAFHd 2ol HPL SAS(Statistical
Analysis System)E 7 package(27)Z ©|-%3td, Duncan’s Multi-
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paper diffusion method® &% A3, Fig. 2(A, BPlAel 7o)
EFLAE 0L, 75uLE FFARE W Af@e e 8-
18.07 mmE ZAHHAT. WA paper discoll EFmLEE ZHzt
50 L 3T A$(A)E AW EY, 71EA] FErt 0%0)4]
10%(B. cereus, E. coli, S. enteritidis), 20%(L. monocytogenes)
7HAE Ay Fd8E JERIA] GUAR, I F2TF 20%(B.
cereus, E. coli, S. enteritidis), 30%(L. monocytogenes) ©]°42.2
AT E @A) MME] Frtete AEE BT L
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Fig. 2. Antibacterial activities of chitosan concentration (A: 50

pL/disc, B: 75 pL/disc) on the growth of gram positive and gram

negative bacterial.

@: Bacillus cereus ATCC 14579, B: Listeria monocytogenes ATCC
15313, A: Escherichia coli ATCC 25922, V¥ : Salmonella enteritidis
IFO 3313.

monocytogenes= 71 EAYY] FE7t 30%lA S VR
RR T, 2 Asigke] =717t e FUTh wWEbM B cereus,
E coli R S enteritidis #4550 3l d=+84L Jepl=
Egade) EFHELS chitosan/gelatin=2/8019, 2w FFF
48 Jehlle 718 Ao 03mgl 2 =AU =
3t L. monocytogenes®ll tidi-= E3H]&<] chitosan/gelatin = 4/
60193, FHEEE vERE 71EAS] MR 0.6 mgel3th.
Paper discol &M Ztzt 75 L8 #53 HA$B)=
FIEARS] §Fo] 10%(B. cereus, E. coli, S enteritidis), 20%(L.
monocytogenes) ©|7F 2 Z718tel wel 50 uLE EFPL o
o} A2 ol MA3] Frkeke AEE e
I, 714t Eg8-Ae] EH|Eo| chitosan/gelatin=7/3
AN E colidl Wdtd A A7]7t 18.07mmE 71E 2
Sa8AdS JehdY) L monocytogenes$t E. coli®] 3% A
sigte]l =717} Z+zh 12.10 mm(chitosan/gelatin = 2/8, 71 &4 A
& 0.450mg), 13.20 mm (chitosan/gelatin = 1/9, 7| E4¥e] Al
#F 0225 mg)2 50 uLe] EF-&-H(chitosan/gelatin = 8/2)B T} 7]
Bl B2 IR0 488 A= B2 FHBAHS U
t}. o]R& L monocytogenesSt E. colidl 50 uLBTh B& 75
pLE FFEoEN JABAHE UL Ue 7IEAS g
=7t webA] olg} ke Ayt £4E ZLSE AR
oA F1EA ] FHEHE UEE AL JIEAS 24
Fgodlo] GajAIzlo BN olu)=rl7b 24 2 HEsK o
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Fig. 3. The minimum inhibitory concentration of blended
solution (A: chitosan/gelatin = 50/50, B: chitosan/gelatin = 100/0)
on the growth of Bacillus cereus.

@ control, $: 0.2mL, A:04mL, A:0.6mL, B:0.8mL, [1: 2%
acetic acid 0.4 mL.

EEIENH) FEE H7) uiel gF84e zett &
FaE ] gL 7B gradrt B ER 2 fU]) ®
= F7140 g gasjEojopyt iyt UePd 4 ke
AL & F Aok EI NEARE AP EAsle Be
biopolymers S %= w9 ZEA polycationic amineS 7H]
T 9l7] wRel Aol AXYe EAse 20l AR}
o] 2A%E FAslH M FAE JAE F . FIEAY
gl sk J4lo] gl meEhA 7| 8Ate] gt wlFhY
& Welele A7t 8ol o]FoXaL St Tokura F(28)
Y "ol ARERE 438 FEA 7B S 7)F
o] Alxde] AYH 7Bl IR HES 7] wio]
3 F2s90H, Liu 292 E colidl W3t 7 EAT} car-
boxymethylated chitosan®] ¥#2H8- H8S FalA FET &
2lxme] 84S AEWe 7B ] 353k DNAY A
AH(transcriptionyg Wal|3}7] wiEolglar g5l 3 Hwang
TG0 71EARE A AEXZFE ohE, il 27h o)
< 5ol AT AE oz fEHe AL #EASL ARy
B9 FEXErE 71EA Y] daadel dHS dAde o
EPAT et o] AEW EF fF32 dol24E 7=
7B o] Ao FalA AFTFoEN AE:He 7 g
7t Byse] B4 F34(permeability)e] 7117 wj&olg}
I B o2 % g wiyES A A 7R U

E 4k BE Aldy AXYE FASIT e Aol
U el So] go|eAor olsle HlFe HeEFe A3}
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Fig. 4. The minimum inhibitory concentration of blended
solution (A: chitosan/gelatin = 50/50, B: chitosan/gelatin = 100/0)
on the growth of Listeria monocytogenes.

@: control, O: 1.0mL, &: 1.2 mL, A: 1.4 mL, M: 1.6 mL, (J: 2%
acetic acid 0.4 mL.

2 FHo glon FEAe Fxld 3 Jle oprer]E
At A Fol2spluz o]HF FEAG WEES] A
ANHY Ao st gL AfErt FEEH F4
ol JA=H, AAH oz A7 &L Adrhe A ke
shbe ARASE 71BN AEWE JFste] DNAS] HA
€ Belat] "ol vAEe 43 ARt RAojrh. £¢
AEHo] Folog s e PldEC] 7B gl
23} 8 olr|wrld ArlHos FEIM HL ol mAE Al
et 39 JAEe Szt FEARI WS Alxte 24
o] A} UFE FH=E sl Fa@Ae] vErdthe
Ro|A, o] 37HA] ¢ B B4 ol 4ol A%
e Z%he 2 7htes S it

Efgde| HAXMET

71EA  Apde] EFHEHA F1EANS] Hvbskel wE
B. cereus, L. monocytogenes, E. coli B S. enteritidis®)| 3
FAEAEE UellE 71BN oA ERE optical density
method2 4% ZAE Fig. 3-62 JERIUT} Fig. 3(A, By
B. cereus F2ol| F1EsbAENES] EFY)Eo] 50/50, 100/0%1
E389L 7tz OomL, 02ml, 04mL, 0.6mL ¥ 0.8mLE
A7¥g Aol Fig 3(A)MA 02mLE 7 M3 24
AT &8 8-S JERIIA R, 2447 ol Fole F
AEA sgF@Ade] YolAth £§ 04mLE F7HE HalTte
02mLE /IR 799} v|REAT, 407K Fa8EE
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Fig. 5. The minimum inhibitory concentration of blended

solution (A: chitosan/gelatin = 50/50, B: chitosan/gelatin = 100/0)

on the growth of Escherichia coli.

@: control, O: 0.2 mL, A: 04 mL, 2A: 0.6 mL, l: 0.8 mL, (J: 2%
acetic acid 0.4 mL.

YeRltiZl 2 o|E2E B cereus 457t EFLY L Hre)
A %& control Bt} 2F ¥ F439ch £FEY 0.6mL
4 08mLE 7R A tolM e B cerewsol Wi w8
3¢ YUY Fig. 3B)Y A% 02mLE 7% A+
€ A7 e ANETES vaA] M 5 da88e
VERAAAITE, 48717+ R 56A17F OlF 2= B cereus 57t F
A FH3e FA48AEE JYERA 2 welM B
cereus®l] 3 FFEFES UM 71EAY] HAAHsEE
0.1461 mgmLE &Y =AU}

L. monocytogenes®) 73-%-, Fig. 4AIA S} 7o) 7B A g
He] 0] 505020 38N 1.0mLE A7 Helte
12mL, 14mL ¥ LemLE H7ISE A3 Hr) 71E4te] 3
Vex7t RS E B78T L monocytogenesdl thald
240 7F% A A=A EFEY 12mL 2 14mLE
A7Fe AL 48N HA] 18-S AEHH o2 YeERTL 48
AlZF ©1F L. monocytogenes?t FAH AR 5627+ o] Fol=
THA] ZEAEHSA ol FIEA] 93t dF¥Ael7] HuE &
o] Z&AHQ] FAd wE vy FIRe B2 Fo] 7
2E%0 . g £F Fig 4By 71EAbARE &3
&o] 10003 EE9-e FEHE sl HAANEEE
24% Adelr), M4 1L.0mLE H713 AS HWRE
& MTEH & 210§ Ho|A AskAITE 1 ojFde 7
B Fx7t W= B33 L monocytogenesl| thaled
7V e 34 JEMIITE Fig 4(A, Byl 23S Az
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Fig. 6. The minimum inhibitory concentration of blended
solution (A: chitosan/gelatin = 50/50, B: chitosan/gelatin = 100/0)
on the growth of Salmonella enteritidis.

@ control, $: 0.2mL, A:04mL, A:0.6mL, I: 0.8 mL, [J: 2%
acetic acid 0.4 mL).

3 L monocytogenesl] T T84S Uelle 7184
HaAssEe 02419 mgmLE LFERGT

adeA Ale2l E. colie Fig 5AXIM B Azt 7ol 02
mL ¥ 04mLE 718 AH2lFe zhzh 2487 2 3247 o]
Fole 84S UeEA] E3ch v 06mL ¥ 0.8
mLE 71 Mete A A&H o2 52 8
& VERITE 3 Bk} detele] E3Hgo] 10001 &
Fgolg e E H/1S Fig SBPIMe JA71E RE 71E
Ao oA T 84S eI detA E colidl
§ e Yellle 718 HAX8FEE 0.0980 my
mLZ vyepgtch

Fig. 6(A, By S. enteritidisll Wit 7]1E4te] A sTE
248 Axjolt}, Fig 6(AXIA 04 mLE H7IRE XE)ie 44
A o] FAE7E 2 o) Fele TR A FtEF M%)
A =& srEAde JeRIC E8 Fig. 6B BXo] 04
mLE #7188 Aol 1 g dF84E YeET i
M S enteritidis?] E 71 EAHe] HAASFEE 0.0490 my
mLE YELG}. E coli®t S enteritidiss Y-S Aoz
lipopolysaccharide® 0.8 o] 207 9|ut3} gk peptidoglycan
F o]Foix MERL 7R3 313, DNA homology?M E. coli
o} S enteritidise 50%2] FAMIE Ad AHAE AlE0]7]
wo)) FEA W3 da@HErt ¥ Aol ZId A
ok B Addgz 4F 5S40 ue) 71 Al g 3o
7b A5e AT 5 A

B. cereus, L. monocytogenes, E. coli B S. enteritidis®l )3}
o IH4EHE Uelie 71EA] drlkexrt S7idos B
T31al e5|E da@Ae] ik 54S eI Sudar-
shan 531y H7lse 7|EAM] o3 #5:9 &3 o] @ol &
ALrE gadigo] A dehdtiy Histgedl, vdE
Az Age 71EA] w27t F715el et uAE Aol
o] whgo] whsle] F39] FHAMGo] WA EHIA7] 7ol
th32). Hgk F2 24 A9 HAAHFEE AT A,
B. cereus, L. monocytogenes, E. coli®ll th8]4= controls} Y]

Al FelHel Zol7t gle AeR e veEhbA] g3ttt
WHHo) S enteritidis®] 739w WIGA T A 7A = aEA
o

S UeERUAIRE, 827 ol EXE = S enteritidis®l 7ol
control BT} Fo}lx viUA)7F 20A)7HINA = control BT 2
A= 71 A 259 43E FAAMNRAY. ol S enteritidis
b Y Aads ARE o F2 2ite Ao JYHE
o2 EFYVRYE S enteritidis?) A ZAY W pHE
AFe Feg Algdu)

2 o

2 drddMe dHEEE Ade 71548 AR BES
Az g A AR 7B AEg o8t T
YR JEAVAE E5h8oe] g8 S SAsAT A
L8 T3 YUY (Bacillus cereus ATCC 14579, Listeria
monocytogenes ATCC 15313) 2 L¥ -S4 (Escherichia coli
ATCC 25922, Salmonella enteritidis IFO 3313) Al 45Folx,
paper diffusion method®} optical density methodZ SFEE
Uehlie 7B 8] HA E3le % 7|EA
o} HAAHTEE St L3 7| EA] o2 AME-E
2%(viv) ZAte] draAE SAsY. ERuedE Axd
7B EFEH-g o]8-3le] paper diffusion methodZ
paper disc(8 mm)l|l 50uL, 75 uL® BEFAA dFEAHE A
3 A3, Aside 27+ SmmolA 1807 mm=E AU
7B ] FE7F 0%0lA 10%(B. cereus, E. coli, S. enteritidis),
20%(L. monocylogenesytA= A8 84S UERNA %%k
A, 1 FEIY 20%(B. cereus, E. coli, S. enteritidis), 30%(L.
monocylogenes) ©|F 2 EFolPAFE Fet@Aol MAF Fvt
she ATS BYU. L monocytogeness 71EAYS] FE7F 30%
oM FHEFE YENUAAT, 2 AE|Fe] Z7|7t FEEHR
okttt webA B cereus, E. coli Z S. enteritidis &FE°
st R84S Uehlle EFEY9 EFUIEL chitosarn/
gelatin=2/80|9 37, 2 o =&AL Uehle 7B A
FE 03 mg2 2 Y=} T3 L monocyrogenesdl] ThEAH
= EYH|80] chitosan/gelatin =4/60|F 3, FEAHL ekl
= 71EAe] HAHE 0.6 mgelth EFHEHE A=E F)
EdA Y EFEAE o83l 78S YR FEM
o} HAA3F=E optical density method= Z33}e}t. 1 4
3, B cereus, L. monocytogenes, E. coli R S. enteritidis®l| T
g 71EAe] HAAsFEE 2HZE 0.1461 mg/mLl, 02419 mg/
mL, 0.0980 mg/mL 2 0.0490 mg/mLE ZA =AUt L3 2%(v/
v) &4 2H1Y HAASFEEE 24 A, B cereuws, L.
monocytogenes, E. colidl ti3hAE controldh YA} Fojadel
s &3 JERER] Qodkth WA S enteritidis®] 749 Wi
FATE ATl B8-S VERIIAIRE, 8|7 o] TR E
= S enteritidis®] A37F0] control Bt} FobA A7 2047
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