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Properties of Chitosan, PVA, and Chitosan/PVA Films and Evaluation of Their Anti-dispersal Effect
of Botryosphaeria dothidea Spores. Seung-Ji Lee, Dong-Chan Park, Eve Kim', Jae-Youl Uhm' and Yong-
Hyun Lee*. Department of Genetic Engineering, College of Natural Sciences, 'Departrnent of Agricultural Bio-

logy. College of Agriculture, Kyungpook National University, Taegu 702-7017, Korea

— The applicability of chito-

san, a biodegradable natural polymer, as the coating material to prevent the dispersal of the spores of the
apple white rot agent Botryosphaeria dothidea, was investigated. The physical properties of mixed chitosan/poly-
vinyl alcohol(PVA) film showed the increased physical properties for film formation, such as tensil strength,
elongation, and viscosity, compared to either chitosan or PVA film. The FT-IR spectra of chitosan/PVA film
indicated that the film was formed by simple blending not by any new synthetic bond. The chitosan and
chitosan/PVA film showed effective antifungal activity on B. dothidea. The formed films were well decomposed
by ASTM strains used for biodegradability test, on the other hand, the PVA film could not be decomposed
by above standard strains. The field test at apple orchard showed that the dispersal of B. dothidea spores
could be effectively reduced by coated film, especially by chitosan/PVA film. The spore dispersal was reduced
upto 97.0% by 1.0% chitosan/5.0% PVA film during 4 months.
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Penicillium funiculosum(KCTC 2124), 1213 Chaeto-
mium globosum(KCTC 2121)o]%ic}.
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Table 1. Nutrient-salt agar medium used for biodegradability
test of chitosan, chitosan/PVA and PVA films.

—n rrre———— YL rr———— ——

Concentration

Component @/l)
KH.PO, 0.7
MgS0,-7TH,0O 0.7
NH/NO; 1.0
NaCl 0.005
Fe.S0,-7H0 0.002
ZHSO4 * 7H20 00’02
MnSO,-7H,O 0.001
Agar 1.5

Carbon source —

pH of medium; 6.0~6.5.
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Fig. 1. Viscosity of PVA, chitosan, and chitosan/PVA solu-
tion.

A: PVA (5%), B; chitosan/PVA (G.5%/5%), C; chitosan/PVA
(1%/5%), D; chitosan/PVA (2%/5%), E; chitosan {1%), F;
chitosan (2%)

o] M vlx+ PVAY <332 chitosankErt} X
skt _-

2o olxtzrel MEE A=xH= chitosan, PVA,
2] 52 2kE chitosan/PVA " E2] olA7) e 9} AlARS-S
Table 29| “Jehligle}l. 2 &2 A4S eplle A3}
T+ PVA "3Fe] 885.12 kg/cm?, chitosan/PVA = E-o]
739.42~839.76 kg/cm?, 1]l chitosan 2 -E°| 57449
kg/em®’2 PVA HE9] Zxrt 71 4 ebsten,
chitosan/PVA E3}¥ 22 chitosan FE R} Y53
gAtEl QA7 EE Vel gt PVAS 555 3%E
A AP chitosan®] EEEE 1% 4] 202 F7}14]
7] A% 7y Y22 A7} E L 808.28 kg/cm?® 2 739.42
kg/cm*E vERe] chitosan®] &3P} EoldaE
QA =7 FHAE %o |

5o EEd HIAS veplle AlA-EE PVA
HE2o] 332.7%% 1, chitosan/PVA &3}€E-2 8964~
171.85%%31 2., chitosan JFHFL 15.29% 35 iefulof
27tz e] A2 f{ARgE A%E Rt %3 chito-
san/PVA H322] A% chitosan®] &3lzko| F7lx™
AA-go] FhAaye= AgS ehlgdcl olAte] HuE
H-¥] chitosanell PVAE &3 F o224 A7}twe)
AAEH e "3 AL A g eSS 2

I AT 2= E]'
7 Ao

Chitosan/PVA EZBEF2| FT-IR spectra

Fig. 2+ chitosan £9]3} PVA 494 o v]&=
E3tsled Axg FFHFY AEHSE FT-IRE 3
A&t Asjolrh. Chitosan/PVA E33HE2] gspectrat
PVA¢} chitosan Z-E2] spectraol] &3l banduto]
velyes, AF5A AAHE bande FEEZAR] ¢dgkokh
Z 1,665 cm '] bandi+ chitosan S22} 71l amide
band(6}c]3. 1,332 cm !'2] band+ PVA2] C-O band

Table 2. Physical properties of chitosan, chitosan/PVA and
PVA films.

U A S AN

Mixing con- Film Tensile Elon-
Film centration (%) thickness strength gation
PVA Chitosan (mm)  (kg/em) (%)
PVA 5 0 0.127 885.12 3327
Chitosan 0 3 (0.049 574.49 15.29
Chitosan 3 1 0.072 808.28 128.32
/PVA 3 2 0.095 739.42 89.64
5 1 (0.090 81045 171.85
5 2 0.088 839.76  133.32

Measured at 201 5C, 65+ 5% RH.

Film direction: width=transverse direction.

Film thickness was measured with Dial Thickness (Gauge
(Ozaki MFG. Co.; Model G).

Tensil strengh and elongation were measured with Instron
Testing Machine (Shimadzu Co.).



Chitosan/PVA Lf9fE4]

A% A4 vhebhs 3300em |

g5 spole}. ole} e

(IDe]™, 2
o 41 ] band shifting(12)-&-

A7 v|Eo] ol E3FHE O chitosand} PVA A}
olo] Mz SPAYRchE BeY Egt] ofsie] 2
2ol R4E HE o & Ach

ZE20| Botryosphaeria dothideadl| CHSt &TIrtg

(=

Fig. 3¢ A 2% chitosan, PVA, 7223 chitosan/PVA
#3989 B dothideaol| W3t 3A-F34A-& H 537
918}o] nutrient agar ¥} Aol "EFE& ¢l3L B. dothidea®]

EAE A FEFe] 1047 vl kst i?*ﬂ TFAFe] A FALE
dhatst Astolc) HES ¢lx e iFRAY HIHE
o] 7].L-

#Fake] 7o) 13k A Elo] FAbh B el
#as & 9lelw, ® ohE gl PVA 98¢ o2

CE ™y
80
i
™ 40
20

— 13 1 1 T H T d

400¢ 3500 10006 2500 2000 1500 106}
Wavenumbers

Fig. 2. FT-IR spectra of PVA, chitosan, and chitesan/PVA
films.

A; chitesan, B; PVA, C: chitosan/PVA (0.5%/2%), D; chito-
san/PVA (1%/2%), E; chitosan/PVA (2%/2%)
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Table 3. Fungal degradability of films as measured by soft
agar overlay method.

Mixing con- Fungal degradablity™®
Film centration (%) (days)

PVA Chitosan 5 10 15 20 25 30
PVA 5 0 0 1 1 1 1 1
Chitosan 0 3 1 2 2 3 4 4
Chitosan 3 1 1 1 1 2 2 3
/PVA 3 2 1 1 2 2 3 4
5 1 1 1 1 1 2 2
5 2 1 1 1 2 2 2

*Fungal degradability was measured by the degree of fu-
ngal coverage on each film in accordance with the guideli-
nes of ASTM G21-90, 1.e., 0 (no growth); 1 (less than 10%);
2 (10~30%): 3 (30~60%); 4 (over than 60%).

(C)

Fig. 3. Hyphal growth of B. dothidea on the surface of olymeric films.

Incubated on nutrient agar medium at 28C for 10 days.

A: chitosan film, B; chitosan/PVA film (1%/5%), C; PVA film.
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Fig. 4. Hyphal growth of ASTM testing fungi for biodegradability on the surface of polymeric films.
Cultivated on nutrient-salt agar without carbon source at 28C, 85% RH, after 30 days incubation.
A; PVA film, B; chitosan film, C; chitosan/PVA film (1%/3%), D; chitosan/PVA film (2%/3%)
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Fig. 5. Comparison of surface states of apple tree infected with B. dothidea coated with various films.
A, B, and C; in the early stage of coating, D, E, and F; in 5 months later. A and D; coated with PVA (5%), B and E;
coated with chitosn(2%), C and F; coated with chitosan/PVA (1%/5%)
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Table 4. Anti-dispersal effects of B. dothidea spore by chito-
san, PVA and chitosan/PVA coating films during field test
in an apple orchard.

PVA Chitosan

The date of sopre collection

conc.  Conc.

(%) (%) 6 June 2 July 9 August
5.0 0.0 21%(95.9)" 60(94.2)  2,183(85.2)
5.0 0.5 15 (97.1) 29(98.0)  2,572(82.6)
5.0 1.0 12 (97.7) 117(91.6) 450(97.0)
0.0 20 26 (95.0) 818(44.1)  4,075(72.4)
0.0°¢ 0.0 515¢( 0.0)  1,380( 0.0) 14,770( 0.0)

The film coating on apple tree was initially treated on 24
April.

*No. of spores observed in 1 ml of rainwater runoff

b Inhibition rate (%)

“Control without films
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