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Abstract. A study was conducted to develop an eco-friendly and sustainable
based chitosan using four types of preparation methods, the efficiency of low
molecular weight chitosan, medium molecular weight chitosan, high molecular
weight chitosan and locally prepared chitosan were investigated. /In vitro studies
showed that low molecular weight chitosan and locally prepared chitosan showed
equally best results in inhibiting mycelia growth and spore germination. Further
studies were carried out to reduce the viscosity of these two types of chitosan
solutions by the formation of submicron chitosan dispersions using sonicator. The
physicochemical properties of both submicron dispersions were determined. The
findings from this study showed that low molecular weight chitosan requires less
energy to produce submicron dispersions.

Secilmis Kitozan Tiplerinden Dagilim Gosteren Submikron Kitozanlarinin Formiilasyon

ve Fizikokimyasal Ozellikleri

Anahtar Kelimeler:

Kitozan, submikron dagilim,
fizikokimyasal ~ o©zellikler,  spor
cimlenmesi

*Sorumlu yazar
e-mail: noosheenag_12@yahoo.com

Ozet. Dort farkli hazirlik yontemi kullanarak kitozana dayali siirdrebilir ve cevre
dostu bir calisma gelistirilmistir. Bu yontemler disik molekdler agrlikli kitozan
etkisi, orta molekuler agrilikli kitozan, ylksek molekdl agirhkh kitozan ve yerel
kitozandan hazirlanan sekilde incelenmistir. In vitro bulgular disik ve orta molekdil
agirlikh olan kitozan ve yerel olarak hazirlananlarin en iyi misel biylime ve spor
cimlenme durdurucu etki gésterdigi belirlenmistir. ilerleyen calismalarda sonikatér
aracihgiyla submikron kitozan olusturmak suretiyle séz konusu iki kitozanin
akiskanligi azaltilmistir. Her iki submikron dagilimin fizikokimyasal ozellikleri
belirlenmistir. Bulgular, bu calismada dustk molektl agirhigindaki kitozanin
submikron dagilim icin en az enerji gereksinimi oldugunu gdstermistir.
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1. INTRODUCTION

Chitosan is a polysaccharide obtained from the
exoskeleton of crustaceans, such as shrimp and crab
shells (No and Meyers 1997). Antimicrobial activity of
chitosan has been detected towards many bacteria,
fungi and yeasts. Several studies showed that the
biological activity of chitosan considerably depends
on the degree of deacetylation and molecular
weight (Ueno et al, 1997). These features have a
great impact on the solubility of chitosan and its
contact with the cell walls of target microorganisms.
These factors independently affect the antimicrobial
properties of chitosan, though it has been advocated
that the effect of molecular weight is greater than
the degree of deacetylation (Sekiguchi et al,, 1994).
The application of this polysaccharide is limited due
to its low solubility in aqueous dilute acids and the
high viscosity of its solutions (Tikhonov et al., 2006).
Chitosan at concentrations higher than 1.5% showed
the limited antimicrobial effect due toits high
viscosity (Davis 2011), Therefore it is essential to
increase the efficacy of chitosan by reducing its
viscosity and surface tension.

Nanotechnology is a new and emerging
technique, whereby the viscosity of the solution
could be reduced to a desired extent. Furthermore,
innovative nanotechnology has been successfully
used for the packaging of food (Traver 2006).
Submicron dispersion isthe class of emulsions where
the droplet size is in the range of 200-1000 nm
(Winhab et al, 2005). These are widely used in
various industries, such as in  cosmetics,
pharmaceuticals, health care and agrochemicals
(Sonneville-Aubrun et al, 2004). The small droplet
size and high kinetic stability make submicron
dispersions suitable for efficient delivery of active
ingredients and for penetration through the “rough”
texture of the skin (Amselem et al, 1998). The
formulation of such a submicron carrier of chitosan
could result in a slow release of chitosan so that
sudden accumulation of chitosan on the fruit surface
and in the plant tissues never occurs. No study has
been reported on the screening of different
molecular weight chitosan against C. gloeosporioides
of dragon fruit plant, formulation of submicron
chitosan dispersions (SCD) and evaluation of
physicochemical properties of SCD. Thus, the study
was designed to screen different molecular weight
chitosans and to evaluate their efficacy against C.
gloeosporioides of dragon fruit plants, formulation

and determination of the physicochemical properties
of SCD.

2. MATERIAL AND METHODS

2.1. Materials

Two coriander cultivars (Arslan cultivar improved
from Coriandrum sativum var. vulgare and Gurbiz
cultivar improved from Coriandrum sativum var.
microcarpum), registered by the University of Ankara,
Faculty of Agriculture, Department of Field Crops on
07 April 2005, were used as plant materials in this
study.

Locally prepared crab shell chitosan (Molecular
Weight, MW 350 kDa; 95% deacetylated) was
purchased from Chitin-Chitosan Research Centre of
Universiti Kebangsaan Malaysia. Low molecular
weight chitosan from crab shell (MW 50 kDa; 75—
85% deacetylated), medium molecular weight
chitosan from shrimp shell (MW 400 kDa; 75-85%
deacetylated) and high molecular weight chitosan
from shrimp shell (MW 760 kDa; = 85%
deacetylated) were purchased from Sigma-Aldrich,
USA. Brij 56 and Span 20 were used as emulsifiers
and were purchased from Merck KGaA, Darmstadt,
Germany and Sigma-Aldrich, USA, respectively.

2.2. Isolation of C. gloeosporioides and
Preparation of Inoculum

Isolation of C. gloeosporioides was carried out
from infected dragon fruit plants (Zahid et al., 2014).
Small infected plant with disease lesions were placed
in Petri dishes containing potato dextrose agar (PDA,
Merck KGaA, Darmstadt, Germany) and incubated at
room temperature (28 + 2°C). In obtaining pure
cultures, the colonies were re-isolated after mycelial
growth was observed and the isolates were
identified on the basis of their morphological and
cultural characteristics. The identified cultures of C.
gloeosporioides were preserved for further use on
PDA slants.

2.3. Pathogenicity Test

Pathogenicity test was carried out with some
modifications of method developed by Melanie et al.
(2004), on healthy stems. The isolated pathogen was
cultured in potato dextrose broth (PDB) and
incubated for 7 days on a rotary shaker at 150 rpm.
Mycelium was removed from the harvested conidia
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by filtering through four layers of cheesecloth. Sterile
purified water was used to adjust the conidial
concentration to 1x10® conidia ml”, determined
using a hemacytometer. Healthy plant stems were
surface disinfected with 1% sodium hypochlorite
(NaOCl) for 2 min. A sterile sharp tooth pick was
used to make 2 mm deep artificial wounds and each
wound was inoculated with 20 ul of conidial
suspension using a sterile syringe needle. These
stems were laid on moist filter paper in trays
wrapped with transparent plastic and incubated at
room temperature for 14 days. Symptom
development was observed and recorded regularly.

2.4. Preparation of Conventional Chitosan
Solution

Chitosan powder (1.0 g) was dissolved in 100 ml
purified water containing 0.5 ml (v/v) glacial acetic
acid using an overhead stirrer (Model: IKA® RW 14
basic, Fisher Scientific Sdn Bhd., Malaysia). The pH of
the solution was adjusted to 5.6 by adding 1N
NaOH, using a digital pH meter (Model: Cyber Scan
pH 510, Eutech Instruments, Singapore). Four types

of chitosan were used for the screening experiment.

2.5. In vitro Antifungal Assay of Conventional
Chitosan against C. gloeosporioides Isolated from
Dragon Fruit Plants

2.5.1. Inhibition of radial mycelial growth

The in vitro antifungal activity of conventional
chitosan was determined by placing a 5 mm
diameter disc from the pure culture of C
gloeosporioides in the centre of PDA dish containing
chitosan solution at 0.5, 1.0, 1.5 and 2.0%. Petri
dishes containing only PDA were used as controls.
All the Petri dishes were incubated at room
temperature (28 + 2°C) until the radial mycelial
growth of the control dishes reached the edge of the
dish. The percentage inhibition in radial mycelial
growth (PIRG) was calculated using the formula
described by Al-Hetar et al. (2010).

Ri—R;

1

PIRG = x 100

where; R; stands for mycelial growth in control
plates and R, stands for mycelial growth in treated
plates.

2.5.2. Conidial germination inhibition test

The conidial germination inhibition test was
carried out using the cavity slide technique (Zahid et
al, 2012).The number of germinated conidia was
counted in 10 microscopic fields in 20 replicated

dishes and presented as percent inhibition. The
percentage inhibition in germination was calculated
by the method of Cronin et al. (1996).

2.5.3. Dry weight of mycelium

Potato dextrose broth (PDB) and chitosan
solutions were separately autoclaved at 121 °C for 20
min and 100 ml of chitosan was added to the PDB
(100 ml) in 250 ml Erlenmeyer flasks. Three mycelial
discs (5 mm) from a 10 days old culture were added
to each flask and incubated at room temperature for
14 days. Pre-weighed Whatman no. 1 filter paper
was used to filter mycelium and dried in an oven at
100 °C for 24 h, and then weighed. The dry weight of
mycelium was calculated by the following formula
(Zahid et al., 2012).

Biomass of control sample-Biomass of treated sample
Biomass of control sample

Dry weight of mycelium =

2.5.4. Viability of spores

Viability of spores was measured using potato
dextrose broth (PDB) containing chitosan as growth
media. A spore suspension of C. gloeosporioides,
adjusted to 200 spores ml”" was prepared using 10
days old culture plates incorporated with different
concentrations of conventional chitosan along with
submicron chitosan dispersions of different droplet
sizes. An aliquot of 1 ml of the suspension was
added to PDA dishes and incubated at room
temperature for 4 days. After incubation, the spore
population density in each treatment was measured
as a percent of sporulation using the following
formula (Al-Hetar et al,, 2010).

Number of spores in treated sample
Number of spores in control sample

% Sporulation = x 100

2.6. Methods for The Preparation of Submicron
Chitosan Dispersions

Submicron chitosan dispersions were prepared
using a new nano emulsifying alcohol free system
(Zahid et al, 2012). Chitosan was dissolved
separately in 0.5% (v/v) glacial acetic acid (Sigma-
Aldrich, USA) and was used as an oil phase. The
emulsifiers, Brij 56 (polyethylene glycol hexadecyl
ether) and Span 20 (sorbitan monolaurate), were
mixed with each other in a ratio of 1:1. The chitosan
solution and emulsifier mixture (4:1) were mixed
together and subjected to ultrasonication in an
ultrasound water bath (Model: Bandelin Sonorex,
Germany) at 25 °C. Subjecting to ultrasound for
different time periods, submicron chitosan
dispersions with droplet sizes of 200, 400, 600, 800
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and 1000 nm were obtained. The droplet size was
measured using a dynamic light scattering (DLS)
technique (Zetasizer NanoZS, Malvern, UK); utilising
an argon laser (A=633 nm) at a scattering angle of
173°.

2.7. Physicochemical
Chitosan Dispersions

Analysis of Submicron

2.7.1. Zeta potential and stability determination

The zeta potential values of SCD were measured
using a Zetasizer (Freitas and Miller 1998). The
stability of SCD was determined by measuring the
size of the droplets in nm at 25 °C and was
expressed in days.

2.7.2. Measurement of viscosity

Viscosity of SCD was measured using a Brookfield
Viscometer (Brookfield LVDV-l Prime, Brookfield
Engineering Laboratory Inc, USA) equipped with
different spindles. The operating principle of the
viscometer is to drive the spindle through the
calibrated spring immersed in the testing liquid. By
using the spindle No. 62 and 250 ml of the liquid in
a glass beaker the viscosity was measured and the
data was expressed in centipoises (cp) within a range
that a torque is required to rotate the spindle for
10% or more by reacting at 100 rpm for 1 minute.

2.7.3. Determination of pH

The pH of the submicron chitosan dispersions
was determined using a pH meter (Model: Cyber
Scan pH 510, Eutech Instruments, Singapore).

2.7.4. Release of chitosan from submicron
dispersions

The release of chitosan from SCD was measured
using the method described by Nitschke et al. (2011)
with slight modifications. Briefly, samples (3 ml) were
dissolved in 100 ml of 1M NaOH solution. The
mixture was boiled for two hours at 100 °C in a water
bath with continuous agitation. The mixture was
filtered and the residues collected were dissolved in
20 ml of 10% acetic acid. The mixture was again
boiled for one hour in a water bath. This mixture
served as the standard solution for chitosan
determination. A aliquot of 2 ul sample of the
standard solution was dyed with 1 pl of 1.0% lugol's
solution and the absorbance was determined at 450
nm using a UV-Vis spectrophotometer (Varioskan
Flash Multimode Reader, Thermo Fisher Scientific,
USA) for 3 min. A standard curve was prepared using
0.5 to 5 ml of chitosan solution.

2.8. Statistical Analyses

A completely randomised design (CRD) with
factorial combination was wused for all the
experiments and the data were subjected to analysis
of variance (ANOVA) using statistical analysis system
SAS® version 9.1. Duncan’'s multiple range test
(DMRT) was used for comparing treatment means
and statistical significance was assessed at P<0.05.
Four replicates of twenty units for each treatment
were used in all the parameters tested and all the
experiments were repeated twice. The differences
between the repeated measurements were tested
using the UNIVARIATE procedure in SAS®. Variations
among different sets of experiments were negligible
and the treatment effect was similar, so the data was
pooled before analysis.

3. RESULTS AND DISCUSSION

3.1. Isolation and Identification of C.
gloeosporioides from Dragon Fruit Plants

This pathogenic fungus was identified as C.
gloeosporioides (Penz.&Sacc.) The fungus was
isolated from anthracnose lesions of the dragon fruit
plants. The isolates grown on PDA medium at 28 + 2
°C for 10 days were identified on the basis of
previous studies (Masyahit et al, 2009) (Fig. 1a). The
fungus had whitish-orange colonies (Fig. 1b), with
acervuli having conidiogenous cells bearing capsule-
shaped conidia (Fig. 1c). Its morphology was the
same as that described previously by Masyahit et al.
(2009). This demonstrated that C. gloeosporioides is
the causal agent of anthracnose in dragon fruit
plants and is the most common fungus causing
latent infections in dragon fruit during postharvest
storage.

3.2. Pathogenicity Test

The anthracnose symptoms produced on
inoculated stems were similar to those found in
natural field conditions. Typical symptoms appeared
on stems after 3 days of inoculation (Fig. 2a) and the
inoculated stem showed severe rotting after 10 days
(Fig. 2b). Similar results were reported by Masyahit et
al. (2009) where they observed necrotic lesions with
yellowish brown centres which later coalesced to an
extensive rot. C. gloeosporioides was also found to be
the causal organism of anthracnose in white fleshed
dragon fruit plants in Florida, USA (Palmateer et al,
2007) and in Taiwan (Taba et al, 2006). In Brazil, C.
gloeosporioides was found to be the causal organism
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of anthracnose in yellow genotypes of dragon fruit
plants (Takahashi et al., 2008).

Figure 1. Symptoms of anthracnose on dragon fruit:
a)Arrow showing anthracnose lesion on shoot, b)Pure
culture of C. gloeosporioides and c)Conidia.

Sekil 1. Kaktls meyvesinde antraknoz semptomu: a)ok
antroknoz lezyonunu gostermektedir, b)Saflasturiimis C.
gloeosporioides ve c)Conidia kulturleri.

Figure 2. Pathogenicity test showing lesion on shoot after
a)3 days and b)10 days of inoculation.

Sekil 2. Govdedeki patojenite testinin a)3 giin ve b)10
glinliik kiiltiir sonundaki gdsterimi.

3.3. Effect of Chitosan on Radial Mycelial Growth
of C. gloeosporioides

Inhibition of radial mycelial growth of C
gloeosporioides was observed after 10 days of
incubation at 28 = 2 °C using different types of
chitosan (locally prepared, low molecular weight,

medium molecular weight and high molecular
weight). The growth decreased significantly (P< 0.05)
by the different types of chitosan at all
concentrations tested as compared to the control
(Fig. 3). The maximum percentage inhibition (almost
92% and 93%) in growth was observed with 2.0%
low molecular weight chitosan and 2.0% locally
prepared chitosan, respectively. Medium and high
molecular weight chitosans also inhibited the radial
mycelial growth of C. gloeosporioides but with lower
efficacies.

Similar results were obtained when chitosan was
used to inhibit the radial mycelial growth of Rhizopus
stolonifer (El Ghaouth et al., 1992) and various fungal
species (Hirano and Nagao, 1989). It is believed that
the antifungal activity of chitosan varies with the
degree of deacetylation, molecular weight,
concentration and pH of the solvents (Sekiguchi et
al, 1994; Guo et al, 2006; Junang et al, 2009). In a
recent study by Hernandez-Lauzardo et al (2008),
the inhibition of mycelial growth of R. stolonifer was
more in low molecular weight chitosan as compared
with high molecular weight chitosan, while the high
molecular weight chitosan affected sporulation more
than low and medium molecular weight chitosan. In
an earlier study, it had shown that a lower level of
deacetylation would enhance the antifungal property
of chitosan (Stossel and Leuba 1984). In addition, the
intensity of action of chitosan on fungal cell walls
depends on the concentration and pH of the
chitosan solution (Stossel and Leuba 1984).

OL ocally prepared chitosan

BL ow molecular weight chitosan
@Medium molecular weight chitosan
BHigh molecular weight chitosan

Perecent inhibition in radial mycelial

1.5 2.0
Chitosan concentration (%)

Figure 3. Effect of concentrations and types of chitosan on
radial mycelial growth of C. Gloeosporioides after 10 days
of incubation. The vertical bars represent the standard
error of means for four replicates.

Sekil 3. Kitozanin  konsantrasyonu ve tipinin C
Gloeosporioides'nin radyal misel biiyiimesine olan 10
glinliik kiltir sirecinde etkisi. Barlar dért tekrarlt standart
hatayt gostermektedir.
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3.4. Effect of Chitosan on Conidial Germination of
C. gloeosporioides

The germination of C. gloeosporioides conidia was
significantly (P<0.05) inhibited by all types of
chitosan tested at all concentrations as compared to
the control (Fig. 4). The maximum percentage
inhibition in conidial germination (almost 89 and
87%) was observed with 2.0% low molecular weight
chitosan and 2.0% locally prepared chitosan,
respectively Medium and high molecular weight
chitosans also inhibited the conidial germination of
C. gloeosporioides but with lower efficacies. Chitosan
concentrations are directly proportional to the
conidial germination inhibition (Al-Hetar et al., 2010).
Studies conducted on cultures of Rhizoctonia solani
revealed that the percentage germination of fungal
spores decreased with increased concentration of
chitosan in the medium and also with the degree of
deacetylation. Zhang et al. (2003) reported that 80%
inhibition of conidial germination for Phomopsis
asparagi and 95% for Fusarium oxysporum,
Rhizoctonia solani and Cucumerinum owenwhen
treated with the decrease in molecular weight and
degree of deacetylation of chitosan.The degree of
deacetylation is a basic factor in solubility and
charge development of chitosan, where the
dominating reactive sites are NH> and OH groups.
Hence, as the degree of deacetylation is reduced,
more free amino groups present in chitosan which
could lead to higher antimicrobial activity (Andres et
al, 2007). The antifungal mechanism of chitosan
involves cell wall morphogenesis with chitosan
molecules interfering directly with fungal growth (El
Ghaouth et al,, 1992).

3.5. Effect of Different Types of Chitosan on Dry
Weight of Mycelium and Spore Viability of C.
gloeosporioides

The dry weight of mycelium of C. gloeosporioides
was significantly (P< 0.05) reduced by all types and
concentrations of chitosan as compared to the
control (Fig. 5). The minimum dry weight of
mycelium was observed at 0.94g and 0.98g in Petri
dishes treated with 2.0% low molecular weight
chitosan and 2.0% locally prepared chitosan
respectively. In contrast, medium and high molecular
weight chitosans resulted in less reduction of
mycelium dry weight.

The spore viability of C. gloeosporioides was
significantly (P<0.05) reduced by all types and
concentrations of chitosan as compared to the

control (Fig. 6). The highest loss in spore viability
(almost 20 and 21%) was observed in Petri dishes
treated with 2.0% low molecular weight chitosan and
1.5% low molecular weight chitosan, respectively.
Medium and high molecular weight chitosans also
showed inhibition in spore viability but with lower
efficacies.
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Figure 4. Effect of concentrations and types of chitosan on
conidial germination inhibition (%) of C. gloeosporioides.
The vertical bars represent the standard error of means for
four replicates.

Sekil 4. Kitozanin  konsantrasyonu ve tipinin C.
Gloeosporioides'nin  ¢cimlenme  durdurmasina olan 10
glinliik kiltiir stirecindeki etkisi. Barlar dort tekrarlt standart
hatayt géstermektedir.

Chitosan affected the dry weight of the mycelium
and sporulation, demonstrating its effects on various
developmental stages of C. gloeosporioides. As
discussed earlier, molecular weight and degree of
deacetylation strongly affect antimicrobial activity of
chitosan, with varied effect based on the growth
stage of the microorganism (Andrew, 2001).
Generally, the viability of spores has been reduced
effectively by chitosan (EI Ghaouth et al, 1992
Sashai and Manocha 1993). Moreover, chitosan has
the potential to induce regulatory changes in fungi,
but it is presumed to be fungistatic rather than
fungicidal (EI Ghaouth et al, 1992; Raafat et al,
2008). After an initial screening experiment, two
types of chitosan (low molecular weight and locally
prepared) were selected to prepare submicron
dispersions and for further in vitro evaluation against
C. gloeosporioides isolated from dragon fruit plants.
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Figure 5. Effect of concentrations and types of chitosan on
dry weight of C. gloeosporioides mycelium (g). The vertical
bars represent the standard error of means for four
replicates.

Sekil 5. Kitozanin  konsantrasyonu ve tipinin C.
Gloeosporioides misel kuru agilirgina (g) etkisi. Barlar dért
tekrarlt standart hatayt gdstermektedir.

3.6. Formulation of Submicron Chitosan
Dispersions

A longer period of sonication was applied to
obtain smaller droplest for low molecular weight
chitosan. Similarly, with an increase in chitosan
concentration, a longer time was required for
sonication (Table 1). In contrast, less time of
sonication is required to achieve larger droplets for
low concentration of chitosan. Locally prepared

chitosan required a little more time for sonication as

compared to low molecular weight chitosan for all
concentrations and droplet sizes.

The result regarding the decrease droplet size of
submicron chitosan dispersions was increased by the
sonication time and the energy input into the system
(Jafari et al, 2007). It has previously been reported
that the time of sonication required to prepare
submicron dispersions varies with the type and
concentration of the materials (Karbstein and
Schubert 1995; Lobo and Svereika 2003).
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Figure 6. Effect of concentrations and types of chitosan on
spore viability (%) of C. gloeosporioides. The vertical bars
represent the standard error of means for four replicates.
Sekil 6. Kitozanin  konsantrasyonu ve tipinin C.
Gloeosporioides spor canliligina (%) olan etkisi. Barlar doért
tekrarlt standart hatayt géstermektedir.

Table 1. Time of sonication (min) to obtain different droplet sizes at various concentrations of chitosan.
Cizelge 1. Cesitli konsantrasyonlarda farkli boyutlarda kitozan damlalart elde etmede sonikasyon stiresi.

Type of Chitosan Droplet size (nm)
chitosan concentration (%) 200 400 600 800 1000
Time of sonication (min)
0.5 2049 16.9 j 13.6 k 1M.0m 84n
Low molecular 1.0 259de 23.2f 189 h 164 j 12.2 1
weight 1.5 30.1bc 256de 221fg 18.1h 15.5 k
2.0 352 a 304bc  245e 202 g 18.5 h
0.5 213 g 1721 147k 1241 133k
Locally 1.0 278de 257de 220fg 17.8i 16.0j
prepared 15 325b 28.7 c 252de 211g 184 h
2.0 364 a 32.1b 285 ¢ 23.0f 214 g

Means with different letters are significantly different using DMRT test (P< 0.05).
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3.7. Physicochemical Properties of Submicron
Chitosan Dispersions
3.7.1. Zeta potential

With an increase in the concentration of chitosan
tested, the value of zeta potential also increased
significantly (P<0.05) (Table 2). The zeta potential
was highly dependent on the energy input in terms
of time of sonication, however, the values for low
molecular weight chitosan droplets were higher than
those for locally prepared chitosan. The zeta
potential value decreased with an increase in droplet
size for both of the chitosans tested. The values also
increased with the increase in sonication time. The
zeta potential value of 200 nm droplets of 0.5%
chitosan was lower than the same droplet size of
2.0% chitosan. The larger droplet sizes had lower
zeta potential values due to low energy input into
the system. Droplets with 1000 nm size of 2 %
chitosan had higher zeta potential as compared to
droplets with 200 nm size of 0.5% chitosan. The
locally prepared chitosans showed slightly lower
values of zeta potential. The difference in zeta
potential values for low molecular weight chitosan
and locally prepared chitosan were probably due to
the effect of molecular weight (Rinaudo et al., 1999;
Rusu-Balaita et al., 2003).

Zeta potential is a parameter that characterizes
the electrochemical equilibrium on interfaces
(McNaught and Wilkinson 1997), which depends on
the properties of the liquid and surfactant.
Electrostatic repulsion between droplets increases
with an increase in the value of zeta potential (Lagaly
1984). In the present study, the increase in zeta
potential with the decrease in droplet size could be
ascribed to increased energy input from sonication
(Riddick 1968).

3.7.2. Stability

The stability of dispersions decreased with
increase in droplet size for both of the chitosans
tested (Table 3) and also depended on the
concentration of the chitosan. Stability of the low
molecular weight submicron chitosan dispersions
was higher than that of the locally prepared
chitosan, i.e. 6.0 and 5.0 days for 200 nm droplets of
0.5% low molecular weight and locally prepared
chitosan, respectively. However, stability increased
with increase in concentration.

Stability of the submicron dispersions was
directly proportional to the zeta potential value (Fig.
7). The equation shows that each unit increase in
zeta potential resulted in 2.35 units increase in
stability of low molecular weight chitosan (Fig. 7a).
For locally prepared chitosan, every unit increase in
zeta potential resulted in 1.58 units increase in
stability (Fig. 7b). This is in agreement with the
previous findings of Riddick (1968), where a
reduction in physical stability was observed with a
reduction in zeta potential. It reflects the electrical
potential of submicron dispersions is influenced by
the dispersion medium and its composition.
Dispersions with high zeta potential retain their
stability in suspension, as the similar charges on the
surface of dispersions prevent accumulation of the
particles (Rajendran et al., 2010).

The difference in stability of different types of
submicron chitosan dispersions mainly depends on
the degree of deacetylation. Chitosan with less
deacetylation possesses more positive charges on its
surface, such that the similar charges resist the
formation of aggregates (Jansson 2010).

Table 2. Zeta potential (mV) of different droplet sizes and various concentrations of chitosan.
Cizelge 2. Farkli damla boyutlarinin Zeta potansiyeli (mV) ve kitozan konsantrasyonlart.

Type of Chitosan Droplet size (nm)
chitosan concentration (%) 200 400 600 800 1000
Zeta potential (mV)
0.5 20.1e 17.0i 15.2 1 15.9 k 148 m
Low molecular 1.0 213d 19.1ef 175h 15.3 kl 16.6 j
weight 1.5 232bc  223c  227c 211d  182gh
2.0 255 a 244 Db 24.1b 21.2d 22.1c¢
0.5 16.7 ] 143m 139n 1220 12.6 no
Locally 1.0 1711 1531 149m 158k 14.1m
prepared 1.5 19.3f 188 g 16.2 ] 16.5] 16.2 ]
2.0 21.2d 20.7d 188 ¢ 174 18.5 gh

Means with different letters are significantly different using DMRT test (P< 0.05).
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Table 3. Stability (days) of droplet sizes at various concentrations of chitosan.
Cizelge 3. Degisken kitozan konsantrasyonlarinda damla boyutlarinin stabilitesi( giinler).

Type of Chitosan Droplet size (hm)
chitosan concentration (%) 200 400 600 800 1000
Stability (days)
0.5 6.0b 50c 50c 50c 40d
Low molecular 1.0 60b 60b 50c 50c 40d
weight 1.5 70a 60b 60b 60b 50c
2.0 7.0a 7.0a 70a 60b 60b
0.5 50c 50c 40d 40d 4.0d
Locally 1.0 50c 50c 40d 40d 40d
prepared 1.5 60b 50c 50c 50c 50c
2.0 60b 60b 50c 50c 50c

Means with different letters are significantly different using DMRT test (P< 0.05).
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Figure 7. Relationship between zeta potential and stability
of submicron chitosan dispersions of a)low molecular
weight chitosan and b)locally prepared chitosan at P<0.05.
Sekil 7. Zeta potansiyeli ve submikton kitozan daguimt
a)disiik molekiil agurlikle kitozan ve b)yerel hazirlanan
kitozan arasindaki iligki.

3.7.3. Viscosity and pH

The viscosity of the dispersions also increased
with increase in the concentration of chitosan and in
droplet size for both of the chitosans tested (Table
4). The solutions prepared with locally prepared
chitosan had higher viscosity than the low molecular
weight chitosan solutions. The increase in viscosity
with the increase in droplet size and chitosan
concentration could be ascribed to the greater time
of sonication and therefore the greater energy input
required to obtain smaller submicron dispersion
droplets. Increased sonication time leads to higher
temperature of the submicron dispersion, thus
reducing the viscosity of the solution. The
temperature was monitored using a thermometer
and constantly maintained at 25 °C by adding water
in the sonicator as it is believed temperature is the
most important factor which reduces the viscosity
and interfacial tension of dispersions (McClements
2005). Schuhmann (1995) also reported that higher
temperature caused the destabilisation of droplets
and decreased the viscosity.

3.7.4. Release of chitosan from submicron

dispersions
The release of chitosan from submicron
dispersions decreased with increase in the

concentration of chitosan and in the droplet size for
both of the types of chitosan tested (Table 5). The
solutions prepared with locally prepared chitosan
showed faster release of chitosan as compared to
the low molecular weight chitosan solutions. The
results of this study showed that the release of
chitosan is related to the chitosan concentration,
droplet size and molecular weight of chitosan (Hejazi
and Amiji 2003). The release of chitosan from
submicron dispersion at lower concentrations was
faster. This could be attributed to the network of
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emulsifier and chitosan at lower concentration
containing a large volume of free moving liquid
molecules, which results in quick release of active
ingredient from the emulsifiers (Desai and Park
2005). The molecular weight of chitosan also affects
the release of chitosan from the matrix of emulsifier.

Chitosan of higher molecular weight has higher
chain relaxation ability which results in an increase in
the polymer chain entanglement of chitosan and
emulsifiers (Agnihotri et al, 2004). Therefore,
variation in the molecular weight of chitosan results
in different release profiles of dispersions.

Table 4. Viscosity (cp) of different droplet sizes and various concentrations of chitosan.
Cizelge 4. Farkli damla boyutlarinin akiskanligt (cp) ve cesitli kitozan yogunluklari.

Type of Chitosan Droplet size (hm)
chitosan concentration (%) 200 400 600 800 1000
Viscosity (cp)
0.5 125w 196w 244v 363 u 422 tu
Low molecular 1.0 17.6 w 228 v 484 t 69.1s 75.1r
weight 1.5 20440 3234n 4286m 546.2 k 72839
2.0 5415k 5827) 7563g¢g 10925e 14624c
0.5 382u 53.1t 64.2s 929 qr 119.1 g
Locally 1.0 49.1¢ 728r 894 r 1184 q 156.5 p
prepared 15 3246n 5109kl 61451 782.7 g 1096.6 e
2.0 6455h 894.7f 12922d 1564.1b  1783.7 a

Means with different letters are significantly different using DMRT test (P< 0.05).

Table 5. Release of chitosan (mg ml™") from submicron chitosan dispersions at various droplet sizes and chitosan

concentrations.

Cizelge 5. Farkli damla boyutlarindaki submikron kitozan daguimidan salinan kitozan ve konsatrasyonlart.

Type of Chitosan Droplet size (nm)
chitosan concentration (%) 200 400 600 800 1000
Chitosan release (mg ml")
0.5 211 ab 207ab 1.54d 1.28 ef 1.08 hij
Low molecular 1.0 1.12 gh 110 ghi 1.22 ef 1.03 g-k 0.96 jkI
weight 1.5 0.65 jkl 071Im 081klm  0.78Im 0.64 Im
2.0 0.55m 047m 049m 0.57m 0.55m
0.5 232a 2.18 a 231a 1.84 bc 1.82 bc
Locally 1.0 1.26 ef 129ab 128 ef 136e 1.18 fg
prepared 1.5 1.14 gh 1169 1.07 ghi 1.03 g-k 1.04 g-k
2.0 1.04 g-k 1.06 ghi  0.98 jkI 0.68 kim  0.69Im
Means with different letters are significantly different using DMRT test (P< 0.05).
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effects, the properties of submicron chitosan
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molecular weight of chitosan. Further studies are
required to investigate the mechanism behind the
antifungal effects of submicron chitosan dispersions
in detail.

Agnihotri SA, Mallikarjuna NN and Aminabhavi TM., 2004.
Recent advances on chitosan-based micro and
nanoparticles in drug delivery. Journal of Controlled
Release, 100: 5-28.

Al-Hetar MY, Zainal Abidin MA, Sariah M and Wong MY.,
2010. Antifungal activity of chitosan against Fusarium
oxysporum f. sp. Cubense.Journal of Applied Polymer
Science, 120: 2434-2439.

Amselem S and Friedman D., 1998. Submicron emulsions,
In drug targeting and delivery; Benita S., Ed.; Harwood
Academic Publishers: New York, pp: 153-173.

63



Zahid et al, Formulation and Physicochemical Properties of Submicron Chitosan Dispersion from The Selected Types of

Chitosans

Andres Y, Giraud L, Gerente C and Le Cloirec P., 2007.
Antibacterial effects of chitosan powder: mechanisms
of action. Environmental Technology, 24: 1357-1363.

Cronin MJ, Yohalem DS, Harris RF and Andrews JH., 1996.
Putative mechanism and dynamics of inhibition of
apple scab pathogen Venturia inequalis by compost
extracts. Soil Biology and Biochemistry, 28: 1241-1249.

Davis RH. 2011. Effectiveness of Different Molecular
Weights and Concentrations of Chitosan on Enteric

Viral  Surrogates.Master's  Thesis, University of
Tennessee.

Desai KGH and Park HJ., 2005. Preparation and
characterization of drug-loaded chitosan-

tripolyphosphate microspheres by spray drying. Drug
Development Research, 64: 114-128.

El Ghaouth A, Arul), Asselin A and Benhamou N.1992.
Antifungal activity of chitosan on postharvest
pathogens: Induction of morphological and cytological
alterations in Rhizopus stolonifer. Mycological Research,
96: 769-779.

Freitas C and Miller RH., 1998. Effect of light and
temperature on zeta potential and physical stability of
solid lipid nanoparticles (SLNTM) dispersions.
International Journal of Pharmaceutics, 168: 221-229.

Guo Z, Chen R, Xing R, Liu S, Yu H, Wang P, Li C and Li P,
2006.Novel derivatives of chitosan and their antifungal
activities in vitro. Carbohydrate Research, 341:351-354.

Hejazi R and Amiji M, 2003. Chitosan based
gastrointestinal delivery system. Journal of Control
Release, 89: 151-165.

Herndndez-Lauzardo AN, Bautista-Bafios S, Veldzquez-del
Valle MG, Méndez-Montealvo MG, Sanchez-Rivera MM
and Bello-Pérez LA, 2008. Antifungal effects of
chitosan with different molecular weights on in vitro
development of Rhizopus stolonifer (Ehrenb: Fr.) Vuill.
Carbohydrate Polymers, 73: 541-547.

Hirano S and Nagao N. 1989. Effect of chitosan, pectic
acid, lysozyme and chitinase on growth of several
phytopathgens.Agricultural and Biological Chemistry,
53:3065-3066.

Jafari MS, He Y and Bhandari B., 2007. Production of sub-
micron emulsions by ultrasound and microfluidization
techniques. Journal of Food Engineering, 82: 478-488.

Jansson D., 2010. Development and characterization of
chitosan-plasmid nanoparticles. MSc Thesis, Tampere
University of Technology.

Junang L, Aixian J, Guoying Z and Yuanhao H. 2009.
Antifungal activity of chitosan against Colletotrichum
gloeosporioides. Proceedings of 3rd International
Conference on Bioinformatics and Biomedical
Engineering (ICBBE 2009), Beijing, China. pp. 1-4.

Karbstein H and Schubert H. 1995. Developments in
continuous mechanical production of oil-in-water
micro-emulsions. Chemical Engineering and
Technology, 24: 205-211.

Lagaly G. 1984. Energetische Wechselwirkungen in
Dispersionen und Emulsionen. In: Asche, H., Essig, D.,
Schmidt, P.C. (eds.). Technologie von Salben,

Suspensionen und Emulsionen, APV Paperback Series,
Vol. 10.  Wissenschaftliche  Verlagsgesellschaft,
Stuttgart. pp. 32-61.

Lobo L and Svereika A, 2003. Coalescense during
emulsification 2.Role of small molecules surfactants.
Journal of Colloid and Interface Science, 261: 498-507.

Masyahit M, Sijam K, Awang Y and Satar MGM.,, 2009. The
first report of the occurrence of anthracnose disease
caused by Colletotrichum gloeosporioides
(Penz.)Penz.& Sacc.on dragon fruit (Hylocereus spp.) in
Peninsular Malaysia. American Journal of Applied
Sciences, 6: 902-912.

McClements DJ., 2005. Food emulsions in practice. In:
McClements, D.J. (ed.). Food Emulsions: Principles,
Practices, and Techniques. Boca Raton, CRC Press, pp.
515-543.

McNaught DA and Wilkinson A., 1997. [IUPAC compendium
of chemical terminology.2nd ed., Blackwell Scientific
Publications, Oxford.pp. 464.

Melanie L, Ivey L, Nava-Diaz C and Miller SA., 2004.
Identification and management of Colletotrichum
acutatum on immature bell peppers.Plant Disease, 88:
1198-1204.

Nitschke J, Altenbach H.J, Malolepszy T and Molleken H.,
2011. A new method for the quantification of chitin
and chitosan in edible mushrooms. Carbohydrate
Research, 346: 1307-1310.

No HK and Meyers SP., 1997. Preparation of chitin and
chitosan. In: Muzzarelli, RA.A. and Peter, M.G. (eds.).
Chitin ~ Handbook.  European  Chitin  Society,
Grottammare AP, Italy, pp. 475-489.

Palmateer AJ, Ploetz RC, Santen E and Correll JC., 2007.
First report of anthracnose caused by Colletotrichum
gloeosporioides on Pitaya.Plant Disease, 91: 631-631.

Raafat D, von Bargen K, Haas A and Sahl HG., 2008.Insights
into the mode of action of chitosan as an antibacterial
compound. Applied and Environmental Microbiology,
74:3764-3773.

Rajendran NN, Natrajan R, Kumar RS and Selvaraj S., 2010.
Acyclovir-loaded chitosan nanoparticles for ocular
delivery.Asian Journal of PharmaceuticalSciences, 4:
220-226.

Riddick TM., 1968. Zeta-Meter Manual. Zeta, New York.

Rinaudo M, Pavlov G and Desbrieres, 1999. Solubilization
of chitosan in strong acid medium.International Journal
of Polymer Analysis and Characterization, 5: 267-276.

Rusu-Balaita L, Desbriéres J and Rinaudo M. 2003.
Formation of a biocompatible polyelectrolyte complex:
Chitosan-hyaluronan complex stability.
PolymerBulletin, 50: 91-98.

Sashai AS and Manocha MS., 1993. Chitinases of fungi and
plants: their involvement in morphogenesis and host-
parasite interaction. FEMS Microbiology Reviews, 11:
317-338.

Schuhmann R., 1995. Physikalische Stabilitat parenteraler
Fettemulsionen—Entwicklung eines
Untersuchungsschemas unter besonderem Aspekt
analytischer Mdéglichkeiten.PhD Thesis.Freie Universitat

64



Zahid et al, Formulation and Physicochemical Properties of Submicron Chitosan Dispersion from The Selected Types of

Chitosans

Berlin, Berlin.

Sekiguchi S, Miura Y, Kaneko H, Nishimura SL, Nishi N,
Iwase M and Tokura S. 1994.Molecular weight
dependency of antimicrobial activity by chitosan
oligomers.In: Nishinari K and Doi E. (eds.). Food
Hydrocolloids: Structures, Properties, and Functions,
pp. 71-76.

Sonneville-Aubrun O, Simonnet JT and L'Alloret F., 2004.
Nano-emulsions: A new vehicle for skincare products.
Advances in Colloid and Interface Science, 108-109:
145-149.

Stossel O and Leuba JL., 1984. Effect of chitosan, chitin and
some amino sugars on growth of various soil borne
phytopathogenic fungi. Journal of Phytopathology,
111: 82-90.

Sutton BC,, 1992. The genus Glomerella and its anamorph
Colletotrichum.In: Bailey JA and Jeger MJ. (eds.).
Colletotrichum Biology, Pathology and Control, CAB
International, Wallingford, pp. 402.

Taba S, Mikami D, Takaesu K, Ooshiro A, Moromizato Z,
Nakasone S and Kawano S., 2006. Anthracnose of
pitaya (Hylocereus undatus) by Colletotrichum
gloeosporioides. Japanese Journal of Phytopathology,
72: 25-27.

Takahashi LM, Rosa DD, Basseto MA, De Souza HG and
Furtado EL, 2008. First report of Colletotrichum

gloeosporioides on  Hylocereus megalanthus in
Brazil AustralasianPlant Disease Notes, 3: 96-97.

Tikhonov VE, Stepnova EA, Babak VG, Yamskov IA, Palma-
Guerrero J, Jansson HB, Lopez-Llorca LV, Salinas J,
Gerasimenko DV, Avdienko ID and Varlamov VP., 2006.
Bactericidal and antifungal activities of a low molecular
weight chitosan and its N-/2(3)-(dodec-2-enyl)
succinoyl/-derivatives.Carbohydrate Polymers, 64: 66-
72.

Traver T., 2006. Food nanotechnology. A scientific status
summary synopsis. Food Technology, 60: 22-26.

Zahid N, Ali A, Manickum S, Siddigi Y and Magbool M.,
2012. Potential of chitosan loaded nanoemulsions to
control different Colletotrichum spp. and maintain
quality of tropical fruits during cold storage. Journal of
Applied Microbiology, 113: 925-939.

Zahid N, Ali A, Manickum S, Siddiqui Y, Alderson PG and
Magbool M, 2014. Efficacy of curative applications of
submicron chitosan dispersions on anthracnose
intensity and vegetative growth of dragon fruit plants.
Crop Protection, 62: 129-134.

Zhang M, Tan T, Yuan H and Rui C., 2003. Insecticidal and
fungicidal  activities of chitosan and oligo-
chitosan.Journal of Bioactive and Compatible Polymer,
18:391-400.

65





