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Abstract
Fresh cut fruits and vegetables spoiled by number of bacterial pathogens. In this experiment the 
low cost, nontoxic and pollution free chitosan nanoparticles were prepared in the laboratory level, 
characterized by FTIR, XRD and SEM and confirmed the presence of nanoparticles. Various concentrations 
of nanoparticles (10µg, 20µg, 50µg, 100µg and 150µg) were prepared and used to investigated the 
antibacterial activity against one positive (Bacillus sp) and one negative bacteria (pseudomonas sp) 
respectively.  The results showed that zone of inhibition against Bacillus sp and Pseudomonas sp were 
noted at 50µg, 100µg and 150µg concentrations respectively. These results suggested that chitosan 
nanoparticles can be used as effective growth inhibitors for food spoilage microorganisms. It is confirmed 
that this pollution free low cost technology is suitable for arresting food spoilage bacteria effectively. 
Hence, the present study indicated that the non-toxic chitosan nanoparticles may be considered as a 
food preservative. Hence this preliminary study which will create further research in this new field.  
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INTRODUCTION
 Food materials particularly fruits and 
vegetables are very essential food commodities 
all over the world. Because it provides essential 
dietary fibers, minerals and vitamins for human 
health (Sharma et al., 1998). So, keeping fruits and 
vegetables fresh ensures a good supply of vitamins, 
minerals and also increases the table value of such 
products. At the same time these are the most 
perishable agricultural producers. Due to lack of 
proper storage methods after harvesting nearly 
more than 30% of food (fruits and vegetables) 
materials are unfit for consumption. According 
to Kader, 1992 and Aworth and Olorunda, 1981 
there are 20- 50% fresh tomato has been loss 
(20- 50%) in tropical country during harvesting, 
transportation and consumption. Chelkowski, 
1991 reported that total world grain production 
(10 to 30%) has been lost after harvest. The World 
Health Report, 2002, stated that in worldwide the 
diseases such as Ischemic heart diseases (31%) and 
stroke (11%) only because of low consumption of 
fruits and vegetable intake by reason of lack of 
appropriate storage and processing facilities. The 
post-harvest handling (food storage) which not 
only extent the life of fruits and vegetables but also 
increase their period of availability and the market 
value of the crops (Kim, 2006). Fruit and vegetables 
are highly susceptible to microbial contamination 
due to their neutral pH (Madden, 1992). Nearly 
15% of fruits and vegetables are perishable at 
the time of post harvested only because of the 
action of bacterial, fungal and mold. (Workneh 
and Osthoff, 2010). Brackett, 1992 stated that the 
microbial population which determine the quality 
of the food and consumer safety during storage. 
So that the growth rate of the micro-organisms 
(bacteria and fungi) that cause post-harvest 
rots spoilage of vegetables are roughly of equal 
importance. To avoid the above said problem, 
some physical process such as freezing, chilling, 
modified atmosphere packaging etc., and use of 
antimicrobials have been used to control microbial 
growth (Davidson 2001). On the other hand some 
chemical is used as an antimicrobial agent and they 
are considered as food additives. 
 But most of the results indicate that 
the antimicrobial effect of chemical compound 
is ineffective against some microorganisms 
and also which create some side effect to the 

consumer after consumption. So we are in need 
of a cost-effective and inexpensive method of food 
preservation. Therefore, low cost preservation 
methods are needed to increase antimicrobial 
effectiveness without side effect to the consumer 
and it should be generally recognized as safe 
(GRAS). 
 Keep in our mind, in order to fulfill 
the above said constrains in the present study 
the biofunctional food additive and non-toxic 
chitosan nanoparticles was consider for carrying 
out antimicrobial study. (Rhoades and Roller 
2000; Sebti et al., 2005) Moreover in 2007 
USFDA recognized the chitosan nanoparticles are 
admitted as generally as safe (GRAS). Worldwide 
(Japan, Korea, England, Italy, Portugal and United 
States) these nanoparticles are marketed as food 
additive (Novack et al., 2003). These nano-particles 
can be synthesized by deacetylation of crustacean 
shells, chitin contains β-1, 4-linked 2-amino-2-
deoxy-β-D-glucose. Helander et al., 2001 reported 
that chitosan nanoparticles effectively acted 
against some Gram-negative bacteria such as E. 
coli, Pseudomonas aeruginosa and S. typhimurium. 
Shahidi et al., 1999; No et al., 2007 studied the 
properties and applications of chitosan nano-
particles and their derivatives in food storage. 
 In the present study is food spoilage 
causing bacteria such as Bacillus spp. and 
Pseudomonas spp. were used to study for 
antimicrobial assays using chitosan nano-particles 
as antimicrobial agents. Well diffusion assay 
method was used to quantify the zone of 
inhibition. The aim of the present study is to find 
out the antibacterial effect of chitosan nano-
particles against food spoilage causing bacteria 
using well diffusion method. The present study 
will help better utilization of nano-particles for 
application of food preservation in future. 

MATERIALS AND METHODS
Preparation of chitosan nanoparticles
 The ionic gelation method was performed 
for preparation of chitosan (CS) nanoparticles. 3 
mg/mL of chitosan was dissolved in 1% acetic acid 
solution and 2 mg/mL of Tri polyphosphate (TPP) 
was dissolved in distilled water. CS nanoparticle 
suspension was prepared by 5 mL TPP solution 
(2 mg/mL) solution was dropped into 10 mL CS 
solution under magnetic stirring (1000 rpm) at 
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room temperature.  In order to further crosslinking 
of nanoparticles the prepared suspension was kept 
stirring for 30 min. Finally CS nanoparticles were 
collected by centrifugation at 5,000 rpm and kept 
under freeze drier for 1 day at -40oC. 
Characterization of Chitosan nanoparticles
 In order to find out the morphology and 
size observations for the prepared nanoparticles 
the experiments such as FTIR, XRD and SEM were 
performed. 
FTIR analysis
 Spectrum GX-1, PerkinElmer, USA was 
used to perform FTIR analysis. There was 200 
mg KBr mixed with a small quantity of prepared 
nanoparticles and made as pallets. It was used to 
FTIR analysis in the spectral region of 4000-400 
cm-1. ( Kumirska et al., 2010)
Scanning Electron Microscopy (SEM)
 The size and the morphology of the 
prepared chitosan nanoparticles were examined 
using SEM. A small amount of prepared chitosan 
nanoparticles were kept on an SEM stub and it was 
placed in the scanning electron microscopy (SEM) 
Chamber and the photo micrographic image was 
taken at acceleration voltage of 20KV. 
X- Ray powder diffraction (X-RD)
 To confirm the amorphous nature of CS 
nanoparticles, X-RD pattern (Bruker, D-8 advance) 
was performed at the voltage of 20 kV and the 
diffraction pattern was determined in the area 20 
< 2. 
Preparation of test inoculums
 The food spoiled organisms such as 
Bacillus sp. and Pseudomonas sp were collected 
from Department of Biology, College of Science, 
Al-Zulfi, Majmaah University, Majmaah- 11952, 
Riyadh region,  Kingdom of Saudi Arabia. Both 
Bacterial cultures were sub-cultured onto nutrient 
agar medium and incubated overnight at 37°C. 
Then inoculated both bacterial into 10 ml sterile 
Mueller Hinton broth (MHB) respectively and 
incubated overnight at 37°C and the both bacterial 
suspensions were adjusted to 0. 5 McFarland 
Standard (1x108 CFU/ml). This 0. 5 McFarland 
cultures were s used for antibacterial test. 
Evolution of antibacterial activity Agar well 
diffusion method (Perez et al., 1990) 
 Mueller–Hinton Agar plates were 
prepared and 10 µl (108CFU/ml) of test culture was 
swapped on the surface of the plate using a sterile 

swab. Six mm wells were prepared using sterile cork 
borer. There were five different concentrations of 
chitosan nanoparticles (10µL, 20µL, 50µL, 100µL 
and 150µL) solution were poured into each well. It 
was allowed for 10 minutes to the diffusion of the 
chitosan nanoparticles on agar plates. All plated 
were inoculated at 37°C for 24 hours and then zone 
of inhibition (in mm) was measured. . 

RESULT AND DISCUSSION
Characterization of the prepared nanoparticles 
SEM analysis
 SEM images confirmed the formation of 
spherical shaped nano structure (Fig. 1). It is the 
influence of the gelation agent. This result well 
correlated with the previous reports chitosan 
nanoparticle formation. The images also confirmed 
that their shape was fine and of homogenous size.

Fig. 1. SEM images of chitosan nanoparticles

FTIR Analysis
 In Fig. 2 Chitosan showed its O-H, C-H, 
C-C stretching, N-H, and C-O vibrations at 3423 
cm-1, 2919 cm-1, 1525 cm-1, 1151 cm-1, and 1363 
cm-1 respectively. The peak is confirms the chitosan 
originality was retained after the nanoparticle 
formation. 

Fig.2.  FTIR spectrum of Chitosan nanoparticle
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XRD Analysis
 The Fig. 3 shows that the XRD pattern 
of CS powder. It gives the peak around 2θ at 
11, 20 which corresponds to crystal forms. The 
XRD pattern shows the amorphous nature of the 
chitosan nanoparticles. 

nanoparticles were inhibited the growth of 
Bacillus sp and Pseudomonas sp effectively. The 
maximum zone of inhibition was observed at 150 
µg against Bacillus sp. (18 mm) and Pseudomonas 
sp. (19mm). 
 The reason no bacterial inhibition at 
low concentration might be has less binding 
capacity with bacterial cells. Papineau et al., 1991. 
Sudarshan et al., 1992 also reported that the 
polycationic chitosan at a lower concentration (0. 
2 mg/ml), does probably bind to the negatively 
charged bacterial surface to cause agglutination. 
The maximum antibacterial activity was shown 
only above 150 µg concentration of nanoparticles. 
In conclusion, chitosan nanoparticles have a wide-
ranging of activity against a panel of bacteria 

Table 1. Antibacterial activity of chitosan nanoparticles 
against food spoilage pathogens Bacillus sp. and 
Pseudomonas sp.

S.N. Nanoparticles    Zone of inhibition 
 concentration      (in mm)

 (in µg)   Bacillus  Pseudomonas 
  sp. sp.

1 10 - -
2 25 - -
3 50 10 -
4 100 14 12
5 150 18 19

Note:  ‘–‘  no zone of inhibition.

Fig. 3. XRD spectrum of Chitosan nanoparticles

Antibacterial activity
 To find out the effect of antibacterial 
activity against two food pathogens such as 
Bacillus spp and Pseudomonas spp using chitosan 
nanoparticles, agar well diffusion method was 
used (Table 1 and Fig. 4-5). The table shows that 
activity against tested bacteria. 10 and 25 µg 
of chitosan nanoparticles did not show activity 
against Bacillus sp. and Pseudomonas sp. 50µg of 
chitosan nanoparticles were inhibited the growth 
of Bacillus sp. (10mm) but not Pseudomonas 
sp, 100 and 150µg of chitosan nanoparticles 
showed more zone of inhibition against both 
tested bacteria Bacillus sp (14 and 18 mm) and 
Pseudomonas sp (14 and 18 mm) respectively. 
            The results indicated that the higher 
concentrations of 100 and 150 µg of chitosan 

Fig. 4. Zone of Inhibition of chitosan nanoparticles 
against tested bacteria Bacillus spp. 

Fig. 5. Zone of Inhibition of chitosan nanoparticles 
against tested bacteria Pseudomonas spp. 
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Bacillus sp. and Pseudomonas sp. responsible for 
the most common bacterial spoilage in fruits and 
vegetables. 
 The chemical and structural properties 
chitosan NPs attributed the antimicrobial activity 
against Bacillus sp. and Pseudomonas spp. Even 
different mechanisms have been proposed 
(Rabea et al., 2003) for the antimicrobial action 
of chitin, chitosan, one of the main reason is that 
its positively charged amino group which interacts 
with negatively charged microbial cell membranes 
and damage the cell by leakage of proteinaceous 
and other intracellular constituents (Shahidi et al., 
1999). Begin and Van Calsteren 1999; Helander et 
al., 2001 reported that polycationic structure of 
chitosan such as lipopolysaccharides and proteins 
of the membrane cell surface which disrupt the 
integrity of the bacterial cell outer membrane 
resulting bactericidal (Helander et al., 2001). 
 Previously the same kind of study has 
been evaluated by several researches. Li et al., 
2008 investigated that 0. 10 mg/mL Chitosan 
solution inhibited the growth of Xanthomonas 
pathogenic bacteria. Gonzleza Aguilar et al., (2005) 
reported that incorporation of chitosan of low and 
medium molecular weight at concentrations of 1% 
and 2% (w/v) arrested the growth of mesophilic 
bacteria and fungi in coated fresh-cut papayas 
(stored at 5°C for 15 days). Chien et al., (2007) 
found that chitosan coating applied sliced mango 
(0. 5%, 1%, and 2% (w/v) preserved for long time 
at 6°C. Rhoades and Roller (2000) reported that 
yeasts cells were completely inactivated when 
addition of 0. 03% (w/v) chitosan to apple-elder 
flower juice (pH 3.3) during 13 d of storage at 7°C. 

CONCLUSION
 In the present study nontoxic chitosan 
nanoparticles were prepared effectively in the 
laboratory level and characterized. The prepared 
nanoparticles showed more antibacterial effect at 
lower concentrations against two tested bacterial 
species such as Bacillus sp. and Pseudomonas sp. 
Hence this present study indicated that these 
low cost and nontoxic nanoparticles will be very 
useful and applicable as a preservative agent in 
the future. Still this study has some limitations 
and further study must be need. However this 
initial step provides a chance to carry out further 
research in future.  
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