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Abstract: Synthesis of nanoparticles has become a matter 
of great interest in recent years due to their so many 
functional properties and applications in a variety of fields. 
Nanoparticle mediated control release fertilizer is one 
of the applications which has potential to enhance plant 
growth and yield while minimizing serious environmental 
impacts due to excessive use of conventional bulk fertilizers. 
Nevertheless, many of the research work carried out in 
relation to synthesis of nanoparticles have used synthetic 
constituents which are being considered as harmful to the 
human health and environment. Investigations have also 
indicated that certain engineered nanomaterials can lead 
to unforeseen environmental, health and safety risks. The 
aim of the present study was to produce biodegradable and 
biocompatible nanoparticles in an eco-friendly manner 
originated from locally available raw materials and natural 
excipients addressing the said risks which will ultimately 
lead to development of eco-friendly nanofertilizers to 
release nutrients gradually in a controlled manner. 
Chitosan, a natural biocompatible and biodegradable 
polymer, was synthesized from chitin which was extracted 
from exoskeleton of black tiger shrimp (Penaeus monodon 
Linn). A natural cross linker, ‘Genipin’ was extracted from 
tender fruit of Gardenia (Gardenia jasminoides Linn). 
Chitosan nanoparticles were synthesized using Genipin’ 
(Fig. 1) as the cross linking agent with ionotropic gelation 
method. Fourier transform infra-red (FTIR) spectroscopic 
analysis confirmed structure of the synthesized chitosan. 
Average size of the synthesized chitosan nanoparticles is 90 
nm (Fig. 2) which can be tuned by controlling the pH, dose 
of the cross linker and chitosan concentration. Innovative 
and promising results of this study will pave pathway to 
achieve green nanopartciles. 
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I. Introduction

Nanotechnology involves creating and using structures, devices, 
and systems at the atomic, molecular, or macromolecular levels, 
1-100 nanometer (nm) range at least in one dimension. 

Nanotechnology will leave no field untouched including 
agriculture by its ground breaking scientific innovations. 
Demand for agricultural produce is increased eventually but 
natural resources such as land, water and soil fertility are 
limited. Cost of production inputs like chemical fertilizers and 
pesticides is expected to increase at an alarming rate. 

The rapidly growing world population is projected to reach 
9.6 billion by the year 2050 (UN, 2015). Food and Agriculture 
Organization of United Nations predicts that the global grain 
production is required to increase by 70 % by 2050 to meet 
the demand for foods. Total global macronutrient fertilizer 
(nitrogen, phosphorous and potassium) usage was 175.7 
million tonnes in 2011 and it is projected to increase to 263 
million tonnes in 2050 (Alexandratos, 2011). However, one of 
the global issues in agriculture today faces is sustainable use of 
resources and ensuring that agricultural practices do not have 
an adverse impact on the environment (e.g. accumulation of 
pesticides and fertilizers). Due to the low efficiency (30-50 %) 
and excessive application of these macronutrient fertilizers, a 
significant amount is translocated into surface and groundwater 
bodies, disrupting aquatic ecosystems and threatening health 
of human and aquatic life. Therefore, there is an imperative 
research need to develop innovative fertilizers to increase 
crop yields, enhance efficiencies of plant nutrient utilization 
while minimizing the environmental disruptions to ensure 
sustainable development. Like other technologies, low-cost 
nanomaterials and field application technologies are needed for 
their applications in agriculture (Khot et al., 2012).

Nanoparticles have great potential to be used as delivery 
systems aimed at specific targets in living organisms and is 
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being used in medical sciences. In plants, the same principles 
can be applied for a broad range of uses, particularly to 
tackle phytopathological infections, nutrition supplement 
and as growth adjuvant. Nanoparticles can be tagged into 
agrochemicals or other substances as delivery agent to plant 
system and tissues for controlled release of chemicals.

A nanotechnology approach, namely “nano-encapsulation” 
protect the active ingredient from the adverse environmental 
conditions and promote persistence. Encapsulated nanoparticles 
in the form of fertilizer allow proper absorption of the nutrients 
into the plants for a longer period hence synchronizing 
release of nutrients with plant’s demand. Compared with the 
conventional bulk chemical fertilizers, nanofertilizers are 
expected to significantly improve crop growth and yields, 
enhance the efficiency of fertilizer use, reduce nutrient losses 
and minimize the adverse environmental impacts (Liu and Lal, 
2015).  Development of nitrogen and phosphorous macronutrient 
nanofertilizers is a high research and development priority for 
both food production and environmental protection (FAO, 2012). 

Majority of the polymer materials developed and available 
are synthetic polymers and therefore, polymers used for 
encapsulation / coating nanofertilizers are also synthetic of 
which monomers will not be environmental friendly.  There 
is a growing concern over the synthetic polymers due to 
environmental issues and importance of use of natural 
polymers has been highlighted. Accordingly, natural polymers 
are gaining considerable acceptance over synthetic polymers as 
controlled-release devices because of their eco-friendly nature, 
cost effectiveness, easy availability, and biodegradability. 
It is worth noting that researchers ought to design control 
release nanofertilizers by using natural excipients to develop 
efficient, effective, reliable and cost-effective control release 
nanofertilizers formulations addressing the prevailing resource 
limitations thereby minimizing food crisis and other challenges 
facing crop production (Sempeho et al., 2014). More than 
two decades ago, two eminent toxicologists advised that “it 
would be prudent to examine and address environmental and 
human health concerns before the widespread adoption of 
nanotechnology (Oberdörster et al., 2005). It is also important 
to mention that the bioaccumulation, bio-magnification and 
biotransformation of engineered nanoparticles in food crops 
are still not well understood (Rico et al., 2011). Therefore, 
development of reliable and eco-friendly approach for synthesis 
of nanoparticles is an important milestone prior to developing 
nanofertilizers and application in the field of agriculture. 
Use of natural polysaccharide in nanoparticle preparation 
has attracted much attention due to its biocompatibility and 
biodegradability and non-toxicity. Chitosan is a biopolymer 
and chitosan nanoparticles have many desirable characteristics 
such as biocompatibility, biodegradability, thermal stability, 
film forming ability, gelatinous, hydrophilic and bio-adhesion. 
So far, the use of nanotechnology in agriculture has been 
mostly theoretical, but it has begun to have a significant effect 
in the main areas of the food industry. The full potential of 
nanotechnology in the agricultural and food industry is yet to be 

realized and is gradually moving from theoretical knowledge 
towards the application regime (Agrawal and Pragya, 2014).

One of the relatively new cross-linking agents is the naturally 
occurring substance genipin (Fig. 1). It is an excellent cross-
linker for polymers containing amino groups upon spontaneous 
reaction with amino groups (Jin and Song, 2006). It has been 
found that plant extracts of Genipa americana and Gardenia 
jasminoides contains genipin. Accordingly, genipin has 
potential to be used for synthesizing nanopartciles from 
chitosan. Nevertheless, optimization of parameters such as pH, 
chitosan and cross linker concentration need to be explored.  

Fig. 1: Structure of Genipin

II. Materials and Methods

A. � Synthesis Chitosan from Chitin Extracted from 
Shrimp Exoskeleton

The black tiger shrimps (P. monodon L.) were obtained from 
supermarket. Shell and operculum were removed from the 
animal, thoroughly washed with water to remove any foreign 
materials. A known quantity of shrimp exoskeletons were 
oven-dried at 65 °C until obtain a constant weight. The dried 
exoskeletons were crushed into smaller pieces (0.5-3 mm) using 
a motar and pestle. Crushed shrimps exoskeletons were placed 
in a 500 ml beaker and soaked in boiling sodium hydroxide  
(2 % w/v) for one hour in order to dissolve the proteins and 
sugars thus isolating the crude chitin. After the samples are 
boiled in the sodium hydroxide, the beaker containing the 
shrimp shell was removed from the hot plate, and allowed to 
cool for 30 minutes at room temperature. The supernatant was 
discarded and then the sample was washed with distilled water.

The sample was soaked in 1 % HCl three times its quantity 
for 24 hrs to remove minerals mainly the calcium carbonate 
(Puvvada et al.). The demineralized sample was then treated 
for one hour with adequate volume of 2 % NaOH solution to 
decompose the albumen into water soluble amino-acids. The 
remaining chitin was washed with distilled water. The chitin was 
further converted into chitosan by the process of deacetylation. 

The chitosan was synthesiszed from chitin as described by 
(Puvvada et al., 2012). The deacetylation process is carried 
out by adding 50 % NaOH and then boiled at 100 °C for  
2 hrs on a hot plate. The samples are then cooled for 30 min 
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at room temperature. Afterwards, the samples were washed 
continuously with the 50 % NaOH and filtered in order to retain 
the solid matter, which is the chitosan. The samples were then 
left uncovered and oven dried at 110 °C for 6 h. The chitosan 
obtained was in a creamy-white form. 

Characterization of synthesized chitosan was done using 
Fourier Transform Infrared spectroscopy (FTIR). Synthesis of 
chitosan nanoparticles was carried out using ionotropic gelation 
method and characterization of nanoparticles was done with 
particle size analyzer (FRITSCH Analysette 22 Nano Tec plus).

B.  Preparation of Genipin Extract
A known quantity of tender fruit of Gardenia was crushed into 
smaller pieces (0.5 - 1 mm) with distilled water using a motar 
and pestle. Ice was added to control the temperature generated 
due to grinding process. The extract was filtered and added 
distilled water to make the final volume as 20 ml which was 
used as the working solution.

C. � Synthesis of Chitosan Nanoparticles with Ionotropic 
Gelation Method 

Before taking into cross linking process, pH of both chitosan 
and genipin was adjusted to 5.0. 

Then chitosan solution was added into the genipin solution 
drop wise using a syringer while sonication. Sonication was 
continued for a period 45 minutes. A turbidity was observed in 
the genipin solution.

III. Results and Discussion

Physical and chemical properties of chitosan synthesized from 
shrimp exoskeleton depend on the degree of deacetylation and 
molecular weight which will ultimately depend on species, 
locality and even country of origin. The extent of deacetylation, 
the content of impurities and the distribution of the molar 
mass of chitosan depends on the natural source of the primary 
material as well as the preparation method (Senel and McClure, 
2004). In this context it is important to develop a procedure to 
synthesize and characterization of chitosan nanoparticles from 
shrimp exoskeleton in the Sri Lankan context which will lead to 
develop environment friendly control release nanofertilizers for 
socio-economic advantage.

The process of synthesizing chitosan has several steps which 
involves various chemicals. Extraction of the chitin from the 
shrimp exoskeleton involves removal of the proteins from shells 
followed by demineralization to remove carbon and other salts 
(mainly CaCO3) present in the crude. Chitosan is synthesized 
by the process of deacetylation of the chitin. Producing 
pharmaceutical grade chitosan at commercial scale involves 
further steps to purify chitosan. As per the literature, 34 % yield 
of chitosan has been obtained after the purification process 

(Puvvada et al., 2012).  However, the chitosan yield obtained 
during the present study is 22 %. This may be due to difference in 
characteristics such as feed conversion ratio of the local shrimp. 

Fig. 2: � The FTIR Spectrum of the Synthesized Chitosan from 
Shrimp (Penaeus monodon)

The FTIR spectrum of the synthesized chitosan showed five 
major peaks at a range of 873-3315 cm-1 wave numbers. A major 
absorption band is observed at 1029 cm-1 which represents the 
stretching of C-O group. The peak at 3315 cm-1 represents the 
stretching of alcoholic group (-OH). The absorbance bands 
of 1448 cm-1 and 2879 cm-1 indicated the CH3 deformation 
and CH stretching respectively. Ring stretching indicated by 
the peak at 873 cm-1. Major peaks and corresponding wave 
numbers obtained for the chitosan synthesized in the present 
study are almost identical to the peaks of standard chitosan 
which confirms the structure of chitosan.

Table I: Effects of Genipin Dose on Size of Nanoparticles 

Chitosan 
concen-
tration
(mg/ml)

pH

Volume of 
Genipin 
extract 

(ml)
Sonication

Minimum 
par-

ticle size 
achieved 

(nm)
2.0 5.0 2.0 yes 490
2.0 5.0 5.0 yes 90
2.0 5.0 7.5 yes 600

The cross-linking mechanism (Fig. 3) involves a nucleophilic 
attack by the amino group of chitosan on to the olefinic 
carbon atom at C-3 of genipin, followed by the opening of 
the dihydropyran ring. The formation of a secondary amide 
and a heterocyclic amino linkage leads to the cross-linking of 
chitosan.
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Covalent bridges

Particle analysis studies indicated that optimum pH and chitosan 
concentration for synthesis of chitosan nanoparticles are 5.0 and 
2 mg/ml respectively. Average size of nanoparticles achieved 
with these conditions is 90 nm (Table I and Fig. 4). 

IV. Conclusions

Extraction of chitin from shrimp shell can be achieved with the 
methods described in literature. Chitosan nanoparticles can be 
synthesized based on chitin extracted from shrimp shells using 
genipin, a naturally originated cross linking agent. The size 
of the nanoparticles is depend on pH, chitosan concentration, 
cross linker concentration. Size of the chitosan nanoparticles 
can be tuned by changing orthogonal factors hence enabling 
an eco-friendly pathway to synthesize chitosan nanoparticles. 
The present study will not only provide a basis for preparation 
of environment friendly control release nanofertilizer but also 
enable value addition to by product of local shrimp and crab 
industry harnessing nanotechnology. 



30  Journal of Scientific and Technical Research � Volume 7, Issue 1, June 2017

phosphate: A technical note,” AAPS PharmSciTech, vol. 
7, no. 2, pp. E138-E143, June 2006.

[5]	 H. Bouwmeester, S. Dekkers, M. Y. Noordam, W. I. 
Hagens, A. S. Bulder, C. D. Heer, S. E. C. G. T. Voorde, 
S. W. P. Wijnhoven, H. J. P. Marvin, and A. J. A. M. 
Sips, “Review of health safety aspects of nanotechnolo-
gies in food production,” Regulatory Toxicology and 
Pharmacology, vol. 53, no. 1, pp. 52-62, February 2009.

[6]	 F. Burrows, C. Louime, M. Abazinge, and O. Onokpise, 
“Extraction and evaluation of chitosan from crab exo-
skeleton as a seed fungicide and plant growth enhanc-
er,” American-Eurasian Journal of Agriculture and 
Environmental Science vol. 2, no. 2, pp. 103-111, 2007.

[7]	 Q. Chaudhary, and L. Castle, “Food applications of 
nanotechnologies: An overview of opportunities and 
challenges for developing countries,” Trends in Food 
Science and Technology, vol. 22, no. 11, pp. 595-603, 
November 2011.

[8]	 L. Chen, Z. Xie, X. Zhuang, X. Chen, and X. Jing, 
“Controlled release of urea encapsulated by starch  
gpoly (L-lactide),” Carbohydrate Polymers, vol. 72, no. 
2, pp. 342-348, May 2008.

[9]	 C. Djerassi, J. D. Gray, and F. A. Kincl, “Naturally occur-
ring oxygen heterocycles. IX. Isolation and character-
ization of genipin,” The Journal of Organic Chemistry, 
vol. 25, no. 12, pp. 2174-2177, 1960.

[10]	 FAO world agriculture towards 2030/2050: The 2012 
revision. ESA Working Paper No. 12-03, Food and 
Agriculture Organization of the United Nations, Rome, 
Italy, 2012.

[11]	 A. Goel, “Agricultural applications of nanotechnology,” 
Journal of Biological and Chemical Research, vol. 32, 
no. 1, pp. 260-266, 2015.

[12]	 E. Al, G. Guclu, T. B. Iyim, S. Emik, and S. Ozgumu, 
“Synthesis and properties of starch-graft-acrylic acid / 
na-montmorillonite superabsorbent composite hydro-
gels,” Journal of Applied Polymer Science, vol. 109, no. 
1, pp. 16-22, July 2008.

[13]	 E. A. El-Hefian, M. M. Nasef, and A. H. Yahaya, “The 
preparation and characterization of chitosan / poly (vi-
nyl alcohol) blended films,” E-Journal of Chemistry, 
vol. 7, no. 4, pp. 1212-1219, 2010.

[14]	 J. Jin, and M. Song, “Chitosan and chitosan-PEO blend 
membranes cross-linked by genipin for drug release,” 
Journal of Applied Polymer Science, vol. 102, no. 1, pp. 
436-444, October 2006.

[15]	 A. Kahru, and H. C. Dubourguier, “From ecotoxicology 
to nanoecotoxicology,” Toxicology, vol. 269, no. 2-3, 
pp. 105-119, March 2010.

[16]	 L. R. Khot, S. Sankaran, J. M. Maja, R. Ehsani, and E. 
W. Schuster, “Applications of nanomaterials in agricul-

tural production and crop protection: A review,” Crop 
Protection, vol. 35, pp. 64-70, May 2012.

[17]	 N. Kottegoda, I. Munaweera, N. Madusanka, and V. 
Karunaratne, “A green slow-release fertilizer composi-
tion based on urea-modified hydroxyapatite nanoparti-
cles encapsulated wood,” Current Science, vol. 101, no. 
1, pp. 73-78, July 2011.

[18]	 K. Kumari, and U. Rani, “Controlled release of metfor-
min hydrochloride through crosslinked blends of chi-
tosan-starch,” Advances in Applied Sciences Research, 
vol. 2, no. 2, pp. 48-54, 2011.

[19]	 M. Liu, R. Liang, F. Zhan, Z. Liu, and A. Niu, 
“Preparation of superabsorbent slow release nitro-
gen fertilizer by inverse suspension polymerization,” 
Polymer International, vol. 56, no. 6, pp. 729-737, June 
2007.

[20]	 R. Liu, and R. Lal, “Potentials of engineered nanopar-
ticles as fertilizers for increasing agronomic products,” 
Science of the Total Environment, vol. 514, pp. 131-139, 
May 2015.

[21]	 B. Manickam, R. Sreedharan, and M. Elumalai, 
“Genipin the natural water soluble crosslinking agent 
and its importance in the modified drug delivery sys-
tems: An overview,” Current Drug Delivery, vol. 11, pp. 
139-145, 2014.

[22]	 R. A. A. Muzzarelli, “Genipin-crosslinked chitosan 
hydrogels as biomedical and pharmaceutical aids,” 
Carbohydrate Polymers, vol. 77, no. 1, pp. 1-9, May 
2009.

[23]	 G. Oberdörster, E. Oberdörster, and J. Oberdörster, 
“Nanotoxicology: An emerging discipline evolving 
from studies of ultrafine particles,” Environmental 
Health Perspectives, vol. 113, no. 7, pp. 823-839, July 
2005.

[24]	 A. M. Piras, G. Maisetta, S. Sandreschi, M. Gazzarri, C. 
Bartoli, L. Grassi, S. Esin, F. Chiellini, and G. Batoni, 
“Chitosan nanoparticles loaded with the antimicrobial 
peptide temporin B exert a long-term antibacterial ac-
tivity in vitro against clinical isolates of Staphylococcus 
epidermidis,” Frontiers in Microbiology, vol. 6, p. 372, 
April 2015.

[25]	 I. Park, J. Cheng, and A. P. Pisano, “Low temperature, 
low pressure nanoimprinting of chitosan as a biomateri-
al for bionanotechnology applications,” Applied Physics 
Letters, vol. 90, no. 9, pp. 1-3, 2007.

[26]	 Y. S. Puvvada, S. Vankayalapati, and S. Sukhavasi, 
“Extraction of chitin from chitosan from exoskeleton of 
shrimp for application in the pharmaceutical industry,” 
International Current Pharmaceutical Journal, vol. 1, 
no. 9, pp. 258-263, 2012.

[27]	 R. Rajalakshmi, M. Y. Indira, U. Aruna, V. Vinesha, 
V. Rupangada, and M. S. B. Krishna, “Chitosan 



Eco-Friendly Chitosan Nanoparticles Cross  Linked with Genipin: Basis to Develop Control  Release Nanofertilizer  31

nanoparticles - An emerging trend in nanotechnology,” 
International Journal of Drug Delivery, vol. 6, no. 3, pp. 
204-229, 2014.

[28]	 C. M. Rico, S. Majumdar, M. Duarte-Gardea, J. R. 
Peralta-Videa, and J. L. Gardea-Torresdey, “Interaction 
of nanoparticles with edible plants and their possible 
implications in the food chain,” Journal of Agricultural 
and Food Chemistry 2011, vol. 59, no. 8, pp. 3485-
3498, 2011.

[29]	 R. Riva, H. Ragelle, A. D. Rieux, N. Duhem, C. Jerome, 
and V. Preat, “Chitosan and chitosan derivatives in drug 
delivery and tissue engineering,” Advance Polymer 
Science, vol. 244, pp. 19-44, 2011.

[30]	 S. I. Sempeho, H. T. Kim, E. Mubofu, A. and Hilonga, 
“Meticulous overview on the controlled release fertil-
izers,” Advances in Chemistry, vol. 2014. Available: 
www.hindawi.com/journals/ac/2014/363071/abs/

[31]	 S. Senel, and S. J. McClure, “Potential applications 
of chitosan in veterinary medicine,” Advance Drug 
Delivery Review, vol. 56, no. 10, pp. 1467-1480, June 
2004. 

[32]	 J. C. Tarafdar, A. Agrawal, R. Raliya, P. Kumar, U. 
Burman, and R. K. Kaul, “ZnO nanoparticles induced 
synthesis of polysaccharides and phosphatases by 
Aspergillus fungi,” Advanced Science, Engineering and 
Medicine, vol. 4, no. 4, pp. 1-5, 2012.

[33]	 J. C. Tarafdar, Y. Xiong, W.-N. Wang, D. Quin, and P. 
Biswas, “Standardization of size, shape and concen-
tration of nanoparticle for plant application,” Applied 
Biological Research, vol. 14, no. 2, pp. 138-144, 2012.

[34]	 United Nations, Department of Economic and Social 
Affairs, Population Division, World Population 
Prospects: The 2015 Revision, Key Findings and 
Advance Tables, Working Paper No. ESA/P/WP.241, 
New York, USA, 2015.

[35]	 S. A. White, P. R. Farina, and I. Fulton, “Production and 
isolation of chitosan from Mucor rouxii,” Applied and 
Environmental Microbiology, vol. 38, no. 2, pp. 323-
328, 1979.

[36]	 L. Wu, M. Liu, and R. Liang, “Preparation and prop-
erties of a double-coated slow-release NPK compound 
fertilizer with superabsorbent and water retention,” 
Bioresource Technology, vol. 99, no. 3, pp. 547-554, 
February 2008.

[37]	 Y. Yu, X. L. Feng, H. Gao, Z. L. Xie, Y. Dai, X. J. 
Huang, H. Kurihara, W. C. Ye, Y. Zhong, and X. S. Yao, 
“Chemical constituents from the fruits of gardenia jas-
minoides Ellis,” Fitoterapia, vol. 83, no. 3, pp. 563-567, 
April 2012.

[38]	 Y. Zhang, Y. Yang, and T. Guo, “Genipin-crosslinked 
hydrophobical chitosan microspheres and their inter-
actions with bovine serum albumin,” Carbohydrate 
Polymers, vol. 83, no. 4, pp. 2016-2021, February 2011.


