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This study was conducted during the period September 2020–January 2023 at ICAR-Central Institute of Fisheries Technology, 
Cochin. The study was to develop a cost-effective freeze indicator using gold nanoparticles. Gold nanoparticles (AuNPs) were 

synthesized using chitosan and trisodium citrate (TSC) as a reducing agent. Various chitosan samples with different molecular 
weights were obtained from commercial chitosan units. Chitosan was employed at two distinct concentrations. The UV-Vis 
spectra exhibited the characteristic peak of AuNPs at 520–530 nm in all analyzed samples. The samples containing chitosan 
displayed a light pink color, whereas those containing TSC exhibited a ruby red color. An increase in chitosan concentration 
led to an increase in absorbance of the SPR peak. The full width at half maximum (FWHM), zeta potential, and conductivity 
of the nanoparticles were also investigated. The stability of the synthesized nanoparticles was assessed during frozen storage 
at -18°C, revealing that the sample containing TSC became colorless upon freezing. The stability of chitosan-containing 
samples improved with higher concentrations and molecular weights. No distinct color change upon freezing was observed in 
the samples synthesized using chitosan. The AuNPs synthesized using TSC were evaluated and the significant color change 
demonstrated by the sample confirmed that the nanoparticle solution synthesized using TSC at a gold concentration of 1 mM 
can serve as an effective freeze indicator for food and pharmaceutical applications. 
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1.   INTRODUCTION

Chitin constitutes about 50–80% of the organic 
compounds in crustacean shells and cuticles of insects 

(Li et al., 2020). The shell fish processing industry generates 
a huge amount of waste which is mainly constituted by 
the shell of animals. Chitosan mainly consists of β-(1–4)-
linked 2-acetamido-2-deoxy-β-D-glucopyranose and 
2-amino-2-deoxy-β-d-glycopyranose which functions as 
structural polysaccharide (Tyagi et al., 1996). The specific 
properties of chitosan like molecular weight and degree of 
deacetylation depends on processing conditions like strength 
of chemical used for deminerlisation and deacetylation, 
the temperature conditions and atmospheric conditions. 
It is non-toxic, biodegradable, biocompatible and have 
antioxidant properties (Osman and Arof, 2003).

The commercial applications of chitin and chitosan mainly 
arises due to the high percentage of nitrogen (6–89%) 
compared to cellulose (1.25%). The nitrogen  content of 
chitin varies from 5% to 8% which depends on the  degree 
of deacetylation and in chitosan the presence of nitrogen 
is mainly in the form of primary aliphatic amino groups 

(Ravikumar, 1999). Chitosan has a positive ionic charge 
and can chemically bind with negatively charged compounds 
like fats and bile acids (Sandford et al., 1992). Over the last 
decade, chitosan which is one of the promising polymeric 
materials is used extensively for pharmaceuticals and 
biomedical industries. (Prashanth and Taranathan, 2007).

Metal nanoparticles have a wide range of applications 
because of their unique properties (Sun et al., 2017). Gold 
nanoparticles are inert and have bactericidal effect on 
pathogens. The pharmacological applications include drug 
delivery, tumor destruction, gene delivery, food industry, 
separation science, pharmacokinetic studies, health care, 
drug delivery, gene delivery, optics and space industry 
(Santhoshkumar et al., 2017). The synthesis of gold 
nanoparticles requires a reducing agent for converting the 
gold ions to nanoparticles. Several chemicals like ascorbic 
acid (Merza et al., 2012), potassium bitartarate and sodium 
citrate (Kinling et al., 2006) are efficiently used for synthesis 
of gold nanoparticles. These chemicals are either toxic, 
expensive or aggressive in nature. So alternative methods 
of synthesis that are eco-friendly and economical are to be 
explored. The effectiveness of the preparation using these 
alternative methods depends on the reducing agent, the 
stabilising agent and the solvent used (Sun et al., 2008). 
The reducing and stabilising agent determines the size and 
shape of AuNPs formed. 

Plant and animal products mediated synthesis of nanoparticles 
gains attention as these derivatives can act as both reducing 
and capping agent for nanoparticles (Harikrishnan et al., 
2022, Najlaa et al., 2022, Kamaraj et al., 2022, Khan et 

al., 2022, Mihir et al., 2021). Of these, chitosan is gaining 
wide importance and the glucosamine units will exist in 
open chain forms at the end of chitosan chains and the 
oxidation of these groups helps in nanoparticle formation. 
The properties of chitosan affects the properties of AuNPs 
formed also.  Several authors have reported the synthesis 
of nanoparticles using chitosan (Amr et al., 2022, Gao 
et al., 2024, Sreelakshmi et al. 2021a, Sreelakshmi et al. 
2021b, Dananjaya et al. 2017). The development of gold 
nanoparticles using chitosan and its freezing were studied 
by Mohan et al. (2019) and Sreelakshmi et al. (2022a). 
The commercial production of chitosan results in different 
characteristics like degree of deacetylation, molecular weight, 
viscosity etc. These characteristics have indeed substantial 
effect on the performance of chitosan (Sreelakshmi et al., 
2022b) and the performance of gold nanoparticles as freeze 
indicator using 10 mM gold precursor. The use of gold 
precursor is to be reduced to make the technology more 
economical. The present study was undertaken to explore 
the possibility of developing a cost effective freeze indicator 
using gold nanoparticles by a lower concentration of gold 
concentration. For this using two different methods of 
synthesis, Turkevisch and green synthesis were compared.

2.   MATERIALS AND METHODS

2.1.   Materials 

Different chitosan samples (chitosan 1 with molecular weight 
2387 KDa, chitosan 2 with MW 1724 KDa and chitosan 
3 with MW 743 KDa) extracted from shrimp processing 
waste were purchased from a chitosan manufacturing 
company, India Seafoods Pvt. Ltd. at Cochin, Kerala, India. 
The chitosan 4 with MW 685 KDa was purchased from 
Sigma-Aldrich, USA. The chitosan samples had almost 
similar degree of deacetylation of 80%–85%. The hydrogen 
tetrachloroaurate (III) trihydrate was purchased from Hi-
media, Mumbai, India and other chemicals were obtained 
from Merck Life Science Ltd., India. 

2.2.  Preparation of AuNPs

All the chitosan samples were dissolved in 1% acetic acid 
(w/v) separately. The concentration of chitosan used was 
0.1% and 0.5%. To this 5 ml gold precursor solution (1mM) 
was added and heating at 90°C was given continuously.  
Heating was done for 5 minutes and was cooled and kept in 
refrigerator. In order to compare the chitosan capped gold 
nanoparticles with traditional way of chemical synthesis, 
gold precursor was heated to boiling and trisodium citrate 
(5 ml) was added to the solution and was heated for 5 
minutes. All the samples were studied for UV-Visible 
spectra, Z-potential, particle size and visible colour.

2.3.  Zeta potential

The zeta potential, which determines the surface charge 
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of nanoparticles was determined using the Zetasizer 
nanoseries (Malvern Instruments, UK). This is based on 
photon correlation microscopy. The average zeta potential 
was determined in milli Volts. 

2.4.  UV-Visible spectra

The absorption spectra of gold nanoparticles was monitored 
using Jasco Dual Beam Spectrophotometer (Model V-570, 
Jasco International Pvt Ltd., Japan). The wavelength of 
measurement was 400-700nm (Wang et al., 2017). The 
FWHM was calculated from the spectral data (Keijok et 
al., 2019).

2.5.  Stability of AuNPs on freezing

The gold nanoparticles synthesised were studied for the 
stability on frozen storage. A known volume of the samples 
were exposed to frozen temperature (-18±2°C) for 96hrs 
and the changes were monitored using UV-Vis spectra at 
400-700 nm and visible colour changes. The analysis was 
done after thawing the frozen samples for one hour at room 
temperature. 

2.6.  Statistical analysis

The effect of two independent variables on 5 dependent 
variables were studied using the response contour plots 
analysed using SAS version 9.2.

3.   RESULTS AND DISCUSSION

The pure chitosan solution was colourless and on heating 
the gold precursor, the colour changed to light yellow. 

On continuous heating the colour changed to light pink 
and the treatment was given for 5 minutes with continuous 
stirring at 500rpm (Figure 1). The formation of pink colour 
is due to the synthesis of gold nanoparticles on reduction 
of Au3+ ions. There are three steps in formation of gold 
nanoparticles using chitosan (Sun et al., 2017). First includes 
the electrostatic interaction of protonated NH2 groups at 
second carbon atom of chitosan and gold chloride ions. 
The second step is the oxidation of C-1 and C-6 carbon 
atoms in chitosan with reduction of gold ions. Third step 

includes the columbic interactions and covalent bonding 
of gold hydroxychlorides with the support. The addition 
of heat energy facilitates the formation of nanoparticles 
(Akthar et al., 2013). The sample synthesised with TSC 
have changed the colour from light pink to ruby red by the 
end of treatment.

The surface plasmonic resonance, which is attributed 
by the collective oscillation of electrons at the surface of 
nanoparticles gives the colour of the nanoparticle solutions20.  
The characteristic surface plasmonic resonance peak of 
AuNPs gives bands around 520nm21. The peak position, 
intensity and band width of the spectra depends on the 
productivity, shape and size of nanoparticles (Regiel-
Futyra et al., 2015). The UV-Vis spectra of AuNPs are 
given in Figure 2 and 3. The synthesised chitosan-gold 
nanocomposites have a single absorption spectrum. It 
was seen that all the chitosan samples were able to reduce 
gold chloride and SPR peak was observed ~530 nm. The 
absorbance of SPR (Amax, Table 1) increased with the 
increased concentration of chitosan indicating the higher 
productivity of AuNPs, except for chitosan 1. Chitosan 1 

Figure 1: The colour of AuNPs synthesised and the colour 
change on freezing

Figure 2: The UV-Vis spectra of nanoparticles synthesised 
with 0.1% chitosan after freezing. A) before freezing B) after 
freezing. In legends, A represents chitosan 1, B chitosan 2, C 
chitosan 3 and D is chitosan 4

Figure 3: The UV-Vis spectra of nanoparticles synthesised 
with 0.5% chitosan after freezing. A) before freezing B) after 
freezing. In legends, A represents chitosan 1, B chitosan 2, C 
chitosan 3 and D is chitosan 4
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is having the higher molecular weight and on increase of 
concentration, the intermolecular forces within the chitosan 
chain increases and hence intensity decreases. At specific 
concentration, the intensity of nanoparticles increased with 
increase in molecular weight. The λmax of the samples have 
also changed with concentration. The peak of the spectra 
appeared in the lower wavelength when the concentration 
increased in all the samples. The spectra of AuNP 
synthesised using TSC is given in figure 4. The absorption 
spectra have a peak at 526nm with an absorption maxima 
of 2.84. This high intensity of spectra can be correlated to 
the intense colour of the sample.

the measurement used for assessing the stability of aqueous 
dispersions in colloidal state. The zeta potential of gold 
nanoparticles are shown in Table 1. The higher the charge 
of nanoparticles, the higher will be the electrostatic repulsion 
and thus lower will be the aggregation of particles. The zeta 
potential measurement revealed that the zeta potential of 
the samples increased with increase in concentration of 
chitosan. The AuNPs synthesised using chitosan had higher 
charges than the one with TSC which exhibited negative 
magnitude. In all samples the zeta potential increased with 
decrease in molecular weight. Electrical conductivity is 
important in many device applications involving AuNPs. 
The conductivity of the solution increases with increase in 
concentration of gold nanoparticles. In this study the higher 
concentration of chitosan resulted in higher conductivity 
of the nanocomposites. The sample synthesised with TSC 
have lesser conductivity than the samples with chitosan. 
The conductivity of nanoparticle in solution depends on the 
dissociation of ions from the nanoparticle surface (Zhang 
et al., 2005).

3.1.  Response contour plots 

The methodology applied exclusively to examine the 
relationship between independent and dependent variables 
is response surface or response contour. The effect of 
molecular weight and the concentration of chitosan 
on synthesis of gold nanoparticles with 0.1mM gold 
chloride is given in figures 5–9. The maximum absorbance 
increases with increase in molecular weight at lower 
chitosan concentrations. As the concentration of chitosan 
increases, the maximum absorbance reduces and the effect 
of molecular weight will get nullified. The absorbance 
peak have higher wavelength of maximum absorbance 
when the molecular weight of chitosan used is high. At 
lower chitosan concentration, the molecular weight has no 
effect on the FWHM and at higher concentrations, the 
FWHM increases and hence concentration of chitosan 

Figure 4: Colour change of AuNPs synthesised with TSC 
before and after freezing

The full width at half maximum (Table 1) of the samples have 
increased with increase in concentration of the samples. The 
absorbance peak becomes broadened in samples synthesised 
with 0.5% chitosan. This shows that the AuNPs became 
polydisperse as the higher values of FWHM is an index of 
higher polydispersity. The AuNPs synthesised with TSC 
have lesser FWHM than most of the other samples and this 
shows that the particle size variation of the nanoparticles 
formed is lesser than that with chitosan. Zeta potential is 

Table 1: Characteristics of AuNPs synthesised using different chitosan

Chitosan Concentration of 
chitosan (%)

λmax 
(nm)

Amax FWHM Zeta potential (mV) Conductivity 
(mS/cm)

1 0.1 529-531 0.482 62 36.3 0.823

2 0.1 527 0.276 50 38.2 0.836

3 0.1 524-528 0.248 72 41.9 0.759

4 0.1 524 0.202 65 43.7 0.834

1 0.5 515-521 0.464 80 46.1 1.3

2 0.5 524 0.408 83 40.5 1.35

3 0.5 514-521 0.333 80 45.1 1.23

4 0.5 524 0.279 87 51.2 1.49

TSC 526 2.84 56 -26 0.785
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Figure 5: Contour plot for response of Absorbance maxima. 
MW is expressed in KDa and Concentration is expressed in %

Figure 8: Contour plot for response of Zeta potential (mV). 
MW is expressed in KDa and Concentration is expressed in %

Figure 9: Contour plot for response of Conductivity (mS/cm). 
MW is expressed in KDa and Concentration is expressed in %

Figure 6: Contour plot for response of λmax (nm). MW is 
expressed in KDa and Concentration is expressed in %

Figure 7: Contour plot for response of full width at half 
maximum (FWHM). MW is expressed in KDa and 
Concentration is expressed in %

of chitosan and at lower concentrations, the zeta potential 
reduces with increase in molecular weight. The samples will 
have higher conductivity with increase in concentration of 
chitosan. 

3.2.  Stability on freezing

In order to study the stability of prepared gold 
nanocomposites, they were subjected to frozen storage for 
four days at -18±2°C. There were changes in visible colour 
for three samples with lower molecular weight at 0.1% 
chitosan and the sample prepared with TSC. The visible 
colour changes are given in Figure 1. The extensive ice 
crystal growth in nanocomposite solutions causes reduction 
in the available surface area for particles and will lead to 
increased aggregation of AuNPs (Mithell et al., 2015). The 
precipitation of polymer over the crystallised water causes 
aggregation of AuNPs as a result of this ice crystal formation 
(Wang et al., 2017). Hence in this study the change in 
colour of the samples are caused due to the aggregation of 
particles. In lower molecular weight samples the aggregation 

can be considered as the major factor affecting the FWHM 
and particle size of nanoparticles. The zeta potential was 
also found to be increasing with increase in concentration 
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caused the colour to change from light pink to partially 
colourless. The colour change is more evident in these 
samples as the concentration of gold nanoparticles formed 
initially was lower when compared to the higher molecular 
weight samples. The trisodium citrate has changed the 
colour from ruby red to complete colourless on freezing. 
This can be correlated with the negative zeta potential of 
samples prepared with TSC which shows the instability. 
The change in the absorption band is given in Figures 
2-4. The aggregation of AuNPs cause a shift in absorption 
band to higher wavelength and the colour changes to blue 
(Kreibig and Genzel, 1985) 

The samples synthesised with higher chitosan concentration 
have not shown any colour change on freezing. This can 
be correlated with the higher zeta potential of samples. At 
lower chitosan concentrations, the charge rendered is small 
and hence the repulsion is less and this results in higher 
aggregation. A depression in freezing point is caused by 
an increase in polymer concentration in nanocomposite 
solutions and hence there will be a reduction in formation 
of ice crystals (Cooney et al., 2008). This reduction can 
cause a reduction in aggregation of the nanoparticles also.  
The plasmonic peak of nanoparticles have not changed the 
wavelength of maximum absorbance in any of the samples. 
The absorbance maxima have reduced in all the samples 
irrespective of the molecular weight and concentration of 
chitosan used. In AuNP synthesised with TSC, there was 
flattening of band at ~520 nm on freezing which shows 
the changes in nanoparticles formed and thus the change 
in colour. In this study it was seen that the nanoparticles 
are stabilised by chitosan when compared to the AuNPs 
synthesised with sodium citrate. 

The reduction in absorbance maxima was higher in lower 
molecular weight samples at 0.1% chitosan concentration. 
This is in contrary to the higher zeta potential value of the 
samples with lower molecular weight chitosan. The initial 
colour change of gold nanoparticles occur when aggregation 
of approximately 11 nanoparticles are there (Kim et al., 
2008). On use of polyvinyl alcohol as stabilising agent, the 
molecular weight affects the stability of nanoparticles only 
at lower concentration (Congdon et al., 2015). 

4.   CONCLUSION

The synthesis of gold nanoparticles was studied using 
1mM gold precursor and chitosan. The molecular 

weight of chitosan was the major factor affecting the 
absorption maxima while the Full width at half maximum, 
particle size, zeta potential and conductivity of the 
nanoparticles were affected by concentration of chitosan 
than the molecular weight. The nanoparticles produced 
using TSC have changed colour to colourless on freezing 

and hence can be used as cost effective freeze indicator with 
lower gold concentrations.
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