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Abstract: Chitosan is a bio-degradable polymer obtained easily from natural polymer chitin which is abundantly found in the 

outer hard skeleton of shellfishes like crab, lobster, and shrimp. It has immense pharmaceutical uses as anti-oxidant and 

anti-bacterial material. We have presented here one-step hydrothermal method of preparation of depolymerized water dispersible 

chitosan particles using citric acid as a depolymerizer and ionic cross linker and their stabilizing effect on cow milk proteins from 

fluorimetric and differential scanning calorimetric studies. We report for the first time protein stabilizing effect of depolymerized 

chitosan from thermal denaturation of milk protein. This has been explained by carbohydrate like structural skeleton of chitosan. 
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1. Introduction 

Chitosan is a biodegradable, biocompatible polymer 

derived from natural polymer chitin and used extensively in 

drug delivery [1, 2], gene delivery [3, 4] tissue engineering [5, 

6], textile industry and food packaging. It is non- toxic, non- 

immunogenic and non- carcinogenic [7-10]. It is widely used 

as antibacterial, antioxidant agents and as medicine for obesity 

and high cholesterol treatment. The –NH3
+
 group of chitosan 

can bind with negatively charged biological molecule [11]. 

Thus, mucoadhesive property and platelet aggregation are due 

to interactions [12-15] of positively charged CS with 

negatively charged mucous. But chitosan is insoluble in 

biological pH. It is important to make highly water- 

dispersible chitosan at biological pH. Chitosan is soluble in 

acidic pH (pH< 5.0) due to protonation of amino groups 

present in the polymer chain. We have followed our earlier 

protocol [16] of making water- dispersible chitosan colloid 

particles but modified using citric acid as a depolymerizer of 

polymer chain and ionic cross linker. 

The molecular structural unit of this bio-polymer is unique. 

On one hand, it contains sugar like skeleton and on the other 

hand, it has urea-like (-NH2-C=O) group. It is well-known 

sugar and poly-ols stabilize native conformation of protein 

from denaturing effect of heat and other denaturing agents and 

urea enhance denaturation. So, it will be of particular interest 

to study the effect of chitosan on the folding-unfolding 

behaviour of proteins. 

We have selected milk protein (mainly, casein and whey 

proteins) obtained by coagulation of milk proteins by citric 

acid. Heat denaturation of milk protein is a subject of wide 

interest because of its nutritional value. 

2. Experimental 

300 mg of low molecular weight chitosan (Himedia, CAS 

no 9012-76-4 , DD > 75%) was weighed out in a 50 ml 

centrifuge tube. 300 mg of citric acid (Mark) was added to the 

solid chitosan powder followed by dissolving the mixture in 

30 ml DI water under brief vortex. The chitosan particles were 

not dissolved completely and formed semi-fluid gel-like 

material. The mixture was transferred to a Teflon taped 50ml 

hydrothermal container and kept in pre heated oven at 150ᵒC 

for 90 minutes followed by cooling it at room temperature. 

The final product was transparent fluid at pH 3.0. This fluid 

was filtered through 0.45 um filter and was dialyzed by 

dialysis tube with 3.5 K Da Mwt cut off, against DI water and 

finally pH was adjusted to 6.5 to obtain highly water 

dispersible colloidal chitosan particles. 

Cow milk 100 ml was taken in a 250 ml Beaker, citric acid 

solution 1% was added gradually to obtain coagulated milk 

protein (casein + whey), which was dialyzed using a cloth bag 

against DI water, pressed to remove excess water and dried in 

cold air. 
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200 mg of this air dry solid protein was dispersed in 20 ml 

of DI water by sonication to obtain a colloidal dispersion of 

milk protein (stock solution). This stock solution was further 

diluted further for fluorescence study. 

3. Result and Discussion 

The depolymerization of CS is confirmed by determination 

of viscosity average molecular mass in 1% Acetic acid, with K 

and α values 4.74 �10
-5

 dLg
-1

 and 0.72 respectively [17]. The 

average molecular mass of the depolymerized sample has 

been found to decrease by 45% of the starting material. Unlike 

the starting material, this depolymerized sample gets water 

dispersible easily. 

 
Fig. 1. Fluorescence spectra (left) of dilute aqueous dispersion of milk protein 

(green) and in the presence of urea (4m, red ) and depolymerized CS (10%, 

black) at 300C . Similar spectra (right) at 800C. 

Figure 1, shows the fluorescence emission spectra of dilute 

aqueous milk protein (whey protein incorporated ceresin 

micelle, green line) at ~330 nm when excited at 220 nm. 

Similar emission spectra of milk protein in the presence of 

depolymerized CS (10% w/v, black line) and urea (4M, red 

line) are also shown. Intrinsic fluorescence due to tryptophan 

residue is a perfect indicator of protein denaturation [18]. 

Tryptophan emits around 330 nm and its fluorescence 

quantum yield increases with the degree of denaturation. It is 

known that the protein denaturation, as well as agglomeration, 

may happen simultaneously. The agglomeration can be 

measured by the blue shift of fluorescence coming from 

tryptophan. The native protein fluorescence is shown at ~330 

nm of tryptophan but it shifts to 300 nm when agglomerated 

[18]. Urea is a common denaturant for protein. It works by 

breaking hydrophobic hydration shell or by binding directly to 

the protein to break intra molecular hydrogen bond. On the 

other hand, glycerol, polyols and sugar acts as stabilizer of 

folded conformation of protein from denaturing effects of heat 

and other agents. Chitosan has both amine group and 

carbohydrate like skeleton. So it may acts as a stabilizer of 

folded conformation of protein or as a denaturant like urea. 

Due to unfolding, more tryptophan residues are exposed to the 

aqueous environment resulting enhancement of fluorescence 

emission intensity, as is expected in the presence of a 

denaturing agent. Similarly, decrease in fluorescence intensity 

is observed in the presence of a protein stabilizing agent. 

 

Fig. 2. DSC curve of Chitosan-milk protein composite at a scan rate of 10C 

per minutes. 

But complication arises due to the aggregation of protein in 

the presence of these agents. It is well known in the presence 

of denaturing agent like urea, protein-protein aggregation 

occurs. Similarly stabilizing agent acts as anti coagulant due to 

compact structure of protein. We have carefully eliminated 

this problem using a dilute solution of protein. Thus, 

fluorescence spectra of milk protein in the presence of 

depolymerized CS and urea at two different temperatures 30ᵒC 

and 80ᵒC primarily indicate depolymerized CS acts as protein 

stabilizer in dilute aqueous dispersions of milk proteins. 

Poly-ols and sugar are well known [19] protein stabilizers; 

chitosan has also carbohydrate like structural skeleton, 

possibly, owing to the presence of such a skeleton attached to 

–OH groups, depolymerized CS acts as protein stabilizer. The 

mechanisms of protein stabilizing activity of poly-ols and 

sugar are not yet clearly known [20]. However, specific 

interaction mechanism and interactions through alteration of 

water structure [21] around protein have been proposed. 

Recently, Ben-Naim [21] has proposed a new approach 

explaining heat and cold denaturation of the protein. This 

hypothesis is based on solvent-mediated interaction of a 

denaturing agent with the hydrophilic sites of the protein. 

Different experimental approaches have also been 

examined. Preparation of protein-stabilizing agent complexes 
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and study of their XRD and DSC [22] have been reported. We 

have also prepared this milk protein – depolymerized CS 

composite at slightly alkaline (8.5) pH at room temperature to 

facilitate electro-static interactions and studied their DSC (Fig. 

2.). It is clear from the DSC curve that conformation changes 

occur at a low temperature near 45ᵒC, other researchers [23] 

have also observed peaks at this temperature. Close scrutiny of 

the DSC curve indicates two shoulder peaks at 81 and 88ᵒC. 

Prominent shoulder peaks for denaturation of beta-lacto- and 

alfa –lactalbumin in whey protein and casein protein mixture 

like the present one have been observed at 68 and 73ᵒC [23]. 

Here we observe an increased in denaturation temperatures of 

milk proteins in the presence of depolymerized CS, indicating 

milk protein stabilizing activity of depolymerized CS. 

4. Conclusions 

We have de-polymerized chitosan to water dispersible 

chitosan by one step method using citric acid as a 

depolymerized agent. We have demonstrated for the first time 

from simple fluorescence study that this depolymerized CS acts 

as milk protein stabilizer. This has been explained in terms of 

the presence of carbohydrate like skeleton in its structure. 
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