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Abstract: 
Chitosan reacts with amino acids and hydrolyzed whey proteins to produce biologically active complexes that can be used in 
functional foods. The research objective was to obtain chitosan biocomposites with peptides and amino acids with improved 
antioxidant and sensory properties.
The research featured biocomposites of chitosan and succinylated chitosan with whey peptides and amino acids. The methods 
of pH metry and spectrophotometry were employed to study the interaction parameters between polysaccharides and peptides, 
while colorimetry and spectrophotometry served to describe the amino acids content. The antiradical effect was determined by 
the method of fluorescence recovery. Pure compounds and their complexes underwent a sensory evaluation for bitterness.
Chitosan and succinylated chitosan formed complexes with whey peptides and such proteinogenic amino acids as arginine, 
valine, leucine, methionine, and tryptophan. The equimolar binding of tryptophan, leucine, and valine occurred in an aqueous 
chitosan solution (in terms of glucosamine). Methionine appeared to be the least effective in chitosan interaction, while arginine 
failed to complex both with chitosan and succinylated chitosan. Chitosan and succinylated chitosan biocomposites with peptides 
and leucine, methionine, and valine proved to be less bitter that the original substances. The samples with arginine maintained 
the same sensory properties. Chitosan complexes with tryptophan and peptides increased their antioxidant activity by 1.7 and  
2.0 times, respectively, while their succinylated chitosan complexes demonstrated a 1.5-fold increase.
Chitosan and succinylated chitosan biocomplexes with tryptophan and whey protein peptides had excellent antioxidant and 
sensory properties. However, chitosan proved more effective than succinylated chitosan, probably, because it was richer in 
protonated amino groups, which interacted with negatively charged amino acids groups. 

Keywords: Chitosan, succinylated chitosan, whey peptides, proteinogenic amino acids, chitosan biocomposites

Funding: This research was supported by the Ministry of Education of the Republic of Belarus  as part of the research in 
Mechanisms of Amino Acids and Peptides Interaction with Chitosan and Its Derivatives, grant no. 20211584.

Please cite this article in press as: Halavach TM, Kurchenko VP, Tarun EI, Romanovich RV, Mushkevich NV, Kazimirov AD, et al. 
Chitosan complexes with amino acids and whey peptides: Sensory and antioxidant properties. Foods and Raw Materials. 
2024;12(1):13–21. https://doi.org/10.21603/2308-4057-2024-1-584

INTRODUCTION 

Milk proteins are a source of biologically active 
peptides that appear as a result of enzymic processes in 
the gastrointestinal tract. Milk proteins undergo enzy- 
matic hydrolysis as part the commercial hypoallerge- 
nic foods [1, 2]. Proteolysis forms bioactive functional 

peptides [3]. Milk proteins lose their allergenicity be- 
cause the antigenic determinants split in the structure of 
allergen proteins [4].

Hydrolyzed cow’s milk proteins are short chain pep- 
tides and amino acids. Histidine, proline, phenylala- 
nine, tyrosine, and tryptophan give them a characte- 
ristic bitter taste, which limits the use of hypoallergenic 
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hydrolysates in the food industry [5]. Hydrophobic 
chromatography improves the bitter taste of hydroly- 
sates; other options include specific sorbents, isoelec- 
tric focus, and limited proteolysis [6]. Instrumental 
hydrolysate processing increases production costs and  
changes the amino acid composition because it 
removes essential amino acids. Moreover, instrumental 
processing requires specific enzymes and complex 
detoxication. Flavoring additives are an alternative 
solution that can camouflage the bitterness [7]. Still, 
food science is looking for new ways to reduce the 
bitterness of protein hydrolysates and amino acid mixes.

Cyclic oligosaccharides, or cyclodextrins, have a 
cone-like spatial structure with a hydrophobic inner 
cavity. As a result, they can form inclusion comple- 
xes with guest molecules, which are also called clath- 
rates [8]. If bitter peptides and amino acids are encapsu- 
lated in cyclodextrins, their taste improves because the 
cone shields them from taste receptors [9, 10]. In ad- 
dition, the method improves the biologically active 
potential of the encapsulated compounds [11, 12].

Aminopolysaccharide chitosan also can improve the 
sensory properties of bitter amino acids and peptides. 
Chitosan is a low-toxic substance, popular in the food 
industry as a filler, thickener, and stabilizer [13]. Food 
scientists obtain composites with more advantageous 
properties by complexing natural biopolymers and 
bioactive substances with chitosan and its derivatives.

Chitosan, a potential complexing agent, is able to 
interact with organic compounds due to its hydrophobic 
effect, as well as due to ionic and hydrogen bonds [14]. 
Although chitosan has good biocompatibility and ad- 
sorption, its solubility is rather limited [15]. As a  
result, chitosan is unpopular in the food industry 
and pharmacy. At pH < 6.5, its free amino groups are 
protonated, thus rendering it polycationic properties [16]. 
Soluble chitosan can be obtained by depolymerization 
and chemical modification [17]. For instance, Lee et al. 
introduced anionic succinate groups to produce suc- 
cinylated chitosan [18]. This chitosan derivative was 
soluble at pH > 7.0 and < 4.5.

Molecular modeling demonstrated that the comp- 
lexation occurs as a result of the electrostatic interaction 
between the amino acid carboxyl group and the chitosan 
amino group [19]. Chitosan and its derivatives interact 
with amino acids in three different ways [20–28]:

1. Chitosan produces a gel-like base. This hydrogel 
acts as films or spheres and immobilizes amino acids 
inside the base or adsorbs it on its surface. As part of 
the film, amino acids can also be chemically crosslinked 
with chitosan molecules [20–23];

2. Molecules of chitosan and amino acid are che- 
mically crosslinked. The resulting biocomposites serve 
as transport for various molecules [24–26]; and

3. Chitosan and amino acids interact in a solution as 
compounds bind with NH2-groups of chitosan. Different 
chitosan modifications interact with target molecules, 
which are normally used in gene therapy, packaging, 
drug delivery, wastewater treatment, etc. [27, 28].

This research focused on the third type of interaction 
because of its technical simplicity and low cost. The 
main goal was to use the biocomposites of chitosan and 
amino acids as a food component. According to the 
hypothesis, these high-molecular-weight biocomposi- 
tes interact with bitter-taste receptors to improve the 
sensory properties of whey protein hydrolysates. The 
biocomposite releases its peptides and amino acids in 
the gastrointestinal tract because of weak electrostatic 
forces.

Biocomposites of chitosan and its derivatives with 
peptides and amino acids are promising functional in- 
gredients. Chitosan complexing affects the antioxidant 
and sensory properties of amino acids and peptides.

The research objective was to obtain biocomposites 
of chitosan with peptides and amino acids with high 
antioxidant activity and improved sensory properties.

STUDY OBJECTS AND METHODS 
The study involved chitosan with a molecular weight  

of 100 kDa and a degree of deacetylation of 90%.  
The succinylated chitosan had a molecular weight 
of 200 kDa and a degree of substitution of 75.1%  
(Bioprogress, Russia). The peptide mix had a molecu- 
lar weight of ≤ 10 kDa. It was part of the Pepti- 
gen IF 3080 WPH whey protein hydrolysate with protein 
mass fraction 80% (Arla Foods Ingredients Group, 
Denmark). The experiment also featured such amino 
acids as L-arginine, L-valine, L-leucine, L-methionine, 
and L-tryptophan (Sigma, USA).

Complexing chitosan with whey protein hydro- 
lysate. We prepared 0.1% aqueous solutions of chito- 
san and succinylated chitosan and 15% aqueous solu- 
tion of hydrolysate, which was a mix of whey protein 
peptides. After that, we added 250 µL of the 15% hyd- 
rolysate solution to 50 mL of 0.1% chitosan solution 
and stirred. The solution was tested for active acidity 
and optical density at a wavelength of 640 nm. Then, 
the 0.1% chitosan solution was titrated with the 15% 
hydrolysate solution in the protein concentration ran- 
ge of 0.08–1.34%. The optical density and active acidity 
of the samples were evaluated after each hydrolysate 
cycle. The experiment with the succinylated chitosan 
followed the same procedure. The active acidity was 
determined using a HANNA HI 83141 pH-meter (Hanna  
Instruments, Germany). The optical density was moni- 
tored using a Metertech UV/VIS SP 8001 device (Meter- 
tech, Taiwan).

Obtaining chitosan biocomposites with amino 
acids. Variant 1 included 0.1% aqueous solutions of 
chitosan/succinylated chitosan with 0.5% aqueous 
solutions of arginine, valine, leucine, methionine, and 
tryptophan. The chitosan solution (0.1%, 20 mL) was 
titrated with a 0.5% amino acid solution. The amino 
acids were added by 80 µL until their concentration in 
the mix reached 0.002–0.05%. After each titration stage, 
we monitored the optical density and active acidity. The 
solution of succinylated chitosan (0.1%) was titrated 
under similar conditions.
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Variant 2 involved aqueous solutions of 0.5% chi- 
tosan/succinylated chitosan and 0.5% proteinogenic 
amino acid, namely arginine, valine, leucine, or met- 
hionine. The tryptophan experiment included aqueous 
solutions of 0.1% chitosan/succinylated chitosan and 
0.05% the amino acid. The resulting solutions were stir- 
red at 25°C for 1 h. After that, we tested the samples for 
optical density and active acidity.

The chitosan and succinylated chitosan complexes 
with tryptophan were subjected to dialysis using  
a tubular cellulose membrane with a 14-kDa shut-
off (Sigma, USA). The removal of unbound trypto- 
phan took 4 h. After that, we measured amino acids in 
the dialysate and the optical density at a wavelength of 
280 nm by using spectrophotometry. We also designed 
a calibration dependency curve for the optical density 
and tryptophan (0.0001–0.0016%). The curve made it 
possible to calculate the amount of tryptophan in the 
initial biocomposite solutions and dialysate samples.

The colorimetry test involved the Folin-Chocalteu 
reagent (Sigma, USA). We measured the optical 
density of the tryptophan complexes with chitosan/
succinylated chitosan (variant 2) and the tryptophan cali- 
bration samples at a wavelength of 620 nm. We introdu- 
ced 1000 µL of 0.5 M sodium hydroxide solution into 
200 µL of the test sample, stirred, and added 240 µL of  
the Folin Ciocalteu reagent. The resulting mix was 
kept in a dark place for 20 min. Subsequently, the dyed 
samples were tested for optical density. The effect of 
the tryptophan content (0.0001–0.010%) on the optical 
density of the calibration samples was expressed as a 
dependency curve, which made it possible to calculate 
the amino acid concentration in the biocomposite 
solutions and the corresponding dialysates. 

We introduced 500 μL of the test complexes (variant 2) 
into test tubes with centrifuge filters with a cut-off 
at 10 kDa (Merck Millipore, USA) to determine the 
concentration of free and bound arginine, valine, leu- 
cine, or methionine. The filtrates were obtained by 
centrifugation at 14 000 rpm for 15 min. We used the 
Kjeldahl method (State Standard 23327-98) to determine 
the total amount of nitrogen in the filtrate samples.

The statistical processing involved the arithmetic 
mean value ± confidence interval (n = 3, α = 0.05).

Determining the bitterness of pure compounds 
and chitosan complexes. The sensory evaluation fol- 
lowed a 10-point scale of bitterness: 0 – no bitterness de- 
tected; 1–2 – very weak; 3–4 – weak; 5–6 – mild; 7–8 – 
strong; 9–10 – very strong.

 The severity of bitterness was determined using 
standard solutions of chitosan, amino acids, and 
peptides (Table 1). The mean value of bitterness was 
calculated after three repetitions.

Evaluating the antioxidant activity of chitosan 
biocomposites with tryptophan and hydrolysate. We 
used the Oxygen Radical Absorbance Capacity Assay 
(ORAC) to determine the antioxidant activity [29] 
following the procedure developed by Tarun et al., who 
measured the antioxidant activity based on the results 

of their interaction with hydroxyl radicals [30]. The 
radicals were generated using the Fenton system.

We determined the fluorescence fluorescein recovery 
(A, %) as the ratio of the signal intensity of the sample 
and the control fluorescein (100%). As a result, we 
obtained dependency curves for fluorescein fluorescence 
(A, %) and the solids. The curve made it possible to 
define the concentration of the sample necessary for a 
50% suppression of fluorescein fluorescence (IC50). The 
experiments were conducted in triplicates to obtain the 
arithmetic mean ± confidence interval. We used the 
confidence interval method to calculate the significance 
of the differences between the samples.

RESULTS AND DISCUSSION 
Interaction of chitosan and succinylated chitosan 

with whey protein hydrolysate. Chitosan and its suc- 
cinylated derivative interacted with an extensive enzy- 
matic hydrolysate of whey, which gave the resulting 
mix a bitter taste. The specific sensory properties of 
the hydrolysate resulted from the intensive breakdown 
of whey proteins, which released the bitter peptide and 
amino acid fraction.

Table 1 shows the bitterness of amino acids depen- 
ding on their concentration in aqueous solutions.

We added a 0.1% solution of chitosan with whey pro- 
tein hydrolysate in the concentration range of 0.08–
1.34%, which increased the active acidity of the medium 
by 1.9 pH units (Fig. 1a).

Table 1 Bitterness of standard amino acids, hydrolysate,  
and chitosan

Solution Bitterness,  
points

Sensory  
properties

1% arginine 9 Very strong 
0.5% arginine 7 Strong 
1% valine 6 Mild
0.5% valine 5 Mild
1% leucine 10 Very strong
0.5% leucine 8 Strong
1% methionine 9 Very strong
0.5% methionine 8 Strong
1% tryptophan 7 Strong
0.5% tryptophan 6 Mild
0.05% tryptophan 2 Very weak 
0.01% tryptophan 2 Very weak
5% hydrolysate 8 Strong
1.3% hydrolysate 6 Mild
0.25% hydrolysate 0 Tasteless  
1% chitosan 4 Weak*
0.5% chitosan 3 Weak*
0.1% chitosan 2 Very weak*
1% succinylated chitosan 4 Weak* 
0.5% succinylated chitosan 2 Very weak* 
0.1% succinylated chitosan 0 Tasteless

* – The sample possessed a specific astringent taste of chitosan
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When chitosan mixed with whey protein hydrolysate, 
the resulting protonation raised the active acidity of the 
medium. The optical density of the system increased 
by 1.1 relative units while the content of the hydroly- 
sate changed from 1.0 to 1.3%. These consequences 
occurred because macromolecules of chitosan with  
those of peptides formed aggregates, which had a neut- 
ral total charge. The spectrophotometry test registe- 
red an equivalence point at a peptide concentration  
of 1.3% as the chitosan – hydrolysate protein system  
titrated.

Figure 1b summarizes the binding of succinylated 
chitosan and whey protein hydrolysate. When we 
added 0.08–1.34% hydrolysate to the 0.1% succinylated 
chitosan solution, the pH of the medium dropped by 0.75 
units but the optical density of the system remained the 
same. According to the pH analysis, 0.25% hydrolysate 
resulted in an equivalent binding of succinylated 
chitosan to the peptide fraction.

Therefore, when the succinylated chitosan and whey 
protein hydrolysate had a lower pH, protons entered the 
medium. No changes occurred in the optical properties 
of the succinylated chitosan solution and the peptide 
fraction. Apparently, the same surface charges prevented 
a large-scale aggregation of macromolecular composites 
of succinylated chitosan with peptides.

In general, 1.0 g of chitosan interacted with 13.0 g of 
hydrolysate, while 1.0 g of succinylated chitosan bound 
with 2.5 g of hydrolysate. Good ability of chitosan to 
bind peptides results from its polycationic properties. In 
succinylated chitosan, anionic succinate groups replace 
75.1% of amino groups, which decreases the number of 
potential interaction sites.

The next stage featured the sensory properties of 
protein hydrolysate, chitosan, its derivative, and their 
complexes (Fig. 2). We founded that it was hydrolysate 
that was responsible for the bitter taste. Chitosan and 
succinylated chitosan demonstrated a low bitterness and  
a specific astringency. The bitterness depended on the  

concentration of the ingredients. The bitterness of hyd- 
rolysates in biocomposites dropped by 1–2 points, 
compared with its pure form.

Complexing chitosan and succinylated chitosan 
with amino acids. This stage involved the physicoche- 
mical parameters of prototypes obtained by mixing 
0.1% solutions of chitosan/succinylated chitosan with 
0.002–0.05% arginine/valine/leucine/methionine/trypto- 
phan. The experiment revealed no significant changes in 
the optical density and active acidity of the solutions.

Other studies reported that amino acids could bind 
with polycationic chitosan as a result of electrostatic 
interaction [19, 31]. Unlike such macromolecular struc- 
tures as proteins and peptide fractions, amino acids 
with their low molecular weight neither formed 
coagulating complexes with chitosan/succinylated chi- 
tosan solutions nor affected the pH of the medium.

To determine the optimal conditions for the inte- 
raction of tryptophan with chitosan and succinylated 
chitosan, we obtained solutions of 0.05% amino acids 
and 0.1% polysaccharide. The molar ratio of NH2-groups 
and tryptophan was 2:1 based on the content of amino 
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Figure 1 Effect of whey protein hydrolysate on optical density and active acidity of 0.1% solutions of chitosan (a) and succinylated 
chitosan (b)

Figure 2 Bitterness of standard pure whey protein hydrolysate, 
chitosan, succinylated chitosan, and their biocomposites
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groups in the composition of glucosamine (chitosan 
monomer). When we used succinylated chitosan, the 
molar ratio of tryptophan:glucosamine equaled 1:0.25, 
and that of tryptophan:succinylglucosamine was 1:1.3.

We subjected the experimental samples of chitosan/
succinylated chitosan with tryptophan to dialysis to 
separate the unbound amino acid. Spectrophotometry 
and colorimetry made it possible to determine the 
proportion of tryptophan in the biocomposites. We 
determined the proportion of bound and free tryptophan 
in the complexes based on the amount of initial and 
dialyzed tryptophan.

The content of unbound amino acid in the solution 
did not change after dialysis. To determine the propor- 
tion of tryptophan in the complex, we subtracted the 
amount of dialyzed amino acid from its initial content 
(0.05%) (Table 2).

Both spectrophotometric and colorimetric methods 
yielded similar results. The mixes of chitosan/succi- 
nylated chitosan with amino acids had a low signal 
level in the ultraviolet and visible spectra, compared to 
the control 0.05% tryptophan solution. The resulting 
effect depended on the binding of the amino acid to the 
complexing agent and the change in the access to the 
amino acid radical.

Spectrophotometry and colorimetry also showed 
that the 0.1% chitosan solution bound 0.046 and 0.047% 
tryptophan, respectively, which means that 94% of 
the introduced amino acid entered the complex. The 
0.1% succinylated chitosan solution bound 0.0278 and  
0.0228% amino acid, respectively, which indicated 
a complex formation of 56% tryptophan. Thus, tryp- 
tophan bound with chitosan 1.7 times as effectively as 
with succinylated chitosan.

When the molar ratio of tryptophan:glucosamine 
was 1:0.25, a complete complexation of the amino acid  
occurred at 0.05% tryptophan and 0.2% succinylated 
chitosan. The optimal mass ratio of tryptophan:suc- 
cinylated chitosan was 1:4 (Table 2).

As for the mix of amino acids and chitosan, the 
initial molar ratio of tryptophan:glucosamine was 1:2. 
When the solution contained 0.1% chitosan and 0.05% 

tryptophan (mass ratio of 2:1), almost all the amino acid 
entered the complex, probably, as a result of the twofold 
excess of protonated amino groups. We expected an 
equimolar binding at a mass ratio of 1:1. The formation 
of biocomposites of chitosan/succinylated chitosan with 
tryptophan was confirmed by spectrophotometry and 
colorimetry.

The optimal mass ratio of tryptophan and chitosan/
succinylated chitosan was 1:1 and 1:4, respectively. The 
binding of succinylated chitosan with tryptophan was 
quite weak because succinylation blocked amino groups. 
According to Deka & Bhattacharyya, it is the NH2- 
groups of the polysaccharide that have the most vigorous 
interaction with amino acids [19]. 

The experimental biocomposites of chitosan/suc- 
cinylated chitosan with arginine/valine/leucine/methio- 
nine were filtered with a 10-kDa cut-off. The concent- 
ration of total nitrogen in the initial biocomposites and 
the proportion of amino acids in the biocomposites 
and filtrates were determined by calculation. Tables 3 
and 4 illustrate the experimental data on the content of 
chitosan-bound amino acids.

Based on the preparation procedure and calculations, 
the biocomposites with arginine, valine, leucine, or 
methionine included 0.5% chitosan or succinylated chi- 
tosan, i.e., 5×10–5 mol/L of chitosan and 2.5×10–5 mol/L 
of succinylated derivative (0.0272 and 0.0032 mol/L 
of glucosamine monomer relative to chitosan and suc- 
cinylated chitosan). Valine and leucine demonstrated the 
most effective interaction with chitosan, as evidenced by 
the equimolar saturation of glucosamine residues (NH2- 
groups) with amino acids (Tables 3 and 4). In case of 
tryptophan, almost all the introduced amino acid bound 
with chitosan (Tables 2–4). The complexing properties 
of succinylated chitosan with amino acids decreased as 
follows: methionine – tryptophan – leucine – valine.

The amount of the amino acids in the complexes with 
succinylated chitosan was low because succinylation 
blocked amino groups (75.1%). Arginine did not bind to 
polysaccharides (Tables 3 and 4).

In general, the properties of amino acid radicals 
are responsible for polysaccharide complexing. Thus, 

Table 2 Bound vs. free tryptophan in biocomposites with chitosan/succinylated chitosan

Parameter Tryptophan concentration, %
Spectrophotometry, 280 nm Colorimetry, 620 nm

Initial tryptophan content in biocomposites * 0.050 0.050
Tryptophan content in chitosan biocomposite (0.1% chitosan – 0.05% 
tryptophan) 

0.0371 ± 0.0034 0.0400 ± 0.0037

Free tryptophan in the mix with chitosan (dialysis results) 0.0040 ± 0.0001 0.0030 ± 0.0003
Bound tryptophan in the mix with chitosan (dialysis results)** 0.0460 ± 0.0001 0.0471 ± 0.0004
Tryptophan content in succinylated chitosan biocomposite  
(0.1% succinylated chitosan – 0.05% tryptophan) 

0.0441 ± 0.0054 0.0452 ± 0.0036

Free tryptophan in the mix with succinylated chitosan (dialysis results) 0.0222 ± 0.0004 0.0272 ± 0.0030
Bound tryptophan in the mix with succinylated chitosan (dialysis results)** 0.0278 ± 0.0004 0.0228 ± 0.0026

* – The amount of tryptophan introduced was as described in the process of obtaining its biocomposites with chitosan/succinylated chitosan
** – The estimated content of tryptophan was determined by subtracting the amount of unbound amino acid from the initial amount of tryptophan 
introduced into the mix according to the method described
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polycationic chitosan binds with protonated amino 
groups if amino acids are in their anionic form (valine, 
leucine, methionine, and tryptophan). Arginine, on the 
contrary, remains in its protonated state in the solution, 
which prevents it from interacting with chitosan and its 
derivatives.

The sensory assessment of chitosan with trypto- 
phan for bitterness was based on standard tryptophan 
samples (Table 1). A 0.5% chitosan solution is usually 
slightly bitter and astringent, which is also typical of  
succinylated chitosan (Table 1). Chitosan and succinyla- 
ted chitosan improve the sensory properties of trypto- 
phan: its bitterness decreases by 1–3 points compared 
to the pure amino acid sample (Tables 3 and 4). Bit- 
terness was entirely absent when the concentration of 
polysaccharides and tryptophan was as low as 0.01–
0.10%.

The bitterness of complexes of chitosan/succinylated 
chitosan with valine, leucine, and methionine lost 
2–4 points, compared with the pure amino acid samp- 
les (Tables 3 and 4). Arginine biocomposites demonst- 
rated no significant change in the level of bitterness. 
The resulting sensory profiles corresponded with the  
efficiency of complexation for valine, leucine, methio- 
nine, and tryptophan and the inability of arginine to 
bind with chitosan/succinylated chitosan.

Effect of complexation with chitosan and suc- 
cinylated chitosan on the antioxidant properties 
of hydrolysate and tryptophan. This research also 
featured the antioxidant properties of tryptophan and 
whey protein hydrolysate in their complexes with  
chitosan and succinylated chitosan. We studied the an- 

tioxidant potential of tryptophan, hydrolysate, chitosan, 
succinylated chitosan, and their biocomposites by  
restoring the fluorescein fluorescence at different anti- 
oxidant concentrations (0.0005–0.5 mg dry solids/mL). 
All the compounds were able to restore the fluorescein 
fluorescence (81–97%). The capacity to inhibit 50% 
hydroxyl radicals (IC50) served as the main indicator of 
antioxidant activity.

The antioxidant effect of peptides is known to depend 
on the reducing effect of amino acid radicals, mainly 
methionine, cysteine, tyrosine, and tryptophan [32–34]. 
Natural polysaccharides, including chitin and chitosan, 
are potential antioxidants [35, 36]. The antioxidant 
activity index (IC50) took into account the concentration 
of dry solids and the content of tryptophan (or protein) 
in the complexes (Table 5).

The restored fluorophore fluorescence reached 95 
and 90% when chitosan and succinylated chitosan were 
introduced into the experimental system, respectively. 
Thus, the antioxidant activity index IC50 for chitosan 
reached 0.0352 mg of dry solids/mL and 0.0892 mg 
of dry solids/mL for succinylated chitosan. The chi- 
tosan samples had a better antioxidant profile pro- 
bably because their amino groups were blocked by 
succinylation.

The peptide fraction had a relatively high antioxidant 
effect: its IC50 was as high as 0.0260 mg dry solids/mL 
and 0.0208 mg protein/mL.

Tryptophan had a much higher antioxidant effect 
than peptides: it increased by 2.2 and 1.8 times, res- 
pectively, in terms of nitrogen and solids.

Table 3 Amino acids in chitosan complexes: sensory evaluation

Composition Amino acid Amino acid bound with 1.0 g 
(0.0001 mol) of chitosan

Bitterness of free 
amino acid as part 
of complex, points% mol/L g mol

0.5% chitosan + 0.5% arginine n.d. n.d. – – Strong (7)/strong (7)
0.5% chitosan + 0.5% valine 0.3276 ± 0.0034 0.0280 ± 0.0004 0.655 ± 0.009 0.0559 ± 0.0008 Mild (5)/weak (4)
0.5% chitosan + 0.5% leucine 0.3846 ± 0.0033 0.0293 ± 0.0004 0.769 ± 0.009 0.0586 ± 0.0008 Strong (8)/mild (5)
0.5% chitosan + 0.5% methionine 0.2437 ± 0.0125 0.0163 ± 0.0011 0.487 ± 0.030 0.0327 ± 0.0022 Strong (8)/mild (5)
0.1% chitosan + 0.05% tryptophan 0.0460 ± 0.0001 0.0023 ± 0.0001 0.460 ± 0.010 0.0225 ± 0.0005 Mild (6)/mild (5)*

* – bitterness of biocomposie 0.5% chitosan + 0.5% tryptophan
n.d. – not detected

Table 4 Amino acids in succinylated chitosan complexes: sensory evaluation

Composition Amino acid Amino acid bound with 1.0 g 
(0.0001 mol) of chitosan

Bitterness of free 
amino acid as part 
of complex, points% mol/L g mol

0.5% chitosan + 0.5% arginine n.d. n.d. – – Strong (7)/strong (7)
0.5% chitosan + 0.5% valine 0.0192 ± 0.0034 0.0016 ± 0.0003 0.039 ± 0.007 0.0066 ± 0.0012 Mild (5)/weak (3)
0.5% chitosan + 0.5% leucine 0.0512 ± 0.0033 0.0039 ± 0.0003 0.102 ± 0.008 0.0156 ± 0.0013 Strong (8)/weak (4)
0.5% chitosan + 0.5% methionine 0.2687 ± 0.0125 0.0180 ± 0.0011 0.538 ± 0.030 0.0721 ± 0.0044 Strong (8)/mild (6)
0.1% chitosan + 0.05% tryptophan 0.0278 ± 0.0004 0.0014 ± 0.0001 0.278 ± 0.004 0.0272 ± 0.0004 Mild (6)/weak (3)*

* – bitterness for biocomposie 0.5% succinylated chitosan + 0.5% tryptophan
n.d. – not detected
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The antioxidant effect of the peptide fraction 
increased by 2.0 and 1.5 times as a result of interaction 
with chitosan and succinylated chitosan, respectively. 
The antioxidant activity of tryptophan increased by  
1.7 times after binding with chitosan and by 1.5 times 
after binding with succinylated chitosan. The chitosan 
biocomposites of hydrolysate and tryptophan demon- 
strated a better antioxidant effect. The interaction of 
peptides and amino acids with succinylated chitosan 
proved less efficient. Probably, peptides and tryptophan 
had a better solubility during their biocomposing 
with chitosan and its derivative, which explains the 
antioxidant effect.

CONCLUSION
These experiments featured biocomposites of chi- 

tosan and succinylated chitosan with whey protein 
hydrolysate. The spectrophotometry and pH-metric 
analysis revealed that 1.0 g of chitosan interacted with 
13.0 g of hydrolysate and 2.5 g of succinylated chitosan. 
The complexation of chitosan with whey peptides pro- 
ved effective. The complexes had better sensory profiles  
than the original substances. Their bitterness score lost 
1–2 points relative to the pure hydrolysate samples.

We also described the complexes of chitosan and 
succinylated chitosan with such amino acids as 
arginine, valine, leucine, methionine, and tryptophan. 
Valine, leucine, and tryptophan interacted with glu- 
cosamine residues in chitosan in an equimolar ra- 
tio. Succinylated chitosan had a low complexing po- 
tential because it contained few free amino groups, 
which were affected by succinic acid residues introdu- 
ced into the structure. Arginine demonstrated no 
complexing with the polysaccharides. Valine, leucine, 
methionine, and tryptophan were anionic, which 
allowed them to bind with polycationic chitosan, 
whereas arginine was cationic. The sensory evaluation 

revealed that the complexes of chitosan/succinylated 
chitosan with valine, leucine, methionine, and tryp- 
phan had a lower bitterness (minus 1–4 points). The bio- 
complexes of chitosan/succinylated chitosan with ar- 
ginine demonstrated no changes in bitterness.

Tryptophan and peptides of whey proteins de- 
monstrated a good antioxidant potential. The antioxidant 
activity index IC50 was 0.0117 mg tryptophan/mL for the 
amino acid and 0.0208 mg protein/mL for peptides. The 
experiments confirmed the antioxidant effect of chitosan 
(0.0352 mg chitosan/mL) and succinylated chitosan 
(0.0892 mg chitosan/mL). The antioxidant effect of 
tryptophan and peptides increased by 1.7 and 2.0 times, 
respectively, in the chitosan biocomposites and by 
1.5 times in the succinylated chitosan biocomposites. 
Peptides and tryptophan were more effective in their 
binding with chitosan because they interacted with the 
amino groups of the polysaccharide, which improved 
their antioxidant properties.

The biocomposites of chitosan with whey peptides 
and amino acids had a high antioxidant activity and an 
improved sensory profile. As a result, they can be used 
in hypoallergenic functional foods.
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