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Abstract: The influence of pH, temperature, biopolymer ratio, total concentration, and ionic concentration on 

the interaction between egg white protein (EWP) and chitosan (CS) was investigated through turbidity, zeta 

potential, and state diagram in our research. In addition, phase behavior was observed under various 

conditions. The turbidity of EWP remained low (turbidity<0.03) and basically unchanged at a wide range of 

pH (4.0-8.0), while the turbidity of CS was slightly higher (turbidity<0.2) after pH 7.0 than before. Moreover, 

under the same conditions, a sharply rising peak pattern was observed for the complex between EWP and CS. 

The maximum turbidity value was observed at 55°C, and the temperature had a mild effect on turbidity. The 

optimum EWP to CS ratio was found to be 12:1 based on the experiment of the turbidity curves and state 

diagrams influenced by different biopolymer mixing ratios. With the enhanced concentrations of total 

biopolymer, the maximum turbidity rose insignificantly above 0.1%. 

Keywords: Egg white protein; chitosan; complex coacervates; turbidity; phase diagram 

 

1. Introduction 

In the food industry, interactions between polysaccharides and proteins are employed to 

regulate the structure, texture, and stability of food systems [1–4]. Indeed, aside from their 

applications in food, protein-polysaccharide interactions are extensively utilized in the 

microencapsulation of ingredients, cosmetics, and pharmaceutical products [5–8]. Furthermore, 

single components rarely exist in isolation, and interactions between proteins and polysaccharides 

are more commonly found in complex production systems [9–11]. 

Given the growing number of uses for polysaccharide-protein complexes, it is important to 

study the factors that affect how polysaccharides and proteins work together [12]. To the best of our 

knowledge, two types of phase behavior, segregative and associative, may be formed when proteins 

and polysaccharides are mixed together, depending on the charge properties of both biopolymers 

[13–16]. Studies have indicated that electrostatic, steric exclusion, hydrogen bonding, and 

hydrophobic interactions are the main noncovalent interactions between polysaccharides and 

proteins [17].  

More recently, numerous in-depth evaluations of various protein-polysaccharide complex 

coacervates affected by external variables, including temperature, pH, and ionic strength, have 

become readily available. In particular, studies conducted by Wang et al. [18] revealed that the 

depolymerization of κ-carrageenan could influence its interaction with β-lactoglobulin using 

ultrasound. Cao et al. [19] presented a detailed phase diagram for an aqueous mixture of type B 

gelatin, κ-carrageenan, and gelling biopolymers with opposing charges at pH 7.0. It was also noted 

that the pH level could influence the charge and interaction of aggregates of gum arabic and chitosan 

[20]. Zhong and Li [21] pointed out that the gelation characteristics of pectin and whey protein could 

be affected by the composition and biopolymer ratio of mixtures in pH ranges of 1.0 to 4.0. The 

inclusion of xanthan gum or guar gum could impact the continuous phase viscosity and oxidative 
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stability of soy-soluble polysaccharide stabilized oil-in-water emulsions [22,23]. Among all factors, 

the pH level can affect the number of charges carried by different types of polysaccharide-protein 

complex coacervates [24,25]. Furthermore, the electrostatic interaction between proteins and 

polysaccharides, which is strongly related to the coacervates’ structure, can be utilized to estimate 

the degree of charge dependency in protein-polysaccharide complex coacervates [6]. Overall, these 

findings have significant implications for research into how proteins and polysaccharides interact 

with each other. 

As a significant food ingredient, EWP provides a variety of functional qualities, including foam 

stability and emulsifying capabilities. Moreover, the interactions between proteins and 

polysaccharides play a crucial role in several processing sectors, such as the food, cosmetics, and 

pharmaceutical industries. Unfortunately, little information is available regarding the conjugates of 

egg white protein with polysaccharides, let alone egg white protein-chitosan complex coacervates 

[26]. In other words, systematic research on the interactions between egg white protein and chitosan 

(CS) affected by pH, temperature, salt, biopolymer ratio, etc., is still lacking. Furthermore, Morin-

Crini et al. (2019) reported that chitosan has received approval from the US Food and Drug 

Administration as a safe dietary fiber, food additive, and functional ingredient [27]. However, to the 

best of our knowledge, many researchers have focused on the capabilities and film-forming 

properties of chitosan, without considering the interactions between EWP and CS in past research. 

Therefore, in this study, we investigated the behavior and interactions in EWP-CS aqueous systems 

under a wide range of pH (4.0-8.0) and other conditions, including temperature, NaCl concentration, 

total concentration, and EWP:CS ratio. 

2. Materials and Methods 

2.1. Materials  

Fresh eggs were supplied by Rongda Co., Ltd. (Xuan-cheng, Anhui, China). The chitosan 

(molecular weight about 100 kDa; degree of deacetylation of 95%; moisture 8.0%; ash content 0.7%) 

used for this experiment was obtained from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, 

China). The use of other compounds, all of which were of reagent grade, was done without additional 

purification. 

2.2. Preparation of Egg White Protein 

After being removed from washed eggs (weight 61.43±2.77, Haugh unit 95.36±4.12, grade AA), 

the egg white (pH 9.15±0.10, protein concentration 12.50±0.19%) was then adjusted to pH 5.0 using 0.5 

M HCl. The suspension was centrifuged at 5500 g for 15 minutes at 25°C after 30 minutes of stirring 

(500 r/min). The supernatant (protein concentration: 9.86±0.24%) was gathered, freeze-dried, and then 

kept as EWP in desiccators for future use. 

2.3. Sample Preparation 

In order to obtain the protein-polysaccharide mixture, stock solutions of EWP and CS solutions 

were prepared respectively in advance by dissolving EWP power in deionized water (2%, w/w) and 

CS power in acetate buffer (pH=3.0, 2%, w/w) under gentle stirring (500 r/min at 25°C) for 3 h and 

then kept at 4°C for more than 12 h to ensure biopolymer dissolution [28,29]. The stirring process was 

then conducted to adjust the EWP solution’s pH to 8.0 using 0.1 M NaOH. The concentration of EWP 

and CS was then raised in the solution by adding the stock solutions. After that, a solution of sodium 

azide was added to prevent microbial growth while the samples were prepared and stored. After 

that, appropriate masses of stock solutions were mixed in order to obtain different concentrations of 

EWP and CS mixtures. Then, to prevent microbial growth, sodium azide (0.02%, w/w) was added 

during sample preparation and storage. 

2.4. Turbidimetric Analysis 

A UV-visible spectrophotometer (WFJ 2000, UNICO, St. Louis, USA) operating at 600 nm was 

used to measure the turbidity of the EWP-CS mixture. The turbidity was measured under various 

conditions, and all measurements were taken at 25℃. After one hour, the samples were removed 

from the treatment. 
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2.5. Zeta Potential Measurement 

To obtain the overall surface charge of the protein-polysaccharide complexes for a ratio of 12:1 

and its corresponding homogeneous EWP and CS solutions during an acid titration from 8.0 to 4.0, 

the samples’ zeta potential was evaluated using a Zetasizer 2000 and photon correlation spectroscopy 

(Brookhaven Instruments Ltd., New York, USA). All measurements were conducted in triplicate. 

3. Results and Discussion 

3.1. Effect of pH 

In protein-polysaccharide solutions, pH significantly impacts the phase conditions. Therefore, a 

diagrammatic sketch of the preparation and interactions between EWP (pI=4.5) and CS (pKa=6.3) was 

presented in this research (Figure 1). With pH ranging from 8.0 to 4.0, the EWP-CS solutions exhibited 

four different types of behaviors, including transparent, translucent, turbid, and phase separation. 

 

Figure 1. The diagrammatic sketch of the preparation and phase situations of EWP-CS system with 

different pH values. 

Zeta potential, a measure of the stability of colloidal systems [30], is influenced by the 

composition of the medium in which the particle is suspended, the adsorption layer at the interface, 

and the surface charges on the particle. At a ratio of 12:1 EWP:CS, without NaCl, and a constant total 

biopolymer concentration (0.05%, w/w), the effects of pH on the creation of complex mixtures were 

examined. The fluctuation in the zeta potential values of egg white protein, chitosan, and the solution 

of the complex coacervation within the pH range (4.0-8.0) was depicted in Figure 2. 
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Figure 2. Zeta potential (mV) values for the EWP, CS, and mixed EWP-CS systems in relation to pH 

(12:1, 0 mM NaCl, and 0.05% total biopolymer concentration). 
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The results show that the zeta potential of the homogeneous solutions of EWP, CS, and EWP-CS 

decreased with increasing pH values. The EWP dispersion remained negatively charged at pH >5.4, 

while the CS dispersion maintained a positive charge in the pH range of 4.0-7.1. These findings are 

consistent with other studies on chitosan solutions, which have reported positive zeta potential 

values ranging between +31.6 mV and +63.5 mV at pH 2.5-3.5 [31]. Chitosan becomes positively 

charged due to its solubilization in acidic conditions, which is facilitated by the protonation of NH3+. 

At pH >7.1, chitosan may become deprotonated and the chitosan molecules may also aggregate 

[32,33]. In comparison to the two monodisperse systems, the homogeneous EWP-CS solutions 

exhibited negative charges at pH >6.3 

In addition, Figure 3 shows the turbidity curves of the homogeneous and EWP-CS mixtures. In 

the pH range of 4.0 to 8.0, the EWP solutions maintained a close-to-zero level of turbidity. On the 

other hand, the curves for total and partial turbidity of the CS solution changed as the pH value 

increased. The turbidity curve for the CS solution showed a minor rising trend when the pH value 

rose from 6.8 to 8.0 due to the deprotonation and aggregation of the CS molecules [34], which was 

consistent with the results of Figure 2. Furthermore, the opposite charges between solutions of EWP 

and CS from pH 5.4 to pH 7.1, as revealed by Figure 2, may have contributed to the peak observed in 

the turbidity curve of the EWP-CS mixture. Dropwise addition of NaOH protonated the reactive sites 

throughout the CS chains, leading to a decrease in net positive charges and weakening of the EWP-

CS interaction, as also reported by Daniele R. Nogueira-Librelotto et al. [35]. When pH was above 7.0, 

both the chitosan and EWP solutions remained negatively charged, and the mixture system became 

transparent. This significantly reduced the overall turbidity value. Therefore, Figures 2 and 3 

confirmed each other’s results. Eric Dickinson [36] studied the effect of pH on the stability of a 

diagram of sodium caseinate-stabilized emulsions and found that acidification significantly affected 

the emulsions’ stability. Researchers [37] found that coacervation occurred between pH 2.6 and 4.0. 

From their results, we can see that different proteins and polysaccharides may have different effects. 
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Figure 3. Turbidity curves for the EWP, CS, and mixed EWP-CS systems in relation to pH (12:1, 0 mM 

NaCl, and 0.05% total biopolymer concentration). 

3.2. Effect of Biopolymer Mixing Ratio 

It is well known that proteins and polysaccharides can interact electrostatically, leading to the 

formation of complicated coacervation. The protein-to-polysaccharide ratio can affect the equilibrium 

of the surface charge on biopolymers [38]. In this study, various ratios of EWP-CS (EWP:CS=1:2, 1:1, 

2:1, 4:1, 6:1, 8:1, 10:1, 12:1, 15:1, 20:1) were analyzed to determine how they affected complex 

formation as a function of pH, at a constant total biopolymer concentration of 0.05%. The data were 

then analyzed by a turbidimetric method. The researchers found that the EWP-CS ratio had a 

significant effect on complex coacervation in these mixtures. Figure 4a shows that the maximum 
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turbidity level shifted to a lower value point when the EWP-CS ratio was increased up to 10:1. After 

that, there was no significant increase from 12:1 to 15:1, indicating that the electrostatic interaction 

achieved a maximum at a certain ratio (EWP:CS=12:1). Therefore, the ratio of 12:1 (EWP:CS) was 

chosen to study the impact of various variables on EWP-CS mixture formation, except for the 

biopolymer mixing ratio. The findings showed that the number of protein molecules that could bind 

with the polysaccharide chains increased with the protein-polysaccharide ratio [39–41]. Furthermore, 

the study found that higher protein-polysaccharide ratios significantly affected overall turbidity 

when biopolymers were included in the mixtures. 
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Figure 4. Turbidity curves (a) and state diagram (b) of EWP-CS mixtures (different biopolymer mixing 

ratio, 0 mM NaCl and total biopolymer concentration 0.05%) in relation to pH (The 

solubility/insolubility was evaluated by visual observation: □) transparent; △ ) translucent; ▲ ) 

turbid; and ○) phase separation). 

In the meantime, Figure 4b shows how pH and the biopolymer mixing ratio of EWP:CS affect 

the phase behavior of complex coacervations (0.05%). It exhibited a different profile when the ratio 

of EWP:CS was greater than 10:1, with no phase separation occurring after that. It must be caused by 

the increase of concentration of EWP which arose the interaction of protein-protein. Turbidity 

increased from pH 6.0 to pH 6.8 at the ratio 12:1(EWP:CS). Generally, the phenomenon of complex 
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coacervation was observed for the EWP:CS ratio of 12:1, which corresponds to their opposite net 

charge range, where EWP has negative charges and CS has positive charges. But it was interesting 

that phase separation did not occur after the ratio of 10:1 in the range of 4.0 to 8.0. In another word, 

there was an appropriate ratio for the protein-polysaccharide system with no precipitation at the 

whole pH range with the increasing protein-polysaccharide ratio [42]. In Figure 4b, phase separation 

was visible for ratios ranging from 1:2 to 10:1. It means that at these ratios, the electrostatic interaction 

between egg white protein and chitosan was strong enough to form precipitate. A complex of EWP-

CS with no precipitation was formed at 12:1,15:1 and 20:1 over the wide pH range 4.0-8.0. In addition, 

the transparent appearance of EWP-CS mixture under acidic conditions to some extent related to 

electrostatic repulsion between the high positive charges of polysaccharide [43]. It could be seen from 

the pH value of the translucent state in various proportions of EWP and CS that it shifted to a lower 

pH when the ratios were larger. It yielded a similar result to the changing trend of turbidity shown 

in Figure 4a. In fact, the ratios played an important role in the interaction between the biopolymers 

of EWP and CS, as shown in Figure 4. However, Hoda Khalesi, et al. [28] found that no phase 

separation was observed in the range of WPI-PG concentration studied even 48 h after centrifugation. 

In other words, the WPI-PG mixtures tended to be aqueous single homogeneous phases. According 

to the interesting results, the interactions between different proteins and polysaccharides were quite 

different. And Miri Klein, et al. [44] investigated and found that the greatest opacity was made with 

2:1 wt. the ratio of whey protein isolate: gum arabic. The turbidity was smaller when the ratio was 

larger. 

3.3. Effect of Total Biopolymer Concentration 

The study was conducted to analyze the effects of the total biopolymer concentration (0.05-2%, 

w/w) on the turbidity of EWP-CS mixtures at a 12:1 ratio without NaCl. As seen in Figure 5a, the 

highest level of turbidity significantly increased when the biopolymer concentration was raised from 

0.05% to 1%. However, the maximum degree of turbidity did not significantly increase from 0.1% to 

2% as a result of the rise in total concentration. The researchers [41] noted that the increasing number 

of counterions in the biopolymer mixtures of protein-polysaccharide caused by the higher 

concentrations of these substances inhibited coacervation. A higher concentration of biopolymers 

could also cause a higher level of turbidity in the pH range of 7.0 to 8.0. Moreover, there was an 

abrupt decrease point in the interval (from 7.0 to 8.0). This might be caused by the net charge carried 

by CS at an alkaline pH range, as well as the electrostatic repulsion and hydrophobic interactions 

through which both EWP and CS obtain negative charge. 
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Figure 5. Turbidity curves (a) and state diagram (b) of EWP-CS mixtures (different total biopolymer 

concentration, 0 mM NaCl and 12:1 ratio) in relation to pH (The solubility/insolubility was evaluated 

by visual observation: □) transparent; △) translucent; ▲) turbid; and ○) phase separation). 

Figure 5b showed that phase separation occurred when total biopolymer concentrations were 

above 0.05%(w/w). The mixture became increasingly translucent or turbid as the total biopolymer 

concentration increased, and the pH value where phase separation was present tended to decrease. 

However, the mixtures containing 0.1% and 0.5% EWP-CS showed only slight changes in response 

to pH changes. The biopolymers phase separated at pH 5.6 when the total concentration reached 2%; 

the region of phase separation was wider at this concentration than at other concentrations. This 

suggests that only when the concentration of certain biopolymers reached 0.1% could soluble 

biopolymer complexes be formed between a single polysaccharide and a specific number of proteins. 

A similar pattern was noted when ovalbumin and gum arabic were combined at pH ranges of 1.0 to 

7.0 [1]. Actually, Polydisperse polysaccharides can react differently to segregation with other 

components, and their phase behavior can be much more complex than that of monodisperse systems 

[45]. 

3.4. Effect of Temperature 

Temperature has a significant impact on molecular interactions in many scientific problems [46–

48]. The interactions between different groups of biopolymers can also be affected by a change in 

temperature [49]. For instance, the Flory-Huggin interaction energy can be affected if the temperature 

changes. To analyze this effect, the turbidity values at critical temperatures (4 ℃, 25 ℃, 35 ℃, 45 ℃, 

and 55 ℃) as a function of pH were compared in Figure 6a. The temperature variations in the sample 

range affected the complex chemical composition. Unexpectedly, a wide range of high turbidity was 

produced at high temperatures when pH was established at 6.2. At higher temperatures, hydrogen 

bonding had a greater impact on complex formation than hydrophobic interactions. The complex 

development of CS and EWP at a lower pH value may also be a result of the change in the net charge 

between CS and EWP. This conclusion is supported by the way in which researchers have studied 

how additional proteins interacted with polysaccharides [50,51]. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 May 2023                   doi:10.20944/preprints202305.1110.v1

https://doi.org/10.20944/preprints202305.1110.v1


 8 

 

0.0

0.5

1.0

1.5

Tu
rb
id
ity

pH value

 4℃
 25℃
  5℃
 45℃
 55℃

4.0 5.0 6.0 7.0 8.0

 
(a) 

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

pH
 v
al
ue

Temperature
4℃ 25℃  5℃ 45℃ 55℃

 
(b) 

Figure 6. Turbidity curves (a) and state diagram (b) of EWP-CS mixtures (different temperature, total 

biopolymer concentration 0.05%, 0 mM NaCl and 12:1 ratio) in relation to pH (The 

solubility/insolubility was evaluated by visual observation: □) transparent; △ ) translucent; ▲ ) 

turbid; and ○) phase separation). 

The results presented in Figure 6b show that precipitation began to form at pH ranges 5.8-6.6 at 

both 4 ℃ and 25 ℃, and occurred from 5.6 to 6.4 at both 35 ℃ and 45 ℃. At 55 ℃, precipitation 

occurred from pH 5.4 to 6.4. As can be observed from Figure 6b, no phase separation was observed 

at 4 ℃ and 25 ℃, while it appeared at 35 ℃, indicating that complex formation was determined by 

hydrophobic interactions with increasing temperature [52]. It is clear from Figure 6 that the effect of 

temperature was not significant enough to cause a considerable change in the complex coacervation 

of egg white protein and chitosan. Previous studies have reported that emulsions made of whey 

protein isolate and gum arabic were stable at a wide range of temperatures (30 ℃-90 ℃) [53]. Thus, 

the phase states differed for various types of proteins and polysaccharides. 
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3.5. Effect of Ionic Concentration 

It has previously been reported that the presence of ion particles in the solution may affect the 

development of biopolymer complexes by separating the charge from the polymer [54]. Therefore, 

acid titration was done on mixes of EWP/CS with a total biopolymer content of 0.05% and an EWP:CS 

ratio of 12:1 for NaCl in the ionic strength range of 0-50 mM in Figure 7a. As the NaCl content grew 

from 0 to 50 mM, the maximum level of turbidity was seen to decrease from 1.121 to 0.055. As a result, 

the Na+ and the NaCl-based biopolymer chains competed with each other to maintain a negative 

charge when NaCl was added to the EWP-CS solutions. 
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Figure 7. Turbidity curves (a) and state diagram (b) of EWP-CS mixtures (different NaCl 

concentration, total biopolymer concentration 0.05%, 12:1 ratio) in relation to pH (The 

solubility/insolubility was evaluated by visual observation: □) transparent; △ ) translucent; ▲ ) 

turbid; and ○) phase separation). 

The peak curves of the turpitude decreased as the NaCl concentration dropped to around 10 

mM. This suggested that the number of biopolymer complexes decreased. Due to the competition 

between Na+ and the ionic particles, the addition of NaCl to the solution increased the number of 

biopolymer complexes, although this effect was weaker than expected. In the range of 20 to 50 mM, 
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the NaCl concentration’s influence on the complexation was not favorable. When the concentration 

of NaCl was less than 10 mM, the peak curves migrated toward lower pH values, and as the 

concentration of NaCl rose, the maximum turbidity gradually reduced, suggesting a decrease in the 

number and/or size of the biopolymer complexes. Thus, a small addition of NaCl seemed to enhance 

the formation of the complexes. And this phenomenon was deemed to be a weaker trend for the 

ability of competitive adsorption between Na+ and Cl- with decreasing NaCl concentration. 

Electrostatic interactions were reduced as a result of NaCl’s unfavorable effects at 20 to 50 mM on the 

complexation and ionic strength of mixtures. Within this range, the maximum turbidity values shifted 

to lower levels. According to Bo Wang, et al. [55], Additionally, for emulsions stabilized by soybean 

protein, turbidity decreased as ionic strength increased. 

The small ions are then used to screen the biopolymers to remove their negative constituents, 

which helps reduce the repulsion between the different complexes and allows for effective phase 

separation [56]. However, as shown in Figure 7b, phase separation did not occur at the whole range 

of pH values, which might be caused by the low total biopolymer concentrations. At NaCl<40 mM, 

the translucent states occurred at pH about 5.4 while the turbid states occurred at pH about 5.8, as 

can be seen in Figure 2, where the changing charge point of egg white protein from positive to 

negative was at pH 5.4 to 5.6. At NaCl=50 mM, the solution maintained its transparent status except 

at pH 7.0 in the investigated range of pH. NaCl ≥5 mM did not lead to effective biopolymer 

interactions. As demonstrated in Figure 7a, a portion of the charge groups on the surfaces of EWP 

and CS were screened by NaCl. Only when the net charges picked up by the NaCl solution were able 

to expand the range of the surface as pH declined did the insoluble complex formation between the 

biopolymers take place. This study also demonstrated that the interaction between the two 

biopolymers could be significantly influenced by the NaCl content.  

Table 1 was summarized in order to make the stability of the solutions under different conditions 

clear enough to understand, including pH values, temperature, biopolymer mixing ratio, total 

biopolymer concentration, and ionic concentration. The EWP-CS complex solutions were found to be 

stable under most conditions at pH 4.0 to 6.0, but relatively unstable at higher total concentrations 

and temperatures when pH > 6.8, as well as at lower ratios of EWP. 
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Table 1. The detail conditions (“√” means stable; “×” means unstable) of different EWP-CS complex solutions at different pH values, temperature, biopolymer mixing ratio, total 

biopolymer concentration and ionic concentration (12:1 ratio of EWP:CS, 0.05% of the total biopolymer concentration, 0 mM/L NaCl or 25 ℃ was applicable if the condition was not 

defined). 

          pH values   

Different              

conditions 

4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 

EWP:CS 

1:2 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ × × × × × × 

1:1 √ √ √ √ √ √ √ √ √ √ √ √ √ √ × × × × × × × 

2:1 √ √ √ √ √ √ √ √ √ √ √ √ × × × × × × × × × 

4:1 √ √ √ √ √ √ √ √ √ √ √ √ × × × × × × × × × 

6:1 √ √ √ √ √ √ √ √ √ √ √ √ √ √ × × × × × × × 

8:1 √ √ √ √ √ √ √ √ √ √ √ √ √ × × × × × × × × 

10:1 √ √ √ √ √ √ √ √ √ √ √ √ √ √ × × × × × × × 

12:1 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

15:1 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

20:1 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

Total biopolymer 

concentrations 

(%) 

0.05 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

0.1 √ √ √ √ √ √ √ √ √ √ √ √ √ √ × × × × × × × 

0.5 √ √ √ √ √ √ √ √ √ √ √ √ √ √ × × × × × × × 

1 √ √ √ √ √ √ √ √ √ √ √ √ √ × × × × × × × × 

2 √ √ √ √ √ √ √ √ √ × × × × × × × × × × × × 

T (℃) 

4 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

25 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

35 √ √ √ √ √ √ √ √ √ √ √ √ √ √ × × × × × × × 

45 √ √ √ √ √ √ √ √ √ √ √ √ √ √ × × × × × × × 

55 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ × × × 

0 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 
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NaCl 

concentration 

(mM/L) 

5 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

10 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

20 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

30 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

40 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

50 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 
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4. Conclusions 

The interactions between biopolymers have become an increasingly interesting field of study. 

The combination of chitosan, which has noticeable functional properties, and EWP, which is a 

commonly used food ingredient, could be considered as a novel system for the improvement of 

products. Based on the analysis results of this comprehensive experimental study of the turbidity and 

phase behavior of the complex coacervation of egg white protein and chitosan impacted by various 

factors (pH, temperature, biopolymer mixing ratio, total biopolymer concentration and ionic 

concentration), the interaction of the complex coacervation can be attributed to the pH levels, which 

also changed the condition of the mixtures. The optimum ratio of EWP to chitosan was 12:1 for 

research. Due to the charges on the biopolymer molecules, it displayed a weaker contact intensity 

when NaCl was present. Temperatures had the least effect on complex formation compared to other 

factors, as seen in the turbidity and state diagram of EWP-CS complex coacervation. The behavior of 

EWP/CS combination system can affect the functionalities of these proteins and hydrocolloids. The 

results can be applied to designing microstructure, emulsion and texture according to phase behavior, 
electrostatic interactions, or hydrophobic interactions between polysaccharides and proteins. However, 

further research will be conducted to shed more light on EWP-CS interactions. 
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