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1  | INTRODUC TION

Interaction of protein and polysaccharides plays a significant role in 
food structures and their stability in developing the novel formu-
lation. The interaction of macromolecular polymers is a significant 
issue in the formulation of fabricated products, for instance, the tex-
ture of dairy products (Benichou et al., 2007; Corredig et al., 2011; 
Guzey & McClements, 2006; Naji- Tab asi et al., 2019; Schmitt 
et al., 1998; Tolstoguzov, 1997).

Polysaccharides are hydrophilic compounds without surface 
activity used in the aqueous phase due to the thickening agents to 
modify the rheological behavior of food products. One of the hy-
drocolloids which is widely used in food industries is xanthan gum 
(XG). It is an extracellular anionic polysaccharide with a molecular 

weight of 106 Da, which is created by Xanthomonas campestris 
(Bertrand & Turgeon, 2007). XG aqueous solutions generate high 
viscosity and pseudoplastic behavior. They have remarkable effi-
ciency and stability over wide pH, temperature, and salt content 
ranges surveyed in further research ( Murad et al., 2019; Naji 
et al., 2012). The interaction of XG with other polysaccharides 
like galactomannans or by cross- linking in the presence of metal 
ions formed a gel. The molecular structure prohibits gel formation 
by itself ( Bertrand & Turgeon, 2007). Also, the hydrophobic and 
electrostatic interaction between XG and protein has been proved. 
The formed hybrids can provide synergistic effects on the emulsi-
fying and abilities of biopolymers and increasing the steadiness of 
emulsion droplets against coalescence and flocculation ( Benichou 
et al., 2007).
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Summary
Interaction between biopolymers generates different rheological behaviors, 
which can be effective on the structure of food products. One way to control the 
polysaccharide– protein interaction is the variation of acidic and ionic strength. In this 
research, the different amounts of pHs (3– 7) and calcium chloride (5– 20 mM) were 
investigated on a soluble complex of whey protein concentrate (WPC) with xanthan 
gum (XG) and basil seed gum (BSG). The complex characteristic was investigated ac-
cording to turbidity, viscosity behavior, and electrostatic interactions. The turbidity 
test showed that WPC:BSG and WPC:XG absorbance increased at pH 3.5 and 4.5, 
respectively, due to the formation of insoluble complex. pH 6 was the start point of 
the turbidity increment, which showed the formation of soluble complexes between 
WPC and polysaccharides. The FTIR analysis confirmed creation of soluble complex 
at pH 6. The absorbance raised with increasing the molar of CaCl2 to 10 mM, but no 
significant difference was observed by turbidity test in the range of CaCl2<10 mM. 
Also, the highest viscosity value was obtained by 10 mM CaCl2.
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Ocimum Basilicum, commonly known as Basil, belongs to the 
Lamiaceae family is a one- year- old herb with small shoots and a fa-
vorable aroma ( Dode et al., 2003; Padel et al., 2009). The secondary 
wall of basil seeds is covered with mucilage ( Avlani et al.,). Basil seed 
gum (BSG) with high molecular weight (2,320 kDa) is used as a stabi-
lizer, fat replacer, controller of ice crystal growth, suspending agent, 
and emulsion stabilizer in the formulation of pharmaceutical suspen-
sions and food products ( Avlani et al.,; Razavi et al., 2011; Razavi & 
Naji- Tab asi, 2017; Zeynali et al., 2019). The rheological behavior of 
BSG affects the improvement of the functional properties of foods 
( Razavi et al., 2007). Previous research showed that the BSG could 
create a weak gel in the environment and increase the yield stress, 
and create a reversible gel with heat ( Rafe et al., 2012).

Whey protein is extensively used as a food ingredient due to 
its useful and nutritious characteristics ( Arriaga, 2011). Also, it is 
applied as an emulsifier and a gelling agent. It is an available and 
cheap ingredient of by- products in the dairy industry with powers 
of thickening and water- binding capacity. In addition, it is consid-
ered as a nutritional compound in the formulation. By adsorption at 
the emulsion droplet surface, whey proteins stabilize the network 
by creating an electrostatic barrier against flocculation and coales-
cence. Whey protein concentrate (WPC) is a type of whey protein 
that commercially contains 35 to 95% protein. The proteins help in 
water binding and sometimes add to the gel matrix ( Dickinson, 2003; 
Nayebzadeh et al., 2007). One of the essential features of whey pro-
teins is gelation that can be obtained in different ways. The cold 
gelation process is one of them. Many factors affect the stability 
of whey protein emulsions, such as ionic strength, pH, thermal pro-
cessing, aqueous phase, and emulsifiers ( Ye & Taylor, 2009; Zhong 
et al., 2021). Hydrocolloids- protein interaction can improve pro-
teins’ functionality. The main factors affecting electrostatic- driven 
interactions between proteins and polysaccharides are biopolymer 
ration, biopolymer concentration, ionic strength, and pH ( Hosseini 
et al., 2013; Khoshmanzar et al., 2013; Neirynck et al., 2007; Schmitt 
& Turgeon, 2011; Yang et al., 2021).

pH is one of the significant parameters effective in interact-
ing with protein- polysaccharide complexes, and varying elec-
trostatic interaction creates soluble complexes or insoluble ones 
( Raei et al., 2018; Weinbreck et al., 2003a; Ye, 2008). Proteins 
carry positive and negative charges on the medium pH and the 
electrical charges toward various amino acids in the protein mol-
ecules and their ionization mode in different pHs ( Ghosh & 
Bandyopadhyay, 2012). The other important factor in the interac-
tion between two biopolymers is strength of ionic compounds like 
NaCl and CaCl2. They decrease interaction between protein mole-
cules and raise aggregation. It is also involved in the formation of 
cross- linking between unfolded protein chains resulting in network 
formation ( Mulvihill & Kinsella, 1988). Ca2+ ions use as chelating 
agents in xanthan chains and other charged polysaccharides ( Patel 
et al., 2020).

The purpose of the study was to investigate the interactions of 
WPC: XG and WPC: BSG at different pHs and concentrations of cal-
cium. The other target was a comparison of function between two 
gums used that come from two various sources.

2  | MATERIAL S AND METHODS

2.1 | Material

Basil seeds were purchased from a local market (Mashhad, Iran). 
Xanthan gum (Sigma, Germany) and whey protein concentrated 
powder (WPC) (Westland, New Zealand) were purchased. In ad-
dition, sodium azide, hydrogen chloride (HCl), sodium hydroxide 
(NaOH), and calcium chloride (CaCl2) were supplied from Merck Co. 
(German). Deionized water was used to prepare all solutions.

2.2 | Extraction of Basil Seed Gum

The extraction of BSG was done according to the procedure of Naji- 
Tabasi et al. 2016 ( Razavi et al., 2011). In brief, the distilled water 
was added to seeds in a ratio of 20:1. They were mixed for 20 min at 
68°C, after which, the separation of mucilage from seeds was con-
ducted by a lab extractor by scraping technique. Then the mucilage 
was mixed with ethanol 96% (1:3) to precipitate the polysaccharide. 
After dissolving in distilled water, the extraction was dried in an air- 
forced oven (Memert- UF55: German) at 40°C.

2.3 | Preparation of Protein: 
polysaccharide complexes

BSG and XG stock dispersions (0.1% w/w) and WPC (2% w/w) were 
prepared with deionized water. They were stirred for 2 hr and put in 
the refrigerator for 24 hr to complete their hydration. 0.02% (w/w) 
sodium azide was added to prevent bacterial growth. The mixtures 
of polysaccharide- protein were prepared in a ratio of 1:1. The solu-
tions were stirred for 30 min to mix completely. Before carrying out 
experiments, their pHs were justified with HCl and NaOH 0.1 N in 
the range of 3– 7 by a pH meter (Metrohm, Switzerland) ( Khalesi 
et al., 2016; Naji- Tab asi & Razavi, 2017b).

To consider the influence of calcium ion concentration on the 
samples, the different concentrations of CaCl2 (5– 20 mM) were 
added to the selected treatment (soluble complex) of the previous 
step according to analysis.

2.4 | Determination of Turbidimetric

The turbidity of solutions was determined using a DR- 500 UV- visible 
spectrophotometer (Hach, Germany) at a wavelength of 633 nm 
(Naji- Tab asi et al., 2019). All measurements were done in the ambi-
ent room.

2.5 | Determination of ζ- potentials

Electrostatic interactions were measured to investigate surface 
density changes around the newly formed hybrids between protein 
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and polysaccharide molecules. ζ- potential measurements were per-
formed using the electrophoretic light scattering of Zeta Potential 
(Zeta Compact CAD, France) at 25°C ( Naji- Tab asi et al., 2019). Each 
treatment is measured three times.

2.6 | Determination of rheological behaviour

Viscosity properties were investigated with a viscometer (Brookfield, 
LV DVIII Ultra, USA) in the shear rate range of 0.1– 100 s- 1 at 25°C by 
a heating circulator (Julabo, Model F- 12- MC, Germany). A computer- 
controlled program was used to shear solutions ( Naji- Tab asi & 
Razavi, 2017a).

2.7 | Determination of FT- IR

The functional groups of protein, gums, and soluble complexes of 
WPC: BSG, and WPC: XG were evaluated in powder form by Fourier 
Transform Infrared Spectrometer (Thermo Nicolet AVATAR 370, 
USA) between wavelength 400 to 4,000 cm- 1 ( Faria et al., 2011; 
Naji- Tab asi et al., 2019).

2.8 | Statistical analyses

The complete randomized factorial design was used for statistical 
analysis. The data were analyzed by SPSS (ver.11.0) according to 
ANOVA. The significant difference was obtained by Duncan's multi-
ple range tests at level 95%. Three replications were used for treat-
ments. The curved plotted by the software Excel 2013.

3  | RESULTS AND DISCUSSIONS

3.1 | The effects of pH on the solution turbidity

Figure 1 shows the turbidity of the system as a function of pH. The 
turbidity of hydrocolloid dispersions was stable in pH of 3– 7. The 
reason for the turbidity of polysaccharides is high molecular weights; 
a polymer with a high molecular weight gives a higher adsorption 
density ( Garcia Vidal, 2013).

Results analysis of protein turbidity in the absence of polysac-
charides showed that WPC absorbance raised with increasing pH 
toward 4.5. A protein and an anionic polysaccharide carry opposite 
net charges at pH<IP of the protein, resulting in a maximum electro-
static attraction ( Xia & Dubin,). The major peak of WPC turbidity 
was at pH ~4.5 that it shows IP of protein ( Gulzar, 2011). After this, 
the increasing pH led to a decrease in turbidity. The electrostatic 
force is an essential driving force in the solution and effects on ag-
gregation and agglomeration ( Sun et al., 2008).

Insoluble complexes are generated by binding anionic poly-
saccharides to cationic proteins at pH<pI. The charge of the pro-
tein changes from negative to positive when the pH decreases to 
lower than the pI of protein. The binding initially causes charge 
neutralization, which leads to the formation of an insoluble aggre-
gation complex. However, binding anionic polysaccharides with 
protein at pH>pI resulted in forming soluble complexes ( Ghosh & 
Bandyopadhyay, 2012; Schmitt et al., 1998).

The most absorbance of WPC:BSG and WPC:XG solutions were 
observed at pH 3.5 and 4.5, respectively, because of the insoluble com-
plexes formation. Complexes of WPC:BSG and WPC :XG were generated 
between oppositely charged electrolytes. That means the most interac-
tion occurred, and the final charge of the system is weak. The system 
turbidity declined with decreasing pH value sharply in complexes of BSG 
(3.5>) and gradually in complexes of XG (4.5>), which may be related to 
complex dissolution. The results agreed with the other reports ( Hefnawy 
& Ramadan, 2011; Malhotra & Coupland, 2004; Raoufi et al., 2017).

In pH values more than PI, protein and polysaccharide net 
charges are the same and cause soluble complexes. The complexes 
have enough negative to be soluble. Because fewer proteins can in-
teract with the polysaccharide as fewer charged moieties are acces-
sible ( Naji- Tabasi et al., 2020). There were no significant oscillations 
in both the complexes diagrams from pH 6– 7 (Figure 1 a,b). As the 
pH decreased to 6, the system's turbidity gradually started to in-
crease. The start point of increment showed the formation of soluble 
complexes between WPC and polysaccharides.

3.2 | The effects of pH on the ζ- 
potentials of solution

The ζ- potential of solutions at different pH values from 4 to 7 is 
shown in Figure 2. It showed pH~5 is the critical point for WPC. The 

F I G U R E  1   Turbidity measurement of 
WPC, XG, WPC: XG (a), and WPC, BSG, 
WPC: BSG (b) as a function of pH (3– 7)
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ζ- potential of WPC was the most positive in pH 3. The pH values 
altered from +21.72 to −24.82 as the pH increased from 4 to 7.

The ζ- potential value of BSG was negative between pH 4 - 7 . The 
ζ- potential of BSG was the most negative in pH 4 (Figure 2). Also, the 
ζ- potential of XG was negative in all pH.

ζ- potential value of complexes illustrated a decreasing trend of 
ζ- potential value with addition polysaccharide to the WPC solution 
due to raising the number of carboxyl groups on the side chains 
(Shiroodi, 2014). Therefore, the groups reduced at pH>PI of WPC, 
following, ζ- potential of mixes trend toward negative charges (Raoufi 
et al., 2017).

When the pH decreased from 7 to 4, the ζ- potential of com-
plexes were more positive than pure hydrocolloid solutions that 
indicated the electrostatic complexes’ formation with positive 
charges ( Raoufi et al., 2017; Shiroodi, 2014). According to Figure 2, 
pH ~6 can be considered as the start point of the soluble com-
plex. Both, protein and polysaccharides had negative charge, but 
they created complexes. According to the results of electrostatic 
interactions and turbidity, the formation of insoluble WPC:XG and 
WPG:BSG complexes occurred at pHC 4.5 and 3.5, respectively. 
Shiroodi (2014) reported that the formation of soluble WPI and 
XCHC (xanthan curdlan hydrogel complex) complexes is attributed 
to the interaction between oppositely charged biopolymers, the 
presence of positive surface charges of protein, and negatively 
charged XCHC ( Shiroodi, 2014).

3.3 | The effect of pH on rheological behavior

As a result, the flow curve of shear rate and apparent viscosity at 
different treatments are presented in Figures 3 and 4.

The viscosities of BSG and XG decreased with increasing shear 
rate, which indicates a shear- thinning behavior (Figure 4a, b). This 
behavior has been reported in previous studies ( Naji et al., 2012; 
Naji- Tab asi & Razavi, 2017b). In addition, viscosities declined with 
the change in the pH toward more H+. The maximum viscosity was 
gained around pH 7, where the shape of hydrocolloid chains is close 
to the rod conformational state ( Achi & Okolo, 2004). Also, the vis-
cosity of BSG had a higher viscosity than XG at pH 7. In general, 
carboxyl groups are gradually ionized, the coils are expanded with 
raising pH because of electrostatic repulsion between the functional 
groups in hydrocolloids, which causes intermolecular binding, and 
the viscosity of solution increased ( Feng et al., 2007).

According to the results obtained from hydrocolloid solutions, 
predictable results were shown WPC:BSG and WPC:XG complexes 
(Figure 4a,b). A decrease in viscosity was also observed after com-
plex formation. Therefore, the coacervates are generated from elec-
trostatic interactions between the WPC and hydrocolloids at low 
pHs ( Bastos et al., 2010). In both gums, the viscosity trends were 
decreasing, although the WPC:BSG viscosity was still higher than 
the WPC:XG viscosity at all pHs. The viscosity decreased noticeably 
after creation complexes of WPC:BSG, and the viscosities decreased 
in all complexes by decreasing pH. There was no difference be-
tween pH 5 and 6. WPC:XG complexes in all pHs had shear- thinning 

property and there was no difference between the viscosities in dif-
ferent pH values.

3.4 | FTIR analysis

FTIR spectrum analysis was conducted on protein and hydrocolloids 
powders, and dried WPC: BSG, and WPC: XG complex in pH =6 
(Figure 5) to be sure about creating soluble complex in these pH value.

As Figure 5 shows, the absorption of WPC at 3,299 cm- 1 cor-
responds to stretching vibrations of OH linked to NH2. Bands 
~ 2,900 cm- 1 are related to CH2 groups. The absorption at the wave-
number 1640 and 1538 cm- 1 are a distinct band of primary amide of 
the group (- CO- NH2) and secondary amide of the group (- CO- NH), 
respectively, that well were characterized in the whey proteins. Also, 
~ 900– 1400 cm- 1 is related to CO, CC, and COH groups. The most 
significant peak was the corresponding absorption of the crystal 
(~2000 cm- 1) ( Gbassi et al., 2012).

The most substantial adsorption peaks at 3,435 and 3,427 cm- 1 in 
XG and BSG, respectively, show the axial deformation of hydrogen- 
bonded OH. The graphs of BSG and XG showed that the absorption 
at the wavenumber ~1600– 1654 cm- 1 is related to free carboxylate 
groups. The absorptions at wavenumber 1,400 and 1,600 cm- 1 are 
assigned to C– OO symmetric and asymmetric stretching, respec-
tively, which confirmed the presence of uronic acid. The peak found 
at ~1,300 cm−1 showed the deflection angle of CH. The peak located 
at ~1,000 cm−1 showed axial deformation of CO ( Faria et al., 2011; 
Li et al., 2016; Mohsin et al., 2018; Moosavi- Nasab et al., 2010; Naji- 
Tab asi et al., 2019).

As Fig.5 is shown, a peak in ~1073 cm- 1 of the complexes of 
WPC:BSG and WPC:XG is observed , which was reduced by increas-
ing hydrocolloids that be attributed to the non- esterified carboxyl 
group( Gnanasambandam & Proctor, 1999).

The FTIR result of the isolated soy protein and BSG combina-
tion showed that BSG altered the infrared spectrum of the protein. 
The frequencies of the bands remained constant in amide I and II 
regions with adding BSG. In addition, other peaks were observed in 
the range of 1160– 1600 cm- 1, which are related to the interaction 
between amide groups of protein and hydrocolloid ( Jung, 2000). 
There was an individual peak around 2,800 cm- 1, which indicates 
the OH stretching of water molecules. When complex polymers are 
thermodynamically compatible and intermolecular interactions pre-
dominate, the FTIR spectra of the compounds differ from those of 
the constituent polymers.

On the other hand, a combination of two incompatible polymers 
produces the FTIR spectrum in which the two polymers are superim-
posed. The FTIR result strongly indicates that the two polymers are 
thermodynamically incompatible because the amide I peak increases 
in the protein and hydrocolloids. When blended polymers are ther-
modynamically compatible and intermolecular interactions prevail, 
the resultant FTIR spectra of the combinations differ from those of 
the component polymers ( Rafe & Razavi, 2015). Based on the test 
results on different pHs, interaction of soluble complex was adjusted 
at pH =6 ( Pilevaran et al., 2021).
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3.5 | Effect of Calcium Chloride on the solution 
turbidity in pH =6

The reason for adding calcium ions to the solution is reducing re-
pulsive negative charges between protein molecules and increasing 
the tendency toward aggregation. It also affects the generation of 
cross- linking between unfolded protein chains network aggregation 
( Rafe et al., 2013).

Therefore, the effect of Ca2+ ion on WPC:XG and WPC:BSG tur-
bid were studied at different concentrations of 5,10,15, and 20 mM 
in pH =6 that are shown in Figure 6.

As can be seen, the turbidity increased in both of the mix-
tures with increasing concentration of CaCl2. The absorbance of 
BSG:WPC and XG:WPC in 5 mM were 0.318 and 0.245, respectively. 
But the increase value of turbidity decreased with increasing Ca2+ 
concentration and absorbance of BSG:WPC and XG:WPC showed 
0.357 and 0.312, respectively. Although the amount of absorbance 

F I G U R E  2   Zeta Potential of WPC, 
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in WPC:BSG was more than the mix of WPC:XG, and the turbid-
ity was dependent on the concentrations of salt; it was well known 
that the turbidity of the solution increased with calcium level up 
to 10 mM. The strength of whey protein gels increased( Kuhn & 
Foegeding, 1991; Mulvihill & Kinsella, 1988). The presence of salt 
concentrations in solution affects gelation and texture profile be-
cause of electrostatic interactions with the negatively charged and 
unfolded protein molecules ( Ju & Kilara, 1998).

3.6 | The effects of ca+ ion on rheological 
behavior of solutions in pH =6

The rheological properties of WPC:BSG and WPC:XG complex (pH 
6) at different concentrations of CaCl2 was shown in Figure 7. The 
results showed a shear- thinning behavior in the presence of calcium 
on all samples.

As displayed in Figure 7a, at the low shear rate, the highest 
viscosity was observed in 10- mM. However, it decreased by rais-
ing salt to 15 and 20 mM. The increase of salt concentration usu-
ally led to generate a complex with compact structure. Also, the 

biopolymer concentration continuously declined with the rise of 
salt concentration in coacervates, which was related to the elec-
trostatic interaction between protein, and polysaccharide ( Wang 
et al., 2007). The viscosity of WPC:BSG decreased in shear rate 
from 10 to 20 s- 1, and it was approximately stable until 100 s- 1 
(Figure 7a). The most and least viscosity were observed at 10 and 
20 mM CaCl2, respectively.

About the trend of WPC:XG complex, at first, the viscosity was 
at the highest point, and then it decreased and continued stably 
(Figure 7b), which shows shear- thinning behavior in all complexes. 
By comparing the viscosity of both hydrocolloids, BSG generated a 
complex with more viscosity than XG. Also, screening the charge is 
influential on the formation of the complex due to the decreasing 
interaction, while the results showed it is less at low concentrations 
( Weinbreck et al., 2003b; Ye et al., 2006).

The presence of salt reduced the viscosity of solutions at dif-
ferent pHs As the pH increases, the viscosity decreases due to the 
molecular cross- linking between hydrocolloids such as xanthan and 
calcium ions ( Hemmatzadeh et al., 2011).

4  | CONCLUSION

In the research, the effect of different calcium concentrations and 
pHs on interactions of WPC:XG and WPC:BSG were investigated. 
The results showed soluble or insoluble complexes, dependent on 
the pH, can be established. Insoluble complexes were generated 
below the isoelectric point of WPC, where the protein and poly-
saccharides had opposite electrical charges. Soluble complexes 
were also created at pH =5.5– 6, where hydrocolloids were nega-
tively charged, and whey protein had a slight net charge (due to 
the positively charged patches on the whey protein surface). The 
FTIR analysis confirmed creation of soluble complex at pH 6. The 
addition of gums shifted the zeta potential of complex toward the 
negative charge. Also, the hydrocolloids increased the viscosity of 
system, and result in shear- thinning behavior. Higher concentrations 

F I G U R E  5   FTIR spectra of WPC (a) 
BSG (b) XG (c) WPC:BSG (d) and WPC:XG 
(e) in pH 6 (25°C)
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of calcium affected the rheological properties of the complexes. But, 
there was no significant difference in the range of 10– 20 mM CaCl2.

ACKNOWLEDG MENTS
The authors are thankful to the laboratories of the Research Institute 
of Food Science and Technology, Mashhad, Iran for their support to 
conduct the research work.

CONFLIC T OF INTERE S T
The authors declare that they do not have any conflict of interest.

AUTHOR CONTRIBUTIONS
Mozhdeh Sarraf: Formal analysis (equal); Funding acquisition (equal); 
Investigation (equal); Writing- original draft (equal). Sara Naji Tabasi: 
Project administration (equal); Supervision (equal); Validation (equal); 
Writing- review & editing (equal). Adel Beig- babaei: Supervision 
(equal); Validation (equal); Writing- review & editing (equal).

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID
Sara Naji- Tabasi  https://orcid.org/0000-0001-5388-3829 

R E FE R E N C E S
Achi, O. K., & Okolo, N. I. (2004). The chemical composition and some 

physical properties of a water- soluble gum from Prosopis africana 
seeds. International Journal of Food Science & Technology, 39, 431– 
436. https://doi.org/10.1111/j.1365- 2621.2004.00801.x

Arriaga, T. (2011). Controlled and tailored denaturation and aggregation of 
whey proteins. Disertasi Universidae Tecnica de Lisboa.

Avlani, D., Ash, D., Majee, S. B. & Biswas, G. R. Sweet Basil Seed Mucilage 
as a Gelling agent in Nasal Drug Delivery (2019). International 
Journal of PharmTech Research, 12(3), 42– 49. http://dx.doi.
org/10.20902/ IJPTR.2019.120305

Bastos, D. S., Barreto, B. N., Souza, H. K., Bastos, M., Rocha- Leão, M. H. 
M., Andrade, C. T., & Gonçalves, M. P. (2010). Characterization of 
a chitosan sample extracted from Brazilian shrimps and its applica-
tion to obtain insoluble complexes with a commercial whey protein 
isolate. Food Hydrocolloids, 24, 709– 718. https://doi.org/10.1016/j.
foodh yd.2010.03.008

Benichou, A., Aserin, A., Lutz, R., & Garti, N. (2007). Formation and 
characterization of amphiphilic conjugates of whey protein isolate 
(WPI)/xanthan to improve surface activity. Food Hydrocolloids, 21, 
379– 391. https://doi.org/10.1016/j.foodh yd.2006.04.013

Bertrand, M.- E., & Turgeon, S. L. (2007). Improved gelling proper-
ties of whey protein isolate by addition of xanthan gum. Food 
Hydrocolloids, 21, 159– 166. https://doi.org/10.1016/j.foodh 
yd.2006.03.005

Corredig, M., Sharafbafi, N., & Kristo, E. (2011). Polysaccharide– protein 
interactions in dairy matrices, control and design of structures. 
Food Hydrocolloids, 25, 1833– 1841. https://doi.org/10.1016/j.
foodh yd.2011.05.014

Dickinson, E. (2003). Hydrocolloids at interfaces and the influence on 
the properties of dispersed systems. Food Hydrocolloids, 17, 25– 39. 
https://doi.org/10.1016/S0268 - 005X(01)00120 - 5

Dode, L. B., Bobrowski, V. L., Braga, E. J. B., Seixas, F. K., & Schuch, M. 
W. (2003). In vitro propagation of Ocimum basilicum L. (Lamiaceae). 
Acta Scientiarum Biological Sciences, 25, 435– 437. https://doi.
org/10.4236/ajps.2012.31006

Faria, S., de Oliveira Petkowicz, C. L., De Morais, S. A. L., Terrones, M. 
G. H., De Resende, M. M., de Franca, F. P., & Cardoso, V. L. (2011). 
Characterization of xanthan gum produced from sugar cane broth. 
Carbohydrate Polymers, 86, 469– 476. https://doi.org/10.1016/j.
carbp ol.2011.04.063

Feng, T., Gu, Z., & Jin, Z. (2007). Chemical composition and some rhe-
ological properties of Mesona Blumes gum. Food Science and 
Technology International, 13, 55– 61. https://doi.org/10.1177/10820 
13207 076100

Garcia Vidal, C. A. (2013). Molecular weight effects in guar gum adsorption 
and depression of talc. University of British Columbia. https://doi.
org/10.14288/ 1.0073690

Gbassi, G., Yolou, F., Sarr, S., Atheba, P., Amin, C., & Ake, M. (2012). 
Whey proteins analysis in aqueous medium and in artificial gastric 
and intestinal fluids. International Journal of Biological and Chemical 
Sciences, 6, 1828– 1837. https://doi.org/10.4314/ijbcs.v6i4.38

Ghosh, A. K., & Bandyopadhyay, P. (2012). Polysaccharide- protein inter-
actions and their relevance in food colloids. The Complex World of 
Polysaccharides, 14, 395– 406. https://doi.org/10.5772/50561

Gnanasambandam, R., & Proctor, A. (1999). Preparation of soy hull pec-
tin. Food Chemistry, 65, 461– 467. https://doi.org/10.1016/S0308 
- 8146(98)00197 - 6

Gulzar, M. (2011). Dry heating of whey proteins under controlled physi-
cochemical conditions: Structures, interactions and functionalities. 
Université de Bretagne Occidentale.

Guzey, D., & McClements, D. J. (2006). Characterization of β- 
lactoglobulin– chitosan interactions in aqueous solutions: A cal-
orimetry, light scattering, electrophoretic mobility and solubility 
study. Food Hydrocolloids, 20, 124– 131. https://doi.org/10.1016/j.
foodh yd.2005.03.009

F I G U R E  7   Apparent viscosity of 
WPC:BSG (a), and WPC:XG (b): different 
concentrations of CaCl2(5– 20 mM) in 
pH =6

2.00

2.40

2.80

3.20

3.60

4.00

0 50 100

V
is

co
si

ty
 (

m
P

.s
)

Shear rate (s-1)

WPC:XG (Ca=5)
WPC:XG (Ca=10)
WPC:XG (Ca=15)
WPC:XG (Ca=20)

2.00

3.00

4.00

5.00

6.00

7.00

8.00

0.00 50.00 100.00

V
is

co
si

ty
 (

m
P

.s
)

Shear rate (s-1 )

WPC:BSG (Ca=5)

WPC:BSG (Ca=10)

WPC:BSG (Ca=15)

WPC:BSG (Ca=20)

(a) (b)

https://orcid.org/0000-0001-5388-3829
https://orcid.org/0000-0001-5388-3829
https://doi.org/10.1111/j.1365-2621.2004.00801.x
http://dx.doi.org/10.20902/IJPTR.2019.120305
http://dx.doi.org/10.20902/IJPTR.2019.120305
https://doi.org/10.1016/j.foodhyd.2010.03.008
https://doi.org/10.1016/j.foodhyd.2010.03.008
https://doi.org/10.1016/j.foodhyd.2006.04.013
https://doi.org/10.1016/j.foodhyd.2006.03.005
https://doi.org/10.1016/j.foodhyd.2006.03.005
https://doi.org/10.1016/j.foodhyd.2011.05.014
https://doi.org/10.1016/j.foodhyd.2011.05.014
https://doi.org/10.1016/S0268-005X(01)00120-5
https://doi.org/10.4236/ajps.2012.31006
https://doi.org/10.4236/ajps.2012.31006
https://doi.org/10.1016/j.carbpol.2011.04.063
https://doi.org/10.1016/j.carbpol.2011.04.063
https://doi.org/10.1177/1082013207076100
https://doi.org/10.1177/1082013207076100
https://doi.org/10.14288/1.0073690
https://doi.org/10.14288/1.0073690
https://doi.org/10.4314/ijbcs.v6i4.38
https://doi.org/10.5772/50561
https://doi.org/10.1016/S0308-8146(98)00197-6
https://doi.org/10.1016/S0308-8146(98)00197-6
https://doi.org/10.1016/j.foodhyd.2005.03.009
https://doi.org/10.1016/j.foodhyd.2005.03.009


     |  6735SARRAF et Al.

Hefnawy, H. T. M., & Ramadan, M. F. (2011). Physicochemical character-
istics of soy protein isolate and fenugreek gum dispersed systems. 
Journal of Food Science and Technology, 48, 371– 377. https://doi.
org/10.1007/s1319 7- 010- 0203- 1

Hemmatzadeh, S., Hojjatoleslamy, M., & Eivazzadeh, O. (2011). Effect 
of pH and calcium salt on rheological properties of xanthan gum- 
carboxymethyl cellulose blends. Annual Transactions of the Nordic 
Rheology Society, 19, 1– 8.

Hosseini, S. M. H., Emam- Djomeh, Z., Razavi, S. H., Moosavi- Movahedi, 
A. A., Saboury, A. A., Atri, M. S., & Van der Meeren, P. (2013). β- 
Lactoglobulin– sodium alginate interaction as affected by poly-
saccharide depolymerization using high intensity ultrasound. 
Food Hydrocolloids, 32, 235– 244. https://doi.org/10.1016/j.foodh 
yd.2013.01.002

Ju, Z., & Kilara, A. (1998). Textural properties of cold- set gels induced 
from heat- denatured whey protein isolates. Journal of Food Science, 
63, 288– 292. https://doi.org/10.1111/j.1365- 2621.1998.tb157 28.x

Jung, C. (2000). Insight into protein structure and protein– ligand recogni-
tion by Fourier transform infrared spectroscopy. Journal of Molecular 
Recognition, 13, 325– 351. https://doi.org/10.1002/1099- 1352(20001 
1/12)13:6<325:AID- JMR50 7>3.0.CO;2- C

Khalesi, H., Emadzadeh, B., Kadkhodaee, R., & Fang, Y. (2016). 
Whey protein isolate- Persian gum interaction at neutral pH. 
Food Hydrocolloids, 59, 45– 49. https://doi.org/10.1016/j.foodh 
yd.2015.10.017

Khoshmanzar, M., Ghanbarzadeh, B., Hamishekar, H., Sowti, M., & Rezayi 
Mokarram, R. (2013). Investigation of effective parameters on par-
ticle size, zeta potential and steady rheological properties of colloi-
dal system based on carrageenan- caseinate nanoparticles. Research 
and Innovation in Food Science and Technology, 1, 255– 272.

Kuhn, P. R., & Foegeding, E. A. (1991). Mineral salt effects on whey pro-
tein gelation. Journal of Agriculture and Food Chemistry, 39, 1013– 
1016. https://doi.org/10.1021/jf000 06a001

Li, P., Li, T., Zeng, Y., Li, X., Jiang, X., Wang, Y., Xie, T., & Zhang, Y. (2016). 
Biosynthesis of xanthan gum by Xanthomonas campestris LRELP- 1 
using kitchen waste as the sole substrate. Carbohydrate Polymers, 
151, 684– 691. https://doi.org/10.1016/j.carbp ol.2016.06.017

Malhotra, A., & Coupland, J. N. (2004). The effect of surfactants on 
the solubility, zeta potential, and viscosity of soy protein isolates. 
Food Hydrocolloids, 18, 101– 108. https://doi.org/10.1016/S0268 
- 005X(03)00047 - X

Mohsin, A., Zhang, K., Hu, J., Tariq, M., Zaman, W. Q., Khan, I. M., Zhuang, 
Y., & Guo, M. (2018). Optimized biosynthesis of xanthan via effec-
tive valorization of orange peels using response surface methodol-
ogy: A kinetic model approach. Carbohydrate Polymers, 181, 793– 
800. https://doi.org/10.1016/j.carbp ol.2017.11.076

Moosavi- Nasab, M., Pashangeh, S., & Rafsanjani, M. (2010). Effect of 
fermentation time on xanthan gum production from sugar beet 
molasses. World Academy of Science, Engineering and Technology, 4, 
1018– 1021.

Mulvihill, D., & Kinsella, J. (1988). Gelation of β- lactoglobulin: Effects 
of sodium chloride and calcium chloride on the rheological and 
structural properties of gels. Journal of Food Science, 53, 231– 236. 
https://doi.org/10.1111/j.1365- 2621.1988.tb102 16.x

Murad, H., Abo- Elkhair, A., & Azzaz, H. (2019). Production of Xanthan 
Gum from Nontraditional Substrates with Perspective of the 
Unique Properties and Wide Industrial Applications. JSM Central. 
Microbiology, 1.

Naji, S., Razavi, S., & Karazhiyan, H. (2012). Effect of thermal treatments 
on functional properties of cress seed (Lepidium sativum) and xan-
than gums: A comparative study. Food Hydrocolloids, 28, 75– 81. 
https://doi.org/10.1016/j.foodh yd.2011.11.012

Naji- Tabasi, S., Mahdian, E., Arianfar, A., & Naji- Tabasi, S. (2019). 
Nanoparticles fabrication of soy protein isolate and basil seed gum 

(Ocimum bacilicum L.) complex as pickering stabilizers in emulsions. 
Journal of Dispersion Science and Technology, 1– 8.

Naji- Tabasi, S., Mahdian, E., Arianfar, A., & Naji- Tabasi, S. (2020). 
Investigation of Oleogel Properties Prepared by Pickering 
Emulsion- Templated Stabilized with Solid Particles of Basil Seed 
Gum and Isolated Soy Protein as a Fat Substitute in Cream. Research 
and Innovation in Food Science and Technology, 9, 267– 280.

Naji- Tabasi, S., & Razavi, S. M. A. (2017). New studies on basil (Ocimum 
bacilicum L.) seed gum: Part III –  Steady and dynamic shear rhe-
ology. Food Hydrocolloids, 67, 243– 250. https://doi.org/10.1016/j.
foodh yd.2015.12.020

Naji- Tabasi, S., & Razavi, S. M. A. (2017). New studies on basil (Ocimum 
bacilicum L.) seed gum: Part III– Steady and dynamic shear rheology. 
Food Hydrocolloids, 67, 243– 250. https://doi.org/10.1016/j.foodh 
yd.2015.12.020

Nayebzadeh, K., Chen, J., & Mousavi, S. M. (2007). Interactions of WPI 
and xanthan in microstructure and rheological properties of gels 
and emulsions. International Journal of Food Engineering, 3. https://
doi.org/10.2202/1556- 3758.1104

Neirynck, N., Van der Meeren, P., Lukaszewicz- Lausecker, M., Cocquyt, 
J., Verbeken, D., & Dewettinck, K. (2007). Influence of pH and bio-
polymer ratio on whey protein– pectin interactions in aqueous solu-
tions and in O/W emulsions. Colloids and Surfaces A: Physicochemical 
and Engineering Aspects, 298, 99– 107. https://doi.org/10.1016/j.
colsu rfa.2006.12.001

Padel, S., Röcklinsberg, H., & Schmid, O. (2009). The implementation 
of organic principles and values in the European Regulation for 
organic food. Food Policy, 34, 245– 251. https://doi.org/10.1016/j.
foodp ol.2009.03.008

Patel, J., Maji, B., Moorthy, N. H. N., & Maiti, S. (2020). Xanthan gum de-
rivatives: Review of synthesis, properties and diverse applications. 
RSC Advances, 10, 27103– 27136. https://doi.org/10.1039/D0RA0 
4366D

Pilevaran, M., Tavakolipour, H., Naji- Tabasi, S., & Elhamirad, A. H. (2021). 
Development of mechanical and thermal properties of whey 
protein– xanthan gum hydrogel by incorporation of basil seed gum 
nanoparticles, salt, and acidic pH. Journal of Sol- Gel Science and 
Technology, 98, 76– 83. https://doi.org/10.1007/s1097 1- 021- 05508 
- y

Raei, M., Shahidi, F., Farhoodi, M., Jafari, S. M., & Rafe, A. (2018). The 
Effect of Encapsulated Camel milk’s Lactoferrin with Whey 
Protein Isolate- pectin Complexes on the Growth and Viability of 
MG63 Osteoblast Cell. Research and Innovation in Food Science and 
Technology, 7, 119– 132.

Rafe, A., & Razavi, S. M. (2015). Effect of thermal treatment on chemi-
cal structure of β- lactoglobulin and basil seed gum mixture at dif-
ferent states by ATR- FTIR spectroscopy. International Journal of 
Food Properties, 18, 2652– 2664. https://doi.org/10.1080/10942 
912.2014.999864

Rafe, A., Razavi, S. M., & Farhoosh, R. (2013). Rheology and micro-
structure of basil seed gum and β- lactoglobulin mixed gels. Food 
Hydrocolloids, 30, 134– 142. https://doi.org/10.1016/j.foodh 
yd.2012.05.016

Rafe, A., Razavi, S. M., & Khan, S. (2012). Rheological and structural 
properties of β- lactoglobulin and basil seed gum mixture: Effect 
of heating rate. Food Research International, 49, 32– 38. https://doi.
org/10.1016/j.foodr es.2012.07.017

Raoufi, N., Fang, Y., Kadkhodaee, R., Phillips, G. O., & Najafi, M. N. (2017). 
Changes in turbidity, zeta potential and precipitation yield induced 
by Persian gum- whey protein isolate interactions during acidifi-
cation. Journal of Food Processing and Preservation, 41, e12975. 
https://doi.org/10.1111/jfpp.12975

Razavi, S. M., Najafi, M. B. H., & Alaee, Z. (2007). The time independent 
rheological properties of low fat sesame paste/date syrup blends as 

https://doi.org/10.1007/s13197-010-0203-1
https://doi.org/10.1007/s13197-010-0203-1
https://doi.org/10.1016/j.foodhyd.2013.01.002
https://doi.org/10.1016/j.foodhyd.2013.01.002
https://doi.org/10.1111/j.1365-2621.1998.tb15728.x
https://doi.org/10.1002/1099-1352(200011/12)13:6%3C325:AID-JMR507%3E3.0.CO;2-C
https://doi.org/10.1002/1099-1352(200011/12)13:6%3C325:AID-JMR507%3E3.0.CO;2-C
https://doi.org/10.1016/j.foodhyd.2015.10.017
https://doi.org/10.1016/j.foodhyd.2015.10.017
https://doi.org/10.1021/jf00006a001
https://doi.org/10.1016/j.carbpol.2016.06.017
https://doi.org/10.1016/S0268-005X(03)00047-X
https://doi.org/10.1016/S0268-005X(03)00047-X
https://doi.org/10.1016/j.carbpol.2017.11.076
https://doi.org/10.1111/j.1365-2621.1988.tb10216.x
https://doi.org/10.1016/j.foodhyd.2011.11.012
https://doi.org/10.1016/j.foodhyd.2015.12.020
https://doi.org/10.1016/j.foodhyd.2015.12.020
https://doi.org/10.1016/j.foodhyd.2015.12.020
https://doi.org/10.1016/j.foodhyd.2015.12.020
https://doi.org/10.2202/1556-3758.1104
https://doi.org/10.2202/1556-3758.1104
https://doi.org/10.1016/j.colsurfa.2006.12.001
https://doi.org/10.1016/j.colsurfa.2006.12.001
https://doi.org/10.1016/j.foodpol.2009.03.008
https://doi.org/10.1016/j.foodpol.2009.03.008
https://doi.org/10.1039/D0RA04366D
https://doi.org/10.1039/D0RA04366D
https://doi.org/10.1007/s10971-021-05508-y
https://doi.org/10.1007/s10971-021-05508-y
https://doi.org/10.1080/10942912.2014.999864
https://doi.org/10.1080/10942912.2014.999864
https://doi.org/10.1016/j.foodhyd.2012.05.016
https://doi.org/10.1016/j.foodhyd.2012.05.016
https://doi.org/10.1016/j.foodres.2012.07.017
https://doi.org/10.1016/j.foodres.2012.07.017
https://doi.org/10.1111/jfpp.12975


6736  |     SARRAF et Al.

a function of fat substitutes and temperature. Food Hydrocolloids, 
21, 198– 202. https://doi.org/10.1016/j.foodh yd.2006.03.008

Razavi, S., Naji, S., Karazhiyan, H., & Koocheki, A. (2011). Influence 
of thermal treatments on textural characteristics of cress seed 
(Lepidium sativum) gum gel. Electronic Journal of Environmental. 
Agricultural and Food Chemistry (EJEAFChe), 11, 222– 237.

Razavi, S., & Naji- Tabasi, S. (2017). Rheology and Texture of Basil Seed 
Gum: A New Hydrocolloid Source. (pp. 405– 435).In Advances in 
Food Rheology and Its Applications. (Elsevier).

Schmitt, C., Sanchez, C., Desobry- Banon, S., & Hardy, J. (1998). Structure 
and technofunctional properties of protein- polysaccharide com-
plexes: A review. Critical Reviews in Food Science and Nutrition, 38, 
689– 753. https://doi.org/10.1080/10408 69989 1274354

Schmitt, C., & Turgeon, S. L. (2011). Protein/polysaccharide complexes 
and coacervates in food systems. Advances in Colloid and Interface 
Science, 167, 63– 70. https://doi.org/10.1016/j.cis.2010.10.001

Shiroodi, S. G. (2014). Characterization of interaction between whey protein 
isolate and xanthan/curdlan hydrogel to improve freeze- thaw stability. 
University of Maryland.

Sun, X. S., Wang, D., Zhang, L., Mo, X., & Zhu, L. (2008). Morphology 
and phase separation of hydrophobic clusters of soy globular pro-
tein polymers. Macromolecular Bioscience, 8, 295– 303. https://doi.
org/10.1002/mabi.20070 0235

Tolstoguzov, V. B. (1997). Protein- polysaccharide interactions. Food 
Science and technology- new york- marcel Dekker- , 171– 198.

Wang, X., Lee, J., Wang, Y.- W., & Huang, Q. (2007). Composition and rhe-
ological properties of β- lactoglobulin/pectin coacervates: Effects 
of salt concentration and initial protein/polysaccharide ratio. 
Biomacromolecules, 8, 992– 997.

Weinbreck, F., De Vries, R., Schrooyen, P., & De Kruif, C. (2003). Complex 
coacervation of whey proteins and gum arabic. Biomacromolecules, 
4, 293– 303. https://doi.org/10.1021/bm025 667n

Weinbreck, F., Nieuwenhuijse, H., Robijn, G. W., & de Kruif, C. G. (2003). 
Complex formation of whey proteins: Exocellular polysaccharide 
EPS B40. Langmuir, 19, 9404– 9410.

Xia, J., & Dubin, P. L. (1994). Protein- polyelectrolyte complexes. In 
Macromolecular complexes in chemistry and biology. (Springer), pp 
247- 271.

Yang, X., Li, A., Li, D., Guo, Y., & Sun, L. (2021). Applications of mixed 
polysaccharide- protein systems in fabricating multi- structures of 
binary food gels— A review. Trends in Food Science & Technology.

Ye, A. (2008). Complexation between milk proteins and polysaccharides 
via electrostatic interaction: Principles and applications– a review. 
International Journal of Food Science & Technology, 43, 406– 415. 
https://doi.org/10.1111/j.1365- 2621.2006.01454.x

Ye, A., Flanagan, J., & Singh, H. (2006). Formation of stable nanoparticles 
via electrostatic complexation between sodium caseinate and gum 
arabic. Biopolymers: Original Research on Biomolecules, 82, 121– 133. 
https://doi.org/10.1002/bip.20465

Ye, A., & Taylor, S. (2009). Characterization of cold- set gels produced from 
heated emulsions stabilized by whey protein. International Dairy 
Journal, 19, 721– 727. https://doi.org/10.1016/j.idair yj.2009.06.003

Zeynali, M., Naji- Tabasi, S., & Farahmandfar, R. (2019). Investigation of 
basil (Ocimum bacilicum L.) seed gum properties as Cryoprotectant 
for Frozen Foods. Food Hydrocolloids, 90, 305– 312. https://doi.
org/10.1016/j.foodh yd.2018.12.034

Zhong, Y., Zhao, J., Dai, T., Ye, J., Wu, J., Chen, T., & Liu, C. (2021). 
Fabrication of Oil- in- Water Emulsions with Whey Protein Isolate- 
Puerarin Composites: Environmental Stability and Interfacial 
Behavior. Foods, 10, 705.

How to cite this article: Sarraf, M., Naji- Tabasi, S., & Beig- 
babaei, A. (2021). Influence of calcium chloride and pH on 
soluble complex of whey protein- basil seed gum and xanthan 
gum. Food Science & Nutrition, 9, 6728– 6736. https://doi.
org/10.1002/fsn3.2624

https://doi.org/10.1016/j.foodhyd.2006.03.008
https://doi.org/10.1080/10408699891274354
https://doi.org/10.1016/j.cis.2010.10.001
https://doi.org/10.1002/mabi.200700235
https://doi.org/10.1002/mabi.200700235
https://doi.org/10.1021/bm025667n
https://doi.org/10.1111/j.1365-2621.2006.01454.x
https://doi.org/10.1002/bip.20465
https://doi.org/10.1016/j.idairyj.2009.06.003
https://doi.org/10.1016/j.foodhyd.2018.12.034
https://doi.org/10.1016/j.foodhyd.2018.12.034
https://doi.org/10.1002/fsn3.2624
https://doi.org/10.1002/fsn3.2624

