
 

Pharmaceutical Sciences 
March 2018, 24, 52-59 

doi: 10.15171/PS.2018.09 

http://journals.tbzmed.ac.ir/PHARM 

 

Research Article 
 

 

 *Corresponding Author: Hamed Hamishehkar, E-mail: hamishehkar.hamed@gmail.com 

©2018 The Authors. This is an open access article and applies the Creative Commons Attribution (CC BY), which permits unrestricted use, distribution, 

and reproduction in any medium, as long as the original authors and source are cited. No permission is required from the authors or the publishers. 

 

 

Application of Response Surface Methodology in the Preparation of 

Pectin-Caseinate Nanocomplexes for Potential Use as Nutraceutical 

Formulation: A Statistical Experimental Design Analysis 
Sajedeh Bahrani1,2, Babak Ghanbarzadeh2, Mahmoud Sowti Khiabani2, Saeed Ghanbarzadeh3,4, Hamed 

Hamishehkar5* 
1Biotechnology Research Center, and Student Research Committee, Tabriz University of Medical Sciences, Tabriz, Iran.  
2Department of Food Science and Technology, Faculty of Agriculture, University of Tabriz, Tabriz, Iran. 
3Cancer Gene Therapy Research Center, Zanjan University of Medical Sciences, Zanjan, Iran 
4Zanjan Pharmaceutical Nanotechnology Research Center and Department of Pharmaceutics, Faculty of Pharmacy, Zanjan University 
of Medical Sciences, Zanjan, Iran. 
5Drug Applied Research Centre, Tabriz University of Medical Sciences, Tabriz, Iran. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Nanotechnology has wide range of applications, which 

focuses on the characterization, production, and use of 

biological as well as nonbiological particles smaller than 

100 nm.1 One of the activities of nanotechnology is use of 

nanocarriers for delivery system.2 Regardless of 
successful description of many synthetic polymers as 

delivery systems, these cannot be used in food usages that 

need compounds which generally recognized as safe 

(GRAS). Biopolymer based nanocomplexs could be 

potentially used as nanocarriers to encapsulate and deliver 

bioactive or functional components, such as hydrophobic 

nutraceuticals (e.g, fat-soluble vitamins, antioxidants, 

carotenoids, phytosterols and polyunsaturated fatty acids) 

minerals, active peptides, enzymes and antimicrobial 

compounds.3-6 Creation of nanocarriers for bioactive 

components may increase their bioavailability, due to 
their nanoscopic size and enormous numbers per unit 

mass, reduce adverse effects such as transparency of clear 

food systems like beverages, offer protection against 

degradation of the nutraceuticals by chemical and 

enzymatic reactions like oxidation during manufacturing 

and shelf-life, hence inhibiting of increasing of unwanted 

flavors and odors, as well as loss of metabolic value.7 

Among the several natural or synthetic polymer-based 

nanoparticle which are potentially available to the food 
industry, protein-based nanoparticles are generally 

interesting since they are fairly easy to use and their size 

distribution can be observed.8 Throughout the past two 

decades, interest in developing protein particles as 

delivery systems has developed and several classes of 

animal proteins such as casein,9 albumin,10 and whey 

protein11 and  plant proteins like soy glycinin12 and zein13 

have been investigated. Multiple component matrices 

such as protein-polysaccharide particles have also been 

explained.14 

The interactions between polysaccharides and proteins 
could be also repulsive and attractive. Attractive 

interactions encourage inter biopolymer complexes, that 

almost always arise from electrostatic interactions 
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Background: The formation of electrostatic complexes between two types of biopolymers, 

sodium Caseinate (a derivative from most abundant milk protein) and Pectin (a natural 

hetro polysaccharide), was studied as a function of biopolymers concentrations and pH of 

solutions (3.9- 4.3).  

Method: The size and morphology of the resulted complexes were investigated by using 

of laser light scattering and transmission electron microscopy, respectively. Response 

surface methodology (A three-factor, three levels Box-Behnken design) was used for the 
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Results: Negatively charged nanocomplexes were produced below the isoelectric point of 

protein (5.4), at pH 4.1 with a suitable colloidal stability and average particle size of about 
100 nm. It was found that the particle size of nanocomplexes could be controlled by 

changing in variables.  
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variables on the properties of products. 
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between opposite charges on the biopolymers which there 

is an adequately robust electrostatic attraction between 

oppositely charged molecules. Attractive biopolymer 

interactions mostly take place between positively charged 

proteins (pH < isoelectric point, pI) and anionic 

polysaccharides (pH > pka) or negatively charged proteins 
(pH > pI) and cationic polysaccharides. At pH values 

below their pI, proteins transmit positive charges and can 

interact with polysaccharides bearing sulfate, phosphate, 

or carboxylic groups. This inter biopolymer complexation 

of anionic polysaccharides and positively charged 

proteins can result in the formation of soluble coacervates, 

complexes or precipitates depending on the charge 

density of the biopolymers, solution conditions (pH, ionic 

strength), ratio of protein to polysaccharide, as well as 

processing conditions (shearing, temperature and time).15 

The pH and the ionic strength are the most important 

factors affecting the formation, size and stability of these 
complexes. Both factors influence the number of charges 

present on the biopolymers, therefore affecting the 

strength of the electrostatic interactions. Other essential 

parameters to be considered are the biopolymer charge 

density and the biopolymer weight ratio, which influence 

the amount of the electrostatic interaction, the molecular 

weights of the biopolymers as well as the total biopolymer 

concentration, where contribute to a low entropy of 

mixing.16,17 Soluble complexes may be found when 

opposite charges passed by the two macro ions within a 

complex are not equal in number. Nevertheless, when the 
opposite charges carried by the two biopolymers 

neutralize each other and the complexes become insoluble 

which result in coacervation and precipitation.18 Milk 

proteins have significant efficient properties such as the 

capacity to bind hydrophobic molecules, stabilize 

emulsions, interact with other biopolymers, form gels and 

slightly delay oxidation. Because of these properties, milk 

proteins are ideal materials for the entrapment and 

delivery of bioactive compounds.19 Casein is an important 

milk protein and intensely self-associates and precipitates 

at low pH (<5.4) and he casein micelle is certainly a 

notable case of natural nanocarriers for nutrient delivery. 
The stability of casein micelles during processing also 

makes them a very encouraging nano vehicle. A number 

of study have mostly focused on interactions between 

polysaccharides and casein micelles, nevertheless, 

investigations on complexation between non micellar 

casein material, such as polysaccharides and Caseinates 

are hardly found. Pectin is an anionic polysaccharide and 

contains numerous galacturonic acid groups and 

arabinose, rhamnose as well as galactose. The ability to 

control the size of biopolymer nanocomplexe is important 

not only for defining food product characteristics such as 
appearance, taste, texture and aroma, but also for control 

the release rates of the loaded bioactive complexes and 

finally the total efficiency of the compounds. In this way, 

the purpose of this study was to study the interaction of 

LMP with sodium Caseinate and study the effects of 

different variables on the size and size distribution of 

prepared complexes. Response surface methodology 

(RSM) is a group of mathematical and statistical methods 

that calculates the practical correlation between a number 

of measured response variables and numerous 

explanatory factors to find an optimal response by means 

of a series of tests.20 To readily reach to this objective, a 

computer optimization method, based on a RSM using a 
polynomial equation was used to search for the size range 

of made complexes and professionally measure the effects 

of formulation variables on the size and polydispersity. 

  

Materials and Methods 

Materials 

Sodium Caseinate (82 wt% dry protein, 6 wt% moisture, 

6 wt% fat and ash, 0.05 wt% calcium) was supplied by 

DMV international (Veghel, Netherlands), Low-

Methoxyl Amidated (LMA) Pectin (31 % degree of 

esterification, 17% degree of amidation) was provided by 

CP Kelco ApS (Lille Skensved, Denmark). HCl, K2HPO4, 
CaCl2, NaOH and potassium citrate were obtained from 

Merck (Darmstadt, Germany). 

 

Solution preparation 

Sodium Caseinate, Pectin and salt solutions were 

prepared in double-distilled water. These solutions were 

equilibrated over-night at 4 ˚C for complete hydration and 

applied freshly for each experiment. To 50 mL solutions 

of  sodium Caseinate , 2 mL 0.4 M potassium citrate, 12 

mL 0.08 M K2HPO4 and 10 mL 0.08 M CaCl2 were 

gradually added. Finally, pH was adjusted between 6.7 
and 7 with dropping of 0.1 N HCl under stirring. The 

volume was eventually brought up to 100 mL with 

double-distilled water with the final Caseinate 

concentration of 1% W/V. Each experiment was 

performed in duplicate. Pectin was brought into solution 

by heating to 85 °C for 10 min with vigorous stirring 

followed by a slow cooling to room temperature with 

continued stirring for 1 - 1.5 h. This solution was kept in 

the refrigerator to avoid microbial growth and discarded 

after a maximum of 4 days. Before addition to Caseinate 

solution, Pectin solution was vigorously stirred for 1 min.  

 

Caseinate-Pectin complexation 

A series of solutions containing various casein and Pectin 

concentrations were prepared. The Pectin solution was 

added drop wise into Caseinate solution at the constant 

temperature of 4 °C. The stirring speed of stirrer was kept 

on 400 rpm during the experiments. These solutions were 

titrated slowly with 0.1 N HCl using a 29 G needle to the 

desired pH and then stirred for 1 h and stored overnight at 

room temperature prior to determination of the particle 

size. The studied concentrations of Pectin, Caseinate and 

desired pH, mentioned at Table 1, were selected 
according to preliminary experiments (data was not 

shown). 

 

Complex characterization 

Morphology 

Nanocomplexes were observed using transmission 

electron microscopy (TEM) with the help of negative 
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staining three days after sample preparation. One drop of 

the suspension containing complexes was placed on a 

200-mesh copper grid (3.05 mm, HF36, Australia) for 5 

min and then drained off with filter paper. Consequently, 

one drop of 2% uranyl acetate was placed on the grid for 

20 sec before being drained off. The grid was then placed 
in a TEM (Philips CM10, the Netherlands) and examined. 

 

Particle size measurement 

The particle size of each batch was analyzed with a laser 

diffraction particle size analyzer (SALD-1100, Shimadzu, 

Japan). The average particle size was shown as the 

volume mean diameter (VMD). Each sample was 

measured three times. The size distribution was assessed 

with the span value according to the following equation: 

𝑆𝑝𝑎𝑛 =
 𝐷90 %−𝐷10 % 

𝐷50 %
                                            Eq. (1) 

Where DN% (N = 10, 50, 90) is the volume percentage of 

particles with diameters up to DN% is equal to N%. The 

smaller span value indicates the narrower size 

distribution.21  

 

Experimental design 

In the current study, to describe the particle size and size 

distribution of complexes as well as to optimize the 

preparation process, a three-level four-factorial Box-
Behnken experimental design was employed to assess the 

effects of selected variables on the response. This design 

is appropriate for exploration of quadratic response 

surfaces and for production of second order polynomial 

models, consequently helping to optimize development 

by means of a small number of experimental runs. Factors 

considered in the Box-experimental design were: pH, 

Pectin and sodium Caseinate concentrations. The factor 

levels were chosen in accordance with the results of our 
initial studies.22 Table 1 reviews the factors and their 

levels. For the three-level four-factorial Box-Behnken 

experimental design, a total of 30 experimental runs with 

six replications of the central point, are needed. 

The mixture of conditions resultant to the central point of 

the design replicated six times to approve the validity of 

the model and reduce the estimation variance of the values 

expected by the quadratic model. This design also 

resolves the two-factor interaction effects of individual 

terms and allows a mid-level setting (0) for the mixture of 

factors.23 

 

Results and Discussion 
It is essential to develop a formulation in straight possible 

stage, by means of minimum man-hours and raw 

materials. Usually, formulations are established by 

changing one variable by trial and error way that is time 

consuming requiring a lot of inspired efforts. 

Additionally, it may be difficult to increase an ideal 

product by means of this classical way, since the 

combined effects of independent variables are not 

measured.24 It is therefore very essential to understand the 

complication of formulations by using established statis-
tical methods such as factorial design.  

 

Table 1. Run parameters for three-level four-factorial Box–Behnken and particle size results of experimental design (each number represents 

mean ± standard deviation, n = 3). 

StdOrder RunOrder PtType Blocks Aa Bb Cc VMDd (nm) Span 

6 1 2 1 4.3 1.0 0.20 648 ± 58 5.82 ± 0.02 
5 2 2 1 3.9 1.0 0.20 10529 ± 230 3.09 ± 0.15 

23 3 2 1 4.3 1.0 0.70 723 ± 25 1.33 ± 0.03 
30 4 0 1 4.1 1.0 0.45 86 ± 5 0.93 ± 0.02 
17 5 2 1 4.3 0.5 0.45 1645 ±149 4.84 ± 0.01 

11 6 2 1 4.1 0.5 0.70 2200 ± 103 4.62 ± 0.02 
16 7 2 1 3.9 0.5 0.45 1743 ± 141 5.95 ± 0.02 
3 8 2 1 3.9 1.5 0.45 6157 ± 108 2.85 ± 0.06 

13 9 0 1 4.1 1.0 0.45 99 ± 6 0.89 ± 0.67 
21 10 2 1 4.3 1.0 0.20 639 ± 44 4.90 ± 0.12 
28 11 0 1 4.1 1.0 0.45 93 ± 8 0.93 ± 0.53 

14 12 0 1 4.1 1.0 0.45 86 ± 5 0.87 ± 0.05 
7 13 2 1 3.9 1.0 0.70 380 ± 8 0.83 ± 0.01 
26 14 2 1 4.1 0.5 0.70 2100 ± 86 4.42 ± 0.09 

27 15 2 1 4.1 1.5 0.70 1094 ± 72 0.79 ± 0.15 
2 16 2 1 4.3 0.5 0.45 2218 ± 428 4.58 ± 0.23 
8 17 2 1 4.3 1.0 0.70 793 ± 54 0.83 ± 0.15 

24 18 2 1 4.1 0.5 0.20 150 ± 305 2.67 ± 0.00 
10 19 2 1 4.1 1.5 0.20 12025 ± 337 2.84 ± 0.01 
15 20 0 1 4.1 1.0 0.45 93 ± 6 0.96 ± 0.01 

4 21 2 1 4.3 1.5 0.45 622 ± 11 0.76 ± 0.00 
19 22 2 1 4.3 1.5 0.45 626 ± 64 0.78 ± 0.03 
20 23 2 1 3.9 1.0 0.20 12303 ± 184 2.90 ± 0.06 

29 24 0 1 4.1 1.0 0.45 94 ± 1 0.71 ± 0.09 
12 25 2 1 4.1 1.5 0.70 1119 ± 38 0.83 ± 0.24 
22 26 2 1 3.9 1.0 0.70 322 ± 2 0.88 ± 0.01 

25 27 2 1 4.1 1.5 0.20 12069 ± 848 2.84 ± 0.08 
1 28 2 1 3.9 0.5 0.45 1758 ± 140 5.95 ± 0.04 
18 29 2 1 3.9 1.5 0.45 5921 ± 409 2.84 ± 0.29 

9 30 2 1 4.1 0.5 0.20 150 ± 218 2.67 ± 0.00 
apH, bSodium Caseinate concentration, cPectin concentration, dVolume Mean Diameter 
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Caseinate-Pectin complexation 
Complex creation by interaction of proteins and 

polysaccharides is fairly simple and includes two main 

steps, addition of biopolymers and modifying pH. 

However, the reproducible preparation of nanocomplexes 

in the preferred properties (desired size and narrow size 
distribution) can be difficult, because of the large number 

of factors influencing the properties of complexes, such 

as biopolymer concentration, type of biopolymer and pH. 

The influence of each of these factors has to be 

determined empirically, predictions and scale up remain a 

problem. Therefore, more information is needed in order 

to identify the relevant parameters and save development 

resources. According to above mentioned descriptions, 

the real variables of Table 1 were considered in the 

present study. A number of workers have previously 

described electrostatic complexes designed by milk 

protein and Pectin. The driving force for complexation 
was attributed primarily to electrostatic forces between 

the anionic Pectin and cationic patches on the protein 

surface, but hydrophobic forces were also thought to play 

a role for Pectin molecules with higher degrees of 

methoxylation.25,26 Complex size reduced when 

acidification was done after mixing the polymers 

compared to when acidification was complete before the 

mixing (data was not shown). Consequently, at the first 

step of our study, Pectin solution was added into the 

Caseinate solution at the neutral pH and then the mixture 

of biopolymers was acidified. This interaction depends on 

whether the Pectin adsorbs onto the casein particles or 

not. If Pectin added in sodium Caseinate at a neutral pH, 

it did not adsorb onto the protein. Non-adsorbing Pectin 

leads to a phase separation. 
 

Particle size distribution and morphology 

Negative staining TEM micrograph showed that discrete 

(Figure 1a) and relatively mono dispersed nanocomplexes 

(Figure 1b) were prepared.  

The mean particle size of complexes was measured and 

the results presented that the volume mean diameter 

(VMD) and span were in the range of 86–12303 nm and 

0.716–5.952, respectively listed in Table 1. The wide 

range of observed size and span stated in Table 1 shows 

that variables are effective in their studied range. 

 

Experimental design 

Particle size 

Table 2 shows the effect of independent variables on the 

size terms of quadratic model. Predicted R2 (ranges 

between 0 and 100 %) used in regression study to show 

how well the model predicts responses for new 

observations, whereas R2 indicates how well the model 

fits the data.  

 

 
Figure 1. Negatively stained transmission electron micrograph of complexes observed in the sodium Caseinate (1%) / Pectin (0.45 %) at 
pH 4.1. 

 
Table 2. Values for regression coefficients and their levels of significance for the factors used to model the best fit size response.  

Term Coef a SE Coef b T P 

Constant 91.83 455.2 0.202 0.842 

pH -1949.94 278.7 -6.995 0.000 
Sodium Caseinate  (%w/v) 1729.31 278.7 6.204 0.000 
Pectin (%w/v) -2486.38 278.7 -8.920 0.000 

[pH]2 961.58 410.3 2.344 0.030 
[Sodium Caseinate  (%w/v)]2 1532.83 410.3 3.736 0.001 
[Pectin (%w/v)]2 2238.71 410.3 5.456 0.000 

pH × sodium Caseinate  (%w/v) -1399.00 394.2 -3.549 0.002 
pH × pectin (%w/v) 2794.88 394.2 7.090 0.000 
Sodium Caseinate  (%w/v) × Pectin (%w/v) -3235.13 394.2 -8.207 0.000 

S = 1114.98; R-Sq = 94.46%; R-Sq (pred) = 85.81%; R-Sq (adj) = 91.96%. 
a Coefficient 
b Coefficient of Standard Error of Mean. 
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Predicted R2 can inhibit over fitting the model and can be 

more beneficial than adjusted R2 for comparing models 

because it is calculated using observations not included in 

model estimation. R2 value of this model is admissible 

and is equal to 85.81. The adjusted R2 is a useful tool for 

comparing the explanatory power of models with 
different numbers of predictors. The small difference 

between the predicted observed R indicates validity of the 

model. 

Concerning the multiple regression analysis, the most 

significant parameter was the one with the largest t value 

and the lowest p.27 The results uncovered that the Pectin 

concentration and its interaction with Caseinate 

(t = 8.920, p < 0.0001 and t= -8.207, p < 0.0001) had the 

greatest effect on particle size, followed by the terms pH-

Pectin interaction, pH and Caseinate concentration. These 

results suggest that all studied variables (pH, Pectin and 

Caseinate concentrations) considerably affect particle 
size. A positive sign before a factor in polynomial 

equations represents that the response increases with the 

factor. On the other hand, a negative sign means the 

response and factors have a reciprocal relation. The 

negative coefficient for Pectin concentration could be 

attributed to the reduction of droplet size with increasing 

concentration, leading to a decrease in particle size. The 

positive coefficient of concentration of sodium Caseinate 

in the equation showed that with enhancing in sodium 

concentration of Caseinate, the particle size will increase, 

which is in contrast to Pectin concentration and pH effects 
on particle size. Figures 2a and 1b illustrate the response 

surface as a function of sodium Caseinate concentration 

and pH as well as Pectin concentration and pH, 

respectively, for the particle size. The response surface in 

Figure 2a showed that an increase in sodium Caseinate 

concentration resulted in increase in particle size at the 

lower pH values which can be indorsed to protein 

aggregation.28,29 As it is obvious from this figure, 

reducing sodium Caseinate concentration at different pH 

values directed to a reduction of particle size, though, this 

effect was more noticeable at lower pH value. At lower 

pH, the effect of sodium Caseinate concentration (at 
constant concentration of Pectin) becomes critical. Figure 

2b shows that at the lower Pectin concentration, pH 

reduction to the lower amounts leading to an increase in 

particle size. Whereas, particle size is approximately 

constant in the higher Pectin concentration during pH 

variation. The role of pH is absolutely crucial at the lower 

amounts of Pectin because in such a case little reduction 

in charge density of Pectin leads to inefficient interaction 

with sodium Caseinate. But it seems that at the higher 

amounts of Pectin, even at the lower pH, there is some 

degree of negative charge on the Pectin which is enough 
for interaction with sodium Caseinate.30 Polysaccharides 

with negative charge such as Pectin prevent Caseinate 

aggregation in acidic pH due to their interactions and 

sterically hindered negatively-charged Pectin. Two 

dimensional contour plots at Figure 2 clearly shows that 

the suitable pH range for complex formation with sodium 

Caseinate  is above 4.1 possibly due to above mentioned 

protein aggregation phenomenon at the lower pH range. 

 

 
Figure 2. Three dimensional surface plots (a-c) and two 

dimensional contour plot showing the effect of different variables 
on particle size (d). 
 

Coefficients with more than one factor term denote the 

interaction terms and coefficients. It can be understood 
from the equation (Table 2) that there is a significant 

interaction between all of three factors (p < 0.003). The 

positive coefficient of Pectin-pH term in Table 2 indicates 

synergist effect of both factors on the response. It means 

that increasing in pH value leads to growing the negative 

charges on Pectin and increasing in Pectin concentration 

causes much more charge density.  
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Figure 3. Overlaid contour plot showing the effect of different variables on particle size. 

 

But the negative coefficients of pH-Caseinate and Pectin-

Caseinate terms state the opposite effect of these factors 

to each other. A higher pH value causes charge reduction 
on Caseinate which causes Caseinate aggregation and 

precipitation.  

However, interaction between Caseinate and Pectin 

concentration is to some extent interesting.  

Three-dimensional surface plots are beneficial to 

represent the interactions. As shown in Figure 2c, increase 

in sodium Caseinate resulted in increase in particle size at 

the lower Pectin concentration. An opposite results was 

shown in higher Pectin concentration. Acidification of 

medium under isoelectric point (pI =5.4) of sodium 

Caseinate causes aggregation of uncovered protein. Low 

amount of Pectin cannot cover sodium Caseinate 
efficiently leading to instability and precipitation of 

Caseinate and consequently an increase in particle size 

after 24 hours.30 Pectin molecule protected smaller 

Caseinate aggregates from self-association and 

consequent precipitation. This effect depends on the 

concentration of Pectin. At lower Pectin concentrations, 

the system was probably destabilized by self-association 

of free Caseinate molecules and charge neutralization of 

the system. When Pectin concentration is too high, Pectin 

is down from the surface of the casein micelles. Similarity 

of such depletion layers makes available an extra volume 
to the Pectin molecules. If the depletion attraction is 

strong enough the system phase split up. Overlaid contour 

plots of particle size (Figure 3) presented the acceptable 

region met the requirements to nanoparticles production. 

It is concluded that the desired size particles could be 
found in narrow regions that are depending on variables. 

As presented in Figure 3, targeted particles were prepared 

in Pectin above 0.6 (%w/v) at pH 3.9 and Caseinate 

concentration in the range of 0.75-1.25 (%w/v). 

 

Size distribution 

The degree of dispersity is an essential concern for both 

quality and efficiency. Table 3 denotes the quantitative 

effects of the formulation variables on the span as the 

response in terms of a quadratic model, created by the 

software. As shown in Table 3, pH has no significant 

effect (p ≥ 0.05) on span, unlike to what is detected for 
particle size. Therefore, pH did not give to the model and 

control the size distribution of complexes. Concentration 

of sodium Caseinate is highly significant in this model (p 

≤ 0.001), while, Pectin concentration, also played a 

significant role (p = 0.005). Figure 4 shows the three-

dimensional response surface showing the effects of 

variables on size distribution. Concentration of sodium 

Caseinate had the most significant influence on span 

value (Table 3). Commonly, a negative coefficient of 

sodium Caseinate in the equation of Table 3 showed that 

increasing concentration of sodium Caseinate caused to a 
reduction in span value. 

 
Table 3. Values for regression coefficients and their levels of significance for the factors used to model the best fit span response. 

Term Coef a SE Coef b T P 

Constant 0.885 0.429 2.061 0.053 
pH -0.090 0.263 -0.034 0.735 

Sodium Caseinate  (%w/v) -1.324 0.263 -5.035 0.000 
Pectin(%w/v) -0.826 0.263 -3.142 0.005 
[pH]2 1.273 0.387 3.290 0.004 

pH × Sodium Caseinate  (%w/v) -0.208 0.372 -0.559 0.582 
pH × pectin (%w/v) -0.538 0.372 -1.443 0.164 
Sodium Caseinate  (%w/v) × Pectin (%w/v) -0.970 0.372 -2.608 0.017 

S =1.05154; R-Sq = 77.0; R-Sq (pred) = 41.40%; R-Sq (adj) = 66.78%. 
a Coefficient 
b Coefficient of Standard Error of Mean. 
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The surface plots in Figure 4 indicate that a minimum 

span could be achieved at pH=4.1. The response surface 

as a function of concentration of Pectin and sodium 

Caseinate is shown in Figure 4a. For instance, if a narrow 

particle size distribution is appropriate, the combination 

of higher amount of Pectin and sodium Caseinate should 
be taken as the preparative condition. 
 

 
Figure 4. Three dimensional surface plots showing the effect of 
different variables on span. 

 

Coefficients with higher order terms or more than one 

factor term in the regression equation denote quadratic 

relationships or interaction terms, respectively. This 

means the relation between responses and factors are not 

always linear. A factor can created different degree of 

effects on a response when used at different levels. A 

similar situation may arise when more than one factor are 

changed at the same time. Figures 4b and 4c clearly 

indicate the fact of interaction between Pectin and 

Caseinate concentrations and pH. The terms of 
interactions is also appeared in Table 3. Sodium Caseinate 

concentration represented different effects on span at the 

selected pH (Figure 4b). An equivalent result was 

revealed in Figure 4c, that showed the influence of Pectin 

concentration and pH on the response (span). 

 

Conclusion 

Formation of sodium Caseinate-Pectin nanocomplexes 

occurred in a pH just below the isoelectric point of 

Caseinate (pI=5.4). It is expected that the Pectin-

Caseinate complexes have a net negative charge at this 

pH. Therefore, the stabilization of the Pectin-Caseinate 

system is assumed to be caused by the repulsion between 

the negatively charged Pectin-Caseinate complexes. The 

presented investigation was revealed that a suitable 
statistical design can be effectively employed in the 

preparation of sodium Caseinate-Pectin nanocomplexes 

with probable size properties. By using response surface 

methodology it is possible to specify areas in the 

experimental design that will produce nanoparticles with 

required properties. This study is concluded that, when a 

small mean particle size and a narrow distribution is 

desired, it is essential to prepare the particles by means of 

a suitable pH (4.1) and concentrations of sodium 

Caseinate and Pectin.  
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