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caseinate - maltodextrin conjugate by dry heating 

method 
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Abstract 

Sodium caseinate (SC)-maltodextrin (MD) conjugates were prepared by a Control Maillard reaction by 

dry heat treatment of mixture of SC and MD at 60 °C and 80% relative humidity for 12 and 24 hrs. 

Maillard reaction products and SDS-PAGE confirmed conjugation. When protein solubility assessed in 

the pH range 3 to 7 conjugate had improved solubility compared to SC especially at isoelectric point of 

casein. The emulsifying properties of SC-MD conjugate was assessed in oil-in-water (o/w) emulsion and 

improved the emulsifying activity with emulsion stability. These results indicate a potential for these SC-

MD conjugate as functional ingredient for food. 
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Introduction 

For the conjugation it is necessary that milk protein in soluble form and high degree of 
accessibility of carbonyl groups to amino groups. SC is the soluble form of casein with an 
open/flexible structure and low level of non-protein component. SC containing four surface 
active caseins (αs1, αs2, β- and k- casein), which is widely used as a food ingredient because 
of its significant nutritional value, viscosity modifying, water-binding, fat binding, emulsifying 
and foaming properties (Mulvihill and Ennis, 2003) [27]. SC is commercially used as an 
emulsifier in many food systems because of the amphipathic nature of its constituent proteins, 
which enables them to rapidly absorb at the oil–water interface, lowering the interfacial 
tension and conferring stability with respect to creaming and flocculation through a 
combination of electrostatic and steric stabilization. Hydrolysis of casein and whey protein 
molecules increases the number of free amino groups available to react with carbonyl groups 
during conjugation, increased exposure and accessibility to previously-buried lysine residues. 
MD are hydrolysis products of starch consisting of α -1, 4 and α-1, 6 linked D-glucose 
polymers and/or oligomers with a dextrose equivalent less than 20. The DE is a measure of the 
reducing power of starch derived polysaccharides/oligosaccharides compared to D-glucose on 
a dry weight basis (Wang and Wang, 2000) [32] and is an inverse value of the average degree of 
polymerization (DP) of a hydro glucose units (Dokic et al., 2004) [11]. They are complex 
mixtures of high and low molecular weight materials, with MD of low DE values retaining 
longer oligosaccharide chains (Kasapis et al., 1993) [15]. Commercial MD of different dextrose 
equivalent values (DE 2-20) possess different physicochemical properties including solubility 
and viscosity. However, MD with the same dextrose equivalent may also possess very 
different physicochemical properties depending on the hydrolysis procedure and 
source/composition of the starch used in their preparation (Dokic-Baucal et al., 2004) [11]. MD 
are widely used in the food industry as stabilizers (texture and bulking modifiers) in food 
emulsions (Loret et al., 2004) [21]. 
A conjugated protein is defined as a protein to which another chemical group (e.g., 
carbohydrate) is attached by either covalent bonding or other interactions (Wong, 1991). 
Proteins in the presence of reducing carbohydrates can undergo a series of complex chemical 
changes during heating, known as the Maillard reaction. Conjugation occurs naturally during 
the early stages of the Maillard reaction when a covalent bond forms between the protein and 
carbohydrate components, resulting in the release of water (i.e., condensation reaction). The 
resulting covalently-linked Schiff base product can undergo irreversible Amadori 
rearrangement, leading to the formation of Amadori products (Ames, 1992; Zhu et al., 2008; 
Liu et al., 2012) [2, 36, 20]. 
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Conjugation of milk proteins with carbohydrates via the 

Maillard reaction is a growing area of interest due improves in 

their physicochemical and functional properties. The Maillard 

reaction (Maillard, 1912) [23] is a complex series of reaction 

pathways, many of which proceed during heating and/or 

storage of protein/carbohydrate mixtures. Hodge (1953) [12], 

first to develop a simplified, integrated scheme for the 

Maillard reaction and divided the chemistry of the Maillard 

reaction into three stages - the early, intermediate and 

advanced stages. 

 

2. Material and methods 

Sodium caseinate (SC) (protein 90%) was purchased from 

Clarion casein Ltd.(Gujarat), maltodextrin (MD) (20 DE) was 

purchased from Hi-Media Laboratories Pvt. Ltd.(Mumbai, 

India), Soybean oil was purchased from Gemini. Other 

reagents were of analytical grade and obtained from Sigma 

and Hi-Media. All aqueous solutions were prepared using 

triple distilled water. 

 

2.1 Preparation of conjugate 

For the preparation of conjugate by using dry method, the SC-

MD (ratio of 1:1 w/w) mixture was prepared in triple-distilled 

water having total solids 30% and shear rate 0.966 Pa Sec 

then mixture was spray-dried. After that the spray-dried 

mixture was incubated at 60 °C and 80% relative humidity in 

a desiccator containing a saturated KCl solution for 12 and 24 

hrs. After this the samples were placed in an ice bath to stop 

the Maillard reaction for 20 to 30 min as explain by Clark & 

Tannenbaum, (1970). SC-MD conjugate stored in 

refrigeration temperature for further analysis. The control 

contains only SC and prepared by the same method. 

 

2.2 Characterization of SC-MD conjugate  

2.2.1 Degree of glycation 

The degree of glycation of SC-MD conjugate was analyzed 

through an o-phthaldialdehyde (OPA) method, which was 

give the free amino groups of sodium caseinate after Maillard 

reaction. The OPA reagent was prepared according to Nielsen 

et al. (2001) [28]. The OPA reagent was mixed with SC-MD 

conjugate for 2 min at room temperature. Then, the 

absorbance of the mixture was measured at 340 nm 

immediately using a UV spectrophotometer. The degree of 

glycation of SC-MD conjugate was calculated from the loss in 

amino groups compared to unreacted control. 

 

2.2.2 Maillard reaction product by spectrophotometry 

The SC-MD conjugate at a protein concentration of 0.5% w/w 

were disperse in triple distilled water and the absorbance 

measurement was done in UV spectrophotometer. Early and 

intermediate compounds of Maillard reaction such as Schiff 

bases and Amadori products was analyzed at 284 nm (Chawla 

et al., 2009) [4] and at 304 nm for Amadori products (Wang & 

Ismail, 2012). Late Maillard reaction products such as 

melanoidins, which produce browning effect (Lertittikul et 

al., 2007) [19] was analyzed at 420 nm (Jimenez et al., 2007; 

Miralles et al., 2007) [13, 24]. 

 

2.2.3 Sodium dodecyl sulphate- polyacrylamide gel 

electrophoresis (SDS-PAGE) 

SDS-PAGE was performed as described by Laemmli (1970) 

[18]. The CN-MD conjugate or protein (6mg protein /ml) were 

dispersed in equal volume of a sample buffer (0.125 M Tris, 

4% SDS, 20% glycerol 0.2 M, DTT and 0.02% bromo phenol 

blue, pH 6.8) and solution was boiled for about 3 min and 

cooled to room temperature. Separating gel of 12% and 

stacking gel of 5% was used. The samples (10 µl) were 

applied to the SDS gels previously prepared on glass plate 

unit. Electrophoresis was carried out at a constant voltage 

210V, power at 6W and current at 70mA for 3hrs. The gels 

were stained with Coomassie brilliant blue for protein staining 

and with periodic acid Schiff reagent for carbohydrate 

staining. 

 

2.2.4 Emulsifying properties 

Emulsifying properties was analyzed in the form of 

emulsifying activity (EA) and emulsion stability (ES) by 

Dalev & Simenova (1995) [8] method with some modification. 

Conjugate (0.7% w/v protein) was dissolved in 90 ml 0.06M 

phosphate buffer, pH 7.0, containing 0.01% (w/v) sodium 

azide (aqueous phase) at ambient temperature under moderate 

magnetic stirring conditions for 1.0 h. The emulsion were 

prepared by mixing the aqueous phase with 60 ml of oil phase 

(soya bean oil) and then sonicated in probe sonicator for 30 

min with on / off pulser 9 min, 60 Hz energy and having 

temperature 5°C in ice bucket. For emulsifying activity (EA), 

emulsions were centrifuged in graduated tubes at 2600 g for 

10 min and the whole volume (WV) of the system and the 

emulsion phase volume (EPV) were measured. Emulsifying 

activity was expressed as: 

 

 
 

For emulsion stability (ES), the emulsions were kept at 80°C 

for 30 min, then in an ice bath for 15 min and finally 

centrifuged at 1300 g for 10 min. The emulsion stability was 

calculated as: 

 

 
 

2.2.5 Effect of conjugation on protein solubility  

The solubility of SC, SC+MD mixes and SC+MD conjugates 

as a function of pH was determined according to the method 

of Mohanty et al. (1988) [26]. 200 mg sample was accurately 

weighed and dispersed (1% w/v protein) into 20 ml distilled 

water contained in a 250 ml glass beaker. Then pH of the 

dispersion was adjusted in the range of 3.0-7.0 (with 0.5 unit 

interval) using 0.1 N HCl or 0.1N NaOH as required. 

Moderate magnetic stirring of the dispersion was carried out 

for 1 hrs. After 30 min of moderate magnetic stirring, the pH 

of each sample was rechecked and re-adjusted, if necessary.14 

ml of the dispersion was measured in 15 ml centrifuge tubes 

and centrifuged at 1000 g for 20 min. After centrifugation, the 

supernatant was decanted and filtered through Whatman No.1 

filter paper. The total protein content was determined using 

filtered supernatant and initial dispersion respectively by 

Lowery et al., (1951). 

 

Solubility was calculated using the formula given below 

 

 
 

3. Results and Discussion 

3.1 Degree of glycation 

Compared to control the SC+MD with conjugate resulted in 

loss of amino acids 20.15± 0.21 μg/ ml after 12 hrs incubation 
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which further increase 25.64 ± 0.32 μg/ ml after 24 hrs. 

Degree of glycation in case of SC+MD conjugate 

corresponding to 24.25 ± 0.67% after 24 hrs. Study showed 

that SC+DX in ratio 4:1 treated for Maillard reaction at 60°C 

for 20 hrs gives up to 27% degree of glycation by OPA (Wu 

et al., 2017) while SC+DX in ratio 2:3.5 at 60°C for a longer 

time 24 hrs (37%) and 48 hrs (41%) (Davidov-Pardo et al., 

2015) [9]. Hence, lower absorbance gives a higher degree of 

glycation and SC+MD conjugate at 12 hrs (41.22%) found a 

higher degree of glycation when compared with SC+DX 

conjugate at 12 hrs (22.95%). 

 

3.2 Maillard reaction product by spectrophotometry 

Conjugation was confirmed by UV-visible absorption 

spectroscopy of different Maillard reaction products such as 

Schiff base (Figure 1.1 A), Amadori products (Figure 1.1 B), 

and late Maillard reaction (Figure 1.1 C). Conjugation 

reaction stopped in early stage of Maillard reaction upto 

Schiff base. On conjugation net increase 0.08 unit absorbance 

unit was observed of SC+MD of 12 hrs which further increase 

to 0.23 unit. Almost 3 fold increase was observed in Schiff 

base following 24 hrs incubation as compared to that 

observed than 12 hrs. Net increase in the formation of 

Amadori product following 12 hrs incubation SC+MD 

conjugate resulting in an increase in absorbance 0.015 unit 

which further increase 0.05 unit following 24 hrs incubation. 

Value observed for 12 hrs and 24 hrs correspond to SC+MD 

based on the evaluation of measurement of Late maillard 

reaction product correspond to 0.03 unit of absorbance as 

compared to control as SC+MD conjugate at 12 hrs of 

incubation and 0.05 unit for 24 hrs period of incubation 

indicate inhibition. Result indicate the inhibition of Maillard 

reaction following Schiff base with values correspond to 

Amadori and Late Maillard product correspond to less than 

0.05 unit or below following 24 hrs period of incubation with 

SC+MD conjugation. 

Conjugate of WPI+DX was found higher absorbance of 

Schiff base than WPI due to the higher molecular weight of 

DX (Loyeaua et al., 2018) [22]. Jimenez et al. (2007) [13] 

studied β-lactoglobulin, α-lactalbumin and bovine serum 

albumin (BSA) conjugated to DX of 10 and 20 kDa, found the 

same tendency but DX of smaller molecular weight exhibited 

greater absorbance at late Maillard reaction. 

 

 
 

(A) 

 

 
 

(B) 
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(C) 
 

Fig 1.1: Maillard reaction product by spectrophotometry 

Result are mean values ± SD. Different superscripts above bars indicate significant differences at a respective time intervals (0,12 and 24 hrs) 

(p≤ 0.05). a, b and c for within time interval of SC / conjugate. A, B and C for between conjugate and SC at a same time interval. 

 

3.3 Sodium dodecyl sulphate - polyacrylamide gel 

electrophoresis (SDS-PAGE) 

Electrophoretic assessment of conjugate was assessed by SDS 

PAGE following straining for protein as well as carbohydrate 

as shown in Figure 2 Result the typical monomeric αs1, β and 

k casein fraction was observed control SC however as 

observed in lane 4. The intensity of native casein band get 

reduces after conjugation. The distinct shift to a broad range 

of higher molecular weight more than 200 Da for conjugated 

proteins (lanes 2 and 3). Further conjugate after 24 hrs (lane 

2) with decreased intensity of the band than 12 hrs. As an 

increase in the degree of glycation, the molecular weight of 

conjugate get increases. Result was further confirmed for the 

conjugate formation by straining gel with periodic acid 

reagent as shown in Figure 3. The results indicate the 

intensity of band coloration. Carbohydrate moiety was greater 

in high molecular conjugate compared to control band. The 

SC (lane 3) appears too remained relatively immobile and no 

band will appear. The MD (lane 2), conjugate (lane 5 and 6) 

migrated through the gel with the casein, confirmed that 

conjugation occurred. 

Jonathan et al. (2009) [14] showed that the presence of a high 

molecular weight conjugated casein that was too large to 

penetrate the separating gel. Kato et al. (1992) [16] study show 

that poly dispersed casein bands are consistent with 

maltodextrin bands, which indicating the covalent linkage 

between casein and maltodextrin. Our result was consistent 

with Cardoso et al. (2011) [3] demonstrated that, with the 

increasing times, the gel displays the simultaneous 

disappearance of original casein protein while taking place a 

new casein–MD band, and the poly-dispersed bands at the top 

of the gel suggest the formation of higher molecular mass 

conjugates. Zhu et al. (2010) [37], found that after conjugation 

the band that appeared on the tops of gels. According to 

Dickinson and McClement (1996) [10] the formation of 

conjugates occurs by a reaction between the single reducing 

end group of the carbohydrate (DX) and one of the ε-amino 

groups of the protein to covalent bonds. 

 

 
 

Fig 2: Sodium dodecyl sulphate – polyacrylamide gel electrophoretogram stained for protein with Coomassie brilliant blue of conjugates 

The labeled lanes are: 1. Marker protein (6.5-200kDa), 2. SC+MD conjugate at 24 hrs, 3. SC+MD conjugate at 12 hrs and 4. SC 
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Fig 3: Sodium dodecyl sulphate–polyacrylamide gel electrophoretogram stained for carbohydrate with Periodic Acid reagent of conjugates 

The labeled lanes are: 1. Marker protein (6.5-200kDa), 2. MD, 3. SC, 4. SC+MD 0 conjugate at hrs, 5. SC+MD conjugate at 12hrs and 

6.SC+MD conjugate at 24hrs 

 

3.4 Emulsifying properties 

In the present investigation, emulsifying properties were 

studied by the formulation of 1, 5 and 10% oil with 1% 

conjugate in water emulsion. The emulsifying properties were 

assessed in terms of emulsifying activity and emulsion 

stability. 

 

3.4.1 Emulsifying activity  

Result in the Figure 4 showed emulsifying activity of

conjugated corresponding to 71.66 ± 0.0% unlike to SC 50 ± 

0.0%. The emulsifying activity of SC+MD conjugate was 

significantly (p≤0.05) higher than casein. Akhtar and 

Dickinson (2007) [1] found that conjugate with maltodextrin 

give good emulsifying activity. While Mishra et al. (2001) [25] 

showed that conjugate with pectin which gives higher 

emulsifying. Conjugate with DX was improved emulsifying 

activity (Zhu et al., 2010) [37]. Increase in the emulsifying 

activity due to the steric stabilization of the conjugate. 

 

 
 

Fig 4: Emulsifying Activity of conjugate 

Result are mean values ± SD. Different superscripts above bars indicate significant difference conjugate and SC respective oil concentration (1, 

5 and 10%) (p≤ 0.05). a, b and c for between conjugate and SC at different levels of oil concentration 

http://www.chemijournal.com/


 

~ 36 ~ 

International Journal of Chemical Studies http://www.chemijournal.com 

3.4.2 Emulsion stability 

Result in the Figure 5 showed emulsion stability of 

conjugated corresponding to 76.66 ± 0.0% unlike to SC 53.33 

± 0.0%.The emulsion stability of SC+MD conjugate was 

significantly (p≤0.05) higher than casein. Our results agreed 

with O’Regan and Mulvihill (2009b) [31] showed that SC+MD 

conjugates oil in water type emulsion improved stability than 

SC emulsion after storage for 20 days under the control 

condition. Emulsion system containing both protein and 

polysaccharides in which protein form an adsorbed coherent 

viscoelastic layer at the oil-water interface and 

polysaccharides give stability through their thickening and 

gelation behavior in the aqueous phase (Kato et al., 2002) [17]. 

The improved stability of the conjugate stabilized emulsion in 

comparison to whey protein concentrate stabilized emulsion 

was attributed to the conjugated protein molecule which 

forming a bulky polymeric layer than the SC protein on the 

droplet surface with the MD portion extruding outwards into 

the continues phase providing better steric stabilization, 

preventing droplet aggregation and coalescence (Akhtar and 

Dickinson, 2007) [1]. Choi et al. (2010) [6] found that after 

conjugation the retention of thymol was consistent with 

improved emulsifying stability of whey protein + MD 

conjugate. 

 

 
 

Fig 5: Emulsion stability of conjugate 

Result are mean values ± SD. Different superscripts above bars indicate significant difference with conjugate and SC respective oil 

concentration (1, 5, and 10%) (p≤0.05). a, b, and c for between conjugate and SC at different levels of oil concentration 

 

3.5 Effect of conjugation on protein solubility 

Solubility of protein follow conjugation together with 

conjugate alone mix with MD was assess for solubility and 

pH range (3 to 7). Result present Figure 6 show that solubility 

of conjugate range between 85.8 ± 0.36% to 94.29 ± 0.40% as 

pH varied from 3 to 7 unlike that observed for SC which 

showed relative lower solubility from 5 to 7 compared with 

conjugate. Further over acidic pH conjugated show 

significantly increased solubility than SC precipitated and 

much increased solubility was observed for conjugate 83.42 ± 

0.35%. The higher solubility of conjugate might be due to 

conjugation with carbohydrate which resulted in a change in 

the net charge. 

Our result agreed with observation by O’Regan et al. (2009a) 

[30] which showed SC with MD conjugated increase protein 

solubility 5-90% in pH 4 to 5.5 as compared to SC (pH 4.6). 

Wang et al. (2014) [33] found that conjugate with DX (at 60°C, 

49% RH for 96 hrs) increased the protein solubility on 

thermal treatment (75°C for 30 min) over wide pH range (3 to 

7). The solubility of conjugate depends on the nature of 

reactant, reaction condition when dry heating gives to the 

conjugate of SC and galactose, at initial pH 7, at 50-60°C, 

67% RH for 4 and 72 hrs, found that 20% reduction in 

solubility (Corzo- Martinez et al., 2012) [7]. This might be due 

to conjugation which gives the protective effect against 

precipitation in the isoelectric region of the protein (Chevalier 

et al., 2001; Kato et al., 2002; Oliver et al., 2006; Yadav et 

al., 2010) [5, 17, 29, 35]. 
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Fig 6: Effect of conjugation on protein solubility 

 

4. Conclusion 

The SC-MD conjugate with 1:1 ratio to be used as emulsifier 

in food systems as it exhibited highest emulsifying properties 

with more solubility at isoelectric point pH of casein. 
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