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Abstract 

The objective of the present study was to evaluate the effect of binding of strawberry polyphenols with 

caseins/its different fractions (αs, β, and κ-casein) at different polyphenols concentration (0.5 to 5 mg/ml) 

as well as at different pH using protein precipitation technique. The polyphenols precipitation was 

observed to be ranged from 58% to 72% and found to be utmost with β-casein (72.7%), moderately lesser 

with κ- casein and least with whole casein at 0.5 mg/ml concentration. A decrease in DPPH radical 

scavenging activity from 29.95% to 30.28% was observed due to interactions of strawberry polyphenols 

(0.5 mg/ml) with casein and its different fractions (10 mg/ml). An additive effect was found in 

antioxidant activity determined by ORAC-FL assay in polyphenol- αs casein, polyphenol- β casein, 

polyphenol- κ casein and polyphenol- whole casein with the polyphenol concentration ranged from 0.5 

mg/ml to 2.5 mg/ml. Binding of strawberry polyphenols with casein and its different fractions at different 

concentrations caused a decrease in the α-glucosidase inhibitory activity of polyphenols. The change in 

pH of protein-polyphenol solution did not affect the α-glucosidase inhibition activity, demonstrating that 

no significant (p>0.05) variation takes place in polyphenols binding with whole casein, αs-casein, β-

casein, and κ-casein either at pH 5.5 or 6.6. 
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Introduction 
Plant polyphenols or phytochemicals are composed of a wide range of bioactive components 

(Altemimi et al. 2017) [1]. These are the plant-derived chemicals formed during the secondary 

metabolism of plants (Gallo et al. 2013) [9]. Amongst phenolic compounds, phenolic acid and 

flavonoids contribute to 29.7% and 58.9% of total ingested flavonoids in the diet, respectively 

(Manach et al. 2004, Ramos 2007 and Xiao et al. 2011) [12, 14, 20]. Plant polyphenols are 

becoming an interesting area of research due to their potential therapeutic properties like 

anticarcinogenic, antioxidant, antidiabetic, antimicrobial, antiatherogenic and anti-

inflammatory (Shahidi et al. 2018) [18]. Plant derived phytochemicals are highly linked with 

the antioxidant activities, α-amylase and α-glucosidase inhibitory activities, which play an 

important role in management of hyperglycemia (Rasouli et al. 2017) [15]. These beneficial 

attributes have enforced the interest of dairy industries/researchers to use polyphenols as 

functional ingredients in milk and milk products. However, polyphenols can interact with milk 

proteins which might affect its functionality as well as structural integrity.  

The binding forces involved in polyphenols and milk proteins are mainly observed to be 

noncovalent (Elikoglu et al. 2018) [8]. The structural integrity of both polyphenols and proteins 

is the main factor explaining the type and strength of binding interactions involved. Apart from 

this, environmental factors such as pH, temperature, and concentration also might affect the 

extent of binding of polyphenols to milk proteins (Ekoglu et al. 2018) [8]. Therefore to 

incorporate these functional ingredients in milk and milk products, it is essential to understand 

the interactions of polyphenols with milk proteins to envisage the optimal processing 

conditions and final product characteristics. Hence the present study was aimed at the study of 

polyphenols protein interaction and their effect on functional properties i.e. antioxidant activity 

and α-glucosidase inhibitory activity.  

 

Material and Methods 

Materials  
Strawberry fruit pulp was obtained from M/S Delta nutritive Pvt. Ltd., Mumbai. Raw buffalo 

milk was collected from Livestock Research centre, National Dairy Research Institute, Karnal, 

Haryana. All other reagents were purchased from Sigma Aldrich chemicals Pvt. Ltd., 

Bangalore.  
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Methods  

Preparation of whole casein 

Fresh Buffalo milk was skimmed by centrifugation (Sorvall, 

Model RC 6 Plus, Thermo Scientific) at 4000 rpm / 30 min at 

4 ºC. The skimmed milk was diluted in 1:1 with distilled 

water. The pH of skimmed milk was adjusted to 4.6 with 1N 

HCl at 20 ºC with continuous slow stirring. Then the mixture 

was held at room temperature for half an hour for complete 

separation of whey. Precipitated casein was filtered and 

washed several times with excess of water.  

 

Preparation of different fractions of caseins 
Prepared buffalo casein was separated into different fractions 

like αs, β, and κ-casein following procedure described by Burr 

2001 [6].  

 

Preparation of strawberry polyphenols extract 
Strawberry polyphenols extract was prepared as per the 

procedure given by Cossu et al., 2009. Strawberry fruit pulp 

was mixed with distilled water in 1:3. Then the mixture was 

boiled for 30 min. and cooled at room temperature. After 

centrifugation, supernatant obtained was frozen and 

concentrated (Lyophilizer, Hanil Science Industrial). 

Concentrated polyphenol extract was stored at -20 ºC for 

further use.  

 

Preparation of stock solutions 
To study the protein polyphenol interaction by precipitation 

method stock solutions of 60 mg/ml of whole casein and its 

different fractions were prepared in 10mM tris-HCl buffer 9 

(pH 7.4).  

 

Preparation of protein-polyphenol solutions at different 

concentration of polyphenols 
Solutions of whole casein and its different fractions (αs, β, and 

κ-casein) were prepared from the stock solution (60 mg/ml) to 

get the final concentration of 10 mg/ml. The strawberry 

polyphenols extract was added to the whole casein and its 

different casein fractions solution ranged from 0.5 to 5.0 

mg/ml. Then the solutions were vortexed for 1 min. and kept 

uninterrupted at room temperature for 15 min. The solutions 

were centrifuged at 4025g /10 min and supernatants were 

used for further analysis.  

 

Preparation of protein-polyphenol solutions at different 

pH 
Polyphenols protein reaction solutions were prepared with 

final protein concentration 10 mg/ml and polyphenols 

concentration at 0.5 mg/ml. Two sets of reaction mixtures 

were prepared. In one set of samples pH, 6.6 was adjusted in 

the final reaction mixture and in another set, the pH of the 

final reaction mixture was adjusted at 5.5. On the addition of 

polyphenols to protein solutions (αs, β, and κ-casein), 

solutions were vortexed and kept uninterrupted for 15 min. at 

room temperature. The solutions were centrifuged at 4025g / 

10 min and the supernatants were used for further analysis.  

 

Effect of protein- polyphenols interaction on total phenolic 

content  

Total phenolic content of supernatants was estimated by the 

Folin-Ciocalteau method given by Zhang et al. 2006.20 µl of 

sample / gallic acid was added to 100 µl Folin-Ciocalteau’s 

reagent (2N Folin Cioalteau’s solution diluted with distilled 

water upto 1:10). Then mixed and vortexed for 3 min. then 

added 80 µl sodium carbonate solution (7.5% w/v) and 

incubated at room temperature for 30 min. A calibration curve 

of gallic acid ranged from 10- 100 µl was also prepared.  

 

Effect of protein- polyphenol interaction on antioxidant 

activity  
Antioxidant potential of the protein polyphenols reaction 

mixtures was evaluated by DPPH method described by Brand 

Williams et al. 1995 and ORAC-FL assay given by Zulueta et 

al. 2009 [22].  

 

DPPH radical scavenging activity assay 

100 µl of sample / standard solution was added to 3.9 ml of 

freshly prepared DPPH solution (6.925 mg/L) in methanol, 

incubated at 37ºC/ 30 min and absorbance was measured at 

515 nm using spectrophotometer (Specord 200, Analytik Jena 

AG, Germany). A calibration curve of Trolox (25-250 

µg/mL) was prepared and results were calculated as% DPPH 

scavenging activity = [(A515nm blank - A 515nm sample)/ A 515nm 

blank] x 100 and expressed as trolox equivalent (TE) values 

i.e µg TE/g of sample.  

 

Oxygen Radical Absorbance Capacity- Fluorescein 

(ORAC-FL) Assay 

25 µl of sample / standard solution was added to microplate, 

sealed and followed by incubation for 30 min at 37 ºC. After 

incubation fluorescence measurements (Ex. 485 nm, Em. 520 

nm) were taken after every 90 sec to determine the 

background signal. After 3 cycles, 25 μl (240 mM) of AAPH 

(2, 2’-azobis (2-methylpropionamidine) dihydrochloride was 

added manually. The Fluorescent measurements were taken 

up to 90 minutes. From the normalized curves, the area under 

the fluorescence decay curve (AUC) was calculated as : 

𝐴𝑈𝐶 = 1 +  ∑ 𝑓𝑖/𝑓0𝑖=90
𝑖=1 . 

Where, f0 is the fluorescence reading at 0 min and fi is the 

fluorescence reading at time i. The net AUC corresponding to 

a sample was measured as difference of sample AUC and 

blank AUC. ORAC-FL value was calculated from the slope of 

Trolox curve. Results were expressed as M of Trolox 

equivalent. 

 

Effect of protein-polyphenols interaction on α-glucosidase 

activity 
α-glucosidase inhibitory activity was assessed as per the 

protocol described by Apostolidis et al. 2006 with some 

modifications. 500 µl of sample was added to 1ml α-

glucosidase solution (1.0 U/ml) prepared in 0.1 M phosphate 

buffer pH 6.90 and incubated at 25 ºC / 10 min. After 

incubation substrate solution (p-nitrophenyl-D-

glucopyranoside) in o.1 M potassium phosphate buffer pH 

6.90 was added. Further incubation was done for 5 min. 

Absorbance was measured at 405 nm before and after 

incubation and also compared with the blank. The percentage 

inhibition activity was estimated as% inhibition = (Control 

absorbance) - (Sample absorbance) / (Control absorbance) 

*100.  

 

Statistical analysis 

Data obtained was statistically analyzed at 5% level of 

significance by one way ANOVA. Data presented as mean ± 

standard deviation. 

 

Result and Discussion 

Strawberry polyphenols-proteins (whole casein, αs, β- and κ-

casein) interaction study was conducted in a model system by 

protein precipitation method. The amount of polyphenol 
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precipitation, antioxidant and α-glucosidase inhibitory activity 

was estimated for all the four systems: - polyphenol-whole 

casein, polyphenol - αs casein, polyphenol - β casein and 

polyphenol- κ casein  

 

Effect of change in concentration of polyphenol extract 

The amount of polyphenol precipitation with casein and its 

different fractions as indicative of their binding capacity is 

presented in Fig.1 (a). At 0.5 mg/ml of polyphenol 

concentration, the level of precipitation was ranged from 58 to 

72.7% and maximum precipitation was observed with the β-

casein fraction, whereas κ-casein exhibited the comparatively 

lower and whole casein exhibited the least binding with 

polyphenol. As the polyphenol concentration was further 

increased to 2.5 mg/ml, it resulted in 69.2% polyphenol 

precipitation with β-casein and followed the similar trend of 

polyphenol precipitation i.e. β-casein > αs casein> κ casein. 

As polyphenol concentration was further increased to 5 

mg/ml, non significant (p>0.05) difference was observed in 

the polyphenol precipitation.  

Results presented in Fig. 1 (b) and (c) showed the antioxidant 

activity of polyphenol- αs casein, polyphenol- β casein, 

polyphenol- κ casein and polyphenol- whole casein 

consequently with control samples estimated by DPPH and 

ORAC-FL assay respectively. DPPH and ORAC values 

presented the total antioxidant activity of all the antioxidative 

components present in model system based on polyphenol- 

whole casein, polyphenol- αs casein, polyphenol- β casein and 

polyphenol- κ casein, consequently with control samples i.e. 

whole casein, αs - casein, β - casein and κ- casein and PP 

extract. 

The presence of casein/ its different fractions in combination 

with polyphenol decreased the DPPH radical scavenging 

activity up to 30.28% and 29.95% in comparison with 

polyphenol alone at 0.5 mg /ml (Fig. 1(b)). On the other hand, 

DPPH radical scavenging activity was minimum with β-

casein –polyphenol as compared to other fractions and 

remained almost unchanged in polyphenol-whole casein 

solution.  

Similar results were observed with an increase in polyphenol 

concentration up to 2.5 mg/ml for DPPH radical scavenging 

activity of polyphenol- αs casein, polyphenol - β casein and 

polyphenol- κ casein and polyphenol- whole casein. Further, 

an increase in polyphenol concentration from 2.5 to 5.0 

mg/ml exhibited the DPPH radical scavenging activity of 

polyphenol – whole casein, polyphenol - κ-casein similar to 

that of control whereas polyphenol- αs casein and polyphenol- 

β casein exhibited the lower values.  

An additive effect was shown on antioxidant activity 

estimated by ORAC-FL assay in polyphenol- αs casein, 

polyphenol- β casein, polyphenol- k casein and polyphenol- 

whole casein with the polyphenol concentration ranged from 

0.5 mg/ml to 2.5 mg/ml. Conversely, the trend for a decrease 

in ORAC values for casein/its different fractions along with 

polyphenol was similar as indicated in DPPH radical 

scavenging activity (Fig 1(c)).  

DPPH and ORAC values represent the total of values of 

antioxidant activity of all the antioxidative components 

present in the sample. Variation in the performance of 

polyphenol- αs casein, polyphenol- β casein, polyphenol- κ 

casein and polyphenol- whole casein in DPPH and ORAC 

assay might be linked with the different mechanism 

associated with these two assays. ORAC was performed in 

phosphate buffer (pH nearer to polyphenol- αs casein, 

polyphenol- β casein, polyphenol- κ casein and polyphenol- 

whole casein), determining the tendency of antioxidant to 

donate hydrogen to quench radicals and it is sensitive to 

protein (Schaich 2006) [16].  

The variations in the antioxidant activity in the presence of 

polyphenols might be due to the reason that on mixing natural 

source of phenol with casein/ its fractions complexed 

compounds 

can be formed as phenolic compounds act as the polydentate 

ligand on the protein surface by hydrogen as well as 

hydrophobic interactions. This kind of interaction depends on 

the type as well as the molar ratio of both polyphenol and 

protein (Prigent et al. 2003) [13]. Binding of polyphenol to 

protein depends on the phenolic structure and molecular 

characteristics (Seczyk et al. 2019) [17]. The higher binding of 

polyphenol with β casein might be due to higher 

hydrophobicity. β-casein is a proline-rich protein that disrupts 

its α and β-sheets configuration. The open structure of casein 

contributes towards its hydrophobicity. The proline residues 

present in αs1-casein, αs2-casein, β-casein, κ- casein are 17, 10, 

35 and 20, respectively (Broyard and Gaucheron 2015) [5].  

It has been observed that the binding of polyphenols with 

protein increases as the number of OH groups increases. β –

casein formed the stronger complexes with polyphenols than 

αs casein due to the more hydrophobic nature (Hansi et al. 

2011) [10].  

Similar observations were made by Sharma et al (2008) [19] in 

black tea with the addition of milk and sugar. Study revealed 

that the addition of milk to black tea has reduced the DPPH 

radical scavenging activity. This effect is caused by the 

polyphenols protein bindings which unfavourably affect the 

antioxidant activity of polyphenols. Similar findings were 

observed by Arts et al. 2002, who stated that a decrease in 

antioxidant activity is related to polyphenol composition as 

well as on the kind of milk proteins involved in the binding 

interactions.  

As displayed in Fig 1 (d) α-glucosidase inhibitory activity of 

polyphenols extract was found to be 25% at 0.5 mg/ml 

polyphenol concentration and observed to be increased up to 

51% and 80% with the increase in polyphenol concentration 

from 2.5 to 5 mg/ml, respectively. Cheplick et al. 2010 

observed the α-glucosidase inhibitory activity for water and 

alcohol soluble extract of strawberry different cultivars and 

showed the inhibition activity of 2, 4 and 24% at 10µg/ml, 

50µg/ml and 100µg/ml for water extract of Northen east 

variety. In the present study whole casein and its fractions 

also showed a similar α-glucosidase inhibitory activity of 

10% and on binding with strawberry polyphenols at different 

concentrations resulted in a decrease in α-glucosidase 

inhibitory activity in comparison with strawberry polyphenols 

alone. The utmost decrease was with β-casein, subsequently 

with αs casein, whereas it was alike for whole casein as well 

as κ-casein. Moreover, an increase in polyphenol 

concentration in concert with whole casein and its fractions 

resulted in progressive augment in α-glucosidase inhibitory 

activity at 0.5, 2.5 and 5 mg/ml concentration. 

 

Effect of change in pH  
Impact of neutralization on polyphenol precipitation, 

antioxidant activity (DPPH/ORAC) and α-glucosidase 

inhibitory activity was measured for whole casein, αs casein, 

β-casein, and κ- casein along with polyphenols at 0.5 mg/ml 

concentration. The native pH of polyphenols extract was 

observed to be 3.57. The impact of an increase in pH of 

polyphenols for the blends along with whole casein, αs casein, 

β-casein, and κ- casein showed no significant (p<0.05) 
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difference on the amount of polyphenol precipitation at both 

pH 5.5 and 6.6 (Fig 2 (a)). Non significant variation (p>0.05) 

was also observed in the DPPH radical scavenging activity 

(Fig. 2 (b)) and of blends of casein and its different fractions 

with polyphenols. However, for radical scavenging activity 

estimated using ORAC assay showed a similar trend for 

whole casein and κ-casein blended with polyphenols except 

for αs casein and β casein (Fig. 2 (c)). Results indicated that 

change in pH of polyphenols extract from 5.5 to 6.6 did not 

largely affect the polyphenol precipitation of casein and its 

fraction.  

The change in pH of polyphenol extract did not affect the- 

glucosidase inhibition activity as shown in Fig. 2 (d), 

demonstrating that no significant (p>0.05) variation takes 

place on polyphenol precipitation by whole casein, αs-CN, β-

casein, and κ-casein either at pH 5.5 or 6.6. 

 

 
(a) 

 

 
(b) 

 

 
(c) 
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(d) 

 

Fig 1: Effect of change in polyphenol concentration (a)% polyphenol binding (b) Antioxidant activity by DPPH (c) Antioxidant 

activity by ORAC-FL assay (d) α-Glucosidase inhibition. 

 

 
(a). 

 

 
(b). 
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(c) 

 

 
(d) 

 

Fig 2: Effect of change in pH (a)% Polyphenol binding (b) Antioxidant activity by DPPH (c) Antioxidant activity by ORAC-FL assay (c) α- 

glucosidase inhibition 

 

Conclusion 

Present study showed the maximum strawberry polyphenols 

binding with the β-casein fractions than the others due to its 

hydrophobic nature. Furthermore, binding of polyphenols 

with milk proteins (αs-CN, β-casein, and κ-casein) appears to 

be an important factor affecting the functionality of protein-

rich dairy products.  
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