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ABSTRACT
Camel milk proteins were hydrolysed with alcalase, α-chymotrypsin and papain and hydrolysates were 

assessed for antioxidant activity. Non-fat camel milk (NFCM) powder was reconstituted (5% TS) in phosphate 
buffer and enzymes were added at a ratio of 1:100 (enzyme: substrate). Hydrolysis was carried out at 55ºC for 
Alcalase and Papain, and 37ºC for α-Chymotrypsin for 6 hours and samples were drawn at 2h interval. The 
hydrolysates were analysed for change in pH, degree of hydrolysis (DH) and antioxidant activities viz. 2, 2′ azino 
bis (3 ethylbenzthiazoline 6 sulphonic acid) (ABTS), 2,2′ diphenyl 1 picrylhydrazyl (DPPH) and ferric reducing 
antioxidant power assay (FRAP). With the progress of hydrolysis time, pH of the hydrolysates were decreased 
and higher rate was observed for alcalase. The DH increased significantly (p<0.05) upto 6 h on hydrolysis with 
alcalase and papain, whereas upto 4h for chymotrypsin. In SDS-PAGE, the disappearance of major protein bands in 
hydrolysates samples confirm hydrolysis and production of low molecular weight peptides. The antioxidant activity 
was assessed by ABTS, DPPH and FRAP assay, increased significantly (p<0.05) with the increase in hydrolysis time 
and DH. The hydrolysis carried by chymotrypsin exhibited higher antioxidant activity as compared to alcalase 
and papain. The results suggested that camel milk proteins could be used as natural source of protein to produce 
hydrolysates with antioxidant activities and can be used for human consumption and as ingredient in nutraceutical 
and pharmaceuticals and also in health oriented food products.
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In recent years, extensive scientific evidence 
have been documented on beneficial effects of 
food derived bioactive peptides on human health 
(Korhonen and Pihlanto, 2006; Haque et al, 2009; 
Mao et al, 2011). For the first time, Marcuse (1960) 
reported that the peptides derived from dietary 
proteins have antioxidant activity. Since then, various 
protein sources viz. casein (Suetsuna et al, 2000), whey 
proteins, egg proteins (Sakanaka and Tachibana, 
2006), fish proteins, muscle protein, plant proteins 
such as peanut proteins (Hwang et al, 2010), and 
larval proteins (Wang et al, 2013) have been explored 
to investigate the antioxidant properties.

The milk obtained from one-humped camels 
(Camelus dromedarius) differs from bovine milk in 
composition and structure of its protein components, 
which influences its functional and biological 
properties. The milk proteins constitute casein (CN) 
and whey proteins. Out of these proteins, casein 
proteins are the major proteins in camel milk and 
β-CN constitutes about 65% of total camel caseins 
(Kappeler et al, 2003), whereas, the whey proteins are 
present in smaller amount (20-25% of total protein) 
in which the β-lactglobulin is deficient. Many of 

the recent studies have suggested that camel milk 
could have significant therapeutic attributes such as 
anti-cancer and anti-diabetic properties (Agrawal et 
al, 2003; Magjeed, 2005), but search for milk based 
bioactive peptides has been focused until now mainly 
on bovine and to smaller extent on ovine and caprine 
milk proteins. Therefore, this study was undertaken to 
produce protein hydrolysates from camel milk using 
proteolytic enzymes and to investigate the antioxidant 
activity of the hydrolysates. 

Materials and Methods

Chemicals and reagents
Enzyme alcalase (EC 3.4.21.62, activity ≥5 

units/g protein) from Sigma–Aldrich Chemical 
Co., India and α-chymotrypsin (EC 3.4.21.1, activity 
35 units/ mg protein) and papain (EC.3.4.22.2, 
activity ≥10 units/mg protein) (M P Biomedicals, 
India) were procured. Fine chemicals such as 2, 
2-azinobis (3-ethylbenzthiazoline-6-sulfonic acid) 
(ABTS),1,1-diphenyl-2-picrylhydrazyl (DPPH) 
obtain from Sigma–Aldrich Chemical Co. India and 
2,4,6-tripyridyl-s-triazine (TPTZ) (MP Biomedicals, 

Surgical management of fractures




