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Abstract: Major aim of this work is to explore and enhance the nutraceutical properties of Bovine
whey using enzymes to hydrolyze the whey proteins. There are established studies on the whey
hydrolyzates obtained using digestive enzymes stating their nutraceutical benefits and thus the process
of obtaining hydrolyzates and studying their benefits using plant and microbial enzymes, remained as
a vast area to be explored. Hence the Fungal protease and Papain are utilized in the current study
which involves preparation of hydrolyzates by two methods ie, by hydrolyzing the whey individual
enzymes and by sequential addition (Double enzyme hydrolysis) of both at certain processing
conditions and studying the hydrolyzates for antioxidant activity. Antioxidant activity of the double
enzyme hydrolyzate was having the lowest IC50 of 8.8 mg/ml. 
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INTRODUCTION

The whey has long been considered as a waste product in Cheese manufacturing Industry. However whey
must be seen as by-product with valuable nutrients, whose manufacture or proper utilization has very high
economic importance. Use of whey has the following advantages (Edgar, 2005), like complete and efficient
utilization of the raw material milk, the manufacture of high-quality milk components for wide application in
the food and pharmaceutical industry as well as for cattle feeding and the reduction of waste water load (BOD
for whey is 30000-60000 mg oxygen per litre of waste water). The most valued component of whey is protein
and their peptides which are highly regarded for their nutritional properties like �-lactalbumin and �-
lactoglobulin. As defined by Stephen Defelice, “A nutraceutical can be defined as any substance that may be
considered a food or a part of a food and provides medical or health benefits including prevention and
treatment of disease”. Also several dairy products and also fractions from them have been found to be
antioxidative, e.g. milk, skim milk, whey, casein and lactoferrin (Steijns & van Hooijdonk, 2000; Tong, Sasaki,
McClements, & Decker, 2000; Cervato, Cazzola, & Cestaro, 1999; Frankel, 1998; Colbert & Decker, 1991;
Taylor & Richardson, 1980). Whey products provide active lactoferrin/metal binding activities. Lactoferrin has
the ability to strongly inhibit iron-dependant free radical reactions by directly binding to iron (Reiter, 1985).
Bioactivities of several milk proteins including whey proteins are either inactive or incomplete in the native
protein and the nutraceutical properties are enhanced by the proteolytic digestion of protein. Although plant
as well as animal proteins have potential bioactive sequences, whey proteins are becoming the main source
as they are abundant with whey derived hydrolyzates. There are several studies on whey hydrolyzates obtained
by proteolysis of digestive enzymes and their bioactives, and however the study on hydrolyzates obtained using
microbial and plant based enzymes are yet to be established. Thus there exists a vast area that had to be
explored for the antioxidant capacity of whey hydrolysates obtained using Fungal protease and Papain either
singly or through sequential addition to enhance their action. The findings of the study can be exploited to
develop functional foods with special health claims using the Whey which is a by product of cheese
manufacturing industry.

MATERIALS AND METHODS

Manufacture of Spray Dried Bovine Whey:
The raw milk is taken and acid precipitated at pH 4.6 using 6M citric acid and left for 3h. Then it is
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filtered and whey and casein are separated using muslin cloth. The centrifugation is done at 12500 rpm to
remove casein particles and the centrifuged whey at 13°B is concentrated to 21°B using concentrator and spray
dried at a flow rate of 70 ml/min, inlet temperature of 140°C and outlet temperature of 95°C to get spray dried
bovine whey.

Protein Estimation:
Protein is estimated according to micro Kjeldahl method described in AOAC 2000.
Digestion mixture: 100g of K2SO4, 20g of CuSO4.5H2O and 2.5g SeO2 is weighed and mixed uniformly.
Mixed indicator: 0.1% Bromocresol green and 0.1% methyl red indicator in 95% alcohol are prepared

separately. 10ml of Bromocresol green is mixed with 2ml of methyl red solution in a bottle provided with a
dropper which will deliver about 0.05ml per four drops.

Procedure:
0.5g of sample is weighed into a Kjeldahl flask. 1-2 gram of the catalyst is added and digested with 20ml

of concentrated H2SO4 until all the organic matter is oxidized and uniform greenish – blue digest is obtained.
The digest is cooled and made upto 50ml with distilled water. An aliquot of 5ml is taken for steam distillation
in Gerhardt distillation unit with excess of 40% NaOH solution (10ml). The liberated ammonia is absorbed
in 10ml of boric acid containing a few drops of mixed indicator. This is titrated against N/70 HCl. From the
nitrogen content of the sample the protein content is calculated by multiplying by a factor of 6.38

Hydrolysis of Spray Dried Whey: 
Hydrolysis by Fungal Protease:

Materials : Enzyme Fungal protease from Amanopro, Japan
The spray dried whey powder is mixed with water in the ratio of 1:10 (W/V) to obtain slurry. The slurry

is mixed thoroughly using a magnetic stirrer for 30 minutes. The pH is adjusted to 7.6 using 1N NaOH and
then kept in an incubator to reach 45°C, the fungal protease enzyme is added at E : S ratio of 1 : 100 where
E, the enzyme and S, the protein content in sample and the sample is hydrolysed and samples of hydrolysis
of 10ml were with drawn at 0, 5, 10, 20, 30, 40, 50 and 60min respectively and are inactivated by keeping
in boiling water bath  for 10min and are stored in refrigerator for studying the anti oxidant and angiotensin
converting enzyme inhibition activity.

Hydrolysis by Papain:
Materials : Enzyme papain from Enzochem, India
The spray dried whey powder is mixed with water in the ratio of 1:10 (W/V) to obtain slurry. The slurry

is mixed thoroughly using a magnetic stirrer for 30 minutes. The pH is adjusted to 6.2 using 1N NaOH and
then kept in an incubator to reach 55°C, the fungal protease enzyme is added at E : S ratio of 1 : 100 where
E, the enzyme and S, the protein content in sample and the sample is hydrolysed and samples of hydrolysis
of 10ml are with drawn at 0, 5, 10, 20, 30, 40, 50 and 60min respectively and are inactivated by keeping in
boiling water bath  for 10min and were stored in refrigerator for studying the anti oxidant, and angiotensin
converting enzyme inhibition activity.

Hydrolysis by Double Enzyme (Sequential Addition of Fungal Protease and Papain):
The spray dried whey powder is mixed with water in the ratio of 1:10 (W/V) to obtain slurry. The slurry

is mixed thoroughly using a magnetic stirrer for 30 minutes. The pH was adjusted to 7.6 using 1N NaOH and
then kept in an incubator to reach 45°C, the fungal protease enzyme is added at E : S ratio of 1 : 100 where
E, the enzyme and S, the protein content in sample and the sample is hydrolysed for 30 minutes at this
optimum condition of fungal protease and inactivated by keeping in boiling water bath  for 10min and then
pH is again adjusted to 6.2 by adding 1N HCl and incubated at 55°C for 1 hour and inactivated by keeping
in boiling water bath  for 10min and stored in refrigerator for studying the anti oxidant, anti bacterial and
angiotensin converting enzyme inhibition activity.

Assay of Anti Oxidant Activity:
In this method (Ramadan et al., 2003) the free radical DPPH is quenched by the compounds having anti

oxidant activity. The standard anti oxidant used is ascorbic acid and the samples are the hydrolysed spray dried
whey powder using Fungal protease, Papain and double enzyme. Here 100mM concentration of the DPPH was
used and the samples of different concentrations are used to find the IC50. The method involves the use of
1000ml DPPH and concentration varied from 2 mg to 20 mg and distilled water of 200ml to 0ml as the
concentration increases and the whole set of eppendorf’s were vortexed and kept at dark in room temperature
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for 20 minutes for the quenching reaction to proceed and the absorbance is taken at 517 nm and the readings
are tabulated. IC50 is calculated using the following formula and graphs are plotted,

(Control O.D – Sample O.D)
% Inhibition = )))))))))))))))))))))))) x 100

Control O.D.
The 50% Inhibition gives the IC50 value.

Results:
Estimation of Protein:

The protein content of the samples are estimated by Kjeldahl and the results are tabulated in the Table
1.

Table 1: Protein content in different processing stages
Sl.No Samples Protein (%)
1 Whey at 13ºB 0.70 ±  0.01
2 Whey at 21ºB 1.39 ± 0.05
3 Spray dried whey 9.76 ±  0.28

From the Table, 1 it is clear that at every step of processing of whey, the protein content has enhanced.
The protein content of spray dried whey is 3 times the protein content of raw milk which is 3.2%. The protein
content is estimated for the purpose of calculating the amount of the enzyme required to act on the substrate
to prepare the hydrolyzate.

Antioxidant Activity of Bovine Whey Hydrolyzate:
The antioxidant activity of spray dried bovine whey using the enzymes Fungal protease, Papain and using

the double enzyme at different times of hydrolysis (5, 10, 20, 30, 40, 50 and 60min) are done by DPPH
method and expressed as % radical inhibition. The Inhibitory concentration at 50% (IC50) of inhibition of free
radicals is calculated. The Table 2, 3 and 4 shows the antioxidant activity of spray dried bovine whey
hydrolyzate using the enzyme Fungal protease, papain and double enzyme.

Table 2: Antioxidant activity of whey hydrolysed by fungal protease
Conc % inhibition
(mg/ml) ---------------------------------------------------------------------------------------------------------------------------------------------------------

0 min 5 min 10 min 20 min 30 min 40 min 50 min 60 min
2 0.00 0.97 12.00 0.70 0.00 3.03 8.00 6.58
4 9.35 15.00 27.00 15.49 14.00 20.00 13.53 19.31
6 22.37 25.88 35.54 28.40 20.89 28.00 23.36 32.88
8 32.00 37.91 54.32 44.37 35.31 46.59 34.99 44.47
10 40.00 55.16 64.37 56.86 44.00 52.87 47.04 55.52
15 65.33 26.00 76.00 64.00 72.32 69.00 71.46 69.00
20 67.57 73.63 92.00 69.25 78.37 74.43 78.65 78.91

Table 3: Antioxidant activity of whey hydrolysed by papain
Conc % inhibition
(mg/ml) ---------------------------------------------------------------------------------------------------------------------------------------------------------

0 min 5 min 10 min 20 min 30 min 40 min 50 min 60 min
2 0.00 2.60 8.28 8.11 11.13 5.71 5.93 4.12
4 9.35 18.93 17.94 24.78 17.02 11.61 13.19 15.50
6 22.37 23.61 25.80 37.72 23.74 21.65 22.86 16.74
8 32.00 34.66 32.48 42.23 28.36 26.57 30.00 28.22
10 40.00 44.21 46.71 65.23 41.60 34.45 42.31 40.00
15 65.33 60.30 62.36 92.23 63.87 54.33 59.01 67.06
20 67.57 73.93 77.18 95.00 80.25 75.00 75.71 78.76

Table 4: Antioxidant activity of whey hydrolysed by double enzyme
Conc (mg/ml) % inhibition
2 14.5
4 25.59
6 38.89
8 61.98
10 75.89
15 85.49
20 92.56
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For the above Table 2, 3 and 4 graphs are plotted to get the IC50 values, by plotting concentration mg/ml
on X-axis and % inhibition on Y-axis. The following are the IC50 values for Antioxidant activity of whey
hydrolyzate obtained using fungal protease at different time intervals viz., 0min, 5min, 10min, 20min, 30min,
40min, 50min and 60min are 13.4 mg/ml, 12 mg/ml, 9.5 mg/ml, 12.1 mg/ml, 1.9 mg/ml, 11.5 mg/ml, 11.7
mg/ml, 11.1 mg/ml respectively. The minimum concentration which gives 50% inhibition is obtained for the
sample hydrolysed for 10 min and is 9.5 mg/ml and is shown in the following Fig.1.

Fig. 1: Antioxidant activity of whey hydrolysed by Fungal protease for 10min.

The IC50 values for the hydrolyzate obtained using papain at different time intervals viz., 0min, 5min,
10min, 20min, 30min, 40min, 50min and 60min are 13.4 mg/ml, 12.7 mg/ml, 12.5 mg/ml, 9.2 mg/ml, 12.3
mg/ml, 13.8 mg/ml, 12.9 mg/ml, 12.5 mg/ml respectively. The minimum concentration which gives 50%
inhibition is obtained for the sample hydrolysed for 20 min and is 9.2 mg/ml and is shown in the following
Fig.2.

Fig. 2: Antioxidant activity of whey hydrolysed by papain for 20min.

In case of the sample hydrolysed by double enzyme, the IC50 value is 8.8 mg/ml and is shown in the
following Fig.3.
 
Discussion:

In previous studies, milk and several fractions thereof were found to have antioxidant properties. Some
examples are that milk, skim milk, whey, and casein inhibited lipid peroxidation and peroxyl/superoxide radical
generation (Korpela, Ahotupa, Korhonen, & Syv.aoja, 1995; Taylor & Richardson, 1980). Lactoferrin can bind
iron and inhibit Fe-induced lipid peroxidation (Shinmoto, Dosako, & Nakajima, 1992; Frankel, 1998; Steijns
& van Hooijdonk, 2000). Also Lactoperoxidase appears to have strong antioxidant properties (Reiter,1985) and
finally hydrolysates from milk, fermented milk, casein, and whey were found to be antioxidative and some of
them have been patented (Suetsuna, Ukeda, & Ochi, 2000; Rival, Boeriu, & Wichers, 2001). These examples 
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Fig. 3: Antioxidant activity of whey hydrolysed by double enzyme.

show that several components are active in preventing lipid peroxidation and maintaining milk quality, and also
point to their potential usage as ingredients in foods and pharmaceuticals to provide products for enhanced
consumer health.

Harper, 2000 has discussed that the antioxidant activity of the unhydrolysed whey may be due to cysteine
and glutamate, precursors of glutathione, which in turn mitigates oxidative stress and also due to lactoferrin
which inhibits the oxidation by scavenging free iron, thereby limiting it’s availability to catalyse oxidative
reactions. 

Conclusion:
The current study has therefore tried to understand the antioxidant properties of whey hydrolysed using

proteinases like Fungal protease and papain. From this study it is evident that the whey hydrolysed with double
enzyme i.e., both Fungal protease and Papain has the 50% inhibition at lowest concentration. Thus the DPPH
free radicals are quenched at the least concentration of 8.8 mg/ml. This is followed by the whey hydrolysed
with Papain for 20 min with 50% inhibitory concentration of 9.2 mg/ml and whey hydrolysed with Fungal
protease for 10 min with 50% inhibitory concentration of 9.5 mg/ml. The standard which is used
simultaneously is Ascorbic acid and its IC50 value is 150 mg/ml. The result shows that even the unhydrolysed
whey sample has the antioxidant activity of 50% inhibition at 13.4 mg/ml.
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