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Abstract An attempt was made to hydrolyze proteins and

lactose in whey to improve the nutritive value of this

byproduct, and extend its application as an ingredient to

healthy beverages. Flavourzyme in different concentrations

was used at pH 7.0 to hydrolyze protein at 50 �C. pH stat

method, SDS-PAGE and RP HPLC–MS were used to

evaluate degree of protein hydrolysis, pattern of peptide

formation and characterize smaller peptides in hydrolysate,

respectively. Higher concentration of enzymes produced

more number of small peptides. Protein hydrolysate was

again hydrolyzed at 30 �C with b—galactosidase at pH 5.5

to hydrolyze lactose. HPLC analysis indicated the degree

of lactose hydrolysis and number of tri/poly saccharides

formed due to varied enzyme concentration. Results from

the experiment can be utilized to formulate healthy whey

beverages for specific purpose.

Keywords Whey proteins � Lactose � Enzymatic

hydrolysis � HPLC � Electrophoresis

Introduction

Whey is the byproduct of Cheese, Paneer and Chhana

production units. Whey is considered as the gold mine of

many nutritional, clinical, therapeutically and dietetically

active ingredients which constitutes about 50% of total

milk solids (Horton 1995). Lactose is one of the main milk

solids present in whey which varies between 4.5 and 6.0%

of bovine milk. a-lactalbumin, b-lactoglobulin, bovine

serum albumin, immunoglobulins and lactoferrin with

excellent functional and nutraceutical properties, are the

main proteins in whey. Besides lactose and whey proteins,

the whey also contains many vitamins and minerals which

are very helpful for the physiological functions. The

composition of sweet whey is: TS—6.0 to 6.5; Lactose—

4.5 to 5.0; Proteins—0.8 to 1.0 and Ash—0.5 to 0.7%

(Tsakali et al. 2010). Whey is used as animal feed, alcohol

and beverages production, and fermentation medium.

Whey, its concentrates and dried forms are being used in

many food products formulations. The protein part of whey

has lot of biological value which can be further improved

by hydrolyzing these proteins into peptides (Madureira

et al. 2010). These liberated peptides have several health

promoting activities like Opioid (Antila et al. 1991; Pih-

lanto-Leppala et al. 1997), Antihypertensive (Pihlanto-

Leppala et al. 2000; da Costa et al. 2007; Wang et al. 2012;

Lim et al. 2012), Antimicrobial and Immunostimulatory

activities (Biziulevicius et al. 2006). Overall nutritional

value of whey can be improved by enzymatic hydrolysis of

proteins and increase in the functional, technical, physio-

logical and bioactive properties of its proteins (Cheison

et al. 2009).

Upon enzymatic hydrolysis, peptide bonds in a protein

are cleaved, new amino groups are formed and one amino

group for each broken peptide bond is found. The amount
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of newly formed amino groups causes a linear increase in

amino nitrogen. This amino nitrogen can be determined by

formal titration. The increase of amino nitrogen, corrected

for the total number of peptide bonds available for cleavage

in the protein is calculated. Whey proteins hydrolysates

(WPH) are considered to be ideal ingredients in the for-

mulation of human milk substitutes due to their high

nutritional value, low bitterness and low antigenicity. By

employing appropriate proteinase, partially hydrolyzed

whey proteins can play an important role in areas of pre-

ventive and therapeutic health approaches because of

favourable combination of various biochemical and phys-

iological features in the hydrolysates (Meisel 1998), pro-

duction of bioactive peptides (Pihlanto-Leppala 2001) and

tailored amount and sizes of peptides for special diets

(Boza et al. 2000). Functional properties like gelation,

foaming and emulsion can also be altered (Nielsen 1977).

Sadat et al. (2011) observed small peptides with potential

antioxidative properties in the hydrolysate of a lactoalbu-

min whereas antioxidant properties in whey protein

hydrolysate were observed by Dryakova et al. (2010) and

Peng et al. (2010). Several methods are available to mon-

itor protein hydrolysis and to characterize the resulting

peptides. Sodium dodecyl sulphate- polyacrylamide gel

electrophoresis (SDS-PAGE) has been used to assess the

proteolysis activity and liberation of other components due

to hydrolysis of whey proteins (Schmidt et al. 1995).

High performance liquid chromotagram–mass spec-

trometry (HPLC–MS) has emerged as an effective tech-

nique for the characterization of peptides and proteins. It

has been used in the identification of complex mixture of

peptides formed upon hydrolysis of whey proteins (Otte

et al. 1997, 2000).

Lactose, the major milk solids present in whey, has great

therapeutic and nutritional value for the brain development

of infants. However, lactose interolanace became the

problem for the adults which resulted in health hazard.

Hydrolysis of lactose in whey using b-galactosidase has

been reported to form five or six oligosaccharides (Asp

et al. 1980). HPLC analysis of these oligosaccharides has

been studied by Jeon and Mantha (1985). Hence, reduction

of lactose content either by fermentation or controlled

enzymatic hydrolysis have been claimed to have beneficial

effect like greater digestibility (Clemente 2000; Frokjaer

1994). Therefore, an attempt was made to hydrolyze lac-

tose in protein hydrolyzed whey for the benefit of

consumers.

Hence, this study was conducted to know the hydrolysis

pattern of both whey proteins and lactose with the variation

in enzymes addition. Knowledge of peptides formation

patterns and type of saccharides formation from lactose can

help to formulate healthy whey beverages.

Materials and methods

Enzymatic hydrolysis of whey proteins

Fresh cheese whey of homogenised and pasteurized low fat

(1.5% fat) milk was obtained for hydrolysis. Whey was

further pasteurized at 65 �C for 20 min, cooled to 50 �C

and pH was adjusted to 7.0 using diluted NaOH solution.

Enzymatic hydrolysis of whey protein was performed using

Flavourzyme (1000 LAPU/g, Novozymes Australia Ltd.,

produced by Aspergillus oryzae, containing both endo- and

exopeptidase activities). Enzyme of 0.01, 0.02 and 0.05%

of whey was added to the whey and incubated at 50 �C in

water bath for 30 min. After 30 min of hydrolysis, the pH

was re-adjusted to 7.0 using 0.5 N NaOH. The amount of

base required to get back pH of 7.0 was noted. Thereafter,

the hydrolysate was heated at 85 �C for 6–7 min to inac-

tivate the enzyme and to arrest further hydrolysis. The

cooled samples were kept in deep freeze (-20 �C) for

further analysis.

The percent degree of hydrolysis (DH)which is defined as

the percentage of peptide bonds cleaved by the enzyme was

determined according to the method of base consumption as

per pH stat technique of Adler-Nissen (1986). The calcula-

tion of DH was done as follows and expressed as per cent.

Degree of hydrolysis DHð Þ ¼ B � Nb � 1=a� 1=MP

� 1=htot � 100

where B, base consumption in ml (NaOH); Nb, normality

of the base (0.5 N); MP, total mass of protein in hydro-

lysate in g; htot, total number of peptide bonds in the

protein substrate (meq/g protein for whey protein

htot = 8.8); a, average degree of dissociation of the a-NH2

groups. These were computed by taking pKa values for

different amino acids at various temperatures and pH and

1/a factor of 2.27 was considered as Calibration factor at

pH 7.0 and 50 �C (Adler-Nissen 1986).

Protein content of the cheese whey was determined as

per the method described by Lowry et al. (1951) using

commercial Folin-Ciocalteu reagent.

SDS-PAG

The whey hydrolysate was diluted to contain 2 mg/ml

protein. Protein samples were mixed in 1:1 ratio with 29

sample buffer, heated at 100 �C for 5 min and cooled to

room temperature. The mixture was centrifuged at

10,000g after heating to ensure proper mixing. The whey

protein hydrolysate was then analyzed by SDS-PAGE

using bio-rad tris tricine precast ready 16.5% resolving gel

and 4% stacking gel, 10 well, 30 l, 8.6 9 6.8 cm
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(W 9 L), tricine sample buffer and running buffer as per

the method of Schagger and Jagow (1987).

Reverse phase high performance liquid

chromatography: mass spectrometer (RP-HPLC

MS)

RP-HPLC MS is currently used in the separation and study

of peptides. RP-LCMS was performed to objectively

quantify the peptides present in the different whey hydro-

lysates. The equipment of LCMS—2010 EM from M/s.

Shimadzu, Japan was equipped with column of EverestTM

C18 of 250 9 4.6 mm, 300 A, Grace Division. Samples

were fed using 100 lL injection loops. The peptides were

eluted by a linear gradient from 100 to 0% solvent A (0.1%

Trifluoroacetic acid, TFA) in deionized water in solvent B

(0.1% TFA in 90% aqueous acetonitrile). Separation was

conducted at room temperature (*20 �C) at flow rate of

0.75 mL min-1. Samples-eluted peptides were detected at

214 nm using Varian 9050 variables wave length UV/vis-

ible detector. Total run time was 90 min for each sample.

Sample preparation

Hydrolyzed whey sample was first diluted 0.50 to 5.0 mL

with double distilled water followed by a 0.50 to 5.0 mL

dilution with 70% Acetonitrile. After mixing, the sample

was filtered using a syringe filter of pore size 0.45 micron

(Cheleicher & Schuell GmbH, Germany).

Enzymatic hydrolysis of lactose

After termination of proteolysis in the whey, it was further

hydrolyzed for lactose. Hot whey protein hydrolysate was

cooled to 30 �Cand pHwas re adjusted from6.5–7.0 to 5.5 for

further hydrolysis of lactose. b-galactosidase (M/s. Sigma

Aldrich chemicals Pvt. Ltd., fromAspergillus oryzae) of 0.01,

0.02 and 0.05% was used to hydrolyze lactose in whey. The

enzyme mixture was incubated in water bath at optimum

temperature of 30 �C as mentioned by the supplier. The

sample was drawn after 30 min and heated immediately to

85 �C for 5–6 min to stop further hydrolysis. The heated and

cooled samples were kept at-20 �C in deep freeze for further

residual lactose analysis.

Lactose determination

Initial lactose in whey and lactose content in hydrolyzed

whey was estimated by using HPLC. The amount of lactose

was determined using HPLC (Waters, Milford, MA, USA)

with the specification of solvent delivery pump operating at

0.5 ml/min (Model 515), 20 ll injection loop, waters

model 2414 refractive index detector, Hi-Plex Ca coloumn,

300 9 7.7 mm (id) and 8 lm film (Agilent Technologies,

USA). Column temperature was set up at 85 �C and

injection volume was 20 ll. Isocratic elution with mobile

phase of water (HPLC grade) at flow rate 0.5 ml/min was

used. Detector temperature was set at 35 �C. Data obtained

were collected and evaluated by software Empower Build

(Waters, Milford, MA, USA).

Pure Lactose monohydrate was obtained from Sigma-

Aldrich Chemical Co. A standard stock of lactose solution

was prepared at 1.0 mg/mL in dilution with mobile phase

(HPLC grade water) and was used as standard.

Sample preparation

Whey (1g)was added to 0.2 ml of acetic acid. The solutionwas

diluted with distilled water (10 ml) in such a way that final

concentration of lactose in the sample would yield 1 mg/ml.

The diluted sample was heated to 85 �C for 10 min. in water

bath and cooled to room temperature. The sample was filtered

through whatman No 40 filter paper. To the filtrate, 2 ml of

chloroform was added to de-fat the sample and mixed thor-

oughly. Tubes were centrifuged at 5000 rpm (11189g) for

10 min. Top aqueous layer was collected and filtered through

0.22 lm filter (PVDF, Hemedia, Mumbai) and the filtrate was

used for the analysis using HPLC.

Data obtained from the investigation was subjected to

randomized one way ANOVA. The data on lactose

hydrolysis was plotted against enzyme concentration with

error bar by applying suitable computer packages (MS-

excel 2007 version).

Results and discussion

Protein hydrolysis

Table 1 depicts the higher proteolysis with higher amount

of enzyme addition. It was observed that the addition of

0.01% of flavourzyme hydrolyzed 4.13% protein whereas

other two levels hydrolyzed 8.58 and 15.11%. Degree of

Table 1 Effect of enzyme concentration on protein hydrolysis of

cheese whey

Sample Enzyme conc. (%) %DH Mean

1 0.01 3.51–4.98 4.13a ± 0.64

2 0.02 7.30–9.54 8.58b ± 0.93

3 0.05 13.92–16.46 15.11c ± 1.07

Different superscripts are significantly different (p\ 0.05)
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hydrolysis was maximum (15.11%) and minimum (4.13%)

when 0.05% and 0.01% of flavourzymes were added,

respectively. The statistical analysis (Table 1) revealed that

the higher amount enzyme addition resulted in a signifi-

cantly (p\ 0.05) higher degree of protein hydrolysis.

There was significant (p\ 0.05) differences in the increase

of %DH among the three levels of enzyme concentration.

Since the use of 0.01% concentrations did not yield higher

hydrolysis, 0.02 and 0.05% enzyme concentration were

used to produce hydrolysate for further analysis of peptide

formation characteristics.

Electrophoretic study of protein hydrolysate

Tricine SDS-PAGE was carried out to find out the pattern

of protein hydrolysis and peptide profiles among the

hydrolysates. Figure 1 shows electrophoretic bands of

hydrolysate with 0.01, 0.02, and 0.05% enzyme concen-

tration. The electropherogram of whey and its hydrolysates

showed two thicker bands i.e. b-lactoglobulin (18,400 Da)

and a-lactalbumin (14,300).

On hydrolysis, these bands became lighter. As the

concentration of the enzyme increased from 0.01 to

0.05%, the bands became lighter in descending order i.e.

lane1[ lane 2[ lane 3 resulting in higher hydrolysis.

Thicker bands are indicative of lower hydrolysis. When

more of peptides are formed, new bands have appeared in

the lane 1, 2 and 3 below a-lactalbumin band. The protein

bands in all the three samples became slightly lighter as

compared to control. Appearance of smaller bands in

lanes 1, 2 and 3 in addition to bands of b-lactoglobulin

and a-lactalbumin indicated the formation of more

peptides. The intensity of these bands gradually increased

from lane 1 to lane 3 indicating more hydrolysis in

sample 3. This electropherogram also indicated generation

of newer peptides at the end of 30 min of hydrolysis.

Tricine gel of 16.5% was used for the electrophoretic

study. This gel did not allow high molecular weight

proteins or peptides to pass through whereas lower

molecular weight peptides/compounds passed through the

gel which is visible as peptides on the lower part of lane

3 (Fig. 1). However, to know the characteristics of these

peptides, the RP HPLC MS was carried out for further

investigation.

RP-HPLC/MS was performed to identify the peptides

present in proteloyzed cheese whey. Figure 2a represents

the presence of less number of lower molecular weight

peptides in fresh pasteurized cheese whey as compared to

the whey hydrolyzed for 30 min with 0.05% flavourzyme

at 50 �C (Fig. 2b). The chromatogram of the hydrolyzed

whey shows the presence of more number of lower

molecular weight peptides during initial 30 min of reten-

tion time.

Comparison of chromatogram in Fig. 2c showed that

small peptides in all the samples of cheese whey eluted

predominantly in the hydrophilic region of chromatogram

within the 35 min of RP HPLC separation. This observa-

tion suggested that the higher amount of flavourzyme

produced more number smaller peptides as compared to the

use of lesser amount of enzyme at same conditions.

Whey protein hydrolysis was carried out for 30 min

and a controlled hydrolysis was performed to liberate

more number of small peptides (\10 kDa). On further

hydrolysis, the hydrolysate became very bitter due to the

breakdown of small peptides and production of more

amino acids. Therefore, it is very important to know the

degree of hydrolysis, time, enzymes etc. to obtain more

number of small peptides with less bitterness. Whey

proteins hydrolysate with more number of low molecular

weight bioactive peptides have physiological effects in

the human body i.e. on the nervous system via their

opiate and ileum- contracting activities (Pihlanto-Lep-

pala et al. 1997), nutrition system via their improved

digestibility, antihypertensive activities and hypocholes-

terolemic effect (Madureira et al. 2010). A product with

low content of amino acids is absorbed more efficiently

in the gut because of intestinal absorption differences

between peptides (primarily, di- and tripeptides) and

frees amino acids (Boza et al. 2000 and Clemente 2000).

Therefore, controlled higher enzymatic hydrolysis is

necessary in order to obtain least amount free amino

-lactoglobulin, 18.4kDa 

-lactoalbumin, 14.3kDa 

Peptides, ca.7kDa 

Fig. 1 Electropherogram of hydrolysed whey proteins; C control

whey, 1 hydrolysed with 0.01%, 2 hydrolysed with 0.02% and 3

hydrolysed with 0.05%
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Fig. 2 RP- HPLC MS

chromatogram of whey and

hydrolysed whey proteins.

Detection was done at 214 nm.

Initial 45 min fractions refer as

peptides. a peptides profile in

control whey, b peptides profile

of the hydrolysate with 0.05%

enzymes, c Comparison of four

chromatograms c control whey,

1 hydrolysed with 0.01%, 2

hydrolysed with 0.02% 3

hydrolysed with 0.05%
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acids in the final product. Higher amount of enzyme

(0.05%) has produced more number of smaller peptides

within 30 min of hydrolysis (Fig. 2b or c3). A compar-

ison for the presence of smaller peptides (\10 kDa)

among the three hydrolysates indicated most number of

smaller peptides in the sample hydrolyzed with 0.05%

enzyme. Small peptides formation from whey protein

and their properties have been studied by Pescuma et al.

(2010). Formation of more peptides and role of amino

acids in the hydrolysate on extensive hydrolysis have

also been reported (Schmidt and Poll 1991). Extensive

hydrolysis of whey protein isolate by enzyme was shown

to induce gelation mainly via hydrophobic interaction

(Doucet et al. 2003). With the increase in degree of

hydrolysis, the stability and emulsifying properties also

decreases (Mahmoud 1994).

Lactose estimation

Lactose in proteolyzed whey was hydrolyzed using b-

galactosidase enzyme. The addition of 0.01% enzyme

resulted in hydrolysis of lactose to an extent of 21.18%,

whereas 0.02 and 0.05% enzyme hydrolyzed 30.88 and

60.88% lactose respectively (Fig. 3).

Typical chromatogram from pure lactose, whey and

hydrolyzed whey are shown in Fig. 4a, b, c. The single

peak in Fig. 4a of the chromatogram was the pure lactose

peak containing 1 mg/ml lactose in it. The retention time

was recorded for identification of lactose peak for subse-

quent chromatogram of whey and its hydrolysate. The area

of lactose was measured using in- built software for

quantification of lactose. The first peak of fresh whey

chromatogram (peak 1 in Fig. 4b) was not identified. It

may be an anion peak coming from salts in milk system

(Richmond et al. 1982) or a trisaccharide (Bakken et al.

1992). Peak 2 indicates the presence of lactose in whey.

As mentioned earlier, whey was treated with b-galac-

tosidase and three additional peaks eluted on hydrolysis

with 0.05% enzyme (Fig. 4c). Peak 2 was before lactose

and peaks 4 and 5 was after the lactose peak. These are

probably trisaccharide (peak 2) and disaccharides (peaks

4,5 glucose or galactose) obtained on hydrolysis of lactose

(Jeon et al.1984). Decrease in peak area (peak 3) indicates

the reduction of lactose and formation of glucose and

galactose which was achieved between 12–16 min. It was

also observed that lactose concentration reduced with the

increase in enzyme concentration and height of both the

peaks (4 and 5) increased. Appearance of five peaks on

hydrolysis of lactose is in agreement with the observation

of Asp et al. (1980). Our aim was to know the reduction in

lactose content of whey due to controlled hydrolysis with

different concentrations of enzyme and finally to establish

rate of hydrolysis and pattern of other saccharide forma-

tion. With 0.05% of enzyme, lactose was rapidly hydro-

lyzed to 2.40% from an initial amount of 4.53% which is

53% lactose hydrolysis. Our observation indicated that

rate of lactose hydrolysis is not truly proportional to the

enzyme concentration. Hydrolysis of 22–30% lactose has

been observed in several lactic fermented products (Alm

1982). Therefore, depending upon requirement, it is pos-

sible to calculate percent lactose hydrolysis to be obtained

from the concentration of enzymes to develop health

drinks. Enzymatic hydrolysis of lactose also is accompa-

nied by galactosyl transfer to other sugars, thereby pro-

ducing oligosaccharides. These are hydrolyzed slowly,

both in vitro and in vivo. These are of low molecular

weight, non-viscous and water-soluble dietary fiber. They

are considered to be physiologically functional foods and

promote the growth of bifidobacteria in the colon and a

wide variety of health benefits has been claimed (Ma-

honey 1998).

Conclusion

Small peptides are known to provide physiological benefit

and low lactose levels improve gastrointestinal charac-

teristic in consumers. Hence, an attempt was made to

enzymatically hydrolyze both proteins and lactose in

whey, under controlled condition, to improve its biolog-

ical value. This whey containing more number of smaller

bioactive peptides and reduced lactose and its derivatives

may be used for the preparation of health beverages with

added sugar, flavour and colour to improve the

palatability.
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