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Abstract: The strain Kluyveromyces marxianus was selected to isolate enzyme $-galactosidase, to hydrolyze
lactose in whey to prepare instant energy beverage. The cells were immobilized in 5.0% sodium alginate gel
for their subsequent use in hydrolysis of lactose in whey. The immobilized cell system was found beneficial
in reducing the cost of the product and increase reusability of enzyme. Various process parameters were
optimized. Maximum yield of the lactose hydrolysis i.e., 81.2% was found with microbial cells immobilized
in 10.0% CaCl2 solution with a bead size of 2.20 mm. The system was stable and beads could be reused up to
eighth cycle without any remarkable change in their ability to carry out lactose hydrolysis in whey.
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INTRODUCTION

Whey is a valuable by-product from dairy industries
and usually dumped because it has no value; a practice
increasingly  frowned upon by environmentalists (Jindal
et al., 2004). It is produced mainly from cheese industry.
It contains precious nutrients like lactose, whey protein,
minerals, and vitamins. These nutrients have an
indispensable value in human dietery requirement
(Prendergast, 1985; Mathur et al., 1988). 

Currently, total world production of whey is
approximately 85 million tones in which India contributes
approximately 8 million tones of the total global
production (Shukla et al., 2004; Raju et al., 2005; Mishra,
2008). About 40% of the total global production of whey
is disposed as raw whey (Reddy et al., 1987) causing
serious problems of environmental pollution due to high
organic matter content. It has been estimated by the Water
Pollution Research Laboratory that whey has a Biological
Oxygen Demand (BOD) of 38,000 to 46,000 ppm, even
in some cases it reaches up to 76000 ppm as compared to
200 ppm permissible limit for domestic sewage (NDRI,
1978; Mishra, 2008). Whey disposal is a serious problem
for dairy industry. In order to reduce pollution load, whey
should be treated to obtain commercial products (Gupte
and Nair, 2010). The Government of India has
promulgated the Environmental Protection Act-1986, that
makes it obligatory to pre treat whey before discharge in
inland water or rivers. 

Consumption of the whey can supplement much of
the lost organic and inorganic nutrients to the extra

cellular fluid and utilization of these fluids can be targeted
to the people working with strenuous occupation like
sportsman, competitive athletes, exercising for pleasure,
and other people with similar kind of activity (Prendergast
et al., 1985; Singh et al., 2009). Presence of electrolytes
is very important before going for healthy whey drink
because it can be use as a source of replenishment for the
loss minerals (Goyal and Gandh, 2009) Most of the work
regarding utilization of whey has been carried out world
wide in the production of whey protein concentrate
(WPC), whey powder, lactose, lactic acid, whey paste etc.
(Coton, 1985; Kosaric and Asher, 1985). Many attempts
have been done on utilization of whey in the formulation
of various dairy products but, still there is a lot of scope
to explore the possibilities for its utilization in beverage
industries.

Lactose on hydrolysis gives glucose and galactose
instant energy providing constituent. At present little work
has been carried out on hydrolyzed lactose whey
beverages or drinks. There are basically two different
ways to use enzyme $-galactosidase for hydrolysis of
lactose in whey. The soluble enzyme is normally used for
batch process while the immobilized form lends to
continuous operation. Despite the high cost of enzyme
attachment, immobilized enzyme system remain more
economically feasible than free enzyme system, as these
processes may be performed continuously and offer the
possibility of reutilizing the enzyme.

The use of immobilization technology in
bioprocesses is important from an economic view point.
Immobilization has been found to be a convenient way to
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reuse cells, to obtain higher cell densities in bioreactors
and easier purification of the final product. In view of
this, the present research work has been carried out to
develop an immobilized yeast cells for the production of
lactose hydrolyzed RTS (Ready to Serve) whey beverage.
Further the beverage was fortified with mango pulp and
added sugar to have desired properties, improved
palatability and met energy requirement for such
strenuous group of people. 

MATERIALS AND METHODS

Microbial cultures: Four yeast cultures Kluyveromyces
marxianus NCIM 3551, Kluyveromyces fragilis NCIM
3465, Saccharomyces marxianus NCIM 3231 and
Saccharomyces fragilis NCIM 3358 were procured from
National Chemical Laboratoy, Pune, India. 

Materials: Pasteurized skimmed milk brand name ‘Parag’
procured from Government milk processing plant Kanpur,
was  used  in  the  preparation   of   whey   in  laboratory.
O-Nitrophenyl-$-D-galactopyranoside (ONPG) was the
product of Hi-Media Laboratories Mumbai. Citric acid,
malt extract, glucose, yeast extract, peptone, ammonium
sulfate, potassium dihydrogen ortho phosphate, lactose,
sodium alginate, calcium chloride, ethanol, chloroform
and other chemicals were purchased from Ranbaxy and S.
D. Fine chemicals Ltd. India. All the reagents were of
analytical grade or equivalent.

Place of study: The experimental work was carried out in
post graduate Food Research Laboratory in the
Department of Biochemical Engineering and Food
Technology, Harcourt Butler Technological Institute,
Kanpur U.P. India

Maintenance and cultivation of culture: All the cultures
were revived in MGYP (Malt extract 0.3%, Glucose
1.0%, Yeast extract 0.3%, Peptone 0.5% w/v) medium
and maintained at (30±1)ºC temperature, 6.4-6.8 pH and
4 days incubation period. The yeast cells were cultivated
for the production of enzymes on fermentation media
composed of lactose (4.5%), peptone (0.5%), yeast extract
(0.3%), ammonium sulfate (0.2%) and potassium
dihydrogen ortho phosphate (0.1%) (w/v).

Harvesting of cells: Yeast cells were harvested by
centrifuging the broth for 10 min (rpm 10,000). Washing
was done with distilled water three times and stored in
phosphate buffer at 4ºC for further use. Dry weight of
cells was obtained by centrifuging 10 mL of sample for
10 min at 7000 rpm followed by washing and finally
drying till constant weight at 60ºC (Numano and Sungur,
2004)

Activity of enzyme: The enzyme activity was determined
by using ONPG as substrate by adopting the method of
Mahoney et al. (1975) in which enzyme was diluted with
potassium phosphate buffer (0.1M, pH 7.0), then from
this suspension 0.1 mL of enzyme was added with
phosphate buffer to make up volume up to 2.0 mL. The
reaction was started by adding 1.0 mL of ONPG solution
and reaction mixture was placed in water bath with
constant shaking maintained at 37ºC temperature for 10
min followed by addition of 1.0 mL of sodium carbonate
solution to stop the reaction. The absorbance of the
reaction mixture was measured at 420 nm with UV-Vis
spectrophotometer. The culture (Kluyveromyces
marxianus NCIM 3551) showing highest activity of
enzyme $-galactosidase was selected for the bulk
production of enzyme for study of lactose hydrolysis
under current research work. 

One unit of enzyme activity was defined as the
amount  of  enzyme  required  to  liberate   one  mole of
O-Nitro Phenol (ONP) per min under specified conditions
i.e., 370C temperature.

Permeabilization of yeast cells: Ethanol-chloroform
(9:1, v/v) was used to increase the permeabilization of
yeast cells. The samples were incubated for 10-70 min
with various amounts of solvent (0.025-0.250 mL) at 30ºC
temperature in a orbital shaker (180 rpm) to obtain best
permeabilization conditions (Numano and Sungur, 2004).
One mililitre of cell suspension was obtained by
suspending 2.62 mg dry cell in phosphate buffer (0.1 M,
pH 7.3) to obtain a final volume of 1 mL.

Immobilization of yeast cells: Selected strain
Kluyveromyces marxianus NCIM 3551, was suspended in
5.0% sodium alginate solution and this dispersion was
extruded through a syringe into a gently stirred aqueous
solutions of calcium chloride (3.0, 5.0, 10.0 and 15.0%,
respectively). Beads were allowed to reticule for three
hours in this calcium chloride solution followed by
washing several times with distilled water. To avoid
excessive cell growth, alginate particles were stored at
4ºC before any further assay (Becerra et al., 2001).
Immobilized cells were pre-incubated for 4 hrs in YPL
medium supplemented with gentamycin sulfate (80
:g/mL) at 30ºC and 200 rpm. Immobilized cell
concentration was determined by dissolving 0.23 g (wet)
of alginate particles in 1 mL of 0.5M EDTA at pH 8.0
under vigorous stirring. Viable cell count was done with
haemocytometer.

Cell loading: If cell concentration is very low in the
beads, product will not be formed and if cell
concentration is too high, it interferes with bead structure
and excessive cell mass is generated during product
formation. Varying concentrations (60-240 mg cell on dry
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Fig. 1: Beads preparation in 500 mL beaker

Fig. 2: Working “Immobilization Assembly” inside the laminar
air flow chamber

basis) of Kluyveromyces marxianus were loaded into the
beads. Optimum concentration of cell was determined on
the basis of maximum product formation rate. 

Immobilization assembly: For immobilization of
microbial cells, the immobilization assembly as shown in
Fig. 1 and 2 was designed under this research work. The
following threats were considered prior to designing the
assembly: 

C Assemby should not clog with thick solution
C To generate and maintain constant pressure for

formation of beads of uniform size in the solution
C To maintain and control the uniform flow rate of the

high density solution
C Ease of dismantling and reassembling for cleaning
C To maintain sterile condition throughout the process
C To make the process effective in terms of equipment,

material and energy cost used

Assembly component:
Primary devised components:
C A.C. submercible motor-220V, 18W
C AC Variable Voltage Contrller-240V
C Feeding Bag tubes (Romsons)
C Roller Controller
C IV Disposable Needles (No. 21)

Secondary devised components:
C Magnetic Stirrer (REMI) 
C Magnetic Stirrer Bar

Assembly apparatus:
C Aspirator Bottle with Bottom Sidearm (500 mL)
C Beaker (500, 1000 mL)
C Clamp Stand

Optimization of hydrolysis of lactose in whey: The
hydrolysis of lactose in whey by varying concentration of
calcium chloride (3.0, 5.0, 10.0 and 15.0%, respectively)
in immobilized condition of cell was done. The
parameters like cell load in alginate beads, calcium
chloride concentration for hardening of beads, reusability
of beads and mass of beads used for hydrolysis were
optimized during the experimental study.

Analytical techniques: The freshly prepared whey was
analyzed for proximate constituents like moisture, lactose,
fat, protein, ash content and total soluble solids. The
‘Total soluble solids’ content of whey was determined by
evaporating definite quantity of sample by Infra-Red
Moisture Analyzer (Model: IR-30) at 130ºC. Percentage
of fat in whey was determined by Rose-Gottle method.
Protein content was determined with the help of automatic
protein analyzer (Foss Tecator Model 2300) by the
Kjeldahl’s method described in Ranganna (1995).
Automatic Cyber Scan digital pH meter was used to
determine pH of the samples. The lactose estimation was
carried out by following the procedure of Nickerson et al.
(1976).

RESULTS AND DISCUSSION

To optimize the immobilization techniques, the effect
of following process parameters was investigated:

Whey preparation and its composition: Whey was
prepared in laboratory by coagulating pasteurized toned
milk by using 2.0% citric acid solution. Prepared whey
was analyzed for important proximate constituents like
moisture, Fat, Lactose, protein, Ash and Total soluble
solid    contents. These    results  have  been presented in
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Table 1: Proximate composition of prepared whey
Percentage (%)

Constituents (Mean±S.D.)
Water 94.05±0.0071
Fat 0.20±0.0109
Protein 0.60±0.0114
Lactose 4.50±0.0148
Ash 0.65±0.0100
pH 5.2
Total solids 6.00±0.1581

Table 2:Activity of crude enzyme extract from different microbial
strains

Enzyme activity (ONPG unit/mL)
S. No. Yeast culture (Mean±S.D.)
1. Kluyveromyces marxianus 177±3.6742
2. Kluyveromyces fragilis 170±2.5495
3. Saccharomyces marxianus 175±2.3452
4. Saccharomyces fragilis 155±2.5884

Table 1. In the results it can be seen easily that it contains
significant amount of lactose 4.50%.

Enzyme assay: Crude enzymes were recovered from
selected microbial strains for the study and assayed for
their activities in ONPG unit. The enzyme activities per
mL of enzyme are reported in Table 2. It is evident from
the results that there is marginal difference in enzyme
activities   among   three cultures named Kluyveromyces
marxianus, Kluyveromyces fragilis, and Saccharomyces
marxianus. Out of four cultures, Saccharomyces fragilis

showed lowest activity of 155 units as against highest
value of 177 units for the strain Kluyveromyces
marxianus. Therefore Kluyveromyces marxianus was
selected for the further study. Finally bulk production of
enzyme was carried out with this culture.

The crude enzyme recovered from Kluyveromyces
marxianus was purified and the enzyme activity of
purifies enzyme was found 622±4.3012 ONPG unit per
mL. It seems that there is approximately 3.5 fold
concentration of activity than that of crude enzyme extract
by the process of purification.

Effect of CaCl2 concentration on physical and chemical
characteristics of beads: Yeast immobilized cells in
varying concentrations of CaCl2 were used to hydrolyze
lactose  in  whey and results have been shown in the
Table 3. From the results it can be seen that the beads of
3.0% CaCl2 were tend to lose in structure and their shape
was not complexly spherical and started disintegrating
during experiment, which may be attributed to the
formation of unstable complex of calcium alginate as
shown in Fig. 3 and 4.On the other hand 15.0% CaCl2
beads were harden, compact and not spherical resulting no
substrate was easily available to immobilize cell due to
formation of dense network. Several parameters i.e.,
sphericity, activity and size were considered in study. 

Fig. 3: Effect of CaCl2 concentration on size and shape of beads (Image was captured by research microscope at 4X) 
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Table 3:Effect of CaCl2 on physical and chemical characteristic of sodium alginate beads
S. No. CaCl2 Conc. Size (mm) Shape Sphericity Lactose hydrolysis(%)
1 3% 3+2.4+2.7 Irregular Not spherical 85.1
2 5% 2.3+2.2+2.3 Regular Spherical 82.5
3 10% 2.2+2.2+2.2 Regular Completely spherical 80.4
4 15% 2.3+2.2+2.3 Irregular & Not spherical 74.54

more compact

Table 4: Activity of sodium alginate immobilized cells at different
concentration of CaCl2

Time (min) 3% CaCl2 5% CaCl2 10% CaCl2 15% CaCl2

0 0 0 0 0
30 39.2 36.4 33.1 28.5
60 63.1 60.4 56.2 49.4
90 72.2 70.2 67.4 60.5
120 81.4 77.9 74.3 66.8
150 84.1 81.5 80.4 74.5
180 84.1 81.5 80.4 74.5

Table 5:Effect of microbial load on hydrolysis of whey lactose by
immobilized yeast cell

Microbial load
S. No. (mg Dry weight) Lactose hydrolysis (%)
1 60 67.2
2 90 72.3
3 120 76.2
4 150 81.2
5 180 81.2
6 210 81.3
7 240 81.3

(5.0% CaCl2) found good in some parameters but it had
shown problems with long term reusability of beads.
(10.0% CaCl2) level was found best considering all
parameters. Therefore, 5.0% sodium alginate beads
reticulate in 10.0% CaCl2 solution used for further use.
Becerra et al. (2001) also obtained similar trend of
findings.

Activity of sodium alginate immobilized cells at
different concentration of CaCl2: Activity of
immobilized cells was determined by hydrolyzing lactose
in different concentrations of CaCl2 and results are shown
in Table 4. The rate of lactose hydrolysis was initially
linear with time, however, it tends to be slower after 90
min, reaching maximum at 150 min and beyond this there
is no further improvement in lactose hydrolysis was
observed, as shown in Fig. 5. Up to 84.1% lactose
hydrolysis was found with immobilized cells reticulated
in 3.0% CaCl2 while at higher concentration of CaCl2, a
decrease in lactose hydrolysis was observed, which may
be due to the diffusion resistance with increase of CaCl2
concentration.

Effect of microbial load on hydrolysis of lactose in
whey by immobilized yeast cells: To study the effect of
concentration of entrapped yeast cells on lactose
hydrolysis, the microbial load of 60-240 mg Dry Weight
(DW) was immobilized and the results have been
presented in Table 5. An increase in lactose hydrolysis
with increasing concentration of entrapped yeast cell was

Fig. 4: Effect of CaCl2 concentration on hydrolysis of whey
lactose

Fig. 5: Whey lactose hydrolysis at different CaCl2
concentration (3, 5, 10 and 15%, respectively)

Fig. 6: Effect of biomass load on hydrolysis of whey lactose by
immobilized cell

observed up to a microbial concentration of 150 mg
(DW), which supported 81.2% lactose hydrolysis, as
shown in Fig. 6. The higher cell concentration have not
shown any further improvement in lactose hydrolysis,
which may be attributed to substrate limitations or product
inhibition and also supported by the finding of Mahoney
(2003).

Effect of alginate entrapped yeast cells recycling on
whey lactose hydrolysis:   To   test   the  suitability and
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Table 6: Effect on activity of lactose hydrolysis on recycling of
alginate beads

Cycle (Number) Lactose hydrolysis (%)
1 81.2
2 81.2
3 81.2
4 81.1
5 81.1
6 81.0
7 79.9
8 72.3
9 68.4
10 61.8

Fig. 7: Effect of alginate entrapped yeast cells recycling on
whey lactose hydrolysis

Fig. 8: Optimization of lactose hydrolysis by varying amount of
beads

stability of alginate entrapped yeast cells for repeated use
in lactose hydrolysis, the alginate beads containing yeast
cells were recycled. After every cycle, the treated whey
was removed and replaced by fresh whey. The results
have been shown in Table 6. The reuse of alginate beads
up to seventh cycle showed no remarkable change in the
ability to carry out lactose hydrolysis but thereafter, a
slight decrease was observed at the eighth cycle as shown
in Fig. 7. However, a sharp decrease was found during the
9th and 10th cycle and lactose hydrolysis of 68.4 and
61.8%, respectively was noted. The suppression in lactose
hydrolysis after the 8th cycle may be attributed to the
initiation of degeneration of entrapped biomass and
subsequent decrease in its ability to carry out lactose
hydrolysis. Therefore, alginate entrapped yeast cells can
be successfully used for lactose hydrolysis in whey up to
eighth cycle. The   similar   kind   of   study was done by

Table 7: Optimization of hydrolysis of lactose in whey using different
amount of sodium alginate beads
Lactose hydrolysis (%)
-----------------------------------------------------------------------

Time 20 g 50 g 100 g 150 g 200 g 
(Min) beads beads  beads beads beads
0 0 0 0 0 0
30 13.2 21.5 32.1 40.5 48.3
60 25.8 34.8 55.6 64.6 67.4
90 37.5 44.5 70.9 74.9 77.6
120 43.9 53.8 79.8 80.1 80.6
150 48.5 62.5 81.1 81.8 81.8
180 51.2 64.2 81.1 81.8 81.8

Szczodrak (2000) he reused enzyme up to five cycles
without any marked decrease in lactose hydrolysis and 
significant decrease was observed during 5-10 cycle.

Optimization of hydrolysis of lactose in whey using
different amount of sodium alginate beads: Whey was
hydrolyzed at the optimum hydrolyzing conditions as
reported earlier by using different amount of immobilized
cell beads of 20, 50, 100, 150 and 200 g/L on wet basis,
respectively. The results of hydrolyzing trials are
presented in Table 7 and also plotted in Fig. 8. It was
observed from results that rate of hydrolysis of lactose in
whey was faster up to 90 min, and then remarkably
decreased up to 120 min and finally almost ceased after 
150 min that for 100, 150 and 200 g cell beads,
respectively. These were showed nearly 80% lactose
hydrolysis in 120 min whereas 20 and 50 g/L cell beads
were failed to achieve the same value even after 180 min
of hydrolysis. The highest lactose hydrolysis after 180
min time for all five bead masses i.e., 20, 50, 100, 150
and 150 g/L was 51.2, 64.2, 81.1, 81.8 and 81.8%,
respectively. Further increase in the percentage of lactose
hydrolysis was not attained; it may be due to galactose
inhibition phenomenon. Therefore, hydrolyzing all lactose
in whey is not possible. Therefore, 100 gm immobilized
cell and 120 min time duration for hydrolysis is techno-
economical feasible to hydrolyze almost 80% lactose in
whey.

CONCLUSION

The alginate entrapped permeabilized yeast cells can
be successfully applied for the production of lactose
hydrolyzed instant energy whey beverage. The use of
permeabilized cells can help to overcome the problems
and cost associated with enzyme extraction and
purification from yeast cells. In addition the use of ethyl
alcohol as a permeabilization agent has many advantages
like easily availability, cheap in cost; it is a component of
food and beverages. The yeast cell entrapped in 5% (w/v)
alginate and 10.0 % CaCl2 solution and a bead size of
2.20 mm are optimal for lactose hydrolysis at 30ºC. The
alginate entrapped yeast cells can be recycled up to eighth
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cycle without any remarkable change in their ability to
carry out lactose hydrolysis. The application of alginate
gel for cell entrapment is very prospective because of its
good stability and acceptability in food applications. The
beads formed from alginate are mechanically stable. Thus,
this method seems to be simple, convenient and relatively
easy to scale up. 
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