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Bioagents i.e. Streptococcus thermophilus and Lactobacillus bulgaricus and its β-Galactosidase (β-gal) 
were immobilized and used for production of lactose free milk as well as hydrolysis of permeate lactose. 
Str. thermophilus and L. bulgaricus were immobilized by 2% barium alginate entrapped cells. β-gal from 
Str. thermophilus and L. bulgaricus was immobilized on barium alginate 2% then activity and stability 
were evaluated. Lactose free milk was produced from skimmed milk by immobilized L. bulgaricus and 
Str. thermophilus (inoculum sizes 2%, 5% and 10%) using fed-batch culture. L. bulgaricus (10%) 
showed maximum efficiency of 85.26%. Lactose free milk produced by immobilized β-gal using 
continuous process was examined applying four flow rates i.e. 0.1, 0.25, 0.5 and 5 ml/min. The most 
efficient flow rate of 0.1 ml/min resulted in 92.89 % efficiency. Saccharification of permeate lactose by 
immobilized β-gal using continuous process with a flow rate of 0.25 ml/min gave efficiency of 73.05%. In 
conclusion, immobilized enzyme is recommended for continuous production of lactose free milk at flow 
rate 0.1 ml/min. 
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INTRODUCTION 

β-galactosidase (β-gal, EC 3.2.1.23) catalyzes 
hydrolysis of lactose, the most abundant sugar in 
milk and its by-products, into its constituent 
monosaccharides; glucose and galactose, which 
are more soluble and sweeter than lactose 
(Artolozaga et al., 1998). There are several 
advantages embodied in lactose hydrolysis: rapid 
fermentation of glucose, a higher degree of 
sweetness of the liquid in which lactose has been 
hydrolyzed, higher solubility of glucose and 
galactose, higher stability of frozen condensed 
milk, in which lactose has been hydrolyzed, 
application of lactose hydrolyzed milk in cheese 
making results in rapid fall of pH and as a 
consequence rapid development of cheese flavor 
and texture takes place and use of β-gal in whey 

eliminates technological problems (such as 
sandiness in whey powder and ice cream) 
improving the nutritional quality of whey and whey 
powder. It also leads to the development of novel 
products and the production of new sweeteners 
(Jokar and Karbassi, 2009). This enables 
alleviation of lactose intolerance problem in such 
condition lactose is malabsorbed which is an 
index of very low level of β-gal in the intestinal 
tract, prevalent in high share of the human 
population, and thus broadens consumption of 
these products (Carević et al., 2015). β-gal is 
ubiquitous in nature and can be derived from 
various sources such as plants, animal organs 
and microorganisms. In view of the easy 
production of highly active and stable enzymes, 
microorganisms are the source of choice (Carević 
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et al., 2015). Different strains of lactic acid 
bacteria (LAB) were assessed for their β-gal 
productivity of which L. acidophilus ATCC 4356 
and L. delbrueckii ssp. bulgaricus ATCC11842 
resulted in the highest production potential 
(Prasad et al., 2013) and Carević et al., 2015). 
Twenty strains of LAB were isolated from Kareish 
cheese by Fathy et al., (2017) and screened for 
their β-gal enzyme production capability. Among 
these strains, Str. thermophilus and L. bulgaricus 
were the most efficient β-gal producer. Using 
immobilized intact cells as an enzyme source will 
generally eliminate the need for releasing 
intracellular enzymes and for the succeeding 
purification steps; also, in some cases the 
enzymes are more stable if immobilized within 
their natural environment. Ohmiya et al., (1977) 
immobilized the cells of L. bulgaricus, E. coli, and 
Saccharomyces lactis in polyacrylamide gel 
beads. Permeabilized Kluyveromyces fragilis cells 
have shown about 90% lactose hydrolysis in 
pasteurized skim milk (Joshi et al., 1989). El-
Gizawy et al., (2013) encapsulated L. bulgaricus 
with sodium alginate while Hitha et al., (2014) 
studied the microbial utilization of dairy waste for 
lactic acid production by immobilized Lactobacillus 
sp. on sodium alginate beads. Immobilization of 
enzymes is convenient for improving their 
performance as industrial biocatalysts; the 
immobilized biocatalyst can be reused several 
times, which decrease the costs of the process 
(Genari et al., 2003). In addition, the application of 
immobilized enzyme compared to free enzyme 
has several benefits; e.g. easy separation from 
reaction solution, no contamination of product by 
the enzyme, operational and long-term stability, 
continuous processing and multi enzyme reaction 
systems (Dervakos and Webb, 1991). Roy and 
Gupta (2003) used the Lactozym (a commercially 
available enzyme preparation of β-gal from K. 
fragilis) immobilized on cellulose beads for 
hydrolysis of milk lactose with 60% conversion in 
5 h and the immobilized enzyme could be reused 
three times without any change in the 
performance of the fluidized bed reactor. Also, K. 
lactis β-gal was covalently immobilized onto 
polysiloxane-polyvinyl alcohol magnet using 
glutaraldehyde as activating agent that presented 
a higher operational and thermal stability than the 
soluble enzyme. This immobilized β-gal was 
effectively used for hydrolysis of lactose from milk 
(Neri et al., 2008). Ansari and Husain (2010) 
effectively used immobilized A. oryzae β-gal on an 
inexpensive bioaffinity support and concanavalin 
A-cellulose for the continuous hydrolysis of 

lactose from milk and whey. In another study, a 
packed bed reactor together with alginate 
entrapped permeabilized cells (K. marxianus) was 
used by Panesar et al., (2011) in a continuous 
system for achieving 87.2% hydrolysis of milk 
lactose. 

The main objective of the present work was to 
examine lactose free skim milk production using 
batch, semi-continuous and continuous 
techniques using immobilized intact LAB cells or 
their β-gal. In addition to study a continuous 
process for saccharification of permeate lactose.  
 
MATERIALS AND METHODS 

Bacteria and growth conditions. 
The two examined bacterial strains, Str. 

thermophilus and L. bulgaricus were previously 
isolated from Kareish cheese, purified and 
identified using morphological and biochemical 
characterization by Fathy et al., (2017). The 
synthetic M17 broth medium was used for 
cultivation and maintenance of Str. thermophilus 
while L. bulgaricus was grown on the MRS broth 
medium (Difco Laboratories, Detroit, Mich., USA) 
for 24 h at 37°C.  

Raw materials, chemicals and reagents.  
Whey, permeate and skim milk were obtained 

from dairy industry unit, animals production 
research institute, Ministry of Agriculture, Giza, 
Egypt. O-nitrophenyl-β-D-galactopyranoside and 
o-nitrophenol were purchased from Sigma-Aldrich, 
Chemical Co., Inc., Germany. Sodium alginate 
was purchased from Fluka Bio Chemika, USA. All 
other reagents and chemicals were used in 
analytical grade. 

Treatment of Whey and permeat. 
Whey and permeate were deproteinized by 

heating as described by Gupte and Nair (2010). 
Whey and permeate media was adjusted at pH of 
7.0. hundred ml aliquots of the whey and 
permeate media were dispensed in 250 ml conical 
flasks and sterilized at 121°C for 15 min.  

Immobilization of bacterial cells. 
Str. thermophilus and L. bulgaricus strains 

were cultured in M17 synthetic broth medium and 
MRS synthetic broth medium, respectively. Media 
were inoculated with freshly activated 1% 
inoculum and incubated at 37°C for 24 h 
according to Vasiljevic and Jelen (2003). The 
bacterial cells were harvested by centrifugation at 
4000 rpm for 15 min at 4 °C then washed with 
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0.1% (w/v) sterile peptone. The pellets of Str. 
thermophilus or L. bulgaricus cells were 
suspended in 0.1% (w/v) peptone and 
immobilized by cell entrapment method according 
to Garbayo et al., (2004). The 2 mm-diameter 
beads which entrapped bacterial cells were 
washed twice with sterile saline solution, rinsed 
with 0.1% sterile peptone and stored at 4°C. Cell 
enumeration in the beads was carried out by pour-
plate technique after gel disruption, according to 
the method used by Audet et al., (1991). Str. 
thermophilus was enumerated on Elliker agar 
(Difco Laboratories, Detroit, Mich., USA) after 24 
h at 420C and L. bulgaricus on Lactobacilli MRS 
agar (Difco) after 48 h at 42 0C. 

Immobilization of β-gal. 
The growth medium i.e. whey inoculated with 

the selected strain (1% v/v) and incubated at 43 
ºC for 18 h for β-gal production (Fathy et al., 
2017). Cells were harvested by centrifugation at 
10,000 rpm for 10 min at 4°C. β-gal was extracted 
and purified according to the methods described 
by Mahoney et al., (1975) and Colowick and 
Kaplan (1955), respectively. β-gal was 
immobilized by entrapment method using calcium 
alginate and barium alginate gel (Garbayo et al., 

2004(.  The 2 mm-diameter beads were washed 

and stored in 0.1 M sodium phosphate buffer, pH 
6.5 at 4 °C, until further analysis. Immobilized 
beads formed were used as immobilized enzyme 
equivalent to 1 ml β-gal enzyme. β-gal activity 
was measured and the activity recovery of the 
immobilized enzyme was calculated according to 
the following equation: 

β-gal activity recovery(%)=(Total enzyme 
activity in the beads/Total enzyme activity before 
immobilization) X100 

Application of immobilized bacterial cells  

1. Batch culture technique: 
Skim milk (100 ml) batches were conducted to 

determine the suitable time for maximum β-gal 
activity to produce lactose free skim milk by the 
immobilized Str. thermophilus and L. bulgaricus 
whole cells. Each batch was inoculated with 5 % 
(w/v) immobilized bacterial cells then incubated at 
45°C. Milk samples were withdrawn at 1 h 
intervals to determine total reducing sugar (TRS) 
content and LHE (lactose hydrolysis efficiency %). 
LHE was calculated as follows:  

LHE (%) = [Produced TRS (g/100ml)/Initial 
lactose concentration (g/100ml)] X 100 

2. Semi-continuous technique:  
fed-batch (semi continuous) technique was 

carried out to produce lactose free milk by the 
immobilized Str. thermophilus and L. bulgaricus 
whole cells. Each 250 ml Erlenmeyer flask had 
two holes, one was used to add skim milk and the 
other was used for sampling. Several 
concentrations of immobilized bacterial cells at the 
level of 2.0, 5.0 and 10 % (w/v) were applied for 
60 h by adding to each flask 100 ml skim milk 
then incubated at 45°C and the lactose free milk 
(100 ml) was withdrawn each 6 h. At the end of 
each period (10), TRS content and efficiency of 
lactose hydrolysis were evaluated. 

Application of immobilized β-gal using 
continuous technique 

1. Production of lactose free milk:  
One gram of immobilized β-gal enzyme 

extracted from Str. thermophilus and L. bulgaricus 
was packed in the double-jacket fixed bed reactor 
(1cm diameter and 10 cm length). The system 
was fed with skim milk for 96 h using a peristaltic 
pump (Maxterflex, Cole-Parmer, 1-100 rpm). 
Operational stability was examined at four flow 
rates i.e., 0.1, 0.25, 0.5 and 5.0 ml/min and at 45 
°C. Samples (ml) were withdrawn and inactivated 
in the boiling water bath for 5 min to determine β-
gal enzyme activity, TRS content and efficiency of 
lactose hydrolysis. 

2. Saccharification of permeate lactose: 
Saccharification of permeate lactose was 

performing applying the above mentioned 
operation fed with permeate at a flow rate of 0.25 
ml/min where the operation stability was 
examined at 45°C. Samples were withdrawn and 
inactivated in the boiling water bath for 5 min to 
determine enzyme activity, TRS content and 
lactose hydrolysis efficiency. 

Chemical determination: 
The 3,5-dinitrosalicylic acid method was 

applied for determination of TRS content as 
described by Miller (1959). Lactose was 
determined according to the methods described 
by Sánchez-Manzanares et al., (1993). β-gal 
activity was measured according to Hsu et al., 
(2005). 

Statistical analysis. 
Data were statistically analyzed using factorial 

ANOVA test MSTAT-C Version 2.10, (1989). 
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Differences between means were analyzed using 
the least significant difference (LSD) at P≤ 0.05. 

 
RESULTS 

Immobilization of bacterial cells. 
In our previous report (Fathy et al., 2017), the 

examined Str. thermophilus and L. bulgaricus 
strains were selected as the most efficient β-gal 
producer compared to other microorganisms 
isolated form Kareish cheese. Here both Str. 
thermophilus and L. bulgaricuscells were 
immobilized by cell entrapment method in sodium 
alginate beads. The counts of immobilized cells 
reached as high as 1.6x109 CFU/g were 
immobilized in one gram beads of either L. 
bulgaricus  or  Str. thermophilus cells.  EL-Gizawy 
et al., (2013) and Hitha et al., (2014) immobilized 
L. bulgaricus in sodium alginate beads. 

Immobilization of β-gal enzyme. 
The β-gal enzyme extracted from Str. 

thermophiles as a superior producer was 
immobilized by entrapment method using calcium 
alginate gel. The total activity of native β-gal 
enzyme (before immobilization) and the 
immobilized β-gal enzyme (after immobilization), 
also the β-gal enzyme recovery are illustrated by 
Fig. (1). β-gal enzyme activity was decreased 
after immobilization but the β-gal recovery was 
57.70%. This rate of recovery was almost similar 
to that reported by Shen et al., (2011) who 
recorded β-gal enzyme recovery of 58.6% and 
62.3% immobilized in alginate–gelatin–calcium 
phosphate capsules and alginate capsules, 
respectively.  

Application of immobilized bacterial cells.  
This experiment aimed to investigate the 

production of lactose free milk by immobilized Str. 
thermophilus and L. bulgaricus whole cells using 
batch or fed batch culture and to determine the 
optimal feeding time for maximizing this 
fermentation product. 

1.Production of lactose free milk by 
immobilized bacterial cells using batch 
culture:  

Two batches were conducted using 100 ml 
skim milk inoculated with 5% immobilized 
bacterial cells and incubated at 45°C then were 
samples withdrawn at 1 h intervals to determine 
TRS and lactose hydrolysis efficiency. It is 
obvious that prolonged incubation resulted in 
accumulation of increased quantities of TRS as 

shown by Fig. (2). Maximum TRS levels of 1.99 
and 1.93 g/100 ml were achieved after 6 h 
incubation for immobilized Str. thermophilus and 
L. bulgaricus whole cells, respectively. After that, 
there is no increment in TRS production. 
Therefore the second part of this experiment 
concerned with production of lactose free milk 
using fed-batch fermentation with feeding time of 
6 h. In this context, Batsalova et al., (1987) 
reported that lactose hydrolysis of 75% was 
obtained in 5-6 h using fungal β-galactosidase 
(Miles Chemie) immobilized in polyvinyl alcohol 
gel.  

 
 
 
 
 
 

 
 
 
 
 
 
 

 
Figure. 1. Activity recovery of immobilized β-
gal from Str. thermophilus and L. bulgaricus 

using barium alginate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure. 2. TRS content and LHE as affected by 
fermentation time using immobilized Str. 
thermophilus and L.bulgaricus cells in batch 
culture. (Initial lactose concentration=3.8 g/100 
ml). LSD 0.05=0.696, CV=1.22 % for Efficiency; 
LSD 0.05=0.0531, CV= 1.99% for RS 
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2.Production of lactose free milk by 
immobilized bacterial cells using semi-
continuous technique:  

Fed-batch technique was used to produce 
lactose free milk by the immobilized Str. 
thermophilus or L. bulgaricus whole cells. 
Different inocula sizes and a feeding period of 6 h 
were applied to define the proper feeding period 
at which the maximum lactose hydrolysis by 
immobilized bacterial cells could be achieved. In 
general, L. bulgaricus and Str. thermophilus 
exhibited gradual increase in lactose hydrolysis 
efficiency (%) with increasing the inocula size 
from 2 to 10%. At all inocula sizes, lactose 
hydrolysis efficiency increased with time reaching 
a peak at a feeding period varied according to the 
bacterial species. Further feeding reduced the 
efficiency to its minimal after the 10th feeding 
period. Low inoculum size (2%) of immobilized L. 
bulgaricus (Fig. 3) and Str. thermophilus cells 
improved lactose hydrolysis efficiency to reach 
63.41% after the 3rd period and 64.21 % after the 
5th period, respectively. Also, increasing the 
inocula size to 5%, the maxima lactose hydrolysis 
efficiency was increased to 80.53 % after the 4th 
feeding and 77.11 % after the 6th period, 
respectively. The maximum inocula size of 10% 
promoted lactose hydrolysis efficiency by 
immobilized L. bulgaricus and Str. thermophilus 
cells to reach their maxima of 85.26 % and 79.74 
% after the 5th and the 6thh, respectively. Almost a 
similar efficiency (87.2%) was previously recorded 
by Panesar et al., (2011). In this regard, alginate 
entrapped permeabilized K. marxianus cells were 
used for hydrolysis of milk lactose in a continuous 
system. The maximum production of  TRS was 
obtained using 10% inoculum size which was 3.24 
g/100 ml with 85.26 % LHE immobilized L. 
bulgaricus cells (Fig. 3) and 3.03 g/100 ml with 
79.74 % LHE for immobilized Str. thermophilus 
cells. Proportional increases in TRS amounts 
were recorded up to the 3rd, 4th and 5th periods 
after immobilized L. bulgaricus cells inoculated 
with 2.0, 5.0 and 10% respectively, thereafter the 
levels decreased gradually. Contradictory to 
immobilized L. bulgaricus cells, the behavior of 
immobilized Str. thermophilus cells was 
completely different in case of the suitable feeding 
period which produces the highest level of  TRS. 
In this respect, batches inoculated with 10% were 
the superior (6th period) followed by 5 and 2% (5th 
period). In a previous report, L. bulgaricus, E. coli, 
and Kluyveromyces (Saccharomyces lactis) cells 
immobilized on polyacrylamide gel beads retained 
27 to 61% of the β-gal activity of intact cells. 

These immobilized microbial cells, when 
introduced into skim milk, demonstrated high 
activity for converting lactose to monosaccharides 
(Ohmiya et al., 1977). They found that glucose 
inhibited noncompetitively the activity of three 
species of immobilized microbial cells.  

Application of immobilized β-gal using 
continuous technique  

1. Production of lactose free milk: 
Hydrolysis of milk lactose to glucose and 

galactose to produce lactose free milk by 
immobilized β-gal enzyme was examined in a 
continuous process at different flow rates (Fig. 4). 
It could be noted that the maximum TRS 
concentration (3.53 g/100 ml) and the highest 
LHE (92.89 %) were obtained by immobilized β-
gal enzyme during fermentation at a minimum 
flow rate of 0.1 ml/min. Increasing flow rate 
resulted in decreasing both TRS content and LHE 
(%) until the end of fermentation period. At (Table 
.1) the highest flow rate (5 ml/min), the maximum 
concentration of TRS (0.91 g/100 ml) which 
obtained during the first 46 h of fermentation 
gradually decreased to 0.26 g/ 100 ml during the 
last 6.30 h of fermentation period. Moreover, 
using high flow rate caused a decrease in the 
stability of the immobilized β-gal enzyme. This can 
be explained as the TRS formation was stable 
during the 96 h of fermentation at the low flow 
rates (0.1 and 0.25 ml/min). While at higher flow 
rates of 0.5 and 5.0 ml/min, stability of TRS 
formation reduced to 83 and 46 h, respectively. 
Therefore, the average LHE reduced from 92.89 
% at 0.1 flow rate to 15.89 at the flow rate of 5.0 
ml/min. Several authors used immobilized β-gal 
extracted from different microbiota to produce 
lactose free milk. In this context, the immobilized 
β-gal from A. niger displayed 70% hydrolysis in 
skim milk at 40◦C, with a space time of 10 min 
(Bakken et al., 1990).The immobilized β-gal from 
K. lactis onto CPC-silica and agarose displayed 
90% lactose conversion in packed bed mini-
reactors (Giacomini et al., 1998). β-gal entrapped 
in a copolymer gel of N-isopropylacrylamide and 
acrylamide was effective in hydrolysis of lactose 
for production of low lactose milk (Miezeliene et 
al., 2000). Roy and Gupta (2003) reported that, 
the Lactozym (a commercially available enzyme 
preparation of β-gal obtained from K. fragilis) 
immobilized on cellulose beads has been used for 
the hydrolysis of milk lactose (60% conversion) in 
5 h and the immobilized enzyme could be reused 
three times without any change in the 



Ibrahim et al.,                                                                                                      Lactose hydrolysis by bioagents 

 

                                                Bioscience Research, 2018 volume 15(3): 2218-2227                                       2223 

 

performance of the fluidized bed reactor.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure. 3. LHE and TRS formation of skimmed milk as affected by inoculum size of immobilized L. 
bulgaricus and Str. thermophilus in a fed-batch culture process (feeding time=6 hours). Initial 
lactose concentration= 3.8 g/100 ml, CV = 1.00 %, LSD 0.05 = 0.0337 for RS; CV = 0.52 %, LSD 0.05 = 
0.436 for Efficiency.     
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Table 1. TRS content and LHE of skim milk treated with immobilized β-gal with different flow rates 

in a continuous technique. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Initial Lactose concentration =3.8 g/100 ml, FR= Flow rate and FT= Fermentation Time RS, LSD 0.05=0.0164, 
CV=0.35% Efficiency, LSD 0.05=0.3149, CV=0.31%.   

K. lactis β-gal was covalently immobilized 
onto a polysiloxane-polyvinyl alcohol magnet, 
using glutaraldehyde as activating agent that 
presented a higher operational and thermal 
stability than the soluble enzyme; so this 
immobilized β-galactosidase was also effectively 
used for the hydrolysis of lactose from milk (Neri 
et al., 2008). Ansari and Husain (2010) 
immobilized A. oryzae β-gal on an inexpensive 
bioaffinity support, and concanavalin A-cellulose 
and used for the continuous hydrolysis of lactose 
from milk and whey. Although, a packed bed 
reactor together with alginate entrapped 

permeabilized cells (K. marxianus) has been used 
for hydrolysis of milk lactose in a continuous 
system, which resulted in 87.2% hydrolysis of milk 
lactose (Panesar et al., 2011). 
 
2.Saccharification of permeate lactose: 
Hydrolysis of whey lactose to glucose and 
galactose by immobilized β-gal comes as an 
alternative to enlarge the possibilities of 
commercial use of this feedstock. To be applied at 
industrial scale, the process should be performed 
continuously. Therefore, the hydrolysis of 
permeate lactose by immobilized β-gal enzyme 

FR (ml/min) FT 
(h.) 

TRS (g/100ml) LHE 
(%) 

0.10 96.00 3.53 92.89 

0.25 96.00 3.03 79.74 

0.50 83.30 2.48 65.26 

 2.15 2.36 62.11 

 5.15 2.26 59.47 

 5.00 2.16 56.84 

5.0 46.00 0.91 23.95 

 1.30 0.86 22.63 

 6.30 0.76 20.00 

 7.30 0.66 17.37 

 10.30 0.56 14.74 

 8.00 0.46 12.11 

 9.30 0.36 9.47 

 6.30 0.26 6.84 

Figure. 4. TRS content and lactose hydrolysis efficiency of skim 
milk treated with immobilized β-gal enzyme with different flow rates 

in a continuous technique. 
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feeding continuously at a flow rate of 0.25 ml/min 
was examined. The maximum degree of both TRS 
content and LHE (2.71 g/100 ml and 73.05%, 
respectively) were achieved during the first 78.3 h 
of reactor operation as given in Table (2).  
 
Table 2. Scarification of whey by immobilized 

β- gal using continuous technique 
Time (h.) TRS (g/100ml) LHE (%) 

78.3 2.71 73.05 

4 2.68 72.24 

4.3 2.66 71.7 

6.3 2.63 70.89 

2.3 2.61 70.35 

Initial Lactose =3.71, flow rate=0.25 ml/min and mean= 
71.65% RS, LSD 0.05= 0.01883, CV= 0.21% Efficiency, LSD 0.05 
= 0.0842, CV= 0.06%. 
 

The reactor operated for 96 h decaying 3.7% 
of the β-gal activity. Lactose hydrolysis efficiency 
gradually decreased up to 70.35% (the mean of 
hydrolysis efficiency was 71.65%) which indicates 
high stability of the reactor. In this regard, Mariotti 
et al., (2008) hydrolyzed whey lactose by 
immobilized β–gal from A. oryzae. Annually, 110 
million metric tons of whey was produced 
worldwide through cheese manufacture (Briczinski 
and Robberts, 2002). In Egypt the amount of 
whey produced in 2000 was 1,452,500 metric tons 
(Zhang et al., 2003).It has been estimated that, 
annually as much as 37 million kg of whey are 
produced in the USA and Canada (Ghaly and 
Kamal, 2004) and it is a huge waste disposal 
problem (Revillion et al., 2003). Lactose use in 
nutritious products is limited because of low 
solubility, low sweetener power and laxative 
effect, if consumed in high concentration (Ferreira 
et al., 2003). The fungal β-gal enzyme 
immobilized on hydrogels was used for whey 
hydrolysis and 70%–75% hydrolysis was achieved 
within 7 h (Kozhucharova et al., 1990).The 
immobilized β-gal from A. oryzae in a packed bed 
reactor displayed 80% of lactose hydrolysis in 
whey (Plainer et al., 1984) whereas the 
immobilized β-gal from Saccharomyces fragilis 
resulted in a hydrolytic rate of 50% within 3 h in a 
recycling packed bed reactor (Gonz´alez Siso and 
Su´arez Doval, 1994). Lactose saccharification of 
86%–90% in whey permeate was achieved both 
in batch process and in a recycling packed-bed 
bioreactor. K. lactis β-gal immobilized onto 
graphite surface and glutaraldehyde has been 
used as the cross-linking reagent (Zhou and 
Chen, 2001). Roy and Gupta (2003) reported that 
the lactozym immobilized on cellulose beads has 
been used for the hydrolysis of whey lactose 

(>90% conversion) in 5 h and the immobilized 
enzyme could be reused three times without any 
change in the performance of the fluidized bed 
reactor. 

CONCLUSION 
We examine lactose free skim milk production 

using batch, semi-continuous and continuous 
techniques using immobilized intact LAB cells or 
their β-gal.  
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