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Abstract : In this paper lactic acid bacteria were isolated from sheep milk, yoghurt, human
milk, pasteurized milk and labneh . The isolate bacterial cells were purified , identified and
screened to determine their capability for their production of B-galactosidase. Lacobacillus
acidophilus RK was the best producer.

In a trial to optimize the cultural conditions for maximum a-galactosidase production,
different carbon source (glucose was the most suitable carbon source for both intracellular
and extracellular enzyme production), acidifying activity (from 0.4 to 0.8). Compare the
enzyme production between using free cells and immobilized cells .the immobilized cells
were achieved higher production (1.901 U/ml) compared to the enzyme production by free
cells (1.192 U/ml) . Studying the physiological and biochemical parameters that increase the
production of a-galactosidase by the immobilized organism , 48h. was the best incubation
period for both intracellular and extracellular enzymes respectively (1.724 , 1.562 Unit/ml) .
The maximum production for the intera crude enzyme obtained from bacterial cells was at pH
4.8 (1.792 U/ml) , the incubation temperature at 40°C was the most suitable temperature for
the production of both intra and extra-cellular a-galactosidase production from immobilized
cell of lactobacillus acidophilus RK. (1.886 and 1.271 U/ml).

Key wards: [solation, Lactic acid bacteria, 16S rDNA and a-D-galactosidase.

I-Introduction

Lactase (a-D-galactohydrolase) is widely distributed in microorganisms, plants, and animals. It is
hydrolyzes the terminal nonreducing &-D-galactoside residues from a-galactosides to a simple monosaccharides
glucose and galactose. It has been exploited extensively in the food industries and widely used in the
pharmaceutical industry to prevent problems of lactose intolerance by individuals who are lactase deficient.

The lactose- hydrolyzing enzyme, a-galactosidase (&-D-galactosidegalacto hydrolase, trivially lactase)
has long been accepted as an important enzyme for dairy industry. It catalyses hydrolysis of lactose, the milk
sugar into glucose and galactose and in some cases a-galactosidase is able to catalyze transglycosylation
reactions. In dairy industry a-galactosidase has been used to prevent crystallization of lactose, improve
sweetness, and increase the solubility of the milk product.

Lactic acid bacteria (LAB) that used as starters for production of dairy products are the main factors of
fermentation and protection of fermentative foods and also have a significant role in texture and flavour of food
1
products'.
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As it is well known, lactic acid bacteria (LAB) play a significant role in the food fermentation
processes’. They are very useful in the food industry owing to their availability to acidify and therefore preserve
foods from spoilage.Lactic acid bacteria constitute a various group of microorganisms associated with plants
(cabbage, corn, barley, mashes, kale, and silage), meat, and dairy products3.

Bacterial B-galactosidases are characterized by neutral pH optima as well and they are diverse in
their optimum temperature with variation between bacteria and cells even between strains of same bacteria®”.

In this study, different species of lactic acid bacteria were isolated and screened to determine their
capability for their production and immobilized cells,study the physiological and biochemical parameters that
increase the production of B-galactosidase by the immobilized organism.

Materials and Methods
2.1. Sample collection

Samples were taken from the normal habitats of lactic acid bacteria including sheep milk, human
breast milk, animal milk, pasteurized milk, yoghurt and also from labanah.

2.2. Isolation and purification of the bacterial isolates

1 gm of all the collective samples diluted and stirred into 100 ml of sterile water for Smin in a 250-ml
Erlenmeyer flasks and the suspension was allowed to stand for 30 min. Serial dilutions from each sample were
prepared. From the appropariate dilution of each sample, 1 ml was spread on MRS agar medium. The plates
were in(éubated at 30°C for 24 -72 h. The developed colonies were purified and preserved using MRS agar
medium’.

2.3. Screening of all bacterial isolates for B-galactosidase production

All the isolated and purified bacteria were screened for B-galactosidase using MRS agar plates
supplemented with 60 pL of 2% X-gal and 2 ml of 2 mM oNPG , 100 pl of appropriate dilutions were
inoculated and spreaded over the entire surface of the plates. The plates were incubated in an inverted position
for 24 h at 37°C. After incubation, the plates were removed from the incubator and stored at 4°C

2.4. Cultivation of bacteria producing p-galactosidase in liquid media

A 2 stages submerged cultivation was carried out in 250-ml Erlenmeyer flasks contining 50 ml of MRS
liquid media (1% peptone, 1% meat Extracts, 0.8% Yeast extracts, 0.4% K2HPO4 ,D (+)glucose 2% , tween 80,
0,01%, sodium acetate,01%, di-ammonium citrate, 0.05, MgS04.7H20 ,0.2% , MnSO4.4H20 ,0.02% , Initial
pH, 6.2) in a shaker (120 rpm) at 37 for 24 h. About 2ml of the preculture (3x10° CFU/ml) was transferred to
45ml of the same liquid media at pH 6.2. After 48 h samples were taken for determination of bacterial growth
at (A4 nm) and B-galactosidase activity in both filterate and cells”.

2.5. Immobilization cell of the selected isolate

A 3% sodium alginate solution was prepared, autoclaved, 3 ml of the bacterial cells were then added
to the sterile alginate and mix throughly.The previously prepared alginate cell suspension mixture was dripped
into stirred 2% CacCl, solution (w/v). The calcium alginate beads were cured by stirring CaCl, for further 2 h. at
room temperature, and then transferred to the refrigerator at 5°C overnight in order to increase their stability.
The beads were then collected and washed thoroughly using sterile 0.5% NaCl solution (w/v). The beads were
transferred to 50 ml of the production (MRS) for further investigation '.

2.6. Enzyme assay

An assay of B-galactosidases activity was carried out using o-nitrophenylgalactopyranoside (oNPG).
One unit of enzyme activity was defined as the enzyme quantity that liberated 1 pmol of o-nitrophenol per
minute under the assay conditions.
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2.7. Characterization of the selected isolate to genus level

The selected LAB isolate as the best producing organism was characterized and identified.
Morphological studies were conducted after growth on MRS agar using light and electron microscopy.

2.8.Phylogenetic analysis using 16S rDNA sequence

Genomic DNA from the selected isolate was obtained using the QIA amp DNA Mini Kit (8). The 16S
rDNA gene was amplified by PCR using the forward primer 5-AGTTTGATCATGGTCAG-3' and the
reverse primer 5'-GGTTACCTTGTTACGACT-3". The DNA sequence was compared to the Gen Bank
database at the National Center for Biotechnology Information (NCBI) using the BLAST program.

2.9. Optimization of B-galactosidase production process

The effect of different parametrs on extra and intracellular B-galactosidase production by the selected
bacterium KH2 were determined. Optimization studies were selected based on maximum [-galactosidase
production. Five different carbon sources (galactose, glucose, fructose, lactose and sucrose) were tested at
concentration of 20 g/L for higher -galactosidase production. Acidification was measured by the change in pH
(A pH) during incubation time for the selected isolate Lactobacillus acidophilus RK cultivated on MRS broth.
In a trial to increase the production of B-galactosidase by Lactobacillus acidophilus RK , different carbon
sources were used , the cell were immobilized by entrapping the cells of Lactobacillus acidophilus RK in
calcium alginate gel .

The effect of incubation period (12, 24, 36, 48, 60 and 72 hours) , different intial pHs (3.6, 4.0, 4.8, 5.4,
6.0,6.2,7.2,7.6, 8, 8.6 and 9 ), different temperatures (20, 25, 30, 35, 37,40, 45 and 50°C), were determined.

2.10. Statistical analysis

The means of variable and standard deviation were recorded. Data were subjected to statistical
analysis using SPSS16, and the difference between mean values as determined by Student,s t-test were P< 0.05
considered significant.

3.Results and Discussion

Enzymes serve a wide variety of functions inside living organisms. Lactase also known as - (abundant
disaccharide found in milk) to glucose and galactose, has galactosidase is an enzyme that hydrolyzes lactose a
potential importance in the dairy industry . The nutritional value of lactose is limited due to the fact that a large
portion such as 50% of world’s inhabitants lacks this enzyme and cannot utilize lactose therefore developing
lactose maldigestion or intolerance. This however creates a potential market for the application of f-
galactosidase. The current share of food enzymes is 863 million dollar in the year 2009, increasing the demand
for the discovery of new species, producing enzymes such as (-galactosidase with novel characteristics,which
will be of great value to the enzyme industry for different applications. The p-galactosidase enzyme is
industrially important because it can be used to avoid lactose crystallization in sweetened, condensed and frozen
dairy products. It is also used to avoid the lactose intolerance in individuals who are deficient in lactase *°. On
the other hand, researches on lactic acid bacteria has developed greatly in recent years. It is assuming
importance in many diverse areas such as biotechnology, nutrition, health, and food safety.

Although [-galactosidase (lactase) has been found in numerous biological systems, microorganisms
such as yeasts, mold and bacteria still remain the only sources for commercial. In recent years, thermophilic
lactic acid bacteria (LAB) have gained great interest because of their GRAS status (generally regarded as safe)
' The B- galactosidase of these cultures has been characterized, showing high stability and activity >

The bacterial isolates used from different sources of milk and its derivatives collected from different
places. Twenty bacterial isolates were obtained from the normal habitats of lactic acid bacteria on MRS agar
medium. All isolates were screened on MRS agar supplemented with 2% X-gal for the production of -
galactosidase. 30% of the screened bacteria were B-galactosidase producer. Some of them produced dark green
colonies after 24 h incubation (high enzymatic activity) and others had delay (slow) enzymatic activity after 2 -
4 days of incubation. For all strains, there was a positive correlation between growth and [(-galactosidase
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activity. It was observed that, maximum total of B-galactosidase activity corresponds to the early stationary
phase of the six isolates (Figure 1).

Figure 1- B-galactosidase production byvarious bacteria cultivated on agar plates containing 2% of X-
gal

All B-galactosidase producing bacteria were grown in MRS broth for the quantitative determination of
B-galactosidase in both supernatant as well as the intracellular fluid. In this study, X-gal and oNPG were used as
substrate for detecting p-galactosidase activity qualitatively. Similar technique was used by Kumar '' and
Gheytanchi '. On the other hand, Vishwanataha '* used silica gel thin layer chromatography.

In terms of final cell concentration and as well as production B-galactosidase KH2 isolated from the
sheep milk was the most active extracellular producer (Tableland 2). The extracellular enzyme ranged from
0.98 to 1.58U /ml, whereas the intracellular -galactosidase ranged from 0.61 to 1.33 U /ml. The isolate Z2b
had high growth ,however it was weak producer of B-galactosidase.
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Table -1: Screening of the isolated bacteria for -galactosidase production

Organisms a-galactosidase production
24 hours 48 hours 72 hours
Z2 - ve -ve -ve
Z2b - ve + ve + ve
73 - ve - ve - ve
74 - ve - ve - ve
7Z5 ++ ++ ve ++ ve
ve
B1 - ve - ve - ve
B, -ve +ve +ve
B3 - ve - ve - ve
K1 - ve +ve ++ve
KH2 AFF ++ ve +++ ve
ve
K3 ++ +++ ve +++ ve
ve
L1 -ve -ve -ve
L2 - ve - ve - ve
W4 - ve -ve -ve
W2 -ve -ve -ve
W1 SRR +++ ve +++ ve
ve
W3 - ve - ve - ve
W5 - ve - ve - ve
W6 - ve - ve - ve
W7 - ve - ve - ve

222
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Table -2: The morphological and microscopically characteristics of LAB, recovered from human breast

milk, sheep milk, yoghurt, pasteurized milk

223

Isolate Colony characters Gram
Samples — ‘ Shape Color Cell shape .
W1 Round, smooth, raised White Short rod +
W2 Round, smooth, flat White brilliant Short rod A
W3 Round, smooth, raised White Short rod +
Yellowish .
human W4 Round, smooth, flat white- brilliant Short rod with sheath 4
lr;:;li“ W5 Round, smooth, convex White Short rod +
W6 Round ,smooth, raised White COC.CI AT +
chains
W7 Round, smooth, flat Yel.low1sh Short rod +
white
. Yellowish g
K1 Round, smooth, raised white Short rod with sheath 4
Sheep KH2 Smooth, round, flat Grey-white Large rod +
milk K3 Smooth, round, flat White Large rod A
Z1 Round, rough, flat White Cocci +
72 Round, rough, raised White Cocci in chain A
73 Round, rough, raised White Cocci in chain +
Yoghurt | 74 Round, rough, flat White Cocci +
75 Round, rough, Purple Larg rod
B1 Round, smooth, drop-like | White COC.CI AT +
chains
Pasteuri | B2 Round, smooth, flat White Cocci in chains +
zed milk | B3 Round, smooth, flat White Cocci in chains A
L1 Round, rough, drop-like Purple Short rod +
Labanah | 1, Round rough, drop-like Purple Cocciin pairs +

+: Gram positive.-: Gram negative

Examination of KH2 under light microscope and electron microscope revealed that, the isolate was
bacilli, nonspore forming bacterium, non-motile, and oxidase and catalase negative. The bacterial cell had a rod
shape, It had not either flagella or capsule as shown (Figure 2 a,b). This was in agree with the findings of
Muiioz . The diameter of the bacterial cell was 0.7 to 3-5 pm, the colonies were about 1-2 mm in diameter,
had milky color and elevated. Similarly, Assefa '* isolated some LAB from different habitats using MRS agar
medium and they were either cocci or bacilli and belonged to Gram-positive bacteria.

3
:2

Fig 2b

Fig 2 a,b : Gram stain of the selected isolate KH2 examined light under microscope (x10000).



Allam, RF et al /International Journal of ChemTech Research, 2016,9(10): 218-231. 224

The selected bacterial isolate was characterized by physiological properties showed in Tables 3and 4
,showed that the isolates KH2 could grow at temperature range of 20 - 45°C.. It can tolerate NaCl up to 5%. The
KH2 organism produced NH3 from arginine and produced acid and gas from sugar. It was homofermentative
microbe. Similarly the lactic acid bacteria obtained by Cullimore ' it grew at temperatures range from 20°C to
45°C. The selected isolate can utilize galactose, glucose, fructose, mannitol, lactose and sucrose. Colinas 16
found similar temperature.

Table 3- .Some physiological and biochemical tests of KH2 isolate

Physiological and biochemical tests Result

Gram stain Gram+ve
Spore forming -
Motility test =
Oxidase -
Catalase -
Hemolysis -
Starch hydrolysis +
Lactic acid formation +
Temperature range 20-45
Minimum temperature 20
Maximum temperature 45
NaCl 0.5-5%
NH; from arginine +
Acid and gas from glucose +
Glucose fermentation 4
Type of fermentation Homofermentative
+: Present, - : Absent
Table 4- Biochemical characters of the selected isolate KH2
Tests Substrate degradation Results
ONPG ONPG +
ADH Araginine +
LDC Lysine -
OoDC Ornithine -
CIT Citrate -
H,S Na thiosulfate -
URE Urea -
TDA Tryptophan -
VP Na pyruvate -
GEL Gelatin +
INO Inositol -
AMY Amygdalin +
ARA Arabinose -
10).4 Oxidase -
TIAA Indole production -
Amylase production | Amylase -

+: Present,- : Absent

The biochemical characters of the selected isolate KH2 was shown in Table (5). The selected isolate
KH2 was indole and amylase negative. It degraded each of oNPG, araginine, gelatin, amygdalin , urea,
tryptophan, Na pyruvate, inositol, arabinose, oxidase., and it also gave —ve results as indole and amylase
producer. It can utilize each of galactose, glucose, fructose, mannitol, lactose and sucrose. On the other hand, it
could not utilize each of melebiose, raffinose, ribose, rhamnose, sorbitol, xylose, trehalose, and maltose ,
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Table 5- Utilization of different carbon sources by the selected isolate KH2

Carbon source Utilization

Galactose +
Glucose
Fructose
Mannitol
Lactose
Sucrose
Melebiose
Raffinose -
Ribose -
Rhamnose -
Sorbitol -
Xylose -
Trehalose -
+: Utilized - : Not utilized

++|+]+ [+

According to morphological, physiological and biochemical characteristics the isolate KH2 belongs to
the genus Lacobacillus . The identification results were confirmed using 16S rDNA which is considered a
powerful tool for deducing phylogenetic and evolutionary relationships among bacteria, archaebacteria, and
eukaryotic organisms '’. The DNA sequence was compared to the GenBank database at the National Center for
Biotechnology Information (NCBI) using the BLAST program, examined the relevant phylogenetic
relationships via the neighbor-joining method. The isolated bacteria was clustered to a type strain,
Lacobacillus. In addition, the 16S rDNA sequence from strain KH2 evidenced similarities of 97% to that
Lacobacillus acidophilus XMS111 (Figure 3). In accordance to its biochemical properties and hylogenetic
analysis, we concluded that the strain KH2 belongs to Lacobacillus acidophilusRK.

~—200121 | gctobacillus
Lo ] .
— L. parecaleroides XIT
=elo I actobacilliis
000126
TR Lactobacillus brevis
— ] Lactobacillus hammesii
= _ —==19" | acidophilus
Ta10
L © [ acidophilus XMS. 111
_0.00108 Lactobacillus zymae.
0.00174 o .
L. acidifarinae
-
—2—— [ halvard LMO9478
e ——2—— [ actobacillus sp MNOL.
Sx10"

B 10 Lactococcuslactis

0.0z

Figure 3- Phylogenetic tree based on 16S rRNA gene sequences

forward primer 5-AGTTTGATCATGGTCAG-3'
reverse primer 5-GGTTACCTTGTTACGACT-3".
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Figure 4- The selected bacterial isolate KH2 on MRS medium after24hr

Lactose, the main sugar in milk and whey, and its corresponding hydrolase, - galactosidase, have been
the subject of extensive research during the past decade. The enzyme [-galactosidase has been used to
hydrolyze lactose in milk to glucose and galactose '*'* of which benefit for people who are lactose intolerant.
This has led to be many reports studied about the characterization of B-galactosidase enzyme from various
microorganisms, in order to improve processes for dairy product from this enzyme.

The carbon source is one of most factor regulating the p-galactosidase activity by catabolite repression
or inducer exclusion. Most bacterial cells have the capacity to utilize several carbohydrates as carbon and
energy source and posses various transport proteins and catabolic enzymes for the metabolism of the different
carbohydrates ». The results showed in fig. 5- the maximum enzyme production was attained when glucose
was used as a sole carbon source. Many workers found that glucose may enhance or did not have any effect on
enzeme activity and that is in agree with our results *'******, But recently, This was on contorary of the findings
of each Khleifat *°, who stated that, at fixed concentration (0.5%), lactose and galactose acted as inducers while
glucose and other tested carbon sugars showed repression effects on [-galactosidase production in
Enterobacteraerogenes strain, also Carevié *° used lactose as a sole carbon source for p-galactosidase
production using Lactobacillus acidophilus ATCC 4356, while Kumar, '' stated that xylose found to be the
better carbon favoring maximum enzyme production. On other studies Rephali and Saier, >’ declared that the
glucose present in the external medium exert a repressive effect. Hickey ** proposed that addition of glucose
into growth medium containing lactose decreases the p-galactosidase activity. Also, Akcan ** found that xylose
and galactose supported maximum B-galactosidase production.
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Figure S5-Effect of carbon source on enzyme production byfree cell of Lacobacillus acidophilus RK
bacterium
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In consequent studies, immobilized cells (Fig 6a,b ) as well as the optimization of the parameters were
studied in a trial to get the best B-galactosidase activity from the isolated strain. Growth and B-galactosidase
activity varied by, incubation period, immobilization of cells , initial pH, and temperature.

The production of B-galactosidase enzyme using free cells and immobilized cells entrapped in calcium
alginate were used (Figure 6 a ,b) showed the immobilized cells, the results showed in figure 7 indicated that
there is a significant difference in the production of extracellular (1.9945Uml) and intercellular (1.192Uml) B-
galactosidas enzyme between the immobilized cells which achieved high production compared to the enzyme

production by free cells. Accordingly, we continued our study using immobilized cells for the enzyme
production.

(Figure 6 a ,b) Immobilized cell with calcium alginate

]

- 0.2

0.15
l B 0.05
i — 0

KH2 A Free cell KH2 A Immobilzed cell

Oml)

o
[y
s

Enzyme production; Cell &
o FiltFte (unit/mly,

Dry weieght (g/

Selected isolates
M Cells MFiltrate HDryweight

Figure 7- Production of pB-galactosidase by immobilized cell of the selected isolate KH2

In similar results Banerjee *° found that the Immobilized cells retain 68.6% of the B-galactosidase
activity of intact cells and there is no significant loss of activity on storage at 4 °C for 28 days. Russo °' also
declared that the B-alactosidase activity of Kluyveromyces fragilis cells immobilized in a k-carrageenan gel was
studied in a bioreactor functioning under isothermal and non-isothermal conditions. increased in enzyme

activity which proportionaly to the intensity of the temperature gradient applied across the biocatalytic
membrane.

The effect of incubation period on B-galactosaidase production by the immobilized selected isolate
lactobacillus acidophilus RK used to inoculate MRS medium at pH 4.8.The flasks incubated at temperature of
37°C the previous at different incubation periods of 12, 24, 36, 48, 60 and 72 h. Figure (8 ) illustrated that the
B-galactosaidase production increased by increasing the incubation period from 12 up to 48 hours. The B-
galactosaidase production by the selected isolate lactobacillus acidophilus RK increased until it reached
maximum (1.724 , 1.562 U/mL) for both intracellular and extracellular enzymes respectively, after 48 hours of
incubation period. There is a parallel relationship existed between enzyme production and the incubation time
depending on the phase of growth of the organism. Enzymes is an anabolic metabolite produced in late
logarithmic phase of growth or early stationry phase. Lactobacillus acidophilus RK gave amiximum production
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of B-galactosidase enzyme after 48 h. of the incubation period .It gave a higher productivity for both intra and
extra enzyme but this period did not enhance the cell biomass.

This results was in harmony with the results of 23 while our findings did not agree with those of N

where they found that the optimal time for B-galactosidase production was 5 h from Streptococcus
thermophilus cells, isolated from different dairy products.

Table-8-: Effect of different incubation periods on pB-galactosidases production by selected isolate

Incubation Enzyme production = SD Dry weight
period (hours) Cell (Unit/ml) Filtrate (Unit/ml) g/50ml
12 0.803 £+ 0.06 1.019 +0.11 0.031 + 0.04
24 1.520 £0.12 1.324 +0.09 0.124 + 0.05
36 1.601+ 0.09 1.371£ 0.13 0.131+ 0.03
48 1.724 £ 0.14 1.562 £ 0.17 0.213 £+ 0.06
60 1.541+ 0.12 1.44+ 0.12 0.152+ 0.04
72 1.387 £ 0.10 1.226 £ 0.13 0.133 £ 0.02

The It is well known that pH influences the velocity of enzyme-catalyzed reaction therefore, the study
of the stability of enzymes is an important aspect to consider in biotechnological processes, as this can provide
information on the structure of the enzymes and facilitate an economical design of continuous processes in
bioreactors. Deactivation mechanisms can be complex, since the enzymes have highly defined structures, and
the slightest deviation in their native form can affect their specific activity. Better knowledge of enzyme
stability under operating conditions could help optimize the economic profitability of enzymatic processes. The
activity and thermal stability of enzymes is influenced by diverse environmental factors®. In this point of
view, the B-galactosidase enzyme production effect of intial medium pH on the production of f—galactosidase
enzyme and cell biomass are shown in Figure 7. The maximum production for the intera crude enzyme
obtained from bacterial cells was at pH 4.8 (1.792 Uml) while the optimum extracellular enzyme production
and biomass yield was at pH 6.2.

This variation of the optimum pHs between entrapped cells and filtrate may be refered to the protection
effect of calcium alginate for the entrapped cells from the surrounding environment. These findings are in
accordance with several earlier literature studies. ***” showed that the optimum pH for immobilized enzyme
was 4.5 from Bacillus licheniformis E66. Similarly, Riou ** identified optimum pH of 5.0. On the other hand
Kumar '' declared that the optimum pH was 7 for high production of B-galactosidase from Bacillus Sp. MPTK
121, while Calandri *° found that pH 10 was to stapilizar dimensional structure of the enzyme in the support by
multipoint covalent immobilization.

Table 4.12: Effect of pH on production of P -galactosidase by immobilized lactobacillus acidophilus RK cells

pH Enzyme production Dry weight
Cell (Unit/ml) Filtrate (Unit/ml) g/50ml
3.6 0.953 £0.40 0.862 +0.04 0.233+0.12
4.0 1.518+£0.19 0.912 +0.06 0.399 + 0.05
4.8 1.792 +0.11 0.999 + 0.06 0.470+0.14
5.4 1.643 +0.12 1.090 + 0.06 0.670 + 0.04
6.0 1.472 + 0.07 1.180 + 0.04 0.720 £ 0.06
6.2 1.370 £ 0.05 1.230+0.12 0.800 +0.14
7.2 1.299 +0.00 1.059 +0.03 0.600 + 0.06
7.6 1.297 +0.03 1.034 + 0.03 0.510 +0.04
8.0 1.253 £0.07 1.010£0.03 0.450+0.01
8.2 1.153 £ 0.07 0.961 +0.09 0.46 £ 0.09
9.0 1.053 £ 0.07 0.834+0.14 0.330+0.58

For thermal studies effect on production of B-galactosidase ,the immobilized cells of the selected
bacterial isolate lactobacillus acidophilus RK cells was cultured in 50 ml of MRS broth medium and then,
incubated at different temperatures (20,25,30,35,37,40, 45 and 50°C) for 48 hr. Figure 8 indicated that the
incubation temperature at 40°C was the most suitable temperature for the production of both intra and extra-
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cellular B-galactosidase production from immobilized cells of lactobacillus acidophilus RK. The lowest
production was observed at temperature of 20°C. While the temperature of 40°C was the best for the growth of
the organism, on the contrary temperature of 50°C was the worst temperature for biomass . Similar declared
results were in agree with our results. Ramona and Dutta ** reported optimum temperature of 40°C for the
enzyme production from Streptococcus thermophi, Makkar *' reported that optimum temperature of 42°C for f-
galactosidase from Lactobacillus bulgaricus and Brady ** found the optimum between 40°C and 50 °C. Kara.
* showed maximum enzyme activities between 35°C and 40°C, Similar findings of the optimum temperature
of the enzyme activities were reported in several literature studies, Jurado ** found optimum temperature
between 35°C to 40°C for B-galactosidase from Kluyveromyces fragilis, Rao and Dutta * and Alomari *’ found
the optimum temperature from Kluyveromyces lactice was at 37°C. Also, Shukla ** found the best
temperature was 37°C for the microbial production of B-galactosidase by submerged fermentation using dairy
waste from kluyveromyces marxianus
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Figure 8: Effects of temperature on growth and production of - galactosidase by immobilized cell
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