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ABSTRACT

Beta-galactosidase (-D-galactoside galactohydrolyse; E.C. 3.2.1.23), in other words lactase, is a commercially
important enzyme that catalyzes the hydrolysis of lactose into its constituent monosaccharides glucose and
galactose. It is widely distributed in nature, found in numerous plants, animals and microorganisms including
veast, fungi and bacteria. Hence, the study was designed to isolate, identify, optimization of production
conditions for maximal production of p-galactosidase, extraction and partial purification of the enzyme. The
proximate composition of the dairy effluent were determined using AOAC methods and it revealed; moisture
(80%), ash (0.160%,), crude fat (5.57%), crude protein (0.88%) and Carbohydrate (13.21%). The isolated yeast
strains were found to metabolize and ferment various mono and disaccharides which includes glucose, maltose,
lactose, sucrose, and raffinose. Analytical Profile Index kit (API) was further used to confirm the yeast isolates
Candida tropicalis. The activity of the enzyme was higher after 48 hrs fermentation period (0.089U/mL) during
optimization. The enzyme displayed maximal activity around neutral pH of 6.0 (0.075U/mL) and at the
temperature of 30°C (0.076U/mL). The Beta galactosidase was partially purified through Ammonium sulphate
precipitation (75% saturation), Gel filtration and Ion exchange chromatography. The yield obtained after
purification was (89.1%) with purification fold of (1.14) and specific activity of (0.224U/mg). Therefore, dairy
effluent could serve as a cheap and efficient substrate for large scale production of Beta-galactosidase.
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INTRODUCTION

Enzymes are the most essential bio molecules obtained from different microbial sources such as bacteria and
fungi for human needs (Najish et al., 2016). They control and speed up the chemical reactions that’s take place
inside the living organism. Enzymes are used to make foodstuffs, pre- digest some baby foods, extract fruit
juices, in biological detergent and as in biosensors (Mozumder ef al.,2012). Currently the field of biotechnology
is developing new applications for enzymes.

Beta-galactosidase also known as Beta-gal, is an extracellular and hydrolytic enzyme that catalyses the
breakdown of lactose (disaccharide in milk) into galactose and glucose which are monosacharides. B-
galactosidase is also involved in transglycosylation reaction. B-galactosidase is widely distributed in animals,
plants and numerous microorganisms such as, bacteria, fungi, archaea and yeast (Najish er al., 2016). -
galactosidase has two main uses; the production of galactosylated products and the lactose removal from milk
products for lactose intolerant people.

Beta-galactosidases are commercially produced from yeast such as Kluyveromyces lactis and Kluyveromyces
marxianus, and moulds such as Aspergillus niger and Aspergillus oryzae (Kumari et al.,2011). Bacterial species
such as Bacillus coagulans, Bacillus circulans, Escherichia coli, Lactobacillus bulgaricus, Lactobacillus
thermophile also produce B galactosidase (Mozumder et al., 2012). It is important to select microorganism
which produce B galactosidase with high catalytic efficiency (Mlichov and Rosenberg 2006). The lactose
reduced ingredients in the food and dairy products are commercially produced for lactose intolerant persons
(Rajakala and Selvi, 2006). Microorganisms offer various advantages over other available sources such as ease
of handling, higher multiplication rate, high activities of the enzyme, good stability and high production yield.
As a result of commercial interest in  galactosidase, a large number of microorganisms have been assessed as
potential sources of this enzyme (Rajakala and Selvi, 2006).

The -galactosidase assay is used frequently in genetics, molecular biology and other life sciences(Krivtsov and
Armstrong, 2007).The enzyme also has many industrial and medicinal applications like cleavage of blood group
A and B glycotopes, biosensors for lactose determination and enzymatic hydrolysis of lactose (Asraf and
Gunasekaran, 2010). Beta-galactosidase (EC 3.3.1.23) is one of the most important enzymes used in the food
industry, which offers nutritional, technological and environmental applications (Torres ef al., 2010). Hydrolytic
activity of this enzyme is important for applications in the food industry in reducing the lactose content in milk,
and increases the solubility and sweetness in dairy products (Otieno, 2010). Beta-galactosidase is used in such
dairy products as yoghurt, sour cream, and some cheeses which are treated with the enzyme to break down any
lactose before human consumption.
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Collection of Sample

The dairy effluent was collected from the Processing Unit of the Dairy Research Programme of National Animal
Production Research Institute (NAPRI) Shika, Ahmadu Bello University, Zaria. The effluent sample was
collected in clean Jerrycan and transported immediately to Department of Microbiology, Ahmadu Bello
University Zaria. The sample was stored in the refrigerator for further analyses.

Proximate analysis of the Sterilized Dairy Effluent

The raw dairy effluent was filtered using a muslin cloth. Sterilization of the filtered dairy effluent was carried out
by autoclaving at 121°C for 15min. The proximate composition of the sterilized dairy effluent determined
includes moisture content, ash content, crude fat, crude protein and carbohydrate content as described by
Association of Official Analytical Chemists (AOAC,2010). Analyses were carried out in duplicates.

Isolation and characterization of Yeast

Yeast were isolated, characterized using the method of (Nizamuddin et al, 2008). The Analytical Profile Index
kit was used to further confirm the isolates. The kit was used according to the manufacturer's guideline.
Production of Beta-galactosidase under Submerged Fermentation using Dairy Effluent as Substrate
Inoculum preparation

The selected isolate was sub cultured on Sabarauds Dextrose Agar (SDA) slants and incubated at room
temperature for 5days. The grown yeast was diluted to concentration of 3.0 x 108 cells per ml (McFaland
turbidity standard) scale No.2. This was used as inoculum for the fermentation experiment (Antoine et al., 2015).
Production of beta-galactosidase

Sterile dairy effluent was used as production medium. Using a sterile syringe, 2.5mL of the inoculum was
aseptically inoculated into 500mL Erlenmeyer flask containing 250mL of the sterile production medium i.e.
sterile dairy effluent. The broth was incubated at room temperature for 7days (Akinola et al., 2012). After
incubation period, the broth was filtered through a double layered muslin cloth and the filtrate was centrifuged at
10,000 rpm for 10minutes at 4°C. The supernatant was separated from the pellet using a clean Pasteur pipette
into clean test tubes. The solution was then tested for beta-galactosidase activity (Murugan, 2013).
Determination of the effect physico-chemical parameter on Beta galactosidase production

The effect of Temperature at (25, 30, 35 and 40°C for 7days), Incubation time (at optimum temperature 30°C for
7days.) and pH (pH 5, 6, 7 and 8, and incubated at optimum temperature 30°C and incubation time 48hrs)) were
determined.

Partial purification of crude Beta galactosidase

The Beta-galactosidase produced was purified using Ammonium sulphate precipitation.(Seidman and Moore
2005), Gel filtration chromatography (Maria et al., 2006) and Ion exchange chromatography was carried out
using Diethylaminoethyl (DEAE) as ion exchange resin (Somyos and Phimchanok, 2009).

RESULT AND DISCUSSION

Proximate composition of Treated Dairy Effluent

The color of the dairy effluent after autoclaving was observed to be white. The proximate composition of the
treated dairy effluent revealed the moisture content of 2.71%, while the ash content 0.35%. The lipid content was
1.4% while the protein and carbohydrate contents were 2.24% and 0.30% respectively (Table 1).

Table 1: Proximate Composition of Raw Dairy Effluent

Parameter Composition (%)
Moisture 80.0

Ash 0.160
Crude Fat 5.75
Crude Protein 0.88
Carbohydrate 13.21

Isolation and Characterization of Yeast Isolates from Dairy Effluents

A total of eight (8) yeasts were isolated from the raw dairy effluent. All Yeast isolates were obtained in pure
cultures. The results of the macroscopic (cultural) and microscopic examination confirmed the isolates to be
yeast. All the isolates were smooth, round, creamy and spherical in shape. The isolates were further confirmed
using Analytical Profile Index kit to be; Candida tropicalis.
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Fig 1: Effect of incubation time on Betagalactosidase production by Candida tropicalis
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Fig 2: Effect of incubation temperature on Betagalactosidase production by Candida tropicalis
0.09
0.08
0.07 -
0.06 -

0.05 -
0.04 -
. ACTIVITY

0.02

Beta galactosidase activity
(U/mg/ml/min)

0.01

0 T T T 1

pH

Fig. 3: Effect of initial pH on Betagalactosidase production by Candida tropicalis
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Partial purification of f-Galactosidase produced by C.tropicalis

Purification Total Total Specific Purification Yield (%)
Steps activity(U/mL) protein(mg) activity(U/mg) fold
Crude beta- 5.612 28.54 0.197 1 100
galactosidase
Ammonium sulphate 5.270 25.50 0.207 1.05 93.9
precipitation (75%)
Gel filtration 5.020 23.40 0.215 1.09 89.5
Chromatography
Ion exchange 5.001 22.37 0.224 1.14 89.1
Chromatography
DISCUSSION

The result of the proximate composition reveals the moisture content of the dairy effluent to be 80.0%. This
could be attributed to high amount of water used in washing the equipment in the dairy industries. The ash
content was found to be 0.160%, which is an indication that the mineral content of the effluent is low. This could
be attributed to the fact that less than 2% of total milk processed is wasted into drains (Munavalli and Saler,
2009). Hence, the mineral content from the less than 2% lost will be significantly low. The crude fat and crude
protein was recorded as 5.75% and 0.88% respectively. The low fat and protein may be due to lipase and
protease enzymes respectively present in detergents used to wash residual milk or milk products from the basins
and other utensils. Carbohydrate was found to be 13.21%. This could be attributed to lack of accumulation of
residual milk from the wastewater introduced into the drains (effluent was freshly collected). The major
carbohydrate found in milk is lactose (Mahoney, 2005).A consequence of the presence of lactose in this amount
is that the sterile dairy effluent could be a potential source of substrate for production of beta-galactosidase. This
result agrees with studies carried out by Anvari and Khayati (2011) in Iran and Kaur ef al., (2015) in India.
Anvari and Khayati (2011) reported lactose content of 4.9%, 0.9% protein content and 0.05% fat content. Kaur
et al., (2015) reported lactose content 5.00%, 0.48% protein content, 0.18% fat content and trace amount of
mineral content in whey. This finding disagrees with the work of Victor et al., (2014) who reported 425g/L
carbohydrate content, 7% protein content and 3.79% ash. This could be due to the difference in the nature of the
sample analyzed or difference in methodology used.

The activity (0.101U/mL) of enzyme produced by C. tropicalis shows that the organism could utilized dairy
effluent as substrate to produced beta-galactosidase. A consequence of this finding is that the sterile dairy
effluent has a potential to be used as an alternative substrate for production of this enzymes with possible need
for supplementation. This agreed with the work of Panaser et al. (2016) who got similar range of beta-
galactosidase activity (0.022-2.14U/mL) produced by the variety of fungi isolated from various food and agro-
industrial wastes using lactose broth as production media. This disagreed with the work of Vishwanataha et al.
(2012) who found extracellular and intracellular betagalactosidase activities of 2250IU and 24771IU respectively
from Rhizopurs stolanifera strain incubated with 2% lactose for 18hours. This disagreement could be due to the
methodology, organism or substrate used for the enzyme production.

Under optimized incubation period yeasts produce higher amount of enzyme. As per Fig. 1 maximum enzyme
activity of 0.089U/mL was observed after 48 hrs of incubation during fermentation. Betagalactosidase
production decrease with an increasing time. This is due to decrease in metabolic activities of yeast cells from
stationary to lag growth phase (decline phase) which may be caused by depletion of nutrient in the culture
medium. Rech and Ayub (2007) attributed this to reduction to oxygen limitation caused by high oxidative
metabolism of yeast

The maximum enzyme activity of 0.075U/mL was observed at pH 6.0. Above this value (6.0), the microbial
growth and beta-galactosidase production are reduced. In this case, the pH of the medium affects generally RNA
and protein synthesis, the functions of enzymes and the of nutrient in to the cell (Gupte and Nair, 2010). This
agrees with the work of Manjusha and Khushbu (2015) who also reported pH 6.0 while producing beta-
galactosidase from yeast spp.

Ammonium sulphate precipitation method for enzyme saturation was carried out at 35-75% for precipitation of
crude enzyme. The result shows that at 75% of saturation with ammonium sulphate precipitated the enzyme
under optimum condition. The total and specific activities of the partially purified beta galactosidase were
5.001U/mL and 0.224U/mg respectively. Batra et al., (2002) used the same method to purify beta galactosidase
produced by Bacillus species also reported a decrease in the total activity and increase in the specific activity of
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16,723.3U and 1429.3U/mg. This may be due to elimination of impurities and removal of unwanted proteins
during the purification steps.

CONCLUSION

The treated dairy effluent was high in moisture and considerably low in ash, carbohydrate, lipid and protein
contents.

The beta galactosidase producing potential of Candida tropicalis was achieved and the optimum cultural
conditions were found to be; temperature of 30°C, initial pH of 6, and incubation time of 48hours.

The purification of C.tropicalis beta-galactosidase gave higher percentage yield of 89.1%, the total protein of
22.37mg, specific activity of 0.224U/mg and higher purification fold of 1.14.
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