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ABSTRACT

Dairy and fish waste-water effluents are an inseparable part of upcoming modern Cities and villages of every

developing Nation. These effluents have high concentration of soluble proteins and lipids which are below the
threshold levels of chemical and physical methods used for recovery. In view of this, the present study aims to
evaluate the use of immobilized-whole-cells of Haloferax ATCC BAA 645 producing protease and lipase for
treatment of non-saline dairy and saline fish waste effluents. The immobilized cells were placed in saline and non-
saline medium. Immobilized cells placed in the saline medium, simultaneously produce protease and lipase in 12
h reaching a maximum at 72 h whereas, in non-saline medium production starts at 42 h and is optimum at 90 h.
The immobilized cells were also used for successful treatment of dairy and fish waste-water containing proteins
and lipids in the aerobic batch system for 7 cycles. The efficiency of reduction in electrical conductivity, total
dissolved solids, chemical oxygen demand and biological oxygen demand are48.63 % and 31.66%,; 41.4% and
40.86 %; 31.87 % and 23 %; 48.17% and 30 %, in case of dairy and fish waste-water, respectively. Results showed
that protease and lipase producing immobilized cells of Haloferax could be efficiently used for treatment of non-
saline dairy and saline fish waste-water rich in proteins and lipids. Thus, it can be concluded from our present study
that the findings are of biotechnological significance in clarification of protein and lipid-containing waste-waters.
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INTRODUCTION pathogenic microbes and hence restricts the reuse of
Saline, as well as Non-saline waste-water, are often clarified waters in further cycles of processing[4].To our
generated by food-processing, leather and petroleum understanding, microbes belonging to haloarchaea are
industries[1].These effluents are rich in proteins, fats, oil  the best candidates for the treatment of waste-waters

& grease, sodium chloride and other salts which need to ~ containing high salt concentration. Braganca and
be removed before the waters are discharged into Furtado [5]reported that immobilization is a promising
natural water bodies[2]. method for entrapment of Haloarchaeal cells for
The dairy industry on an average generates 6-10L of increasing their functionality in low saline conditions to
waste-water per liter of the milk processed while water ~ efficiently remove cadmium from deionized water. In
consumption in fish industries depend on the type of the present investigation, we successfully immobilized
fish and also on various fish processing units[3]. These ~Whole cells of Haloferax ATCC BAA 645 in Na-alginate
waters if let or released untreated are hazardous to the ~and checked their potential to produce protease and
environment and human health. The conventional liPasein saline and non-saline milieu. And, to remediate

activated sludge system used for clarification harbors
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non-saline dairy and saline fish waste-water by
developing an aerobic batch model reactor system.

MATERIALS AND METHODS

Waste-waters

Milk dairy (Goa Dairy, Goa) and fish waste-water
(Panaji- Fishmarket, Goa).

Analytical methods

The pH was determined by pH meter (pH 700,
pH/mV/C°/F° meter, EUTECH instruments); Electrical
conductivity (EC), total dissolved solids (TDS) and
salinity by using water and soil analysis kit (Model No
60, Labtronics, India); Biological oxygen demand (BOD)
and Chemical oxygen demand (COD) analysis were
carried out as per ‘ Handbook of water analysis’ by S.K
Maiti[6]; Protein by Folin Lowry using Bovine serum
albumin (BSA) as standard[7]. A standard Kunitz
assay[8] and Beisson et al [9] were used for detection of
protease and lipase activity ,respectively.
Immobilization of Haloferax ATCC BAA 645 for
enzymes production.

Mid-log phase whole cells of Haloferax ATCC BAA 645
(OD 2.0), pre-grown in NaCl tryptone-yeast extract

Haloferax sp. beads

A : Dairy waste-water
B : Fish waste-water

A : Dairy waste-water
B : Fish waste-water

Int J Pharm Biol Sci.

(NTYE) broth were mixed with 1% (w/v) solution of
sodium alginate in 20 % NaCl. After 30 min, the mixture
was added drop wise to 0.2 M CaCl; in order to get
spherical beads of 1mm size[5].
Enzyme production efficiency of immobilized
Haloferax ATCC BAA 645 beads

Production of protease and lipase by beads was checked
every six hours using NT and Tryptone medium (T) each
consisting of 20 g MgS04, 5 g KCI, 0.2 g CaClz, 5 g
tryptone with/without 300 g crude solar salt per liter,
pH 6 and 0.2% tween 80.

Use of immobilized cells for treatment of dairy and fish
waste-waters

Haloferax beads (50 g/L) were added to dairy and fish
waste-water, respectively and aerated at 150 rpm, 42°C
for 90h. After an hour of standing, the clear top ferment
was filtered through sieve mesh and clear filtrate was
tested for various physicochemical parameters. The
beads were used for continuous production of enzymes
and treatment of dairy and fish waste-water for 7 cycles.
The experimental set up for treatment of dairy and fish

waste-water is shown in Fig. 1.

1%t cycle

Sieve mesh

Fig. 1 Batch model reactor for treatment of dairy and fish waste-water
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Fig. 2: Stability of immobilized Haloferax sp. cells for protease and lipase production in dairy and fish waste-

water for 7 cycles

RESULTS AND DISCUSSION

Economic growth in developing Nations invariably
results in waste-water containing organic waste which
by itself may not be toxic but still can lead to
environmental pollution and putrification. Such waters
often times get into saline and non-saline water bodies
waste-waters

causing health hazards. Therefore,

treatment is quite imperative for sustainable
development and is critical for the ecosystem and
human health.

Production of Protease and Lipase by immobilization
of whole cells of Haloferax ATCC BAA 645
Immobilization of whole cells of Haloferax ATCC BAA
645 in sodium alginate yielded pinkish-orange, soft
gelatinous beads. As seen in Table 1, these immobilized
cells placed in NT medium with 0.2% tween 80,
simultaneously produced protease and lipase in 12 h
which reached a maximum at 72 h. Similar production
of protease enzyme reported by immobilized cells of
Halogeometricum sp.[10]. Synthesis of protease and

lipase in non-saline T medium with 0.2% tween 80

occurred in 42 h and was optimum in 90 h. However, the
protease and lipase activities were 28% and 41% lower
than that produced in NT medium (Table 1). Thus,
indicating the capability of the immobilized cells to
produce active enzymes even in non- saline conditions.
Treatment of Waste —waters using Batch reactor

As shown in Fig.2 whole cell immobilized beads were
used in the batch reactor for 7 cycles. The beads were
stable and could be reused up to 5 cycles, after which
there was considerable cell leaching from gel matrix
with a decrease in protease and lipase activities. The
56.46 U/ml of protease and 5.7 U/ml of Lipase was
observed during 2 cycles of treatment in saline fish
waste-water. In non-saline dairy waste-water, the
protease and lipase activities were 51.12 U/ml and 2.19
U/ml respectively.

Analysis of physicochemical parameters of waste
waters

The results obtained of the initial physicochemical
analysis of dairy and fish waste-water and their treated
effluents are shown in Table2.
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Table 1: Production of protease and lipase by immobilized Haloferax ATCC BAA 645 in NT and T medium

Time (h) NT medium T medium
Protease activity Lipase activity Protease activity Lipase activity
(U/ml) * (U/ml) * (U/ml) * (U/ml) *
0 0 0 0 0
6 0 0 0 0
12 3.31 0.0755 0 0
18 6.445 0.5 0 0
24 15.42 0.775 0 0
30 19.76 0.845 0 0.0725
36 22.55 1.03 0 0.095
42 39.22 1.35 0.97 0.405
48 46.235 1.45 5.1 0.605
54 53.835 1.72 10.3 0.84
60 60.21 2.205 14.065 1.14
66 59.96 2.55 19.1 1.32
72 63.875 5.35 23.99 1.615
78 50.905 4.25 30.65 1.955
84 39.865 4.385 37.44 2.08
90 35.615 3.5 44.32 2.15
96 31.22 3.05 17.03 1.25
102 29.06 2.05 8.915 1.15

*Each value is an average of two determination, NT (NaCl tryptone) medium, T (tryptone) medium

Table 2 : Characterization of dairy and fish waste-water

Sr. Parameters Units Dairy waste water Fish waste water
No
Untreated Treated Untreated Treated
1 Color - Milky clear Brown Light
brown
2 pH - 6.975 6.65 6.52 7.95
(£0.03) (£0.02) (£0.10) (x0.21)
3 Electrical conductivity uS 32.495 15.805 50.75 16.07
(+3.30) (£2.29) (£ 6.95) (£1.412)
4 Total dissolved solids mg L? 22.62 9.37 20.31 8.30
(+4.24) (+1.14) (+1.30) (+1.31)
5 Salinity % 0.175 0.075 1.53 1.11
(£0.03) (£0.03) (£0.04) (£0.16)
6 Biological Oxygen Demand mg L-1 1710 545 1735 400
(£21.21) (£ 35.35) (£ 155.5) (+14.14)
7 Chemical Oxygen Demand mg L-1 1868 900 2185 675
(+73.53) (£84.85)  (+77.78) ( 49.49)
8 Total protein mg ml? 3.65 0.865 4.2 2.55
(£0.35) (£ 0.19) (£0.4) (£ 0.63)

Values in parenthesis indicate standard deviation. Each value is a mean of two determinations

The dairy effluent at the initial stage of treatment was
milky but after treatment, it was clear. The fish waste
water was brown, turbid at the primary stage but
subsequently changed to light brown. These changes in
color in dairy waste water were similar to changes
reported by Verma and Madamwar[11]and Porwal et al

[12]. Total protein removal rate from dairy and fish
waste-water were 23.69 % and 60.71 % respectively
(Table 2). The efficiency of protein degradation in both
waste-waters depends on the number of soluble
proteins and proteolytic and lipolytic activities shown by
the isolate in gel matrix.
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pH

pH of both the untreated samples was slightly acidic.
After treatment with immobilized cells of Haloferax, the
dairy waste-water remained acidic while fish waste
waters turned alkaline (Table 2).

Electrical conductivity (EC)

EC relates to the presence of impurities in water and
consisting of ions like CI, SO*, CO*, HCO* and NO* and
Ca**, Mg*™, Na*and K*. After aeration of dairy and fish
waste water with immobilized Haloferax cells, the EC
reduced to 48.63 % and 31.66 %, respectively (Table 2).
Total dissolved solids (TDS)

TDS content of the treated dairy and fish waste-water
effluents are recorded in Table 2. It can be proposed
that the organic contents along with other mineral ions
present in effluents could have been used by
immobilized cells through as simulation thus causing an
overall reduction in total dissolved solids which also
proves the efficiency in removal of nutrients[12].
Biological oxygen demand and Chemical oxygen
demand

Effluent BOD : COD ratios vary widely within and among
processing plants in the range of 1.1:1 to 3:1[13]. Dairy
waste-waters are characterized by high BOD and COD
values due to fats, nutrients, lactose, detergents,
sanitizing agents, casein, and inorganic salts. In a fish
processing waste-water, BOD originates primarily from
protein, peptide and volatile amines. Reduction of 31.87
% and 48.17 % in BOD and COD values by immobilized
cells in dairy waste-water effluent was observed. In fish
waste water 23% of BOD and 30% of COD reduction in
values was observed (Table 2).

CONCLUSION

In the present study, we report immobilization of
Haloferax ATCC BAA which simultaneously produce
protease and lipase in NT and T medium with high
/without NaCl and additionally having 0.2% tween 80.
The immobilized cells used in a batch reactor system for
treatment of dairy and fish waste-water resulted in a
reduction of EC, TDS, BOD and COD of treated waste-
waters. These results, although preliminary, being
biotechnological important in clarification of protein
used in

and lipid-containing waste-waters are

developing a continuous batch reactor.

ACKNOWLEDGEMENT

S. K. GAONKAR gratefully acknowledges Goa University,
Research Studentship.

CONFLICT OF INTEREST The authors declare that they
have no conflict of interest.

REFERENCES

1. Lefebvre, O., & Moletta, R., Treatment of organic
pollution in industrial saline waste-water: A literature
review. Water Research, 40(20): 3671-3682, (2006)
doi:10.1016/j.watres.2006.08.027

2. Healy M.G., Bustos R.O., Solomon S.E., Devine C., Healy
A., Biotreatment of Marine Crustacean and Chicken Egg
Shell Waste. In: Moo-Young M., Anderson W.A,
Chakrabarty A.M. (eds) Environmental Biotechnology.
Springer, Dordrecht. (1995).

3. Chowdhury, P., Viraraghavan, T., & Srinivasan, A.,
Biological treatment processes for fish processing
waste-water - A review. Bioresource Technology, 101(2),
439-449, (2010) doi: 10.1016/j.biortech.2009.08.065

4. Wen, Q., Tutuka, C., Keegan, A., & lJin, B., Fate of
pathogenic microorganisms and indicators in secondary
activated sludge waste-water treatment plants. Journal
of Environmental Management, 90(3), 1442-1447,
(2009) doi: 10.1016/j.jenvman.2008.09.002

5. Braganga, J. M., & Furtado, |., Removal of Cadmium by
Halobacterium strain R1 MTCC 3265 from saline and

non-saline econiches, 46(November), 2215-2219,
(2017)
6. Maiti, S.,Handbook of Methods In Environmental

Studies(1 and 2), ABD Publishers, Jaipur,(2004)

7. Randall, R. J., & Lewis, a., The folin by oliver. Readings,
193(1), 265-275, (1951) doi:10.1016/0304-
3894(92)87011-4

8. Kunitz, M., Isolation of a Crystalline Protein Compound
of Trypsin and of Soybean Trypsin-Inhibitor. The Journal
of general physiology, 30(4), 311-320, (1947)
doi:10.1085/jgp.30.4.311

9. Beisson, F., Tiss, A., Riviere, C., & Verger, R., Methods for
lipase detection and assay: a critical review. European
Journal of Lipid Science and Technology, 102(2), 133—
153, (2000) doi:10.1002/(SICI)1438-
9312(200002)102:2<133::AID-EJLT133>3.0.C0O;2-X

10. Vidyasagar, M., Prakash, S. B., & Sreeramulu, K.,
Optimization of culture conditions for the production of
haloalkaliphilic thermostable protease from an
extremely halophilic archaeon Halogeometricum sp.
TSS101. Letters in Applied Microbiology, 43(4), 385-391,
(2006) d0i:10.1111/j.1472-765X.2006.01980.x

11. Verma, P.,, & Madamwar, D., Comparative study on
transformation of azo dyes by different white rot fungi.
Indian Journal of Biotechnology, 1(4), 393—-396, (2002)

12. Porwal, H.J., Mane, A. V., & Velhal, S. G., Biodegradation
of dairy effluent by using microbial isolates obtained

International Journal of Pharmacy and Biological Sciences

Sanket K Gaonkar and Irene J Furtado*

j

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

N ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

Int J Pharm Biol Sci.
from activated sludge. Water Resources and Industry, 9, Processing Plant Effluents. Fraser RiverEstuary
1-15, (2015) doi: 10.1016/j.wri.2014.11.002 Management Program. New West Minister, B. C.(1994)

13. Technical Report Series FREMP WQWM-93-10, DOE
FRAP 1993-39, waste-water Characterization of Fish

*Corresponding Author:
Irene J Furtado*
Email: ijffurtado@unigoa.ac.in

International Journal of Pharmacy and Biological Sciences Sanket K Gaonkar and Irene J Furtado* 21 J

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/
mailto:ijfurtado@unigoa.ac.in

