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ABSTRACT

Based on its large water consumption, dairy industry is considered as one among the most
polluting food industries. The present work is related to investigations about water manage-
ment practices in one Tunisian dairy plant where two effluents’ generators were identified
as the most polluting following their COD assessment. The first was the generated water
from DECREAMING (D) machines washings with COD value of 112 g L™, and the second
source is BACTOFUGATE (B) with COD value of 196 g L™". Thermal coagulation was per-
formed for (D) and (B) samples leading to media clear phase separation. After decantation,
recuperated supernatants were filtrated. The recorded COD removal amount exceeded 90%
for both samples filtrates. Additional biological treatment was performed with mediums
based on the obtained filtrates. Isolated Candida strains, Lactobacillus and baker’s yeast
strains were inoculated in batch process fermentation. Different biological treatment effects
were evaluated using musts COD assessment at the end of fermentation after biomass
removal. The reduction in organic load was important with the appropriate inoculated
strains.
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1. Introduction

The dairy industry involves processing raw milk
into products including milk, butter, cheese and
yoghurt, using processes such as chilling, pasteuriza-
tion, and homogenization. Typical byproducts include
buttermilk, whey, and their derivatives [1]. Large

*Corresponding author.

amounts of water are used during the process produc-
ing effluents containing dissolved sugars, proteins,
fats, and possibly residues of additives.

According to Ali et al. dairy farm wastewater COD
concentration varies in the range of 2-7 ¢ L' depend-
ing on wastewater management, climate, operation
conditions, and types of flushing [2]. The dairy
industry wastewater is primarily generated from the
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cleaning and washing operations in milk processing
plants. It is estimated that about 2% of the total pro-
cessed milk is wasted into drains [3]. By the way,
dairy wastewater contains large quantities of milk
constituents such as casein, inorganic salts, besides
detergents and sanitizers used for washing [4].
Therefore, a treatment/reuse system for dairy
wastewater needs to be developed. The application of
conventional methods (aerated lagoons, activated
sludge processes, trickling, and rotating biological con-
tactors) on dairy wastewater proves to be a difficult
and complex process, which also consumes a great
deal of energy at low efficiency rates [5].

Our work is focalized on one Tunisian bottling
milk dairy industry (Centrale Laitiere du Cap bon,
CLC), where two effluents generating points have
been identified as the most polluting through their
COD values [6]. The first one is the water generated
from DECREAMING machines washings with COD of
about 112 g L™". The second source is the BACTOFU-
GATE with COD of about 196 g L™". It is important to
remind that Bactofugation is a special form of separa-
tion in which specific types of micro-organisms are
removed from milk and inactivated [7].

By joining the plant wastewater, those sources con-
tribute largely towards their high organic matter to
biochemical oxygen demand rise. Thus, its discharge
in public sewer is strictly regulated by law and no
longer accepted. The pressure of anti-pollution regula-
tions requires that the dairy industry develops new
technologies that can change the role of some effluents
to valuable products [8]. Segregation of effluents from
sanitary installations, processing, and cooling systems
would facilitate the ability to recycle liquid rejects.

Previous works aimed to convert lactose, the major
component of liquid wastes, to valuable products. The
presence of lactose and other nutrients, essential for
microbial growth, makes whey a potential raw mate-
rial for the production of various bioproducts through
biotechnological means [9]. Mawson showed that the
bioconversion of milk whey lactose could reduce more
than 75% of water pollution and generate products of
interest for animal feed, human nutrition, and other
alimentary, confectionery, pharmaceutical and agricul-
tural companies [10]. Several methods have been pro-
posed for whey valorization as major byproduct of the
dairy industry [11-15]. In this respect, lactose-convert-
ing micro-organisms have been evaluated for the pro-
duction of potable and fuel-grade alcohol [16-19],
kefir-like whey drinks [20], and lactic acid [21,22]. Fur-
thermore, micro-organisms production such as baking
starter [23], probiotic starter cultures for fermented
milk products [22,24,25], and cheese ripening [26,27]
were investigated. The above research efforts for whey
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valorization resulted in significant organic load
reduction. Consequently, scale-up processes were
developed for potable and fuel-grade alcohol produc-
tion [28] as well as for SCP and baker’s yeast produc-
tion from whey [29]. Kourkoutas et al. presented an
economic evaluation of an industrial scale whey fer-
mentation assays [30]. Another research regarded the
expansion of ultrafiltration for milk pre-concentration,
which results in important quantities of milk concen-
tration permeate, a low-value byproduct of dairy
industry. Seo et al. and Paseephol et al. have investi-
gated lactulose production from this permeate using
calcium carbonate-based catalysts [15,31].

In the frame of extensive efforts to reduce pollut-
ing load of dairy wastewater, an upstream hydric
rejects segregation system for Decreaming machines
washing water and Bactofugation separated milk was
performed. The present research aims to investigate
those dairy effluents thermal coagulation, separation,
and serum fermentation treatment effects on dairy
effluents COD removal.

2. Materials and methods
2.1. Sampling

Effluents were gained from a regional dairy indus-
try (Centrale Laitiere du Cap Bon) which is part of
Delice Group, leader of the food industry in Tunisia
in the dairy sector. The plant produces approximately
1,696,744 hL of milk drinks and three tons of butter
per year [32]. According to the industry statistics, an
average of 1,200 L of washing water is generated daily
from Decreaming machines. An equal volume result-
ing from Bactofugation as separated milk is also
recorded per day [6]. Sampling was performed once a
month (during four months) at those process points
considered as the most polluting sources. Decreaming
washing water will be indicated as (D) sample and
Bactofugation separated milk will be indicated as (B)
sample in this paper. Analyzes were realized within
1 h of sample collection. Samples were stored at +2 to
+6°C for 3 d.

2.2. Yeast isolation and identification

Ten milliliter of each raw sample was enriched in
90 mL of Sabouraud broth (Bio-rad, France) for 48 h at
30°C. A loopful of the medium was streaked on
Chromagar Candida (Chromagar, France), and the dif-
ferent morphotypes obtained were cultured on
Sabouraud Chloramphenicol agar (Bio-Rad, Marnes-
La-Coquette, France) for 48 h at 30°C. Identification of
Candida species was based on the following:
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macroscopic characteristics of colonies, microscopic
examination of yeast morphology (coloration), chlamy-
dospores formation in Agar Tween (Difco, Paris,
France), and colony color on Chromagar Candida
(Chromagar, France). Strains were stored at 4°C on
Sabouraud dextrose broth (Bio-Rad) supplemented
with glycerol at 10% (v#). Biochemical characteristics
were studied using carbohydrates assimilation test
using both Api Candida and Api 20C systems
(bio-Mérieux, Marcy I’Etoile, France).

Three Candida strains were isolated and identified
from dairy effluent samples. They were cultivated on
Sabouraud medium (30°C for 48 h) to be inoculated in
the fermentation medium. Commercial Saccharomyces
cerevisiae strain was reactivated on Sabouraud broth
(Hi Media), maintained in surface streaks on Sabour-
aud Glucose Agar (Hi Media) with Chloramphenicol
plates. Strains were incubated for 24 h at 30°C to be
inoculated in 30 ml of seed culture containing (g L™"):
glucose, 20; KHyPOy, 2.4; MgSO,, 0.2; urea, 2.4; yeast
extract, 2.6 and grown at 30°C on rotary shaker
incubator at 150 rpm for 18 h.

Lactobacillus plantarum and Lactobacillus paracasei
were cultivated on MRS broth medium at 37°C for
18 h with 150 rpm agitation speed.

2.3. Samples treatment

Heat treatment was performed in glass vessels for
(D) and (B) samples using heating mantle at different
bearing temperatures (20, 40, 60, 80, and 100°C). Clot-
ting time, indicated as time from sample exposure to
the desired treatment temperature to the formation of
the first visible floccules, was measured. After thermal
coagulation, samples were decanted in conic device
for 24 h. Supernatant was recuperated for COD assess-
ment. Obtained supernatant was passed through
folded gauze placed into a glass funnel. The filtrate
was recuperated for COD assessment.

2.4. Fermentation

After samples filtration, collected filtrates were used
as fermentation mediums approached in two ways:

(1) A single-state fermentation using a pure yeast/
Lactobacillus strain (e.g. [19,33,34]).

(2) A two-stage fermentation in which the lactose
is first converted by a pure culture to lactic
acid, which is consumed by the yeast strain
(e.g. [35]). This approach allows yeast which
cannot use lactose, such as Saccharornyces cere-
visiae (bakers’ yeast), to be produced [36,37].
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No pH adjustment was done. Mediums were auto-
claved (121°C for 15 min). Aseptic inoculation was
realized with micro-organism seed cultures prepared
previously. Fermentations were performed in batch
into Erlenmeyer flasks (250 mL) containing 50-mL
working volume. The basal culture conditions are: fer-
mentation time, 24 h as reported by [24]; temperature,
30°C (yeast), 37°C (Lactobacillus); inoculum 6% (v/v).
The rotary speed of shaker incubator was fixed at
150 rpm. All experiments were carried in triplicate.

2.5. Analytical methods

The pH was measured at different temperatures
during heating, at the beginning and at the end of fer-
mentation, using a multiparameters device Consort
C860. After separation, resulting supernatants and fil-
trates were recuperated for COD values determination
using reflux method with opened system as reported
by Rodier et al. [38]. At the end of fermentation, the cul-
ture was harvested by centrifugation (3,500 rpm during
15 min) to provide clear supernatant. COD assessment
was performed for free biomass fermented musts.

3. Results and discussion
3.1. Strain isolation and identification

Three morphotypes were obtained on CHROMa-
garTMCandida based on the color of the colonies: blue,
white, and pink colonies. Three different colonies were
purified on Sabouraud Chloramphenicol agar and
identified as Candida tropicalis, Candida lusitaniae, and
Candida krusei based on the morphological, micro-
scopic, and biochemical characteristics obtained on
API strips.

3.2. Thermal coagulation and pH variation

To recover the major component of dairy wastewa-
ter, it was obvious that heat treatment is efficient pro-
cess with extreme rapid response. Preliminary tests
confirmed that a short-time exposure of few minutes
yields two phase formation. Heat treatment was per-
formed for (B) and (D) samples and phase separation
was settled during decantation. In fact, under heat
effect micellar casein structure is destabilized, which
causes mixture clotting and casein precipitation. The
pH profiles under temperature effect are illustrated in
Fig. 1.

No aggregates were noticed at 20 and 40°C
temperatures during experimentation for treated
samples. According to (B) sample, a clotting time of
2 min at 60°C was measured. Mixture pH was close to
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Fig. 1. pH variation during heat treatment of Decreaming
sample (A) and Bactofugation sample (H).

the casein isoelectric point (4.6). Casein micelles
aggregate very fast and sediment, then clear phase
separation was observed. However, for (D) sample, it
was necessary to reach 100°C as treatment tempera-
ture to record a clotting time of 5min when pH
mixture was (4.62). Upon heat treatment of milk above
60°C, several processes take place and denaturation of
whey proteins is the most obvious [39,40]. Meanwhile,
no noticeable effects are observed on the casein
micelle fraction during heat treatment between 70 and
100°C for ordinary milk [41]. Research on heat treat-
ment of milk showed that the final composition of the
whey proteins mixture and casein micelles depends
on the pH and temperature of heat treatment
[40,42,43]. So, it is important to mention that the pH
of milk varies from 6.55 to 6.98 during a milking sea-
son [44,45]. And initial pH values of Decreaming
washing waters (D) and Bactofugation effluents (B)
were very close to 5 (4.9 and 4.89, respectively). This
can probably accelerate casein aggregation under heat
effect. Difference, in gelling temperature between (B)
and (D) samples, was probably due to mediums’
characteristics and microstructures. Decreaming wash-
ing waters are more diluted than Bactofugation
effluents, and their composition is quite rich with fat
than casein content. Researches where either changes
in the milk composition were made or model systems
were used have shown that salt concentration and
composition, the ratio between casein micelles and
whey proteins and total protein concentration are also
determining denaturation kinetics [43,46—48].

3.3. Separation techniques

Decantation and filtration were applied as separa-
tion techniques for the mixtures after heat treatment.
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A simple observation of settling material showed that
(B) sample coagulation resulted in a firm curd, which
can be easily separated. However, (D) sample coagula-
tion resulted in suspended aggregates. Supernatants
and filtrates were recuperated for COD assessment.
Results are resumed in Table 1.

According to Decreaming samples, COD values
pass from 112 to 43.6 g L' after decantation, leading
to 61% COD removal amount. With Bactofugation
samples, the COD removal amount after decantation
was more important (82%). A COD values shift from
196 to 33.6 gL~ was recorded. Decantation impact
was more interesting with Bactofugation sample (B)
due to the medium texture allowing an easy phase
separation by decantation after exhibition to a moder-
ate heat treatment (60°C). On the other side, Decream-
ing sample (D) presented dispersed different sized
aggregates making decantation more or less slow and
inefficient.

In order to ameliorate the recuperated liquids
quality, supernatants filtration was performed as
described in Section 2.3. Two repetitions were car-
ried out for each sample. Table 1 presents COD
determination values. It is clear from those results
that filtration technique had good effect on organic
load decrease. Filtrates COD values reached, respec-
tively, 11.1 and 3.3 gL™" for (B) and (D) samples.
Thereby, the recorded COD removal amount
exceeded 90% for both samples. It is important to
mention, that even if filtration process generates bet-
ter effluent quality, it is obvious to meet clogging
issues. So, it is advised to proceed always with
decantation at first. Besides, a vacuum filtration sys-
tem may moderate such issue.

In the transformation cycle, industrial wastewaters
are made mainly by cream/butter washing water. In
general, the first washings of butter production are
separated. Because of their fat and nutrients content,
they are well-suited products for livestock feed [49].
Thus, the recuperated solid matter resulting from ther-
mal treatment and separation technics was dried until
fixed weight at 60°C and passed for nutriments analy-
ses to investigate its performance as livestock feed
fraction.

Table 1
Decreaming and Bactofugation samples COD (g L™
assessment after decantation and filtration

COD (gL™) Initial Supernatant Filtrate
Sample (D) 112+2.8 436+1.1 11.1+0.4
Sample (B) 196 £3.1 33.6+0.6 33+0.3
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3.4. Effect of COD fluctuation in the process inlet

The use of thermal coagulation with separation
processes for dairy effluents treatment was explored
for a longer time period. The effect of COD fluctua-
tions in the process inlet on the system operation was
investigated during four months where samples were
withdrawn periodically. Fig. 2(a) and (b) shows the
(B) and (D) samples COD fluctuation, respectively;
during the months of March, April, May, and June
in the process inlet and its effect on thermal coagula-
tion and separation processes efficiency to decrease
residual COD.

Inlet COD values range from 112 to 204 g L™" for
(D) samples and from 188 to 236 g L™" for (B) samples.
It is noticeable that both COD profiles have increasing
trend from the month of March to June. This might be
closely associated with the processed milk in each per-
iod of production, since its quality varies according to
milking season, climate, and operation conditions
[2,50]. Besides, seasonal temperatures affect effluents’
characteristics [50].

In regard to the used system effect, the global-
recorded COD removal rates for both (D) and (B)
samples exceed 82% for all the test period. Thus, the
contribution of thermal coagulation process was more

(a) cop @LY Decreaming Samples

250

200
=—t=[nlet
i =@—Supernatant
Filtrate
]
100 /
u
A A A &
0F Months
1 2 3 4
(b)cop @Lh Bactofugate Samples
250
200 ’\/////‘
——Inlet
150 ~{i— Supematant
Filtrate
100
N .,’_4./"‘\.
0 Months
1 2 3 4

Fig. 2. (a,b) Inlet COD fluctuation of Decreaming samples
(a) and Bactofugate samples (b) during 4 months and its
effect on thermal coagulation and separation processes
efficiency.
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important for both (D) and (B) samples than filtration.
The average contribution in COD removal by thermal
coagulation process was about 75% for Bactofugate
samples and only 58% for Decreaming samples. Yet,
the average contribution in COD removal by filtration
technique was more considerable for Decreaming sam-
ples (29%) than for Bactofugate samples (14%). The
use of thermal coagulation and separation techniques
could ensure high removal rates although the inlet
COD fluctuations.

Practically, the technico-economical analysis based
on the performance of the proposed system would be
difficult to estimate since the presented results are lab-
scale data. The feasibility of thermal coagulation for
dairy effluents in this process might be achieved using
steam excess under high temperature (60-100°C)
generated from steam boiler within the dairy industry
itself.

3.5. Biological treatment: fermentation

Commonly, fermentation of raw dairy wastewater
is performed under anaerobic process. In fact, raw
samples having high COD values would be fermented
using methanogen bacteria. However, such process
will generate important biomass with CH, and CO,
gases emission [51]. Therefore, thermal pre-treatment
of raw dairy wastewater was necessary not only to
reduce residual COD values for bacterial fermentation,
but also to recuperate mainly milk proteins from dairy
effluents. Furthermore, the major component of the
obtained wheys was particularly carbohydrates. In
order to make as lower as possible (D) and (B)
effluents organic load, fermentation was performed.
Only yeast strains like Kluyveromyces, Candida, and
Saccharomyces seem to be grown commercially,
although the production of a number of other
organisms has been considered [10].

3.5.1. One-stage fermentation by pure Candida strains

Biological treatment results with different inocu-
lated strains are resumed in Fig. 3.

For the culture medium based on (B) sample
filtrates, a COD removal rate of 95% was recorded
with C. tropicalis fermentation and 78% with both C.
lusitaniae and C. krusei strains. However, for the cul-
ture medium based on (D) sample filtrate, C. tropicalis
strain has given an important COD removal rate of
82% as compared to C. lusitanine and C. krusei strains
inoculated in the same medium where COD removal
rate did not exceed 45%. This may be interpreted by a
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Fig. 3. Effect of biological treatment by C. lusitaniae, C.
tropicalis, and C. krusei fermentation of Decreaming (D) and
Bactofugation (B) filtrates on COD (mg L") abatement.

better adaptation of the C. tropicalis strains to the
medium based on (D) filtrate.

3.5.2. One stage fermentation by pure Lactobacillus
strains

Biological treatment results with Lactobacillus sp.
inoculated strains are resumed in Table 2. It seems
that micro-organisms act differently in regard to COD
abatement in culture mediums.

The COD removal exceeded 80% with both L. plan-
tarum and L. paracasei culture on Decreaming filtrate.
Meanwhile, COD removal with both Lactobacillus
strains culture did not exceed 27% on Bactofugation
filtrate. But, it is important to mention that final COD
values were limited to 2.6 and 2.2 g L™'. Considering
dilution effect by joining the industry wastewater,
such values are considered relatively acceptable
according to the discharge standards in the Tunisian

Table 2

COD values (g L™") of the effluents generated by fermentation
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National Sanitation Utility (ONAS) sewages fixed at
1 gL™" (Tunisian Standards NT 106 002).

3.5.3. Two-stage fermentation by L. plantarum and S.
cerevisiae strains

In the two-stage fermentation process, lactose was
first converted using a pure L. plantarum culture to lac-
tic acid, which was consumed later by S. cerevisiae
strain which cannot utilize lactose. After culture musts
centrifugation, the obtained effluent COD values were
2.88 gLf1 for (D) sample, but only 0.4 gL71 for (B)
sample (Table 2). By the way, this combined strains
process seems to be not beneficial for (D) sample treat-
ment comparing with pure L. plantarum culture efflu-
ent. However, this process led to an important organic
removal rate increase for (B) sample (87%).

Batch processes for biomass production from dairy
effluents have been developed in this study. Culture
media supplementation with additional nitrogen and
other nutrients may promote optimal yeast growth
[52]. The supply of adequate oxygen for bacterial
growth is a major process consideration to get better
COD removal rates. Otherwise, inefficient aeration
would lead to ethanol production which will increase
the effluents organic load [53]. In fact, in case of
oxygen deficiency, the production of ethanol and its
accumulation in the medium is due to the use of a
substrate portion for the formation of secondary
metabolites at the expense of the energy required for
biomass synthesis. Therefore, ethanol accumulation in
the fermentation medium contributes to biomass free
effluent COD increase. The potential of lactose biocon-
version to produce useful products whilst reducing
the COD of the incoming matrix by at least 70-80%
has been demonstrated [10]. But in case of treatments
combination, the overall reduction in oxygen demand
typically exceeds 95% [10]. The optimal treatment
combinations in this study were:

operations and resulting abatement rates (%)

Fermentations Sample COD (g L™ Abatement rate (%)
Filtrates (B) 3.3+0.30 -
D) 11.1£0.40 -
Inoculated strains L. plantarum (B) 24+0.23 27
(D) 1.92+0.11 82
L. paracasei (B) 2.6+0.25 21
D) 2.2+0.20 89
L. plantarum + S. cerevisiae (B) 0.4+0.12 87

(D) 2.88+0.20 74
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(1) Heat treatment (100°C), filtration followed by
C. tropicalis fermentation for (D) effluent.

(2) Heat treatment (60°C), filtration followed by
two-stage fermentation using L. plantarum and
S. cerevisiae for (B) effluent.

The proposed treatment system achieved overall
COD removal rates exceeding 99%.

4. Conclusion

Water management practices in CLC dairy plant
show that effluents organic load is mainly coming
from two polluting origins: the first one is the water
generated from DECREAMING machines washings
with COD of 112 g L7}, and the second source is BAC-
TOFUGATION separated milk with COD of 196 g L™".

Coupled thermal and biological treatment seems to
be a promising way for the reduction in organic pollu-
tants discharged from industrial dairy sources. Signifi-
cant COD reduction at variable organic loadings was
recorded with tested treatment combinations during
this study. Thermal coagulation with filtration tech-
nique leads to COD removal amount of 98.4% for (B)
sample and 90% for (D) sample. Biological treatment
with suitable strain inoculation in the obtained filtrate
has limited COD value at 0.6 g L™" with C. lusitaniae on
(B) filtrate and C. tropicalis on (D) filtrate. The two-stage
fermentation process using L. plantarum and S. cerevisiae
enabled to reach a lower COD value (0.4 g L™") for (B)
sample. Those values (0.6 and 0.4 g L™") are in perfect
conformity with Tunisian standards fixed by ONAS
(1 gL™"). Furthermore, it is important to remind that
this treatment was done on two source points. By join-
ing plant hydric effluents, COD values will be much
lower undergoing dilution effect.

Symbols

BOD —  Dbiological oxygen demand

CLC —  Centrale Laitiere du Cap Bon

COD —  chemical oxygen demand

ONAS —  Office National d”Assainissement Sanitaire
SCP —  single cell protein

rpm —  rotation per minute

References

[1] World Bank Group, Dairy Industry, Pollution
Prevention and Abatement Handbook, World Bank
Publications, Washington, DC, 1999, pp. 295-297.

[2] A.H. Ali, N.A. Jasem, H.G. Attia, The use of anaerobic
digestion process in the treatment of dairy wastewater

M. Kasmi et al. | Desalination and Water Treatment 57 (2016) 13166-13174

by microorganisms derived from sewage wasted
sludge, J. Eng. Dev. 16 (2012) 181-194.

[3] GR. Munavalli, P.S. Saler, Treatment of dairy
wastewater by water hyacinth, Water Sci. Technol. 59
(2009) 713-722.

[4] S. Ruchi, G. Aradhana, S. Kriti, Waste water manage-
ment in dairy industry: Pollution abatement and
preventive attitudes, Challenges & Opportunities for
Technological Innovation in India (COTII), India, 2013.

[5] M. Fergala, The anaerobic treatment of complex
wastewater, PhD Thesis, Van Hall Institute, Nether-
lands, 1995.

[6] K. Belwarda, Statistical Data, Centrale Laitiere du Cap
Bon, Soliman, 2012.

[7]1 A.S. Kolhe, S.R. Ingale, R.V. Bhole, Effluent of dairy
technology, Shodh Samiksha aur Mulyankan (Int. Res.
J.) 2 (2009) 459-461.

[8] R. Zall, Sources and composition of whey and
permeate, in: ].G. Zadow (Ed.), Whey and Lactose Pro-
cessing, Elsevier Applied Science Ltd, London, 1992,
pp- 1-72.

[9] P.S. Panesar, J.F. Kennedy, D.N. Gandhi, K. Bunko,
Bioutilisation of whey for lactic acid production, Food
Chem. 105 (2007) 1-14.

[10] A. Mawson, Bioconversions for whey utilization and
waste abatement, Bioresour. Technol. 47 (1994)
195-203.

[11] A.P.F. Corréa, D.]. Daroit, R. Fontoura, SM.M. Meira,
J. Segalin, A. Brandelli, Hydrolysates of sheep cheese
whey as a source of bioactive peptides with antioxi-
dant and angiotensin-converting enzyme inhibitory
activities, Peptides 61 (2014) 48-55.

[12] A.A. Koutinas, H. Papapostolou, D. Dimitrellou,
N. Kopsahelis, E. Katechaki, A. Bekatorou, L.A. Bosnea,
Whey valorisation: A complete and novel technology
development for dairy industry starter culture produc-
tion, Bioresour. Technol. 100 (2009) 3734-3739.

[13] A. Macedo, M. Pinho, E. Duarte, Application of ultra-
filtration for valorization of ovine cheese whey, Proce-
dia Eng. 44 (2012) 1949-1950.

[14] K.T. Magalhaes, M.A. Pereira, A. Nicolau, G. Dragone,
L. Domingues, J.A. Teixeira, ].B. de Almeida Silva,
R.F. Schwan, Production of fermented cheese whey-
based beverage using kefir grains as starter culture:
Evaluation of morphological and microbial variations,
Bioresour. Technol. 101 (2010) 8843-8850.

[15] Y.H. Seo, G.W. Park, J.I. Han, Efficient lactulose pro-
duction from cheese whey using sodium carbonate,
Food Chem. 173 (2015) 1167-1171.

[16] Y. Kourkoutas, S. Dimitropoulou, M. Kanellaki,
R. Marchant, P. Nigam, LM. Banat, A.A. Koutinas,
High-temperature alcoholic fermentation of whey
using Kluyveromyces marxianus IMB3 yeast immobi-
lized on delignified cellulosic material, Bioresour.
Technol. 82 (2002) 177-181.

[17] P.M.R. Guimaraes, J.A. Teixeira, L. Domingues, Fer-
mentation of lactose to bio-ethanol by yeasts as part of
integrated solutions for the valorisation of cheese
whey, Biotechnol. Adv. 28 (2010) 375-384.

[18] S. Sansonetti, S. Curcio, V. Calabro, G. Iorio, Bio-
ethanol production by fermentation of ricotta cheese
whey as an effective alternative non-vegetable source,
Biomass Bioenergy 33 (2009) 1687-1692.



M. Kasmi et al. | Desalination and Water Treatment 57 (2016) 13166-13174

[19] H. Hadiyanto, D. Ariyanti, A.P. Aini, D.S. Pinundi,
Optimization of ethanol production from whey
through fed-batch fermentation using Kluyveromyces
marxianus, Energy Procedia 47 (2014) 108-112.

[20] A. Paraskevopoulou, I. Athanasiadis, G. Blekas,
A.A. Koutinas, M. Kanellaki, V. Kiosseoglou, Influence
of polysaccharide addition on stability of a cheese
whey kefir-milk mixture, Food Hydrocolloid. 17 (2003)
615-620.

[21] O. Elezi, Y. Kourkoutas, A.A. Koutinas, M. Kanellaki,
E. Bezirtzoglou, Y.A. Barnett, P. Nigam, Food additive
lactic acid production by immobilized cells of Lacto-
bacillus brevis on delignified cellulosic material, J.
Agric. Food Chem. 51 (2003) 5285-5289.

[22] Y. Kourkoutas, V. Xolias, M. Kallis, E. Bezirtzoglou,
M. Kanellaki, Lactobacillus casei cell immobilization on
fruit pieces for probiotic additive, fermented milk and
lactic acid production, Process Biochem. 40 (2005)
411-416.

[23] O. Harta, M. Iconomopoulou, A. Bekatorou, P. Nigam,
M. Kontominas, A.A. Koutinas, Effect of various
carbohydrate substrates on the production of kefir
grains for use as a novel baking starter, Food Chem.
88 (2004) 237-242.

[24] M. Pescuma, E.M. Hébert, F. Mozzi, G. Font de
Valdez, Whey fermentation by thermophilic lactic acid
bacteria: Evolution of carbohydrates and protein con-
tent, Food Microbiol. 25 (2008) 442-451.

[25] G. Papavasiliou, Y. Kourkoutas, A. Rapti, V. Sipsas,
M. Soupioni, A.A. Koutinas, Production of freeze-
dried kefir culture using whey, Int. Dairy ]. 18 (2008)
247-254.

[26] D. Dimitrellou, Y. Kourkoutas, IM. Banat,
R. Marchant, A.A. Koutinas, Whey-cheese production
using freeze-dried kefir culture as a starter, J. Appl.
Microbiol. 103 (2007) 1170-1183.

[27] Y. Kourkoutas, P. Kandylis, P. Panas, ].S. Dooley,
P. Nigam, A.A. Koutinas, Evaluation of freeze-dried
kefir coculture as starter in feta-type cheese produc-
tion, Appl. Environ. Microbiol. 72 (2006) 6124-6135.

[28] A.A. Koutinas, 1. Athanasiadis, A. Bekatorou,
C. Psarianos, M. Kanellaki, N. Agouridis, G. Blekas,
Kefir-yeast technology: Industrial scale-up of alcoholic
fermentation of whey, promoted by raisin extracts,
using kefir-yeast granular biomass, Enzyme Microb.
Technol. 41 (2007) 576-582.

[29] A.A. Koutinas, 1. Athanasiadis, A. Bekatorou,
M. Iconomopoulou, G. Blekas, Kefir yeast technology:
Scale-up in SCP production using milk whey, Biotech-
nol. Bioeng. 89 (2005) 788-796.

[30] Y. Kourkoutas, V. Sipsas, G. Papavasiliou,
A.A. Koutinas, An economic evaluation of freeze-
dried kefir starter culture production using whey, J.
Dairy Sci. 90 (2007) 2175-2180.

[31] T. Paseephol, D.M. Small, F. Sherkat, Lactulose pro-
duction from milk concentration permeate using cal-
cium carbonate-based catalysts, Food Chem. 111
(2008) 283-290.

[32] MedTest, Industrie du lait et des produits laitiers
(CLC), Secteur Alimentaire en Tunisie, Transfer of
environmental sound technology in the south
Mediterranean region, UNIDO, Italy 2012. Available
from: http://www.unido.org/fileadmin/user_media/

13173

Services/Environmental Management/Water_Manage
ment/Carolina/11-87802_Factsheet CLC_F_Ebook.pdf.

[33] Y. Xiao, L. Wang, X. Rui, W. Li, X. Chen, M. Jiang, M.
Dong, Enhancement of the antioxidant capacity of soy
whey by fermentation with Lactobacillus plantarum
B1-6, J. Funct. Foods 12 (2015) 33-44.

[34] S. Alonso, M. Herrero, M. Rendueles, M. Diaz, Physio-
logical heterogeneity in Lactobacillus casei fermenta-
tions on residual yoghurt whey, Process Biochem. 49
(2014) 732-739.

[35] A. Lembke, O. Moebus, A. Grasshoff, H. Reuter,
Experiments in the production of single cell protein
from whey in a semi technical experimental plant,
Ber. Landwirtsch. Sonderh. 192 (1975) 571-598.

[36] C.P. Champagne, ]. Goulet, R.A. Lachance, Production
of bakers’ yeast in cheese whey ultrafiltrate, Appl.
Environ. Microbiol. 56 (1990) 425-430.

[37] J. Mans, One-of-a-kind plant pioneers new processing
technology, Prep. Foods 153 (1984) 73-78.

[38] J. Rodier, B. Legube, N. Marlet, et coll.,, Détermination
de la DCO (méthode a reflux en systeme ouvert), in: J.
Rodier (Ed.), L’Analyse de I'Eau (Water Analysis),
ninth ed., DUNOD, Paris 2009, pp. 987-991.

[39]1 JJA. Lucey, T. van Vliet, K. Grolle, T. Geurts,
P. Walstra, Properties of acid casein gels made by
acidification with glucono-6-lactone. 1. Rheological
properties, Int. Dairy J. 7 (1997) 381-388.

[40] DJ. Oldfield, H. Singh, M.W. Taylor, K.N. Pearce,
Heat-induced interactions of B-lactoglobulin and a-lac-
talbumin with the casein micelle in pH-adjusted skim
milk, Int. Dairy J. 10 (2000) 509-518.

[41] AJR. Law, D.S. Horne, ].M. Banks, J. Leaver,
Heat-induced changes in the whey proteins and case-
ins, Milchwissenschaft 49 (1994) 125-129.

[42] M. Corredig, D.G. Dalgleish, Effect of temperature
and pH on the interactions of whey proteins with
casein micelles in skim milk, Food Res. Int. 29 (1996)
49-55.

[43] A]J. Law, J. Leaver, Effect of pH on the thermal denat-
uration of whey proteins in milk, J. Agric. Food Chem.
48 (2000) 672-679.

[44] D.F. Newstead, W.B. Sanderson, E.F. Conaghan,
Effects of whey protein concentrations and heat treat-
ment on the heat stability of concentrated and
unconcentrated milk, New Zeal. ]J. Dairy Sci. 12 (1977)
29-36.

[45] ]J.C.D. White, D.T. Davies, 712. The relation between
the chemical composition of milk and the stability of
the caseinate complex: I. General introduction,
description of samples, methods and chemical
composition of samples, ]. Dairy Res. 25 (1958)
236-255.

[46] AJ.R. Law, J. Leaver, Effect of protein concentration
on rates of thermal denaturation of whey proteins in
milk, J. Agric. Food Chem. 45 (1997) 4255-4261.

[47]1 S.G. Anema, Effect of milk concentration on the irre-
versible thermal denaturation and disulfide aggrega-
tion of B-lactoglobulin, J. Agric. Food Chem. 48 (2000)
4168-4175.

[48] S.G. Anema, Kinetics of the irreversible thermal denat-
uration and disulfide aggregation of o-lactalbumin in
milk samples of various concentrations, J. Food Sci. 66
(2001) 2-9.


http://www.unido.org/fileadmin/user_media/Services/Environmental_Management/Water_Management/Carolina/11-87802_Factsheet_CLC_F_Ebook.pdf
http://www.unido.org/fileadmin/user_media/Services/Environmental_Management/Water_Management/Carolina/11-87802_Factsheet_CLC_F_Ebook.pdf
http://www.unido.org/fileadmin/user_media/Services/Environmental_Management/Water_Management/Carolina/11-87802_Factsheet_CLC_F_Ebook.pdf

13174 M. Kasmi et al. | Desalination and Water Treatment 57 (2016) 13166-13174

[49] F. Meinck, H. Stooff, H. Kohlschiitter, Eaux résiduaires
de laiteries et de fromageries, in: Les eaux résiduaires
industrielles (Industrial Wastewater), second ed., MAS-
SON, Paris, 1977, pp. 393—411.

[50] S.B. Bhumesh, V.S. Sai, Utilization and treatment of
dairy effluent through biogas generation—A case
study, Int. J. Environ. Sci. 1 (2011) 1620-1630.

[51] D. Karadag, O.E. Koroglu, B. Ozkaya, M. Cakmakci, A
review on anaerobic biofilm reactors for the treatment
of dairy industry wastewater, Process Biochem. 50
(2015) 262-271.

[52] L.W. Bergman, Growth and maintenance of yeast, in:
P.N. MacDonald (Ed.), Two-Hybrid Systems, Humana
Press, Totowa, NJ, 2001, pp. 9-14.

[53] S. Bernstein, T.C. Everson, Protein Production from
Acid Whey via Fermentation, in: Environmental Pro-
tection Technology Series, Office of Research and
Development, US Environmental Protection Agency,
Washinghton, DC, 1974, p. 81.



	Abstract
	1. Introduction
	2. Materials and methods
	2.1. Sampling
	2.2. Yeast isolation and identification
	2.3. Samples treatment
	2.4. Fermentation
	2.5. Analytical methods

	3. Results and discussion
	3.1. Strain isolation and identification
	3.2. Thermal coagulation and pH variation
	3.3. Separation techniques
	3.4. Effect of COD fluctuation in the process inlet
	3.5. Biological treatment: fermentation
	3.5.1. One-stage fermentation by pure Candida strains
	3.5.2. One stage fermentation by pure Lactobacillus strains
	3.5.3. Two-stage fermentation by L. plantarum and S. cerevisiae strains


	4. Conclusion
	References



