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biological treatment of liquid waste for the cheese industry
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Abstract: Many nations are seeing an increase in water pollution from dairy and cheese production due to the high 
organic and fat content in their waste products and the high temperature of their waste products, which elevates the water 
temperature and causes loss to ecosystem components. Reusing industrial wastewater that has been treated to guarantee 
no harm has been done to the environment is being hampered by a lack of water. This study compares the presence and 
absence of mixing in the anaerobic biological treatment of liquid waste for the cheese industry. To decrease heat exchange 
with the external environment, cube-shaped anaerobic reactors with dimensions of (30 x 30 x 30) cm and thick glass (10 
mm) were utilized in this investigation. The temperature of the two reactors was 35°C, with the first reactor containing 
a mixture and the second reactor containing no mixture. Samples were obtained every five days and evaluated in the 
laboratory to monitor changes in the characteristics of liquid cheese waste during the treatment period, which was 30 days. 
The indicators (pH, EC, TDS, TSS, COD, and Alkalinity) were used, and a total of 72 tests were performed throughout the 
research period for each indicator. The results appeared that the first anaerobic reactor with the combination removed 95.1 
% COD, whereas the second reactor that did not contain the mixture removed 94.1 % COD. The anaerobic reactors are 
very efficient in treating COD; the COD removal rate in the first reactor with the combination was 1.9 %, while the COD 
removal rate in the second reactor without mixing was 94.1 %. The increase in pH in the first and second reactors, followed 
by achieving the neutralization value, is proof of anaerobic reactor success. Total dissolved solids removal was achieved 
in anaerobic reactors in the first reactor (7.5 %) and peaked in the second reactor (17.83). The proportion of TSS removed 
in the first anaerobic reactor was 57.9%, and in the second reactor, it was 60.3 %. From all above can be concluded that 
the presence of mixing had a slight and negligible positive effect on the anaerobic reactors.
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Introduction
During the previous century, pollutants from human ac-

tivities have contaminated the waters of rivers and lakes, 
causing negative consequences and major difficulties in the 
aquatic environment and the living animals that live there1. 
Human-caused pollution in the aquatic environment occurs 
via industrial wastewater or residential wastewater, which 
is disposed of without treatment, causing contamination in 
rivers, lakes, and natural streams2. The dairy and cheese 
industry is one of the food industries whose liquid wastes 
contribute to water pollution because of the high levels of 
organic matter and fats in its waste products, as well as the 
high temperature of its waste products, which raises the wa-
ter temperature, causing losses to ecosystem components, 
and this is the current trend in many countries. The reuse of 
industrial wastewater in general, once it has been treated in 
a manner that does not harm the ecology, is hampered by 
water constraints3. Temperature, pH, alkalinity, presence of 
toxic substances, amount of discharges entering the reactor, 
quality of the wastes being treated, availability of nutrients 
used by decomposing anaerobic organisms, rate of the final 
removal of toxic substances by anaerobic fermentation, the 

concentration of pollution inside excretions, sludge residen-
ce time (SRT), hydraulic retention time are all factors that in-
fluence the rate of anaerobic biological treatment efficiency 
(HRT)4. The anaerobic digestion process happens in three 
stages. First, bacteria transform organic food molecules 
(carbohydrates, proteins, and lipids) into (liquid polymers 
of fatty acids and amino acids) and monosaccharides, as 
shown in this equation, which illustrates the hydrolysis of 
complex sugars into simple sugars5. The second stage is 
(Acidogensis) The acid-producing bacteria transform the 
results of the first-stage reaction into a short chain of vola-
tile acids (ketones alcohol, hydrogen, and carbon dioxide), 
with ethanol (C2H5OH), methanol (CH3OH), and propanoic 
acid as the primary products (CH3CH2COOH). Acetic acid 
(CH3COOH), butanoic acid (CH3CH2CH2COOH), lactic acid 
(C3H6O3), and formic acid (C3H6O3) are some of the most 
common acids (HCOOH). The equations below show the 
second-stage processes in which glucose is transformed 
into ethanol, propanoate, and acetic acid are shown in the 
equations below6. The third stage is (Methanogenesis), the 
last stage during which microorganisms convert hydrogen 
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and acetic acid generated from acid generators into metha-
ne and carbon dioxide7. The stabilization of waste is com-
pleted when methane and carbon dioxide are produced. 
The following equations show the reactions taking place in 
the last stage.

Materials and methods 

Anaerobic Reactor Design
Two anaerobic treatment reactors were manufactured 

of thick (10) mm glass, identical in form and size, with di-
mensions of (30 x 30 x 30) cm and 27 liters each. Each 
anaerobic reactor has a heater set at (35) °C, a sampling 
hole, a sample entrance hole, and a cleaning aperture at 
the bottom of the reactor. The first reactor contained a mixer 
with a speed of (70) Circular/ minute, and it was connected 
to the (Arduino) device, which was programmed to run the 
mixer (10) minutes/hour, as in Figure (1). The second anae-
robic reactor was without a mixer shown in Figure 2.

Anaerobic Reactor Design
The work of the anaerobic reactors that were made in 

this study was limited to the treatment of liquid wastes for 
the manufacture of cheese. The samples of liquid wastes 
for the dairy factory were kept in sealed plastic containers 
and kept away from sunlight until they were used for anae-
robic treatment. These anaerobic reactors were connected 
to the electric current and constantly monitored to ensure 
treatment flow. At the end of the third week of treatment, 
the anaerobic fermentation process took place in the first 
and second reactors, and we noticed the color change from 
white to dark brown, as in figure 3.

Results

The qualitative characteristics of liquid waste for dairy 
factories

The chemical and physical tests of the raw liquid waste 
for the dairy industry, specifically the liquid waste for the 
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Figure 1. First Anaerobic Reactor.

Figure 2. Anaerobic reactors and the fermentation process.
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cheese industry, before starting the anaerobic and aerobic 
treatment processes are shown in Table (1). appeared the 
first anaerobic reactor with the combination removed 95.1 
% COD, whereas the second reactor that did not contain 
the mixture removed 94.1 % COD. The anaerobic reactors 
are very efficient in treating COD; the COD removal rate in 
the first reactor with the combination was 1.9 %, while the 
COD removal rate in the second reactor without mixing was 
94.1 %. The increase in pH in the first and second reactors, 
followed by achieving the neutralization value, is proof of 
anaerobic reactor success. Total dissolved solids removal 
was achieved in anaerobic reactors in the first reactor (7.5 
%) and peaked in the second reactor (17.83). The pro-
portion of TSS removed in the first anaerobic reactor was 
57.9%, and in the second reactor, it was 60.3 %.

anaerobic microorganisms and their consumption of good 
amounts of organic matter9 and the value of COD after the 
end of the treatment period in the first reactor was (3980) 
mg/liter and was In the second (4730) mg/liter.

Alkalinity
The tests for liquid excretions for the cheese industry 

before starting treatment indicated that the basal concen-
tration was high. Its concentration reached (10660 mg/L) 
and the basal concentration increased with a decrease in 
the pH value. This increase is due to reducing the concen-
tration of volatile fatty acids (VFA) and the collection of aci-
dophilic bacterial masses10. All anaerobic processes occur 
together and in succession, such as hydration, decompo-
sition, formation of acids and production of methane, and 
under appropriate environmental conditions for each stage 
within anaerobic reactors, which leads to fluctuations in the 
basal values. The slight increase in the basal concentration 
during anaerobic processes may be Because methane bac-
teria quickly withdraw hydrogen from the solution during the 
production of methane gas, which is according to what was 
shown. After the treatment in the first reactor, the basal va-
lues reached (5400) mg/L and arrived in the second reactor 
(at 6100) mg/L.

Acidity (pH)
Its value was low (3.9), and this is due to the conversion 

of milk lactose to lactic acid and the use of detergents that 
contain caustic soda and nitric acid11. The values of the aci-
dity after the completion of the treatment in the first reactor 
reached (7.95) and reached (7.99) in the second reactor.

Electrical conductivity (Ec)
The liquid wastes have high electrical conductivity, and 

their value before treatment (4950 micro Siemens/cm), and 
this rise is due to the presence of inorganic salts. After treat-

Comparison between the presence and absence of mixing in the anaerobic biological treatment of liquid waste for the cheese industry

Table 3. Results of the second anaerobic reactor (without mixing).

Table 2. Results of the first anaerobic reactor (with mixer).

Table 1. Characteristics of Raw Liquid waste for cheese.

Discussion

Chemical Oxygen Demand (COD)
The amount of (COD) was very high in this waste, and 

this is due to the nature of the cheese-making subtractions, 
which are characterized by an increase in their organic 
load and an increase in temperature as well, and thus will 
consume oxygen8.  Anaerobic reactors achieved excellent 
removal of (COD) and this is due to the sufficient time for 
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ment, the electrical conductivity value in the first reactor 
reached (4533) mg/liter and in the second reactor (4580) 
mg/liter.

Total Dissolved Solids (TDS)
In most cases, the concentrations of total dissolved 

solids (TDS) of liquid wastes for cheese making are relati-
vely high due to the liquids containing dissolved salts and 
organic materials12. The total dissolved solids value after 
treatment in the first reactor was (3205) mg/L, and in the 
second, it amounted to (2847) mg/L; this decrease is due to 
the anaerobic decomposition process13.

Total Suspended Solids (TSS)
The presence of high concentrations of degradable 

organic matter in the liquid wastes for the manufacture of 
cheese will lead to an increase in the concentration of total 
suspended solids, and the TSS value before treatment was 
(3452) mg/liter. The value of the total suspended solids after 
treatment in the first reactor was (1451) mg/liter, and in the 
second, it amounted to (1369) mg/liter. The following tables 
show the results of tests during the research period for the 
first and second anaerobic reactors.

Conclusions
We conclude that processing milk wastes is booming 

and requires only an expansion in the size of the treatment 
plant, according to what we have found. In addition, the se-
cond reactor without the mixture is the most efficient where 
they worked; the COD removal and the rise in the pH value 
reaching the neutralization value is evidence of the success 
of the second reactor. And also  TSS removal by the second 
reactor.
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