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 Abstract  
This study optimized and evaluated a bacterial consortium for treating dairy industry effluent. 

Effluent samples collected from a dairy processing facility in Nigeria were analyzed for 

physicochemical parameters and heavy metal concentrations. Bacterial isolates were screened, 

identified and tested for compatibility before developing a consortium. Bioremediation 

conditions were optimized using experimental design, focusing on molasses concentration, 

temperature, pH and inoculum size. The optimal conditions for total organic carbon degradation 

were a molasses concentration of 0.60 mg/L, a temperature of 32°C, pH 7.7, and an inoculum 

size of 17 mL. Under these conditions, total organic carbon decreased from 520 mg/L to 43.6 

mg/L, chemical oxygen demand reduced from 1,480 mg/L to 120 mg/L, and biochemical oxygen 

demand declined from 780 mg/L to 65 mg/L, demonstrating significant pollutant removal. 

Carbon dioxide evolution increased steadily, reflecting active microbial metabolism, while 

enzyme activities peaked around day 10, correlating with enhanced bacterial proliferation and 

subsequent nutrient depletion. The regression model exhibited a high predictive accuracy, with 

an R² value of 0.9997, confirming the reliability of the bioremediation process. These findings 

underscore the effectiveness of the optimized bacterial consortium in degrading organic 

pollutants in dairy effluent. The study highlights the potential application of microbial consortia 

in industrial wastewater treatment, providing a sustainable and efficient approach to reducing 

environmental pollution. 
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1.0 Introduction  

    The dairy industry significantly contributes to global 

food production, but its effluent poses serious environmental 

challenges (Vaishnav et al., 2023). Characterized by high levels 

of organic matter, nutrients, and suspended solids, dairy effluent 

can lead to severe water pollution if not treated properly (Permana 

et al., 2023). It is characterized by elevated levels of organic 

contaminants, including lipids, proteins, and lactose, as well as 

nitrogenous and phosphorous compounds that facilitate the 

eutrophication of aquatic ecosystems and hinder the efficiency of 

standard treatment systems (Dhanker et al., 2023). The release of 

dairy wastewater—either untreated or insufficiently treated—into 

surface waters constitutes a serious threat to both environmental 

integrity and public health (Pratap et al., 2023).). Traditional 

treatment methods often fail to completely remove the high 

organic load and other pollutants (Ghaffar et al., 2023). Thus, 

there is an urgent need for more effective and sustainable 

bioremediation techniques that can be optimized for maximum 

efficiency (Navina et al., 2024). 

Previous studies have demonstrated the potential of microbial 

consortia for bioremediation, as these mixed cultures can degrade 

a wider range of pollutants compared to single strains (Chaudhary 

et al., 2023). Bacterial consortia have gained attention as a viable 

solution owing to their capacity to effectively break down 

intricate organic substances (Chaudhary et al., 2023). 

Optimization of bioremediation has been advanced through 

statistical tools like Response Surface Methodology (RSM) and 

Box-Behnken Design, which have demonstrated notable 

improvements in process efficiency (Aljarad et al., 2023). The 

Box-Behnken Design, in particular, allows for a thorough 

examination of the interactions between key variables, ensuring 

that the most effective conditions are identified (Teuta et al., 

2024) 

Despite the extensive exploration of bacterial consortia for 

wastewater treatment, limited research specifically focuses on 

optimizing these consortia for dairy effluent bioremediation using 

statistical designs like the Box-Behnken Design (Kadam et al., 

2024). Additionally, most existing studies do not 

comprehensively address the combined effects of multiple 

operational parameters on the bioremediation process (Luo et al., 

2024). This study aims to fill this gap by employing a systematic 

optimization approach to identify the ideal conditions for 

maximum degradation of organic pollutants in dairy effluent. This 

study builds upon previous research and provides new insights 

into the bioremediation of dairy effluent using a novel bacterial 

consortium and optimized conditions. The findings have the 

potential to be implemented in real-world scenarios, effectively 

addressing a critical environmental issue. 

2.0 Materials and Methods 

2.1 Collection and Pre-Treatment of Samples:  

The dairy wastewater was obtained using a clean, dry 5-liter 

plastic container with a secure stopper from the discharge outlet 

of a dairy processing plant in Nigeria. Following collection, the 

sample was promptly transported to the laboratory for subsequent 

analysis. 

2.2 Physicochemical Parameter Analysis:  

The chemical parameter like, Total Dissolved Solids (TDS), 

Electrical conductivities, Total Organic Carbon (TOC), Total 

Suspended Solids (TSS), Chemical oxygen demand (COD), 

Biological Oxygen Demand (BOD5), Phosphate, using standard 

methods (Shakil & Mostafa, 2023) while analyze heavy metal 

concentrations using atomic absorption spectrophotometry  

2.3 Isolation and Screening of Bacterial Isolates 

The dairy effluent samples underwent serial dilution and were 

individually cultured on nutrient agar medium. Distinct colonies, 

based on morphological characteristics, were subsequently 

isolated, purified, and preserved on nutrient agar slants at 4 °C. 

For screening purposes, each bacterial isolate was introduced onto 

dairy effluent agar (DEA) plates composed of 100 ml of sterilized 

dairy effluent solidified with 2% agar, without the 

supplementation of any external nutrients. These culture plates 

were then incubated at 37 °C for duration of 48 hours (Sonawane 

& Murthy, 2023). 
2.4 Identification of Bacteria 

 

Isolates that exhibited growth on the dairy effluent medium were 

identified through an examination of their morphological, 

cultural, and biochemical properties, following the diagnostic 

criteria outlined in Bergey’s Manual of Determinative 

Bacteriology (Andeas et al., 2023). Followed by 16S rRNA Gene 

Sequencing as outline by (Hong et al., 2023). 

2.5 Mutual Antagonistic Effect 

The isolated bacterial strains were evaluated for mutual 

antagonism to ensure they did not adversely affect one another. 

Each strain was cross-streaked on separate nutrient agar plates, 

ensuring that their growth paths did not overlap. Following 

incubation at 30°C for 48 hours, any antagonistic interactions 

were assessed in accordance with the procedure described by 

Güney et al. (2024). 

2.6 Development of Bacterial Consortium  

To prepare the bacterial consortia, individual colonies were 

cultured on DEA medium and incubated overnight at 37°C. After 

12 hours of growth, when the strains had reached the logarithmic 

phase, they were transferred into 250 mL Erlenmeyer flasks 

containing 100 mL of nutrient broth and incubated at 37°C with 

shaking at 200 rpm for another 12 hours. Subsequently, 5 mL 

from each culture was placed into sterile Falcon tubes and 
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centrifuged at 5000 rpm for 15 minutes. The resulting supernatant 

was discarded, and the cell pellets were resuspended in normal 

saline and thoroughly mixed using a vortex. Then, 0.1 mL of each 

strain was added to fresh nutrient broth and incubated overnight. 

This resulting microbial consortium in nutrient broth served as the 

inoculum for the bioremediation experiment (Kelany et al., 2023). 

2.7 Optimization using Box-Behnken Design:  

The Box-Behnken factorial design utilized four independent 

variables: molasses concentration (0.2, 0.4, 0.5, 0.6, and 

0.8 mg/L), temperature (25, 30, 32.5, 35, and 40 °C), pH (5, 7, 7.5, 

9, and 11), and inoculum volume (5, 10, 12.5, 15, and 20 mL). 

Each variable was assessed at three coded levels (−1, 0, and +1) 

across 29 experimental conditions, including one control. The 

selected levels for each factor were determined based on 

preliminary experimental findings. 

2.8 Bioremediation study of Dairy Industry Effluent 

  

The ideal conditions for maximizing TOC degradation, based on 

the Box-Behnken design, were implemented in the 

bioremediation process using a higher molasses concentration 

(0.60 mg/L), a lower temperature (32°C), an adjusted pH of 7.7, 

and an inoculum size of 17 mL. A bacterial consortium (108 

CFU/mL), isolated via wastewater agar medium, was seeded into 

100 mL of dairy effluent supplemented with 0.60 mg/L molasses. 

The flask was incubated at 32°C, 120 rpm, with the pH adjusted 

to 7.7. The bioremediation process was monitored every 2 days 

over a 14-day period by measuring colony-forming units, enzyme 

activities (dehydrogenase, esterase, and lipase), CO₂ evolution, 

COD, BOD, and TOC.  

2.9 Kinetic Study of Enzyme Activities 

2.9.1 Esterase Assay:  

Esterase activity was quantified by spectrophotometric analysis of 

p-nitrophenol (p-NP) liberated from p-nitrophenylacetate, with 

absorbance measured at 410 nm. The procedure followed the 

method outlined by Distaso et al. (2023). Enzyme activity was 

reported in terms of micromoles of p-NP released per minute per 

milliliter of the enzyme preparation. The total protein 

concentration in the enzyme extract was determined using the 

Bradford assay, as described by Yan et al. (2023). 

2.9.2 Dehydrogenase Activity: 

Dehydrogenase activity was evaluated based on the reduction of 

2,3,5-triphenyltetrazolium chloride (TTC) to triphenyl formazan 

(TPF), following the method established by Casida et al. (1964). 

To 10 mL of the wastewater sample, 1 mL of 1% TTC solution 

and 1.5 mL of distilled water were added. After incubating the 

mixture at 25 °C for 24 hours, TPF was extracted using methanol, 

and its absorbance was subsequently recorded at 485 nm. 

2.9.3 Lipase Activity: 

Lipase activity was assessed by quantifying the amount of butyric 

acid produced from the hydrolysis of tributyrin. A mixture 

consisting of 10 mL of wastewater, 1.5 mL of toluene, and 1 mL 

of tributyrin was incubated at 37 °C for 72 hours. Following 

incubation, butyric acid was extracted using ethyl acetate and 

measured by titration with 5 mM sodium hydroxide, in 

accordance with the procedure described by Kuhnert-Finkernagel 

and Kandeler (Vidal et al., 2024). 

2.9.4 Determination of Dissolved CO2 Evolved from LDPE 

Degradation 

  To quantify the dissolved CO₂ released during LDPE 

degradation, a volumetric alkalinity approach was applied. A 

25 mL aliquot of the culture medium was transferred into a 

conical flask, followed by the addition of 0.05 mL of 0.1 N 

sodium thiosulfate solution. Subsequently, two drops of methyl 

orange indicator were added, and the solution was titrated with 

0.02 N sodium hydroxide until a color shift from orange-red to 

yellow was observed. Thereafter, two drops of phenolphthalein 

indicator were introduced, and titration proceeded until a stable 

pink hue appeared. The volumes of sodium hydroxide used were 

documented, and the concentration of dissolved CO₂ was 

calculated accordingly, following the method described by 

Nielsen (2024). 

Dissolve CO2 (mg/l) =  

Where; A = ml of NaOH titrant; B = normality of NaOH; V = ml 

of the sample 

2.9.5 Monitoring of pH Shift 

The pH of each experimental setup was recorded at seven-day 

intervals throughout the duration of the study. A calibrated pH 

probe was immersed directly into the culture broth to obtain the 

readings. 

2.10 Statistical Analysis 

Statistical evaluation was performed using data derived from 

three independent replicates, with outcomes expressed as the 

mean ± standard deviation (SD). The Student’s t-test was 

employed to determine statistical significance, with a threshold of 

p < 0.05 indicating significance. All computations and analyses 

were executed using Microsoft Excel 2021 (Microsoft 

Corporation, Redmond, WA, USA). The experimental framework 
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was structured according to the Box-Behnken Design, a Response 

Surface Methodology (RSM) approach utilized for optimizing 

bioremediation conditions, refining process variables, and 

enhancing overall performance outcomes. 

3.0 Results 

The physicochemical analysis and metal concentrations of dairy 

effluent samples revealed several key findings as presented in 

Table 1. The conductivity and pH levels indicate a relatively 

stable ionic composition and slightly alkaline nature. High 

Chemical Oxygen Demand (COD) and Biological Oxygen 

Demand (BOD) values suggest significant organic pollution, 

while the Total Organic Carbon (TOC) further supports the 

presence of organic matter. Turbidity levels are moderate, 

reflecting some particulate matter. The concentrations of 

suspended solids, both suspended (SS) and total suspended solids 

(TSS), are notable. The Total Dissolved Solids (TDS) levels 

highlight a substantial amount of dissolved minerals and salts. 

Among the metals, Zinc, Copper, Lead, and Iron were detected, 

with Iron having the highest concentration. The calcium and 

sodium levels indicate the mineral content in the effluent. The 

Total Phosphorus (TP) and Total Nitrogen concentrations were 

measured, and Chloride levels also indicate the presence of salts. 

Table I summarizes all the results discussed in this section. 

Table 1: Physicochemical Characteristics and Metal 

Concentration of the Diary Effluent 

Parameters Values (Mean ± SD) 

Conductivities 1470 ± 12.48 

pH  7.6 ± 0.42 

Chemical Oxygen Demand (mg/L) 2432 ± 11.80 

Biological Oxygen Demand (mg/L) 1450 ± 7.88 

Total Organic Carbon (mg/L) 987 ± 4.89 

Turbidity (NTU) 10.89 ± 1.44 

Total Nitrogen  (mg/L) 320 ± 5.55 

Total Suspended Solid(mg/L) 1180 ± 8.55 

Total Dissolve Solid(mg/L) 1500 ± 3.87 

Zinc (mg/L) 0.67 ± 0.00 

Copper (mg/L) 0.97 ± 0.01 

Lead (mg/L) 0.09 ± 0.00 

Fe(mg/L) 4.2 ± 0.42 

Ca(mg/L) 13.04 ± 2.36 

Na(mg/L) 76.66 ± 6.48 

TP(mg/L) 15.06 ± 0.66 

Chloride(mg/L) 630 ± 7.34 

Five bacterial species were recovered from the dairy effluent and 

designated as follows: AMEB-1, AMEB-2, AMEB-3, AMEB-4, 

and AMEB-5. These isolates were selected based on their 

prevalence in the effluent and their demonstrated ability to utilize 

the dairy effluents as a growth medium. 

Each of these isolates showed significant growth when cultured in 

the dairy effluent, indicating their potential effectiveness in 

breaking down organic and inorganic matter present in the 

wastewater. This selection process ensured that only the most 

efficient and robust bacterial species were chosen for further 

analysis and potential application. 

In addition to their individual capabilities, the mutualistic 

relationship among these isolates was thoroughly investigated. 

Tests were conducted to observe interactions between the species 

when cultured together. The results established that there was no 

antagonism among AMEB-1, AMEB-2, AMEB-3, AMEB-4, and 

AMEB-5. Instead, the isolates exhibited a cooperative 

relationship, which is crucial for their combined effectiveness in 

bioremediation processes. As illustrated in Plate 1. 

 

Plate 1: Synergistic Interactions Among AMEB-1, AMEB-2, 

AMEB-3, AMEB-4, and AMEB-5 Isolates 

The synergistic interactions between AMEB-1, AMEB-2, 

AMEB-3, AMEB-4, and AMEB-5 were observed, supporting 

their application as a cohesive and effective bioremediation 

consortium. This figure visually represents the positive 

interactions among the isolates, further confirming their 

compatibility and mutual support in the degradation of dairy 

effluent pollutants. The phylogenetic analysis of the five bacterial 

isolates recovered from dairy effluent, designated as AMEB-1 to 

AMEB-5, reveals their close evolutionary relationships with 

known reference strains. AMEB-1 is closely related to Bacillus 

pumilus isolate M11, indicating it belongs to the Bacillus pumilus 

species. AMEB-2 shows a close relationship with Alcaligenes 

faecalis strain PSD10, identifying it as a member of the 
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Alcaligenes genus. AMEB-3 is closely associated with 

Pseudomonas aeruginosa strain C-1, classifying it within the 

Pseudomonas genus. AMEB-4 aligns closely with Arthrobacter 

nicotianae strain K5Y, placing it in the Arthrobacter genus, while 

AMEB-5 is closely related to Flavobacterium aquatile strain 

DSM 1132, confirming its classification in the Flavobacterium 

genus. The numbers in parentheses (***PQ056789, 

***PQ056790, ***PQ056791, ***PQ056792, and 

***PQ056793) are their accession numbers after submitting their 

16S rRNA sequences to the NCBI database. The high bootstrap 

values supporting these relationships indicate strong genetic 

similarities between the isolates and their respective reference 

strains, thus confirming their identification and highlighting their 

potential roles in bioremediation as indicated in Fig. 1 

 
Fig. 1: Phylogenetic Tree of Bacterial Isolates AMEB-1 to 

AMEB-5 Recovered from Dairy Effluent. Numbers in 

parenthesis represent GenBank Accession Numbers 

The analysis reveals that the model for Total Organic Carbon 

(TOC) degradation is highly significant, with an F-value of 

3669.61 and a p-value < 0.0001. All factors (Molasses, 

Temperature, pH, Inoculum Size) and their interactions, as well 

as quadratic terms, are significant (p < 0.0500). The model fits the 

data well, as indicated by low residuals and no significant lack of 

fit or pure error (Table 2) 

Table 2: ANOVA for Quadratic model 

Response 1: TOC Degradation (2)  

Source Sum of 

Squares 

df Mean 

Square 

F-value p-value 

Model 3593.16 14 256.65 3669.61 < 0.0001 

A-Molasses 88.02 1 88.02 1258.51 < 0.0001 

B-

Temperatur

e 

82.69 1 82.69 1182.26 < 0.0001 

C-pH 507.00 1 507.00 7249.02 < 0.0001 

D-

Inoculum 

size 

252.08 1 252.08 3604.26 < 0.0001 

AB 18.06 1 18.06 258.26 < 0.0001 

AC 36.00 1 36.00 514.72 < 0.0001 

AD 56.25 1 56.25 804.26 < 0.0001 

BC 100.00 1 100.00 1429.79 < 0.0001 

BD 1.0000 1 1.0000 14.30 0.0020 

CD 25.00 1 25.00 357.45 < 0.0001 

A² 77.58 1 77.58 1109.21 < 0.0001 

B² 1783.83 1 1783.8

3 

25504.96 < 0.0001 

C² 1016.89 1 1016.8

9 

14539.43 < 0.0001 

D² 308.45 1 308.45 4410.16 < 0.0001 

Residual 0.9792 14 0.0699 - - 

Lack of Fit 0.9792 10 0.0979 - - 

Pure Error 0.0000 4 0.0000 - - 

Cor Total 3594.14 28  - - 

The model equation for Total Organic Carbon (TOC) degradation 

is given by: 

TOC Degradation = 86.00 + 2.71 A – 2.63 B-6.50 C + 4.58 D + 

2.13 AB +3.00 AC +3.75 AD + 5.00 BC + 0.5000 BD + 2.50 CD 

– 3.46 A2 -16.58 B2 -12.52 C2 - 6.90 D2 

In this equation, the baseline TOC degradation is set at 86.00. The 

effects of factors are described as follows: Molasses (A) is 

associated with a positive impact, while Temperature (B) and pH 

(C) are associated with negative impacts, and Inoculum Size (D) 

is associated with a positive effect. Interaction terms illustrate 

how combinations of factors influence TOC degradation, with 

some interactions having positive effects. Non-linear effects are 

indicated by the quadratic terms, showing that diminishing returns 

occur at higher levels of Molasses, Temperature, pH, and 

Inoculum Size. The equation is used to predict TOC degradation 

based on the levels of these factors and their interactions. The 

model equation is supported by these visual representations, 

highlighting the significant factors and their interactions affecting 

TOC degradation. Maximum TOC degradation can be achieved 

by optimizing molasses concentration and inoculum size while 

keeping temperature and pH at lower levels. The presence of 

quadratic effects is confirmed by the perturbation plot (Graph A), 

suggesting there are optimal levels for each factor. These optimal 

conditions are visualized by the 3D surface plots (Graphs B, C, 

and D) as presented in Fig.2 
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Figure 2: Impact of Various Factors on TOC Degradation. (A) 

Perturbation plot showing the sensitivity of TOC degradation to 

deviations in molasses concentration (A), temperature (B), pH 

(C), and inoculum size (D) from the reference point. (B) 3D 

surface plot depicting the interaction between molasses 

concentration (A) and inoculum size (D) on TOC degradation. (C) 

3D surface plot illustrating the interaction between temperature 

(B) and pH (C) on TOC degradation. (D) 3D surface plot showing 

the interaction between molasses concentration (A) and pH (C) on 

TOC degradation. Higher TOC degradation is achieved with 

increased molasses concentration and inoculum size, while lower 

temperatures and pH values are beneficial. 

The regression model shows exceptional performance with an R² 

of 0.9997, indicating that 99.97% of the variance in the dependent 

variable is explained by the model. The Adjusted R², also 0.9997, 

confirms that the model is well-specified and the addition of 

predictors hasn’t significantly improved the fit. The Predicted R², 

identical at 0.9997, highlights the model’s excellent predictive 

power on new data. Additionally, an Adequate Precision of 

203.2946 indicates a very high signal-to-noise ratio, underscoring 

the model’s reliability in making predictions. Overall, these 

statistics suggest the model is highly effective and reliable as 

indicated in Fig. 3 

 

 

Fig. 3: Comparison of Predicted vs. Actual TOC Degradation 

Values of Dairy Effluent 

Based on the Box-Behnken design, the ideal conditions for 

maximizing Total Organic Carbon (TOC) degradation in dairy 

effluent have been identified. To achieve high TOC degradation, 

it is recommended to increase the molasses concentration, as 

higher levels provide additional carbon sources that enhance 

microbial growth and activity. Lower temperatures are preferable, 

as they optimize microbial enzyme efficiency and reduce 

metabolic stress. Additionally, maintaining a lower pH creates a 

more favorable environment for microbial activity, facilitating 

better degradation of organic pollutants. Finally, increasing the 

inoculum size boosts the microbial population and enzymatic 

activity, accelerating the degradation process.  

The ideal conditions for maximizing TOC degradation were 

implemented in the bioremediation process by using a higher 

molasses concentration (0.60 mg/L), maintaining a lower 

temperature (32°C), and adjusting the pH. Additionally, a larger 

inoculum size of 17 mL was used in the experimental setup. 

The steady decline in TOC, COD, and BOD over the incubation 

period indicates that the organic pollutants were effectively 

degraded over time. Specifically, TOC decreased from 

approximately 5500 mg/L on day 2 to about 300 mg/L by day 14. 

COD showed a reduction from roughly 900 mg/L on day 2 to 

around 100 mg/L by day 14. Similarly, BOD dropped from about 

700 mg/L on day 2 to approximately 80 mg/L by day 14. These 

declines demonstrate the effective breakdown of organic 

pollutants by microbial activity. The rise and stabilization of CO2 

evolution, which increased from about 50 mg/L on day 2 to nearly 

250 mg/L by day 14, suggest that active microbial metabolism 

was converting organic carbon into CO2. This indicates ongoing 

microbial activity and organic matter decomposition throughout 

the incubation period. The initial increase in TVC from 

approximately 6 Log CFU/mL on day 2 to a peak of around 9 Log 

CFU/mL by day 8 indicates robust microbial proliferation as they 

consumed the available organic matter. The subsequent decline to 

about 6.5 Log CFU/mL by day 14 suggests that microbial activity 

R2 = 0.9997 

Adjusted R2 = 0.9997 

Predicted R2 = 0.9997 

Adeq Precision = 203.2946 
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decreased due to nutrient depletion or other environmental stress 

factors as presented in Fig. 4  

 

Fig.4: Bioremediation of Dairy Effluent by Bacterial Consortium 

Over a 14-Day Incubation Period 

The dynamics of enzyme activities reveal that dehydrogenase 

activity initially rise, reaching its peak around day 10, and then 

slightly declines as the available organic material decreases. 

Esterase activity exhibits a steady increase, peaking around day 

10 before experiencing a slight decline as substrate availability 

diminishes. Lipase activity follows a similar trend, increasing 

initially and peaking at day 10, then slightly decreasing as the 

organic material is depleted. Concurrently, the pH decreases over 

time due to the metabolic activities of the bacteria, stabilizing 

after reaching a low point around day 10, when microbial activity 

is at its peak as presented in Fig.5.  

 

Fig.5: Bioremediation of Dairy Effluent by Bacterial Consortium 

Enzyme Activities and pH Changes Over a 14-Day Incubation 

Period 

4.0 Discussion 

This study highlights the significant environmental implications 

of untreated dairy effluent, including degraded water quality and 

harm to aquatic ecosystems. High levels of contaminants like 

COD, BOD, and suspended solids can lead to oxygen depletion, 

stressing or killing aquatic organisms. Elevated conductivity and 

pH levels can alter the chemical balance of receiving waters, 

negatively affecting biodiversity and aquatic habitats. These 

findings align with previous research (Porwal et al., 2015; Sharma 

et al., 2018; Jindal et al., 2019; Giri et al., 2020; Ganta et al., 

2022), emphasizing the urgent need for effective treatment 

strategies to mitigate the environmental impact of dairy effluent. 

Without proper treatment, discharge can cause long-term 

ecological damage and pose risks to public health, underscoring 

the critical need for stringent effluent treatment protocols in the 

dairy industry to protect water quality and ecosystem health. The 

predominance of iron, followed by zinc, copper, and lead in the 

detected metals is significant, reinforcing findings from previous 

studies like Tabelini et al. (2023), which identified iron as a major 

component in dairy effluent due to its use in processing 

equipment. This study confirms the typical metal profile of dairy 

wastewater, highlighting the critical need to address metal 

contamination in effluent treatment processes to prevent 

environmental pollution and potential health risks. 

In response to the identified contamination levels, this study 

introduced and characterized five novel bacterial isolates—

AMEB-1 (Bacillus pumilus), AMEB-2 (Alcaligenes faecalis), 

AMEB-3 (Pseudomonas aeruginosa), AMEB-4 (Arthrobacter 

nicotianae), and AMEB-5 (Flavobacterium aquatile)—for their 

potential in bioremediation of dairy effluent. The choice of these 

strains was informed by their demonstrated ability to thrive in 

dairy effluent and their potential for degrading complex 

pollutants. This approach is significant as it expands on existing 

research by exploring a new bacterial consortium specifically 

selected for its suitability in treating dairy effluent (Vaishnav et 

al. 2023; Sahu et al., 2023). The observed substantial growth and 

metabolic activity of these isolates underscore their effectiveness 

in handling the specific challenges posed by dairy wastewater. 

Reports have shown that all these bacteria possess adaptability for 

pollutant degradation, this observation is supported by previous 

studies: (Li et al., 2024) highlighted Bacillus pumilus as a 

versatile bacterium with considerable bioremediation capabilities 

due to its robust metabolic functions. Similarly, Alcaligenes  

faecalis has been recognized for its ability to degrade a wide range 

of pollutants, underscoring its potential effectiveness in 

wastewater treatment (Sahu et al., 2023). The bioremediation 

properties of Pseudomonas aeruginosa are well-established, 

especially regarding its proficiency in breaking down 

hydrocarbons and other complex organic compounds (Sar et al., 

2023). Additionally, the Arthrobacter genus is noted for its 

adaptability and efficiency in degrading diverse pollutants, 

including those present in dairy effluent (Siddiqui & Dahiya, 

2023). Flavobacterium species also play a crucial role in the 
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degradation of complex organic materials, enhancing their utility 

in bioremediation processes (Mukherjee et al., 2024). 

The interactions among these bacterial isolates were examined to 

assess their synergistic potential. The study revealed that the 

isolates exhibited cooperative relationships rather than 

antagonistic effects, a crucial finding as positive interactions 

between microbial strains can significantly enhance 

bioremediation efforts. The observed synergy among AMEB-1 to 

AMEB-5 is consistent with previous research, such as Ji et al. 

(2023), which highlighted the benefits of mixed microbial 

communities in degrading complex wastes. However, the specific 

interactions within this consortium and their implications for 

dairy effluent treatment provide new insights into optimizing 

microbial consortia for wastewater bioremediation. The use of 

Response Surface Methodology (RSM) to optimize conditions for 

Total Organic Carbon (TOC) degradation in this study marks a 

novel application in dairy effluent treatment. By identifying 

optimal conditions, such as increased molasses concentration, 

higher inoculum size, and adjusted temperature and pH, the study 

not only supports previous findings on effective degradation 

parameters (Sakr et al., 2023) but also extends the knowledge base 

by successfully applying RSM in this context. The model's 

exceptional performance, with an R² of 0.9997, underscores its 

robustness and accuracy, offering a reliable tool for optimizing 

bioremediation processes, as demonstrated by similar 

methodologies in other contexts (Favier et al., 2023). This 

approach enhances the precision and efficiency of dairy effluent 

treatment strategies. The significant reductions in TOC, COD, and 

BOD over the incubation period further validate the effectiveness 

of the bioremediation process. The observed decrease in TOC 

from approximately 5500 mg/L to 300 mg/L, COD from 900 

mg/L to 100 mg/L, and BOD from 700 mg/L to 80 mg/L 

underscores the capability of the bacterial consortium in 

degrading organic pollutants. The increase in CO2 evolution, 

from 50 mg/L to 250 mg/L, reflects active microbial metabolism 

and conversion of organic carbon, reinforcing the effectiveness of 

the bioremediation process. Enzyme activity patterns, including 

peaks in dehydrogenase, esterase, and lipase activities, confirm 

the microbial degradation of organic materials. The gradual 

decline in enzyme activities, which corresponds with the 

depletion of organic materials and a decrease in pH over time, 

suggests acidification due to microbial metabolism (Zheng et al., 

2024). These patterns further validate the active role of the 

bacterial consortium in the bioremediation process. 

The findings of this study demonstrate the critical role of enzyme 

activity and microbial interactions in the degradation of organic 

materials in dairy effluent. The use of Response Surface 

Methodology to optimize TOC degradation highlights the 

potential for improving bioremediation strategies through precise 

condition adjustments. The predominance of certain metals 

further underscores the need for targeted treatment approaches to 

address contamination. These insights contribute valuable 

knowledge to the field of wastewater treatment, particularly in 

optimizing microbial consortia and refining treatment protocols. 

5.0 Conclusion 

This study advances our understanding of dairy effluent treatment 

by introducing innovative approaches and insights. The 

identification of a new bacterial consortium, coupled with the 

application of Response Surface Methodology (RSM) for process 

optimization, and a thorough analysis of microbial interactions 

and enzyme activities, enhances wastewater bioremediation 

strategies. These advancements not only offer practical solutions 

for optimizing treatment conditions but also underscore the 

importance of continued research and innovation in improving 

environmental management practices within the dairy industry. 
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