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 The optimization of membrane bioreactor (MBR) equipped with a 

submerged flat-sheet polyethersulfone (PES) membrane for the 

wastewater treatment from dairy processing facilities was investigated. 

The effects of key parameters such as the hydraulic retention time (HRT, 

from 8 to 16 hr), mixed liquor suspended solids (MLSS, 3000 to 9000 

mg/L), and rate of aeration (Qair: 1 and 2 L/min) on COD removal 

efficiency were systematically investigated. Through the response 

surface method (RSM), the maximum the COD removal efficiency of 

92.67% was obtained under the optimal conditions of HRT: 13.83 hr, 

MLSS: 7239.84 mg/L, and Qair: 1.75 L/min. The statistical analysis 

identified MLSS as the most influential factor in the COD removal 

efficiency, accounting for 30% of the variation, followed by HRT with 

16%, and the rate of aeration showing the least impact of 8%. A notable 

reduction in the UV absorbance of wastewater between 200 and 500 nm, 

after treatment using MBR under optimal conditions, signified 

successful targeting of toxic or colored pollutants. Finally, a mechanism 

for the wastewater treatment in MBRs, which included the biological 

degradation, adsorption on the surface of biomass and membrane, and 

separation through membrane filtration, was proposed. 
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1. Introduction  

The burgeoning global population and the 

consequential rise in food production have 

exacerbated the generation of wastewater, 

particularly within the food industry [1]. 

Compared to other industrial sectors, the food 

industry requires a large amount of water 

because it is used in most of the factory 
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operations such as production, cleaning, 

disinfection, cooling, the transportation of 

materials, etc. [2]. The disposal of such 

wastewater poses a significant environmental 

challenge due to its complex composition, 

characterized by high organic loads, 

suspended solids, and diverse contaminants 

[3,4]. Generally, the biochemical oxygen 

demand (BOD) and chemical oxygen demand 

(COD) of food industry wastewater are 10s or 

even 100 times higher than those of domestic 

wastewater [5]. Traditional wastewater 

treatment methods often fall short in 

efficiently addressing the specific challenges 

presented by food industry effluents [6,7]. In 

recent years, the membrane bioreactor (MBR) 

technology has emerged as a promising and 

innovative solution, demonstrating remarkable 

efficacy in treating the wastewater from food 

processing facilities [8-11]. Membrane 

bioreactors represent a hybrid approach that 

combines biological treatment processes with 

membrane filtration, offering advantages over 

conventional treatment methods [12]. The 

MBR system provides high treatment 

efficiency and superior effluent quality, 

making it suitable for applications requiring 

strict standards and water reuse. It has a 

smaller footprint compared to CAS systems, 

which are more space-intensive but more cost-

effective for the large-scale use. However, 

MBR systems have higher capital and 

operational costs, mainly due to membrane 

maintenance and energy consumption. The 

integration of microorganisms in a bioreactor 

environment, where they catalyze the 

degradation of organic pollutants [13], is 

coupled with the use of membranes to separate 

and retain solid particulates [14]. This 

combination results in the improved effluent 

quality, reduced footprint, and enhanced 

treatment efficiency compared to conventional 

activated sludge systems. The membranes act 

as selective barriers, preventing the passage of 

suspended solids and biomass into the effluent, 

thus minimizing the risk of contaminant 

carryover [15]. The membrane average pore 

size has a direct impact on membrane fouling 

which should be determined based on the 

particle size in the influent [16]. Different 

materials can be used for the fabrication of 

membranes, polymer-based membranes are 

the most commonly used material in the water 

and wastewater treatment [17]. However, most 

of the polymer-based polymers are 

hydrophobics, of which the main disadvantage 

is the high fouling potential. Microbes in 

membrane bioreactor produce biomass in the 

form of activated sludge floc and organic 

matter which are usually hydrophobic. Hence, 

there will be a strong adhesion between the 

biomass and membrane surface which reduces 

the membrane efficiency upon the creation of 

a layer on the membrane surface, i.e., fouling 

phenomena [18]. To prevent membrane 

fouling, the reactor is aerated internally. This 

method not only supplies the necessary oxygen 

for microorganisms but also reduces fouling 

by creating mechanical vibrations [19]. 

However, increasing the intensity of air 

transfer into the reactor will not only increase 

energy consumption but also lead to an 

increase in the concentration of oxygen in the 

water, which is not beneficial. The unique 

challenges, such as variable and high-strength 

organic loads, posed by the food industry 

wastewater require specialized treatment 

approaches [20]. Membrane bioreactors 

address these challenges by providing a 

controlled environment that promotes the 

growth of diverse microbial communities 

capable of efficiently metabolizing the 

complex organic compounds present in food 

processing effluents. Unlike conventional 

activated sludge systems, the MBR technology 

is less constrained by factors such as the 

hydraulic retention time and sludge settling 

characteristics [15]. This adaptability 
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empowers operators to optimize system 

performance and address variations in the 

influent wastewater quality. This study aims to 

provide a comprehensive framework for 

optimizing the performance of membrane 

bioreactors in the food industry wastewater 

treatment using the Design Expert software. 

Specifically, this study focuses on the critical 

interactions between hydraulic retention times 

(HRT), mixed liquor suspended solids 

(MLSS), and the rate of aeration, which has 

been less explored in previous researches. 

 

2. Material and Methods 

Wastewater samples were systematically 

collected from a dairy processing plant. The 

characteristics of the collected wastewater 

encompassed a diverse range of parameters 

crucial for a comprehensive analysis (Table 1). 

The effluent displayed notable features such as 

the elevated organic matter content, suspended 

solids, and fluctuations in pH levels. The 

activated sludge extracted from the aeration 

pond of the same dairy processing plant played 

a pivotal role in the biological treatment 

processes. The diverse microbial communities 

within the activated sludge acted as catalysts 

for the degradation of organic pollutants 

present in the influent wastewater. 

Additionally, nitrogen and phosphorus 

fertilizers were introduced as essential 

nutrients to support the microbial consortia 

within the membrane bioreactor (MBR) 

system, fostering an optimal environment for 

efficient nutrient removal and biological 

treatment. The efficiency of the membrane 

bioreactor process was monitored by 

measuring the effluent COD using the titration 

method [21]. The sample was first digested in 

a strong acidic solution with potassium 

dichromate as the oxidizing agent. After the 

digestion process, the remaining dichromate 

was titrated with a ferrous ammonium sulfate 

(FAS) solution, using ferroin as an indicator. 

The COD value was then calculated based on 

the amount of the FAS used, reflecting the 

organic matter present in the sample. 

 

Table 1.  

Characteristics of the dairy factory wastewater. 

Parameter  Unit Value  

BOD mg/L 1235 

COD mg/L 2058 

Suspended 

solids 

mg/L 2100 

pH - 5.5-9 

Oil & Grease mg/L 318 

Turbidity NTU 12.8 

Colour - milky 

Odour - objectionable 

 

Figure 1 presents the schematic of the MBR 

system utilized in this investigation. The 

reactor tank was equipped with an aeration 

pump and air flowmeter, ensuring the efficient 

oxygen transfer throughout the biological 

treatment process and adjusting the rate of 

aeration. A diffuser-based aeration system was 

employed, and strategically positioned to 

enhance the oxygen dispersion and support the 

microbial activity within the reactor. 

Peristaltic pumps were used to suction 

permeate from the membrane module and to 

pump permeate backward for the standard 

backwash. A manometer was integrated into 

the system to monitor the suction and return 

flow of the membrane, allowing for the precise 

control of the operating pressure within the 

optimal range of 0.1 to 0.5 bar. 
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Figure 1. Schematic diagram of lab-scale MBR. 

 

 

Table 2 outlines the fundamental operational 

parameters of the lab-scale Membrane 

Bioreactor (MBR) used in the study. The MBR 

configuration utilized a single-stage, 

submerged design with a working volume of 4 

L. The MBR configuration featured a 

submerged flat-sheet polyethersulfone (PES) 

membrane, known for its high fouling 

resistance and long-term durability. The 

permeate flow rate was maintained at 13 

mL/min, ensuring the efficient filtration and 

separation of suspended solids and the 

microbial biomass. For the standard 

maintenance, a backwash flow rate of 26 

mL/min was applied, facilitating the removal 

of the accumulated fouling and maintaining 

the membrane integrity.  

 

                                            

                               Table 2.  

                               Basic operational conditions of the lab-scale MBR. 

Parameters Description or values 

Type of MBR Single stage, submerged 

Working volume 4 L 

Membrane material polyethersulfone (PES) 

Pore size 2-8 µm 

Module design flat-sheet 

No. of module 1 

Permeate flow rate 13 mL/min 

Backwash flow rate 26 mL/min 

Figures 2a and b display the SEM image 

(determined using SEM MIRA3 Tescan, 

Czech Republic) and the real image of the 

membrane respectively. The SEM image 

reveals the membrane intricate porous 

structure characterized by finger-like pores. 

The diameter of these pores ranges between 2 

and 8 µm, indicating a diverse distribution of 

pore sizes across the membrane surface. This 

porous architecture is essential for facilitating 

air blower 

flowmeter 

MBR 

manometer 

backwash pump 

permeate suction pump 

feed reservoir 

effluent reservoir 

feed pump 
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the efficient filtration and separation processes 

within the MBR system. The finger porosity 

allows for the passage of water molecules 

while retaining suspended solids, the microbial 

biomass, and other contaminants in the 

wastewater. 

 

 

 
(a) (b) 

Figure 2. Characteristics of the PES membrane (a) real image, and (b) SEM image in cross-section view.  

 

The optimization of the membrane bioreactor 

(MBR) process was achieved through the 

application of the Design-Expert software (v. 

11), utilizing a central composite design 

(CCD) and the response surface methodology 

(RSM). CCD provided a comprehensive 

layout of experimental conditions, while RSM 

facilitated the statistical analysis and model 

optimization [22]. This synergistic approach 

allowed for the exploration of complex 

interactions among the variables, leading to the 

identification of optimal conditions for the 

MBR performance. To explore the impact of 

HRT on the MBR performance, retention 

times were systematically varied between 8 

and 16 hr, the concentration of MLSS was 

adjusted within the range of 3000 to 9000 

mg/L, and the rate of aeration between 1 to 2 

L/min was applied (Table 3). 

 

               Table 3.  

               Experimental factors and ranges for the MBR process optimization. 

Numeric Factor Name Units Coded Low Coded High Mean 

A HRT hr -1 ↔ 8 +1 ↔ 16 12 

B MLSS mg/L -1 ↔ 3000 +1 ↔ 9000 6000 

C Qair L/min -1 ↔ 1 +1 ↔ 2 1.5 

 

3. Results and discussion 

3.1. Statistical Results  

RSM was employed alongside CCD to 

establish relationships between responses and 

experimental variables, aiming to streamline 

the optimization process while minimizing the 

number of experiments needed. Table 4 

presents the complete design matrix, 

comprising 16 experimental runs, with two 

replications conducted at the central points. 

permeated water nozzle 

membrane supporting panel 
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The table also provides the actual percentage 

values of COD RE, offering a comprehensive 

overview of the experimental outcomes. 

 

  Table 4.  

  Experimental design matrix and COD RE values. 

Factors Response  

HRT 

(hr) 

MLSS  

(mg/L) 

Qair  

(L/min) 

COD RE  

(%) 

8 3000 1.0 69.8 

 3000 2.0 71.2 

 6000 1.5 81.5 

 9000 2.0 77.8 

 9000 1.0 68.3 

12 3000 1.5 77.8 

 6000 1.5 89.1 

 6000 1.0 85.5 

 6000 2.0 90.4 

 6000 1.5 88.8 

 9000 1.5 88.4 

16 3000 1.0 72.0 

 3000 2.0 70.6 

 6000 1.5 86.8 

 9000 1.0 82.0 

 9000 2.0 92.5 

 

Table 5 presents the results of the Analysis of 

Variance (ANOVA) for the Quadratic model 

applied to the experimental data. The p-value 

in the ANOVA table is a crucial indicator that 

determines the statistical significance of the 

findings. The p-value less than 0.5 (the chosen 

significance level) is considered statistically 

significant. The F-value in the ANOVA table 

is a critical statistic; higher F-values indicate 

greater significance, suggesting that the model 

or model terms contribute significantly to 

explaining the observed variability in the data. 

The Quadratic model demonstrated high 

significance (F-value=129.08, p <0.0001), 

indicating its adequacy in fitting the data and 

explaining the variation observed in the 

response variable. All independent factors, 

including HRT, the concentration of MLSS, 

and the rate of aeration, demonstrated 

significant effects on the response. Interactions 

AB, BC, and quadratic terms A², B², and C² 

were also statistically significant, implying 

their substantial contributions to the variation 

in the response. However, the AC interaction 

was not significant, suggesting minimal 

influence on the model's performance. The 

Lack of Fit F-value was 23.75 with a p-value 

of 0.1545, indicating that it was not significant, 

affirming the robustness of the model in 

describing the relationship between 

experimental factors and the response variable. 

The high R² value (0.9949) indicated that the 

model explained most of the variability in the 

data, with adjusted R² and predicted R² values 

further supporting the model's robustness. 

 

           Table 5.  

           ANOVA for the Quadratic model. 

Source Sum of Squares df Mean Square F-value p-value  

Model 1043.22 9 115.91 129.08 < 0.0001 significant 

A-HRT 124.61 1 124.61 138.76 < 0.0001  

B-MLSS 226.58 1 226.58 252.31 < 0.0001  

C-Qair 62.00 1 62.00 69.04 0.0002  

AB 89.78 1 89.78 99.98 < 0.0001  

AC 0.4050 1 0.4050 0.4510 0.5269  

BC 50.00 1 50.00 55.68 0.0003  

A² 80.75 1 80.75 89.92 < 0.0001  

B² 114.30 1 114.30 127.28 < 0.0001  

C² 7.93 1 7.93 8.83 0.0249  

Residual 5.39 6 0.8980    

Lack of Fit 5.34 5 1.07 23.75 0.1545 not significant 

Pure Error 0.0450 1 0.0450    

R²: 0.9949; adjusted R²: 0.9872; predicted R²: 0.9342 
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Figure 3 offers a clear representation of the 

relative importance of each variable in 

influencing COD RE. the analysis of the F-

values revealed that MLSS exerted the most 

substantial influence, contributing to 30% of 

the variation, which significantly exceeded 

those of other factors. Following MLSS, HRT 

emerged as the next influential factor, 

accounting for 16% of the variation, while the 

rate of aeration had the least effect among the 

primary parameters on COD RE, contributing 

only 8%. Additionally, the quadratic terms for 

MLSS and HRT (B² and A²) contributed 

significantly, representing 15% and 11% of the 

total variation respectively. Moreover, the 

interaction between HRT and MLSS (AB) 

played a crucial role, contributing 12% and 

emphasizing their combined importance in 

influencing the COD RE efficiency. However, 

the percentages calculated for other terms (BC, 

C², and AC) demonstrated their insignificant 

effects on COD RE. 

 

 
Figure 3. Relative importance of key factors on the COD removal efficiency. 

 

The following equation in terms of coded 

factors is proposed to make predictions about 

the response for given levels of each factor. By 

default, the high levels of the factors are coded 

as +1 and the low levels are coded as -1.  

𝐶𝑂𝐷 𝑅𝐸 = +89.44 + 3.53𝐴 + 4.76𝐵 +

2.49𝐶 + 3.35𝐴𝐵 − 0.2250𝐴𝐶 + 2.50𝐵𝐶 −

5.53𝐴² − 6.58𝐵² − 1.73𝐶²                 (1)                                                                                                                         

The normal plot of residuals (Figure 4a) 

depicts a distribution that closely follows a 

diagonal line (45° line), indicating that the 

assumptions of the model are being met and 

that the model adequately captures the 

underlying relationships in the data. Similarly, 

Figure 4b illustrates the predicted vs. actual 

plot, utilized to assess the accuracy of the 

predictions of a regression model. 

Discrepancies between the predicted and 

observed values are indicated by deviations 

from the ideal 45° line, representing perfect 

agreement between predicted and actual 

values. The two amounts of -5.3 and 5.32 in 

the Residuals vs. runs plot (Figure 4c) indicate 

the magnitude of the errors in the residuals. 
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C-Qair
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(a) (b) (c) 

Figure 4. Statistical charts, (a) normal plot of residuals, (b) predicted vs. actual, (c) residuals vs. run. 

 

3.2. Effect of Significant Factors on the 

COD Removal 

3.2.1. Hydraulic Retention Time (HRT) 

The investigation into the effect of the 

hydraulic retention time (HRT) on COD RE in 

MBR revealed insightful trends (Figure 5). 

Initially, at an HRT of 8 hr, the lowest 

percentage of COD RE, reaching nearly 80%, 

was observed. However, as the HRT increased 

in 1-hr intervals up to 13 hr, a notable upward 

trend in COD RE, peaking at almost 90%, was 

observed. Subsequently, from 13 hr to 16 hr, a 

slight decrease in COD RE, stabilized at nearly 

87%, was noted. Considering the broader 

context of the HRT's impact on membrane 

fouling, the observed trends align with 

established findings. Decreasing HRT has 

been associated with an increase in membrane 

fouling due to factors such as the elevated 

sludge viscosity and concentrations of 

extracellular polymeric substances (EPS) 

[23,24]. Studies have shown that shorter HRTs 

stimulate the release of EPS from bacterial 

cells, fostering the overgrowth of filamentous 

bacteria and the formation of irregular large 

flocs [25]. Furthermore, decreasing HRT leads 

to the higher concentrations of MLSS and 

sludge viscosity, exacerbating the 

hydrodynamic conditions within MBR 

systems. Insights from previous researchs 

underscore the importance of optimizing HRT 

to mitigate membrane fouling and enhance the 

overall system performance. While increasing 

HRT generally enhances COD RE by 

providing sufficient time for biological 

processes, prolonged HRTs beyond an optimal 

range can lead to decreased efficiency due to 

factors such as the reduced biomass activity, 

changes in sludge characteristics, shifts in 

microbial community dynamics, and 

accumulation of inert or refractory 

compounds. The optimization of HRT is 

therefore crucial to maintain the optimal 

system performance and maximize the COD 

RE efficiency in MBR. 
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Figure 5. Effect of the hydraulic retention time (HRT) on the COD removal efficiency. 

 

3.2.2. Mixed Liquor Suspended Solids 

(MLSS) 

The results of the tests, investigating the effect 

of the concentration of MLSS on COD RE in 

the MBR, are indicated in Figure 6, 

highlighting the importance of optimizing 

MLSS levels to improve the MBR 

performance. At the concentrations of 3000, 

6000, and 9000 mg/L of MLSS, the 

corresponding COD RE values were 

approximately 78%, 89%, and 87% 

respectively. These findings align with the 

existing research highlighting the complex 

relationship between the concentration of 

MLSS and membrane fouling in MBR systems 

[26]. The composition of MLSS, which 

includes bacteria flocs, extracellular polymeric 

substances (EPS), colloids, microsolutes, and 

macrosolutes, plays a crucial role in membrane 

fouling dynamics. Higher concentrations of 

MLSS in MBRs have been associated with the 

accelerated membrane fouling due to the 

elevated content of suspended solids. Studies 

have indicated that the membrane permeability 

decreases by increasing the concentration of 

MLSS, primarily attributed to the increased 

viscosity and changes in the sludge rheology 

[27]. However, the findings of literatures on 

the impact of the concentration of MLSS on 

membrane fouling are not entirely consistent. 

While some studies report a positive 

correlation between the concentration of 

MLSS and membrane fouling, others suggest 

no significant effect such as a reduction in 

fouling rates at higher concentrations [28-30]. 

These discrepancies underscore the 

complexity of the relationship between the 

concentration of MLSS and membrane 

fouling, indicating that other factors such as 

the sludge rheology and operational conditions 

may also play crucial roles. 

 

 
Figure 6. Effect of mixed liquor suspended solids 

(MLSS) on the COD removal efficiency. 

 

3.2.3. Rate of Aeration  

The results of the tests, examining the effect of 

the rate of aeration (Qair) on COD RE in the 
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MBR, are provided in Figure 7. At the aeration 

rates of 1, 1.5, and 2 L/min, the corresponding 

COD RE values were approximately 85%, 

89%, and 90% respectively. Aeration serves a 

dual purpose in aerobic MBRs, supplying 

oxygen for biological processes and aiding in 

dislodging the cake layer formed on the 

membrane surface through air scouring. 

Research has consistently demonstrated that 

increasing the rate of aeration in MBRs can 

lead to a reduction in membrane fouling [31]. 

Higher aeration velocities positively affect 

fouling control by enhancing scouring action, 

although the extent of this effect may diminish 

with the increased concentrations of MLSS 

due to the increased viscosity [32]. While high 

aeration rates can minimize membrane 

fouling, they also affect biomass 

characteristics by promoting the sludge floc 

breakage and the production of soluble 

microbial products (SMPs). Moreover, 

elevated aeration intensities result in higher 

energy consumption and operational costs 

[33]. Therefore, finding an optimal aeration 

intensity that balances fouling control and 

operational efficiency is crucial. Exceeding the 

critical aeration intensity may lead to increased 

membrane fouling as the shear forces break up 

larger flocs [34]. 

 

 
Figure 7. Effect of the rate of aeration (Qair) on 

the COD removal efficiency. 

 

 

3.3. Binary Interaction 

The interaction between different operating 

parameters significantly affected COD RE. 

The interaction between HRT and MLSS 

significantly influenced COD RE in the MBR 

system (Figure 8a). Higher concentrations of 

MLSS appeared to enhance COD RE more 

effectively, especially at longer HRT 

durations. Upon examining the data, it became 

evident that different combinations of HRTs 

and the concentrations of MLSS led to varying 

levels of COD RE. Particularly, at lower 

values of HRT, the impact of MLSS on COD 

RE was noticeable. For instance, at an HRT of 

8 hr, the COD RE ranged from 68.3% to 71.2% 

across different concentrations of MLSS (3000 

and 9000 mg/L). However, as the HRT 

increased to 12 and 16 hr, the influence of 

MLSS on COD RE became more pronounced. 

At the values of 12 and 16 hr of HRT, higher 

concentrations of MLSS corresponded to 

higher COD RE. For example, at the 

concentration of 6000 mg/L of MLSS, the 

COD RE increased from 77.8% to 89.1%, and 

to 86.8% at the values of 12 and 16 hr of HRT 

respectively. Similarly, at the concentration of 

9000 mg/L of MLSS, the COD RE increased 

from 77.8% to 88.4%, and to 92.5% at the 

values of 12 and 16 hr of HRT respectively. 

The interaction between Qair and HRT may 

have had a more pronounced effect on the 

COD RE efficiency at longer HRTs (Figure 

8b). Upon examination, it was notable that at 

lower values of HRT, there seemed to be no 

consistent trend between Qair and COD RE. 

For instance, at an HRT of 8 hr, varying the 

value of Qair (1.0 and 2.0 L/min) resulted in 

somewhat similar COD RE (69.8% and 71.2%, 

respectively). Similarly, at an HRT of 12 hr, 

the COD RE did not exhibit a clear pattern 

concerning the different values of Qair. 

However, at the higher values of HRT, a 

clearer relationship between Qair and COD RE 
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emerged. Specifically, the higher values of 

Qair appeared to correspond to higher COD 

RE. For example, at an HRT of 16 hr, the COD 

RE increased from 72.0% to 86.8% as Qair 

increased from 1.0 to 1.5 L/min. The 

interaction between Qair and MLSS had a 

notable impact on COD RE, particularly at the 

higher concentrations of MLSS (Figure 8c). 

The increased aeration intensity seemed to 

enhance COD RE more effectively when the 

concentration of MLSS was elevated. Upon 

examination, it was apparent that at the lower 

concentrations of MLSS, varying the value of 

Qair (1.0 and 2.0 L/min) resulted in slightly 

different COD RE (69.8% and 71.2%, 

respectively). However, as the concentrations 

of MLSS increased to 6000 mg/L and 9000 

mg/L, the influence of Qair on COD RE 

became more pronounced. Specifically, at the 

higher concentrations of MLSS (6000 and 

9000 mg/L), the higher values Qair correlated 

with significantly higher COD RE. For 

example, at a concentration of 6000 mg/L of 

MLSS, the COD RE increased from 85.5% to 

90.4% as Qair increased from 1.0 to 2.0 L/min. 

Similarly, at a concentration of 9000 mg/L of 

MLSS, the COD RE increased from 82.0% to 

92.5% with the same increase in Qair. 

  
(a) MLSS and HRT interaction (b) Qair and HRT interaction 

 
(c) Qair and MLSS interaction 

Figure 8. Influence of the binary interaction of parameters on the COD removal efficiency in MBR 

through 3D response surface. 
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The contour plots (Figure 9) visually represent 

the interactions between HRT, MLSS, and 

Qair parameters and highlight areas where the 

optimal COD removal efficiency can be 

achieved under varying conditions. 

   
(a) MLSS and HRT interaction (b) Qair and HRT interaction (c) Qair and MLSS interaction 

Figure 9. Contour plots (a 2D representation) for the COD removal efficiency in MBR. 

 

3.4. Optimization 

Optimization is crucial in maximizing the 

efficiency and performance of systems, 

especially in complex processes like 

wastewater treatment. Table 6 shows the 

outcomes of employing the RSM through the 

Design Expert software to fine-tune the 

operational parameters of the MBR for the 

optimal COD RE. The lower and upper limits 

define the range of parameters explored during 

optimization, ensuring the practical feasibility. 

Achieving a desirability factor of one validated 

the effectiveness of the optimization process, 

providing confidence in the selected operating 

parameters and their ability to deliver optimal 

results. The optimized parameters for HRT, 

MLSS, and Qair were 13.83 hr, 7239.84 mg/L, 

and 1.75 L/min respectively, resulting in a 

maximum COD RE of 92.67%. 

 

                 Table 6. 

                 Optimization results for achieving the maximum COD removal efficiency in MBR. 

Name Unit Goal Lower Limit Upper Limit Best response 

A:HRT hr is in range 8 16 13.83 

B:MLSS mg/L is in range 3000 9000 7239.84 

C:Qair L/min is in range 1 2 1.75 

COD RE % maximize 68.3 92.5 92.67 

 

Figure 10 presents the UV/Vis spectrum of the 

raw wastewater, displaying notable 

absorbance between 200 and 500 nm, 

indicative of the high concentrations of 

potentially toxic or colored pollutants, such as 

benzenic compounds. Considering the 

physicochemical characterization of the dairy 

wastewater outlined in the literature, along 

with the distinct unpleasant odor associated 

with cow manure, the presence of indole 

derivatives is highly probable. These 

compounds, predominantly formed during the 

degradation of tryptophan and tryptophan-

containing proteins, contribute significantly to 
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the overall wastewater composition [35]. Upon 

treatment in the MBR under optimized 

conditions, a substantial reduction in the 

absorbance of these compounds is observed, 

indicating the effective removal. Furthermore, 

the absorbance at wavelengths exceeding 400 

nm diminishes significantly, suggesting a 

notable decrease in colored pollutants. 

 

 
Figure 10. UV-Vis spectrum of the wastewater 

before and after treatment under optimal 

conditions. 

 

4. Mechanisms of Wastewater Treatment 

within MBRs 

The mechanisms involved in the COD removal 

within MBRs encompass a combination of the 

biological degradation, adsorption onto 

biomass and membrane surfaces, and 

separation through membrane filtration. 

Biological degradation is a fundamental 

mechanism in MBRs where microorganisms 

play a crucial role in breaking down organic 

pollutants present in wastewater. These 

microorganisms, including bacteria, fungi, and 

protozoa, utilize organic matter as a food 

source, and metabolize it into simpler, less 

harmful compounds through biochemical 

reactions. This process relies on the presence 

of oxygen and nutrients to support microbial 

growth and activity, ultimately leading to the 

reduction of COD levels in the wastewater. 

Organic compounds present in wastewater can 

also be adsorbed onto the biomass suspended 

in the mixed liquor of the MBR. The biomass, 

which consists of microorganisms and 

extracellular polymeric substances (EPS), 

provides a surface for the attachment and 

concentration of organic molecules. 

Additionally, some organic pollutants may 

adhere to the surface of the membrane itself. 

This adsorption phenomenon helps remove 

organic contaminants from the liquid phase, 

contributing to the COD reduction. Membrane 

filtration is the primary physical separation 

mechanism in MBRs, where membranes act as 

selective barriers to separate suspended solids 

and the microbial biomass from the treated 

water. The membrane's pore size determines 

the size of particles that can pass through, 

effectively removing suspended solids and 

microorganisms from the liquid phase. As the 

wastewater passes through the membrane, 

contaminants are retained on the membrane 

surface or within its pores, while the purified 

water (permeate) is collected for discharge. 

The interaction between MLSS and HRT plays 

a crucial role in determining the microbial 

community structure and activity within the 

MBR. Higher MLSS levels can lead to the 

increased concentration of the biomass, which 

enhances the nutrient removal but may also 

promote the formation of a denser biofilm on 

the membrane surface, exacerbating fouling. 

Conversely, the longer HRT allows for more 

extended microbial contact time, potentially 

improving the degradation efficiency but also 

contributing to the accumulation of EPS, 

which can further influence fouling dynamics. 

Understanding these interactions is key to 

optimizing the MBR performance. A proposed 

mechanism for wastewater treatment within 

MBRs is indicated in Figure 11.
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Figure 11. Proposed mechanism for wastewater treatment using MBR. 

 

5. Conclusion  

This study highlighted the importance of the 

membrane bioreactor (MBR) technology in 

addressing the complex challenges associated 

with the food industry wastewater treatment. 

By systematically investigating and 

optimizing key operational parameters, 

including the hydraulic retention time (HRT), 

mixed liquor suspended solids (MLSS), and 

the rate of aeration (Qair), significant 

improvements in the COD removal efficiency 

were achieved. At an HRT of 8 hr, the lowest 

COD removal efficiency, reaching nearly 

80%, was observed while increasing HRT to 

up to 13 hr showed an upward trend, peaking 

at almost 90%. However, from 13 to 16 hr, a 

slight decrease, stabilized at nearly 87%, was 

noted. Results at 3000, 6000, and 9000 mg/L 

of MLSS showed the removal efficiency 

values of approximately 78%, 89%, and 87% 

of COD respectively. These findings 

corroborated the existing research on the 

intricate relationship between the 

concentration of MLSS and membrane fouling 

in MBR systems. Increasing aeration from 1 to 

2 L/min led to a rise in the COD removal 

efficiency from 85% to 90%. Aeration in 

aerobic MBRs not only supplied oxygen for 

biological processes but also aided in 

dislodging the cake layer on the membrane 

surface. Finding the optimal conditions was 

essential to balance fouling control and the 

operational efficiency. The results 

demonstrated that optimal parameter settings 

(HRT: 13.83 hr, MLSS: 7239.84 mg/L, and 

Qair: 1.75 L/min) could enhance the MBR 

performance, leading to substantial reductions 

in organic pollutants and suspended solids in 

wastewater effluent. A notable reduction in the 

UV absorbance of wastewater between 200 

and 500 nm after treatment using MBR under 

optimal conditions signified the successful 

targeting of toxic or colored pollutants. 

Furthermore, the study elucidated the 

mechanisms involved in wastewater treatment 

within MBRs, highlighting the synergistic role 

of the biological degradation, adsorption onto 

nutrients  

(nitrogen and phosphorous) 

organic 

contaminants 

oxygen 

water 

microorganism carbon dioxide 

excess cell mass 

wastewater 

clean water 

membrane 
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biomass and membrane surfaces, and 

membrane filtration. 
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