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ABSTRACT 

Mismanagement of wastewater at large scale may lead to catastrophic 

environmental and health consequences. Microbial remediation of wastewater is one of 

the most effective low-cost solutions. There are also initiatives to use wastewater for 

production edible biomass as an alternative for protein diets. While many researches were 

geared towards maximum recovery of biomass and applications, less was focused on 

mutagenicity of dairy wastewater.Wastewater fromone of the largest dairy industries in 

Rajasthan was evaluated for its suitabilityfor microbial biomass production and 

mutagenicity. Influent wastewater was collected from Saras dairy plant, Jaipur, for 7 

consecutive days. Physiochemical properties of wastewater were examined, such as; 

temperature, pH, salinity, TSS, TDS, turbidity, conductivity, biochemical oxygen demand 

(BOD), chemical oxygen demand (COD), total organic carbon (TOC), and total Kjeldahl 

nitrogen (TKN). SOS chromotest and Salmonella fluctuation test (TA 98, TA 100 and TA 

102) were carried out at different concentrations of wastewater to assess mutagenic 

activity.Results indicated ideal pH, temperature and salinity, for microbial remediation. 

High TOC and TKN were also observed in the investigated wastewater,which are few of 

the prerequisites for single cell production. The ratio of BOD and COD was between 0.3-

0.4, making the wastewater ideal for microbial growth. No mutagenic activity was 
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observed by SOS chromotest, all three concentrations (C 0.01, C 0.1, and C 0.2) 

investigated were <1.5 IF. Likewise,mutagenic ratio for all three types of Salmonella 

revertants were below 1.2 threshold, for investigated concentrations (C 0.5, C 1, and C 

10) of wastewater. Conclusively, examined influent wastewater is less likely to induce 

mutagenic activity at the investigated concentration. Through physiochemical analysis, 

the investigated wastewater assumed to be candidate substrate for microbial biomass 

production. 

Keywords: Dairy wastewater, microbial remediation, mutagenicity, SOS chromotest 

 

RESUMEN 

La mala gestión de las aguas residuales a gran escala puede tener consecuencias 

catastróficas para la salud y el medio ambiente. La remediación microbiana de aguas 

residuales es una de las soluciones de bajo costo más efectivas. También existen 

iniciativas para utilizar aguas residuales para la producción de biomasa comestible como 

alternativa a las dietas proteicas. Si bien muchas investigaciones se orientaron hacia la 

máxima recuperación de biomasa y aplicaciones, menos se centró en la mutagenicidad de 

las aguas residuales de productos lácteos. Las aguas residuales de una de las industrias 

lácteas más grandes de Rajasthan se evaluaron para determinar su idoneidad para la 

producción de biomasa microbiana y su mutagenicidad. Las aguas residuales se recogieron 

de la planta lechera de Saras, Jaipur, durante 7 días consecutivos. Se examinaron las 

propiedades fisicoquímicas de las aguas residuales, tales como; temperatura, pH, 

salinidad, TSS, TDS, turbidez, conductividad, demanda bioquímica de oxígeno (DBO), 

demanda química de oxígeno (DQO), carbono orgánico total (COT) y nitrógeno Kjeldahl 

total (NKT). La cromotest SOS y la prueba de fluctuación de Salmonella (TA 98, TA 100 y 

TA 102) se llevaron a cabo a diferentes concentraciones de aguas residuales para evaluar 

la actividad mutagénica. Los resultados indicaron pH, temperatura y salinidad ideales para 

la remediación microbiana. También se observaron altos niveles de COT y NKT en las 

aguas residuales investigadas, que son algunos de los requisitos previos para la producción 

de células individuales. La proporción de DBO y DQO estaba entre 0.3-0.4, lo que hace 

que las aguas residuales sean ideales para el crecimiento microbiano. No se observó 

actividad mutagénica por cromotest SOS, las tres concentraciones (C 0.01, C 0.1 y C 0.2) 

investigadas fueron <1.5 IF. Asimismo, la proporción mutagénica para los tres tipos de 

revertientes de Salmonella estuvo por debajo del umbral de 1.2, para las concentraciones 

investigadas (C 0.5, C 1 y C 10) de aguas residuales. En conclusión, es menos probable 

que las aguas residuales influyentes examinadas induzcan actividad mutagénica a la 

concentración investigada. A través del análisis fisicoquímico, las aguas residuales 
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investigadas se asumieron como sustrato candidato para la producción de biomasa 

microbiana. 

Palabras clave: Aguas residuales de lechería, Remediación microbiana, Mutagenicidad, 

Cromotest SOS. 

 

INTRODUCTION 

Due to overwhelming increase in global population,dairy industries areobserving 

rapid growth. Since 1980s, dairy industries in India have experienced more than 50% 

increase in demand(Wang and Li, 2008). With growing demand and expansion of dairy 

industries, comes a greater challengein the area ofwastewater management. Production 

of milk and milk products require high amount of water, for processes such as; pre-

treatment of dairy products, rinsing of utensils and tools, and cleaning (Kirby et al., 2003; 

Andrade et al., 2014).According to earlier estimates,amount of water consumed in sanitary 

activities is almost 2.5 folds higher than final processed milk and milk products(Schifrin et 

al., 1981;Tsachev, 1982). 

Microbes are used for remediation of wastewater, studies showed that they can 

effectively concentrate, remove and recover contaminants (Riggle and Kumamoto, 2000). 

Effective remediation of wastewater can also provide valuable biomass that is useful as 

food, biofuel and pharmaceuticals (Renuka et al., 2014;Choi, 2016). Sustainable 

treatment of wastewater is largely dependent on recovery of biomass.Many studies 

indicated potential use of biomass, recovered from treatment of dairy wastewater,for 

animal, fish and human food (Eliasson, 2015;Slavov, 2017;Kurupet al., 2019).Researchers 

are exploring microbial biomass as future alternative for source of protein (Ritalaet al., 

2017). However, safety and potential toxicity must be investigated before it is used as an 

alternative diet. 

Wastewaters are generally considered toxic to the environment. Presence of heavy 

metals, endocrine disrupting chemicals and organic substancescauses severe threat to 

human and ecology (Yu et al., 2019). Many studies have revealed that despite stringent 

treatment, some toxicants cannot be completely removed from the wastewater (Luo et 

al., 2014;Arvaniti and Stasinakis, 2015;Falaset al., 2016). Therefore, the use of dairy 

wastewater for production of single cell protein (SCP)from microbial biomass must be 

initially investigated for its suitability. In this study, suitability of industrial influent dairy 

wastewater was investigated from a local plant for potential use as substrate for microbial 

biomassproduction. 
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MATERIALS AND METHODS 

Collection of dairy wastewater: SARAS DAIRY Plant, Jaipur, Rajasthan, India has 

its own wastewater treatment plant,which consist of influent tank, sludge tank, activated 

sludge tank and effluent tank. Fresh wastewater discharge is collected in the influent tank 

which later processed into sludge and activated sludge, finally deposited in effluent tank. 

Figure 1 depicts schematic representation of outlets of wastewater and treatment at dairy 

plant. Due to daily rotational changes in the manufacturing of milk products and cleaning 

activities, fresh influent samples were collected every day for a week (Sunday to Saturday) 

between 16 April 2017 – 22 April 2017 between 9-12 am. Grab samples were collected 

during maximum activity. Samples were partitioned into aliquots of clean plastic sampling 

bottles and stored at 4 °C until further investigation. 

 

Figure 1: Schematic representation of layout of influent and effluent at Saras dairy plant. 

 

Physiochemical analysis: Temperature, and pHof influent wastewater were 

determined in situ. Physical properties such as total suspended solids (TSS), total 

dissolved solids (TDS), salinity, conductivity, and turbidity were determined using 

standard methods described by Environmental Protection Agency (EPA, 2012) and 

standard methods of American Public Health Association (APHA, 1985). Likewise, 

biochemical oxygen demand (BOD), and chemical oxygen demand (COD), total 

carbon(TC), inorganic carbon (IC) and total nitrogen (TN) were determined as described 

by APHA(1985). Total organic carbon (TOC) was determined by subtracting IC from TC. 
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TN was determined by summing total Kjeldahl nitrogen (Kjeldahl,1883) and nitrogen 

oxides (APHA, 1985).  

Genotoxicity analysisSalmonella fluctuation test: Three strains of Salmonella 

typhimurium were used for identification of specific mutations, namely, TA98 (frameshift), 

TA100 (substitution) and TA102 (DNA repair proficient) (Ames et al., 1973; OECD 1997). 

Experiments were performed according to method described by Legault et al. (1994). 

Three concentrations of wastewater were examined (0.01, 0.1, and 0.2 decimals). Plates 

were incubated at 37 °C for 3-5 days. For each strain separate positive controls were used, 

such as; for TA98-2-nitrofluorene (50 ng/ml), TA100-sodium azide (5 ng/ml) and TA-102-

mitomycin C (1 ng/ml). A specific medium was used containing small amount of histidine 

which allow bacteria to grow and mutate. This medium used pH sensitive indicator which 

develop colour from yellow to purple. In the fluctuation medium, colours developed in 

yellow or partial yellow were considered positive and purple colour was considered 

negative. All experiments were carried out in triplicates for robust statistical comparison. 

Mutagenic ratio (MR) was estimated as follows: 

MR = Number of positive revertants in test sample/Number of positive revertants 

in negative control 

 

SOS chromotestTester strain for SOS chromotest was procured commercially. 

Assay was performed based on method described by Quillardet and Hofnung (1985) with 

slight modifications. Modification in the method was guided by two other methods, one, 

Mersch-Sundermannet al. (1991)and Kevekordeset al (1999). Activity of β -galactosidase 

was estimated spectrophotometrically at 405 nm, similarly, phosphatase alkaline activity 

was also estimated at 405 nm. Sample were tested against blank for concentration 0.5 

(50%), 1 (100%), and 10 (10 fold concentrated). Genotoxicity activity was calculated by 

following formula: 

𝑅𝑐 = 𝛽Gal
1

𝑃𝐴𝐿
 

𝐼𝐹 =
𝑅𝑐

𝑅𝑜
 

Statistical analysis: The results were expressed as the Mean ± SD,and p<0.05 was 

considered significant. Radar plot was applied to envisage asymmetrical variation in 

physiochemical properties. To establish concentration wise toxicity and/or mutagenicity, 

Tukey’s multiple data test (MINITAB) was applied. In addition, relationshipswithin types 
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of mutations (TA98, TA100, and TA102) and between SOS chromotest and Salmonella 

fluctuation test were examined through regression analysis (r2).  

 

RESULTS 

Characterization of wastewater: Temperature, pH, turbidity, total dissolved solids, 

salinity, conductivity, and total suspended solids of influent wastewater are shown in Table 

1. Measurement of BOD and COD was 1445.00±30.00 mg/l, and 4410.00±60.00 mg/l, 

respectively. Level of TC was measured as 22857.14±4582.00 mg/l. Likewise, amount of 

TOC and IC was calculated as 21523.81±4581.99 mg/l, and 1333.33±769.80 mg/l, 

respectively. Amount of total Kjeldahl nitrogen was 338.81±11.18 mg/l; whereas, 

nitrogen oxides was recorded as 437.86±5.90 mg/l. Therefore, total nitrogen (TN) was 

noted as 776.67±10.82 mg/l (Table 1). Radar plot for parameters (pH temperature, 

turbidity, TDS, salinity, conductivity, BOD, COD, and TSS) indicated a clear stretch of 

upward variation for three distinct parameters i.e. BOD, COD, and TSS (Figure 2). 

 

Figure 2: Physiochemical properties of dairy wastewater before (influent) and after 

treatment (effluent). Properties investigated in the plot are pH, temperature, turbidity, 

TDS, salinity, conductivity, BOD, COD and TSS.
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Table 1: Physiochemical analysis of dairy wastewater collected during period of one week. 

Parameters Influent 

pH 6.4±0.1.00 

Temperature (°C) 28±2.00 

Turbidity (NTU) 25±0.85 

TDS (ppm) 2180.00±50.00 

Salinity (ppm) 1.2±0.73 

Conductivity (mS) 3.15±1.00 

BOD (mg/l) 1445.00±30.00 

COD (mg/l) 4410.00±60.00 

TSS (mg/l) 1260.00±20.00 

TC (mg/l) 22857.14±4582.00 

TOC (mg/l) 21523.81±4581.99 

IC (mg/l) 1333.33±769.80 

Total nitrogen (mg/l) 776.67±10.82 

Total Kjeldahl nitrogen (mg/l) 338.81±11.18 

NOx (mg/l) 437.86±5.90 

 

SOS chromotest: For all three concentrations of dairy influent, induction factors 

were noted as 1.08±0.005, 1.14±0.03, and 1.21±0.04, respectively. A threshold was set 

before experiment to confirm particular concentration as toxic. Since ‘Ro’ (negative 

control) was inversely proportional to IF, values greater than ‘1’ could only be considered 

as positive. However, considering limitations due to human error, a threshold of value 

<1.5 IF was considered non-inducing. No concentration was measured above 1.5 IF, 

nonetheless, as the concentration increased a gradual increase in IF was noted(Figure 3). 

 

Figure 3: SOS chromotest of dairy wastewater sample collected over a period one week 

at various concentration. Where, C 0.5 = Concentration 50%, C 1 = Concentration 100%, 

and C 10 = Concentration 1000%. Induction factor (IF)>1.5 was considered significant. 
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Salmonella fluctuation test: Frameshift mutations in TA98 were recorded with 

mutagenic ratio of 0.48±0.16, 0.91±0.15, and 0.80±0.31 for 1%, 10%, and 20% influent 

concentration, respectively. Fluctuation within various concentration of wastewater was 

found in TA98 strain. Significant variation was noted in wastewater of concentration 10% 

(p=0.003) and 20% (p=0.014), when compared with lowest concentration of wastewater 

(i.e. 1%) (Figure 4). Likewise, MR of substitution mutation (TA100) was recorded as 

0.85±0.23, 1.03±0.21, and 1.04±0.32 for 1%, 10%, and 20% influent concentration, 

respectively. Significant variation in mutagenic ratio was observed at 10% influent 

concentrations when compared with 1% influent (p=0.013). Whereas, no significant 

variation was observed at 20% influent concentration when compared to 1% influent 

(p=0.298) (Figure 4). Mutagenic ratio recorded for TA102 was 1.04±0.18, 0.90±0.20, and 

1.06±0.13 for 1%, 10%, and 20% influent concentration, respectively. No significant 

variations inestimated mutagenic ratio of 10%, and 20% influent were observed 

comparing to 1% concentration (Figure 4).  

 

Figure 4: Mutagenic ratio (MR) of dairy wastewater was measured by Salmonella 

fluctuation test (SFT) for strains TA 98, TA 100, and TA 102. Where, C 0.01 = 

Concentration 1%, C 0.1 = Concentration 10%, and C 0.2 = Concentration 20%. 

*p<0.05 (Base concentration was C 0.01) 
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between observed mutagenic ratios for each type of mutation (r2=0.904) (Figure 

5A).Extremelystrong association between induction factors (IF) measured by SOS 

chromotest and mutagenic ratios (MR) of Salmonella fluctuation tests were noted 

(r2=0.998) (Figure 5B). 

 

DISCUSSION 

Industrialization has been associated with increasing global wastes.Despite 

utilization of green technologies, industries continue to generate wastes and wastewater 

(Ghosh, 2005). Toxic wastewater can contaminate soil (Ashraf et al., 2014), rivers 

(Edokpayiet al.,2017), and groundwater(Muamar et al., 2014;Li et al., 2017), creating 

severe health issues for humans. Dairy industries are one of the most water consuming 

and wastewater producing industries (Boguniewicz-Zablockaet al., 2019). Thus,toxicity 

evaluation and effective treatment of wastewaters is prerequisite for industries to enjoy 

sustainable growth. Microbial remediation of wastewater is one of the widely accepted 

methods for its low cost and production of biomass.Use of biomass as an alternative for 

existing protein-energy diet is widelyresearched around the globe (Chisti, 2007). However, 

presence of toxic compounds in the wastewater and its long-term effects on consumers 

are not well investigated.  

 

 

Figure 5: A. Associations between mutagenic ratio of dairy wastewater in various 

Salmonella strains (TA 98, TA 100, and TA 102). B. Linearity test between variations 

recorded in induction factors (IF) and mutagenic ratios (MR).  
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that dairy plant discharge certain amount of whey in the wastewater that leads to reduction 

in pH, ranging between 5.9 and 6.6 (Tsachev, 1982;Venetsaneaset al., 2009). Mild 

reduction in pH of wastewater was also indicative of low use of detergents and other 

cleaning agents (Slavov, 2017).Struk-Sokolowskaet al. (2017) explained that dairy 

wastewater by default usually have high temperatures. One of the reasons for the higher 

temperature of fresh wastewater (influent) is due to use of warm water for processing and 

cleaning and also due to plumbing ductal system (Davis, 2010).Slightly higher 

temperature of the influent wastewater was recordedcompared to effluent wastewater at 

the same site.  

According to World Health Organization (WHO, 2003), concentration below 1000 

mg/l of TDS is considered safe. The TDS value recorded in the study exceeded the limit 

set by WHO (2003). However, high TDS in wastewater is important for biological growth 

and also decay of organic matters (Choi et al., 2014). Likewise, wastewater is considered 

high in salinity (McCartney et al., 2008). High salinity is not favourable for microbial 

growth, due to negative osmotic potential which encourages plasmolysis (Yan et al., 

2015). Low salinity was recorded in this study which is in line with previous studies 

(Sioudet al., 2016; Verma and Singh, 2017; Verma and Singh, 2018). 

Moderately high BOD in influent wastewater was recorded; an indication of existing 

microbial activity (Garcha et al., 2016).Extremely high level of COD was recorded when 

compared with the values ofYonaret al. (2018), that recorded COD values of 2000-3000 

mg/l in various dairy plants in Middle Eastern and European countries.The high COD could 

be due higher discharge of wasted milk and milk products(Ritambharaet al., 2019). Jaipur 

is one of the driest cities in India, hot weather and unavailability of refrigerated 

transportation is common in the area. Mishandling and unorganised transportation of raw 

milk from production farm to dairy plantcould bethe reason of high COD. Besides, use of 

large amount of disinfectants containing oxidizing agents could also be one of the reasons 

behind high COD. 

The BOD and COD ratio was ideal for microbial growth;ranging between 0.3 and 

0.4 (Bouknanaet al., 2014). The ratio also depends on the existing microbial population in 

the wastewater. Selected growth of microbial population in the candidate wastewater can 

significantly alter the BOD/COD ratio (Dhallet al., 2012). 

High level of TOC was also recorded in the wastewater. Main sources of TOC in 

dairy wastewater are detergent, pesticides, industrial chemical and chlorinated 

compounds. Use of these synthetic compounds in dairy plants is important and vital to 

maintain hygiene and safety of products (Ojo-Omoniyi, 2013). Presence of high TOC in 

influent wastewater is indicative of accommodation of selective microbial population. 
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Previous studies have shown that pesticides affect microbial population significantly by 

suppressing one type of microbes but at the same time stimulating other types of microbes 

(Schäferet al., 2012;Muturi et al., 2017). 

Role of nitrogen in wastewater is very important for bioremediation. Many 

microorganisms utilize derivatives of nitrogen both organic and inorganic to achieve 

optimal growth(Grunertet al., 2016).Lower values of TKN was recorded compared to 

previous studies (Bohnenstengelet al., 1999; Kraal et al., 2009). This could be attributed 

to low discharge of whey into the wastewater. Britzet al. (2006) reported that high release 

of whey in the wastewater led to high TKN level (1462 mg/l). Interestingly, consumption 

of whey and whey protein in India have increased by 10-15% in recent times 

(www.thehindubusinessline.com > article23731734). Though the values recorded in this 

study varied from Britzet al. (2006), Fang (1990) and Henaet al. (2015) reported similar 

level of TKN in the dairy wastewater. High level of nitrogen oxides recorded in this study 

was in accordance with previous study carried out by Dragičevićzet al. (2010). 

Remarkably, cheese whey water contains higher amount of total nitrogen compared to 

dairy wastewater(Tirado et al., 2018). Notably, high level of NOx causes toxicity in human 

if ingested in large quantity (Craunet al., 1981;Jaffe, 1981). 

SOS chromotest were below 1.5 IF threshold and are thus considered safe and non-

toxic at the doses investigated. However, the results indicated a dose dependent increase 

in the induction factor (IF). Where, the lowest dose resulted in minimum induction factor 

and the highest concentration of dairy wastewater resulted in maximum induction factor. 

Previous studies recorded genotoxicity of wastewater at a lower threshold (such as; IF = 

1.2) (Legault et al., 1996; Kocaket al., 2010). Interestingly, if the lower threshold was 

taken in to account, influent wastewater of C 1 and C 10 concentrations may be considered 

as genotoxic. 

The results for frameshift mutations (TA 98) indicated fluctuation in mutagenic ratio 

at concentrations C 0.1 and C 0.2. Remarkably, Frameshift mutation is sensitive to 

mutagens and thus causing alterations in reading frames (Griffiths et al., 2000). 

Occurrences of spontaneous mutations are commonly found in prokaryotes, more 

specifically, in Salmonella typhimurium, the rate is in the range of 1 - 0.34 x 10-10 

(Schroeder et al., 2018). Thus, a threshold MR must be applied for acceptable fluctuations. 

To observe significant impact of frameshift mutation, ratio of numbers revertants in test 

sample and in negative control must exceed the value of ‘1’. Therefore, to ensure minimum 

error, the value of mutagenic ratio must exceed at least 1.2 MRwhich was not recorded at 

any concentrations of influent wastewater. 
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The results also recorded significant increase in MR of TA 100 (substitution 

mutation) at C 0.1 concentration.Nonetheless, no fluctuation was observed at higher 

concentration (i.e.C 0.2 concentration). Thus, it is highly unlikely that a lower 

concentration would show greater MR than higher concentration. Substitution mutation is 

mostly caused by radiation, reactive oxidative molecules, and/or mutagens (Iengar, 

2012). Interestingly, not all mutagen chooses similar pathway to induce genetic 

alterations, thus each Salmonella revertants were targeted by different mutagens in this 

study. This observation in TA 100 could be a result of a spontaneous mutation (Koch et 

al., 1994). It could be hypothesized that there was no induction of substitution mutation 

by influent wastewater. Similarly, no significant fluctuations was recorded in TA 102 strain 

(DNA repair proficiency), which confirms our results of SOS chromotest. Results indicated 

strong positive association between variables indicating clear association between 

mutagenic ratios of all three types of revertants. Strong association between SOS 

chromotest variables and each type of revertants was also observed. Strong relatedness 

between two separate parameters is possible in two cases, 1) there is no change in status 

of result comparing to blank, or 2) there is positive correlation between alterations in 

results. In this case,it is assumed that there was no substantial mutagenic activity present 

in influent wastewater, at least at the investigated concentrations. 

In conclusion, there is a strong possibility of utilization of influent dairy wastewater 

as substrate for microbial biomass production. Characteristics such as;near neutral pH, 

low salinity, high TOC, and high level of TKN, of investigated wastewater makes it a 

suitable for production of microbial biomass. The BOD and COD ratio in the investigated 

wastewater was also ideal for microbial growth.This study confirmed that it is highly 

unlikely that the influent wastewater would cause any mutagenic activity at its natural 

concentration. Thus, the influent dairy wastewater can be recycled asa potential substrate 

for large scale microbial biomass production. 
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