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Introduction 
 

Milk production in India has risen by a 

historic 6.25% in 2014-15, reaching 146 

million tonnes as anticipated (Rajeshwaran 

and Naik, 2016). In the year 2012, the total 

milk production in the country was over 121.8 

million tonnes with a per capita availability of 

281 gm/day (GOI, 2012). Milk production in 

India was around 35%, of which the 

organized dairy industry account for 13% of 

the milk produced, while the rest of the milk 

was either consumed at farm level or sold as 

fresh non-pasteurized milk through 

unorganized channels. Dairy Cooperatives  

 

 

 

 

 
 

account for the major share of processed 

liquid milk marketed in the India. Milk is 

processed and marketed by 170 Milk 

Producers‟ Cooperative Unions, which 

federate into 15 State Cooperative Milk 

Marketing Federations. Over the years, 

several cooperative brands have been arisen 

like Amul (GCMMF), Vijaya (AP), Verka 

(Punjab), Saras (Rajasthan), Nandini 

(Karnataka), Milma (Kerala) and Gokul 

(Kolhapur). Exports of dairy products have 

been growing at the rate of 25% per annum in 

the terms of quantity and 28% in terms of 
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Dairy sector in India plays an important role in the socio-economic 

development and constitutes an important segment of the rural economy. 

Dairy industry provides livelihood to millions of homes ensuring supply of 

quality milk and milk products to the people in both urban and rural areas. 

India is world‟s largest milk producers accounting for around 17% of the 

global milk production and known as „oyster‟ of the global dairy industry. 

Besides it is one of the largest consumers of the dairy products. Due to their 

nutritional qualities, the consumption of dairy products has been growing 

exponentially in the country which thereby leads to increase in waste 

effluent. Anaerobic treatment is the best method employed for treating 

these wastes. 
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value since 2001. Significant investment 

opportunities exist for the manufacturing of 

value added milk products like milk powder, 

packaged milk, butter, ghee, cheese and ready 

to drink milk products. 

 

With growth of industry pollution caused by it 

due to discharge of dairy effluents is a serious 

concern not only in India but throughout the 

world. The food sector has one of the highest 

water consumptions and is one of the biggest 

producers of effluent per unit of production 

besides it also generates a large volume of 

sludge in biological treatment. Dairy effluents 

are nutritious as it contain fat, protein and 

carbohydrates and if not treated properly 

prone to increase pollution by many folds 

(Ramjeawon, 2000).  

 

Waste-water treatment - unit operations 

and processes  

 

Waste water treatment methods are broadly 

classifiable into physical, chemical and 

biological processes:  

 

Physical unit operations include screening, 

comminution, flow equalization, 

sedimentation, floatation, granular medium 

filtration etc. 

 

Chemical unit operations include chemical 

precipitation, adsorption, disinfection, de-

chlorination etc. 

 

Biological unit operations include activated 

sludge process, aerated lagoon, trickling 

filters, rotating biological contactors, pond 

stabilization, anaerobic digestion and 

biological nutrient removal etc. 

 

Options for waste treatments of water of 

milk based food industry  

 

Dairy industries may opt for such treatments 

which are suitable for reuse or recycling or 

discharge dairy waste in to local sewers under 

a trade waste agreement (with prior 

pretreatment as made necessary) or after 

appropriate treatment may opt for land 

discharge wherever practicable, legal and 

environmentally beneficial. 

 

Best practice for waste water treatment is 

shown in Figure 1. 

 

Physical and chemical treatments are primary 

operations and they need strong further 

treatment depending on the organic load of 

the effluents. There are basically two types of 

biological waste water treatment systems; 

aerobic and anaerobic systems. In view of 

high biochemical oxygen demand (BOD) 

load, aerobic processes suitable for low 

organic load and anaerobic processes for high 

organic loads are generally adopted for the 

treatment of waste water generated from milk 

based food industry. The selection of 

processes for any particular plant will depend 

upon the size of the problem, location of the 

plant and the necessary degree of treatment 

required (Sharma, 2008). 

 

Aerobic treatment 

 

Aerobic biological treatment involves 

microbial degradation and oxidation of waste 

in the presence of oxygen. Conventional 

treatment of dairy waste water by aerobic 

processes include processes such as activated 

sludge, trickling filters, aerated lagoons and 

or a combination of these (Carta-Escobar et 

al., 2004). All compounds of dairy waste 

water are bio-degradable except protein and 

fats which are not easily degraded (Omil et 

al., 2003).  

 

Anaerobic treatment  
 

Owing to the presence of high organic matter, 

dairy waste waters are well suited for 

biological treatment, especially anaerobic 
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treatment (Rico et al., 1991). However, the 

presence of fat shows the inhibitory action 

during anaerobic treatment of dairy waste 

waters (Vidal et al., 2000). This inhibition is 

due to the presence of long chain fatty acids 

formed during the hydrolysis of lipids, which 

causes retardation in methane production 

(Hanaki et al., 1981). Long chain fatty acids 

were reported to be inhibitory to 

methanogenic bacteria (Koster, 1987) but 

lipids do not cause serious problems in 

aerobic processes (Komatsu et al., 1991). 

 

Anaerobic treatment is a biological process 

ideally suited for the pre-treatment of high 

strength wastewaters that are typical of many 

industrial facilities of present era. Anaerobic 

digestion is a process in which microbes 

stabilizes organic matters in the absence of 

oxygen with the production of biogas 

(methane and carbon dioxide) along with 

increment in biomass and inorganic products. 

The process reactors are designed in such a 

way that it would prevent the introduction of 

air and the release of odour from the chamber 

(Lusk, 1998).  

 

It includes four reaction stages to convert 

insoluble particulate organic material in to 

two final chemical products i.e. 70% CH4 and 

30% CO2. These stages are: hydrolysis (by 

hydrolytic bacteria), acidogenesis (by 

acidogenic bacteria), acetogenesis (by 

acetogenic hydrogenating and 

dehydrogenating bacteria) and 

methanogenesis (by hydrogenotrophic and 

acetoclastic bacteria) (Tie and Shivkumar, 

2006).  

 

Anaerobic process possesses inherently 

several prominent advantages over an aerobic 

process, such as lower energy requirement, 

recovery of methane as energy source and 

lower sludge production and thereby leads to 

low nutrient requirements. The process can 

operate at low hydraulic retention time (HRT) 

achieving a very high chemical oxygen 

demand (COD) of process loads and can 

withstand to a wide fluctuation in influent 

feed characteristics and free from requirement 

of mixing. Effluent in anaerobic digester with 

very high loading rate of 31 kg COD/m
3
 d has 

been reported in literature (Rico et al., 1991). 

The anaerobic ecosystem is the result of 

complex interactions among microorganisms 

of several different species. In view of the 

current problems, both in the protection of the 

environment and in the search for sources of 

renewable energy, anaerobic digestion 

appears to be a favourable biotechnological 

process to treat an organic waste through 

bioconversion into energy. Smaller reactor 

size is required in anaerobic digester contrary 

in aerobic system viz. aerated lagoons, 

oxidation ditches, stabilization ponds, 

trickling filters and biological discs requires 

larger land area. 

 

Consequently, a number of studies have been 

reported for the treatment of dairy waste 

water by anaerobic methods. Up-flow 

anaerobic Sludge Blanket (UASB) reactors 

have been widely used for the dairy waste 

water treatment in full scale applications 

(Rico et al., 1991; Hwang and Hansen, 1992; 

Gavala et al., 1999). The basic elements of a 

typical UASB reactor are a sludge blanket, 

influent distribution system, gas solid 

separator and the effluent withdrawal system. 

In the UASB reactor, the influent is 

distributed at the bottom and travels in up 

flow mode (Tchobanoglous et al., 2003). 

Table 1 summarizes the conditions of some 

anaerobic treatments of dairy waste waters 

reported by various authors. In one of the 

studies, COD reduction of 90% at organic 

loading rate of 0.031 kg COD/m
3
d (t = 0.07 d) 

was achieved operating in steady state 

conditions using a waste water with influent 

of 2050 mg/l of COD. Dairy waste water 

contains fats and the inhibitory action of the 

fat to the anaerobic treatment does not allow 
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fast and increased removal efficiency (Vidal 

et al., 2000). Some authors reported that the 

enzymatic hydrolysis of fats as pre-treatment 

may remove this problem. Cammarota et al., 

(2001) found that treatment of dairy waste 

waters containing elevated fat and grease 

levels (868 mg/l) in a UASB reactor resulted 

in effluents of high turbidity (757 NTU), 

volatile suspended solids (VSS) up to 944 

mg/l and COD removal below 50%. 

However, the same dairy waste water pre-

treated with 0.1% (w/v) of fermented babassu 

cake containing Penicillium restrictum lipases 

showed higher COD removal efficiency of 

90% when treated in the same UASB reactor.  

 

In another study, Leal et al., (2006) used 

synthetic dairy waste water containing high 

levels of oil and grease (200, 600, and 1000 

mg/l) using two identical UASB reactors, one 

fed with waste water from enzymatic 

hydrolysis step and the other with raw waste 

water. 90 and 82% COD removal efficiencies 

were achieved in the reactors fed with the 

hydrolyzed effluent and with raw waste water, 

respectively. Some authors have reported 

contradictory reports stating reduced 

efficiency of continuous UASB reactors due 

to the buildup of organic matter (Motta-

Marques et al., 1990; Morgan et al., 1991). 

Nadais et al., (2005) studied the intermittent 

operation of mesophilic UASB reactors to 

overcome the buildup of organic matter and 

the influence of cycle duration in the reactor.  

 

They reported that a 96 h cycle (48 h feed + 

48 h feed less) reflected the highest 

conversion to methane. Anaerobic filter 

reactors are generally suitable for dairy 

effluents containing low concentrations of 

suspended solids (SS). The anaerobic filter 

reactors capture SS and provide sufficient 

retention time for bio-solids. Hence, the SS 

retention time and the hydraulic retention 

time necessarily become satisfying. A 

laboratory scale plastic medium anaerobic 

filter reactor provided average COD removal 

rates between 78 and 92% at a HRT of 4 d 

(Viraraghavan and Kikkeri, 1990; 1991).  

 

Monroy et al., (1994) investigated the 

performance of an up-flow anaerobic filter 

reactor treating a high solid containing dairy 

waste at 0-18 kg COD/m
3
d organic loading. 

The mean COD removal was found to be 

70%. The type of support media (porous or 

non-porous) greatly affects the reactor‟s 

performance in anaerobic filter reactors. The 

ideal packing media for the anaerobic filter is 

that which maximizes both the surface area 

and the porosity. A large surface area of the 

media enhances the attachment of the biomass 

and increased porosity decreases the overall 

reactor volume required and also minimizes 

the filter clogging. The performances of 

porous and non-porous support media in 

anaerobic filter reactors on mesophilic 

anaerobic treatment of milk bottling plant 

waste water were investigated and it was 

concluded that the reactor with non-porous 

packing showed instability above an organic 

loading of 4 kg COD/m
3
d, whereas the 

reactor with the porous packing was stable at 

very high organic loading of 21 kg COD/m
3
d 

(Anderson et al., 1994). 

 

The strength and the performance of a porous 

media in an up-flow anaerobic filter (UFAF) 

were investigated by Ince et al., (2000) up to 

an organic loading rate of 21 kg COD/m
3
d 

with a HRT of 0.5 d. The highest quantity of 

the attached biomass (103 mg VSS/media 

ring) was found at the bottom and the lowest 

(23 mg VSS/media ring) at the top. After 8 

months of operation, a reduction in 

compressive strength was 50% of the media, 

and during this time 80% COD removal 

efficiency was achieved. Due to the gas 

generation, all types of anaerobic reactors are 

well mixed but the reactor performance gets 

affected by the degree of mixing and the solid 

content in the waste. 
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Fig.1 Practice for waste water systems (adapted from EPA 1997) 

 

Segregation 
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Equalization 

pH control 

Fat removal 

BOD removal 

Land irrigation 

 

Table.1 Reported conditions for the anaerobic treatment of dairy industry waste waters 

 

Waste 

Type 

Reactor Type 

 

% COD 

reduction 

COD Loading 

(Kg COD /m3 d) 

HRT 

(d) 
Reference 

SD UASB Control 

Reactor 
82-88   

Leal et al., 2006 

DID UASB and AS* 98.9  1.08 Tawfik et al., 2008 

DI Two UASB in 

parallel 
90 5.5 0.70 

Passeggi et al., 2009 

CP UASB 90   Cammarota et al., 2001 

RM AF 90 5-6  Omil et al., 2003 

SD BFBR 96.25 10  Haridas et al.,2005 

MB UFAF 80 21 0.50d Ince et al., 2000 

SD Hybrid 90-97 0.82-6.11 4.1-1.7d Ramasamy et al., 2004 

IC ASBR
#
 62  0.25d Calli and Yukselen, 2002 

DI ASBR 
>80 

(1.6×10
−3

)-

(12.8×10
−3

) 
(40-5)d 

Goblos et al.,2008 

DI Anaerobic 

Reservoir 
@

 
>75   

Arbeli et al.,2006 

SD-Synthetic dairy, RM-Raw Milk, DID-Dairy Industry and Domestic, CP-Cheese production, IC Ice-cream, MB-

Milk bottling, DI-Dairy Industry, ASBR-Anaerobic sequencing batch reactor, UFAF-Up flow anaerobic filter, 

UASB-Up flow anaerobic sludge blanket, AS-Activated sludge, AF-Anaerobic filter. # 75% BOD reduction, @ 

>75% BOD reduction, 99.6% BOD and 98.9% oil and grease reduction. 

 

The fluidized bed reactors removed the 

problem of mixing and give better mass 

transfer characteristics; however, they require 

a long time for stable bio-film establishment. 

The “two-stage” reactor concept improves 

process stability and efficiency and in 

particular suitable for dairy waste waters 

containing high concentrations of organic 

suspended solids (Demirel et al., 2005). In a 

two-stage system, acidogenic and 

methanogenic phases can be operated 

separately under respective optimum 

conditions. In the first stage, hydrolysis and 

degradation of lipids and proteins into amino 

acids and fatty acids take place (Malaspina et 

al., 1995). This degradation gives a high 
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energy yield to the microorganisms. In the 

second stage the end products of the 

fermentation process (acetate, butyrate, 

propionate, formic acid, carbon dioxide, and 

hydrogen) are produced by methanogenic 

microorganisms into methane and carbon 

dioxide. 

 

Yu and Fang (2002a) studied acidogenesis of 

a dairy waste water in batch reactors at pH 5.5 

at 55 ºC with reactors feed of 8000 mg/l of 

COD. At the start, the concentration of acetate 

and butyrate increased rapidly and reached 

maxima at some points and then declined. 

Increased in butanol and propanol fractions 

were reported with increase in substrate 

concentrations. After higher loading of more 

than 8000 mg/l of COD, the metabolism 

shifted to the alcohol producing pathways. 

Temperature and pH are important parameters 

in treatment with two stage anaerobic 

reactors. Degradation efficiency is generally 

more at higher temperatures (Ghosh, 1991). 

Thus, the thermophilic operation facilitates 

the treatment at higher loading rates and 

therefore requires smaller treatment plants 

than the mesophilic systems. Yu and Fang 

(2002b) reported that degradation of dairy 

waste water pollutants increased with an 

increase in pH from pH 4.0 to 5.5 and 

observed 48.4% COD was converted into 

volatile fatty acids and alcohols, 6.1% into 

hydrogen and methane, and the remaining 

4.9% into biomass. On increasing the pH up 

to 6.5, there was very slight increase in 

degradation. HRT is also an important 

variable in two stage anaerobic treatment 

processes. The effects of HRT on anaerobic 

acidogenesis have been investigated earlier by 

Horiuchi et al., (2002). The performance of a 

mesophilic acidogenic reactor was evaluated 

in terms of volatile fatty acid production with 

respect to HRT variations between 1-0.5 d 

with the organic loading rate of about 9.3 kg 

COD/m
3
 d, in a continuous flow completely 

mixed anaerobic reactor, coupled with a 

conventional gravity settling tank and a 

continuous recycling system. It was shown 

that, acid production increased proportionally 

to the organic loading rate with decrease in 

HRT. The highest degree of acidification and 

the rate of acid production were 56% and 3.1 

kg/m
3
 d respectively at 0.5 d of HRT. This 

supported that variations in HRT affected the 

volatile fatty acids production (Demirel and 

Yenigun, 2004). 

 

Anaerobic processes treat only the 

carbonaceous pollutant with subsequent 

production of methane while nitrogenous 

organic material is partly converted to 

ammonia which also not desirable. It also 

removes phosphorus in low concentrations. 

For treatment of dairy waste by biological 

means anaerobic operations require additional 

treatment like subsequent processing by 

aerobic means for maximum degradation of 

biological waste. It has conditioned with 

discharge of treated water fully compatible 

with a good quality standard in to the natural 

environment (Montuelle et al., 1992). For this 

a hybrid system comprising of both anaerobic 

and aerobic reactor are recommended to use 

for treating dairy waste waters. 

 

The combination of a UASB and activated 

sludge (AS) gave an overall removal 

efficiency of 98.9% for COD, 99.6% for 

BOD5, and 98.9% for oil and grease at a total 

HRT of 1.08 d and with 1.9-4.4 kg COD/m
3
d 

of organic loading. Total Suspended Solids 

(TSS) and Volatile Suspended Solids (VSS) 

removal averaged above 72 and 75%, 

respectively (Tawfik et al., 2008). Donkin and 

Russell, (1997) fed dairy waste water to 

anaerobic and anoxic reactors with an aerobic 

reactor in series. The overall system was 

operated at an HRT of 7 d. Overall COD and 

total nitrogen removal was more than 90 and 

65% respectively. Successful anaerobic 

treatment of waste waters discharged by raw 

milk quality control laboratories was achieved 
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in SBR with an anaerobic filter (AF) without 

fat removal prior to the anaerobic reactor, 

with the COD removal being higher than 90% 

in AF and most of the fat was degraded 

successfully (Omil et al., 2003). 

 

Favorable conditions for inclusion of 

anaerobic treatment in waste disposal 

 

High energy requirement by aerobic treatment 

methods is the primary drawback, which may 

over come with opting for anaerobic 

processes. Dairy effluents have high COD and 

organic content and usually remains warm, 

enabling to be ideal for treating by anaerobic 

treatment (Wheatley, 1990). Furthermore, no 

requirement for aeration, low amount of 

excess sludge production and low area 

demand are additional advantages of 

anaerobic treatment processes in comparison 

to aerobic processes (Vidal et al., 2000). At 

the same, there is need for pH maintenance 

because it may changes during the digestion 

of lactose and which is not desirable in 

anaerobic treatment. 

 

Epilogue 

 

Bio-treatment leading to bioconversion of the 

waste materials is probably the most cost 

effective technique for managing and utilizing 

waste. Among them, anaerobic digestion is an 

efficient, small carbon footprint and 

sustainable technology that should be applied 

in dairy industry which have high through-put 

of organic load. It has the potential not only to 

minimize the environmental impacts but also 

to maximize resource recovery especially 

generation of useful renewable bio-fuel 

(methane) including reuse of wastewater. In 

order to design and operate anaerobic 

digestion systems efficiently strategy based 

approach need to be developed based on 

requirement of industry, average load of 

influent, product handling profile of plant and 

influent characteristics etc. 
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