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Abstract The era of rapid industrialization succeeded by a

shift in organizational focus on research and technology

development which has fueled many industries along with

the dairy industry to grow at an exponential rate. The dairy

industry has achieved remarkable growth in the last decade

in India. Waste produced by dairy industry consists of a

high organic load thus cannot be discharged untreated.

Even though treatment and management of waste are well

documented, but the main problem is concerned with

sludge produced after treatment. There is a gap in the

application of various methods for effective treatment of

the waste, hence there is a need for technology-oriented

research in this area because of a paradigm shift in per-

spectives towards sustainable management of waste to

recover value added products including energy as energy

demand is also rising. Sludge which is generally land

spread can also be used for energy generation. This paper

discusses the environmental effects of waste generated due

to dairy industrial activities; various methods used for the

advanced treatment of dairy waste. This review article aims

to present and discuss the state-of-art information for

recovery of value-added products (single cell protein,

biofertilizers, biopolymers and biosurfactants) from dairy

waste with emphasis on integration of technologies for

environmental sustainability. This paper also includes

challenges and future perspectives in this field.
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Introduction

There is consistent and steep growth in India’s dairy sector

in the last few decades and now India is one of the major

milk-producing countries in the world. The report of the

National Dairy Development Board (NDDB) shows that

there is a consistent rise in production and demand for milk

in the past decades (Fig. 1). This subsequently lead to the

growth of dairy industry and there are large number of

dairy plants spread in India [1].

In India out of total 50% to 70% of milk processed is

sold as plain or flavored milk and rest processed as cheese,

butter, ice-cream, paneer, curd, ghee etc.

Due to increased growth of dairy industrial activities

waste generation increases, which needs to be managed

properly. Management of the waste is a burning issue

globally which raises concept of waste management. With

increased industrial growth and urbanization treatment and

disposal poses more challenges due to huge money is

required for this. However, considering ‘waste’ as a ‘re-

source’’, resource recovery from wastes has been gaining

interest of researchers because it offers social and envi-

ronment sustainability. Present researches are mainly

focused on recovery of resources such as single cell pro-

tein, biofertilizers, energy and bio-products from dairy

industry waste/ waste water [2–10].

This review paper aims to summarize state-of-art

information for the recovery of value-added products from

dairy waste. The paper emphasizes the integration of

technologies for valorization of dairy industry waste. This

paper incorporates bottlenecks and future perspectives in
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research for dairy industry waste management and thus

would be used for opportunities in technological innova-

tion in this area.

Dairy Industry Waste: Sources and Types

Various processes in dairy industry contribute to generation

of wastewater i.e., from the place where the milk is

received to process of production and packaging of prod-

ucts (Fig. 2). The necessity of cleanliness in milk pro-

cessing units generates waste containing cleaning agents

like detergents. The loss of excess products due to leakage,

overflow, and careless control also add to waste production.

Thus, sludge produced comprises the waste produced by

processing, cleaning, and sanitary operations along with

the waste generated by physicochemical and biological

treatment processes.

Types of Dairy Waste

Dairy waste can be broadly classified into two types

(a) wastewater i.e. effluent (b) solid waste [1].

Effluent

The dairy industry produces 1–3 L of wastewater for every

liter of milk produced. The wastewater contains high

organic load due to presence of carbohydrates, protein, and

fats that come from milk [11]. The characteristics of the

wastewater vary with the type of product being processed

in the dairy plant [12]. The high organic load, of dairy

wastewater requires attention for its treatment as it can lead

to rapid depletion of oxygen wherever discharged. The

government of India has defined strict regulations for the

discharge of effluents to protect the environment (Biolog-

ical Oxygen Demand5:100 mg/L, Total Suspended Solid

150 mg/Land oil grease 10 mg/L) [13].

Solid Waste

A full-fledged dairy that processes nearly 5 lakh liters of

milk daily produces around 200–350 kg of sludge[1].

Generally, sludge is further classified into two broad cat-

egories a) chemical sludge, and b) biological sludge. The

sludge contains degradable organic matter and non-

biodegradable solid matter [14]. The amount of sludge

produced increases with increase in wastewater. It becomes

a challenge to handle and dispose of the sludge produced as

it accounts for 60% of the total cost of treatment plant

operation [15].

Characteristics of the Dairy Waste

The characteristics and quantity of wastewater produced by

a dairy plant differ in volume, concentration, and compo-

sition. The variation is based on the type of product pro-

cessed, operating methods, design of the plant, type of

wastewater treatment applied, and the amount of water

consumed [16]. The season also affects the composition of

Fig. 1 Rise in production of milk. Source: National Dairy Development Board (https://www.nddb.coop/information/stats/milkprodindia)
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the wastewater [17]. Effluent is treated with ferric sulfate

or aluminum chloride which adds up to the amount of

sludge produced. Typical characteristics of sludge depend

on the process used and vary with the type of treatment

(aerobic or anaerobic) and chemical used in the physico-

chemical process [18]. The characteristic of wastewater

reported by many researchers has been summarized in

Table 1.

Effects of Dairy Waste on the Environment
and Lifeforms

The dairy industry waste adversely affects the quality of

air, water, and soil [22]. When discharged in public sewers

such wastewater causes complexity in secondary treatment

like low settleability of sludge and other operations in the

municipal sewage treatment. It can be because of sewage

fungus, filamentous slime producing bacterial colonies

[23].

The sludge produced by dairy industries is generally

spread in the vicinity due to high transportation costs and

Fig. 2 Various processes generating dairy wastewater

Table 1 Characteristic of dairy

industry wastewater
S. no pH TDS (PPT) SS (mg/L) BOD (mg/L) COD (mg/L) References

1 9.8 1.222 – 650 1448 [18]

2 6.8 ± 0.64 1.2 ± 0.25 – 320 ± 26.76 954 ± 86.18 [16]

3 6 ± 0.69 1.28 ± 0.25 – 355 ± 78.99 982 ± 67.57 [16]

4 4–12 – 250–2700 300–1400 650–3000 [19]

5 6.4 2.180 1260 ? 60 1445 ± 30 4410 ? 60 [5]

6 7–8 1.300 1200 1040 2100 [20]

7 7.4 – 1020 1710 2520 [21]

TDS Total dissolved solids, SS Suspended solids, BOD Biological oxygen demand, COD Chemical oxygen

demand
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thus leads to an accumulation of few substances in long

term application. Therefore, there is a need to find alter-

native methods for its proper sludge utilization [24].

Current Treatment Technologies

Treatment of dairy waste adopted in different countries

differs according to the regulations and laws of the country.

Various physical, chemical, and biological treatments have

been reported. General treatment process adopted for dairy

wastewater is shown in Fig. 3.

Physicochemical Methods

Various treatments have been developed in different

countries to treat dairy industry wastewater. The factors

like capital cost, operating cost, need for treatment to make

the wastewater in compliance with government regulations

are considered while adopting a treatment process. The

basic steps like screening, coagulation, dissolved air

flotation, and adsorption have been reported [25, 26].

Various advanced processes have been adopted to treat

wastewater which has been discussed and reported by

researchers. The advanced methods are used to replace the

energy-consuming conventional methods [27, 28]. The

advantages and disadvantages of various physicochemical

techniques are summarised in Table 2 [29].

Biological Processes

Biological processes for the treatment of dairy waste are

the most promising waste treatments [30]. Biological

treatments are aerobic and anaerobic treatment technolo-

gies e.g. wetlands, trickling filters, Fluidized Bed Reactor

(FBR), Up-flow Sludge Anaerobic Blanket (USAB),

Completely Stirred Tank Reactor (CSTR), Moving Bed

Biological Reactor (MBBR), Sequential Batch Reactors

(SBR) and Activated sludge process (ASP) have been

reported globally [11, 13, 31] and are discussed in this

section.

Wetlands

Wetlands effectively uses vegetation and microbes of rhi-

zosphere to remove organic load from wastewater. The

main advantage of this technology is that it does not require

full-time monitoring, low capital cost, less operative cost,

and at the most it is ecofriendly [30]. The major drawback

of this system is effluent cannot be discharged in sewer

directly, instead can be used for irrigation. This system is

considered as a zero discharge system [32].

Aerobic Treatments

Activated Sludge Process (ASP) The activated sludge

process is one of the most preferred methods for reducing

organic matter. The modified aerobic granular sludge is

Fig. 3 General treatment process for wastewater in dairy industry
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much more preferred than normal ASP as it possesses

much more resistant to shocks, less toxicity and much more

settleability of sludge. It is also highly efficient in recovery

of biomass [33].

Sequencing Batch Reactor (SBR): Sequencing batch

reactor is a series of tanks that operate to remove unde-

sirable compounds. The tanks are filled at different times

and function as a batch reactor. In such systems, process of

aeration and sedimentation are performed instantaneously.

The need for a clarifier is obviated in such a system as the

process of equalization, aeration and sedimentation occurs

in the same tank. Thus it becomes an economical choice as

less investment is required and waste with higher solids can

also be treated using it [27].

Rotating Biological Contactors (RBC) The RBCs are

series of discs attached to a shaft. To achieve proper

reduction a multiunit system of 3 to 6 sets of RBCs can be

used. RBC has proved to be efficient as well as effective in

three stage form. Aerobic filters cannot handle the high

strength water as dairy wastewater. Due to high content of

fat oil and grease (FOG) heavy biofilm can be formed,

which leads to sloughing of biomass which eventually

leads to less productivity [34].

Anaerobic Treatment

In comparison to the aerobic system, the anaerobic system

does not require energy and thus is more economical.

Production of methane from anaerobic digestion can be

utilized as an energy source [35, 36]. Additionally, amount

of sludge produced in such systems is less which is a

beneficial aspect for disposal. It is efficient in destroying

pathogens and sludge produced by this process is better in

quality [37–39].The high biodegradability and moisture

content are very useful in the process of anaerobic diges-

tion to obtain sustainable bioenergy [40, 41].

Up-flow Anaerobic Sludge Blanket (UASB) It has been

extensively used to treat dairy wastewater [11, 42]. The

growth of microbial biomass is in suspended form. Flow of

effluent in UASB is in an upward direction through sludge

bed. Gas which is produced is separated by a separator and

the leftover water without biomass is disposed of and

sludge settles at the bottom [42].

Anaerobic Sequencing Batch Reactor (ASBR) ASBR

operates in four stages: (i) feeding, (ii) reaction, (iii) set-

tling and (iv) withdrawal after the accomplishment of

treatment. Wastewaters can be treated using this reactor

and it reduces the separate step of settling. The major

limitation of this technique is that it does not work well

when overloaded.

The aerobic and anaerobic treatments generate sludge.

Sludge is generally uniform, practically having no odor,

and contains a lot of organic matter and hence further

processing of the sludge is required before disposal. Sludge

is fed into the digester for further breakdown and stabi-

lization. The dewatered sludge can be applied as a compost

or landfill or it can be disposed of as land spread [27]. Land

spreading can cause problems like accumulation of waste,

eutrophication, and underground water contamination.

Thus, it becomes important to find other options for

treatment and disposal of dairy sludge [43].

Integration of Technologies

The conventional biological processes are not sufficient

and suitable to treat wastewaters containing complex

organic matter and inorganic matter due to limitations of

microorganisms to metabolize it. The existing electro-

chemical process also posses’ drawbacks in terms of

Table 2 Advantages and disadvantages of various physicochemical processes

S.

no

Physico-chemical

method

Types Advantage Disadvantage

1 Membrane

Filtration

Nanofiltration (NF)

Reverse osmosis

Dialysis

Non thermal

Eco-friendly

Easy recovery of water and other by-products

Prone to membrane fouling

Expensive cleaning and regeneration

schemes may be necessary

2 Electrochemical Electrocoagulation

Electro floatation

Increases biodegradability

Eliminates oil, grease and metals

High capital cost and difficult to control

3 Adsorption Charcoal

Clays

Clay minerals,

zeolites, and ores

Ease of use Lack of suitable adsorbent

4 Coagulation Ferrous sulfate

Aluminium sulfate

Hastens settling of the solid. Thus, detention

of water is reduced

Produces large amount of sludge
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energy requirements. Bio-electrochemical systems (BES)

are combination of biological and electrochemical process,

treat the waste and simultaneously produces electricity,

hydrogen, and other beneficial products and thus it plays a

very important role in circular economy [44]. This is the

system which can address two of the most important

questions, i.e. ‘‘Power’’ and ‘‘Pollution’’. Electrochemi-

cally active microbes, reduce organic matter at the anode

resulting in transfer of electrons from anode to cathode.

Output energy efficiency depends on number of electrons

accumulated and transferred to the anode [45–48]. The

types of BES are (i) Microbial Electrolysis Cell (MEC), (ii)

Microbial Fuel Cells (MFC), (iii) Microbial Desalination

Cell (MDC), (iv) Enzymatic Biofuel Cell (EBC), (v) Mi-

crobial Reverse-electrodialysis Cell (MRC), (vi) Microbial

Solar Cells (MSC) and (vii) Microbial Electrosynthesis.

The most advanced and widely studied BES are Microbial

Fuel Cells [49].

Microbial Fuel cell (MFC) MFC is a type of BES in

which microbes in the anode part of the cell produce

electricity by oxidizing organic matter in the waste

[47, 48, 50, 51]. In this process, microbes generate elec-

trons and protons both. Electrons are transferred to the

anode by bacteria. The protons produced should be

removed from anode chamber through the proton exchange

membrane to the cathode chamber where these protons

combine with electrons and oxygen to produce water.

Table 3 shows various integration of MFC with other waste

treatment technologies.

Dairy Waste to Value-Added Products

Dairy waste is rich in organic matter and thus can be used

as substrate for the production of various compounds. The

products are summarized in Table 4. The compounds

produced from the dairy waste described in Table 4, are

very useful in the field of field of food, agriculture, pet-

roleum, cosmetics, and pharmaceutical industries and for

sustainable development [54–56].

Single Cell Protein (SCP) and Biofertilizer

Single-cell proteins (SCP) are dried bacteria, yeast, fungi,

and algae. These are protein-rich and have advantages over

the plant and animal proteins like the growth of these cells

are not seasonal neither are affected by climate, thus they

can be produced all-around the year [5]. Sludge generated

from dairy industry was assessed for cultivation of Rhi-

zobia in a study. Different concentrations of dairy sludge

were used for cultivation of various Rhizobial strains [4].

Biopolymer and Biosurfactant

Biopolymer are natural polymers produced by living

organisms. An exopolysaccharide Xanthan gum is synthe-

sized by Xanthomonas spp. is a valuable industrial

biopolymer. It has high viscosity in low concentration

which is the attribute of its branched structure and elevated

high molar mass and stability over a wide range of pH

makes it a polymer of choice [57, 61, 62]

Biosurfactants are molecules having both hydrophilic

and hydrophobic chemical groups in their structure and

decrease the surface tension of liquids. Many microbes can

be used to produce biosurfactants. Biosurfactants are used

in field of food, agriculture, petroleum, cosmetics, and

pharmaceutical industries [54–56].

Biofuel

Dairy industry waste, both wastewater and sludge like

other wastes are a promising substrate for the production of

Hydrogen (H2) [63–66] and Methane (CH4). In the search

for alternate novel source for electric energy generation,

dairy waste can be used efficiently in Microbial Fuel Cells

(MFC) as substrate [13].

Bottlenecks and Perspectives

Sustainability is a big challenge for the developing coun-

tries like India. Thus, development of successful circular

bioeconomy concept facilitates development of economic

Table 3 Integration of MFC with other treatment processes

S.

no

Integrated systems Benefits after system was integrated with MFC References

1 Integrated modified Ludzack–Ettinger (MLE-MFC) Sludge reduction (11%), Nitrate removal (31 ± 12%) [52]

2 Membrane bioreactor (MBR-MFC) Sludge reduction (6%), Nitrate removal (20 ± 12%) [52]

3 Horizontal subsurface flow constructed wetland (HSSF-

CW)

Overall efficiency was improved by 33% even in high organic

loads

[53]
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prosperity, environmental quality, and social equity for

current and future generations [56]. Circular bioeconomy

can be defined as summation of sustainable consumption of

natural resources and their sustainable management. BES

can be implemented in present waste treatment plants for

solving problems of energy requirement and pollution.

Still, there are many questions unanswered to implement it

on large scale wastewater treatment plant related to cost of

installation and operation, its low energy inputs, and effi-

ciency in reducing COD. The operation of MFC is useful

for short term analysis, but research should be directed

towards long-term stability with waste generated from

fields/plants [44, 67–71]. The recovery of value-added

products from dairy waste, concerning techniques either

independent or integrated, tailoring processes parameters is

need of the hour and can be effectively used for production

of bio-based products to reduce the hazards of the waste

[72]. The use of consortia of microbes working in synergy

is one of the broad and potential approaches. Thus, it can

be very efficient in the treatment of dairy waste.

Opinion

Dairy waste poses high organic matter and a global concern

as the amount of waste is increasing day by day and its

proper disposal has become a pertinent issue due to strict

rules of waste discharge and environmental protection.

These wastes can be a substrate for large scale production

of biomass, biopolymer and generating energy using inte-

gration of technologies. The integrated system like Bio-

electric system (BES) and its further integration with other

technologies can be beneficial to treat the waste and

achieve ‘‘waste to resources’’ if dairy waste is appropri-

ately utilised. In this context, concept of waste biorefinery

employing recent developments in recovery of resources

from dairy industry waste would be important aspect for

sustainability.
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68. Faria A, Gonçalves L, Martins G (2017) Resources recovery in

the dairy industry: bioelectricity production using a continuous

microbial fuel cell. J Clean Prod 140:971–976. https://doi.org/10.

1016/j.jclepro.2016.04.027

69. Pandey P, Shinde VN, Deopurkar RL, Kale SP, Patil SA, Pant D

(2016) Recent advances in the use of different substrates in

microbial fuel cells toward wastewater treatment and simultane-

ous energy recovery. Appl Energy 168:706–723. https://doi.org/

10.1016/j.apenergy.2016.01.056

70. Rahimnejad M, Adhami A, Darvari S, Zirepour A, Oh SE (2015)

Microbial fuel cell as new technology for bioelectricity genera-

tion: a review. Alex Eng J 54(3):745–756. https://doi.org/10.

1016/j.aej.2015.03.031

71. Cheng D, Ngo HH, Guo W, Nghiem DL, Zhang S, Liang S,

Varjani S, Wang J (2020) Performance of microbial fuel cell for

treating swine wastewater containing sulfonamide antibiotics.

Bioresour Technol. https://doi.org/10.1016/j.biortech.2020.123

588

72. Varjani S, Joshi R, Srivastava V, Ngo HH, Gou W (2019)

Treatment of wastewater from petroleum industry: current prac-

tices and perspectives. Environ Sci Pollut Res. https://doi.org/10.

1007/s11356-019-04725-x

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

278 Indian J Microbiol (July–Sept 2021) 61(3):270–278

123

https://doi.org/10.1177/0958305X19896781
https://doi.org/10.1016/j.scitotenv.2019.135612
https://doi.org/10.1002/ep.13298
https://doi.org/10.1007/s12088-018-0765-6
https://doi.org/10.1007/s12088-018-0765-6
https://doi.org/10.1016/j.biortech.2019.122584
https://doi.org/10.1016/j.biortech.2019.122584
https://doi.org/10.1016/j.chemosphere.2014.06.013.117
https://doi.org/10.1016/j.chemosphere.2014.06.013.117
https://doi.org/10.1016/j.jwpe.2019.100994
https://doi.org/10.1016/j.jwpe.2019.100994
https://doi.org/10.3303/CET1649018
https://doi.org/10.1016/j.biortech.2020.124213
https://doi.org/10.1016/j.biortech.2020.124213
https://doi.org/10.1016/j.biortech.2020.124084
https://doi.org/10.1002/jsfa.3743
https://doi.org/10.1007/s12010-010-9077-y
https://doi.org/10.1007/s12010-010-9077-y
https://doi.org/10.1016/j.ijhydene.2019.09.036
https://doi.org/10.1016/j.ijhydene.2019.09.036
https://doi.org/10.1016/j.jbiosc.2018.07.012
https://doi.org/10.1016/j.jbiosc.2018.07.012
https://doi.org/10.1007/s12088-015-0528-6
https://doi.org/10.1007/s12088-015-0528-6
https://doi.org/10.1016/j.biortech.2014.11.029
https://doi.org/10.1371/journal.pone.0199059
https://doi.org/10.1371/journal.pone.0199059
https://doi.org/10.1016/j.biortech.2015.01.138
https://doi.org/10.1007/s12088-017-0678-9
https://doi.org/10.1007/s12088-018-0759-4
https://doi.org/10.1016/j.rser.2017.05.098
https://doi.org/10.1016/j.jclepro.2016.04.027
https://doi.org/10.1016/j.jclepro.2016.04.027
https://doi.org/10.1016/j.apenergy.2016.01.056
https://doi.org/10.1016/j.apenergy.2016.01.056
https://doi.org/10.1016/j.aej.2015.03.031
https://doi.org/10.1016/j.aej.2015.03.031
https://doi.org/10.1016/j.biortech.2020.123588
https://doi.org/10.1016/j.biortech.2020.123588
https://doi.org/10.1007/s11356-019-04725-x
https://doi.org/10.1007/s11356-019-04725-x

	Valorization of Dairy Wastes: Integrative Approaches for Value Added Products
	Abstract
	Introduction
	Dairy Industry Waste: Sources and Types
	Types of Dairy Waste
	Effluent
	Solid Waste

	Characteristics of the Dairy Waste

	Effects of Dairy Waste on the Environment and Lifeforms
	Current Treatment Technologies
	Physicochemical Methods
	Biological Processes
	Wetlands
	Aerobic Treatments
	Anaerobic Treatment

	Integration of Technologies

	Dairy Waste to Value-Added Products
	Single Cell Protein (SCP) and Biofertilizer
	Biopolymer and Biosurfactant
	Biofuel

	Bottlenecks and Perspectives
	Opinion
	References




