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treatment process needs to be intensified by poultry product
producing industries prior to water being discharged to avert the
excessive usage of water, reduce the high concentration of
wastewater pollutants escaping into streams and rivers [6], to
comply with the stringent regulatory environmental rules,
relieve the water supply insecurities and the eminent water
scarcity in South Africa [1].
The treatment disposal of poultry slaughterhouse wastewater
(PSW) is both a public health and an economic necessity [7].
The poultry industry will benefit from the effective wastewater
treatment by being able to reduce potable water demand and
minimize the quantity of wastewater generated for disposal [3].
Three distinct treatment systems have been employed by the
poultry industry depending on the treatment process required.
These options include physical, chemical and biological
treatment systems and each system type possess unique
treatment advantages and operational difficulties [6].
This review will focus on the use of biological systems to
reduce sludge formation and accumulation of FOGs prior to
treatment of PSW in the Expanded Granular Sludge Bed
(EGSB) reactor.

Abstract— Poultry slaughterhouse wastewater (PSW) is usually
disposed of by discharging it into watercourses, municipal wastewater
treatment works (WWTWs), or by scattering it on grass and croplands.
However, the hazardous nature of the PSW makes it injurious to
human health and the environment. As a result, the South African
Government has established a Waste Discharge Charge System
(WDCS), which is based on the „polluter pays‟ principle, as a means to
encourage industrial waste dischargers to reduce their waste and use
water resources optimally. Therefore, the poultry industry is required
to adopt the latest technologies that will reduce freshwater
consumption and increase reuse practices to achieve zero effluent
discharges. This paper will present wastewater treatment options
available, and give motivation as to why Sumo, which is a wastewater
process simulator, should be applied to evaluate the performance of an
anaerobic bioreactor.
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I. INTRODUCTION
The agricultural sector particularly the poultry industry is
exploring alternative means to reduce water wastage due to
recent water shortages experienced in South Africa [1]. The
poultry slaughterhouse industry has been noted to be one of the
highest contributors to the consumption of potable water, which
results in generation of high volumes of wastewater. Processing
of one live bird requires an estimated average of about 26.5
litres of potable water and the greater percentage of the
consumption is attributed to evisceration and sanitation of
equipment [2], [3].
The organic load contribution comes from different materials
such as fat, oil and grease (FOG), lard, blood, undigested food,
loose meat, paunch, colloidal particles suspended materials and
soluble proteins [4]. As a result, poultry processing wastewater
has high concentrations of biological oxygen demand (BOD),
chemical oxygen demand (COD), total suspended solids (TSS)
form slaughtering, fats oils and grease (FOGs) and cleaning
activities which filters into drinking reservoirs [5]. The

II. MATERIAL AND REACTOR DESIGN

Fig. 1. A schematic diagram of the PSW treatment process
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The bioreactor system consists of a pretreatment tank for the
degradation of organic soluble which would otherwise cause
clogging up of the EGSB reactor. The EGSB reactor is also
fitted with a recycling step to help prevent sludge washout and
clogging up of the EGSB reactor. The effluent is collected in a
holding tank and further testing for BOD, COD, TSS and FOGs
will be conducted from the effluent.
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is caused by Aluminum salts, as well as the formation of
neurotoxic and carcinogenic acrylamide monomers that are
harmful to humans and the environment [14]. This has therefore
sparked renewed interest in a less toxic method of flocculation
namely naturally occurring bioflocculants for the precipitation
of organic matter.
Bioflocculants are non-toxic and biodegradable extracellular
biopolymeric substances secreted by algae, yeast, and bacteria
[15]. They rely on the difference in composition and properties
of polysaccharides and proteins which lead to differences in the
charge of bioflocculants [16]. In general, bioflocculants cause
the aggregation of particles and cells by bridging and charge
neutralization [15]. Bioflocculant composition consists of
macromolecular
substances
such
as
protein
and
polysaccharide-protein [5], [17] and is dependent on the type of
bioflocculants producing microorganisms (BPMs) [18]. Due to
these properties and the lack of secondary pollution of their
degradative intermediates [15], bioflocculants have been
identified as a possible alternative to flocculation which
requires the use of chemicals including ferric chloride,
polyaluminium chloride and polyacrylamide [19]. Table I
below provides a list of bioflocculant producing
microorganisms, their preferred energy source as well as their
mode of action.

III. DISCUSSION
A. Pretreatment using Biological Processes
A significant volume of highly polluted wastewater is
generated by poultry slaughterhouses during the slaughtering
stage and periodic washing of residual particles, which results in
significant variations in the biodegradable organic matter
concentration. Therefore, an efficient treatment process should
be carried by poultry slaughterhouses to treat the wastewater
before it is discharged into receiving water bodies and to
subsequently prevent severe environmental pollution [4].
Several treatment methods have been reported for PSW over the
past few decades. Biological (aerobic and anaerobic) treatment
methods have been traditionally used for slaughterhouse
wastewater treatment. The ability of different bacterial strains to
produce a variety of by-products which are either beneficial or
detrimental to scientific research has enhanced the need to
better understand the impact of harnessing of biological
processes instead of chemical or physical processes [8].
Anaerobic bacteria are responsible for the fermentation of
methane gas from sewage sludge, they facilitate the
decomposition of macromolecular organic matter into simpler
compounds, and therefore, they play an important role in the
wastewater treatment processes [9]. Anaerobic treatment
processes are often impaired because of accumulation of FOGs
and SS which in turn lead to reduction in the methanogenic
activity and biomass washout.
Aerobic treatment has been used to pretreat PSW in
processes such as the Dissolved Air Floatation (DAF)
pretreatment tank [10]. This treatment process requires high
energy consumption for aeration and generates large amounts of
sludge, moreover, as the pretreated water is transferred into the
bioreactor the aerobic bacteria which initially had access to
oxygen in the pretreatment tank is unable to continue replicating
in oxygen-depleted bioreactors and subsequently die. This
review seeks to illustrate that a pretreatment step is required for
efficient digestion of biodegradable organic matter. Bacterial
cultures with bioremedial activity and can survive in both
aerobic as well as anaerobic conditions are most suitable for
pretreatment of PSW as they remain active under both
conditions and would further ensure that the remediation that
occurs in the pretreatment tank continues to occur in the
bioreactor which is oxygen-depleted.

TABLE I: DEPICTS THE DIFFERENT TYPES OF BIOFLOCCULANT
PRODUCING MICROORGANISMS, THEIR PREFERRED ENERGY
SOURCE AND THEIR MODE OF ACTION.
Energy source

Mode of action

Gyrodinimimpudicum KG03

Acidic
heteropolysaccharide

Galactose and
uronic acid
production

Nannocystis species Nu-2

Glycoprotein

Bleaching acid red
and direct emerald
blue

Rhodococcuserythropolis

Proteins

Enzymatic
digestion

C. Pretreatment with Biosurfactants
The importance of surfactants in household and industrial
applications is undeniable and they have been used to confer
excellent detergency, emulsifying, foaming and dispersing traits
[20]. Surfactants are amphipathic molecules that have both
hydrophobic and hydrophilic moieties that partition
preferentially at the interphases such as liquid/liquid, gas/liquid
or solid/liquid. Surfactants also have different degrees of
polarity and hydrogen bonding, as such surfactants are mostly
chemically synthesized and petroleum-based [21].
The environmental implications of using surfactants such as
toxicity, biodegradability, ecological acceptance and
affordability encouraged the search trend towards using
environmentally friendly technologies [22]. Biosurfactants have
therefore gained much attention because they exhibit
environmental ecological advantages. Biosurfactants produced
by microorganisms in the environment assist in the uptake of

B. Flocculation in PSW Pretreatment
Flocculation precipitation has been commonly used for the
gradual accumulation of colloids, cells and suspended solids in
the treatment of drinking water, fermentation processes,
production of food and treatment of wastewater [11]. There are
distinct groups in which flocculants are classified into, namely:
1) organic synthetic flocculants such as polyacrylamide
derivatives, 2) inorganic synthetic flocculants such as
polyaluminium chloride and 3) naturally occurring flocculants
such as chitosan. Organic and inorganic synthetic flocculants
are widely used in industrial fields for their cost efficiency and
cost-effectiveness, but their use may also result in some
environmental and health issues [12]. Health issues caused by
these flocculants may include; Alzheimer‟s disease [13], which
https://doi.org/10.17758/EARES8.EAP1119148

Bioflocculants

302

16th SOUTH AFRICA Int'l Conference on Agricultural, Chemical, Biological & Environmental Sciences (ACBES-19) Nov. 18-19, 2019 Johannesburg (S.A.)

hydrocarbons as a carbon source. This is done by either the
microorganism changing its cell surface so that the contaminant
can be absorbed or by making available the hydrocarbon by
releasing biosurfactants into the environment. Because of their
hydrocarbon dissolving agents, biosurfactants were identified as
potential replacements for synthetic surfactants in food, oil and
pharmaceutical industries [23]. Table II below gives a
comparison of the advantages and disadvantages of using
chemical and biological surfactants.

IV. CONCLUSION AND RECOMMENDATIONS
Biosurfactants are of particular interest due to their ability to
decrease surface tension in waste as well as their ability to
degrade hydrocarbons. PSW contains high concentrations of
FOGs which are high in hydrocarbons and thus provide a
consistent supply of carbon source for biosurfactant producing
bacteria. The use of bioflocculants for coagulation of organic
waste through the formation of flocs and biosurfactants to
reduce surface tension and hydrolyze hydrocarbons within the
pretreatment tank can be employed symbiotically to help reduce
the formation of sludge, prevent the sedimentation of the formed
flocs and thus allowing the filtration of dissolved organic
solubles from the pretreatment tank to the bioreactor. However,
no studies have been conducted to investigate if bioflocculant
and biosurfactant producing bacteria can be used symbiotically
as a pre-treatment option for anaerobic bioreactors. This review
probes for the use as a combined biological pretreatment option
and to quantitatively determine its performance in reducing the
accumulation of organic load in poultry slaughterhouse
wastewater prior to treatment in a bioreactor.

TABLE II. A COMPARISON BETWEEN CHEMICAL AND BIOLOGICAL
SURFACTANTS.
Advantages

Disadvantages

Chemical

Cost-effective, High
flocculating activity

Health issues

Biological

Environmentally friendly,
biodegradable, free risk of
secondary pollution, non-toxic
and harmless to humans,
animals and environment

High production costs and
high dosage requirements

Biosurfactants can be used in a range of industrial
applications including, crude oil drilling, lubricants,
bioremediation of pollutants, health care, enhanced oil recovery
and food processing [24]. Most biosurfactants are complex
molecules comprising of different structures including
glycolipids, polysaccharides-protein complex, lipopeptides,
phospholipids and fatty acids [25] and they are classified based
on their chemical composition, their mode of action and the
microorganisms that produce them [23]. Table III list
microorganisms which have been identified to produce
biosurfactants as well as their lipo-structures or groups.
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