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With agricultural crops, the land is ploughed in preparation for
crop planting, fertilizers and pesticides are employed, and the
crops are harvested and stored before processing into consumer
products. With animal farming, livestock and poultry are raised
and sent to slaughterhouses. Food and agricultural industries yield
either consumer products directly or associated materials that are
then used to produce such products such as leather or cotton
[1]. In producing such consumer items, almost all the processes
and stages, from crop planting or animal rising to the processing
into end products, lead to numerous pollution problems which
includes deterioration of air, water and land quality. For instance,
wastewater produced from many of the food and agricultural
industries are hazard to the environment and require apt com-
prehensive management approach. The environmental regulatory
authorities in North America, elsewhere in the world, are setting

stringent norms for discharging waste pollutants (both liquid and
solid) from such industries. To accomplish the regulations for the
discharge limits, there is now an alarming need to treat and utilize
these wastes rapidly and efficiently. With the remarkable pace of
advancement of sustainable environmental biotechnology, exten-
sive research has been dedicated recently to cope with wastes of
ever increasing complexity generated by the food and agricultural
industries. Bioenergy production from anaerobic digestion (AD)
of organic wastes is a promising climate change mitigation option
and considered as a sustainable treatment technology. Nowadays,
the carbon emission and as a result, carbon footprint of water
utilities is an important concern worldwide. In this perception, it
is crucial to consider the prospects for the reduction of carbon
footprint from small and large wastewater treatment plants. Not

only does the anaerobic digestion technology has an affirmative
net energy production but the biogas produced can also replace
fossil fuel, therefore, has a direct positive effect on greenhouse
gas reduction.
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Despite these valuable advantages, anaerobic digesters treating
highly concentrated wastes, such as food and concentrated ani-
mal/livestock manure, ate likely to suffer from partial or complete
inhibition of methaneproducing consortia, including methano-
gens [2,3]. A variety of inorganic and organic wastes can cause
toxicity in anaerobic digesters. Toxicity due to sodium is a com-
mon problem causing inhibition of anaerobic digestion. Zhao et
al. [4] confirmed that organofluorine compounds such as 4-fluo-
rophenol (p-FP), 4-fluorobenzoic acid (p-FB) and 4-fluoroaniline
(p- FA) have a potential toxicity on methanogenesis and Rajini-
kanth Rajagopal, International Journal of Food Science, Nutrition
and Dietetics 2013, 2:301 2 biodegradability. High concentrations
of volatile fatty acids (VFAs) are often associated with the effects
of toxicity and inhibition. VFA inhibitions can occur due to their
accumulation and a subsequent reduction in pH value. Depend-
ing on pH values, VFA concentrations can be tolerated with a
minimal degree of toxicity. Nevertheless, at low pH, much more
of the VFAs exists in the undissociated form which is much more
toxic than ion form, due to its greater membrane permeability.
Prochdzka et al. [5] described that high ammonia nitrogen con-
centration [especially the unionized form] (4.0 g/L) would inhibit
methane production, while low ammonia nitrogen concentration
(0.5 g/L) could cause low methane yield, loss of biomass and
henceforth the loss of aceticlastic methanogenic activity. Chen et
al. [6] indicated that certain ions such as Na*, Ca*", and Mg”* were
found to be antagonistic to ammonia inhibition, a phenomenon
in which the toxicity of one ion is decreased by the presence of
other ion(s). At high concentrations, potassium, light metals ions
(Na, K, Mg, Ca, and Al) and other salts can also interrupt cell
function [6].

Several researchers have attempted to come up with toxicity con-
trol strategies. Vyrides et al. |7] indicated that glycine-betaine, an
organic compound, which can cause antagonism against sodium
toxicity. However, using glycine-betaine to decrease sodium toxic-
ity in commercial scale anaerobic digesters would be too costly
[2]. Suwannoppadol et al. |2] described that when grass clippings
wete added at the onset of AD of acetate containing a sodium
concentration of 7.8 ¢ Na+/L, a total methane production about
8 L CH4/L was obtained, whetreas no methane was produced in
the absence of grass leaves. Another way of tackling the sodium
salts problem is by allowing the anaerobic sludge to acclimate to
high sodium concentrations [8] but this technique requires time
for the methanogens to adapt to the saline conditions which in
turn results in a prolonged period before the anaerobic reactor
can achieve its full-loading capacity. Zhao et al. [4] suggested that
adsorption was the main removal mechanism for the three F-sub-
stituent aromatics such as 4-fluorophenol (p-FP), 4-fluorobenzoic
acid (p-FB) and 4-fluoroaniline (p-FA). To tackle with ammonia
toxicity many strategies have been attempted: chemical precipita-
tion, pH and temperature control [6]; use of carbon fiber textiles



http://dx.doi.org/10.19070/2326-3350-130001e
http://dx.doi.org/10.19070/2326-3350-130001e

Rajagopal R (2013) Biological Inhibition/Toxicity During the Anaerobic Digestion of Wastes From Food And Agricultural Industries. Int ] Food Sci Nutr Diet. 2(1e), 1-2.

[9] ammonia stripping and adjustment of C: N ratio of feedstock
[10]; acclimation of methanogenic consortia to high levels of am-
monia [11]. Uludag-Demirer et al. [12] and Wang et al. [13] de-
scribed the physical, chemical, and biological methods, such as ad-
dition of ammonium-selective adsorbent, ammonium removal by
forming struvite precipitation, or biological anoxic/oxic (A/O)
process. Among these methods, ammonium removal by adding
ammonium-selective adsorbents could be the most attractive and
practical because of its easier operation and economic, and the
ammonium-saturated adsorbents can be further used as nitrogen
fertilizer [13]. In many circumstances, acclimation of digester
with cations can often increase the toxicity threshold limit.

Although, substantial amount of literature on this subject, inhibi-
tion due to sodium, high VFAs, sulphides, ammonia, aforesaid
ions etc., are still an everyday threat at AD (biogas) plants per-
forming co-digestion and process imbalances caused by these
toxic agents is often reported. Cautious substrate management
and early detection of inhibitions is, of cause, crucial in order to
minimize the economic losses.
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