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ABSTRACT: Biochar as a soil amendment is increasingly popular in agricultural sector in the past few years. The
production and application of biochar is increasing in a constant rate to meet farm requirements. Biochar is similar
to charcoal and activated charcoal, which are pyrogenic carbonaceous matter derived from organic carbon rich
matter through pyrolysis. The primary products generated by pyrolysis are biochar, syngas and bio-oils depending
on biomass and pyrolysis conditions. The quality of biochar is according to primary biomass source, pyrolysis
temperature and time which ultimately effects on variations in physicochemical properties such as porosity, carbon
content, elemental composition, surface area, retention capacity and overall applications. While biochar has been
receiving attention as a restorative soil amendment, innovative dimensions for this ultra-porous material are cropping
up all over the industrial landscape. In recent times, biochar has been gaining attention in agricultural productivity
not as a soil fertility agent, but as an animal feed and animal husbandry applications. Biochar a carbonized biomass
similar to charcoal is utilized for treating animals for centuries. An enhanced utility of biochar as cattle feed globally,
to improve animal health, increased nutrient intake efficiency and thus productivity. Since biochar is enriched with
nitrogen rich organic compounds during the digestion process, the excreted biochar manure acts as a valuable
organic fertilizer causing lower nutrient losses and green house gas emissions during storage and soil application.
The use of biochar as feed additive has the ability for general body fitness of animals, increased feed efficiency,
minimize nutrient losses and greenhouse gas emission, increase the soil organic matter content and thus soil fertility
as applied to soil. It can maintain blood cell contents, increase egg, milk and meat productivity and able to resist
pathogens in gastrointestinal tract and reduce methane emission from animals. Moreover, the high sorption capacity
of biochar removes the pollutants and toxins from the gastrointestinal tract of animals. However, current awareness
on effectiveness of biochar in animal production is less, which should be explored more. The challenges such as
safety, dosages, contaminations, cost and awareness among farmers need to be addressed. The review highlights the
potential benefits of biochar as animal feed in all possible dimensions.
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INTRODUCTION

Biochar

Biochar is generated by burning
carbonaceous biomass in oxygen-starved
combustion conditions through pyrolysis or
gasification (Lehmann et.al. 2009). Biochar
is produced by pyrolysis of various biomass
at temperature ranging from 350°C to
1,000°C (European Biochar Foundation,
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2018 (EBC); International Biochar Initiative
(1BI), 2015). Pyrolysis is the thermal
deprivation of any waste biomass in a no
oxygen atmosphere to produce condensable
vapors, gases, and charcoal. The thermal
treatment along with the characteristics of
biomass yields a charcoal like material with
a unique physical structure and chemical
makeup. The pyrolysis process yields gas
(Carbon di oxide, Hydrogen, Carbon




Monoxide, and Methane in different ratios),
volatile oil, and soil char material (Lehmann
2007). During the charring process, carbon
is converted into aromatic structure that are
more difficult to break down when
compared to the raw material. The ratio of
gas, to oil to char depends on the heating
conditions applied on the raw material (Sohi
et.al. 2020). The composition of biochar
(content in carbon, nitrogen, potassium) is
proportional to the biomass used, the
duration and temperature of pyrolysis. The
physicochemical properties of biochar are
inclined by the components of biochar and
conditions of pyrolysis such as temperature
set for pyrolysis and the duration of
pyrolysis (Downie et.al. 2009; Kloss et.al.
2012). Various biomass contains dissimilar
configuration such as basic components,
moisture content, organic and inorganic
content, volatile content etc. and therefore,
alter the properties of respective biochar
(Kloss et.al. 2012). The pyrolysis process
causes several alterations in the physical
properties such as porosity and surface area
and chemical composition such as carbon
and hydrogen content (Chan and Xu 2009).

Biochar as activated carbon

Biochar undergoes an activation
process above 850°C with water vapour or
carbon dioxide with chemical compounds
such as phosphoric acid or potassium
chloride, and produces activated biochar
similar to activated carbon (Hagemann et.al.,
2018). The solid phase of pyrogenic process
of pure wood results in charcoal; while the
solid phase of a broad spectrum of biomass
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end up in biochar. The activated carbon of
biochar and charcoal can be considered as
similar pyrogenic carbon materials.

Biochar offers an incredibly vast
surface area to capture and hold minute
particles, that gives room for microbes as
well as to hold undesirable components.
Biochar is intended to stay longer in
terrestrial environment as they do not
decompose rapidly as soil amendment or as
any other source. (Schmidt et.al., 2018). As
biochar does not involve in rapid
mineralization to carbon dioxide, it is
considered as a terrestrial carbon sink and
therefore very promising for negative
emission of carbon dioxide (Werner et.al.,
2018). With this excellent quality, biochar
has led a tremendous growth in restoring
barren soil to fertility, while several other
characteristics of biochar rather than soil
replenishment has been explored to favour
cattle’s.

History of Biochar Research

During the first stage of biochar
research, it was suggested as a soil
amendment applied to soils in large
quantities that increased yield of multitude
of crops (Jeffery et.al., 2017). More recently
it was explored that blending biochar with
other organic amendments such as organic
manure, compost and other animal excreta
may increase yield significantly (Steiner
et.al., 2010; Godlewska et.al., 2017).
Biochar is non-toxic and edible and
therefore not only blended with manure, but
could be included as an input in animal feed
(European Biochar Foundation (EBC),




2012). The incremental addition of biochar
to silage and feed demonstrated biochar to
be used in cascades. The combination of
biochar with fodder minimizes the formation
of myxotoxins and butyric acid, removes
pesticidal residues and enhances the activity
of lactic acid bacteria. (Calvelo et.al., 2014).
Biochar blended with straw reduces hoof
disease and minimize intolerable odors and
nutrient losses (O’Toole et.al., 2016). As
biochar is blended with organic components,
it is enriched nutrionally with enhanced
cation exchange capacity and redox activity,
with a decrement in pH (Joseph et.al., 2013).
The interior region of the biochar pores is
drenched with organic coatings, while
biochar is blended with organic nutrients,
increasing the water and nutrient uptake,
that improves nutrient recycling thereby
enhancing plant growth (Hagemann et.al.,
2017; Joseph et.al., 2018; Kammann et.al.,
2015; Conte et.al., 2013). The usage of
biochar in animal farming system minimizes
the environmentally harmful loss of
ammonia and nitrate by volatilization and
leaching (Liu et.al., 2018; Sha et.al., 2019),
with the potential to minimize greenhouse
gas emissions such as nitrous oxide
(Borchard et.al., 2019) and methane (Jeffrey
et.al., 2016).The utility of biochar in
cascading especially as animal feed began
in 2012 in European countries such as
Germany and Switzerland (Gerlach and
Schmidt, 2012) and a larger proportion of
biochar is been utilised as animal feed,
bedding, manure treatment apart from its
utility as soil amendment (Schmidt and
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Shackley, 2016). In 2016, a new biochar
certification standard specifically for animal
feed was introduced by the European
Biochar Foundation to validate quality
control and conformity of European
regulations for animal feed (European
Biochar Foundation (EBC), 2018). Biochar
is reported to improve the nutrient intake
efficiency, adsorb toxins and to improve
animal health (Toth and Dou, 2016). The
review elaborately deals with the current
stage of knowledge of biochar as a animal
feed additive and the impact of biochar as
feed on various livestock, pathogen
infestation and on greenhouse emission

Biochar as cattle feed

Charcoal is a traditional remedy for
digestive disorders for human beings and
livestock besides medicinal herbs and oils
since ages (Derlet and Albertson, 1986).
Charcoal is administered as such for animals
such as pigs and chicken, but mixed with
butter for cows, with eggs for dogs and with
meat for cats. In 19" and 20" century,
various cow tonics with charcoal as key
ingredient along with spices, pepper etc. is
advocated to minimize digestive disorders,
increase appetite and enhance milk
production (Pennsylvania State College,
1905). Charcoal was considered as superior
feed additive for enhancing butterfat content
of milk of cow (Savage, 1917). Researches
by veterinarians on the feeding of activated
and non-activated biochar for cattles,
revealed its influence in reducing pathogenic
toxins from Clostridium tetani and
Clostridium botulinum (Skutetsky and




Starkenstein, 1914). Research on
incorporating biochar as animal diet has
several benefits. The ecosystem of animal
gut is similar to soil, that require a diversity
of microbes to digest food and absorb
nutrients. Poor gut health of an animal
considerably reduces the feed efficiency,
with the animal requiring enormous food to
meet the nutrient demand of the body.
Ruminants are inefficient in digesting and
absorbing nutrients compared to other
animals and produce enormous methane,
where massive energy is diverted, which
otherwise should have utilized by the body.
The utility of biochar as an additive has
shown to increase feed efficiency and
increase weight gain of animals through
several mechanisms:

Biochar increases the habitat surface
area of the gut and enhance the activity of
beneficial microbes which work on digestion
and cycling of nutrients. The beneficial gut
bacteria colonising on biochar feed on gut
methanogens, the energy intensive bacteria
that produce methane. Biochar also adsorbs
the gut toxins such as aflatoxins, which
accumulate on hay feed and are stored in
the fat of grazing livestock, ultimately is
consumed by human beings and other
compounds in the digestive tract that
severely impact of the animal health and
the products they produce (Gerlach and
Schmidt, 2014). Biochar powder with
molasses in feed of animals, developed a
better taste for the cattle’s which
significantly reduced the total costs of feed,
fertilisers and cattle drenching.
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Benefits of biochar in animal

performance

Increased feed intake and Weight
gain: Biochar a supplementary food
increases feed intake and considerably gain
the body weight of animals

Improved digestion:
promotes digestion in animals.

Increased immunity: Biochar adsorbs
toxins from the digestive track and
maintains the balance of microbial activity
and avoids subsequent damage to animals’
digestive system.

Increased feed and energy efficiency:
Biochar addition with chicken diet has
shown to improve the adsorption of energy
from feed, ultimately improving the
efficiency of the feed.

Increased Growth rate: Increased
body weight has been documented in
broilers fed with biochar.

Higher egg production and quality
in poultry: The egg laying ability of chicken
was enhanced with the production of high-
quality eggs.

Improvement of meat quality: The
heathy state of animals by biochar feeding
improves the quantity and quality of their
meat.

Reduction in claw and feet diseases:
The claw and foot diseases cause severe
economic loss depending on the severity,
which causes weight loss, decreased milk
production, dry matter intake, herd longevity
and reproductive efficiency. Biochar
considerably reduces the severity of the

Biochar




disease minimizing health impacts and
productivity of animals.

Reduction of veterinary costs:
Biochar improves the general health of
cattle’s and thereby productivity. Therefore,
the wastage in veterinary costs is
considerably minimized.

Reduce Chronic Botulism: Chronic
botulism is a lethal disease caused by the
ingestion of botulinum neurotoxin is an
increasing concern lately. A study revealed
the administration of charcoal mix to cows
suffering from chronic botulism was found
that biochar or charcoal could be a tool in
minimizing chronic botulism condition of
COWS.

Reduced Methane Production:
Methane is produced by methanogens in the
rumen of animals in their natural digestive
process called enteric fermentation, which
is considered as a major contributor of
greenhouse gases. A study suggested that
biochar addition in feed provided a habitat
for methane oxidation and microbial activity
in the rumen, ultimately reducing net
methane production (Leng et.al., 2012).

In general, biochar as cattle feed is
found to improve health and appearance of
cattles, increase the vitality, udder health,
and milk production, decrease mortality rate,
diarrhea and hoof disease, reduce odour of
excreta, and cause post-partum health
stabilization. Biochar improves overall
health, which speculate in their overall
productivity. Biochar excreted as manure
maintains soil-restoring properties and
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enhances soil fertility (Gerlach and Schmidt,
2012).

BIOCHAR AS CATTLE FEED

Higher Egg
Production

Fig 1. Potential Benefits of Biochar as Cattle feed

Biochar improves hygiene conditions

Biochar can hold gases and pollutants,
as an adsorbent and can improve hygiene
in chicken coops or sheep pens and cattle
shed. Hygiene in animal shelter is a
challenge among producers as huge number
of animals in a same shelter with constant
contact with their excrement, animal shelter
is an easy host for pathogens, creating a
breeding ground of infectious bacteria. In
addition, ammonia is produced from the
excreta, which is toxic and highly odorous
resulting in severe adverse effects on the
animals (Joseph et.al., 2015). Addition of
biochar can significantly reduce pH of the
litter and the emission of the harmful
ammonia gas.




Mechanism of biochar in feed digestion
Adsorption

Charcoal is considered as a veterinary
drug for emergency treatment of animals
for centuries for indigestion and poisoning
(Decker and Corby, 1971; Hagenamnn et.al.,
2018). Biochar, which is a charcoal from
different feed stocks due to its high
adsorption capacity is utilized for
detoxification of diverse toxins such as
mycotoxins, plant toxins, pesticides as well
as toxic metabolites or pathogens. Biochar
as a non-digestible sorbent is an important
adsorption therapy for preventing harmful
or fatal effects of orally ingested toxins
(McKenzie 1991; McLennan &Amos,
1989). Mechanism of adsorption by biochar
includes selective adsorption of some toxins
like dioxins, co-adsorption of toxin
containing feed substances, adsorption
followed by a chemical reaction that
destroys the toxin and desorption of earlier
adsorbed substances in later stages of
digestion (Gerlach & Schmidt, 2012).
Adsorption of proteins, amines, aminoacids,
digestive tract enzymes, as well as
adsorption of bacterial exoenzymes, binding
of mobile germs via chemotaxis occurs as
the effects of biochar on bacteria and their
toxins in the gastrointestinal tract of animals.
The endotoxin release by gram negative
bacteria can be minimized if colonized with
biochar as the toxins were adsorbed by the
colonized biochar. Biochar exhibits ‘enteral
dialysis, where the adsorbed toxins can be
removed from blood plasmas the adsorption
power of the huge surface area of the
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biochar interacts with the permeability
properties of intestine (Schirrmann, 1984).
Biochar interrupts the enterohepatic
circulation of toxic substances between the
intestine, liver and bile and prevents
compounds such as estrogens, progestogens,
digitoxin, organic mercury, arsenic
compounds, and indomethacin from being
taken up in bile. Toxins secreted by intestine
such as digitoxin and toxins passively
diffuse in intestine such as pethidines is
adsorbed. Moreover, compounds that diffuse
along concentration gradient between
intestinal blood and primary urine will be
adsorbed (Liu et.al., 2012).

Redox reactions

Biochar, apart from adsorption of toxic
substances have a pivotal function of redox
activity. Biochar is also considered as
geoconductors or batteries that have the
ability to accept, store and mediate electrons
for from and for biochemical reactions (Sun
et.al., 2017). Biochars produced under high
pyrolysis temperature of more than 600°C
are excellent electron conductors, while
biochars produced under low pyrolysis
temperature such as 400-500°C function as
geobatteries as they hold phenol and
quinone surface groups (Yu et.al., 2015) and
therefore, both high and low temperature
biochars can mediate electrons and actin
biotic and abiotic redox reactions (Sun et.al.,
2017; Kappler et.al. 2014). Biochar can
accept and donate electrons and can act as
anode and cathode in microbial cells in the
intestinal tract (Nevin et.al., 2010;
Konsolakis et.al., 2015). The electrical




conductivity of biochar is not continuous
electron flow but a discontinuous electron
hopping or electron shuffle facilitating even
inter-species electron transfer (Kastening
et.al., 1997). The electron transfer capacity
of biochar lead to long distance transfer that
intends a spatially more extensive
accessibility to alternative electron acceptors
such as minerals for anoxic microbial
respiration due to comparatively large size
of biochar particles (Chen et.al., 2015; Sun
et.al., 2017). The microbial decomposition
of organic compounds in the gastrointestinal
tract, particularly anaerobic rumen, involves
electron transfer, where an electron acceptor
is required to get rid of surplus electrons
that accumulate during the degradation of
organic molecules. Microorganisms depend
on the availability of both an electron donor
and acceptor to which surcharge electrons
can be transferred, as electrons do not exist
in a free state under ambient environmental
conditions and cannot be stored in large
enough quantities by cell. This redox
reaction where molecules or atoms that
donate an electron are coupled through
electro-chemical reactions with molecules
or atoms that accept an electron should takes
place in close proximity (Bhatt et.al., 2012).
The coupling of electron donating and
accepting reactions is mediated by electron
mediators, that can take up an electron from
a chemical reacting molecule,
microorganism, solid interphase and provide
it to another molecule, atom or solid phase
or microorganisms. Electron mediating
compounds such as thionine, tannins,
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methylene blue, quinone show comparable
capacities to biochar and humic substances
(Van Der Zee et.al., 2003; Klupfel et.al.,
2014). A well-balanced animal feed should
contain several electron mediating
substances, whereas the high energy animal
feeds available in market are insufficient in
electron mediators (Sophal et.al., 2013). The
addition of inert and nontoxic electron
mediators such as biochar, paves way for
several redox reactions increasing the fed
efficiency (Liu et.al., 2012). Biochar either
act as sole mediator or a synergistic
mediator that uplifts the efficiency of other
mediators (Kappler et.al.,2014).

The feed degradation reactions in the
gastrointestinal tract of animals are
facilitated by microorganisms, where
bacterial cells transfer electrons to biofilms
or through biofilms to other terminal
electron acceptors (Ritcher et.al., 2009).
However, biofilms are very poor in electron
mediation, while biochars have an electrical
conductivity of 100 to 1,000 times than
biofilms. Biochar contains minerals such as
iron and manganese that can electrically
support microbial growth by acting as an
electron sink for heterotrophy-based
respiration, as an electron source for
autotrophic growth, by enabling cell to cell
transfer of electrons and as an electron
storage material (Shi et.al., 2016). It is clear
that enabling extracellular electron transfer
contributes to a more energy efficient
digestion resulting in higher feed efficiency.
Moreover, the electron transfer between
biochar and microorganisms could be the




main reason for reduced methane emission
by cattles (Prasai et.al., 2016).

Mechanisms of Specific Toxic Adsorption

Detoxification of mycotoxins

Mycotoxin contamination on cereal
crops and fodder is estimated to be more
than 25 percent according to Food and
Agriculture Organization (FAO) (Mezes
et.al., 2010). The contamination due to this
mold fungi occurs under field as well as
storage conditions (Wild et.al., 2015). The
most destructive mycotoxin groups to living
organism are aflatoxins B1 (AFB1),
deoxynivalenol (DON), zearalenone (ZEN)
and ochratoxin A (OCHRA) (Keller et.al.,
2012). Due to prolonged feeding of
contaminated feed, farm animals are prone
to serious health ailments notably
immunosuppressive disorders, carcinogenic
and mutagenic effects, gastrointestinal
discomforts leading to reduced production
(Ankul et.al., 2013; Misihairabgwi et.al.,
2017). The contaminated animal products
such as milk, milk based processed foods,
egg, meat etc. transmit the mycotoxins to
human beings (Sobrova et.al., 2010). The
incorporation of adsorbents such as biochar,
activated carbon and non-charcoal
adsorbents such as zeolites, bentonites and
aluminosilicates have promising results in
minimizing the toxic level in animal blood
stream (Dakovic et.al., 2005; Huwig et.al.,
2001). The total surface area and pore size
distribution influences the adsorption
capacity of biochar to bind the mycotoxins
and reduce the bioavailability and thereby
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improves animal productivity (Galvano,
2001). The addition of 2% activated biochar
to pelleted aflatoxin-spiked feed for dairy
cows declined the extractable aflatoxin
concentration in animal feed by 74 per cent
and concentration in milk by 45 per cent
(Galvino et.al., 1996). In another
investigation, the mycotoxins ochratoxin A
and deoxynivalenol by 0.8 to 99.86 percent
and 98.93 percent respectively were
adsorbed by biochar depending upon the
biomass used (Galvino et.al., 1996). The
activated biochar showed 99 percent
absorbance of aflatoxin B from a 0.5 per
cent aflatoxin B-spiked solution dosed at
1.11g on 100 ml (Diaz et.al., 2002). The
mechanism behind detoxification of
mycotoxin is the ability of activated biochar
to adsorb the toxic metabolites due to its
high specific area in combination with a
favourable micropore size distribution and
the high affinity of toxins for their
polyaromatic surface (Di Natale et.al.,
2009). A comparative study on natural
biochar and synthetic adsorbent feed
additives on minimizing aflatoxin content
of milk revealed a higher toxin reduction
capacity of 90 percent with 0.5 g aflatoxin
per kg of diet. with positive effects on milk
composition with regard to organic acids,
lactose, chlorides and protein content (Di
Natale et.al., 2009). The adsorption capacity
of activated biochar at four different doses
0.5,1.0, 1.5 and 2.0 per cent for a dangerous
metabolite, zearalenone, for Fusarium sp.
showed a positive response in binding the
toxin (Bueno et.al., 2005). An analogous




investigation of Holstein dairy cows fed at
0, 20 or 40 g daily with activated biochar
had higher feed intake and improved
digestibility of neutral detergent fiber,
hemicellulose and crude protein (Ericson
et.al., 2011). In a similar study with Holstein
cow breeds, a 65 per cent aflatoxin reduction
was noticed when supplemented with 0.25
per cent activated charcoal (Diaz, 2004).

Similar findings were reported in goats
as well. The aflatoxin level in goat milk
has reduced to 76 percent when
supplemented with 1.0 percent activated
biochar for 2 weeks (Rao et.al., 2004).
Biochar addition to aflatoxin Bl
contaminated goat feed reduced the toxin
(100 pb) to milk by 76 per cent, which was
significantly higher than that of bentonite
(65.2 percent) (Naumann et.al. (2013). The
experimental supplementation of lethal
doses of aflatoxin with activated biochar
observed no significant indication of internal
organ damage, the possible reason being the
inability of aflatoxins to be absorbed in goat
intestines (Hatch et.al., 1982). Mycotoxins
cause liver damage in kidney of poultry;
while biochar administered with 0.02 per
cent body weight significantly increased the
activity of key liver enzymes (Dalvi and
Ademovero, 1984). In an investigation
aflatoxin at 10 ppm reduced feed intake and
body weight of broilers, while 0.1 per cent
biochar addition reversed the trend (Dalvi
and McGowan, 1984).

Detoxification of bacterial pathogens

The utility of activated and non-
activated charcoal to adsorb bacterial toxins
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of Clostidium tetani, Clostridium botulinum
and diphtheria as well was practiced since
olden days (Jacoby, 1919). A daily
supplement of 400g of high temperature
biochar pyrolyzed at 700°C minimized the
antibodies of Clostidium botulinum in the
blood of cattles symbolizing a suppression
of the infection. Moreover, the neurotoxin
in gastrointestinal tract of insects was
reduced as well (Gerlach et.al., 2014). A
reduced cell count of below 800 from 5.33
x 10°¢ by five mg/ml of Escherichia coli
was noticed when injected with activated
charcoal, fed for sheep (Knutson et.al.,
2006).

The mechanisms associated with
minimizing bacterial activity is linked to
the physical chemical properties of biochar
and the microbial status in the
gastrointestinal tract. A study revealed the
addition of 5g/ml of activated charcoal in
feed can minimize the levels of Escherichia
coli and Salmonella to the minimum level
of 10 mg/ml as the combination of pore
size and its diameter in binding these
microscopic bacterial organisms (Naka,
2001). Moreover, the increased activity of
beneficial microbes viz., Bifidobacterium,
Enterococcus and Lactobacillus in the
gastrointestinal tract is also noticed. The
improved activity of the beneficial bacteria
colonize the gut environmental niches and
with the competitive exclusion principle as
they outweigh pathogenic population
(Callaway et.al., 2012). Biochar as strong
adsorption or suppression capacity of gram-
negative bacteria with high metabolic




activity. The E.coli count in the faeces of
sheep fed with 0.25 percent activated
biochar or 0.50 per cent coconut tree biochar
was lower than in the control without
biochar and the beneficial bacteria,
Lactobacillus increased in both biochar
treatments (Kim et.al., 2017).

The cattle manure will contain E.coli,
which can contaminate soil and water an
eventually harm human beings by entering
the food chain (Die-Gonzalez et.al., 1998).
Biochar can adsorb E.coli and its
metabolites in the animal digestive tract as
well as minimize is spread in the
environment by adding it to the
manure(Gurtler et.al., 2014). The soil
columns blended with 2 % biochar reduced
E.coli and Salmonella enterica count in the
manure (Abit et.al., 2012). The prophylactic
addition of biochar to cattle trough water
minimizes spread of E.coli infection, as it
spread through water sources among cattle
herds. The mixture of lpercent bamboo
biochar and 1.5 per cent bamboo vinegar
reduced and Salmonella level in chicken
excrement (Watarai and Tana, 2005). Nekka-
Rich, a patented biochar product showed a
significant reduction of Salmonella in
chicken droppings (Besnier, 2014). A
biochar-wood vinegar combination reduced
the Enterococcus facecium bacteria in the
gastrointestinal track of chicken (Wataraj
and Tana, 2005).

Detoxification of pathogenicity of other
organisms

The activity of cattle rotavirus and
coronaviruses can be reduced at 79-99.99
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percent by addition of biochar or clay (Clark
et.al., 1998). The binding of viral particles
occurs due to the greater diameter of biochar
and clay and the viral surface proteins
binding to biochar. Biochar in combination
with wood vinegar was able to control
parasitic protozoa Cryptosporidium parvum
infection and stop diarrhoea of calves. The
oocytes in the faeces dropped significantly
the next day of biochar feeding and no more
oocytes after 5 days of feeding (Watari et.al.,
2008). Analogous results of reduced
diarrhoea were obtained as a commercial
biochar wood acetic acid product was
investigated as a feed additive in goats. The
mortality of goats is significantly reduced
by 20 per cent (Paraud et.al., 2011). Biochar
supplementation to goats also reduce the
incidence of parasites such as cestode
tapeworms and Coccidia oocysts (Van et.al.,
2006).

Detoxification of drugs

The use of activated carbon (biochar)
to treat human poisoning is practiced since
1980’s (Erb et.al., 1989). The adsorbing
ability of biochar to prevent gastrointestinal
uptake of most drugs and numerous toxins,
is more effective than pumping out stomach
contents (Neuvonen and Olkkola, 1988).
The repetitive intake of activated carbon or
biochar improved the elimination of
overdosed drugs such as aspirin,
carbamazepine, dapsone,
dextropropoxyphene, cardiac glycosides. A
faster elimination of any environmental and
industrial toxins was assessed due to
activated biochar intake. The activated




biochar was administered at a rate of 50-
100 g for adults and 1g/kg of body weight
for children. The repeated oral
administration of biochar increases the
efficacy of detoxification (Crome et.al.,
1977).

Detoxification of pesticides, organic
pollutants and environmental toxin

The residues from pesticides
(insecticides, herbicides, fungicides,
nematicides), heavy metals (lead, arsenic,
chromium, mercury, cadmium, chromium),
organic pollutants (polycyclic aromatic
hydrocarbons, sulfamethoxazole) pose a
serious threat to animals (Pandey and
Madhuri, 2014; Uchimiya et.al., 2012).
These toxic metabolites emanate from air,
water, plants, soil etc and bioaccumulate in
human beings as well as animals
(Schwarzenbach et.al., 2010). The
accumulation of the toxins leads to
formation of toxic soluble compounds in
animal bodies causing detrimental effects
(Pandey and Madhuri, 2014). Biochar is
reported to have properties of adsorption
and serve as a feed additive to detoxify
toxins from environment, which is
increasingly found in animal feed (Mandal
et.al., 2017; Safaeri et.al., 2016; Borchard
et.al. (2019).

Glyphosate, the herbicide currently
contaminates most of the feed produced
from genetically modified maize, rapeseed
and soybean and suspected to cause or
promote chronic botulism (Shehata et.al.,
2012). Biochar as feed additive detoxifies
glyphosate residues at low pH and high
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temperature of pyrolysis (Herath et.al.,
2016; Hall et.al., 2018). In an investigation
with 380 dairy cows feeding with humic
acid (120g/day), biochar (200g/ day) for 4
weeks significantly reduced glyphosate
concentration in cow urine fed with
glyphosate contaminated silage (Gerlach
et.al., 2014). Activated biochar showed
invitro adsorption abilities on the residues
of the banned herbicide Paraquat (Okonek
et.al., 1982; Gaudreault et.al., 1985). The
pesticide adsorption of biochar is reported
since 1970’s in cattle’s, goats, sheep etc.
and were eventually excreted (Wilson and
Cook, 1970; Humphreys and Ironside,
1980). The deposits of the
organophosphorus insecticide Runnel in
Sheep were reduced by feeding the sheep
with 50 activated biochar per keg of feed
(Smalley et.al., 1971). Feeding of biochar
for pigs reduced accumulation of the
organochlorine insecticide, Dieldrin in their
fats (Dobson et.al., 1971). The addition of
activated biochar at 900 g per animal
reduced Dieldrin and DDT level by 43 and
24 per cent respectively (Wilson et.al.,
1971). Numerous fat-soluble organochlorine
compounds such as Dibenzo-p-dioxin
(PCDDs), Dibenzofuran (PCDFs) and
dioxin like PCBs are ubiquitous in the
environment and detected in animal feed
and accumulate in the adipose tissue of
human beings and animals causing
detrimental effects. Biochar has strong
affinity for organochlorine residues
according to several researches (Yoshimura
et.al., 1986; Kamimura et.al., 2009; lwakirir




et.al., 2007). An extensive research with 24
egg laying hens with their feeds containing
organochlorine compounds and 0.5 per cent
biochar for 30 weeks reduced the
concentration of PCDDs/PCDFs, non-ortho
PCBs and mono-ortho PCBs in the eggs
and tissues of chicken by 90, 80 and 50 per
cent respectively (Fujita et.al., 2012). Toxic
compounds with higher aromaticity have
stronger affinity to biochar and thus regular
feeding of biochar as feed supplement can
eliminate industrial and environmental
toxins from cattles.

Detoxification of plant derived toxins

Plants produce several kinds of toxins
as a protective means, apart from thorns,
spines and prickles to deter any kind of
physio biological disturbances (Wittstock
and Gershenzon, 2002). Those toxins such
as tannins are beneficial to plants but have
detrimental effects on the herbivores
consuming it, resulting in injuries, illness
and even death (Strusaker et.al., 1997).
Tannins are secondary compounds that are
beneficial as well as harmful to ruminants.
Tannins are high protein feeds such as
legumes, the strong taste repels animals,
reducing digestibility and weight gain
(Naumann et.al., 2013). An investigation
by feeding goats with 50-100g bamboo
biochar per kg of a tannin rich Acacia leaf
diet gained weight by 17 per cent in
comparison to control without biochar (Van
et.al., 2006). A mixture of 10-25 g of
activated biochar per day increased the
tannin and terpene uptake in ryes (Banner
et.al., 2000). Similar results were reported
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for Sage based biochar fed to lambs
significantly reduce terpenic and tannin-rich
shrubs (Rogosic et.al., 2006; 2009) The
bitterweed (Hymenoxys odorata DC) is a
favourite feed of sheep that contain toxic
levels of sesquiterpene lactones. A research
feeding trial of 0.5 to 1.5 g of biochar per
lamb per day mixed to feed, revealed a 26.4
% increased feed intake without signs of
toxicosis. The toxins present in Lantana
camara, an invasive weed, can be detoxified
when treated with 5 g of biochar per kg
body weight of cattles (Mc Lennan and
Amos, 1989). The pore network, surface
area and surface acidity of biochar adsorbs
the plant-derived toxins ingested by cattle
in the gastrointestinal tracts of animals.
Investigations have revealed that the
micropores of less than 2 nm pore size tend
to have lower adsorption rate due to reduced
diffusion of these toxic compounds.
However, biochar with pore space between
2-50 nm, increased adsorption efficiencies
are experienced (Galvano 1996).
Nevertheless, the overall efficiency depends
on numerous factors such as
physicochemical characteristics of activated
charcoal, amount of charcoal supplemented
as feed, concentration of toxin in feed,
species and animal breed (Bansal and Goyal,
200; Kim, 2006). The present literature on
promising results of biochar in detoxifying
plant toxins are listed in Table 1.

Improved performance of farm animals
by biochar supplementation

Biochar is utilized to enhance crop
production by enriching soil fertility in




general, while it has several qualities. Up
to 90 percent of produced biochar is utilized
by various treatments including treatment
of slurry, as feed additive, as a litter
component, compost production, silage
production, in fish farming to treat polluted
water (Gerlach and Schmidth, 2012). The
farm animals such as cattles, sheep, goat,
pig and poultry have given promising results
with biochar as feed supplement to enhance
their health and performance.

Cattles

Biochar is widely used as a regular
feed supplement in cattle farming all around
the world especially European countries
(European Biochar Certification body,
2018). Regular feeding of 100-400 g of
high temperature wood biochar per cow per
day has reported to increase the overall
health and vitality without any negative side
effects. The somatic cell count of the milk
from cattle fed with biochar decreases which
is an indicator of the number of harmful
bacteria, while the milk protein and fat
content increased, while the somatic cell
count increases as the cattle cease’s biochar
feeding. Moreover, the hoof disease troubles
decreased and post-partum health of cattle’s
improved due to biochar feeding. As cattle’s
initiated biochar feeding diarrhoea
symptoms reduced and the faecal matter
become firmer as biochar is a constituent.
In addition, mortality rates declined and the
overall veterinary cost of cattle production
has reduced with increased milk productivity
(Gerlach and Schmidt, 2012). The rice hull-
derived biochar at 0.6 percent fed biochar
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resulted in 25 percent higher weight gain
compared to control animals (Leng et.al.,
2013). A feed supplement of 1 per cent
rice husk biochar added to basal diet of
cassava root, urea, rice straw and fresh
cassava foliage increased by weight gain
by 15 per cent and feed conversion rate
also improved by 15 per cent as well
(Phongphanith and Preston, 2018). The high
temperature biochar fed at 0, 0.5,1.0 and
2.0 per cent to high forage diet for 7
continuous days in a semi-continuous
artificial rumen system increased the
digestion of dry matter, organic matter, crude
protein and fiber as well as the microbial
protein synthesis, acetate, propionate and
total volatile fatty acid production by
microbials in the artificial rumen (Saleem
et.al., 2018). Biochar is not only utilized to
improve cattle health performance but also
to increase the nutrient availability of
manure, thereby to clean ground water and
sequester soil carbon. Biochar in the
digestive system of cattles capture organic
and mineral compounds with enhanced
fertilizing properties, which would be
leached otherwise. These captured nutrient
compounds remain bound in biochar until
reach the soil (Mc Henry, 2010; Kammann
et.al., 2015; Schmidt et.al., 2017).

Goats and Sheep

Similar to cattle, investigations were
done with goats and sheep fed with biochar
and successful results were obtained.
Feeding of one gram of bamboo biochar
for 42 young goats for 12 weeks increased
body weight by 53 g per day compared to




44g in control and increased the crude
protein content intake (Van et.al., 2006). In
a study, goats fed biochar and tannin rich
acacia (Acacia magnum) leaves, eased
digestion of those leaves by adsorbing
tannins, which increased the crude protein
content (Kim and Kim, 2005). A basal diet
of tannin rich Bauhinia acuminata leaves
with 1 per cent biochar improved nutrient
assimilation and led to 27 per cent increase
in weigh gain per day in a continuous
observation for 100 days (Silivong and
Preston, 2016). A feeding study of different
levels of biochar at 0, 0.5, 1.0 and 1.5 per
cent in goat ration with concentrate and
forage increased dietary protein digestion
and dry matter intake at 0.5 per cent
(Phonpanith et.al., 2013). In another
investigation, a goat feed additive of 1.5
and 3 per cent activated coconut biochar
showed negative effect as they did not
produce significant improvement of feed nor
microbial activity, whereas increased the
faecal concentration of decomposable
carbohydrates with reduced faecal N,
leading to beneficial slowdown in the
mineralization rate of organic carbon in the
manure, which enhance soil organic matter
built up (Al-Kindi et.al., 2017).
Pigs

Biochar provides health benefits to
pigs as reviewed for cattles, goats and sheep.
A feeding experiment of piglets
supplemented with biochar and woody
vinegar (1:4) at 0, 3 and 5 per cent of feed

revealed an increased weight gain and feed
utilization efficiency (Mekbungwan et.al.,
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2004). Pigs fed with bamboo biochar at
0,0.3 and 0.6 per cent along with the normal
fattening diet containing corn, wheat,
soybean meal for 42 days showed an
average weight gain of 877 g per day in 0.3
percent fed pigs, corresponding to 17.5
percent increase in feed efficiency while it
was 750 g per day in control. A reduction
in susceptibility to stress is marked with
positive effect on total protein, albumin and
cholesterol levels, while different blood cells
such as erythrocytes, leucocytes,
haemoglobin and platelets did not differ
significantly (Chu et.al., 2013c). In another
investigation feeding of 0.3 and 0.6 per cent
bamboo biochar enhanced marketable meat
and composition of pig fat with an upsurge
in unsaturated fatty acid content and down
surge in saturated fat (Chu et.al., 2013b).
In a similar investigation, feeding 0.3
percent bamboo biochar gave the same
growth rate in fattening pigs as the standard
antibiotic treatment without any harm to the
ecosystem (Chu et.al., 2013a). With several
feeding trials it was concluded that biochar
varies with the rate of biochar supplement,
the primary source of biochar, the length/
duration of feeding experiment (Chu et.al.,
2013). An experiment with pigs
supplemented with 0, 0.3 and 0.6 per cent
biochar revealed that improved carcass
characteristics, live weight gain and immune
response at 0.3 per cent supplementation
(Choi et.al., 2012). The meat quality, meat
color traits and tenderness of meat is
enhanced by biochar treatment (Lee et.al.,
2011).




Poultry

A systematic study with poultry fed
with two different biochars with corn cobs
and Canary tree (Bakeridesia integerrima)
seeds at 0 and 1 percent per kg revealed
high ash content of 47 and 25 per cent
respectively indicating that a substantial
portion of initial biomass is burned and not
pyrolyzed with increase in weight gain, liver
weight, abdominal fat and bowel length
(Kana et.al., 2010). In a subsequent study;,
chick peas which is an excellent protein
diet but difficult to digest was added with
biochars at 20 percent rate and found the
broilers to digest chickpeas easily with a
weight gain (Kana et.al., 2012). Inclusion
of citrus wood charcoal at 0, 2, 4, and 8 per
cent supplemented to standard broiler feed
showed 2 percent increase in body weight,
feed intake and feed efficiency (Bakr et.al.,
2007). Addition of a very high dosage of
10 per cent biochar to the basal broiler feed
for 28 days achieved weight gain and feed
efficiency (Kutlu et.al., 2001). Several feed
trials in chicken and turkey, achieved
positive results for 0.2 percent hardwood
biochar with higher weight gain, better feed
efficiency, higher protein levels in pectoral
muscles and lower mortality rate, which is
due to the detoxification of feed
components, reduction in surface tension of
digestive pulp and improvement in fat loss
in liver. (Majewska and Pudvszak, 2011;
Majeswska et.al., 2009; Majewska et.al.,
2002). A similar study by Ruttanavut et.al.,
(2009) with ducks fed with 1 per cent
biochar and wood vinegar blend showed
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significant effect in villi size, cell surface,
rate of cell division in the gut, which was
in line with studies by Samanya and
Yamauchi, (2001) and Ruttanawut, (2014).
An experiment with 150 young ducks fed
with 1 per cent 1:1 mixture of biochar and
sea tangle (Laminaria japonica) can be
utilized as an alternative to the use of
antibiotics in duck feeding (Islam et.al.
2014). Apart from enhanced health
performance of broilers, biochar has the
potential to bind antinutritional factors in
the feed (Kutlu, 1998). Moreover, studies
that involve laying hens, biochar inclusion
to improve quality and quantity of eggs were
investigated. The number of cracked eggs
due to thin and unhealth egg shells laid by
chicken is considerably reduced when fed
with 1-4 per cent biochar supplemented with
feed compared to contro, fed without
biochar (Kutlu et.al., 2001). Feed
supplement of 1 per cent mixture of
carbonaceous biochar and woody vinegar
showed an increment in member collagen
by more than 33 per cent (Yamauchi et.al.,
2010). Increased egg production and egg
shell strength have been observed when diet
is supplemented with biochar (Kim, 2006;
Yamauchi et.al., 2013). A study on ducks
with 0.1, 0.5 and 1.0 p er cent of diet
composed of seaweed and control diet with
antibiotic Chlorotetracycline showed better
feed efficiency and can suggested as
potential alternate for antibiotic (Islam et.al.,
2014). Several researches on quality of
chicken meat due to biochar supplement
were experimented and positive results were




obtained (Cai et.al., 2011; Kimet.al., 2011,
Yamauchi et.al., 2010). The broiler chickens
fed with 1 per cent biochar increased useful
fatty acid, oleic acid and total mineral
content of meat (Park and Kim, 2001). On
the other hand, supplementation of 2 per
cent bamboo biochar with wood vinegar did
not show difference in meat quality (Sung
et.al.,, 2006; Ruttanawut 2014). Several
studies on biochar supplementation on egg
shell was studied and a positive effect was
s noticed (Kutlu et.al., 2001; Kim et.al.,
2006; Yamauchi et.al., 2010). Diet
supplementation of bamboo biochar and
vinegar at 5 percent increased egg
production with collagen content of eggs
increased significantly by 33 per cent.
Collagen increase the shell life of eggs and
they is an important ingredient of
pharmaceuticals and cosmetics (Yamauchi
et.al., 2013).

Reduction of methane emission

Livestock accounts for 81 per cents of
the greenhouse gases emitted in the
environment (Hristov et.al., 2013).
Decomposition of the solid and liquid
excretion of ruminants cause greenhouse gas
emissions by direct gaseous excretions
through flatulence and burping. Livestock
is capable of producing 200- 500 litre of
methane per day (Johnson and Johnson,
1995). The methane emissions produced by
rumen microbial methanogenesis are
responsible for 90 per cent of greenhouse
gases caused by cattle (Tapio et.al., 2017).
The methanogenesis is carried out in bovine
rumen by archaea that convert microbial
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digestion products H,, CO, or formate
(HCOOH) to methane for energy gain under
anoxic conditions. Hydrogen serves as
electron donor for microbial reduction of
carbon di oxide to methane, while reduction
of formate requires several biochemical
pathways. Methane production cause a
significant loss of energy from 2 to 12 per
cent of total energy intake, as high energy
methane cannot be digested and has to be
eliminated by burp or flatulence from
digestive tract (Murray et.al., 1976).
Methane is 28 to 34 times more harmful
than carbon di oxide, there is an increasing
concern in feed supplements that not only
increase feed efficiency, but also minimize
methane emission due to methanogenesis
(Myrhe et.al., 2013). Biochar act as electron
acceptor and reduce methane production in
rumen (Leng et.al., 2012). Inclusion of 0.5
and 1 per cent biochar addition to the
ruminal liquid significantly reduced methane
production. When urea is replaced by nitrate
in the feed methane production is reduced
by 49 per cent. Both, biochar and nitrate
act as electron acceptor in the rumen and
reduce methane production by 29 and 22
percent respectively constituting a total 49
per cent (Saquing et.al., 2016). Invitro
biochar addition of 1 per cent with manioc
root feed nix decreased methane emission
by 7 per cent (Phanthavong et.al., 2015).
Investigations by Leng et.al., (2012) found
that rumen fluid from cows that had been
fed with biochar produced less methane than
non-biochar fed cattle. The biotic reduction
of nitrate through Methylomirabilis oxyfer-




like bacteria with supplements nitrate as
oxygen source for methane oxidation in
rumen. Denitrifying anaerobic methane
oxidizing bacteria like Candidatus
methylomirabilis oxyfer is shown to
efficiently oxidize methane anaerobically in
deep lake segments (Deutzmann et.al.,
2014).

Leng et.al., (2013) suggested the
methane formation in cattles could be
reduced by 20 per cent when 0.6 per cent
of biochar was included with the normal
diet invivo experiments. With the addition
of 6 per cent potassium nitrate reduced
methane emission by 40 per cent. An
increased bovine weight gain in addition
suggesting an increase in feed efficiency
and reduction in energy conversion losses
was noticed (Leng et.al., 2013). The biochar
in the invivo experiments were produced
from silicon rich rice husks at high
temperature (900°C), which has high
electrical conductivity and electron buffering
capacity, with greater efficiency of fodder
decomposing redox reactions (Yu et.al.,
2015; Sun et.al., 2017). Studies reveled that
different biochars have differences in
electrical conductivity and in electron
buffering, that depends on biomass,
pyrolysis temperature that determine the
biochars properties of transmitting electrons
between different bacterial species. (Sun
et.al., 2017). Biochar produced from wood
or straw tend to reduce methane emission
from 11 to 17 percent in an invitro study
(Hansen et.al., 2012). Cabeza et.al., (2018)
investigated the effects of invitro rumen gas
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production and fermentation characteristics
of two different temperatures 550 or 700°C
from five different biomass sources viz.,
straw, oilseed rape straw, rice husk and
wheat straw considerably reduced methane
production.

There are some contradictory results
reported by Winders et.al., (2019) that
biochar supplement at 0.8 and 3 per cent
did not detect any significant reduction in
methane emission over a 23 h period.
Calvelo et.al., (2014) found biochars from
pinewood chips and corn stover pyrolyzed
at 350 and 550°C co-fermented with ryegrass
silage did not have any effect on methane
production. The probable reasons are yet to
be explored.

An investigation on high temperature
biochar on artificial semicontinuous rumen
system, that was post pyrolytically treated
to acidify the biochar to pH of 4.8, fed with
a high-forage diet of 0.5, 1 and 2 per cent
reduced methane production by 34, 16 and
22 per cent respectively. Biochar
acidification oxidizes the carbonaceous
surfaces to make biochar hydrophilic and
modifies the redox behaviour and its affinity
for microbial interaction (Saleem et.al.,
2018). The acidification of biochar not only
oxidizes the carbonaceous surfaces and
makes the biochar hydrophilic; it also
modifies the redox behaviour and thus its
“affinity” for microbial interaction. Research
in the acidification of biochar is too lacking
to draw a conclusion; but it is suggested
that post-pyrolytic treatment of biochar has
the ability to optimize the biochar effects in




digestion of animals to reduce methane
emission. Moreover, the application of
biochar to manure through feeding or
bedding material acts as a potent strategy
to reduce manure related greenhouse gas
emission. Biochar prepared from wood
shavings pyrolyzed at 650°C was applied at
13 per cent to a cattle slurry and
subsequently applied at 3.96 m® biochar ha-
!, biochar decreased total NH,, N,O and CH,
emissions by 77, 63 and 100 per cent
respectively (Kammann et.al., 2017).

Side Effects of Biochar

According to literature review biochar
as a feed supplement or veterinary treatment
has not shown any toxic or negative effect
on animals or the environment. A growing
number of farms utilize biochar for feeding
their livestock on a daily basis without
noticing side-effects (Kammann et.al.,
2017). However, very few reports on long-
term feeding of biochar leading to clinical
follow-ups (Struhsaker et.al., 2017). The key
risks due to biochar feeding arise from
shifting microbial species composition in
the digestive system and the potential
adsorption of essential feed compounds or
drugs (Olkkola and Neuvonen, 1989). The
adsorptive capacity of activated biochar for
beneficial microflora in the digestive tract
of cows examined using gram-positive,
Enterococcus faecium, Bifidobacterium
thermophilum and Lactobacillus acidophilus
showed that the adsorption of dangerous
pathogens was significantly in higher rate
than the beneficial flora (Naka et.al., 2001).
However, a systematic investigation and
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mechanical understanding for a large
number of digestive and pathogenic
microorganisms before a conclusion is
drawn.

Biochar Administration and Quality
Control

Biochar is restricted to use without a
complete analysis of entire nutritive
parameters of current feed regulations as
provided by European Biochar Feed
Certificate, carried out by an accredited
laboratory specialized in biochar and feed
analytics (European Biochar Foundation
(EBC, 2018). Moreover, biochar should be
processed and administered moist to avoid
formation of dust (European Biochar
Foundation (EBC), 2012). Feed quality
biochar is advocated to be added with
drinking water, in case of acute toxification,
advised to be administered in aqueous
solution (Neuvonen and Olkkola, 1988).
Biochar can be provided in freely accessible
troughs on pasture or in stable, without
previous mixing into daily feed (Joseph
et.al., 2015b). Biochar can be administered
by mixing with feed supplements such as
molasses, humic acid, wood vinegar, nitrate
or tannins or flavouring such as saccharin,
sucrose (Cooney and Roach, 1979).
Injection of 1 percent biochar into silage
towers or silage bales through automated
equipment was experimented by few
German and Swiss scientists (O’ Toole et.al.,
2016).

The adsoptivity of biochar depends on
the specific surface area, charge and pore




size distribution. Biochar activation
significantly increases the specific surface
area (300 m? to 900 m?), which is due to
micropore opening (<2 nm), which are too
small for higher molecular weight
substances or bacterial pathogens relevant
for animal digestion. Biochar with high
micro porosity had lower adsorption
capacities for mycotoxins as well as
pesticide residues and toxins due to slow
diffusion of these toxins into pore-system
(Galvano et.al., 1996). In addition, activated
biochar should not reduce the toxic effects
as compared to non-activated biochar
(Edrington et.al., 1997). Biochar with high
content of accessible meso and macro pores
can be achieved merely by adjusting the
pyrolysis parameters. A high meso-porosity
is achieved at pyrolysis temperatures above
6000C (Brewer et.al., 2014). Biochar
activation and acidification can greatly
modify the electron mediating capacity,
while pyrolysis temperature is the main
driver of redox behaviour revealing
temperature between 600 and 800°C (Sun
etal., 2017; Chen and McCreery, 1996).

Biochar can be produced out of a
variety of feedstock, some of which can be
agricultural residues such as wheat and rice
straw (Naeem et.al. 2017; Sun et.al. 2019),
cashew nut shell nuts (Abderahim et.al.
2018), peanut shell (Xu et.al., 2018)
coconuts shells (Devenas et.al. 2018), waste
wood (Pituya et.al. 2016), rice husk
(Dunninghan et.al. 2018), empty fruit bunch
(Baker et.al. 2015), wheat straw (Xu et.al.
2018; Vaccari et.al. 2011), orange peels (Sial
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et.al. 2019), olive pomace (Ghouma et.al.
2017) and other residues ( Saleh et.al. 2014;
Mandal et.al. 2004; El Hanandeh 2015;
Chen and Xu 2009;). The biomass energy
crops like corncobs (Demirbas 2003),
tobacco stems (Peservi et.al. 2010), rice
residues (Saleh et.al. 2014), common reed
(Komulainen et.al. 2008; Kitzler et.al.
2012), vine prunings (Nasser et.al. 2014),
wood pellets (Vaughn et.al. 2013), palm oil
and oilseed rape (Zainal et.al. 2016), date
palm midribs (Nasser 2014), bioenergy
residues (Asfaw 2018), compost (green
residue), animal manure (sheep, chicken)
(Burezq 2019), sewage sludge, etc. (Sohi
et.al. 2010) also have contributed their role
in biochar production across the globe.
However, no scientific preference over
another is documented. The European
Biochar Certificate (EBC), a voluntary
standard has been managing the certifying
biochar quality as animal feed, which
guarantees compliance with all feed limits
prescribed by EU regulations and certifies
sustainable, climate friendly production
(European Biochar Foundation (EBC),
2018).

Challenges of biochar utilization in farm
animals

Adequate Research and contradictory
findings

The knowledge of biochar as a feed
supplement is limited, with the finding
contradicting each other is a great concern
to promote biochar as a feed supplement.
With the current findings in small-scale,
short duration and invitro conditions, it is




essential for the scientific community to
conduct experiments invivo for extended
period of time with different climatic
conditions, temperature, different species
and group of animals and biochar from
various biomass. The role of biochar in
regulating E.coli was contrasting with
different authors and hence extended
research in wide areas is required to draw
specific conclusions on biochar as a
potential feed supplement (Knutson et.al.,
2006; Naka, 2001).
Specificity of Biochar

Biochar produced from diverse feed
stock has assorted potentials in feed
efficiency, adsorption of toxins, enhancing
beneficial microflora in the gastrointestinal
tract, which need to be explored. The
specificity of biochars in different utilities
as feed supplement should be scientifically
analysed. A comparative study on evaluating
the effectiveness of different adsorbents in
regulating different groups of mycotoxins
observed a specificity effect of biochar in
mollifying these toxic metabolites (Huwing
et.al., 2001).

Potential Contaminations

The Pyrolytic production of biochar
accumulates toxins in the end product
depending upon the biomass utilized in
biochar production. The heavy metals
present in the biomass from industrial by-
products such as sewages, will not get
volatilized when pyrolyzed and remained
as ash component and some hazardous
contaminants including dioxins and
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polycyclic aromatic hydrocarbons are often
produced during pyrolysis. Dioxins are
produced when the biomass contains
chlorine pyrolyzed at 450-850°C (Shibanoto
and Yasuhara, 2007). These toxins can range
from toxic to carcinogenic and mutagenic
often associated with shorter residence time
and low pyrolysis temperature. Therefore,
it is necessary to evaluate the biomass
sources and applying optimum conditions
during pyrolysis to minimize the risks.

Farmers’ Awareness

Though there were promising findings
of biochar with diverse applications, there
still exists a knowledge gap of the end-users.
There is contrasting practical applications
as well as the level of interest by farmers
and other stakeholders, environmental
managers on global scale. More than 90
per cent of the biochar produced in Europe
are utilized for agro-environmental activities
such as livestock husbandry, crop production
and environment modulation, while it is
different for most developing countries.
Farmers have misapprehension that all
biochars have same physicochemical
characteristic, while application rate,
periodic interval of application are yet to
be clarified. Thus necessary practical
initiatives such as establishment of best-use
biochar application protocols and programs
in educating farmers through extension and
livestock field officers.

Farm productivity of biochar

The commercially produced biochars
are highly priced and scarcely available in




the market. The average cost of biochar in
the market is 2.87 US dollar per kilogram
(Guo et.al., 2016). The low-cost production
of desirable biochar from locally available
biomass is restricted due to high production
cost and lack of technology in many
developing countries. Since abundance of
inexpensive raw materials are locally
present, Governments need to attract
investments in commercial biochar
production by local industries, with rural
employment can be enabled. The biochar
research findings supported by economic
analysis, improves awareness for decision
making for farm utility of biochar through
regulations and safety standards.

Biochar in Kuwait

Kuwait Biochar Initiative (KBI) has
been launched in Kuwait in 2019 and
registered as sustaining member at
International Biochar Initiative. The KBI
was initiated with the current understanding
about soil constraints as well as cattle related
constraints affecting agriculture production,
and the current investment in agriculture is
not keeping the pace. The rationale behind
the KBI is to have agricultural crop and
animal intensification with more productive,
sustainable production systems that save on
water and inputs and are less harmful to the
environment, leading to enhanced food
security and sequester carbon. Despite the
usefulness of biochar, it is the reality that
biochar is used by insignificant number of
farmers, globally. Same is the case in
Kuwait, where, the use of biochar is still at
its beginning. The proposed KBI, has set
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up its vision for an educational outreach to
Kuwait farming community, to save inputs
through biochar use to intensify agriculture
for food security from animals and crops.
Through KBI well thought mission, it will
help in providing a platform to potential
biochar stakeholders, to support safe and
economical use of biochar. We Promise to
reach farmers in Kuwait to educate and
transfer Biochar technology in the next 4-5
years through a strategic plan starting from
idea generation to farmers adoption.
Preliminary research and efforts at Kuwait
Institute for Scientific Research for the
creation of Kuwait Biochar Initiative (IBI)
and linking to International Biochar
Initiative (IBI), has led to the biochar testing
at small farms developed on sandy soil to
increase 55% fresh alfalfa yield compared
to control where biochar was not used
(Burezqg 2019). Research on biochar as cattle
feed is in progress with different kind of
animals. This preliminary research has given
hope to increase local production under
critical conditions like COVID 19 which
affected food supply chain in many countries
including GCC countries, and introduce KBI
model to small farms in Arab and
developing  countries for  crops
intensification

CONCLUSION

The ability of biochar to hold minute
particles is proving itself more than a soil
amendment with benefits of improved
digestion, increased immunity, overall
health, capabilities in improving hygiene,




biochar is likely to gain a stronghold in
animal husbandry. The current review
highlighted the role of biochar in promoting
the health and performance of farm animals.
The carbonaceous materials are potentially
safe and promising feed additive in
improving animal performance and can
potentially utilized as a substitute for
antibiotics. Their prominent role in
regulating mycotoxins, bacterial toxins,
plant-based toxins, potent pollutants such
as heavy metals, organic pollutants and
residues from pesticides and herbicides is
crucial for the safety of animals, which in
turn reflected in health performance
indicators by weight gain, immunity
response, feed intake, feed conversion rates,
carcass characteristics and overall quality
of animal products. Further research is
urgently needed to unravel the mechanisms
underlying the results to optimise biochar-
based feeds, which applies to biochar
characterization, where analysis is
insufficient. The electrochemical interaction
of biochar and organic systems are
extremely complex and needs considerable
fundamental research and systematic trials.
In addition, biochar’s role with animal
digestion is mediator of carrier substance
for which the combination of feed additives
and inoculants are essential to achieve full
functionality of biochar for its beneficial
role in animal digestion and health. There
is an emerging need to emphasize the
establishment of local-based protocol and
recommendations for farmers to improve the
utilization of biochar for different purposes
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such as crop productivity, animal husbandry
and environmental intonation. Though
studies have indicated the improved animal
performance with biochar supplementation,
more potential research studies were
required to verify the underlined
mechanisms. With the advancement in
current technology, there is a need for more
investigation on biochar effectiveness.
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