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The relationship between filamentous fungi and broiler chicks has long been recognized. In the past, filamentous
fungi have been atributed to the disease occurrence and feed contamination causing substantial economic loss
in broiler production. Currently, the relationship is expanded to the use of filamentous fungi as probiotics,
fermentation starters, antioxidant sources and enzyme producers that can exert beneficial impacts on broiler
production. This present review provides a summary of the role of filamentous fungi in brofler production.

1. Introduction

Filamentous fungi have long been known to play a significant roles
in food processing. In broiler production, filamentous fungi had pre-
viously been attributed to disease occurrence, feed contamination and
production of mycotoxins. These conditions may consequently result in
big economic loss. Several species of the filamentous fungi have been
identified as disease agents and feed contaminants (Dhama et al., 2013;
Ghaemmaghami et al, 2016). Hence, the fungal decontamination
program should be conducted to ensure the health of birds as well as
the quality and palatability of feed. Apart from their harmful effects,
recent studies showed the potential of some filamentous fungi as pro-
biotics (Saleh et al., 2011a; Sugiharto et al., 2017). This property is
useful in improving the growth performance and health of broilers in
the post-antibiotic era. The potential of filamentous fungi as fermen-
tation starters has also been recently documented (Lateef et al., 2008).
It seems that fungal fermentation is an effective means to improve the
nutritional qualities of particularly inconventional feed ingredients for
broiler chicks. In this regard, fungal fermentation may help to reduce
the usel nsive conventional feed ingredients in broiler rations.
Today, syn antioxidants have -corn.mon]y been used in broiler
production. However, the excessive use of synthetic antioxidant may
imply in carcinogenic effect on human as consumers (Fellenberg and
Speisky, 2006). Several studies have confirmed the potential of fila-
mentous fungi as antioxidant sources (Sugiharto et al.,, 2015, 2016,
2017), and this may thereby answer the concem related to the use of
synthetic antioxidant in broiler production. The use of exogenous en-
zymes has commonly been practiced in broiler production to increase
the diﬂibility of chicks. Teday, almost half of the commercial en-
zymes are produced by the filamentous fungi through fermentation
(McKelvey and Murphy, 2017). This present review aimed to provide
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the comprehensive insight of filamentous fungi in broiler production.
2. A brief about filamentous fungi

Fungi are special type of microorganisms that are plenteous and
widespread in nature. In general, fungi are liiown as decomposers and
also parasites of animals and plants. Unlike other microbes, fungi have
no ability to produce their own food as they are devaid of chlorephyll.
To maintain their existences, fungi obtain food either from living plants
and animals (living host) or from dead and decaying plants and ani-
mals. The fungi searete extracellular enzymes that can break down
complex organic compounds into their monomeric compounds. These
simple compounds are eventually utilized by the fungi as sources of
energy, carbons and other nutrients (Cole, 1996; Madigan et al., 2009).
Hence, fungi are essential for recycling the dead plants and animals in
nature (Rawat, 2015). Recently, approximately 100,000 species of
fungi have been described, including mushrooms (macrofungi), yeast
and molds (microfungi/filamentous fungi) (Madigan ct al., 2009). By
definition, yeasts are unicellular microorganisms that reproduce by
budding. With regard particularly to molds, these microscopic fungi are
characterized by multicellular filaments termed hyphae. Such filaments
are essential to support spores for reproduction and propagation.
Walker and White (2017) described that hyphae extend and branch
within the supporting substratum as a network, called a mycelium that
can be seen without microscope. The hyphae may grow by an apically
extending network of mycelium to search, exploit and translocate
available nutrients. In general, apically growing hyphae have a dia-
meter of about 1-30 pm or more, depending on the species and growth
conditions of fungi.

The filamentous fungi has long been known to reproduce by sexual
as well as asexual means, but Madigan et al. (2009) pointed out that
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most of filamentous fungi reproduce asexually. Nuclear fusion and
subsequent production of spores (sexual spores) through meiotic pro-
cesses are the principal process involved in the fungal sexual re-
production. While, the production of propagules such as conidia
(asexual spores) through mitotic processes is the primary activity of
filamentous fungi during the asexual reproduction (Dyer and Paoletti,
2005; Walker and White, 2017). In the favourable environment, asexual
or sexual spores can germinate and grow into a new hypha and my-
celium. In general, the methods of reproduction in filamentous fungi
depend largely on nutritional and environmental conditions. Dyer and
Paclettd (2005) noticed that some fungi reproduce asexually when the
nutritional and environmental conditions are favourable, but they re-
produce by sexual means when the nutrient availability is low. In the
laboratory, filamentous fungi may be grown on liquid or solid media,
but the fungi seem to better grow on solid media (Rawat, 2015; Walker
and White, 2017). Most of the filamentous fungi grow ata pH of 3 to 8
and some of them may survive at very low water activity level (ie, 0.7
to 0.8) (Rawat, 2015). According to Meletiadis et al. (2001), there are
five different phases in the growth of filamentous fungi. These phases
are lag phase, the first transition peried, the log phase, the second
transition period, and the stationary phase. With regard particularly to
the log phase, this phase is characterized by a substantial increase in
cell mass and therefore determines the production of the fungal bio-
mass.

3. Filamentous fungi as feed contaminants

Feed is ane of the monﬂporta.nt constituents in broiler production.
Beside the quantity, the quality and palatability of feed have been a
considerable concern for long time. Among the factors affecting the
quality of feed, feed contamination by the filamentous fungi has heen
reported to negatively influence the organcleptic properties and the
qualities of broiler feed (Greco et al., 2014). The filamentous fungi may
assimilate, grow and utilize the readily availilile nutrients in broiler
feed (Ghaemmaghami et al., 2016). The latter condition may therefore
result in nutrigsl loss and thereby imbalance nutrients in the feed.
Aloreover, the growth of the filamentous fungi may lead to speilage,
producing sour odour and thus adversely affecting the organoleptic
characteristics of the feed (Schniirer et al., 1999), This condition may
eventually reduce the palatability and thus feed intake and production
performance of broiler chickens. Several studies have been conducted
to identify the common species of the filamentous fungi that often
contaminate the broiler feeds. These filamentous fungi inchude Asper-
gillus sp., Penicillium sp., Mucar sp., Rhizopus sp., Epicoecun sp., Cla-
dosporium sp., Fusarium sp. and Mortierella sp., with Aspergillus sp. seems
to be more dominant than the other filamentous fungi (Okoli et al.,
2006, 2007; Kmjaja et al., 2014; Vera et al., 2016). In respect parti-
cularly to Aspergillus sp., A. flowus and A. niger are the most con-
taminants in broiler feeds (Vera et al, 2016). Indeed, fungal con-
tamination of broiler feed is more prone in tropical countries than in the
other regions (Okoli et al, 2007). It seems that tropical regions with
high environmental temperature and humidity favour the growth of
filamentous fungi. Likewise, seasonal variation is also seen with regard
to the fungal contamination in broiler feeds. Investigation conducted by
Okoli et al. (2006) in Nigeria confirmed that fungal contamination in
broiler feed is more frequent during the rainy season (with high hu-
midity level) than during the dry season. Study showed that the raw
material feeds with high content of carbohydrate such as maize and
bran seem to be more susceptible to the contamination by filamentous
fungi than those with relatively low carbohydrate content (Vera et al.,
2016). In such case, carbohydrate rich feedstuffs may be a good
medium for the growth of the filamentous fungi.

In broiler farm, feed storehouse has an important function to store
the feeds before being given to the chicks. Te maintain the nutritional
quality and organoleptic properties of broiler feed during the storage,
optimal temperature and humidity within the storehouse is crucial as
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under inappropriate storage condition the filamentous fungi may grow
and thereby damage the feed. Beside contamination during storage,
most of raw feed ingredients are contaminated by the filamentous fungi
before entering the processing unit in feed plants. Vieira (2003) re-
ported that some filamentous fungi contaminate the crops in ficld and
may continue to extend through post-harvest, processing and for-
mulation of finished feeds. Other than generating significant damage in
feed, the growth of filamentous fungi on feed may result in the pro-
duction of allergenic spores and mycotoxins (Schniirer et al., 1999),
which can harm the health of chicks. Owing to this fact, it is therefore
important to monitor and eradicate the grown filamentous fungi on the
feeds before and after entering the feed processing plants. To alleviate
the fungal contamination in crops (raw feed ingredients) prior to har-
vesting, de Oliveira et al. (2018) suggested to implement the good
farming practices and to select the plants that are resistant to fungal
infections. It is also necessary to harvest the crops at the right stage
(mature stage) and not to damage the grains as the damaged grains may
easily be contaminated by the filamen fungi due to the lack of
protective capacity of the cell wall (Filazi et al., 2017; de Oliveira et al.,
2018). Moreover, the grains should be dried properly following the
harvesting to reduce the moisture content (de Oliveira et al., 2018).
Indeed, humidity exceeding 11% may support the growth of fila-
mentous fungi in feed. Taking these conditions into the consideration, it
is therefore essential to ascertain the good ventilation of the storehouse
so that the humidity inside the storehouse could be kept low. Fur-
thermore, storing the feed in the farm storehouse only for a short period
seems to be helpful in preventing the fungal growth and mycotoxins
production in feed during the storage in storehouse (Filazi et al., 2017).

To produce the good and safe feed for broilers, the fungal decon-
tamination program has commonly been conducted by the feed mill
industries. The program is crucial to eradicate the fungi originated from
the field as well as from contamination during the harvesting and
transportation. Some decontamination procedures may be im-
plemented, including biological (using microorganisms, through fer-
mentation), physical (heating, radiation) and/or chemical (adding
specific chemical compounds functi@ifing as antifungal agents or anti-
molds) methods. Of the procedures, de Oliveira et al. (2018) suggested
that decontamination program based on the biological methods was the
best as the physical and chemical decontamination procedures may be
costly and result in nutrient loss. [n respect particularly to chemieal
procedure, antimolds and mycotoxin binders have commonly been in-
corporated in the finished feeds. Antimolds or antifungal agents are
intended to inhibit the fungal growth, whereas mycotoxin binders may
reduce the toxicity of mycotoxins in broiler chickens. The mycotoxin
binders may strongly bind to the mycotoxins and thereby the exposure
of mycotoxins to the digestive tract of the chickens could be prevented.
Some mycotoxin binders may also inactivate and neutralize the myco-
toxins in the gastrointestinal tract of broiler chickens (Filazi et al.,
2017; de Oliveira et al., 2018).

4. Filamentous fungi as disease agents

It has long been known that although less prevalent than other
microbes, filamentous fungi may cause disease in domesticated animals
(Madigan et al_, 2009). In poultry, several studies have documented the
role of filamentous fungi as disease agents. Aspergillosis (caused by
Aspergillus fumigatus), dactylariosis (caused by Dactylaria gallapava) and
favus (caused by Microsporum gallinae) are among the diseases in broiler
chickens caused by the filamentous fungi (Beernaert et al., 2010; Arné
et al., 2011; Dhama et al., 2013). The aeticlogy, diagnosis, treatment
and control of these diseases are reviewed elsewhere (Dhama et al.,
2013). The fungal-related diseases may cause a substantial economic
loss in broiler industry as such diseases are attributed to high morbidity
and mortality particularly in young broiler chicks. The diseases also
cause diarthoea and compromise growth performance in broilers
(Dhama et al.,, 2013). In general, Friend (1999) proposed three modes
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Table 1
Examples of filamentous fungi producing mycotoxins.
Filamentous fungi Mycotoxing produced References
A, flavus Aflatoxins B, and B,, cyelopiazonic acid, kejic acid, beta-nitropropionic acid, aspertoxin, Goto et al. (1996) Yu (2012); Liew and Mohd-
aflatrem and aspergillic acid Redzwan (2018)
A. parasificus Aflatoxine B, B,, G, and G, 01 Fricvad et al. [2019); Liew and Mohd-
018)

Aflatoxin By and By

A. togoensis Aflatoxin B, and By

A, aflatoxiformans Aflatoxing By, Ba, G, and Ga

A cerealis Aflatoxins By, Ba, Gy and Ga

A, ausowickii Mlatoxing By, B., Gy and Ga

A arachidicala Aflatoxins By, Ba, G1 and Ga

A. minisclerotigenes Aflatoxins By, By, G, and Ga

A, mote oxins Bi, Bz, Gy and Gz

A luteovirescens ﬁmﬁm By, Ba, Gy, G and tenuazonie agid
A namius Aflatoxins By, Ba, Gy, G, and tenuazonic acid
A, novoparasitcus xins By, Bs, G, and Ga

A pseudocaelatus ﬁ:m’m By, Ba, Gy, Goand tenuazonic acid
A. pseudonomius Aflatoxins By, Ba, Gy, G, and tenuazonic acid
A, sergit Aflatoxins B, B,, G, and G,

A tFans mantanensis Aflatoxing By, By, G; and Ga

A. alliaceus s. str. Ochratoxin A

A nevalliaceus Ochratoxin A

A vandermerwel Ochratoxin A

A. bertholletus Tenuazonic acid

A, caelams Tenuazonic acid

A psevdatamarni Tenuazonic acid

A tamari Tenuazonic acid

Penicil lium viridieatum roxin A

A ochraceus @tﬂxm A

A. carbonariis Ochratoxin A

Fusarium monilifornte Fumonisins

F. praminearum Deoxynivalenol, nivalenol, richothecenes and zearalenone
Penicil lfum cf frinum Citrinin

Penicil liwm expansum Fatulin

Fusaritm monififorme Fusaric acid, fumonising and moniiformin
Fusarium langsethiae T-2 toxins

F. poae T-2 toxins

F. sparomichicides T-2 toxins

Phomapsis leptostromifarmis Fhomopsins

Claviceps purpurea Ergot alkaloids

Neotyphodiur coenophialum — Ergopeptine alkaloids

Penicil lium cireoviride Citreoviridin

Fusarium vergilfivides Fumonising

Cochliobolus kusanoi Oos porein

Frisvad et al. (2019)
Frisvad et al. (2019)
Frisvad et al. (2019)
Frisvad et al. (2019)
Frisvad et al. (2019)
Frisvad et al. (2019)
Frisvad et al. (2019)
Frisvad et al. (2019)
Frisvad et al. (2019)
Pitt (2000); Frisvad et al. (2019)
Frisy (2019)
Frisv al. (2019
Frisvad et al. (2019)
ad et al. (2014)

Fri
Frisvad et al. (2019)
Frisvad et al. (2019)
Frisvad et al. (2019)
Frisvad et al. (2019)
Frisvad et al. (2019)
Frisvad et al. (2019)
Frisvad et al. (2019)
Frisvad et al. (2019)

Pl (2000)
Pim (2000); Liew 1 (2018)
Pitt (2000); Liew ais 1 (2018)
Pit (2000)

(2000); Liew 1 (2018)

2014}

B al. (2011)

Gru al. (2018)

Sabl Najatabadi et al. (2010)
i al. [1988)

esan et al (2015), Liew and Mohd-Redzwan

of actions by which filamentous fungi cause diseases in poultry, ie.,
invading directly into animal tissues, inducing host hypersensitivity
(leading to allergic response) and produging toxins. Among the body
organs, the pathogenic fungi primaril vade the respiratory and
nervous system of broilers. This fungal invasion may induce specific
physiclogical alterations such as inflammations, lesions and thus illness
(Dhama et al., 2013). Naturally, immune defence systems of broiler
chickens are activated in response to incoming fungal antigens (spores)
[Michita et al., 2010). This immune activation is a normal response to
condition that may threaten the body of chickens. However, an ex-
cessive immunologic response may cause hypersensitivity leading to
allergic diseases and tissue damage (Friend, 1999). The production of
toxins (mycotoxins) by the filamentous fungi has been attributable to
mycotoxicoses, The toxins are mainly produced by the toxigenic fila-
mentous fungil@fh as Aspergillus, Fusarium, Penicillium and other spe-
cies (Lable 1). Ingestion of high levels of mycotoxins may result in high
mortality, whereas moderate levels of mycotoxins can suppress the
immune systems of breiler chickens. The latter condition makes the
chickens prone to several bacterial and viral infections (Asfaw and
Dawit, 2017). In addition, mycotoxins also weaken the vaccine re-
sponses in broiler chickens and thereby compromise the immune de-
fence against specific pathogens (de Oliveira et al, 2018). Table 2
shows some examples of mycotoxicoses in broiler chickens.

As previously mentioned, the filamentous fungi are widespread in

nature and by their spores, the pathogenic fungi may spread the dis-
eases across the animals. In poultry house, Nichita and Tirziu (2008)
and Nichita et al. (2010) found a high concentration of the fungal
spores particularly from the species of A. fumigais, A, flavus, Pericillium
erysogenum, Cladasporium  cladosporioides and Scopulariopsis. These
fungal species are known as allergenic fungi, and therefore exposure to
these spores may trigger health problem in broiler chickens. In response
tw these fact, eliminating the pathogenic filamentous fungi from the
broiler house can avoid the chicks from the fungal-related diseases.

5. Filamentous fungi as growth inhibitor

The impaired quality and palatability of the fungal contaminated-
feeds has been attributed to the reduced feed intake and nuirient uti-
lization by broiler chickens. Such condition may therefore lead to
malnutrition and impaired growth performance in broiler chickens
(Grenier and Applegate, 2013; Greco et al., 2014). As mentioned in the
earlier section that filamentous fungi may act as disease agents in
broiler chickens. Considering that infected animals may allocate more
energy for maintenance and recovery from disease, the fungal infected
chickens may therefore reduce the energy for growth and thereby
compromise the growth perfformance. The harmful effect of mycotoxins
should always be monitored and anticipated by the broiler producers.
Besides impairing the immune defence, mycotoxins have been shown to




5. Sugiharta Annals of Agricularal Sciences 64 (2019) 1-8

Table 2

Examples of mycotoxicoses in broiler chickens.
Mycotoxicoses Mycotoxins causing mycotoxicoses References
Aflaxicosis Allatoxing Rashid et al. (2013)
Fusariotoxicosis Trichothecenes Katkie wi al, (1991)
Ochratoxicosis Dchratoxins Elaroussi al. (2006)
Ergotisim Ergot alkaloids 2017)
Trichothecene mycotoxicosis Trichothecene mycotoxing (1982)
Citrinin mycotoxicosis Citrinin [1981)
Oosporein mycoloxicosis Oosporein Rotringhaus et al. (1989)

induce inflammation in broiler chickens. This condition may conse-
quently reduce feed intake and, concomitantly, energy is directed to
cellular defence, instead of for growth (Wang and Hogan, 2019). Study
showed that mycotoxins may attenuate the intestinal functions leading
to poor productivity in broiler chickens (Grenier and Applegate, 2013).
The latter workers documented that mycotoxins decreased the digestive
enzymes activity in the intestine resulting in lower nutrient digest-
ibility. Moreover, mycotoxins disturbed the balance of intestinal mi-
croflora and integrity of the intestinal mucosa, which may therefore
negatively affect the nutrient absorption capacity of broiler chickens. In
agreement with the previous authors, Wang and Hogan (2019) reported
that mycotoxins shortened the villi height and shallow the aypt re-
sulting in depressed nutrient digestion and absorption and thus growth
rate in broilers. At the level of cell, Murugesan et al. (2015) and Filazi
et al. (2017 mented that mycotoxins may down-regulate the ex-
ession of genes associated with energy productien and fatty acid
bolism (carnitine palmitoyl transferase). The genes respensible for
growth and development (insulin-like growth factor 1), antioxidant
protection (glutathione S-transferase) and immune protection (inter-
leukins) are also downregulated when the chickens ingest feed con-
taining mycotoxins. Morcoylls)) mycotoxins may inhibit the protein
synthesis in broiler chickens by ints i ith transcription and other
factors of protein synthesis (Murugesan et al., 2015; de Oliveira et al.,
2018). Overall, the reduction rate in protein synthesis and changes in
energy metabolism may result in impaired growth performance of
broiler chickens.

6. Filamentous fungi as probiotics

Probiotics have attracted a considerable interest among the poultry
nutritionists as an alternative for in-feed antibiotics (Sugiharto, 2016).
Today, several types of probiotics have been used in broiler production,
among which bacteria-based and veast-based prolidtics are the most
popular. Many filamentous fungi have al§d been used as probiotics in
broiler production. Saleh et al. (2011a) reported that Aspergillus awa-
mori-based probiotic improved growth performance, increased muscle
vitamin E content, modified the skeletal muscle fatty acid profile and
decreased lipid peroxidation in the muscle of broiler chickens. In ad-
dition to tlégrowdl promoting effect, Saleh et al. (2011h) demon-
strated the capability of A. awamori in alleviating the muscle protein
breakdown, abdominal fat content and plasma cholesterol of broilers.
Corresponding results were also confirmed by Yamamoto et al. (2007)
when using A. awamori as probiotic for broiler chickens. They found
that A. awamori improved growth performance, nutrient digestibility
and carcass weight of broiler chicks. Aspergilius niger is another fila-
mentous (EAgus exhibiting probiotic properties. Saleh et al. (2011b)
revealed that feeding A. niger as probiotic resulted proved growth
performance in broiler chicks. The treatment also decreased saturated
fatty acid and increased unsaturated fatty acids in the muscle fat of
broilers. In agreement with_this, earlier study by Saleh et al. (2010)
demonstrated the potentiali®f A. niger in improving the growth per-
formance, decreasing the muscle protein breakdown, abdominal fat
content and cholesterol content in plasma. The latter workers also no-
ticed an antioxidative activity of A. niger, and that feeding such

filamentous fungus resulted in increased muscle a-tocopherol content
and decreased concentrations of thicbarbituric acid reactive substance
(TBARS) in muscle and glutamic-oxalacetic transaminase activity in the
liver of broilers. Aspergillus oryzae is another filamentous fungus that
has widely been used as probiotics in poultry. Lee et E_2E]Ub] docu-
mented that administration of this fungus was able to improve the
growth performance, nutrient digestibility and intestinal health of
broilers. Another example of the filamentous fungus with probiotic
properties is Chrysonilia crassa. In broilers, feeding with C. crassa was
beneficial in improving the physiological conditions and antioxidant
status of broilers exposed to heat stress (Sugiharto et al.,, 2017). In the
later study, dietary supplementation with C. crassa improved the
growth, immune responses, and intestinal bacterial populations of
broilers (Sugiharto et al, 2018a). Acremonium charticola is other fila-
mentous fungus that has been tested to have probiotic potential
(Sugiharto et al., 2015). Feeding such fungus has been reported to
improve the intestinal microbial balance as well as protect the broiler
chicks from infections (Sugiharto et al., 2018a), Scytalidium acidophium
is other filamentous fungus that has been used as probiotic for im-
proving the growth performance in broilers (Huang et al., 2004).
Likewise, Rhizopus oligosporus has been confirmed to exhibit probiotic
potential. In pigs, treatment with R. oligosporus resulted in higher body
weight gain, improved nutrent digestibility, intestinal bacterial popu-
lation and immune defence (Park et al., 2016). Yet, the data on broiler
chickens is scarce.

In general, there are some characteristics that make filamentous
fungi-based probiotic suitable as in-feed antibiotic substitute for broi-
lers. These characteristics include antimicrobial activity, gut microbiota
modulating capacity, digestive stimulating activity, growth promoting
activity and cholesterol lowering capacity (Lee et al,, 2006). In con-
trolling the pathogenic microorganisms in the intestine, Sugiharto et al.
(2015) suggested that the filamentous fungi may produce various form
of antimicrobials that ean impair the bielogical functions of pathogenic
microbes. In term of digestive stimulation, Lee et al. (2006) pointed out
that the filamentous fungi may produce proteclytic and amylolytic
enzymes that may help to digest the ingested feed. The fungal probio-
tics may also elevate the digestive enzyme activities resulting in im-
proved digestion and feed utilization by the birds (Saleh etal,, 2014), A
number of studies have confirmed the mechanisms through which the
fungal probiotics improve the growth performance of broilers. It ap-
pears that fungal probiotics i.rrhe feed digestibility and thereby in-
crease the nutrient availability for broiler chickens (Saleh et al., 2014;
Park et al., 2016). Moreover, Yamamoto et al. (2007) suggested that
fungal probiotics may produce growth promoters and thereby boost the
growth rate of broilers. Further, the reduced degradation of skeletal
muscle protein and the increased muscle protein synthesis may also
responsible for the increased growth rate in broilers treated with the
fungal probictics (Saleh et al., 2014). In the study of Saleh et al. (2010,
2014), it was apparent that the fungal probiotics decreased the con-
centration of plasma 3-methylhistidine (biomarker for muscle protein
tumover) and gene expressions of proteolysis-related factors in muscle,
and on the other hand increased mRNA expressions of myosin and actin
and thus protein synthesis in broilers. Finally, the capability of fungal
probiotics in alleviating the infections in broilers (Sugiharto et al.,
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2018a) seems also to contribute for the growth as more energy is al-
located for growth rather than for maintenance and recovery.

Today, meat quality of breilers has been a concem as the consumers
believe that consumption of meat with high saturated fat content can
induce health problems. Dietary supplementation of fungal probiotics
has been a part of the nutritional approach to improve the fat profile in
broiler chickens (Saleh et al., 2010, 2011b). It is largely unknown how
the fungal probiotics interfered fat composition in bmoilers, but Salech
et al. (2014) propesed that fungal probiotics may modify the mRNA
expression of delta-6 fatty acid desaturase (responsible for the synthesis
of polyunsaturated fatty acids) in the muscle of broilers. With regard to
the cholesterol reducing effect of the fungal probiotics, Hajja) ct al.
(2005) showed that filamentous fungus A. oryzae produces compounds
inhibiting cholesterol biosynthesis. Furthermore, Mersmann (1998)
documented that some filameitCius fungi such as Aspergillus sp. de-
creased the fatness in animals by influencing the activities of hormone
sensitive lipase and malate dehydrogenase enzyme in adipose tissues.

7. Filamentous fungi as fermentation starters

Fermentation has become a popular method in broiler industry to
improve the nutritional contents of feed. Fermentation has also been
directed to produce functional properties that may be beneficial for
broiler chickens. The detailed explanation regarding to the fermented
feed is reviewed elsewhere (Sugiharto and Ranjitkar, 2019). To proceed
and control the fermentation process, the presence of starter cultures
[microorganisms) is crucial. There are various types of microorganisms
that can be employed as starter cultures during the fermentation pro-
cess, Besides bacteria and yeast, filamentous fungi are other microbes
that may be used as fermentation starters. Several filamentous fungi
have heen reported to improve the nutritional contents of feed or feed
ingredients. For instance, Lateef ¢t al. (2008) reported that fermenta-
tion with filamentous fungus Rhizopus stolonifer LAU 07 decreased the
{ilire and cyanide contents, while increased the content of protein of
cocoa pod husk, cassava peel and palm kernel cake. Other study showed
that fermentation using A. niger increased crude protein and essential
amino acids, while decreased ecrude fibre, cellulose, hemicellulose,
neutral detergent fibre and nitrogen free extract of palm kernel cake
(Marini et al., 2008). Earlier study also showed that fermentation using
A. niger could lower the fibre levate the crude protein content of
cassava solid waste (Obadina et al., 2006). In accordance with this,
Ramin et al. (2011) noticed the capacity of A. niger in increasing the
crude protein content of cassava. Qur study further documented that A.
charticola and R. oryzae were capable of increasing the crude protein
and lowering the fibre contents of cassava pulp (Sugiharto et al., 2015
Recently, we also found that fermentation with R. oryzae or €. crassa as
starter cul tures was capable of decreasing the fibre contents of riee bran
(Sugiharto et al._2017). Solid-state fermentation using C. crassa also
decreased crude e and elevated crude protein and amino acids
contents of some agro-industrial by-products such cassava pulp, banana
peel and rice bran (Sugiharto et al.. 2018b). Another fungal species that
has commonly been used as fermentation starter is Trichoderma sp. In
the study of Obadina et al. (2006), it was noted that Trichoderma sp.-
fermentation increased and decreased the contents of crude protein and
fibre, respectively, of the cassava solid waste. In accordance with this,
fermentation using Trichoderma viride resulted in increased crude pro-
tein, true protein and ash content in cassava peel (Ezekiel and Aworh,
2013). The latter fermentation also decreased crude fibre, crude fat and
cyanide in cassava peel. Likewise, T. viride-fermentation was associated
with the reduced fibre and increased crude protein contents in copra
meal (Hatta et al., 2014). Apart from the successful attempt to improve
the nutritional metrics of feed ingredients, some studies reported dif-
ferently. For instance, Ramin et al. (2011) failed to increase protein
content in cassava through fermentation using R. oryzae as a fermen-
tation starter. Also, fermentation using R. aryzae or C. crassa did not
substantially increase the arude protein content of rice bran (Sugiharto
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ct al., 201 7). The differences in fungal species, nature of substrates and
fermentation conditions seem to be responsible for the above dis-
crepancy.

In terms of the nutriional improvement, decreasing and increasing
of fibre and protein contents of the substrates seem to be the main focus
of fermentation (Lateef et al., 2008; Sugiharto et al., 2017, 2018h). It
was confirmed by literature that filamentous fungi were able to break
down the less accessible lignocellulosic materials (Kazda ct al.. 2014)
and thereby help to lower the fibre content of particularly inconven-
tional feed ingredients. Through their extracellular lignocellulolytic
enzymes, the filamentous fungi may degrade lignin, which is the most
recalcitrant substance of the lignocellulosic stuffs (Dashtban et al.,
2010; Znameroski and Glass, 2013). The fibrolytic activity of the fungi
may also be assisted by rhizoids that can penetrate deep into the re-
calcitrant components of plant cells. Upon the penctration, the fungal
enzymes can then degrade the plant cell tructures (fibre fraction).
In term of protein content enhancement, Liang et al. (2009) suggested
that the increased production of the fungal extracellular protein during
fermentation process may contribute for the increased protein content
of thellishstrates. Indeed, the fungal hyphae growing during fermen-
tation may account for the increased protein content of the substrates as
the fungal hyphae can serve as single cell protein (Lateef et al., 2008).
Moreover, the ability of the fungi to produce enzymes that can hydro-
lyse amylum and non-starch polysaccharides to monosaccharides may
also help to increase the protein content in the fermented products, as
monosaccharides are conveniently processed to protein (Bayitse et al.,
2015).

8. Filamentous fungi as natural antioxidant sources

Antioxidants are molecules that can alleviate the detrimental effect
of oxidative stress. In broiler industry, synthetic antioxidants have
commenly been used as feed su ents particularly during heat
stress and around the vaccination. However, the excessive use of syn-
thetic antioxidants may implicate in carcinogenic and/or mutagenic
effects on consumers (Fellenberg and Speisky. 2006). In this response,
nutritionists are now searching for the natural antioxidants for com-
mercial broiler chickens. Among the source of natural antioxidants,
filamentous fungi havel 2 great potential. Smith et al. (2015) showed
that filamentous fungi Grifola frondosa, Monascus purpureus, Pleurotus
spp., Lentinula edodes and Trametes versicolar are good sources of natral
antioxidants. Likewise, Sugiharto et al. (2015, 2016, 2017) noticed the
potential of A. charticala, R. oryzae and C. crassa as good sources of
natural antioxidants. Also, Hameed et al. (2017) revealed the anti-
oxidant potential of the filamentous fungus Mucor circinelloides. In ad-
dition to the above mentioned fungi, other filamentous fungi such as
Aspergillus PR78 and Aspergillus PR66 (Arora and Chandra, 2010), As-
pergillus candidus, Penicillium roqueforti, Emericella falechensis, Mortier-
ella, Colletotrichum gleeosporioides (Rios et al.. 2006), Chaetomium sp.,
Cladosporium sp., Torula sp., Phoma sp. (Huang et al., 2007), Antrodia
camphorata (Song and Yen, 2002) and Mycelia sterilia (Moon et al.,
2006) also possess antioxidant properties.

Phenolic compounds, flavonoids and condensed tannins have gen-
erally been attributed to the antioxidant properties. With regard to fi-
lamentous fungi, Sugiharto et al. (2016) suggested that the antioxidant
capacity of A, charticolo was contributed mainly by the phenolic and
tannins contents in the fungal mycelium. In agreement, Arora and
Chandra (2010) noted the attribution of phenolic compounds to the
antioxidant activity of Aspergillus sp. extracts, while Hameed et al,
(2017) documented the role of phenols, flavonoids and condensed
tannins in determining the antioxidant capacity of Mucor circinelloides.
Moreover, the presences of ml:;ﬁant enzymes (such as superoxide
dismutase and catalase), asco cid, y-linolenic acid, p-carotene,
tocopherols and polysaccharides may also contribute to the antioxidant
properties of the filamentous fungi (Prior et al., 2005; Tosi et al., 2010;
Smith et al., 2015; Hameed et al., 2017).
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Besides being used as antioxidant sources, the filamentous fungi
have also been exploited to increase the antioxidative properties of feed
or feed ingredients by means o entatien. Lateef et al. (2008) re-
ported that fermentation using R. stolonifer 07 increased the an-
tioxidant activities (scavenging capacity) of cocoa pod husk, cassava
peel and palm kernel cake. Likewise, other study showed the increase in
total phenols, flavonoids and antioxidant activities of oat following
solid-state fermentation using A. oryzae var. effuses, A. oryzae and A.
niger (Cai et al., 2012). In line with this, Dey and Kuhad (2014) de-
monstrated the enhanced antioxidant potentials in wheat after solid-
state fermentation using R. oryzae RCK2012. In addition to the in-
creased mycelium (rich in antioxidative properties) density in_the
substrates, the increased antioxidant activity of the substrates see
be attributed to the increased release of antioxidative compounds from
their complex bindings as well as the increased synthesis of antioxi
components during the fermentation process (Hur et al., 2014). In
contrast to the above studies, Sugiharto et al. (20185) reported that
solid-sta entation with C. crassa reduced the levels of poly-
phenols, tannins, and antioxidant activity of banana peel meal. The
latter worker sumed that prolonged period of fungal fermentation
may damage the antioxidant components and thus antioxidant activity
of the substrates. Hence, the appropriate period of fungal fermentation
is erucial for the content of antioxidative properties of the substrates.

9, Filamentous fungi as enzyme producers

Dietary supplementation of enzymes has been practiced in broiler
production to improve the digestibility and thus nutrent utilization by
the chicks. In addition to bacteria and yeast, filamentous fungi have
long been exploitgéfto produce enzymes. Compared to other microbes,
filamentous fungi have attracted more interest as an enzyme producer.
This because filamentous fungi are easy to be grown and produce
higher acellular enzymes (Guimaries et al., 2006; Jun et al., 2011).
Indeed, among the enzymes available in the market today, almost half
are produced by the filamentous fungi (McKelvey and Murphy, 2017
Several species and strains of the filamentous fungi have been eluci-
dated for their potential to produce enzymes. For example, Guimaries
et al. (2006) screened some filamentous fungi induding Aspergillus
caespitosus, A. phoenicis, Rhizopus stolonifer, A. versicolor, Mucor rouwxii,
Paecilomyeces variorii, A. phoenicis and Rhizopus microsporus var. rhizo-
podiformis for their capacity to produce xylanase, glucose-oxidase, al-
kalipe phosphatase, acid phosphatase, phytase, pectinase and amylase.
In ition, McKelvey and Murphy (2017) revealed that fungal strains
of Aspergillus, Rhizopus and Penicilium were capable of producing pro-
tease, cellulase, xylanase, lipase, amylase and phytase that are essential
in broiler produetion. Moreover, A. niger and T. viride were exploited to
produce cellulase during fermentation (Mrudula and Murugammal,
2011; Hatta et al., 2014). It was shown from the literature that each
fungal species/strain may be better in producing particular enzyme.
Guimardes et al. (2006) noticed that A. caespitosus and A. phoenicis was
good producer of xylanase, while R. stolonifer and A. versicolor were best
producer of glucose-oxidase. Hence, the screening of filamentous fungi
for the most relevant producer of specific enzyme is necessary.

Fungal enzyme production has been conducted through solid-state
and sub-merge fermentation (Mrudula and Murugammal, 2011;
Viniegra-Gonzdlez et al., 2003). Howeve dy showed that solid-state
fermentation seems to yield better result when using filamentous fungi
(Mrudula and Murugammal, 2011). This because filamentous fungi are
better to grow on solid materials with low water activity (Rawart, 2015;
Walker and White, 2017 ). In addition to the fungal species/strains and
fermentation methods, the production of enzyme may also be affected
by the cultural conditions such as the nature of substrates, temperature,
oxygen, efc.
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10. Conclusion

The role of filamentous fungi is not limited to disease agents and
feed contaminants, but the fungi may also bring beneficial effects on
health and growth performance of broilers. The filamentous fungi may
act as fermentation starters, antioxidant sources and enzyme producers.

References

Ames, DLD., Wyatt, RD., Marks, HL., Washbum, KW., 1976. Effect of citrini
toxin produced by Penicillinm cirrinm, on laying e youi g broiler chicks. Poult.
Sci. 55, 1294-1301.

Arné, P, Thierry, S., Wang, D., Deville, M., Le Loch, G., Desoutier, A., Féménia, F.,
Nieguitsila, A., Huang, W., Chermette, R., Guillot, J., 2011. Aspergillus fumigatus in
poultry. Int. J. Microbiol. 2011, 746356. https:/ /dol.org/1001155/2011/746356

Arora, D8, Chandra, P, 2010. Assay of of two Aspergillus isolates by
il s, Braz. J. Microbiol. 41

antioxidant po
methods under various physio-chemical o

Asfaw, M., Dawit, D., 2017. Review on major fungal disease of poultry. J. Poult. Sci. 6,
16-25.

Battilani, P., Gualla, A, Dall'Asta, C., Pellacani, C., Galaverna, G., Giorni, P., Caglieri, A.,
Tagliaferri, 5., Pietri, A., Dos . A, Spadaro, D, Marc . R., Gullino, MLL., Costa,
L.G., 2011. Fhomaop: overview of phytopathological and chemical
toxiciny, analysis and occurrence. World Mycotoxin J. 4, 345-359,

Bayitse, R, Hou, X, Laryea, G., Bjerre, A.B., 2015, Protein enrichment of cassava residue
using Trichoderma pseudokoningil (ATCC 26801). AMB Express 5, 80, hiips /dolorg/
10.1186/513568-015-0166-8,

Beernaert, LA, Pasmans, F., Van Waeyenberghe, L., Haesebrowck, F., Martel, A, 2010.
Aspergillus infections In birds: a review. Avian Pz

Cai, 8, Wang, O, Wu, W., Zhy, 5, Zhou, F., Ji, B, , D, Liu, J., Cheng, Q.,
201 2. Comparative study of the effeets of solid-state f on with three fil:
mentous fungi on the total phenolics content (TPC), flavonoids, and antioxidant ac-
tiviries of subfractions from oats [Avena samva L.). J. Agric. Food Chem. 60, 507-513

Cole, G.T., 1996. Basic biology of fungi. In: Baron, S. (Ed.), Medical Microbiology, 4th
edition. University of Texas Medical Branch at Galveston, Galveston (TX)

Danicke, S., 2017. Exgot alkaloids in fattening chickens (broilers): toxie effects and earry
over depending on dietary fat proportion and supplementation with non-starch-
polysaccharide (NSF) hydrolyzing enzymes. Toxins. 9, 118, hitps:/ /dol org/ 10,3390/
toxins9040118

Dashtban, M., Schraft, H., Syed, T.A, Qin, W., 2010. Fungal biodegradation and enzy-
matic modification of lignin. Int J Biochem Mol Biol 1, 36-50

de Oliveira, H Souto, C.N., M P.C. Castro, LC., Mascarenhas, A.G., 2018
Mycotoxing in broiler producti Agrovet. 17, 292-299,

Dey, T B., Kuhad, R.C., 2014, Upgradi oxidant potential of cereals by their
fungal fermentation under solid-state cultivation conditions. Lett. Appl Microbiol
59, 493499,

Dhama, K., Chakraborty, 8., Verma, A K., Tiwari, R, Barathidasan, R, Kumar, A, Singh
5., 2013. Fungal/mycotic diseases of poultry-diagnosis, treatment and control: a
review, Pak 1. Biel. Sci. 16, 1026-1640.

Dyer, P.S., Paoletti, M., 2005. Reproduction in Aspergillies firmigatus: sexuality in a sup-
posedly asexual species? Med. Mycol. 43, 87-514.

Elaroussi, M.A., Mehamed, F.R., El Barkouky, E.M., At@, AM., Abdou, AM., Hatab, NLH.,

2006. Experimental ochratoxicosis in broiler chickens. Avian Pathol. 35, 263-269

iel, 0.0., Aworh, 0.C., 2013, Solid state fer:

wederma viride (ATCC 36216) for protei

echnol. 7, 202-209,

ky, H., 2006, Andoxidants: their els on broiler oxidative stress

1d its at oxidative stability, Werlds Poult, J. & 3-70.,

Filazi, A., Yurdakok-Dikmen, B., Kuzukiran, 0., Sireli, U.T., 2017. Mycotoxins in Poultry,
]rl[edmﬂperlh[m &4/ dol.org/ 10.577 2/66302

Friend, M., 1009, Fungal diseases (field manual of wildlife diseases). In: Other
Publications in Zoonaotics and Wildlife Disease. 13 Digital Commeons @ University of
Nebraska, Lincoln. hetp://digitaleommons unl.edu/zoono ties puby/ 13,

Frisvad, J.C., Hubka, V., Ezekiel, C.N., Hong, 5.-B., Novakova, A, Chen, A.J., Arzanlou,
M., Latsen, T.0O.; Sklenar; F.; Mahalka wanakul, W., Samson, R.A., Houbraken, J
2019. Taxonomy of Aspergilhs section Flavi and their production of aflatoxins,
ochratoxing and other mycotoxins. Stud. Myeal. 93, 1-63,

Ghacmmaghami, 5.5., Modisaneii, M., Khosravi, A.R., Razzaghi-Abyaneh, M., 2016
Study on mycoflora of poultry feed ingredients and finished feed in Iran. Iran J.
Mictobiol B, 47-54

Goto, T., Wicklow, DT, Tto, Y., 1996. Aflatoxin and cyclopiazonic acid production by a
sclerotium-producing Aspergillus tamarii strain. Appl. Environ. Microbiol. 62,
4036-4038.

Greco, MLV., Franchi, M.L., Golba, SLR., Pardo, A.G., Pose, G.N., 201 4. Mycotoxing and
mycotoxigenic fungi in poultry feed for food-producing animals. Sci. World 1. 2014,

oi.org/10.1155/2014 /968215,

01 3. Mod ulation of i

Ezel

ion of cassava peel with
chment. World Acad. Sci,

nal functions following mycotoxin
sLiom: il
Grusie, T., G } ey, B., 2018, Propordons of pre-
dominant E ids (Claviceps purpurea) detected in Western Canadi i
from 2014 to 2016. World Mycotoxin J. 11, 258-264
Guimardes, LH.S., Peixoto-Nogueira, 5.C.,, Michelin, M., Rizzatti, A.C.5,, Sandrim, V.C,,
Zanoelo, ., Aquine, ACMM., Junior, AB., Paolizeli, M., de Lourdes, T.M., 2006,




8. Sugiharta

Screening of filamentous fungi for preduction of enzymes of biotechnological in-
terest, Braz J. Microbial, 37, 474-480.

Hajjaj, H., Duboc, P., Fay, LB., Zbinden, L, Mace, K., Niederberger, P., 2005. Aspergiliis
oryzae produces compounds inhibiting cholesterol biosynthesis downstream of di-
hydrolanosterol. FEMS Microbiol, Lett, 242, 155-159,

Hameed, A, Hussain, 5.4, Yang, 1., [jaz, M.UL, Liu, ., Suleria, FLAR, Song, ¥., 2017.
Antioxidants potential of the filamentous fungi (Mucor circinellaides). Mutrients, 9,
1101, heeps://dol.org/10.3390/nu910 1101,

Hammami, W., Al-Thani, R., Fiari, 5., Al-Meer, S., Atia, F.A., Rabah, D, Migheli, Q.,
Jagua, 5., 2017. Patulin and patulin producing Penicillium spp. occurrence in apples
and apple-based products including baby foed. I Infect. Dev. Crries, 11, 343-340,

Hatta, U, Sjofjan, 0., Subagive, I, Sundu, B., 2014. Effects of fermentation by
Trichoderma viride on nutritive value of copra meal, cellulase activity and perfor-
manee of broiler chickens, Livest. Res. Rural. Dev. 26, 61, hropes wnw lerd org
lred26/4/han26061 it

Hoerr, F.J, Carlton, W.W., Tuite, J., Vesonder, RF., Rohwedder, W K., Szigeti, G., 1582,
Experimental trichothecene mycotoxicasis produced in broiler chickens by Fusarium
spararrichiclia var. sparotrichioides. Avian Pathol. 11, 385-405.

Huang, M.-K., Choi, Y.J., Houde, R., Lee, J.-W., Lee, B, Zhao, X, 2004, Effects of
Lactobacilli and an acidophilic fungus on the production performance and immune
responses in broiler chickens. Poult. Sci B3, 7B8-795.

Huang, W.Y., Cai, Y.2., Hyde, KD\, Corke, H., Sun, M., 2007. Endophytic fungi from
Nerium oleander L (Apocynaceae): main constituents and antioxidant activity. Woeld
J. Microbiol. Biotechnol. 23, 1253-1263.

Hur, S.1., Lee, 8¥ ., Kim, Y., Choi, I, Kim, G.B., 2014. Effect of fermeniation on the
antioxidant activity in plani-based foods. Food Chem. 160, 346-356.

Jun, H., Kiesalhach, T, Jonsson, L.J., 2011, Enzyme production by filamentous fungi:
analysis of the secretome of Trichoderma reesel grown on unconventional earbon
source. Microb. Cell Facworles 10, 68, hups //dolorg/10. 1166/ 1475-2858-10-68,

Katkiewicz, H,, Czumiricka, K., Chellcowski, J., Rakowslca, M., 1991. Broiler chickens
fugariotoxicosic - a hictopathological study of lymphoid organs and testes. Mycotoxin
Res 7, 17-25.

Kazda, M., Langer, 5., Bengelsdorf, F.R., 2014, Fungi open new possibilities for anaerobic
fermentation of organic residues. Energy Sustain. Soc. 4, 6. hitps://dolorg/10.1186,/
2192-0567-4-6.

Krnjaja, V., Pavlovski, Z., Luli¢, M., Skebi¢, 2., Stojanovié, Lj, Bijeli¢, Z., Mandié, V.,
2014. Fungal contamination and natural oceurrence of oehratoxin a (ota) in poultry
feed, Biotechnel. Anim, Husb, 30, 481488,

Krska, R., Malachova, A, Berthiller, F., van Egmond, H.P., 2014, Determinadon of T-2
and HT-2 toxins in food and feed: an update. World My cotoxin J. 7, 131-142.

Lateef, A, Oloke, LK., Gueguim Kana, E.B., Oyeniyi, $.0., Onifade, O.R., Oyeleye, A.O.,
Oladasu, 0.C, Oyelami, A.0., 2008. Improving the quality of agro-wastes by solid-
state fermentation: enhanced antioxidant activities and nutritional qualities. World J.
Microbiol. Bistechnol. 24, 2360-2374,

Lee, KW, Lee, 8K, Lee, B.D., 2006. Aspergillus oryzae as probiotic in poultey - a review.
Int. J. Poult. Sei 5, 1-3.

Liang, ¥., Pan, L, Lin, Y., 2009. Analysis of extracellular proteins of Aspergillus oryzae
grown on S0y sauee kojl. Biosci Biotechnol. Biochem. 73, 192-195.

Liew, W.-P.-P., Mohd-Redzwan, ., 2018. Mycotoxin: its impact on gut health and mi-
crobiota. Front. Cell. Infect. Microbiol. 8, 60. hitps:.//doiorg/10 3389/ fcimb. 2018
00060,

Madigan, M. T., Martinko, J.M., Dunlap, P.V.Clark, 2008. Brock Biology of Microrganisms.
Twelfth edition. Pearson Education Inc, Pearson Benjamin Cummings, San Francisco.

Marini, AM., Ayub, M.Y., Abd Salam, B., Hadijah, H., Engku Azahan, E.A., Ahmad
Tarmizi, $., 2008, Protein quality of Aspergifius niger-fermented palm kernel cake. J.
Trop. Agric. Food. 5ci. 36, 2.

McKelvey, S.M., Murphy, R.A., 2017, Biotechnological use of fungal enzymes. Tn:
Kavanagh, K. (Ed.}, Pungi: Biology and Applications, Third edition. hitps:/ /doi org/
10.1002,/9781119374312 ch&.

Mehdi, M.A.Q., Carlton, W.W., Tuite, J., 1981, Clrrinin mycotexicosis in broiler chickens.
Food Cosmet. Toxicol. 19, 723-733.

Meletiadis, J., Meis, LF.G.M., Mouton, LW., Verwei), P.E., 2001. Analysis of growih
characteristics of flamentous fungl in different nutient media, J. Clin, Microbiol. 39,
478484,

Mersmann, H.J, 1998, Lipeprorin and hormone-sensitive lipases in percine adipose
teswe J. Anim. Sci 76, 1396-1404,

Moon, B.S., Ryeo, L1, Yun, B.S,, Bae, K.5., Lee, KD, Yoo, 1D, Kim, J.F., 2006,
Glyseavins A, B and G, new phenolic glycoside antioxidants produced by a fungus
Mycelia sterilia FO20054. J. Antibiot, 59, 735-739,

Mrudula, S., Murugammal, R., 2011. Production of cellulase by Aspergillus niger under
submerged and solid state fermentation using coir waste as a substrate. Braz. J.
Microbiol. 42, 1119-1127.

Murugesan, G. R, Ledoux, ILR., Naehrer, K., Berthiller, F., Applegate, T.J., Grenier, B.,
Phillips, T.0., Schatzmayr, G., 2015, Prevalence and effects of mycotoxins on poultey
health and performance, and recent development in mycotoxin counteracting stra-
tegies. Poult. Sei. 94, 1298-1315.

Nichita, L, Tirziu, E., 2008. Investigations on Airborme Fungi in Poultry Houses. vol. 18
Lucrir Stiindifice Medicini Veterinard, pp. 932-935.

Nichita, L, Marcu, A., Seres, M., Tirziu, E., Mot, D, Gros, RV, 2010. Evaluation of fungi
presence in the air of two broiler houses with different ventilation systems. Sci. Pap.
Anim. Sci. Biotechnol. 43, 415-418,

Nishie, K., Cole, R.J., Domer, JW., 1988, Toxicity of citreoviridin. Res. Commun. Chem.
Pathol. Pharmacol. 59, 31-52.

Obadina, A.O., Oyewole, 0.B., Sanni, L.O., Abiola, 5.5., 2006. Fungal enrichment of
cassava peels proteins. Afr. J. Biotechnol. 5, 302-304.

Okoli, LC., Nweke, C.U., Okoli, C.G., Opara, M.N., 2006. Assessment of the mycoflora of

Annals of Agricularal Sciences 64 (20193 1-8

commercial poultry feeds sold in the humid tropical environment of Imo State,
Nigeria Int 1 Environ, Sci. Technel. 3, 9-14,

Okoli, LC., Ogbuewn, P.1., Uchegbu, M.C., Opara, MLN., Okorie, J.0., Omede, AA., Qkoli,
G.C., Ibekwe, V.1, 2007, Assessment of the mycoflora of poultry feed raw materials in
a humid tropical environment. J. Am. 5ci. 3, 5-9,

Fark, 1LH, Yun, H.M,, Kim, L., 2016. The effect of feeding Rhizopus oligosporus on
growth performance, nutrient digestibility, bloed profile, fecal microbiota, and fecal
score in weanling pigs. Turk. J. Vet. Anim. Sci. 40, 700-706.

Filt, J.L, 2000. Toxigenic fungi and mycotoxins. Br. Med. Bull. 56, 184-192.

Porter, J.K., Bacon, C.W., Wray, E.M., !Lag\.er Jr., W.M., 1995, Fusaric acid in Fusarium
maoniliforme eultures, com, and feeds toxic te livestock and the neurochemical effects
in the brain and pineal gland of rats. Nat. Toxins 3, 91-100.

Prior, B.L, Wu, X.L, Schaich, K., 2005. Standardized methods for the determination of
antioxidant capaeity and phenolics in foods and dietary supplements. J. Agric. Food
Chem. 53, 4290-4430.

Ramesha, A., Venkataramana, M., Nirmaladevi, D, Gupta, V K., Chandranayaka, S.,
Srinivas, C, 2015 Cymwtaxic effects of oossporein solated from endophytic fungus
Cochliobolus kusanol. Front. Mictoblol. 1, 870, hrrps://del. org/ 10,3389/ fmich. 2015,
0870,

Ramin, M., Yaakub, H., Alimon, AR, Jelan, ZA, 2011, Effects of fungal trearment on the
irt virre degradation of cassava. Livest. Res. Rural. Dev. 23, 7.

Rashid, N., Bajwa, M.A., Rafeeq, M., Tarig, M.M., Abbas, F., Awan, M.A., Khan, M.A.,
Shahzad, I, Rehman, A., Ahmad, Z, 201 3. Prevalence of aflaroxicosis in broiler
chickens in Quetta, Pakistan. Pal. J. Zool 45, 1021-1026.

Rawat, 5., 2015, Food spoilage: microorganisms and their prevention. Asian I. Plank Sei
Res. 5, 47-56.

Rios, MLF, Pajan, CM.G., Galan, RH , Sanchez, A.J.M., Callado, LG., 2006. Synthesis and
free radical scavenging activity of a novel metabolite from the fungue Colletotrichum
glocosporioides. Bioorg, Med Chem. Lett. 16, 5836-5839,

Rottinghaus, G.E., Sklebar, H.T., Santer, L.H., Brown, T.F., 1988, A rapid screening
procedure for the detection of the mycotoxin eosporein in poultry feeds. J. Vet
Diagn. Investig, 1, 174-175

Saleh, A, Eid, Y.Z2,, Ebeid, T.A., amber, K., Badawi, N, Hayashi, K., 2010, Effect of
Aspergilius niger on broilers performance. Egypt. Poult. Sci. 30, 1017-1029,

Saleh, AA., Eid, V.2, Ebeid, T.A, Amber, K., Kamizone, T., Chtsuka, A, Hayashi, K.,
201 Ya. Aspergillus awamori as probietic in breiler chickens, In: The 9th Asia Pacific
Poultry Conference, 20-2 March 2011, Taipei, Taiwan.

Saleh, A A, Eid, Y Z., Ebeid, T.A., Kamizono, T., Ohtsuka, A., Hayashi, K., 201 b, Effects
of feeding Aspergillus awamort and Aspergillus niger on growth performance and meat
quality in broiler chickens. J. Poult. Sci. 48, 201-206.

Saleh, AA., Hayashi, K., ljiri, D., Ohtsuka, A., 2014, Beneficial effects of Aspergiiius
awamori in broiler nutrition. Worlds Poult. Sci. J. 70, 857-864.

Schniirer, J., Olsson, J., Borjesson, T., 1999. Fungal volatiles as indicators of food and
feeds spoilage. Fungal Genet. Biol. 27, 209-217.

Smith, H., Doyle, 5., Murphy, R., 2015. Filamentous fungi as a seurce of natural anti-
oxidants. Food Chem. 185, 389-397.

Sobhani Najafabadi, A., Mofid, M.R., Mohammadi, R., Moghim, S., 2010. Quantification
of ergovaline using HPLC and mass spectrometry in Ieanian Neofyphoditm infected
tall fescue Res. Pharm Sci 5, 135-143.

Song, T.Y., Yen, G.C., 2002. Antioxidant properties of Antrodia camphorain in submerged
culture. J. Agrie. Food Chem 50, 3322-3327.

Sugiharto, 5., 2016. Role of nutraceuticals in gut health and growth performance of
poultry. J. Saudi Soc. Agric. Sci 15, 99-111.

Sugiharto, S., Ranjitlkar, S., 2019. Recent advances in fermented feeds towards improved
broiler chicken performance, gastrointestinal iract microecology and immune re-
sponses: a review. Anim. Nutr. 5, 1-10.

Sugiharto, S., Yudiarti, T., Isroli, I, 2015. Functional properties of filamentous fungi
isolated from the Indonesian fermented dried cassava, with particular application on
poultry. Mycobiology. 43, 415-422,

Sugiharte, 8., Yudiarmi, T., Isroli, I, 20016, Assay of antioxidant potential of two fila-
mentous fungi isolated from the Indonesian fermented dried cassava. Antioxidants.

Sugiharto, 5., Yudiard, T., Isroli, L, Widiastut, E., Putra, F.D., 20017, Effect of dietary
supplementation with Rhizopus oryzae or Chrysonilia crassa on growth performance,
bleod profile, intestinal microbial pepulation, and carcass waits in broilers expoesed to
heat stress, Arch, Anim, Breed 60, 347-356.

Sugiharte, 8., Isreli, I, Yudiai, T., Widiastuti, E, Wahyuni, H.IL, Sartono, T.A., 20182,
Effect of two-step fermentation by Chrysonilia erasso and Bacilfus subtilis on nutritional
values and antiexidative properties of agro-industrial by-products as poultry feed
ingredients. J. Adv. Vet. Anim. Res. 5, 472-480.

Sugiharte, 5., Isroli, L, Yudiarti, T., Widiastuti, E., Walyuni, HL, Sartono, T.A., 2018b.
The effect of fungi-origin probistic Chrysonilia crassa in comparison tw selected
commercially used feed additives on broiler chicken performance, intestinal micro-
biology, and blood indices. J. Adv. Vet. Anim. Res. 5, 332-342,

Tosi, 5., Kostadinova, N., Krumova, E., Pashova, 5., Dishliiska, V., Spassova, B., Vassilev,
5., Angelova, M., 2010, Antioxidant enzyme activity of filamentous fungi iselated
from Livingston Island, Maritime Antarctica. Polar Biol. 33, 1227-1237.

Vera, ., Arosemena, L., Calvo-Torras, M.A, 2016, Incidence of flamentous fungi with
toxigenic potential on samples of feed and raw materials for their manufacture. J.
Microbiol. Biotechnol. Food Sci. 5, 599-601.

Vieira, S.L., 2003. Nutritional implication of mould development on feedstuffs and al-
ternatives to reduce the mycotoxins problem in poultry feeds. Worlds Poult. Sci. J.
50, 111-122.

Viniegra-Gonzdlez, G., Favela-Torres, E., Aguilar, C.N., de Jesus Romero-Gomez, ., Diaz.
Godinez, G., Augur, C., 2003, Advantages of fungal enzyme production in solid state
over liquid fermentation systems. Biochem. Eng. J. 13, 157-167.




Annals of Agriculaeral Sciences 64 (2019) 1-8

8. Sugiharta

2017, Iz Kav

yithesis and furture perspective in

e 1024-1057.

Znameroski, E.A., Glass, N L., 2013. Using a model filamentous fungus to unravel me-
chanisms of I.Lgmc-ellul.ose deconstruction, Bietechnol, Biefuels, 6, 6. hiitps: 7/ de :
10.1186/1754-6834-6-6.

broiler

3240,
Yamamaoto, I
(Ler

ayashi, K
v by- produet) on the growth perfor

Tahir, M., Ohrsuka




A review of filamentous fungi in broiler production

ORIGINALITY REPORT

16, 12. 10+ 5«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

ir-library.egerton.ac.ke
V€9 2%

Internet Source

N

Sharline Florentino de Melo Santos, Carlos 1 y
Alberto Bispo de Sousa, Andréa Farias de °
Almeida, Felipe Augusto Santos et al.

"Chapter 2 Solid-State Fermentation: Use of
Agroindustrial Residues", Springer Science

and Business Media LLC, 2021

Publication
tailieu.vn 1
Internet Source %
Submitted to Kyungpook National University
1K
Student Paper (o]
bosaljournals.com 1
Internet Source %
6 www.researchsquare.com 1
Internet Source %
Erepository.uonbi.ac.ke 1
Internet Source %



http://www.researchsquare.com/

Submitted to The University of Dodoma

E Student Paper 1 %
spectrum.library.concordia.ca 1
n Internet Source %
acs.agr.hr
Internet Sgource 1 %
Sajjad Karimi, Jorge A. Ferreira, Mohammad J. 1 o
Taherzadeh. "The Application of Fungal °
Biomass as Feed", Elsevier BV, 2021
Publication
www.ncbi.nlm.nih.gov 1
Internet Source %
academic.oup.com
Internet Source 1 %
A. Rahmani. "Qualitative and Quantitative 1
: o : %
Analysis of Mycotoxins", Comprehensive
Reviews in Food Science and Food Safety,
07/2009
Publication
doaj.or
Internet Souge 1 %
A. Lateef. "l ing the quality of agro-
ateef. "Improving quality g 1 o

wastes by solid-state fermentation: enhanced

antioxidant activities and nutritional qualities",

World Journal of Microbiology and
Biotechnology, 10/2008


http://www.ncbi.nlm.nih.gov/

Publication

Ezedom Theresa, Egbune Egoamaka, Ehikordi 1 o
Marian, Ezeugo Nwabuaku et al. "Biochemical °
evaluation of autoclaved and solid state
fermented tropical pasture grasses", Journal
of Agricultural Biotechnology and Sustainable
Development, 2022

Publication
epsaegypt.com 1 .
Internet Source /0
Exclude quotes Off Exclude matches <1%

Exclude bibliography On



