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Abstract: The intestinal microbiota of broiler chickens still reserves a great
amount of secrets and mysteries. However, it is known that it acts directly
on the host's health, but that it is also influenced by several factors, among
them the light. Due to the importance of the world production of birds, this
review of literature had the objective to shelter the most recent studies,
which relate the photoperiod and the circadian rhythm, with the intestinal
microbiota, the zootechnical performance, the immune system and the
welfare of broiler chickens. Describing in a single work the existence of a
bilateral relationship between the intestinal microbiota, the immune
system and its host, and that can be directly influenced by light
management.

Keywords: Light program, Eubiosis, Dysbiosis, Intestinal Health,
Chickens.

1. Introduction

Light is an important exogenous factor for birds, and it is closely
related to important physiological functions, such as body temperature
regulation, as well as food and digestive processes. Hormonal birds’ activities
are also related to light, including growth and reproduction (Pittendrigh and

Daan, 1976; Walton, Weil, and Nelson, 2011; Pandey, 2019).
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With the advancement of industrial poultry, increasingly conventional
aviaries, in which external factors influence the internal environment, are
being replaced by more advanced aviaries, where external factors have little
or no effect in the internal conditions, allowing maximum thermal comfort
and welfare for the birds. As a consequence, several researches were carried
out to study the possible impacts of the transition from natural to artificial
light (Olanrewaju et al., 2014; Huth and Archer, 2015; Westland et al., 2017;
Tahkamo et al., 2018), as well as the wavelength, light intensity and
duration/distribution of the photoperiod (Lewis and Morris, 1998). Therefore,
the current industrial poultry has greater control over the lighting of the
aviaries, and with that, different circadian rhythms are worked throughout
the creation of the poultry, which may influence the zootechnical performance
and the welfare of the birds, as well as their intestinal microbiota.

In recent years, much has been debated about possible impacts of light
programs on zootechnical performance and animal welfare, but still very little
1s known about the relationship between photoperiod and circadian rhythm
over the zootechnical performance, welfare, the immune system, and the
intestinal microbiota of poultry. Thus, this review aims to gather the most

recent studies on this subject and contribute to its better understanding.

2. The intestinal microbiota of birds

The gastrointestinal tract (GIT) of birds is composed of the oral cavity,
esophagus, crop, proventricle, gizzard, duodenum, jejunum, ileum, cecum,
colon, and cloaca. The GIT of birds i1s lower than that of mammals of the same
size, but it houses a complex and functional microbiome composed mainly of
bacteria and low levels of protozoa, fungi, yeasts, bacteriophages, and viruses,
which interact with each other, with the host and with the food eaten by the
host (Zhu et al., 2002).

Vet. Not. | Uberlandia, MG | v.27 | n.2 | p.105-132 | jul./dez. 2021 | ISSN 1983-0777 106



Alvarenga, Biavatti, Ferreira Effect of photoperiod on intestinal microbiota and circadian...

The intestinal microbiota is composed of commensal and pathogenic
microorganisms representing a more extensive and smaller group,
respectively (Yadav and Jha, 2019). Its composition varies along the GIT,
with the formation of distinct communities, since it is affected by dietary
nutrients, the level of oxygen, the immune response, and several substances
produced and secreted that make up this microcosmos (Thompson and
Applegate, 2005; Oviedo-Rondoén et al., 2006; Yeoman et al., 2012; Waite and
Taylor, 2014; 2015).

In the proventricle and gizzard, the low pH causes a decrease in the
bacterial population, favoring lactic bacteria, such as Lactobacillus spp. In
the duodenum, the intestinal microbiota is strongly influenced by digestive
enzymes, high levels of oxygen, and bile salts, which may reduce the microbial
concentration. However, in the distal portions of the small intestine and the
large intestine, there is an increase in the abundance and diversity of
microorganisms (Yadav and Jha, 2019). Apajalahti et al. (2004) demonstrated
that ileum and cecum are the most favorable environments for bacterial
growth, resulting in 109 and 10! CFU per gram of content, respectively. In a
more recent study, Borda-Molina et al. (2016) showed that the bacterial
concentration gradually increases along with the intestinal segments, 105
CFU/g, 107 CFU/g, and 1012 CFU/g are found duodenum, ileum, and colon,
respectively.

The intestinal microbiota of birds is composed of hundreds of bacterial
species, which mainly belong to the phyla Firmicutes, Bacteroidetes,
Proteobacteria, and Actinobacteria (Oakley et al., 2014; Clavijo and Flérez,
2018), which are divided into different microbial communities and which
differ along the GIT as well (Yeoman et al., 2012; Yan et al., 2017). The small
intestine is composed of gram-positive bacteria, such as Lactobacillus,
Enterococcus, Turicibacter, Clostridium sensu stricto and Romboutsia
(Kollarcikova et al., 2019), whereas the cecum is colonized by Lactobacillus,

Enterococcus, coliforms, and yeasts (Savage, 1977; Gaskins, 2001). As for the
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bacterial variety and diversity, there is no consensus among researchers;
Apajalahti et al. (2004) reported the existence of 640 species and 140 bacterial
genera in the GIT of birds. Wei et al. (2013) found in their study a greater
bacterial diversity, with 915 species and 117 genus. Furthermore, recently,
Hieke et al. (2019) published the existence of 19 phyla, 89 families, and 118
different genus. Such variation in the intestinal microbiota found by
researchers is normal, since the age of birds (Shaufi et al., 2015; Bae et al.,
2017; Chen et al., 2019; Glendinning et al., 2019; Kollarcikova et al., 2019;
Ocejo et al., 2019), genetics (Zhao et al., 2019), and genetics (Zhao et al., 2019)
are the most important factors in the development of a microbiota, 2013;
Meng et al., 2014), diet (Scott et al., 2013; Borda-Molina et al., 2016; Park et
al., 2017; Ocejo et al., 2019), drug use (Ladirat et al., 2013), as well as
environmental factors such as density and caloric stress (Zhang et al., 2017;
Wang et al., 2018).

With the advent of omics sciences (genomics, transcriptomics,
metagenomics, proteomics, among others), there has been significant
progress in studies of the microbiome, favoring new species' discovery
microorganisms (Borda-Molina et al., 2018; Shang et al., 2018), but there is

still much to be discovered.

2.1 Importance of the intestinal microbiota for birds

The commensal microbiota has great importance for the life of birds
since it is linked to the formation and development of intestinal morphological
structures, maturation of the immune system (Lei et al., 2015), protection
against intestinal pathogens, and the digestive process, producing and
providing nutrients (Rinttild and Apajalahti, 2013). For Oviedo-Rondon et al.
(2006), the intestinal microbiota forms the intestinal mucosa's first defense
mechanism against pathogenic bacteria. This mechanism 1is called

Competitive Exclusion and it occurs due to the production of bacteriocins,
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occupation of binding sites, stimulation of the immune system, and
competition for nutrients (Van der Waaij et al., 1971; Kelly et al., 2001).

Short-chain fatty acids (SCFAs), enzymes, amino acids, vitamins B and
K are examples of nutrients produced by the intestinal microbiota through
fermentative and secretory processes (Barnes, 1979; Savage, 1986; Ewing,
1994; Gaskins, 2001). The main SCFAs produced by commensal bacteria are
acetic, propionic, butyric, capric and lactic (Van der Wielen et al., 2000; Snel
et al., 2002, Hinton Jr. and Ingran, 2011).

The importance of the balance of the intestinal microbiota in
abundance provides better intestinal health for poultry, with this, a more
significant weight gain and less feed conversion is expected (Oviedo-Rondon

and Hume, 2013).

2.2 Formation of intestinal microbiota of birds

It is believed that there is an inheritance from the maternal microbiota
to its progeny, and there may be the transmission of microbiota during the
process of egg formation in the oviduct (Ding et al., 2017). This was indeed
shown by Lee et al. (2019) when proving the existence of 21 common genera
between embryos and their mothers' oviducts.

Soon after birth, the chicks have a rudimentary microbiota, that is, the
intestine is not yet adequately colonized. Intestinal colonization happens very
quickly, reaching 108 and 1019 CFU/g of intestinal content in the ileum and
cecum, on the third day of life, respectively. The origin of the microorganisms
is linked to the hatchery, the first consumed nutrients, and the external
environment (Apajalahti et al., 2004; Kubasova et al., 2019). For this reason,
the use of antibiotics in the first days of life should be avoided, as it promotes
a negative effect on the formation of the intestinal microbiota and impairing

the development of the immune system (Schokker et al., 2017).
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After the first week of life and the end of the colonization process, the
following two weeks will be necessary for the intestinal microbiota to organize
itself along with the intestinal development (Oakley et al., 2014; Shang et al.,
2018; Johnson et al., 2018; Jurburg et al., 2019). Thus, bacterial communities
diversify themselves according to age, sex, diet, breeding environment, heat
stress, use of antibiotics, and the photoperiod (Knarreborg et al., 2002; Zhu et
al., 2002; Lu et al., 2003; Zhao et al., 2013; Jha and Berrocoso, 2015; Wang et
al., 2018; Carrasco et al. 2019; Hieke et al., 2019; Ngunjiri et al., 2019).

2.3 Factors that promote dysbiosis in birds

At certain times, the intestinal microbiota may be driven out from an
equilibrium state (eubiosis). Pathogenic microbiota grows beyond normal at
such times, causing problems to the host; this is called dysbiosis. Stress-
causing factors, such as heat, favor the growth of pathogenic microbiota,
promoting dysbiosis (Zhang et al., 2017). Rations with excess nutrients also
favor the growth of pathogenic bacteria like Clostridium perfringens (Bedford,
1995; Apajalahti and Bedford, 1999; Brown et al., 2012; Chan et al., 2013),
leading to dysbiosis (Round and Mazmanian, 2009; Weiss and Hennet, 2017)
and as a consequence, inflammatory processes and decreased performance
(Kogut et al., 2018). Dysbiosis negatively affects intestinal cells, making
nutrient absorption difficult, supporting pathogenic bacteria to develop
(Brown et al., 2012). The excess of protein and fat promotes the proliferation
of the pathogenic microbiota in the cecum, with physiological retroperistalsis,
the pathogenic microbiota returns to the ileum and jejunum, causing
dysbiosis and even disease due to the production of endo and exotoxins
(Yegani and Korver, 2008; Oviedo -Rondén, 2019). This problem is common
in young birds when microbial communities have not yet stabilized (Oviedo-

Rondén, 2019).
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3. Types of light programs in poultry production

The light program can be done intermittently or continuously. The
intermittent light program consists of dividing the light period (photoperiod)
into two or more periods during a 24-hour cycle. The continuous light program
makes only one interruption between the photoperiod and the dark period
(Buyse et al., 1996; Kiihn et al., 1996; Buys et al., 1998; Apeldoorn et al., 1999;
Schwean-Lardner et al., 2007). In this way, the light program is directly
related to the circadian rhythm, which in turn acts on the intestinal
microbiota, as well as on several vital functions and the host's behavior
(Hastings et al., 2003; Mohawk et al., 2012; Nobs et al., 2019), since the light
stimuli will act on the suprachiasmatic nucleus of the central nervous system
(Voigt et al., 2016). As a consequence, an intermittent light program, may
harm the circadian rhythm, as it performs more than one light stimulus over
24 hours. Moreover, this differs partially from Oliveira and Lara (2016), who
defined the light program as a management technique used in poultry rearing,
which respects the birds' physiological conditions and welfare. Petek et al.
(2019) and Pandey (2019) commented that the light program promotes the
development of birds and prevents locomotor problems, such as tibial

dyschondroplasia, and metabolic problems such as ascites and sudden death.

3.1 Effects of the light program on poultry performance and

welfare

Several studies carried out between the 1950 and the 1980 revealed
that the intermittent light program promotes more significant weight gain
(Paulino, 1949; Barott and Pringle, 1951; Clegg and Sanford, 1951; Clegg and
Sanford, 1951; Moore, 1957; Cherry and Barwick 1962; Wilson et al., 1984;
Classen and Riddell, 1989). Between the 1990s and 2010s, new studies
showed that the intermittent light program favored the growth and welfare
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of birds, as they found higher levels of growth hormone (Kihn et al., 1996),
melatonin (Zheng et al.,, 2013), and a reduction in plasma levels of
corticosteroids (Abbas et al., 2008). Slightly opposite with these findings,
Olanrewaju et al. (2006) reported that both light programs can be highly
efficient. However, in more recent studies in broilers (Averds and Estevez,
2018; Olanrewaju et al., 2018), they found no difference among the surveyed
immune factors. Finally, Pandey (2019), analyzing the continuous light
program, reported that a long photoperiod (> 20 hours/day) tends to present
a more significant number of birds with leg problems and higher mortality
due to sudden death. The lack of consistency of results among researchers on
what is the best type of light program suggests that this topic be better
studied.

3.2 Effects of photoperious on poultry performance and welfare

The duration of light or photoperiod is the second most crucial
luminous aspect for the development of birds. Furthermore, it can be
understood as the duration of the light period, in a 24-hour cycle (Lee, Park
and Lee, 2017). In a study by Dixit, Singh, and Byrsat (2017), the authors
attested that birds exposed to short photoperiods had more gonadotropin
hormone inhibitors than birds exposed to long photoperiods. Pandey (2019)
recommended that after the first seven days of life, the dark period should be
interrupted and with a minimum of 4 hours. Thus, the photoperiod can
positively or negatively influence the performance of the birds. A study
carried out by the genetic company Aviagen along with the Saskatchewan
University of Canada, evaluated four different photoperiods (14, 17, 20, and
23 hours of light/day, after seven days of life) on the performance of broilers.
It was possible to observe that feed conversion photoperiods with 14 and 17
hours of duration, had the best results. The lowest mortality rate was

observed with 17 hours of light.
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On the other hand, the best weight gains were obtained with 17 and 20
hours of light. Thus, the work concluded that the idea is to work with a
photoperiod between 17 and 20 hours of light, because 14 hours of light
resulted in lower performance and 23 hours of light had the worst
zootechnical indexes (Schwean-Lardner and Classen, 2010). As for bird
welfare, Bayram and Ozkan (2010) observed that long photoperiods decrease
bird welfare. Averés and Estevez (2018) reported in their meta-analysis that
a long photoperiod is only justified in a late slaughter situation, as there is an
increase in food consumption and the birds' final weight. This result is in

accordance with Classen and Riddell (1989) and Yang et al. (2015).

3.3 Relationship between the photoperious and poultry

intestinal microbiota

The photoperiod has direct effects on the physiology and welfare of
birds and may alter the intestinal microbiota. In a study by Wang et al. (2018),
the authors evaluated the impact of three photoperiods (Control = 12.5 hours
of light; Longest photoperiod = 16 hours of light; Shortest photoperiod = 8
hours of light) on the intestinal microbiota of the bird’s cecum. It was possible
to observe that the photoperiod affected the specific abundance of the
intestinal microbiota since, in the group with the largest photoperiod, there
was a significant increase in the abundance of bacteria of the genus
Aeriscardovia and Delftia, which are associated with the appearance of
infectious diseases. In the group with the lowest photoperiod, an increase in
the genus Lactococcus bacteria has been reported, which are related to the
prevention of infectious diseases.

Few studies in the literature evaluated the relationship between the
photoperiod and the intestinal microbiota of poultry. In one of these studies,
Hieke et al. (2019) mention that chickens reared with long photoperiods (> 18

hours of light/day) can have detrimental effects on the normal circadian
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rhythm, causing changes in the intestinal microbiota and the establishment
of stable communities. In this same study, the authors evaluated the effects
of two photoperiods (NP = 12 hours of light/day and EP = 23 hours of light/day)
on the poultry intestinal microbiota. It was possible to observe a significant
variation between them. Diversity estimates using the Mann-Whitney U tests
were significantly higher for the NP group among different estimators (Chao,
Simpson, Inverse Simpson), suggesting that the NP group supported high
bacterial diversity. This pattern was consistent over the three weeks.
Analysis of a and B diversities showed significant differences between the
composition of the cecal microbiota in the studied groups. When analyzing the
genera found in each group, it was possible to observe that the NP group had
bacterial genera of primary fermentation of acetate and lactate, reducing
cases of malabsorption and intestinal diseases (Engels et al., 2016). There
was also an increase in the Lactobacillus spp genus, which promotes
antimicrobial (Silva et al., 1987; Schillinger and Lucke, 1989) and probiotic
activity (Patten and Laws, 2015; Marco et al., 2017). At the same time, the
EP group had bacterial genera related to the onset of diseases, such as
Alistipes, which has been directly associated to obesity in humans (Clarke et
al., 2013) and Irritable Bowel Syndrome (Saulnier et al., 2011); and Blautia
spp, which is related to chronic liver disease and directly related to

Inflammatory Bowel Disease (Torres et al., 2016).

3.4 Effects of the circadian rhythm on the immune system and

the intestinal microbiota of birds

The circadian rhythm controls several functions in the organisms. Fat-
rich diets contribute to the breakdown of homeostasis of the intestinal
circadian rhythm (Zarrinpar et al., 2014; Leone et al., 2015), which may lead
to the onset of inflammatory processes (Voigt et al., 2016), alteration of the

microbiota (Mukherji et al., 2013; Leone et al.,, 2015), drop-in SCFAs
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production (Thaiss et al., 2014), and as a consequence, break the integrity of
the intestinal barrier (Caricilli et al., 2014) and immune function (Malago,
2015). Changes in the microbiota are characterized by an increase in pro-
inflammatory bacteria and a decrease in communities of anti-inflammatory
bacteria producing butyrate (Voigt et al., 2016).

Under normal conditions, the immune system is regulated by circadian
rhythmicity, and the breakdown of circadian homeostasis can have serious
consequences (Logan and Sarkar, 2012; Cermakian et al., 2014; Curtis et al.,
2014), such as increased susceptibility to Salmonella infection (Bellet et al.,
2013), drop-in macrophage activity and a reduction in pro-inflammatory
cytokines (Keller et al., 2009). Rosselot et al. (2016) reported that the
circadian rhythm, the immune system, and the intestinal microbiota have a
direct relationship among themselves, influencing each other, mainly in
controlling infectious diseases such as salmonellosis.

Constant changes in the light supply will negatively impact the
intestinal microbiota, as according to Thaiss et al. (2014), up to 20% of
intestinal bacteria can vary in abundance and relative activity, including
Lactobacillus reuteri, Dehalobacterium spp. and other species belonging to
the orders, namely: Clostridiales, Lactobacillales, and Bacteroidales. In a
study with murine rodents, Zarrinpar et al. (2014) reported that 17% of
intestinal bacteria were cyclical, with variation in the relative abundance of
bacterial genera, such as Bacteroidetes, Firmicutes, and Proteobacteria. More
recently, Liang et al. (2015) reported that the relative taxonomic abundance
of murine rodents was higher during the dark period when animals were more
active.

Thus, the host's circadian rhythmicity can alter the intestinal
microbiota's composition and activity through the control of endogenous
conditions, such as the control of diet and feeding time. The contrary is also
applicable, that is, the intestinal microbiota can also influence the host (Voigt

et al., 2016).
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Studies with rats revealed that TLRs (Toll-like Receptors), present in
the intestinal crypts of the small intestine, perform the function of
recognizing foreign antigens of pathogenic bacteria, stimulating TLR4 to
release a-defensin in response to bacterial lipopolysaccharides (LPS) (Ayabe
et al., 2000; Abreu et al., 2005). However, with the reduction of the intestinal
microbiota, there is also a reduction in the activity of TLRs, due to the absence
of bacterial metabolites, such as LPS (Mukherji et al., 2013). The circadian
rhythm regulates the daytime release of a -defensins in the small intestine,
increasing the defenses against pathogenic bacteria, which can be ingested
with the feed (Froy et al., 2005).

In addition to the immune system, several chemical groups and
hormones undergo significant fluctuations, such as serotonin, ergothioneine,
lysine, xylose, glucose, and isovalerate (Thaiss et al., 2016). Paulose et al.
(2016) revealed that melatonin production and body temperature directly
influence intestinal microbiome's oscillation. Thus, it is likely that the
intestinal microbiota has endogenous circadian rhythms, which interact with

the host's circadian rhythm via signaling molecules such as the bird hormones.
4 Future perspectives

The poultry industry moves towards antibiotic-free production and for
this it is necessary to know and understand the factors that negatively affect
the intestinal microbiota, reducing performance and economic losses, and
contributing to animal welfare.

5 Conclusions

The various shown studies made it possible to understand a little more

about the effects of circadian rhythm and the photoperiod on the development,
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welfare, immune system, intestinal microbiota of birds, and the relationship
of such factors within the host.

Very long photoperiods (> 20 hours/day) can be detrimental to poultry
development since they negatively impact the intestinal microbiota, the
development, and the welfare of the birds. Intermittent light programs can
deregulate birds’ circadian rhythm, penalize the intestinal microbiota,
promote zootechnical losses due to less production of SCFAs, and increase
intestinal inflammatory processes, favoring the development of pathogenic
bacteria such as Salmonella, since the immune system and the intestinal
barrier will also be compromised. Increasing the productivity of poultry
without compromising their welfare and with restricted use of antibiotics is
the biggest challenge of today's poultry production, and for that, increasingly
agribusinesses will need to better control the internal environment of the
poultry, the fecal quality of the birds, and shortly analyze the intestinal
microbiota of birds throughout the breeding period.

*k%x

Efeito do fotoperiodo sobre a microbiota intestinal e o ritmo
circadiano, e sua influéncia sobre o desempenho, o sistema imune e
o bem estar de frangos de corte

Resumo: A microbiota intestinal de frangos ainda reserva uma grande
quantidade de segredos e mistérios. Entretanto, se sabe que ela atua de
forma direta sobre a satide do hospedeiro, mas que também é influenciada
por diversos fatores, dentre eles a luz. Devido a importancia da producéo
mundial de aves, esta revisio de literatura teve o objetivo de abrigar os
estudos mais recentes, que relacionam o fotoperiodo e o ritmo circadiano,
com a microbiota intestinal, o desempenho zootécnico, o sistema imune e o
bem-estar de frangos de corte. Descrevendo em uma tnica obra a existéncia
de uma relacdo bilateral entre a microbiota intestinal, o sistema imune e
seu hospedeiro, e que pode ser influenciada de modo direto, pelo manejo da
luz.

Palavras-chave: Programa de luz, Eubiose, Disbiose, Saide Intestinal,
Frangos.

*k%x
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