0

4|2
2
o

Final report

Project Title: Ammonia emission and intestinal
morphological alteration of broilers affected

by dietary fiber sources

By Janjira Sittiya

June, 2019



Contact No. MRG6080075

Final report

Project Title: Ammonia emission and intestinal
morphological alteration of broilers affected by dietary

fiber sources

Janjira Sittiya
Faculty of Animal Sciences and Agricultural Technology,

Silpakorn University

Project Granted by the Thailand Research Fund

and Office of the Higher Education Commission



uUnAfga

S abAI9IN13: MRG6080075
A a = A o A ° '
Falasenis: miaanauuanlufiouazmafsuulainssmwgininavasd ldlinsens
% VL% dld dl
BaINN beTLavIINALEa Ly
AaWNIVY WATENII®: AT.IUNTITN ANTUZ AUSRAIFIRAILAZNA IUIAE NI NHAT
WRANLNaAaUINg

daa: sittiya_j@silpakorn.edu
seaza1lasenis: 2 3 (4 Wwsnau 2560 — 4 LB U% 2562)
UNAALD:

o ¥ . . . r . &
nMudndurasgasnnInnnasigafludiiudinadedyniduiadauiuuniu

4 o I & A o A '
asnnyadadidusungnivreimaufafouenlufefidmanznulasassdagunn
o & & o A o & A =& A o v a ° <&
FATUAZAY HANIINT mmauimummmuaﬂ%mmm@mmlﬁmwlunmimmmmu
UIILANA mnmﬁ’mimf'ﬁaQamu’?ﬁ'ﬂﬁlﬁy’siaaﬁ'un'ﬁslf*ﬁl,l,nau (rice hulls; RH) Wae
wWaaniuiuianainies (soybean hulls; SH) watduwurasdalaluainivinginwuias
o & Ar AR Ao ¢ A = o , A o ,
aeuu 1uIBATdTagUizadiNadnsinazainsldundsvasialo luszaudnagea
seauuanlufilulasiauluga dezfnimwniaaigidule ansuzsin navauwves
TTUUMAARAIT uazanwuendugwinezasd ldlulinizns lavldnsznsany 1
% IIUIN 420 A9 Qmmaaamﬂu 5 mju ﬂﬁj&la: 7 B TR 12 97 a1WIINARAILLIT
5 §AIANUNFUNTINAADI fa Control, 2.5% RH, 2.5% SH, 5.0% RH uaz 5.0% SH lay
wUinInaaadeanidu 2 139 Aa LAEN (0 - 21 T8) wazldla (22 - 42 %) INNWANT
1 1 3 g/ b Q { AI &’ 1 { Qs
NARAINLIN M9 IALEN TRUNAININ NI U89 LIANTZNIN La3LA1A1T Control, 2.5%
RH, 5.0% RH Waz 5.0% SH ﬁ@hgaﬂdﬂﬁm:mﬂsqiuﬁvl,@i”%'umms 2.5% SH (p < 0.05)
Tuanenlinuainuwandslulale (p > 0.05) luzslndnnwydn szaunanluiie
Tulanauluyavaslingunldiuamis 2.5% RH uaz 5.0% SH aaasatiitbdmAyn
afi@ (p < 0.05) lwamzldwuanuuandislugaelile WeaSowfisuiunguaiuga
{ a 4 o Y 4:3 1 b o ‘V aaAa

anaaasniasutialovinlddn pH sasinanasatrsdvadayn1eai@ (p < 0.05)
Tua e linuanuuandisvad pH lud ld@&na1udu nans wazdae (p > 0.05) "Ln'ﬂeju
N1d30U071%13 2.5% Waz 5.0% SH ﬁ?a"l,amugia@‘iﬁfumandﬂﬁnajuﬁ"[@”%’ummsm‘uqu
(p < 0.05) luvazfiovimaassnigsuiiale idnadannudnvasasuy (p > 0.05) an
Namimaaaagﬂw’h mna‘%mﬂﬁaﬂﬁmuﬁmﬁmﬁadﬁi:@”u 5.0% §1NNIONIZAUNNT
wWanansuzduwIne a1 ldlinizng uazaaszaunanluiislulasiauluys lagl
fuansznudamaaiaidulawazansassinuas linieng
aman: unay; Wasnduiuaanimias; linsen; uanlufilulasiaw; dugwineves

elG



Abstract

Project Code: MRG6080075
Project Title: Ammonia emission and intestinal morphological alteration of broilers
affected by dietary fiber sources
Investigator: Dr. Janjira Sittiya, Faculty of Animal Sciences and Agricultural Technology
Silpakorn University
E-mail Address: sittiya_j@silpakorn.edu
Project Period: 2 years (4 April, 2017 — 4 April, 2019)
Abstract:
At present, increasing levels of livestock production are causing many environmental
problems. Animal manure from livestock production can be a cause of Ammonia (NH;)
emission impacting animal and human health. Moreover, NH; emissions contribute to acid
rain and nitrogen deposition that damage natural ecosystems. To the best of our knowledge,
no information is available on the use of rice hulls (RH) and soybean hulls (SH) as a fibre
source in broiler diets. The nutritional and physiological effects must be considered; however,
these effects are caused by differences in the structure and properties of fibre sources.
Therefore, the aim of this study was to investigate the effects of dietary fibre source levels on
the faecal ammonia nitrogen, growth performance, carcass traits, gastrointestinal tract
development, and intestinal morphology of broilers. A total of 420 one-day-old broiler chicks
were individually weighed and randomly divided into 5 groups of chicks with similar mean
body weight, each with seven replicates of twelve chicks. The experimental diets included RH
and SH were as follows: 0% (Control); 2.5% RH; 2.5% SH; 5% RH; 5% SH. In grower period,
the body weight gain of broilers in the control, 2.5% RH, 5.0% RH, and 5.0% SH groups were
significantly higher than those of the 2.5% SH group (p < 0.05). Moreover, the faecal
ammonia nitrogen of broilers decreased in the 2.5% RH and 5.0% SH groups (p < 0.05),
while, there was no significant difference in fecal ammonia nitrogen in finisher period. Fiber
inclusion reduced gizzard pH (p < 0.05) but did not alter duodenum, jejunum, and ileum (p >
0.05). Compared with the control, the experimental diets with 2.5% SH significantly decreased
the wing weight of chickens (p < 0.05), while no significant differences in the weight of the
other visceral organs were observed. Feeding the broilers SH and RH had no effect on the
villus area and crypt depth of the intestine. Compared with the control, the experimental diet
with 2.5% RH significantly increased the duodenal villus height of chickens (p < 0.05). These
findings suggest that the inclusion of 5% SH in the diets, resulting in improved intestinal
morphology and decreased faecal ammonia nitrogen, without negatively affecting growth
performance and carcass traits in broilers.

Keywords: rice hull; soybean hull; broilers; ammonia nitrogen; intestinal morphology



Executive summary

In Thailand, increasing livestock production numbers can establish many
environmental problems. Animal manure from livestock production can be a cause of
Ammonia (NH3) emission impacting animal and human health. Moreover, NH; emission
is an environmental problem because it has been related with the nitrification and
acidification of rain. Nitrogen (N) in the feces containing undigested dietary N,
endogenous N and microbial N (Jha and Berrocoso, 2016) can lead to NH; emission to
the atmosphere and be converted to nitrate during storage (Ferket et al., 2002). NH;
emissions contribute to acid rain and nitrogen deposition that damage natural
ecosystems.

More than 80% of total NH; emissions were from livestock production such as
cattle, poultry and swine farming (Battye et al., 1994). In Thailand, swine farms being
the largest source of NHj; emission, however, poultry farms also cause air pollution
through the release of NH;. The NH; emission from manure has become a major
problem not only for the human and chicken health, but also in the poultry production
such as; lower egg production and growth performance (Carlile, 1984; Miles et al.,
2004). Therefore, several methods have been evaluated for reducing NH; emission from
poultry manure affecting animal and human health as well as environment. Many
researchers used the diet composition improving method to decrease the manure
pollutants. Interestingly, dietary fiber has been shown to lower NH; emission from pigs
(Canh et al., 1997; Shriver et al., 2003) and laying hens (Roberts et al., 2007).
Moreover, inclusion of feed ingredients with adequate type and amount of fiber might
improve gastro-intestinal tract (GIT) leading to reduce antibiotic use in feed (Mateos et
al., 2002; Montagne et al., 2003).

Generally, the physico-chemical characteristics of fiber can be divide into two
major subclasses; 1) soluble fiber (fermentable), 2) insoluble fiber (non-fermentable).
Both of them have different roles in digestive and absorptive processes in the GIT (Asp,
1996; Sarikhan et al., 2010). Many researchers reported that the inclusion of soluble
fiber led to a decrease of NH; emission from swine manure (Kreuzer et al., 1998;
Beccacia et al., 2015). In insoluble fiber, Bindelle ef al. (2009) found that the inclusion of

oat hulls did not reduce the urinary nitrogen excretion ratio. In contrast, Roberts et al.
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(2007) found that inclusion of 10% corn dried distillers grains with solubles (DDGS), 7%
wheat middlings (WM), or 5% soy bean hulls (SH) as insoluble fiber in laying hen diets
lowered total manure NH; emission and the NH; emission rate. Moreover, insoluble
fiber in broiler diets improved the intestinal morphology and growth performance
(Sarikhan et al., 2010).

As mentioned previously, NH; emission can be reduced from manure by
inclusion of fiber (soluble and insoluble) in diets. In Thailand, rice is the major locally
produced crop, which amounted to 20.7 million metric tons in 2018/19 (USAD 2018).
Rice hulls (RH) account for 20% on average of the whole grain, and the most efficient
use of this by-product is as a litter material for livestock production. Moreover, soybean
hulls (SH) are also a by-product in Thailand that is generated in soybean oil processing.
To the best of our knowledge, no information is available on the use of rice hulls and
soybean hulls as a fibre source in broiler diets. The nutritional and physiological effects
must be considered; however, these effects are caused by differences in the structure
and properties of fibre sources. | hypothesized that inclusion of moderate amounts of
fiber have been some of the alternatives proposed to reduce NH; emission affecting
animal and human health as well as environment and improve the intestinal
morphology.

Therefore the aim of this experiment was to investigate the effects of dietary
fiber on performance, carcass traits, development of gastrointestinal tracts and
digestibility, fecal ammonia nitrogen, and intestinal morphology of broilers. The
experiment was conducted in accordance with the guidelines and rules for animal
experiments of the Faculty of Animal Sciences and Agricultural Technology, Silpakorn
University, Thailand. A total of 420 one-day-old broiler chicks were obtained from a
commercial hatchery. Chicks were individually weighed and randomly divided into 5
groups of chicks with similar mean body weight, each with seven replicates of twelve
chicks. The rice hull (RH) and soybean hull (SH) were ground through a hammer mill
with a 2-mm screen. Experimental grower (0-21 d) and finisher (22-42 d) diets were in
mash form and included RH and SH were as follows: 0% (Control); 2.5% RH; 2.5% SH;
5% RH; 5% SH. Feed and water were provided ad libitum for 42 d. During the

experiment, feed intake and body weight were measured weekly, and feed efficiency



was calculated. The fecal ammonia nitrogen was measured during the last week of two
periods. At 42 d of age, 7 birds from each group were weighed individually and
slaughtered to determine digestive organ development and carcass traits. Another 7
birds per group were used for intestinal morphological observations.

In grower period, the body weight gain of broilers in the control, 2.5% RH, 5.0%
RH, and 5.0% SH groups were significantly higher than those of the 2.5% SH group (p
< 0.05). In grower period, the fecal ammonia nitrogen of broilers decreased in the 2.5%
RH and 5.0% SH groups (p < 0.05), while, there was no significant difference in fecal
ammonia nitrogen in finisher period. Fiber inclusion reduced gizzard pH (p < 0.05) but
did not alter duodenum, jejunum, and ileum (p > 0.05). The chicks receiving 2.5 and 5%
of SH were higher villus height in the duodenum than broiler fed the control diet (p <
0.05). However, none of dietary treatments led to remarkable changes in any crypt
depth and villus area of these segments, included jejunum and ileum. These findings
suggest that the inclusion of 5% SH in the diets, resulting in improved intestinal

morphology, without negatively affecting growth performance and carcass traits.



Ammonia emission and intestinal morphological alteration of broilers

affected by dietary fiber sources

1. Introduction to the research problem and its significance

In Thailand, increasing livestock production numbers can establish many
environmental problems. Animal manure from livestock production can be a cause of
Ammonia (NH3) emission impacting animal and human health. Moreover, NH; emission
is an environmental problem because it has been related with the nitrification and
acidification of rain. Nitrogen (N) in the feces containing undigested dietary N,
endogenous N and microbial N (Jha and Berrocoso, 2016) can lead to NH; emission to
the atmosphere and be converted to nitrate during storage (Ferket et al., 2002). NH;
emissions contribute to acid rain and nitrogen deposition that damage natural
ecosystems.

More than 80% of total NH; emissions were from livestock production such as
cattle, poultry and swine farming (Battye et al., 1994). In Thailand, swine farms being
the largest source of NHj; emission, however, poultry farms also cause air pollution
through the release of NH;. The NH; emission from manure has become a major
problem not only for the human and chicken health, but also in the poultry production
such as; lower egg production and growth performance (Carlile, 1984; Miles et al.,
2004). Therefore, several methods have been evaluated for reducing NH; emission from
poultry manure affecting animal and human health as well as environment. Many
researchers used the diet composition improving method to decrease the manure
pollutants. Interestingly, dietary fiber has been shown to lower NH; emission from pigs
(Canh et al., 1997; Shriver et al., 2003) and laying hens (Roberts et al., 2007).
Moreover, inclusion of feed ingredients with adequate type and amount of fiber might
improve gastro-intestinal tract (GIT) leading to reduce antibiotic use in feed (Mateos et
al., 2002; Montagne et al., 2003).

Generally, the physico-chemical characteristics of fiber can be divide into two
major subclasses; 1) soluble fiber (fermentable), 2) insoluble fiber (non-fermentable).
Both of them have different roles in digestive and absorptive processes in the GIT (Asp,
1996; Sarikhan et al., 2010). Many researchers reported that the inclusion of soluble
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fiber led to a decrease of NH; emission from swine manure (Kreuzer et al., 1998;
Beccacia et al., 2015). In insoluble fiber, Bindelle ef al. (2009) found that the inclusion of
oat hulls did not reduce the urinary nitrogen excretion ratio. In contrast, Roberts et al.
(2007) found that inclusion of 10% corn dried distillers grains with solubles (DDGS), 7%
wheat middlings (WM), or 5% soy bean hulls (SH) as insoluble fiber in laying hen diets
lowered total manure NH; emission and the NH; emission rate. Moreover, insoluble
fiber in broiler diets improved the intestinal morphology and growth performance
(Sarikhan et al., 2010).

As mentioned previously, NH; emission can be reduced from manure by
inclusion of fiber in diets. In Thailand, rice is the major locally produced crop, which
amounted to 20.7 million metric tons in 2018/19 (USAD 2018). Rice hulls (RH) account
for 20% on average of the whole grain, and the most efficient use of this by-product is
as a litter material for livestock production. Moreover, soybean hulls (SH) are also a by-
product in Thailand that is generated in soybean oil processing. To the best of our
knowledge, no information is available on the use of rice hulls and soybean hulls as a
fibore source in broiler diets. The nutritional and physiological effects must be
considered; however, these effects are caused by differences in the structure and
properties of fibre sources.

Therefore the aim of this experiment was to investigate the effects of dietary
fiber on performance, carcass traits, development of gastrointestinal tracts, fecal

ammonia nitrogen, and intestinal morphology of broilers.

2. Literature review

NH; emission from animal farms is one of important pollutants impacting
environment and public health (Aneja et al., 2006). The National Institute of
Occupational Safety and Health (NIOSH) has established a threshold limit of 25 ppm
averaged over 8 h. The United Egg Producers animal husbandry guidelines (United Egg
Producers, 2006) reported that atmospheric NH; concentrations below 25 ppm in laying-
hen houses. The NH; emission from manure has become a major problem not only for
the human and chicken health, but also in the poultry production such as; lower egg

production and growth performance (Carlile, 1984; Miles et al., 2004). Therefore, several
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approaches have been suggested for reducing NH; emissions from animal farms: 1)
reduce animal production; 2) reduce nitrogen excretion through nutritional manipulation
in diets; 3) reduce volatile NH; in the manure to stop NHj; loss; 4) segregate urine from
feces to reduce contact between urase and urine. Among these strategies, improving
animal nutritional manipulation is the most interesting and feasible approach to reduce
NH; emission from manure. Another report, Ferket et al. (2002) summarized the
nutritional strategies to reduce nutrient emissions from poultry and swine (Table 1).

Table 1 Potential reduction in the excretion of nitrogen and phosphorus by various

nutritional strategies in poultry and swine.

Strategy Reduction in nutrient excretion

Formulation closer to requirements 10 to 15% for N and P

Reducing feed spillage/waste 1.5% for all nutrients for every 1%
Pelleting reduction

700 to 1,000 pm (fineness of grind) 5% for N, P, Zn, Cu

Use of highly digestible feed ingredients 5% for N, P, Zn, Cu
Reduce variability by quality control 5% for N and P
10 to 25% for N and P
Reduced protein/amino supplementation 10 to 25% for N in poultry; 10 to 40% for

Low-phytate (HAP) corn N in swine

Phytase/low dietary P 9% for N for every 1% reduction in dietary
Phytase/HAP corn CP

Phytase/enzyme cocktails 25 to 50% for P

Phytase/1,25(0OH),D5? 2 to 5% for N, Zn, and 20 to 30% for P
Phytase/probiotics 2 to 5% for N, Zn, and 20 to 40% for P

Cellulases, xylanases, pentosanase, - 2 to 8% for N, Zn, and 20 to 40% for P

glucanase 2 to 5% for N, Zn, and 20 to 60% for P
Growth promotion feed additives 2 to 5% for N, Zn, and 20 to 40% for P
Phase feeding 5% for N and P for appropriate diet
Split-sex feeding 5% for all nutrients

Reducing microminerals/organic minerals 5to 10% for N and P
5 to 8% for N
Up to 50% for Zn, Cu, Mn

41,25(0OH),D; = 1,25-dehydroxycholecalciferol

Source: Ferket et al. (2002)



Moreover, an inclusion of fiber in diets reduces the amount of NH; emission
from manure of laying hens (Roberts et al., 2007) and pigs (Canh et al., 1997; Shriver et
al., 2003). It has been reported that the inclusion of moderate amounts of different fiber
sources in the diet improves digestive organ development (Gonzalez-Alvarado et al.,
2007; Hetland et al., 2007) resulting in growth performance (Sklan et al., 2003) and
gastrointestinal tract health enhancement (Correa-Matos et al., 2003; Perez et al.,
2011). However, fiber inclusion in diets for broilers has not been studied in NHj

emission and intestinal morphological alteration.

2.1 NH, emission

Diet composition affects NH; emission from animal manure. N from animal diets
transformed to animal products, such as meat and eggs. Moreover, approximately 50%
of the N consumed by birds is excreted as uric acid, and about 15% of the N consumed
by animal is lost in the feces (Figure 1). N in the feces containing undigested dietary N,
endogenous N and microbial N (Jha and Julio, 2016) can lead to NH; emission to the

atmosphere and be converted to nitrate during storage (Ferket et al., 2002).

Intake N, 100%

—>| Ammonia N, 20%

G Fecal N, 15%

Digested N, 85% 1

@_ _________ . :. ............

Available N, 80% > Urinary N, 50%

G_ ......... —-.J —> Manure N, 45%

Retained N, 35%

Figure 1 Nitrogen flow in poultry and swine.

Source: Ferket et al. (2002)

2.2 General effects of dietary fiber
Fiber can be defined as non-starch polysaccharides (NSP) and lignin in plant

materials which are indigestible by animal endogenous enzymes (Urriola et al., 2013).

9



Chemically, dietary fiber is often defined as NSP (Englyst, 1989). The NSP are mainly
cellulose, pectins, B-glucans, pentosans and xylans. NSP are generally defined as water
soluble and insoluble (Montagne et al., 2003). Solubility of NSP depends on their
chemical structures and related with cell wall components. Both of soluble and insoluble
NSP have different nutritional impacts in poultry diets resulting in digestive and
absorptive processes of the GIT (Sarikhan et al., 2010; Mateos et al., 2012).

Soluble NSP is known to increase intestinal viscosity (Choct et al., 1996), and
subsequently reduces the efficiency of nutrient digestion and absorption (Johnson and
Gee, 1981; Lazaro et al., 2003). Moreover, the reduced digesta transit rate affects
undigested nutrients remain in the gut for a longer period of time increasing the number
of microbes in the intestine (Choct et al., 1996). Whereas, insoluble fiber sources,
stimulate gizzard activity and reduce gizzard pH and the length of the GIT (Gonzalez-
Alvarado et al.,, 2007). The results of other studies indicate that the pH of the
gastrointestinal tract correlates with dietary fiber (Gonzalez-Alvarado et al., 2008;
Jiménez-Moreno et al., 2009). These results are consistent with Duke (1986) who
reported that dietary fiber stimulated the production of HCI in the proventriculus via
mechanoreceptors, lowering the pH in the upper part of the GIT. Some reports have
shown that inclusion of moderate concentration of fiber in diet affected GIT improvement
(Montagne et al., 2003). Choct et al. (2001) found that insoluble fiber source can affect
the gut transit time and gut motility of intestinal epithelium enhancing the ability of
endogenous enzyme. Therefore, the poultry industry required a minimal amount of fiber

in feed formulation.

2.3 Influence of dietary fiber on NH, emission and intestinal morphology

In poultry manure, the volatilization of ammonia has been attributed to microbial
decomposition of nitrogenous compounds, mainly uric acid (Li et al., 2008). Roberts et
al. (2007) reported that dietary fiber extends the fermentation of microbes in the large
intestine, and therefore the suitability of that fiber diets to lower NH; emission from the
manure. Numerous studies found that the inclusion of soluble fiber led to a decrease of
NH; emission from swine manure (Kreuzer et al., 1998; Beccacia et al., 2015). In

insoluble fiber, Bindelle et al. (2009) found that the inclusion of oat hulls did not reduce
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the urinary nitrogen excretion ratio. Very little scientific literature exists that examines
the effect of fiber source on NH; emission of poultry. There is some evidence that
inclusion of fiber (10% corn dried distillers grains with solubles, 7% wheat middlings, or
5% soy bean hulls) in laying hen diets lowered total manure NH; emission and the NH;
emission rate (Roberts et al., 2007).

A small number of studies have examined the changes in intestinal morphology
caused by dietary fiber in diets. Some researchers have demonstrated that the
physicochemical characteristics of dietary fiber are thought to induce physiological and
histological changes in the intestine (Jankowski et al., 2009; Juskiewicz et al., 2009).
Rezaei et al. (2011) reported that a diet supplemented with insoluble fiber increases the
ileal villus height:crypt depth ratio and decreases ileal crypt depth. These observations
correspond with Sittiya et al. (2016) that inclusion of whole-grain paddy rice (fiber rich)
in broiler diets affected the intestinal morphology. In contrast, Jin et al. (1994) found that
inclusion of high fiber in growing pig diets caused an enlargement of villi and deepening

of the jejunal and ileal crypts.

3. Objectives
To investigate the effects of different level of fiber source on fecal ammonia
nitrogen, growth performance, carcass traits, development of gastrointestinal tracts, and

intestinal morphology of broilers.

4. Methodology
4.1 Animals and diets

A total of 420 one-day-old broiler chicks (ROSS 308) were obtained from a
commercial hatchery. Chicks were individually weighed and randomly divided into 5
groups of chicks with similar mean body weights, each with seven replicates of twelve
chicks. The RH and SH were ground through a hammer mill with a 2-mm screen.
Subsequently, the chemical composition of the fibre samples was analysed as
described by AOAC (2000) and Van Soest et al. (1991) (Table 2). Experimental grower
(0-21 d) and finisher (22-42 d) diets were in mash form and formulated according to

NRC (1994). These diets including RH and SH were as follows: 0% (control); 2.5% RH,;
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2.5% SH; 5% RH; and 5% SH (Table 3, 4). Feed and water were provided ad libitum for
42 d.

The experiment was conducted in accordance with the guidelines and rules for
animal experiments of the Faculty of Animal Sciences and Agricultural Technology,

Silpakorn University, Thailand.

Table 2 Chemical composition of rice hull (RH) and soybean hull (SH)

Item RH SH
Dry matter (%) 94.98 93.74
Crude protein (%) 1.04 5.00
Ether extract (%) 5.67 8.46
Neutral detergent fiber (%) 71.07 61.57
Acid detergent fiber (%) 52.52 38.90
Acid detergent lignin (%) 18.60 3.58
Acid insoluble ash (%) 0.11 0.00
Gross energy, kcal/kg 3309.20 3866.90

4.2 Growth performance and fecal ammonia nitrogen

During the experiment, feed intake and body weight were measured weekly, and
feed efficiency was calculated.

The fecal ammonia nitrogen was measured during the last week of two periods
(during wk 3 and wk 6 of the study). The birds with similar mean body weights were
randomly allocated to the five dietary treatment groups (4 birds/group). They were
moved to individual cages. Subsequently, faeces was collected over 3 consecutive 24-h
periods in each cage. The faeces from each of the 24-h periods was pooled by group
and stored at -20°C until analysis. Faecal ammonia nitrogen was analysed by the

method of AOAC (2000). The procedure was repeated for a second period.
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Table 3 Feed compositions and calculated nutrient value of experimental diets (0 — 21

days of age)

ltem Control 2.5% RH 2.5% SH 5.0% RH 5.0% SH
Ingredient (%)

Corn 43.10 38.72 39.32 34.35 35.55
Soybean meal 40.10 40.68 40.38 41.26 40.67
Soybean oil 7.12 8.41 8.10 9.71 9.09
Rice bran 5.00 5.00 5.00 5.00 5.00
Rice hull - 2.50 - 5.00 -
Soybean hull - - 2.50 - 5.00
Monocalcium phosphate 2.09 2.10 2.10 2.11 2.11
Limestone 1.22 1.21 1.22 1.21 1.21
Premix® 0.60 0.60 0.60 0.60 0.60
Salt 0.42 0.42 0.42 0.42 0.42
D,L-methionine 0.17 0.17 0.17 0.18 0.18
Choline Chloride 0.07 0.07 0.07 0.07 0.07
L-lysine 0.05 0.04 0.04 0.03 0.03
L-threonine 0.02 0.02 0.02 0.02 0.02
Calculated analysis

Crude protein 23 23 23 23 23
Metabolizable energy 3,200 3,200 3,200 3,200 3,200
(kcal/kg)

Crude fiber 3.20 4.06 3.96 4.92 4.71
Crude fat 9.70 11.06 10.83 12.32 11.87
Ash 5.90 5.93 6.02 5.91 6.09
Calcium 0.90 0.90 0.90 0.90 0.90
Available phosphorus 0.50 0.50 0.50 0.50 0.50
Available lysine 1.15 1.15 1.15 1.15 1.15
Available methionine 0.47 0.47 0.47 0.47 0.47

RH = rice hulls; SH = soybean hulls

#Premix included the following (per kg of diet): retinol, 8,250 1U; cholecalciferol, 2,750 1U; tocopherol,

17.9 IU; menadione, 1.1

mg;

thiamine, 1.4 mg;

riboflavin,

5.5 mg; pyridoxine,

1.1 mg;

cyanocobalamin, 12 pg; niacin, 41.3 mg; pantothenic acid, 11 mg; biotin, 41 pg; folic acid, 1.4 mg;

manganese, 125 mg; iron, 282 mg; copper, 27.5 mg; zinc, 275 mg; iodine, 844 ug; selenium, 250

Hg.
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Table 4 Feed compositions and calculated nutrient value of experimental diets (22 — 42

days of age)

ltem Control 2.5% RH 2.5% SH 5.0% RH 5.0% SH
Ingredient (%)

Corn 52.22 47.85 48.45 43.47 44.69
Soybean meal 32.40 32.98 32.69 33.56 32.95
Soybean oil 5.69 6.99 6.68 8.28 7.67
Rice bran 5.00 5.00 5.00 5.00 5.00
Rice hull - 2.50 - 5.00 -
Soybean hull - - 2.50 - 5.00
Monocalcium phosphate 1.87 1.88 1.88 1.89 1.89
Limestone 1.36 1.35 1.35 1.34 1.35
Premix® 0.60 0.60 0.60 0.60 0.60
Salt 0.42 0.42 0.42 0.42 0.42
D,L-methionine 0.16 0.17 0.16 0.17 0.17
Choline Chloride 0.70 0.07 0.07 0.07 0.07
L-lysine 0.11 0.11 0.11 0.10 0.10
L-threonine 0.04 0.04 0.04 0.04 0.05
Calculated analysis

Crude protein 20 20 20 20 20
Metabolizable energy 3,200 3,200 3,200 3,200 3,200
(kcal/kg)

Crude fiber 3.10 3.96 3.86 4.81 4.61
Crude fat 8.65 9.91 9.69 11.18 10.73
Ash 5.53 5.51 5.60 5.49 5.67
Calcium 0.90 0.90 0.90 0.90 0.90
Available phosphorus 0.45 0.45 0.45 0.45 0.45
Available lysine 1.03 1.03 1.03 1.03 1.03
Available methionine 0.43 0.43 0.43 0.43 0.43

RH = rice hulls; SH = soybean hulls

#Premix included the following (per kg of diet): retinol, 8,250 1U; cholecalciferol, 2,750 1U; tocopherol,

17.9 IU; menadione, 1.1

mg;

thiamine, 1.4 mg;

riboflavin,

5.5 mg; pyridoxine,

1.1 mg;

cyanocobalamin, 12 pg; niacin, 41.3 mg; pantothenic acid, 11 mg; biotin, 41 pg; folic acid, 1.4 mg;

manganese, 125 mg; iron, 282 mg; copper, 27.5 mg; zinc, 275 mg; iodine, 844 ug; selenium, 250

Hg.
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4.3 Carcass traits and digestive organ development

At 42 d of age, 7 birds from each group were weighed individually and
slaughtered to determine digestive organ development and carcass traits. Head,
digestive organ, and shanks were removed and then weighed. Wings, abdominal fat,
thighs and drumsticks were removed and weighed individually. In the digestive organs,
the lengths of the duodenum, jejunum, ileum and ceca were measured individually. The
weights of the proventriculus, gizzard, duodenum, jejunum, ileum and ceca were then
recorded after the digesta content had been removed. The weight of empty organs was
expressed relative to 100 g body weight. Samples of digesta of each bird were then
diluted 1:3 (w/w) with deionized distilled water and stirrer-mixed. The pH was measured

using a digital pH meter (AD12, Adwa Instruments, Hungary).

4.4 Intestinal morphological observation

At 42 days of age, another 7 birds per group were used for intestinal
morphological observations. Immediately following decapitation, the midpoint of each
intestinal segment (duodenum, jejunum and ileum) were removed and fixed in 10%
neutral-buffered formalin. After dehydration through varying concentrations of alcohol,
each intestinal segment were embedded in paraffin wax. A 4-um-thick transverse
section was cut and stained with hematoxylin-eosin, the following values were
measured using Toup view 3.7 software (Irwin, U.S.A).

The villus height was measured as the length from the tip to the base, excluding
the intestinal crypt. A total of 8 villus heights from eight sections were measured and
regarded as the mean of each bird. The villus area was calculated from the villus
height, basal width and apical width (lji et al., 2001). The 8 calculations of villus area
were expressed as the mean of each bird. Crypt depth was defined as the distance
from the villus base to the muscularis layer, not including the intestinal muscularis

(Rezaei et al., 2011).

4.5 Statistical analysis
The data from the experimental groups were statistically analyzed using one-

way analysis of variance (ANOVA) in the SPSS statistical software package (version
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19.0; IBM Corp. Armonk, NY, US). Significant differences among the treatments were

determined with Tukey’s tests. Statistical significance was accepted at p < 0.05.

5. Results
5.1 Growth performance and fecal ammonia nitrogen

Influence of different sources and levels of fiber on growth performance and
fecal ammonia nitrogen in broiler chickens are presented in Table 5 and Table 6. In
grower period (Table 5), the body weight gain of broilers in the control, 2.5% RH, 5.0%
RH, and 5.0% SH groups were significantly higher than those of the 2.5% SH group (p
< 0.05). In grower period (Table 5), the fecal ammonia nitrogen of broilers decreased in
the 2.5% RH and 5.0% SH groups (p < 0.05), while, there was no significant difference

in fecal ammonia nitrogen in finisher period (Table 6).

TABLE 5 The effects of different sources and levels of fiber on growth performance
(mean = SE; n = 7) and faecal ammonia nitrogen (mean + SE; n = 4) in broiler chickens

from 0 to 21 days of age

Item Level of  Feed intake Body weight Feed Faecal
fiber (%) (9) gain (g) conversion ammonia
ratio nitrogen
(mg/g)
Control 0 1190.00 852.62° 1.39 0.93°
RH 25 1161.42 827.37° 1.40 0.13°
5.0 1170.85 831.27° 1.40 0.72°
SH 2.5 1100.83 747.00° 1.48 0.58%
5.0 1144.28 805.112 1.42 0.11°
SEM 20.50 14.62 0.02 0.08
p-value 0.750 0.010 0.890 0.001

RH = rice hulls; SH = soybean hulls

abyalues with different superscripts in the same column are significantly different (p < 0.05).
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TABLE 6 The effects of different sources and levels of fiber on growth performance
(mean + SE; n = 7) and faecal ammonia nitrogen (mean + SE; n = 4) in broiler chickens

from 22 to 42 days of age

Item Level of Feed intake Body weight Feed Faecal
fiber (%) (9) gain (9) conversion ammonia
ratio nitrogen
(mg/g)
Control 0 3134.71 1405.04 2.23 0.06
RH 25 3159.85 1469.27 2.14 0.10
5.0 3283.00 1494.20 2.20 0.10
SH 25 3311.83 1414.64 2.34 0.08
5.0 3175.71 1401.77 2.26 0.09
SEM 47.87 14.99 0.03 0.007
p-value 0.732 0.167 0.503 0.354

RH = rice hulls; SH = soybean hulls

There are no significant differences between each groups (p > 0.05)

5.2 Carcass traits and digestive organ development

Compared with the control, the experimental diets with 2.5% SH significantly
decreased the wing weight of chickens (p < 0.05), while no significant differences in
weight of the other visceral organs was seen (Table 7).

The gizzard pH was lower in broilers fed the 2.5% SH diet than in those fed the
control diet (p < 0.05). The treatments, however, had no effect on the pH of duodenum
and jejunum (p > 0.05). Moreover, a trend of improved ileum pH (p = 0.072) was found
following inclusion of fiber (Table 8).

The intestinal weight and length of broilers are presented in Table 9. Compared
with the control, broilers in 5.0% SH group had higher the length of jejunum and ileum
(p < 0.05). In terms of intestinal weight and duodenal length, there were no significant

difference among the dietary treatment groups (p > 0.05).
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TABLE 7 The effects of different sources and levels of fiber on carcass and visceral

organs weight (g/100 g BW) in 42 days old broiler chickens (mean + SE; n = 7)

Item Level of Carcass Thigh + Wings  Abdomi  Liver Proven- Gizzard
fiber drumstick nal fat triculus
(%)
Control 0 87.01 23.05 8.31° 156  2.13 0.44 1.22
RH 25 86.25 22.89 8.09% 152  2.09 0.44 1.29
5.0 84.35 22.81 7.84% 145 213 0.42 1.37
SH 25 84.59 22.14 7.26° 153  2.38 0.43 1.30
5.0 82.91 21.62 7.95% 149  2.36 0.44 1.38
SEM 0.62 0.25 0.11 0.10  0.06 0.01 0.03
p-value 0.248 0.344 0.026 0.997 0.352 0.982 0.558

RH = rice hulls; SH = soybean hulls

2bValues with different superscripts in the same column are significantly different (p < 0.05).

TABLE 8 The effects of different sources and levels of fiber on pH of gastrointestinal

tract (GIT) in 42 days old broiler chickens (mean + SE; n =7)

Item Level of pH
fiber (%) Gizzard Duodenum Jejunum lleum
Control 0 3.90° 5.97 5.87 5.89
RH 25 3.45% 6.10 5.95 6.41
5.0 3.37% 6.17 6.19 6.65
SH 25 2.96° 6.17 6.04 6.33
5.0 3.44% 6.13 5.83 6.09
SEM 0.09 0.05 0.05 0.09
p-value 0.018 0.742 0.240 0.072

RH = rice hulls; SH = soybean hulls

ab\V/alues with different superscripts in the same column are significantly different (p < 0.05).
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TABLE 9 The effects of different sources and levels of fiber on intestinal weight (g/100

g BW) and length (cm/100 g BW) in 42 days old broiler chickens (mean + SE; n = 7)

Item Level of Intestinal weight Intestinal length
fiber (%) (9/100 g BW) (cm/100 g BW)
Duodenum jejunum lleum  Duodenum jejunum lleum
Control 0 0.63 1.14 0.90 1.24 3.04° 2.96°
RH 25 0.65 1.11 0.84 1.26 3.06° 3.03"
5.0 0.60 1.10 0.88  1.32 3.55% 3.62%
SH 25 0.66 1.11 089 1.35 3.14° 3.18™
5.0 0.67 1.16 0.96 1.42 3.72° 3.90°
SEM 0.01 0.02 0.02 0.02 0.07 0.08
p-value 0.636 0.963 0.584 0.103 0.002 <0.001

RH = rice hulls; SH = soybean hulls

ab%/alues with different superscripts in the same column are significantly different (p < 0.05).

5.3 Intestinal morphological measurements

Feeding the broilers SH and RH had no effect on the villus area and crypt depth
of the intestine (Table 10). Compared with the control, the experimental diets with 2.5%

RH significantly increased the duodenal villus height of chickens (p < 0.05).

TABLE 10 The effects of different sources and levels of fiber on intestinal morphological

measurements in 42 days old broiler chickens (mean + SE; n = 5)

Level Villus height (mm) Villus area (mm?) Crypt depth (mm)
Item of fiber  Duode jejunu lleum Duode jejunu lleum Duode Jejunu lleum
(%) num m num m num m
Control 0 1.04° 1.04 0.61 0.15 0.14 0.07 0.27 0.25 0.17
RH 25 1.38° 0.87 0.71 0.19 0.11 0.08 0.26 0.20 0.15
5.0 114 0.95 0.68 0.16 0.10 0.07 0.26 0.20 0.16
SH 25 1.35®  0.86 0.74 0.21 0.10 0.09 0.31 0.26 0.21
5.0 1.34® 091 0.67 0.21 0.12 0.07 0.32 0.23 0.16
SEM 0.043 0.039 0.033 0.010 0.007 0.005 0.009 0.011 0.010
p-value 0.020 0.673 0.842 0.338 0.401 0.719 0.163 0.393 0.444

RH = rice hulls; SH = soybean hulls

aby/alues with different superscripts in the same column are significantly different (p < 0.05).
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6. Discussion

It is commonly reported that dietary fibre decreases nutrient digestibility and
chicken performance (Sklan et al., 2003). This result is similar to that from a previous
study by Santos et al. (2019), who found that body weight gain from 1 to 21 d of age
was lower for broilers fed a 2.5% SH diet than for those fed control, 2.5% RH, 5% RH,
and 5% SH diets. This finding is in agreement with the results of Sklan et al. (2003),
who found that turkeys (1 to 4 wk of age) fed 3% soybean hulls had a lower body
weight than those fed 6 or 9% soybean hulls. However, the opposite effect was found
on body weight gain at 14 wk of age: turkeys fed 6 or 9% soybean hulls had more body
weight gain than those fed 3% soybean hulls. Similar to the present findings, there was
no significant difference between the fibre groups and the control group in broilers from
22 to 42 d of age. Contrary to these findings, Gonzalez-Alvarado et al. (2007) reported
that the inclusion of a fibre source (oat hulls or soybean hulls) reduced average daily
feed intake without affecting average daily gain; consequently, the feed conversion ratio
was improved by fibre inclusion. This finding may be explained by the differences in the
level and type of dietary fibre, as well as the age of the bird.

The addition of fibre to diets reduces the amount of NH; emitted from the
manure of laying hens (Roberts et al., 2007) and pigs (Canh et al., 1997; Shriver et al.,
2003). In normal cases, the nitrogen excreted in faeces consists of undigested dietary
nitrogen and endogenous nitrogen, mainly as amino acids and bacterial protein. In
poultry faeces, the volatilization of ammonia has been attributed to microbial
decomposition of nitrogenous compounds, mainly uric acid (Li et al., 2008). Therefore,
nitrogen content was determined in broiler faeces. It has been reported that the
inclusion of moderate amounts of different fibre sources in pig diets affects the growth
of bacterial populations in the large intestine, resulting in decreased NH; emission
(Kirchgessner et al., 1994). This finding is in agreement with our previous study (Santos
et al., 2019), in which the faecal ammonia nitrogen of broilers from 1 to 21 d of age
decreased in the 2.5% RH and 5.0% SH groups. Gonzalez-Alvarado et al. (2007) found
that a large and well-developed gizzard improves nutrient utilization, resulting in
decreased faecal ammonia nitrogen. However, in the present study, from 22 to 42 d of

age, there was no significant difference in faecal ammonia nitrogen between the fibre
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groups and the control group. This might be due to the poor grinding activity of the
gizzard in the present study.

Lu et al. (1996) reported that relative organ weight can be used as an indicator
of organ function. In the present study, the experimental diets with 2.5% SH significantly
decreased the wing weight of chickens compared with the control. This finding is
confirmed by the research of Shahin and Abdelazim (2005), in which high fibre inclusion
in broiler diets decreased carcass weight. Mateos et al. (2012) reported that dietary fibre
decreased the intestinal length and weight of the organs of birds. Consequently, these
changes might reduce the carcass yield (Jgrgensen et al., 1996).

Our present trial is in agreement with a few others (Preston et al., 2000; Taylor
and Jones, 2001; Mourao et al., 2008) in which dietary fibre increased the relative
length of the small intestine. The longer relative length of the small intestine in the fibre
groups might be due to the increasing effort of this organ to adapt in order to improve
feed consumption and nutrient uptake (Mourao et al., 2008). However, the results of our
study did not agree with those of a few other studies. For example, Amerah et al. (2009)
and Sklan et al. (2003) found that increasing the insoluble fibre in the diet reduced the
length of the small intestine. These conflicting findings may be due to differences in the
type and amount of fibre as well as its particle size (Mateos et al., 2012).

Histologically, increased villus height and cell mitosis number in the intestine are
indicators of activated villus function (Langhout et al., 1999). Intestinal crypt
development affects the maintenance of crypt-cell turnover rates and intestinal
maturation. Therefore, deeper crypts result in an increased intestinal absorption surface
area (Geyra et al., 2001). Caspary (1992) reported that greater villus height contributes
to an increased surface area for greater absorption of available nutrients. A deeper
crypt indicates faster tissue turnover and higher demand for new tissue (Yason et al.,
1987). This higher demand for faster turnover lowers the efficiency of the animal (Xu et
al, 2003). Some researchers have demonstrated that the physicochemical
characteristics of dietary fibre induce physiological and histological changes in the
intestine (Jankowski et al., 2009; Juskiewicz et al., 2009). In the present study, dietary
fibre in broiler diets contributed to an increase in the duodenal villus height. Similarly,

Sittiya et al. (2016) and Jiménez-Moreno et al. (2011) reported an improvement in the
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villus height:crypt depth ratio in broilers with the inclusion of whole rice grain and pea
hulls, respectively. Moreover, Sklan et al. (2003) found that the surface area of the small
intestine of turkeys increased as the level of crude fibre in the diet increased from 2.7 to
7.9%. Awad et al. (2006) found that a greater villus height contributed to an increased
surface area for greater absorption of available nutrients. The higher duodenal villus of
broilers fed 2.5% RH might be related to the longer relative length of the small intestine
in the fibre groups. This combined change might be because of the increasing effort of
the small intestine to adapt in order to improve feed consumption and nutrient uptake
(Mourao et al., 2008). However, the results of our study did not agree with those of
Kalmendal et al. (2011), who observed that high-fibre sunflower cake inclusion resulted

in linear reductions in villus height.

7. Conclusion

According to the faecal ammonia nitrogen, growth performance, carcass ftraits,
gastrointestinal tract development, and intestinal morphology, the appropriate level of
fibre sources in broiler diets was 5% SH in the present study. Furthermore, 5% SH has
some positive effects on intestinal morphology and faecal ammonia nitrogen without

negatively affecting growth performance and carcass traits.
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old broiler chicks were obtained from a commercial hatchery. Chicks
were individually weighed and randomly divided into 5 groups, each with
seven replicates of twelve chicks. Rice hulls (RH) and soybean hulls (SH)
were ground through a hammer mill with a 2-mm screen. The RH and
SH experimental diets were as follows: 0% (control); 2.5% RH; 2.5%
SH; 5% RH; and 5% SH. No significant differences were found in growth
performance and faecal ammonia nitrogen among the dietary treatment
groups (p > .05). Compared with the control, the experimental diets
with 2.5% SH significantly decreased the wing weight of chickens (p <
.05), while no significant differences in the weight of the other visceral
organs were observed. Compared with the control, broilers in the 5% SH
group had a longer jejunum and ileum (p < .05). Feeding the broilers SH
and RH had no effect on the villus area and crypt depth of the intestine.
Compared with the control, the experimental diet with 2.5% RH
significantly increased the duodenal villus height of chickens (p < .05).
These findings suggest that the inclusion of 5% SH in the diets resulted
in improved intestinal morphology without negatively affecting growth
performance and carcass traits.
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Introduction

The majority of ammonia (NH3) emissions are from livestock production such as cattle,
poultry and swine farming (Battye et al. 1994). In Thailand, swine farms are the largest
source of NH;3 emissions; however, poultry farms also cause air pollution through the
release of NH;. Nitrogen (N) in faeces, containing undigested dietary N, endogenous N
and microbial N (Jha and Berrocoso 2016), is lost to the atmosphere as volatized
ammonia (Ferket et al. 2002). NH; emission from manure has become a major problem
not only for human and chicken health but also in poultry production, with effects such
as lower egg production and growth performance (Carlile 1984; Miles et al. 2004).
Consequently, many researchers have used diet composition improvement to decrease
manure pollutants.

It has been reported that the inclusion of soluble fibre leads to a decrease in NHj
emission from swine manure (Kreuzer et al. 1998; Beccacia et al. 2015). Bindelle et al.
(2009) found that the inclusion of oat hulls did not reduce the urinary nitrogen excretion
ratio. In contrast, Roberts et al. (2007) reported that the inclusion of 10% corn dried
distillers’ grains with solubles (DDGS), 7% wheat middlings (WM), or 5% soybean
hulls (SH) as insoluble fibre in laying hen diets decreased total manure NH; emission.
Moreover, insoluble fibre in broiler diets improved their intestinal morphology and
growth performance (Sarikhan et al. 2010) and increased the secretion of hydrochloric
acid (Gonzalez-Alvarado et al. 2007). These improvements might be associated with
increased nutrient digestibility (Amerah et al. 2009), as well as improved digestive tract
health (Perez et al. 2011). In addition, the inclusion of feed ingredients with an adequate
type and amount of fibre might improve the gastrointestinal tract (GIT), leading to

reduced antibiotic use in feed (Mateos et al. 2002; Montagne et al. 2003).
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In Thailand, rice is the major locally produced crop, which amounted to 20.7
million metric tons in 2018/19 (USAD 2018). Rice hulls (RH) account for 20% on
average of the whole grain, and the most efficient use of this by-product is as a litter
material for livestock production. Moreover, soybean hulls (SH) are also a by-product
in Thailand that is generated in soybean oil processing. To the best of our knowledge,
no information is available on the use of rice hulls and soybean hulls as a fibre source in
broiler diets. The nutritional and physiological effects must be considered; however,
these effects are caused by differences in the structure and properties of fibre sources.
Therefore, the aim of this study was to investigate the effects of dietary fibre source
levels on the faecal ammonia nitrogen, growth performance, carcass traits,
gastrointestinal tract development, and intestinal morphology of broilers from 22 to 42 d

of age.

Materials and methods

Birds, management and diets

A total of 420 one-day-old broiler chicks (ROSS 308) were obtained from a commercial
hatchery. Chicks were individually weighed and randomly divided into 5 groups of
chicks with similar mean body weights, each with seven replicates of twelve chicks.
The RH and SH were ground through a hammer mill with a 2-mm screen.
Subsequently, the chemical composition of the fibre samples was analysed as described
by AOAC (2000) and Van Soest et al. (1991) (Table 1). Experimental diets were in
mash form and formulated according to NRC (1994). These diets including RH and SH
were as follows: 0% (control); 2.5% RH; 2.5% SH; 5% RH; and 5% SH (Table 2). Feed

and water were provided ad libitum for 42 d.

The experiment was conducted in accordance with the guidelines and rules for
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animal experiments of the Faculty of Animal Sciences and Agricultural Technology,

Silpakorn University, Thailand.

Growth performance and faecal ammonia nitrogen

During the experiment, feed intake and body weight were measured weekly, and feed

efficiency was calculated.

At 22 d of age, birds with similar mean body weights were randomly allocated
to the five dietary treatment groups (4 birds/group). They were moved to individual
cages. Subsequently, faeces was collected over 3 consecutive 24-h periods in each cage.
The faeces from each of the 24-h periods was pooled by group and stored at -20°C until

analysis. Faecal ammonia nitrogen was analysed by the method of AOAC (2000).

Carcass traits and digestive organ development

At 42 d of age, 7 birds from each group were weighed individually and slaughtered to
determine digestive organ development and carcass traits. The head, digestive organs,
and shanks were removed and then weighed. Wings, abdominal fat, thighs and
drumsticks were removed and weighed individually. In the digestive organs, the lengths
of the duodenum, jejunum and ileum were measured individually. The weights of the
proventriculus, gizzard, duodenum, jejunum and ileum were then recorded after the
digesta content had been removed. The weight of empty organs was expressed relative

to 100 g of body weight.

Intestinal morphological observation

At 42 d of age, another 7 birds per group were used for intestinal morphological

observations. Immediately following decapitation, the midpoint of each intestinal

5
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segment (duodenum, jejunum and ileum) was removed and fixed in 10% neutral-
buffered formalin. After dehydration through varying concentrations of alcohol, each
intestinal segment was embedded in paraffin wax. A 4-um-thick transverse section was
cut and stained with haematoxylin-eosin, and the following values were measured using

Toup View 3.7 software (Irwin, U.S.A).

The villus height was measured as the length from the tip to the base, excluding
the intestinal crypt. A total of 8 villus heights from eight sections were measured and
averaged for each bird. The villus area was calculated from the villus height, basal
width and apical width (Iji et al. 2001). The 8 calculations of villus area were averaged
for each bird. Crypt depth was defined as the distance from the villus base to the

muscularis layer, not including the intestinal muscularis (Rezaei et al. 2011).

Statistical analysis

The data from the experimental groups were statistically analysed using one-way
analysis of variance (ANOVA) in SPSS statistical software (version 19.0; IBM Corp.
Armonk, NY, US). Significant differences among the treatments were determined with

Tukey’s test. Statistical significance was accepted at p < .05.

Results

Growth performance and faecal ammonia nitrogen

The influence of different sources and levels of fibre on growth performance and faecal
ammonia nitrogen in broiler chickens is presented in Table 3. No significant differences
were found in feed intake, body weight gain or feed efficiency among the dietary
treatment groups (p > .05). Feeding the chickens fibre had no effect on the faecal

ammonia nitrogen (p > .05).
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Carcass traits and digestive organ development

Compared with the control, the experimental diets with 2.5% SH significantly decreased
the wing weight of chickens (p < .05), while no significant differences in the weight of
the other visceral organs were observed (Table 4). The intestinal weight and length of
broilers are presented in Table 5. Compared with the control, broilers in the 5% SH
group had a longer jejunum and ileum (p < .05). In terms of intestinal weight and
duodenal length, there were no significant differences among the dietary treatment

groups (p > .05).

Intestinal morphological measurements

Feeding the broilers SH and RH had no effect on the villus area and crypt depth of the
intestine (Table 6). Compared with the control, the experimental diets with 2.5% RH

significantly increased the duodenal villus height of chickens (p <.05).

Discussion

Effect of different sources and levels of fibre on growth performance and faecal

ammonia nitrogen

It is commonly reported that dietary fibre decreases nutrient digestibility and chicken
performance (Sklan et al. 2003). This result is similar to that from a previous study by
Santos et al. (2019), who found that body weight gain from 1 to 21 d of age was lower
for broilers fed a 2.5% SH diet than for those fed control, 2.5% RH, 5% RH, and 5% SH
diets. This finding is in agreement with the results of Sklan et al. (2003), who found that
turkeys (1 to 4 wk of age) fed 3% soybean hulls had a lower body weight than those fed
6 or 9% soybean hulls. However, the opposite effect was found on body weight gain at

14 wk of age: turkeys fed 6 or 9% soybean hulls had more body weight gain than those
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fed 3% soybean hulls. Similar to the present findings, there was no significant
difference between the fibre groups and the control group in broilers from 22 to 42 d of
age. Contrary to these findings, Gonzélez-Alvarado et al. (2007) reported that the
inclusion of a fibre source (oat hulls or soybean hulls) reduced average daily feed intake
without affecting average daily gain; consequently, the feed conversion ratio was
improved by fibre inclusion. This finding may be explained by the differences in the

level and type of dietary fibre, as well as the age of the bird.

The addition of fibre to diets reduces the amount of NH; emitted from the
manure of laying hens (Roberts et al. 2007) and pigs (Canh et al. 1997; Shriver et al.
2003). In normal cases, the nitrogen excreted in faeces consists of undigested dietary
nitrogen and endogenous nitrogen, mainly as amino acids and bacterial protein. In
poultry faeces, the volatilization of ammonia has been attributed to microbial
decomposition of nitrogenous compounds, mainly uric acid (Li et al. 2006). Therefore,
nitrogen content was determined in broiler faeces. It has been reported that the inclusion
of moderate amounts of different fibre sources in pig diets affects the growth of
bacterial populations in the large intestine, resulting in decreased NH; emission
(Kirchgessner et al. 1994). This finding is in agreement with our previous study (Santos
et al. 2019), in which the faecal ammonia nitrogen of broilers from 1 to 21 d of age
decreased in the 2.5% RH and 5.0% SH groups. Gonzalez-Alvarado et al. (2007) found
that a large and well-developed gizzard improves nutrient utilization, resulting in
decreased faecal ammonia nitrogen. However, in the present study, from 22 to 42 d of
age, there was no significant difference in faecal ammonia nitrogen between the fibre
groups and the control group. This might be due to the poor grinding activity of the

gizzard in the present study.
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Effect of different sources and levels of fibre on carcass traits and digestive organ

development

Lu et al. (1996) reported that relative organ weight can be used as an indicator of organ
function. In the present study, the experimental diets with 2.5% SH significantly
decreased the wing weight of chickens compared with the control. This finding is
confirmed by the research of Shahin and Abdelazim (2005), in which high fibre
inclusion in broiler diets decreased carcass weight. Mateos et al. (2012) reported that
dietary fibre decreased the intestinal length and weight of the organs of birds.

Consequently, these changes might reduce the carcass yield (Jorgensen et al. 1996).

Our present trial is in agreement with a few others (Preston et al. 2000; Taylor
and Jones 2001; Mour@o et al. 2008) in which dietary fibre increased the relative length
of the small intestine. The longer relative length of the small intestine in the fibre
groups might be due to the increasing effort of this organ to adapt in order to improve
feed consumption and nutrient uptake (Mourdo et al. 2008). However, the results of our
study did not agree with those of a few other studies. For example, Amerah et al. (2009)
and Sklan et al. (2003) found that increasing the insoluble fibre in the diet reduced the
length of the small intestine. These conflicting findings may be due to differences in the

type and amount of fibre as well as its particle size (Mateos et al. 2012).

Effect of different sources and levels of fibre on intestinal morphology

Histologically, increased villus height and cell mitosis number in the intestine are
indicators of activated villus function (Langhout et al. 1999). Intestinal crypt
development affects the maintenance of crypt-cell turnover rates and intestinal

maturation. Therefore, deeper crypts result in an increased intestinal absorption surface
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area (Geyra et al. 2001). Caspary (1992) reported that greater villus height contributes
to an increased surface area for greater absorption of available nutrients. A deeper crypt
indicates faster tissue turnover and higher demand for new tissue (Yason et al. 1987).
This higher demand for faster turnover lowers the efficiency of the animal (Xu et al.
2003). Some researchers have demonstrated that the physicochemical characteristics of
dietary fibre induce physiological and histological changes in the intestine (Jankowski
et al. 2009; Juskiewicz et al. 2009). In the present study, dietary fibre in broiler diets
contributed to an increase in the duodenal villus height. Similarly, Sittiya et al. (2016)
and Jiménez-Moreno et al. (2011) reported an improvement in the villus height:crypt
depth ratio in broilers with the inclusion of whole rice grain and pea hulls, respectively.
Moreover, Sklan et al. (2003) found that the surface area of the small intestine of
turkeys increased as the level of crude fibre in the diet increased from 2.7 to 7.9%.
Awad et al. (2006) found that a greater villus height contributed to an increased surface
area for greater absorption of available nutrients. The higher duodenal villus of broilers
fed 2.5% RH might be related to the longer relative length of the small intestine in the
fibre groups. This combined change might be because of the increasing effort of the
small intestine to adapt in order to improve feed consumption and nutrient uptake
(Mourdo et al. 2008). However, the results of our study did not agree with those of
Kalmendal et al. (2011), who observed that high-fibre sunflower cake inclusion resulted

in linear reductions in villus height.

Conclusion

According to the faecal ammonia nitrogen, growth performance, carcass traits,
gastrointestinal tract development, and intestinal morphology, the appropriate level of

fibre sources in broiler diets was 5% SH in the present study. Furthermore, 5% SH has
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some positive effects on intestinal morphology without negatively affecting growth

performance and carcass traits.
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Highlights
e 5% SH has some positive effects on intestinal morphology without negatively
affecting growth performance and carcass traits in broilers.
e This study determined that fibre can be beneficial for improved intestinal
morphology in broilers.
e The nutritional and physiological effects must be considered; these effects are

caused by differences in the structure and properties of fibre sources.
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Table 1. Chemical composition of rice hull (RH) and soybean hull (SH).

Item RH SH

Dry matter (%) 94.98 93.74
Crude protein (%) 1.04 5.00
Ether extract (%) 5.67 8.46
Neutral detergent fiber (%) 71.07 61.57
Acid detergent fiber (%) 52.52 38.90
Acid detergent lignin (%) 18.60 3.58
Acid insoluble ash (%) 0.11 0.00
Gross energy, kcal/kg 3309.20 3866.90
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Item Control 25%RH  25%SH  5.0%RH 5.0% SH
Ingredient (%)

Corn 52.22 47.85 48.45 43.47 44.69
Soybean meal 32.40 32.98 32.69 33.56 32.95
Soybean oil 5.69 6.99 6.68 8.28 7.67
Rice bran 5.00 5.00 5.00 5.00 5.00
Rice hull - 2.50 - 5.00 -
Soybean hull - - 2.50 - 5.00
Monocalcium phosphate 1.87 1.88 1.88 1.89 1.89
Limestone 1.36 1.35 1.35 1.34 1.35
Premix? 0.60 0.60 0.60 0.60 0.60
Salt 0.42 0.42 0.42 0.42 0.42
D,L-methionine 0.16 0.17 0.16 0.17 0.17
Choline Chloride 0.70 0.07 0.07 0.07 0.07
L-lysine 0.11 0.11 0.11 0.10 0.10
L-threonine 0.04 0.04 0.04 0.04 0.05
Calculated analysis

Crude protein 20 20 20 20 20
Metabolizable energy 3,200 3,200 3,200 3,200 3,200
(kcal/kg)

Crude fiber 3.10 3.96 3.86 4.81 4.61
Crude fat 8.65 9.91 9.69 11.18 10.73
Ash 5.53 5.51 5.60 5.49 5.67
Calcium 0.90 0.90 0.90 0.90 0.90
Available phosphorus 0.45 0.45 0.45 0.45 0.45
Available lysine 1.03 1.03 1.03 1.03 1.03
Available methionine 0.43 0.43 0.43 0.43 0.43

RH = rice hulls; SH = soybean hulls.
aPremix included the following (per kg of diet): retinol, 8,250 IU; cholecalciferol, 2,750
IU; tocopherol, 17.9 IU; menadione, 1.1 mg; thiamine, 1.4 mg; riboflavin, 5.5 mg;
pyridoxine, 1.1 mg; cyanocobalamin, 12 pg; niacin, 41.3 mg; pantothenic acid, 11 mg;
biotin, 41 pg; folic acid, 1.4 mg; manganese, 125 mg; iron, 282 mg; copper, 27.5 mg;
zinc, 275 mg; iodine, 844 pg; selenium, 250 pg.
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417  Table 3. The effects of different sources and levels of fiber on growth performance
418  (mean = SE; n =7) and fecal ammonia nitrogen (mean = SE; n = 4) in broiler chickens

419  from 22 to 42 days of age.

oNOYTULT D WN =

Item Level  Feedintake  Body weight Feed conversion  Fecal ammonia
10 of fiber () gain (g) ratio nitrogen (mg/g)
12 (%)

1 Control 0 3134.71 1405.04 2.23 0.06
15 RH 2.5 3159.85 1469.27 2.14 0.10
17 5.0 3283.00 1494.20 2.20 0.10
19 SH 2.5 3311.83 1414.64 2.34 0.08
5.0 3175.71 1401.77 2.26 0.09
. SEM 47.87 14.99 0.03 0.007

26 p-value 0.732 0.167 0.503 0.354

29 420  RH =rice hulls; SH = soybean hulls.
31 421  There are no significant differences between each groups (p > .05).
33 422

34 423

36 424

38 425

426

41 427

43 428

45 429

430

48 431

50 432

55 433

>3 434

55 435

57 436
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Table 4. The effects of different sources and levels of fiber on carcass and visceral
organs weight (g/100 g BW) in 42 days old broiler chickens (mean + SE; n = 7).
Item Level Carcass  Thigh+ Wings Abdom Liver Proven- Gizzar
of fiber drumstick inal fat triculus d
(%)
Control 0 87.01 23.05 8.312 1.56  2.13 0.44 1.22
RH 2.5 86.25 22.89 8.092b .52 2.09 0.44 1.29
5.0 84.35 22.81 7.84ab 145 213 0.42 1.37
SH 2.5 84.59 22.14 7.26° 1.53 238 0.43 1.30
5.0 82.91 21.62 7.952b 149 236 0.44 1.38
SEM 0.62 0.25 0.11 0.10  0.06 0.01 0.03
p-value 0.248 0.344 0.026 0.997 0.352 0.982  0.558

RH =rice hulls; SH = soybean hulls.

abValues with different superscripts in the same column are significantly different (p <

05).
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Table 5. The effects of different sources and levels of fiber on intestinal weight (g/100
g BW) and length (cm/100 g BW) in 42 days old broiler chickens (mean + SE; n = 7).

Item Level of _Intestinal weight (g/100 g BW) Intestinal length (cm/100 g BW)
fiber (%) Duodenum jejunum Ileum Duodenum  jejunum Ileum
Control 0 0.63 1.14 0.90 1.24 3.04b 2.96¢
RH 2.5 0.65 1.11 0.84 1.26 3.06P 3.03b°
5.0 0.60 1.10 0.88 1.32 3.55ub 3.62:b
SH 2.5 0.66 1.11 0.89 1.35 3.14b 3.18b¢
5.0 0.67 1.16 0.96 1.42 3.722 3.90°
SEM 0.01 0.02 0.02 0.02 0.07 0.08
p-value 0.636 0963  0.584 0.103 0.002 <0.001

RH = rice hulls; SH = soybean hulls.

abcValues with different superscripts in the same column are significantly different (p <

05).
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SE; n=135).
Item Level of  Villus height (mm) Villus area (mm?) Crypt depth (mm)
fiber (%) Duodenum jejunum Ileum Duodenum  jejunum  Ileum Duodenum  jejunum  Ileum
Control 0 1.04° 1.04 0.61 0.15 0.14 0.07 0.27 0.25 0.17
RH 2.5 1.382 0.87 0.71 0.19 0.11 0.08 0.26 0.20 0.15
5.0 1.142 0.95 0.68 0.16 0.10 0.07 0.26 0.20 0.16
SH 2.5 1.352 0.86 0.74 0.21 0.10 0.09 0.31 0.26 0.21
5.0 1.342b 0.91 0.67 0.21 0.12 0.07 0.32 0.23 0.16
SEM 0.043 0.039  0.033 0.010 0.007 0.005 0.009 0.011 0.010
p-value 0.020 0.673  0.842 0.338 0.401 0.719 0.163 0.393 0.444

RH = rice hulls; SH = soybean hulls.

abValues with different superscripts in the same column are significantly different (p < .05).
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