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Abstract: This study aimed to evaluate the effects of dietary levels of soluble and insoluble fibre on the perfor-
mance and digestive development of slow-growing broilers during the starter period. A total of 400 one-day-old
Isa Label™ male chicks were used that were distributed in a completely randomized factorial design 2 x 2 + 1
(inclusion of 2% or 4% of corncobs as a source of insoluble fibre IF and citrus pulp as a source of soluble fibre (SF);
and a control treatment) with eight replicates of 10 birds each. The addition of IF to diets improved the weight
gain and feed conversion of broilers at 7 and 21 days of age. Both fibre sources added to diets resulted in higher
relative weights of proventriculus + gizzard, liver, small and large intestine. The diets containing an SF source pre-
sented positive effects on the duodenal mucosa. In addition, positive effects on the caecal villus to crypt ratio were
observed in broilers fed diets containing different types of fibre. It is concluded that dietary inclusion of IF up to 4%
maintains the performance, nutrient metabolism and improves the development of the proventriculus + gizzard
in slow-growing broilers. However, for improving the morphological and histomorphological parameters of slow-
growing broilers in the starter phase the addition of SF sources is recommended.

Keywords: backyard poultry; citrus pulp; corncobs; growth performance; gut morphology; intestinal histomor-
phometry

Organic and free-range chicken production for
eggs and meat stands out among alternative poul-
try production systems. The use of slow-growing
strains, popularly known as improved backyard
poultry, is strongly recommended due to the in-
trinsic demands of these systems. Slow-growing
strains have delayed growth (Santos et al. 2005) and
lower nutritional requirements compared to con-
ventional strains.

Previous studies have shown that slow-growing
chickens also have distinct gastrointestinal charac-
teristics and nutrient utilization compared to tra-
ditional broiler chickens (Santos et al. 2014, 2015).
Therefore, slow-growing strains require an ade-
quate nutritional management plan to meet their
requirements.

Little is known about the effects of dietary fibre
sources on slow-growing broilers. Experiments car-
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ried out with conventional broilers have shown that
fibre acts as a diluent in diets and can reduce broiler
performance (Hetland et al. 2004). However, recent
studies have demonstrated the beneficial effects
of fibre on animal metabolism and behaviour and
its potential to improve nutrient digestibility, de-
pending on the physicochemical properties of the
fibrous fractions, inclusion level, fibre source
and broiler’s age (Gonzalez-Alvarado et al. 2010;
Mateos et al. 2012; Jimenez-Moreno et al. 2016;
Jimenez-Moreno et al. 2019; Tejeda and Kim 2021).

Sources of soluble fibre, such as pectin from cit-
rus pulp, may increase the viscosity of the digesta
in the gastrointestinal tract and inhibit the absorp-
tion of nutrients. On the other hand, Sadeghi et al.
(2015) reported that broilers fed diets containing
high levels of soluble fibre (30 g/kg) showed intesti-
nal hypertrophy and improved humoral immunity.
Likewise, the dietary inclusion of sources of insol-
uble fibre, such as corncobs, can have a positive
effect on the development and activity of the giz-
zard by increasing maceration and food retention
in the organ (Hetland et al. 2003). As a result, it in-
creases the contact surface area between nutrients
and gastric secretions, which extends the action
of digestive enzymes and improves the digestibility
and absorption of nutrients (Mateos et al. 2012).

The fibre can affect the metabolism of birds
in different ways depending on the type and con-
tent of fibre (soluble and insoluble), age of the birds
and nutritional quality of the non-starch polysac-
charides (NSPs). They also affect the development
and morphological integrity of the intestinal mu-
cosa (Tejeda and Kim 2021). Slow-growing broilers
reared under backyard poultry production systems
must have access to a grazing area, i.e., they should
have access to high-fibre feeds from 28 days on-
wards (ABNT 2015).

Given the beneficial effects that moderate levels
of fibre can have on the development of the diges-
tive system and, consequently, the performance
of conventional chickens, it is likely that feeding
different sources of fibre (soluble or insoluble) dur-
ing the starter period makes young animals more
physiologically prepared for consumption of fi-
brous foods. Moreover, it would also contribute
to reductions in production costs and improve-
ments in the welfare of slow-growing birds.

This study aimed to evaluate the effects of dif-
ferent dietary levels of soluble and insoluble fibre
on performance, carcass and cut yields, digestive
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organ development, nutrient utilization and intes-
tinal histomorphometry of slow-growing broilers
during the starter period.

MATERIAL AND METHODS
Animals and housing

The experiment was carried out at the Federal
Institute of Education, Science and Technology
of Goias - Campus Rio Verde, Goids, using 400 one-
day-old Isa Label male chicks with an initial weight
of 41 + 0.68 g. The experiment was approved
by the Ethics Committee on Animal Use (CEUA/
IFGoiano) under Protocol No. 8966250118/2018.

The experiment lasted for 35 days. The animals
were allotted to a completely randomized 2 x 2 + 1
factorial design (soluble and insoluble fibre; dietary
inclusion of 2% and 4% of fibre and a control treat-
ment), with eight replicates of 10 birds per plot.
Corncobs were used as a source of insoluble fi-
bre (IF) and citrus pulp as a source of soluble fibre
(SF). The control (low-fibre) diet was formulated
based on corn and soybean meal and the medium-
and high-fibre diets were added 2% and 4% of the
test fibre sources, respectively.

The chicks were kept in a battery-cage system
composed of eight galvanized wire cages with di-
mensions of 0.90 m x 0.60 m x 0.40 m, equipped
with trough-type feeders and drinkers, 70 W halo-
gen lamps for heating and metal trays for excreta
collection. Each cage was considered as a plot. The
chicks remained under constant lighting (natural
and artificial), and the ambient temperature dur-
ing the experimental period averaged 26 °C + 3.06.

Water and feed were provided ad libitum through-
out the experimental period. The mortality rates
were 1.25% in animals fed the control diet and diets
containing 2% IF, 2% SF, whereas they reached 2.5%
in birds fed diets containing 4% citrus pulp.

Experimental diets

The diets were formulated on an isoenergetic and
iso-nutrient basis (Table 1) to meet the nutritional
requirements of medium-growth broilers according
to Rostagno et al. (2011).

The nutritional composition of the experimental
diets (Table 1) and of the citrus pulp and corncobs
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Table 1. Ingredients and composition of experimental diets from 1 to 35 days of age

Soluble Insoluble

Ingredient (g/kg) Control fibre fibre

2% 4% 2% 4%
Corn grain (7.86%) 655 620 584 616 582
Soybean meal (45%) 254 257 260 260 260
Gluten (60%) 45.0 45.0 45.0 45.0 45.0
Citrus pulp 0 20.0 40.0 0 0
Corncob 0 0 0 20.0 40.0
Dicalcium phosphate 15.6 15.7 15.8 15.6 15.8
Limestone 9.91 9.61 9.60 9.52 9.41
Mineral/vitamin suplement! 7.50 7.50 7.50 7.50 7.50
Salt 4.66 4.67 4.67 4.66 4.66
L-Lysine HCL 4.27 4.28 4.26 4.16 4.23
DL-Methionine 2.46 2.53 2.61 2.50 2.60
L-Threonine 0.840 0.910 0.980 0.860 0.960
Soya oil 0 12.5 25.0 13.8 25.1
L-Tryptophan 0 0 0 0 1.81
Calculated nutritional levels (g/kg)
Metabolizable energy (M]/kg) 12.4 124 124 12.4 12.4
Crude protein 200 200 200 200 200
Digestible lysine 11.4 11.4 11.4 11.4 11.4
Digestible methionine + cystine 8.22 8.22 8.22 8.22 8.22
Digestible Threonine 7.42 7.42 7.42 7.42 7.42
Digestible Tryptophan 1.94 1.94 1.94 1.94 1.94
Calcium 8.60 8.60 8.60 8.60 8.60
Phosphorus available 3.84 3.84 3.84 3.84 3.84
Sodium 2.10 2.10 2.10 2.10 2.10
NDF 110.0 113.40 115.40 123.80 135.90
ADF 39.80 42.40 44.90 47.11 54.10
Determined nutritional levels (g/kg)
Dry matter 91.88 91.84 91.72 91.61 92.09
Crude protein 197.97 189.42 186.41 204.21 199.59
Ash 47.77 54.79 48.58 48.52 45.23
NDF 109.45 114.35 118.77 121.95 134.25
ADF 46.85 48.99 51.10 53.69 60.25
Cellusose? 18.79 21.24 23.69 24.35 29.70
Hemicellulose? 62.60 65.36 67.67 68.27 70.00
Lignin 28.07 27.55 27.41 29.34 30.57

Vitamin/mineral supplement (per kg of diet): manganese 93.3 mg; zinc 73.3 mg; copper 3.3 mg; iron 9.5 mg; iodine
160 mg; selenium 45 mg; retinol 1 000 000 IU; cholecalciferol 200 000 IU; tocopherol 2 000 IU; menadione 3.2 mg; thia-
mine 2.0 mg; riboflavin 6.4 mg; niacin 40 mg; pantothenic acid 20 mg; pyridoxine 3 mg; cyanocobalamin 24 mg; ascorbic
acid 10.6 mg; folic acid 1.00 mg; biotin 13.3 mg; choline 45.2 mg; methionine 295 mg; *Cellulose = ADF - lignin; *Hemi-
cellulose = NDF - ADF

ADF = acid detergent fibre; NDF = neutral detergent fibre
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in this study was analysed for moisture, ash, nitro-
gen (N), ether extract, neutral detergent fibre, acid
detergent fibre, and acid detergent lignin according
to standard procedures described by Detmann et al.
(2012). The analysed nutritional composition of the
citrus pulp and corncobs was as follows: dry matter
content 91.62% and 95.30%, crude protein 7.29%
and 2.59%, mineral matter 3.04% and 1.93%, ether
extract 2.12% and 0.46%, neutral detergent fibre
18.28% and 80.29%, acid detergent fibre 12.37% and
39.45%, and lignin 2.35% and 16.2%, respectively.

Broiler performance

The following performance [feed intake (FI), feed
conversion (FC), weight gain (WG@G)] parameters
were evaluated weekly until 35 days of age. The
feed conversion was adjusted based on the date
and number of deaths.

At 35 days of age, one bird per treatment and
replicate was slaughtered by cervical dislocation.
The carcass yield and cut yields (breast, thigh,
drumstick) and percentage of abdominal fat were
calculated.

Assessment of nutrient utilization

The coefficients of apparent metabolisability
of dry matter, crude protein and neutral detergent
fibre of the experimental diets were determined
by total excreta collection from 10 to 13 days and
32 to 35 days of chicken age. Feed intake and total
excreta output were measured.

The cages were equipped with aluminium trays
underneath, in which a plastic bag was placed
to collect the excreta at 8 a.m. and 3 p.m. every day.
Subsequently, the collected excreta were packed
in plastic bags, identified and frozen for further
analysis of the dry matter, crude protein and neu-
tral detergent fibre levels according to Silva and
Queiroz (2002).

Morphometry of the digestive tract
and intestinal histomorphometry

One bird per replicate with live weight close
to the treatment average was weekly slaughtered
by cervical dislocation and eviscerated to assess the
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morphometry of the digestive tract and intestinal
histomorphometry.

To assess the gastrointestinal morphometry, the
measurements were taken of total gastro-intestinal
length (cm and weights) and weights of proven-
triculus + gizzard, small intestine, large intestine,
liver and pancreas. The relative weights of diges-
tive organs were calculated by dividing the carcass
weight by the live weight of birds.

Duodenal and caecal fragments of approxi-
mately 4.0-cm length were carefully collected for
histomorphometric analysis. The segments were
washed under distilled water, identified, preserved
in a buffered formaldehyde solution for 24 h, and
then kept in 70% alcohol until slide preparation.

Histological images were captured at 4 x mag-
nification using an optical microscope and image
analysis software (Image-Pro Plus®). The studied
variables were villus height (VH), crypt depth (CD)
(30 readings per slide of each animal) and villus
to crypt ratio (V/C).

Data analysis

The normality of the data was tested using the
Shapiro-Wilk test. A boxplot was used to check for
outliers; then, the data were subjected to analysis
of variance.

Orthogonal contrasts were used to compare
the effects of different fibre sources and levels
by the F-test at a significance level of 5%. Data from
qualitative factors (fibre sources and levels) were
compared by Tukey’s test at a significance level
of 5%. The data were evaluated using the R-Project
free software.

RESULTS
Performance, carcass yield and cut yields

Overall, birds fed diets containing different fibre
sources and levels had similar performance to those
fed the control diet. However, feed intake at 7 days
of age and feed conversion at 21 days of age were
worse in birds fed diets containing different fibre
sources and levels (Table 2).

The addition of an IF source improved the aver-
age weight of broilers by 8.3% at 7 days of age and
feed conversion by 10.2% at 21 days of age.
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Table 3. Decomposing the interaction between weight gain (WG@G) and feed conversion (FC) at 7 days of age for slow-

growing broilers fed diets containing different levels of soluble (SF) and insoluble fibre (IF)

Weight gain (WG)

Feed conversion (FC)

Level of sources of fibre 7 days 7 days

soluble insoluble soluble insoluble
2% 0.0794 0.0814 1.354P 1.35%
4% 0.072% 0.0844 1.445 1314

ABabMeans followed by uppercase letters in the row and lowercase letters in the column differ by Tukey’s test at 5%

probability

Table 4. Carcass yield and cut yields of slow-growing broilers fed diets containing different levels of soluble (SF) and

insoluble fibre (IF) sources at 1 to 35 days of age

Yield (%) Carcass Brisket Thigh Drumstick Abdominal fat
Control vs fibre sources and levels

Control 69.5 18.8 11.4 10.9 1.62
Soluble 2% 70.2 19.1 11.4 10.4 1.47
Soluble 4% 70.1 19.4 11.4 10.4 1.24
Insoluble 2% 69.7 18.4 11.1 10.1 1.19
Insoluble 4% 71.0 18.8 11.3 11.1 0.960
SEM 0.672 0.354 0.202 0.291 0.154
Fibre sources

Soluble 70.2 19.3 114 10.4 1.36
Insoluble 70.4 18.6 11.2 10.6 1.07
Fibre levels

2% 70.0 18.7 11.3 10.3 1.33
4% 70.6 19.1 11.3 10.8 1.10
P-value

CxF 0.3141 0.7432 0.8292 0.2548 0.0229
SF 0.7566 0.0594 0.2809 0.4932 0.0745
LF 0.3831 0.3240 0.7531 0.0711 0.1457
SxL 0.2788 0.9289 0.5597 0.0976 0.9637

C x F = contrast between control treatment and addition of fibre sources and levels; LF = fibre levels; SEM = standard

deviation of mean; SF = fibre sources; S x L = fibre sources x fibre levels

There was no significant interaction (P > 0.05)
between fibre sources and levels having effect
on any performance parameter, except for weight
gain and feed conversion at 7 days of age. The de-
composed interaction between fibre sources and
levels (Table 3) showed that the addition of 4% SF
reduced the WG of broilers by 14.3% and worsened
the FC by 9.9% compared to the inclusion of IF.

The carcass yield and cut yields from birds fed
different fibre sources and levels were similar
to those of animals fed the control diet. However,
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the dietary inclusion of fibre reduced abdominal
fat by 25.2% (Table 4).

Apparent metabolisability of nutrients

The coefficients of apparent metabolisability
(CAM) of nutrients in birds fed different fibre
sources and levels were similar to those of animals
fed the control diet, except for the CAM of DM,
which was reduced by 2.62% with the dietary inclu-
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Table 5. Coefficients of apparent metabolisability (%) of dry matter (CAMDM), crude protein (CAMCP) and neutral
detergent fibre (CAMNDEF) of diets containing different levels of soluble (SF) and insoluble fibre (IF) sources in slow-

growing broilers at 1 to 35 days of age

Coeficients of apparent metabolisability

Control vs fibre (CAM, %)

sources and levels DM* CP NDF DM CP NDF
10 to 13 days 32 to 35 days

Control 74.0 54.2 82.3 84.7 74.7 359

SF 2% 72.7 45.5 83.3 85.4 72.9 40.5

SF 4% 71.1 50.0 80.5 84.4 70.6 37.1

IF 2% 73.0 58.8 82.1 84.5 78.9 34.1

IF 4% 71.6 56.6 84.3 84.0 73.0 349

SEM 0.520 2.80 0.956 0.601 2.35 2.75

Sources

SF 719 47.8° 81.9 84.9 71.7 39.8%

IF 72.3 57.7% 83.2 84.3 75.7 34.0°

Fibre levels

2% 72.9% 52.1 82.7 85.0 75.9 37.3

4% 71.4> 53.3 82.4 84.2 71.8 36.0

P-value

CxF 0.0027 0.6355 0.8143 0.6987 0.8040 1.0000

SF 0.5110 0.0013 0.1793 0.2829 0.1017 0.0435

LF 0.0082 0.6857 0.7807 0.2427 0.0709 0.7411

SxL 0.8231 0.2440 0.0134 0.6969 0.4758 0.8111

*Significant contrast at 5% probability between control treatment and addition of fibre sources and levels; **Means fol-

lowed by different letters on the same line differ by the Tukey test with a 5% probability

C x F = contrast between control treatment and addition of fibre sources and levels; LF = fibre levels; SEM = standard

deviation of mean; SF = fibre sources; S x L = fibre sources vs fibre levels

Table 6. Decomposing the interaction between neutral
detergent fibre (NDF) for slow-growing broilers fed diets
containing different levels of soluble (SF) and insoluble
fibre (IF) sources at 10 to 13 days of age

CAMNDF (%)

Level of sources of fibre soluble insoluble
2% 83.342 82.142
4% 80.58 84.31

ABabheans followed by different letters on the same line
differ by Tukey’s test at 5% probability
CAMNDF = coefficients of apparent metabolisability

of neutral detergente fibre

sion of fibre (Table 5). Birds fed diets containing IF
had higher CAM of CP from 10 to 13 days of age and
lower CAM of NDF from 32 to 35 days of age. The
highest CAM of DM was observed in chicks fed

diets containing 2% of additional fibre, regardless
of the source (Table 5).

The decomposed interaction between fibre
sources and levels showed that the CAM of NDF
was similar among birds fed diets containing 2% IF
and SF. However, the addition of 4% of IF increased
the CAM of NDF by 4.75% in comparison with diets
containing SF (Table 6).

Morphometry of digestive tract

The dietary inclusion of fibre sources and lev-
els increased the relative weights of the stomach
(proventriculus + gizzard - P + G) in all evaluated
weeks, and relative weights of the small intestine
(14, 21 and 28 days of age), large intestine (14 days)
and liver (28 days). On the other hand, animals fed
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Table 11. Decomposing the interaction between caecal villi at 21 days and 28 days of age in slow-growing broilers fed

diets containing different levels of soluble (SF) and insoluble fibre (IF) sources

Level Villus 21 days Crypt 21 days Villus 28 days
soluble insoluble soluble insoluble soluble insoluble

2% 2387 24342 71.94 64.14 2401 19380

4% 21252 2601 66.214 73.342 22182 25744

ABabMeans followed by uppercase letters in the row and lowercase letters in the column differ by Tukey’s test at 5%

probability

the control diet had a longer gastrointestinal tract
(7 days of age) and higher liver weight (14 days
of age) (Table 7).

The use of IF as a source resulted in a higher %
of P + G at any age, however it decreased the liver
(14 days old chickens), small intestine (21, 28 and
35 days of age) and large intestine (28 and 35 days
of age). The dietary inclusion of 4% additional fibre
resulted in higher P + G at 7 days of age and small
intestine at 28 days.

There was a significant interaction (P < 0.05)
between fibre sources and levels for the relative
weights of proventriculus + gizzard and pancreas
(7 days), small intestine and liver (14 days), small
intestine (21 days) and small intestine, large intes-
tine and pancreas (28 days) (Table 7). The decom-
posed interaction between fibre sources and levels
showed no difference in the development of the
digestive organs among birds fed diets contain-
ing 2% additional fibre, regardless of the source.
However, the inclusion of 4% SF resulted in higher
% of small intestine at 14, 21 and 28 days of age and
liver (28 days), whereas higher values of IF in diets
resulted in higher % of P + G (7 days) and lower %
of the pancreas (7 and 28 days), small intestine and
liver (14 days) (Table 8).

Intestinal histomorphometry

The histomorphometry of the duodenum of birds
fed different treatments was similar to that of chick-
ens fed the control diet. Birds fed diets containing
SF had a higher villus height at 35 days of age. Even,
diets with SF increased the villus to crypt ratio
at 7 and 35 days of age. However, there was a reduc-
tion in the villus to crypt ratio at 7 days of age and
an increase of 15.54% in the crypt depth at 14 days
with the fibre inclusion in the diet. The dietary
inclusion of 4% additional fibre increased the villus
height at 28 days, regardless of the source (Table 9).

150

The histomorphometry of the caecum of birds
fed different fibre sources and levels was similar
to that of chickens fed the control diet (Table 10).
Higher crypt depth and lower villus height were
observed for birds fed the diet with SF at 7 and
14 days of age, respectively.

There was a significant interaction (P < 0.05)
between fibre sources and levels for villus height
at 21 and 28 days of age and crypt depth at 21 days
(Table 11). The addition of 4% SF decreased the
villus height by 10.9% and 7.9 % at 21 and 28 days
of age, respectively, in comparison with birds fed
diets containing IF (Table 11). However, at 28 days
of age the inclusion of 2% IF in the diet increased
the villus height of the caecum by 24.9% in com-
parison with birds fed diets containing SF.

DISCUSSION

The dietary inclusion of fibre little affected the
performance of slow-growing broilers, and the ef-
fects varied with fibre source, fibre level and phase
of production.

This is by other researchers who have reported
that small additions of dietary fibre do not affect
negatively the growth performance of broilers
(Tejeda and Kim 2021).

Dietary fibre has been considered as a diluent
of the diet and an anti-nutritional factor in poul-
try diets (Gonzalez-Alvarado et al. 2010), although
the inclusion of moderate levels of fibre can have
a positive effect on weight gain, digesta viscosity,
starch digestibility and feed conversion in poultry
(Hetland et al. 2003; Shakouri et al. 2006; Mateos
et al. 2012; Kheravii et al. 2017).

The dietary inclusion of 4% of SF worsened the
WG and FC of birds at 7 days of age, while wors-
ening in AC in relation to the control diet was ob-
served only at 21 days of age. This can be attributed
to the differences in fibre sources. The viscous sol-
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uble fibre is associated with growth performance
impairment due to the disruption of normal enzy-
matic activity and nutrient digestibility (Hetland
et al. 2004; Saki et al. 2011).

It is emphasized that the dietary inclusion of 2%
of SB sources and up to 4% of IF did not affect the
chick performance. Dietary sources of insoluble fi-
bre increase the WG and FC of broilers during the
starter period because the dilution effect of fibre
tends to increase the feed intake and, consequent-
ly, the live weight of animals (Guzman et al. 2013;
Jimenez-Moreno et al. 2013). Another hypothesis
suggests that birds can maintain their normal weight
gain when fed diets diluted with insoluble fibre due
to increased digestion capacity and/or gastrointesti-
nal transit time (Hetland et al. 2003). Consequently,
increased feed intake may be associated with rapid
gastric emptying (Shakouri et al. 2006). However,
our data showed that the inclusion of IF did not
affect feed intake in any of the evaluated periods.
Thus, the higher feed conversion of broilers fed
diets containing this fibre source may have been
caused by an improvement in nutrient utilization,
as observed for the CAM of CP and NDF.

The effects of dietary fibre on the utilization
of nutrients by poultry are still a controversial
topic. Tejeda and Kim (2021) stated that the dietary
inclusion of soluble and insoluble fibre makes di-
gestion challenging for birds that will then consume
more feed but with reduced nutrient utilization.
This occurs due to the hydration of non-starch
polysaccharides, which increases digesta viscosity
and inhibits nutrient digestion by enzymes. As a re-
sult, the absorption of nutrients throughout the
digestive tract is reduced.

However, broiler chicks fed diets containing in-
soluble fibre (oat hulls) at 25 g/kg also had higher
crude protein digestibility (Jimenez-Moreno et al.
2013). According to Jimenez-Moreno et al. (2011),
the increase in the CAM of nutrients with the inclu-
sion of moderate levels of insoluble fibre is associ-
ated with improvements in the gizzard function and
mucosal structure of the small intestine.

Our results reinforce the hypothesis that insoluble
fibre (IF) contributes to nutrient digestibility more
positively than soluble fibre (SF) sources in slow-
growing chicks. Jimenez-Moreno et al. (2013) dem-
onstrated that the dietary inclusion of soluble fibre
from beet pulp reduced the CAM of DM in com-
parison with the control diet, thus corroborating
the results observed in this study.

Although the fibre levels and sources affected the
relative weight of digestive organs, only the levels
of abdominal fat were positively affected by fibre
inclusion amongst the evaluated carcass char-
acteristics. According to Freitas et al. (2014), fat
deposition is directly proportional to the amount
of energy for fat synthesis. Therefore, excessive
energy intake must be avoided to maximize daily
protein deposition and minimize fat deposition.

On the other hand, higher levels of dietary fi-
bre can reduce nutrient utilization and, conse-
quently, metabolizable energy of the feed, which
decreases the growth rate of birds (Bedfor 1995).
There was no reduction in body weight at 35 days
of age that could explain the lower deposition of ab-
dominal fat in broilers fed diets with different
fibre sources and levels. However, it is essential
to highlight that slow-growing broilers have lower
energy requirements than conventional broilers
(Mendonca et al. 2008). Although diets containing
additional fibre may have reduced levels of avail-
able energy, the amount of supplied energy was
sufficient to maintain the animal performance
without demanding energy from abdominal fat.
It is worth mentioning that the consumer market
aimed at slow-growing poultry demands carcasses
with reduced fat content. Therefore, the inclusion
of fibre in the feed can be a nutritional alternative
to decrease the fat content in the carcass without
affecting the broiler performance.

The effects of fibre on the development of the
gastrointestinal tract varied with the type and
amount of fibre. Although the inclusion of fibre
reduced the total length of the GIT in compari-
son with animals fed the control diet, the dietary
inclusion of fibre resulted in greater relative
weights of P + G, SI, LI and liver, regardless of the
source. Gonzales-Alvarado et al. (2007) reported
the increased intestinal size in broilers fed diets
containing additional fibre from sunflower hulls.
According to the authors, the presence of fibre in-
duces the increased intestinal activity in an attempt
to improve the digestion and absorption of the diet
with high viscosity. Consequently, it also contrib-
utes to the development of the GIT.

Freitas et al. (2014) also studied variations in the
size of the GIT and liver in broilers fed diets con-
taining increasing levels of NDF. The weights of the
liver and intestines were higher in animals fed diets
containing 18.5% NDF than in those receiving di-
ets with 14.5% NDF. The liver is the main metabolic
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organ in the body, therefore nutritional factors can
interfere with its function. Moreover, the modula-
tion of metabolic activity can also cause changes
in the liver size.

However, the positive effects of additional fi-
bre on intestinal development were more notice-
able in broilers fed diets containing a source of soluble
fibre (SF). According to Gonzalez-Alvarado et al.
(2007), feeding insoluble fibre sources results in the
shorter small intestine, and this effect can be ex-
plained by the lower density of nutrients, which re-
duces the surface area required for absorption.

The dietary inclusion of IF at 4% was more ef-
fective in increasing the weight of the proventricu-
lus + gizzard than in the development of the GIT
organs, such as SI and pancreas. Jimenez-Moreno
et al. (2010) demonstrated that broilers fed diets
containing 3% of microcrystalline cellulose, oat
hulls and beet pulp showed the improved gizzard
development from 1 to 21 days of age, especially
when oat hulls were used as a fibre source.

Gonzalez-Alvarado et al. (2010) and Jimenez-
Moreno et al. (2019) also reported that broilers
fed diets containing insoluble fibre (oat hulls and
wood shavings) had higher proventriculus and giz-
zard weights. Thicker particles tend to accumulate
and stay in the gizzard for more extended periods.
As aresult, these particles mechanically stimulate
the muscular development of the P + G (Mateos
et al. 2012).

According to Jimenez-Moreno et al. (2019),
a well-developed gizzard is associated with strong
contractions of the muscular layers, which ensures
the complete grinding of the feed and helps to regu-
late the flow of the digesta to the small intestine,
facilitating the mixing of the chyme and the gastric
juices. Coarse particles are retained until they reach
the ideal size (Hetland et al. 2005), while liquids and
soluble material pass directly to the duodenum. The
accumulation of insoluble fibre in the gizzard slows
the passage rate of the fibre fraction. However, this
phenomenon will only occur for the coarser and
insoluble fibre fraction (Hetland et al. 2004).

A well-developed gizzard is a desirable morpho-
logical characteristic in slow-growing broilers.
This category is recommended for the alternative
poultry market since broilers are raised in semi-
intensive systems after the starter period. Thus,
nutritional strategies that maximize the develop-
ment of the digestive system of these animals are
essential to adapt them to the consumption of fi-
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brous foods, such as forage available in the grazing
area. Forage intake plays a crucial role in product
differentiation, especially affecting meat colour
and tenderness, which, among other factors, are
stimulated by grazing activity.

The development of the duodenal mucosa was
greater in broilers fed diets containing SF than
in those receiving IF. In contrast, Jimenez-Moreno
et al. (2013) reported that the dietary inclusion
of insoluble fibre resulted in longer villi and a high-
er villus-to-crypt ratio in the duodenum of broil-
ers. The authors also reported a reduction in villus
height and villus-to-crypt ratio in broilers fed sol-
uble fibre sources (beet pulp, citrus pectin, and
xanthan gum) due to reduced nutrient utilization.

On the other hand, Nabuus (1995) stated that the
increase in villus height and villus-to-crypt ratio
in birds fed diets containing SF can be attributed
to better nutrient absorption and lower energy loss
with cell renewal. In our study, the dietary inclu-
sion of SF reduced the CAM of nutrients at all ages.
Therefore, the higher availability of nutrients from
this fibre type was not a trophic factor for the devel-
opment of the duodenal villi of slow-growing broil-
ers during the starter period. However, the dietary
inclusion of IF at 7 days of age led to the greater
crypt depth of the duodenum, which indicates
that this fibre source was responsible for a higher
rate of cell renewal and, consequently, less devel-
oped villi.

The dietary inclusion of 2% IF increased the vil-
lus height in the caecum of slow-growing broilers.
In addition, positive effects on the caecal villus
height were observed in broilers fed diets contain-
ing 4% IF.

SF positively influenced the development of the
intestinal mucosa because it is more readily fer-
mented by intestinal bacteria in the large intes-
tine. As a result, it contributes to the production
of short-chain fatty acids (SCFA), primarily acetate,
propionate and butyrate, in addition to H,O and
other gases such as carbon dioxide (CO,), hydrogen
(H,) and methane (CH,) (Montagne et al. 2003).
These SCFA act as an energy source for the intes-
tinal mucosa, in addition to protecting the body
against several pathogens, diarrhoea and intestinal
inflammation (Goulart et al. 2016; Qiu et al. 2022).

Moreover, fibre fermentation in the intestine im-
proves organ morphology by increasing the absorp-
tion area and renewing the epithelial cells, which
act as immunostimulants. Thus, the manipulation
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of diets aimed at providing balanced levels of di-
etary fibre can lead to such effects without the need
of additive supplementation (Goulart et al. 2016).

CONCLUSION

The dietary inclusion of IF at the level of 4%
maintains the performance, improves metabolism
of nutrients and development of the proventricu-
lus + gizzard of slow-growing broilers. In addition,
the dietary inclusion of SF improves morphological
and histomorphological parameters of young slow-
growing broilers.
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