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ABSTRACT
Background: Supplementing broiler diets with non-starch polysaccharide multi-enzymes (NMEs) has been shown to improve
nutrient utilization and performance. However, the interaction between dietary soybean oil levels and NME supplementation in
diets requires further exploration.
Objectives: The aim of the present studywas to evaluate the dietary soya bean oil level andNME supplementation in a low-energy
wheat-based diet’s effects on performance, bone mechanical properties and mineral contents, blood metabolites, small intestine
morphology and immunity criteria in the broiler chickens.
Methods: A total of 360 one-day-old mixed-sex Ross 308 broiler chicks were randomly assigned to 6 treatments, 5 repli-
cates/treatment and 12 (6 females and 6 males) birds/replicate. Experimental treatments were included in a factorial arrangement
of 0%, 6% and 12% levels of diet metabolizable energy supplied by soy oil (MESO) with/without NME supplementation. For starter
(1–10 days), grower (11–24 days) and finisher (25–38 days) rearing periods, six isocaloric and isonitrogenous experimental diets
were formulated and fed ad libitum.
Results: There was no significant difference in growth performance traits between birds fed diets with different levels of MESO
during the starter period. As well as increased dietary MESO levels, weight gain and feed conversion ratio during grower, finisher
and whole rearing periods linearly improved. Moreover, abdominal fat relative weight, breast meat cooking lost and jejunum
muscular thickness linearly increased, and liver relative weight and jejunum crypt depth linearly decreased. Dietary NME
supplementation led to improved production performance during the starter, grower and whole experimental periods; enhanced
tibia bone strength and abdominal fat; decreased gizzard and intestine relativeweight; and decreased jejunummuscular thickness.
Conclusions: It was concluded that dietary NME supplementation and supply of 12% of broiler chickens metabolizable energy
requirements through soy oil have a positive effect on the growth performance, bone strength, liver and small intestine health of
broiler chickens fed low-energy wheat-based diet.
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1 Introduction

Cereal’s grain provides edible starch, and a variety of them can
be utilized in poultry diets as an energy source. Corn contains
much energy, so it is regularly used in commercial poultry diets
(Ebrahimi et al. 2017). The future consequence of the rising
demand for corn would be a continuously rising price (Salari,
Golian, and Hassanabadi 2024). Additionally, due to limitations
in corn production in Iran, a substantial portionmust be imported
to meet the demand (Chizari and Hajiheidary 2010). Wheat
can be cultivated in most regions of the country, leading to
its common use in poultry feed (Hossaninejad, Zarghi, and
Golian 2021). Moreover, it is common to use wheat in many
countries (Australia and New Zealand) as the key energy source
in poultry diets (Zarghi et al. 2022). In the cell walls of wheat
and certain other cereals, such as rye, triticale and barley, there
are significant amounts of soluble non-starch polysaccharides
(NSP), particularly xylans and arabinoxylans. An increase in
digest viscosity, a reduction in the physical mixing of intestinal
contents and diminished nutrient bioavailability due to decreased
movement of components in the gastrointestinal tract (GIT) are
actually the results of high levels of those compounds in poultry
diets (Attia et al. 2019). A significant improvement in weight gain
(WG) and feed efficiency was reported for broilers (Teymouri,
Zarghi, and Golian 2018), turkeys (Zarghi, Golian, Aghel et al.
2010) and quails (Ebrahimi et al. 2017) when viscose cereal–based
diets were supplemented with exogenous enzyme compounds
that break down plant cell walls.

Vegetable oils (VOs) are energy-dense ingredients for poultry, and
these oils are typically used to create high-energy diets (Salari,
Golian, and Hassanabadi 2024) because their energy content is
mostly thrice as high as that of other feedstuffs (NRC 1994).
Improved feed texture, enhanced palatability and decreased
dustiness are further benefits of the added VO in the poultry
diet (Tancharoenrat et al. 2014). If the price is reasonable against
the cereal grains, adding 20–50 g/kg of VO to poultry diets is
recommended (Richard et al. 2010). Digestion and absorption of
lipids depend on various factors, such as fat type, diet composition
and age of the bird (Tancharoenrat et al. 2013). Consequently,
feed additives that improve the digestion and absorption of lipids
could beused in diets to offermore energy per unit of feed volume,
and also enzyme supplementation is of this type, especially in
feeding viscose cereal–based diets situation.

By adding VO, we can achieve both supplementation of calories
and improvement of carcass characteristics (Azman et al. 2004;
Fébel et al. 2008). Notably, the level at which we supply the
VO in diets influences the composition of the fatty acid of the
broiler carcass. Adipose tissues incorporated directly by dietary
fatty acids are the reason for the detected changes of fatty acids
in broiler tissues. Fatty acids are also known as modulators of
immune responses (Fritsche, Cassity, and Huang 1991; Nayeb-
por, Hashemi, and Farhomand 2007). Nayebpor, Hashemi, and
Farhomand (2007) reported that increasing the dietary levels of
soybean oil could result in improvement of antibody titres against
infectious bursal disease virus. The current experiment has been
conducted to study the growth performance, visceral organ char-
acteristics, blood metabolites, bone quality, intestine morphology
and immunity of broiler chickens fed a low-energy wheat-based
diet, which contains different levels of dietary metabolizable

energy supplied by soy oil (MESO) supplemented with and
without non-starch polysaccharide multi-enzyme (NME).

2 Materials andMethods

2.1 Birds, Housing and Care

A total of 360 one-day-old mixed-sex Ross 308 broiler chicks
were supplied from a local commercial hatchery. Chicks were
randomly assigned to 30 pens, 6 dietary treatments with 5
replicates and 12 (6 females and 6 males) birds each. Each pen
was 1 m2 (100 × 100 × 70 cm3 in size; L × W × H), covered
with wood shavings, and equipped with a hanging pan feeder
(7 cm length/bird) placed in the middle section of each pen
and nipple drinkers (2 nipples/pen) at the front. The ambient
temperature was maintained at 32◦C ± 2◦C for 3 days and then
decreased by 0.5◦C per day to reach 20◦C–22◦C and after that was
kept constant. The relative humidity wasmaintained at 50%–60%.
Continuous lighting was provided for the first 3 days, followed by
an 18:6 h light:dark for the remainder of the experimental period.
Throughout the experiment, birds had unrestricted access to feed
and fresh water.

2.2 Experimental Design and Diets

The experiment was done in a completely randomized design
(CRD) with a factorial arrangement of three levels of soy oil
replaced for supplying 0%, 6% and 12% of diet metabolizable
energy (MESO) with/without NME supplementation in a low-
energy wheat-based diet. The dietary NME supplementation
levels were 0 and 200 mg/kg of diet of an enzyme cock-
tail (Endopower β, Union Center—Seoul—Korea, containing
α-galactosidase 35 U/g, galactomannanase 110 U/g, xylanase
1500 U/g and β-glucanase 1100 U/g). To formulate the experimen-
tal diets, the nutrient recommendations of Ross 308 manual for
broiler chickens were followed as a basis (Aviagen 2022). Three
basal diets were formulated for starter (1–10 days), grower (11–
24 days) and finisher (25–38 days) rearing periods (Table 1) in a
minimum cost equation by user-friendly feed formulation done
again software, University of Georgia, Athens, GA, USA (UFFDA
1992). Each of the diets was divided into two equal portions, and
the NME in replacement with corn starch (0 and 200 mg/kg)
was added to the top of each portion and mixed well to make six
experimental diets for each period of the experiment.

2.3 Data Collection and Sampling

2.3.1 Growth Performance

The birds of each experimental unit (pen) were weighed at 10, 24
and 38 days of age. In order to minimize error due to digestive
contents, the birds were starved for 4 h before weighing. The
feed intake (FI) of each experimental unit was determined by
subtracting the quantity of feed remaining at the end from the
sum total feed provided throughout each rearing period and data
adjusted for mortality. The growth performance traits include
average live body weight (LBW) at 10, 24 and 38 days of age, FI,
WG and feed conversion ratio (FCR) during the starter, grower,
finisher and whole rearing periods.
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TABLE 1 Ingredients and nutrients composition of the experimental diets.a

Levels of dietary metabolizable energy supply by soy oil (MESO), %

Starter (Days 1–10) Grower (Days 11–24) Finisher (Days 25–38)

Items 0 6 12 0 6 12 0 6 12

Ingredients, g/100 g as-fed basis
Wheat 64.57 57.54 50.52 71.16 63.95 56.75 78.77 71.44 64.11
Soy meal 30.30 32.56 34.81 24.16 26.47 28.79 16.88 19.28 21.64
Soy oil — 2.03 4.06 — 2.08 4.16 — 2.12 4.23
DCP 1.44 1.49 1.54 1.16 1.22 1.27 0.92 0.96 1.03
Limestone 1.32 1.32 1.25 1.26 1.23 1.20 1.20 1.16 1.13
Common salt 0.33 0.34 0.35 0.33 0.33 0.35 0.31 0.32 0.34
l-Lysine hydrochloride 0.35 0.33 0.30 0.32 0.29 0.26 0.34 0.29 0.26
dl-Met 0.38 0.37 0.37 0.33 0.33 0.33 0.31 0.31 0.31
l-Thr 0.19 0.19 0.18 0.16 0.15 0.14 0.15 0.14 0.14
Vitamin premixb 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Mineral premixc 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Corn starch 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
Sand 0.50 3.25 6.00 0.50 3.33 6.15 0.50 3.35 6.21
Determined nutrients compositiond, as-fed basis
ME, kcal/kg 2830 2830 2830 2890 2890 2890 2950 2950 2950
CP (%) 21.85 21.85 21.85 20.04 20.04 20.04 17.98 17.98 17.98
Calcium (%) 0.91 0.91 0.91 0.81 0.81 0.81 0.73 0.73 0.73
Available phosphorus (%) 0.46 0.46 0.46 0.41 0.41 0.41 0.36 0.36 0.36
Sodium (%) 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Digestible lysine (%) 1.22 1.22 1.22 1.08 1.08 1.08 0.95 0.95 0.95
Digestible threonine (%) 0.82 0.82 0.82 0.72 0.72 0.72 0.64 0.64 0.64
Digestible methionine (%) 0.63 0.63 0.63 0.44 0.44 0.44 0.51 0.51 0.51
Digestible SAA (%) 0.90 0.90 0.90 0.81 0.81 0.81 0.74 0.74 0.74

Abbreviations: CP, crude protein; ME, metabolizable energy; SAA, sulphur amino acids.
aEach of the above diets was divided into two equal portions, and the non-starch polysaccharide multi-enzyme (NME) (Endopower GNC Bioferm-Canada,
containing alpha-galactosidase 35, galactomannanase 110, xylanase 1500 and beta-glucanase 1100 U/g) in replacement with corn starch at the rate of 0 and
200 mg/kg of diet was added to the top of each portion and mixed well to make six experimental diets for each one of the age periods.
bVitamin premix supplied per kilogram diet: vitamin A (trans-retinyl acetate), 12,500 International units; vitamin D3 (cholecalciferol), 5000 International units;
vitaminE (tocopheryl acetate), 80mg; vitaminK3, 3.2mg; thiamine, 3.2mg; riboflavin, 8.6mg; panthothenic acid, 8.6mg; pyridoxine, 4.86mg; B12 cyanocobalamin,
0.02 mg; niacin, 62.51 mg; biotin, 0.25 mg; folic acid, 2.2 mg; antioxidant 2.5 mg.
cMineral premix supplied per kilogram diet: Fe, 20.23 mg; Mn, 120 mg; Zn, 110 mg; Cu, 16 mg; I, 1.252 mg; Se, 0.3 mg. Choline chloride, 300 mg.
dThe determined ingredient analysis data were used to calculate nutrient composition, crude protein, calcium and sodiummeasured by the AOAC (2002)methods;
metabolizable energy, digestible amino acids, and available phosphorus were measured by the NIR method.

2.3.2 Tibia Bone Mechanical Properties andMineral
Contents

At 28 days of age, one (5/treatment) male bird that was near
to the average pen male chicks’ weight was randomly selected,
weighted and euthanized by cervical dislocation. Immediately
after slaughter, every tibia bone was cut up, and any adher-
ing tissue was separated away from it, and it was inserted
in a sealed plastic bag and maintained at −20◦C for further
examination. In the following steps of analysis, the right tibia
bone was subjected to osteometric measurements and strength

tests, whereas the left tibia bone was used for mineral content
analysis.

2.3.2.1 Osteometric Measurements. After overnight
thawing, the right tibia bone length and width were determined
by digital calliper (0.05 mm, Model 1116-150, Insize Co. Ltd.,
Suzhou, China), and then it was weighed by a digital electronic
scale (0.001 g, Model GF 400, A&DWeighing Co. Ltd., CA, USA).
The weight of each bone was determined when immersed in
distilled water to calculate specific gravity (SG) by Archimedes
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method and by using the following formula (Hempe, Laukxen,
and Savage 1988):

Bone specif ic gravity, g∕cm3

=
Bone weight

(Bone wight − Bone weight immersed in water)

2.3.2.2 Mechanical Properties. Using the three-point
bending test method, the mechanical properties of bones were
determined, performed on an Instron Universal Testing Machine
(Model H5KS, Tinius Olsen Company). The support span was
40% of the bone length (Muszyński et al. 2018). The bone was
loaded in the anterior–posterior plane, and a perpendicular
load cell was used to apply loading to the midpoint with a
displacement rate of 5 mm/min until fracture (Cufadar, Olgun,
and Yildiz 2011). The results were recorded as the force (N)
required to reach the structural failure of the tibia, stiffness
(N/mm) and energy (J) between each bone.

2.3.2.3 Mineral Contents. The left tibia bones were taken
away from the freezer and located on a countertop for thawing.
Later, they were weighed and dried at 55◦C for 72 h in a forced-
ventilation oven. After that, the samples were taken out and
defatted in a Soxhlet extractor for 8 h; then they were put back
in the forced ventilation oven at 55◦C for 72 h and were weighed
again to determine the dry matter (Xavier et al. 2015). After
weighing, bones were ground to determine bone ash and mineral
contents, and then they were put in a muffle furnace at 600◦C for
16 h (Kolakshyapati et al. 2019). After the addition of weighted
bone ash (0.1 g) to concentrated (65%) nitric acid (5 mL), the
samples were predigested for a period of 100 min at 80◦C in a
bain-marie. After digestion, the digested solution was combined
with 20 mL of high-purity deionized water, and the solution
was quantitatively passed through filter paper, transferred to
a 50 mL container and adjusted for volume with high-purity
deionized water (Kolakshyapati et al. 2019). Analysis for Ca,
phosphorus, Mg, Mn and Zn was carried out using an inductively
coupled plasma optical emission spectrometer (ICP-OES; Agilent
Australia, Victoria, Australia).

2.3.3 Intestinal Morphology

At 28 days of age, one (5/treatment) male bird that was near
to the average pen male chicks’ weight was randomly selected,
weighted and euthanized by cervical dislocation. Immediately
after slaughter, a portion (0.5 cm in length) of the jejunum
segment midpoint was taken, flushed by 0.9% saline and fixed in
10% neutral buffered formalin solution until histological work. In
a histology lab, the tissue samples were dehydrated by ethanol,
cleared in xylene, infiltrated with paraffin and embedded in
wax blocks. The embedded tissue samples were sectioned (5 µm
thickness) and then stained with haematoxylin and eosin (H&E).

Morphological measurements of intestinal slides were performed
by using an Olympus Light Microscope (Model U-TV0.5 XC-
2, Olympus Corporation, BX41, Olympus, Tokyo, Japan) and
Image-Pro Plus V 4.5 software package on nine villi chosen from
each slide, and only vertically oriented villi were selected for
measuring (Zarghi et al. 2022). The morphological traits were

(1) villus height (distance from the tip of the villi to the crypt
junction), (2) villuswidth (average of villuswidth at one-third and
two-thirds of villus length), (3) crypt depth (CD) (distance from
the base of the villi to the submucosa) and (4)muscular thickness.
The villus surface area was calculated according to the following
formula (Ebrahimi et al. 2017):

V𝑆𝐴 𝜇m2 = 1

2
V𝑊 × V𝐻 × 2 × 𝜋

where VSA is the villus surface area; VW is the villus width; VH
is the villus height, and π = 3.14.

2.3.4 Carcass Characteristic

At 38 days of age, one (5/treatment) male bird that was near to the
average penmale chicks’ weight was randomly selected and, after
4 h of starvation, was weighed and slaughtered. Edible carcass
parts, abdominal fat pad (including fat surrounding gizzard,
bursa of Fabricius, cloaca and adjacent muscles), digestive tract
organs and visceral organs were dissected and weighed (0.001-g,
model GF 400; A&DWeighing, San Jose, CA, USA) individually.

2.3.4.1 Cooking Loss (CL). Femur and breast meat CL was
measured as proportionate weight loss of a meat sample after
cooking at 70◦C for 40 min (Nikbakhtzade, Zarghi, and Golian
2024).

2.3.5 Humoral Immune Response

To evaluate the humoral immune response of broiler chickens,
sheep red blood cells (SRBCs), as a non-pathogenic antigen, were
used. Two (10/treatment) male birds from each replicate were
injected with 0.5 mL of 5% SRBC suspension into the breast
muscle at 23 and 30 days of age, and blood samples were collected
7 days after the injection. Later, the microhaemagglutination
activity (HA) of serum was estimated, and the antibody concen-
tration (log2) was measured, following the standard procedure
(Allahdo et al. 2018).

2.3.6 Blood Metabolites

At 38 days old, one (5/treatment) male bird was randomly
selected, and the blood samples were gathered from the right-
wing vein into non-heparinized tubes. After allowing for the
completion of clotting, blood samples were centrifuged at 1900 g
for 10 min at 4◦C to extract serum. Subsequently, serum samples
were frozen at −20◦C for later analysis. Before testing, samples
were removed from the freezer, thawed and warmed to room
temperature (Zarghi et al. 2022). In the blood samples, the
calcium, phosphorus, triglyceride (TG), total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-C), total fat (TF), uric
acid (UA), creatinine, total protein (TP), albumin, alanine amino-
transferase (ALT), aspartate aminotransferase (AST) and alkaline
phosphatase (ALP) concentrations were measured with a multi-
test automated random-access system auto-analyser (Cobas Bio,
Roche, Basel, Switzerland) with kits from Pars Azmoon Com-
pany, Iran. The following formula was used for low-density
lipoprotein cholesterol (LDL)-C calculation (Amer et al. 2020):
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LDL − C = TC

1.19
+ TG

1.9
− HDL

1.1
− 38

where LDL-C is the low-density lipoprotein cholesterol; TC is
the total cholesterol; TG is the triglyceride; and HDL is the
high-density lipoprotein cholesterol.

2.4 Statistical Analysis

The results of the experiment were analysed in a CRD with the
factorial arrangement, using statistical software SAS 9.4 general
linearmodel (GLM) procedure (SAS 2014).Mean comparisonwas
done by Tukey’s test. The results were considered statistically
significant when p < 0.05. The linear and quadratic responses
to dietary MESO levels were calculated by using polynomial
orthogonal contrasts. Statistical plan model is shown in the
following formula:

𝑌𝑖𝑗 = 𝜇 + 𝛼𝑖 + 𝛽𝑗 + (𝛼𝛽)𝑖𝑗 + 𝜀𝑖𝑗

where Yij is the value that view, μ is the mean population, αi is
the effect of dietary MESO levels, βj is the effect of dietary NME
supplementation, (αβ)ij is the interaction effects and εijk is the
effect of experimental error.

3 Results and Discussion

3.1 Growth Performance

The average LBW of 1-day-old chicks was about 44 ± 2.07 g/b,
and chicks pen weights were similar before they were allocated
to the dietary treatments. The average LBW, WG, FI and FCR of
chicks fed diets with different levels of MESO and supplemented
with/without NME during starter (1–10 days), grower (11–24
days), finisher (25–38 days) and whole (1–38 days) experimental
periods are shown in Table 2. FI during any or the whole period
of the experiment, LBW at 10 days of age, WG during the
starter period and FCR during the starter and grower periods
were not influenced by MESO level. However, LBW at 24 and
38 days of age (p < 0.01), WG during the grower (p < 0.01),
finisher (p < 0.05) and whole (p < 0.01) experimental periods
and FCR during the finisher and whole (1–38 days) experimental
periods (p < 0.01) were significant and linearly improved by
increasing dietary MESO levels. The 24- and 38-day LBW, WG
during the grower, finisher and whole experimental periods in
the birds fed a diet with 12% MESO were 8.70%, 12.57%, 11.95%,
16.69% and 11.47% higher than those fed wheat-soy diet (0%
MESO), respectively. Similarly, during the above periods, FCR
was improved by 7.61%, 19.40% and 13.27% in the birds fed with
a diet with 12% MESO, as compared to those fed with wheat-soy
(0% MESO) diet. The NME addition significantly improved 10-,
24- and 38-day LBWs (p < 0.01), WG during the starter and whole
experimental periods (p < 0.01), and FCR during the grower and
whole experimental periods (p< 0.01). FI during any and/or all of
the experiment periods was not significantly influenced by NME
supplementation. The interaction between dietary MESO level
andNME supplementation on growth performance traits was not
significant.

The current study findings are agreed with by other researchers
who have mentioned that VO levels in the isocaloric and isoni-
trogenous diets did not affect the growth performance during
the starter period in the broilers (Wongsuthavas et al. 2007). In
the younger age, the capability for lipid digestion and absorption
is not fully developed. The bile secretion is considered the first
limiting factor, and after that, secretion of lipase, fatty acid
binding protein (FABP) synthesis or other physiological factors
could be the next limiting (Ravindran et al. 2016). It has also
been reported that the synthesis of FABP is not sufficient in
very young birds but is increased step by step until 4 weeks of
age (Katongole and March 1980). The activities of all pancreatic
enzymes (when they are expressed as units of activity per
kilogram of body weight) are increased with age, while reaching
a maximum on Day 8 for the lipase (Ravindran et al. 2016).
In agreement with the results obtained from the present study,
other researchers (Velasco et al. 2010; Nikbakhtzade, Zarghi, and
Golian 2024; Salari, Golian, and Hassanabadi 2024) reported that
increased fat levels in the grower and finisher diet improved
the growth performance of broilers. This is done by optimizing
the absorption of other nutrients in the diet, which means that
the birds can obtain more energy from the diet compared to
the calculated metabolizable energy. The synergistic effect of fats
with other nutrients in the diet has been proposed; a higher fat
content in the diet improves nutrient digestibility (Cho et al.
2008; Mirshekar et al. 2013) and leads to better performance.
Because the use of fat in the diet reduces the feed passage rate
through the digestive system and thus increases the digestibility
and absorption of nutrients (Nikbakhtzade, Zarghi, and Golian
2024). Moreover, the reduction of dust with higher levels of
fat in the diet may improve feed efficiency (Salari, Golian, and
Hassanabadi 2024). In the current study, NME supplementation
growth performance significantly improved. In agreement with
our findings, several studies reported that the addition of enzymes
significantly improved the performance of broiler chickens fed
viscose cereal–based diet (Józefiak et al. 2007; Zarghi, Golian,
Kermanshahi et al. 2010).

3.2 Carcass and Cut-Up Parts

The breast and thigh CL and relative weight as a percentage of
LBW of carcass and cut parts, GIT and visceral organs of broiler
chickens fed a wheat-based diet with different levels of MESO
and supplemented with/without NME slaughtered at 38 days of
age are shown in Table 3. There were not significant differences
in carcass yield and/or cut-up parts of birds fed diets with
different levels of MESO with/without NME supplementation
when slaughtered at 38 days of age. Abdominal fat percentage
weight and breast meat CL significantly and linearly increased,
and liver relative weight decreased (p < 0.05) by increasing
dietary MESO level. Enzyme cocktail supplementation led to a
significant (p < 0.05) increase in abdominal fat relative weight
and reduced empty small and large intestine and gizzard relative
weight. The interaction between dietary MESO level and NME
supplementation on carcass cut parts, GIT and visceral organs
relative weight was not significant.

In modern poultry industry bounds, excessive fat is a sig-
nificant problem (Zhou et al. 2006). To formulate diets that
promote reduction in body fat deposition, it is very important to
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understand the actual energy utilization efficiencies and energy
requirements for protein and fat deposition (Sakomura et al.
2005). In the current study, increased MESO content of the diets
produced carcasses with higher abdominal fat deposition. This
result confirms the effect observed by other researchers (Crespo
and Esteve-Garcia 2001; Vila and Esteve-Garcia 1996). Moreover,
a linear increase in the CL of breast meat by increasing dietary
MESO level can be related to the highermeat fat content. To judge
the total body fat content, we can utilize abdominal fat pad as
a trusted parameter because it is directly tied to total body fat
content in avian species (Crespo and Esteve-Garcia 2001; Fouad
and El-Senousey 2014). Howmuch fat accumulates in the body of
an avian relies on the available plasma lipid substrate, originating
from the diet or de novo lipogenesis in liver. In the current study,
liver relative weight is decreased by increasing dietary MESO
level. In agreement with our achievement, Sanz et al. (2000)
reported that the inclusion of MESO in the diet of broilers led to
an inhibition of the fatty acid synthase (FAS) in the liver. When
the low-energy diets are used for broilers, they contain only a
small percentage of fat, and the lipids present in the fowl are
derived mainly from carbohydrates. Consequently, the amount
of fat accumulated in the body depends to a large extent on the
activity of the glycolytic system and, in turn, on the carbohydrate
content of the diet (Wickramasuriya et al. 2022). Because fatty
acid synthesis is coupled to glycolysis, a high dietary intake of
carbohydrates may be expected to cause a marked increase in
the fat content of the liver. The rate of hepatic lipogenesis is
also influenced by the intake of fat but in the opposite direction,
there being a depression of fatty acid synthesis when fat is
added to the diet (Butler 1976). It is reported that the sources
and levels of lipids in poultry diets may affect their body fat
deposition (Fouad and El-Senousey 2014). In the current study,
by dietary enzyme supplementation, abdominal fat accumulation
increased. This may be due to the improvement of dietary energy
value (Zarghi, Golian, Kermanshahi et al. 2010). Considering the
body fat issue, the level of dietary energy is of importance to
modify its deposition. Additionally, it is accepted that inhibiting
the absorption of dietary fat, which is the consequence of feeding
diets with high NSP levels, may reduce abdominal fat deposition
by decreasing the size and/or number of abdominal adipose cells
(Fouad and El-Senousey 2014).

In the birds fed the NME-supplemented diet, the significant
decrease in the weight of empty gizzard and small and large
intestines is maybe due to the damping function of these parts
because of an increase in water-soluble NSP and a subsequent
increase in digesta viscosity. This implies a feedback mechanism
in gut motility and thus causes an increase in the size of this
organ. Thus, this may lead to an increase in the size of the
GIT organs. When the need for enzymes is rising, this increase
in the size of GIT organs happens, possibly as an adaptive
response (Brenes et al. 1993). To possibly help to reduce the size
of the organ, we could use a wheat-based diet, which supplies
exogenous enzymes, so that subsequently a greater proportion
of NSP may be hydrolyzed, and it might satisfy the secretory
function of the responding organ and the tract segments. The
viscosity of NSPs, which leads to a high water-holding capacity by
intestinal contents, is the main issue associated with increasing
NSP-containing ingredients in poultry diets (Józefiak et al. 2007).
The reduction of the intestinal chyme viscosity is suggested to

be one of the main functions of exogenous enzymes (Teymouri,
Zarghi, and Golian 2018).

3.3 Tibia Bone Mechanical Properties and
Mineral Contents

The main and interactive effects of dietary MESO levels and
NME supplementation on tibia bone characteristics, mineral
concentration and strength of birds, which were sampled on Day
28, are given in Table 4. The effects of dietary MESO level and
interactions of dietary MESO levels and NME supplementation
on tibia bone characteristics, mineral concentration and strength
were not significant. Enzyme cocktail supplementation led to a
significant (p < 0.05) increase in bone weight, SG and breaking
strength (p < 0.05). By supplementing the diet with 200 mg/kg
NME, the tibia bone weight, SG and N (force that is required to
reach the structural failure) are significantly enhanced.

Leg disorders in broiler chickens are paramount welfare and
economic issues of the poultry industry. Leg deformity in broilers
due to genetic, nutritional or growth factors can lead to a
decrease in feed consumption and body weight. Therefore, feed
optimization may be a strategy to reduce the severity of leg
lesions in broilers (Williams et al. 2000). In agreement with the
current study, it has been shown that bone quality parameters
were improved when enzymes were supplemented to nutrient-
diluted diets (Lalpanmawia et al. 2014; Leyva-Jimenez et al. 2019;
Walters et al. 2019). The possible reason for these effects with
the use of multi-enzyme supplement is that xylanase reduces
digestive viscosity and enables better absorption of nutrients, and
also helps to improve the breaking force of broilers’ bones and the
percentage of bone ash (Bauer 2023). Enzyme supplementation
can help release more nutrients from feed for better bone
growth and development in broilers (Abu-Tayyeb et al. 2019). In
agreement with the current study, the use of different sources
of oil in the broiler chicken’s diet did not have a significant
effect on bone quality traits, except for calcium and phosphorus
concentration (Abdulla et al. 2017). Similarly, other researchers’
(Lau et al. 2013; Lau et al. 2010; Watkins et al. 2000) observations
confirm consistent and reproducible beneficial effects of omega-3
fatty acids on bone metabolism and bone/joint diseases.

3.4 Intestinal Morphology

Themain and interactive effects of dietaryMESO levels andNME
supplementation on morphological measurements of broiler
chicken jejunum, which were sampled at 28 days of age, are given
in Table 4. The effect of NME addition to the diet on all of the
jejunal morphological measurements was not significant, except
for an effect on muscular thickness (p < 0.03). By increasing
NME in diet, the jejunalmuscular thickness significantly reduced
(p < 0.01). With increasing MESO levels in diet, the CD reduced
(p< 0.01), andmuscular thickness increased (p< 0.02). The effect
of interaction between dietary MESO level with NME supple-
mentation on all morphological traits was not significant. The
higher NSP in wheat can increase digesta viscosity and reduce
enzyme–nutrient binding and their subsequent substrates, which
can lead to significantmodifications of the structure and function
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TABLE 5 Effect of dietary non-starch polysaccharide multi-enzyme (NME) supplementation and levels of metabolizable energy supply by soy oil
(MESO) on antibody titres responses to sheep red blood cell (SRBC) inoculation at 24 and 31 days of age of broiler chickens fed wheat-based diet.1

NME,
mg/kg

MESO
level2, %

Seven days after the first injection Seven days after the second injection

IgT3 IgG3 IgM3 IgT3 IgG3 IgM3

0 0 3.00b 1.00 2.00b 4.25 1.25 3.00
6 4.74a 1.25 3.50a 3.50 1.50 2.00
12 4.00ab 1.00 3.00ab 4.25 2.25 2.00

200 0 3.25ab 1.00 2.50ab 5.00 2.00 3.00
6 4.25ab 1.00 3.25ab 5.50 3.25 2.25
12 4.25ab 1.00 3.25ab 4.50 2.00 2.50

SEM 0.59 0.10 0.59 0.58 0.49 0.49

0 3.13 1.00 2.13 4.63 1.63 3.00
6 4.50 1.13 3.38 4.50 2.38 2.13
12 4.13 1.00 3.13 4.38 2.13 2.25

SEM 0.42 0.07 0.42 0.41 0.35 0.35

0 3.92 1.08 2.83 4.00 1.67 2.33
200 3.92 1.00 2.92 5.00 2.42 2.58
SEM 0.34 0.06 0.34 0.33 0.28 0.27
Source of variation, p value
MESO level 0.045 0.387 0.035 0.913 0.319 0.191
NME 0.965 0.331 0.865 0.055 0.077 0.545
Interaction 0.766 0.387 0.889 0.325 0.153 0.882
Regression analysis in responses to MESO level
Liner 0.025 0.189 0.024 0.697 0.366 0.136
Quadratic 0.182 0.172 0.132 0.672 0.298 0.382

Note: Means within each column for each effect with uncommon superscripts (a and b) differ significantly (p < 0.05).
1The values are means of 15, 10 and 5 replicates for enzyme, oil level and interaction effect, respectively.
2The level of dietary metabolizable energy supplied by oil.
3Data represent means of log2 of the reciprocal of the last dilution exhibiting agglutination. IgT, total Ig, IgG (2-mercaptoethanol-resistant Ig) and IgM
(2-mercaptoethanol-sensitive Ig) antibody titres.

of intestine (Wang et al. 2005). Additionally, to adapt to these
changes, the activities of the intestinal secretorymechanismsmay
be enhanced (Brenes et al. 1993).

3.5 Immune Responses

The antibody titre responses to SRBC inoculation, at 24 and 31
days of age, of broiler chickens fedwheat-based diet with different
dietary levels of MESO and supplemented with/without NME,
are shown in Table 5. Dietary MESO levels significantly and
linearly (p < 0.05) improved the primary immune response to
SRBC injection. Serum IgT and IgM concentration significantly
increased in response to the SRBC inoculation, but in the second
stage it is not significant. The dietary NME supplementation
and the interaction effects of dietary NME supplementation and
MESO levels had no significant effect on immune response to

SRBC inoculation. Some fatty acids are essential for poultry
because birds are unable to synthesize or convert one fatty
acid to another fatty acid of the same type (Salari, Golian, and
Hassanabadi 2024). Deficiency of these essential fatty acids may
lead to impaired development and immune function. It has been
reported that the deficiency of linoleic acid in broilers can delay
growth and reduce resistance to diseases (Nayebpor, Hashemi,
and Farhomand 2007). It has been reported that the oil source can
be effective on the antibody titre in response to the inoculation
of sheep blood cells (Fritsche, Cassity, and Huang 1991). As
presented in Table 3, the bursa of Fabriciusweight as a percentage
of LBW at Day 38 of age decreased by NME supplementation
and/or 6% and 12% supply dietary metabolizable energy by
MESO. According to the present study, it was reported that by
using a corn-wheat (10%–30%)–soybean meal base diet, birds fed
with soybean oil had lower thymus weights (Allahyari-Bake and
Jahanian 2017).
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3.6 Blood Metabolites

It was not observed a significant difference in blood metabolites
between birds fed diet with different levels of MESO and/or
supplemented by NME measured at 38 days of age (data not
reported). Similar to our study, it was reported that adding a
xylanase supplement to a wheat-based diet did not have any
effect on the blood profile (Hosseini et al. 2018; Wickramasuriya
et al. 2022). In the present study, the effects of MESO and
NME supplementation on liver functional enzymes (ALT, AST
and ALP), were not significant. Measurement of ALT and AST
activities indicates liver damage in broilers and is therefore a
valuable tool to determine the safe inclusion of feed additives, as
diets may affect serum enzyme activity (Ghavi et al. 2020).

4 Conclusion

The results obtained from the current experiment suggest that
dietary supplementation by VO plays an important role in
lipid metabolism and body fat deposition. In the starter period
of rearing broiler chickens, the bird’s physiological limitations
in lipid digestion and absorption prevent the practical effect
of dietary oil levels, but during the later ages, increasing oil
levels led to improved growth performance. However, it led to
enhanced abdominal fat and CL. Due to the complex structure of
wheat grains, it has been shown that NME supplementation can
improve growth performance, digestive tract and bone strength.
Lower liver relative weight of birds fed diet supplying 12% of the
ME requirement through soy oil suggests that soy oil could cause
an inhibition of lipogenesis.
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