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ABSTRACT

This study aimed to investigate the effects of feed form (mash, crumble, pellet, and extruded) on growth
performance, carcass traits, and some blood parameters in broiler chickens. The experiment was conducted
on 480 male broiler chickens of Ross 308 strain in a completely randomized design with 8 treatments and 5
replications from 1 to 42 days of age. Performance indices and mortality rates were evaluated. The results
indicated that growth performance traits were influenced by the feed form, and a significant difference was
observed in pellet feed during the rearing period (P<0.01). Chickens fed with extruded feed throughout the
rearing period had a higher mean weight compared to other treatments, and those fed with crumbled feed in
the starter diet and pellet feed in the grower and finisher diets had the highest thigh weight (P<0.05). The
feed form did not have a significant effect on the relative weight of heart components (P>0.05). The highest
value for gizzard weight was for chickens fed with pellet feed. In addition, a significant difference was
found in abdominal fat in crumbled-fed chickens in the starter diet and extruded feed in the grower and
finisher diets compared to the pellet feed treatment (P<0.01). In conclusion, the results showed that the per-
formance of broiler chickens was affected by the feed form, and the use of extruded and pellet feeds, espe-
cially throughout the entire period caused improvements in growth performance, carcass traits, and blood
parameters.
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used in animal feed due to its many advantages (Moritz et
al. 2005; Brenes et al. 2008). One significant aspect of feed
formulation is the consideration of the bioavailability of

INTRODUCTION

One of the significant issues in the poultry feed industry is

the selection of feed characteristics that are essential for
improving bird performance and their adaptation to the en-
vironment. Among the most important characteristics are
the uniformity of feed particles and their texture. Nowa-
days, factories use modern processing technologies, addi-
tives, and genetically modified grains (GMOs) that affect
the nutritional quality and production costs, leading to in-
creased growth rate and production. The manufactured feed
is mainly in the form of mash, crumble and pellet Moreo-
ver, in recent years the extrusion technique has been widely

essential nutrients and energy. The acceptability and con-
sumption of feed by farm animals depend not only on its
chemical composition but also on the animals' sensitivity to
its ingredients. Even when feed is readily accepted, it
should be formulated for nutrient balance. Additionally, the
physical quality of feed can have significant effects on the
stability and bioavailability of nutrients. The level of feed
consumption in broilers is an important issue and the feed
form and processing techniques significantly influence it
(Chewning et al. 2012). Increasing the size of feed particles
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leads to an increase in food consumption and consequently
improved bird growth (Lv et al. 2015). Therefore, using
new processing methods and changes in the physical and
chemical structure of feed components can influence the
accessibility and digestion of nutrients, which can improve
bird performance (Reshadi-Nejad et al. 2015).

Some studies have shown that using pellet feed in broiler
diets improves feed consumption, growth rate, and feed
efficiency, leading to improved economic efficiency of
production (Abdollahi et al. 2013a). The extrusion process,
similar to pelletizing, is a process based on moisture, pres-
sure, and heat that increases the gelatinization of feed starch
and can significantly affect broiler performance (Rahman et
al. 2015). Moreover, extrusion, as a short-term process, is
important due to numerous advantages such as high produc-
tivity, efficiency, and good quality of the final product, as
well as improving the usability of corn starch
(Amornthewaphat et al. 2005; Moritz et al. 2005).

Based on our database search, the effect of different
forms of feed (mash, crumble, pellet, and extruded) on
broiler performance has not been investigated. This study
aimed to examine the advantages and disadvantages of feed
forms and their impact on growth performance, carcass
traits, and some hematological parameters.

MATERIALS AND METHODS

Birds, diets and management
This study was conducted on 480 one-day-old male broiler
chickens of Ross 308 strain with a mean weight of 42 gr.
The chicks were supplied by Navaid Morgh Gilan Compa-
ny. Prior arrival of the chicks, experimental diets were pre-
pared and distributed in feeding trays, with water provided
in siphon and nipple drinkers. The diets were formulated in
four forms: mash, crumble, pellet, and extruded, for three
stages, starter (0-10 days), grower (11-24 days), and finish-
er (25-42 days). Diets were formulated to meet the nutrient
recommendations for Ross 308 (Aviagen, 2019). The in-
gredients and nutrient compositions of the experimental
diets are shown in Table 1. The stocking density of rearing
was 10 birds/m®. Temperature was maintained at 33 °C for
the first day and was gradually decreased by 2 °C/week
until 21 °C and maintained at that level thereafter. The light
condition, relative humidity, and temperature followed the
Ross 308 guidelines (Aviagen, 2019). To ensure the welfare
of the experimental animals, the birds had free access to
food and water.

This experiment was conducted in a completely random-
ized design with 8 treatments and 5 replications. The exper-
imental treatments were as follows:

Treatment 1: Mash form throughout the rearing period
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Treatment 2: Crumble form throughout the rearing period
Treatment 3: Extruded form throughout the rearing period
Treatment 4: Pellet form throughout the rearing period
Treatment 5: Crumble form in the starter diet and pellet
form in the grower and finisher diets

Treatment 6: Crumble form in the starter diet and extruded
form in the grower and finisher diets

Treatment 7: Pellet form in the starter and grower diets and
mash form in the finisher diet

Treatment 8: Extruded form in the starter and grower diets
and mash form in the finisher diet

Growth performance

At the end of the experiment, chickens were weighed and
feed consumption was recorded. Body weight gain (BWG),
feed intake (FI), feed conversion ratio (FCR), and mortality
weight were calculated for each phase. All birds were
weighed individually after they arrived from the hatchery
and on days 10, 24 and 42 and were averaged. To determine
Fl and FCR, feed bags and all remaining feed in the feeders
were weighed. The daily mortality per pen was recorded.
The birds were slaughtered on day 42.

Evaluation of carcass traits

On day 42 of rearing, to investigate the effect of experi-
mental treatments on carcass traits, two chicks from each
experimental group were selected (with weights close to the
average weight of chicks in the same cage). Following the
record of live weight, they were slaughtered and immedi-
ately dissected. After slaughtering and bleeding the chick-
ens, their feathers were removed, the carcasses were care-
fully eviscerated, and each carcass was weighed. The entire
breast with wings and the thighs, drumsticks, and ab-
dominal fat were removed from the carcass and weighed
individually. The weight of carcass, thigh, breast, liver,
proventriculus, gizzard, abdominal fat, and heart were also
recorded individually.

Measurement of blood parameters

To evaluate the effects of experimental treatments on phys-
iological responses related to nutrient metabolism and asci-
tes syndrome, blood samples were collected at the end of
day 42. Blood samples were incubated at room temperature
for 12 h to separate serum from blood clots. Then, the sepa-
rated sera were centrifuged at 1500 rpm for 10 min. Then,
the separated serum samples were stored at -80 °C for fur-
ther tests.

Blood parameters include hemoglobin, hematocrit, uric
acid, glucose, cholesterol, low-density lipoproteins (LDL),
high-density lipoproteins (HDL), alanine aminotransferase
(ALT), and aspartate aminotransferase (AST) were meas-
ured.
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Ingredients and chemical composition of the experimental diets

Rearing periods (days)

Ingredients (per kilogram per ton)

Starter (1-10) Growth (11-24) Finisher (25-42)
Corn 500 540 585
Wheat 25 34.50 34.50
Soybean mash (%44) 330 310 300
Corn gluten mash (%62) 45 25 0
Fish mash (%64) 25 12.50 0
Soybean oil 20 25 30
Calcium carbonate 11.50 11.50 11.50
Monocalcium phosphate 14.50 13.50 13
Vitamin supplement %10.0 for broiler chickens 1 1.25 1.15 1
Mineral supplement %25.0 for broiler chickens 2 3 2.75 2.50
Table salt 1.50 2 2
Molasses 2.20 2.20 2.20
DL-methionine 3.30 3.10 3.10
L-lysine hydrochloride 3 2.70 2.30
L-threonine 1.30 1.10 1.10
L-arginine 0.60 0.40 0.30
Choline chloride %60 0.80 0.65 0.45
Emulsifier 0.50 0.50 0.50
Coccidiostat 1 1 0
Toxin binder 1.50 1.50 1.50
Prebiotic 1.50 1 1
Acidifier 1.50 1 1
Bentonite 6.05 6.85 7.05
Total 1000 1000 1000
Chemical analysis
Dry matter (%) 89.37 89.24 89.05
Crude protein (%) 24.35 21.60 18.90
Ether extract (%) 4.60 5.10 5.60
Crude fiber (%) 1.85 1.83 1.83
Total ash (%) 6.60 6.20 5.90
Calcium (%) 0.95 0.87 0.78
Available phosphorus (%) 0.48 043 0.61
Potassium (%) 0.88 0.85 0.82
Sodium (%) 0.16 0.16 0.15
Chloride (%) 0.24 0.24 0.21
Digestible methionine (%) 0.68 0.62 0.55
Digestible methionine + cysteine (%) 0.96 0..87 0.79
Digestible lysine (%) 1.28 1.15 1.03
Digestible threonine (%) 0.87 0.77 0.69

1 Each kilogram also contains: Manganese: 48000 mg; Zinc: 48000 mg; Iron: 12000 mg; Copper: 6460 mg; lodine: 502 mg and Selenium: 140 mg.

2 Each kilogram contains: vitamin A: 10000000 1U; vitamin D3: 4000000 1U; vitamin E: 65000 mg; vitamin K3: 3000 mg; Vitamin B1: 3500 mg; vitamin B2: 7000 mg;
Niacin: 55000 mg; Calcium Pantothenate: 22000 mg; vitamin B6: 4500 mg; vitamin B9: 2000 mg; vitamin B12: 20 mg; Biotin: 270 mg and Antioxidant: 150000 mg.
Aqualyso®, Sodium Monensin 10%, Montmorillonite and activated charcoal, Hydrolyzed yeast, Talizyme, and ConSept® CF60 were also existed in diets.

Spectroscopy was performed by Libra S22 (Biochrom, Duncan’s multiple range comparison tests were carried
USA), and all kits were purchased from Pars Azmoon (Teh- out to examine differences between treatments. P value
ran, lran). lower than 0.05 was considered significant. The following

model was used:
Statistical analysis
All data of each pen were considered for statistical analy- Yi= 1+ Titej
sis. The experimental unit was statistically analyzed under a
completely randomized design using the GLM procedure of Where:
the SAS (2002). Yj;: trait of interest for chicken.
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: overall mean.
T;: treatment effect.
gji: random error associated with each observation.

RESULTS AND DISCUSSION

The obtained results regarding the growth performance of
chickens indicated that the feed form had a significant ef-
fect on FI in all periods (P<0.05). From day 1 to 10 of age,
the highest feed consumption was related to the crumbled
feed throughout the rearing period, while the lowest FI was
observed with pellet feed during the entire rearing period
(P<0.05). From day 11 to 24 of age, the highest feed con-
sumption was related to the mash form throughout the rear-
ing period, while the lowest FI was for crumbled feed in the
starter diet and pellet form in the grower and finisher diets.
However, no significant difference was observed compared
to the extruded treatment throughout the rearing period and
crumbled feed in the starter diet and extruded form in the
grower and finisher diets (P>0.05). In addition, birds fed
with extruded feed in the starter and grower diets and mash
form in the finisher diet during the 25 to 42-day feeding
period had the highest feed consumption, while the lowest
FI was related to mash feed throughout the entire rearing
period. Results of FI (1 to 42 days of age) during the overall
period showed birds fed with extruded feed in the starter
and grower diets and mash form in the finisher diet had the
highest feed consumption, while the lowest FI was ob-
served in treatments that consumed mash feed throughout
the entire rearing period (Table 2).

Researchers investigated three feed diets including mash,
pellet, and a combination of mash and pellet in broiler
chickens and reported that birds receiving the mash treat-
ment had the highest feed consumption in the first and se-
cond weeks of rearing. They attributed the increased feed
consumption in the mash treatment to excessive feed spill-
age, which is consistent with the findings of previous study
in early ages of rearing (Moradi et al. 2018). However, the
finding of Massuquetto et al. (2019) demonstrated that the
use of pellet diet significantly improved feed intake, daily
weight gain and feed conversion ratio, consistent with the
results of our study. Quantitative research using extruded
feed, processed as a complete diet, has been conducted.
Most studies have focused on feed ingredients such as corn,
soybean mash and other oilseed mash (Chae et al. 1997;
Veum et al. 2017). In a study by Subuh et al. (2002) on
extruded soybeans in broiler chickens, it was found that
extruded soybeans can partially or completely replace raw
soybean mash and have significant effects on body weight,
FCR, mortality, and abdominal fat percentage (Janocha et
al. 2022).

The effect of a diet containing extruded flaxseed on the
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growth performance of broiler chickens, oxidative stability,
and organoleptic properties of meat and meat products was
investigated. Studies have shown that the supplementation
of extruded flaxseed in the diet reduces body weight gain,
and feed consumption, and increases FCR in broiler chick-
ens. Feeding extruded flaxseed to chickens through feed
significantly improves the quality and functional properties,
fatty acid content, and reduces the oxidative stability of
meat and meat products (Anjum et al. 2013). The effect of
experimental treatments on weight gain in different feeding
periods is presented in Table 2. The results showed that the
feed form had a significant effect on weight gain (P<0.05).
From day 1 to 10, the highest weight gain value was ob-
served in birds fed with extruded feed, while the lowest
level was in birds fed with mash feed (P<0.01). From day
11 to 24, birds fed with pellets had the highest weight gain,
but the difference compared to other treatments was not
significant (P>0.05).

From day 25 to 42, the highest weight gain was observed
in birds fed with crumbled feed in the starter diet and ex-
truded form in the grower and finisher diets, while the low-
est weight gain was in birds fed with mash feed throughout
the rearing period (P<0.01). For the entire rearing period (1
to 42 days), the highest weight gain was observed in birds
fed with extruded feed throughout the rearing period, but no
significant difference was observed between treatments that
consumed extruded feed throughout the entire rearing peri-
od and treatments that used crumbled feed in the starter diet
and extruded and pellet forms in the grower and finisher
diets (P>0.05). Results of the present study indicated that
birds fed with pellet and extruded diets had significantly
higher weight gain compared to other treatments. It seems
that increasing the density of the feed in pellet and extruded
diets accelerates growth and increases daily weight gain,
average body weight of broiler chickens throughout the
rearing period, and improves FCR, consistent with the find-
ings of (Azizian and Saki, 2020).

Studies demonstrated that when birds initially consume
crumbled feed form followed by pellet or extruded form,
their digestive system adapts better to the particle size of
the feed, resulting in an improved performance compared to
birds that receive a mash diet at starter (Garcia et al. 2006;
Amerah et al. 2009).

On the other hand, pelleting and extrusion increase the
density of feed particles, requiring birds to exert less effort
to consume the required feed. This allows them to allocate
more energy towards growth and production, which was
reported by other studies (Salari et al. 2006; Jafarnejad et
al. 2010). In a study, the effect of feed form and grain type
on performance and some hematological parameters of
broiler chickens was investigated.

Iranian Journal of Applied Animal Science (2025
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The results of this study showed that during the feeding
period, birds fed with pellet diets had higher daily weight
gain compared to birds fed with mash diets (Zhang et al.
2021), it is consistent with the results of the present study.
The results indicated that the feed form significantly influ-
enced the FCR in different feeding periods (P<0.01).
Throughout the rearing period, the lowest FCR was related
to treatments using crumbled feed in the starter diet and
extruded feed in the grower and finisher diets, but no signif-
icant difference was observed compared to birds that con-
sumed extruded feed throughout the entire period and those
that used crumbled feed in the starter diet and pellet in the
grower and finisher diets. The highest FCR was obtained in
mashed form throughout the rearing period (Table 2).

FCR is the most important economic criterion in evaluat-
ing the profitability of broilers. The results of this study
demonstrated that feeding with extruded and pellet forms
improves growth performance and FCR compared to feed-
ing with mashed feed in broiler chickens. These findings
are comparable with other studies (Amerah et al. 2009;
Abdollahi et al. 2013b; Shabani et al. 2015). In a study, the
effects of pellet and mash diets on the performance of
broiler chickens performed under similar to our manage-
ment conditions indicated that the difference observed in
the FCR of the pellet-consuming group was correlated with
the quality difference of pellets (Amerah et al. 2009;
Shabani et al. 2015).

In other studies, it was reported that birds fed with mash
diets spend more time feeding and consume more energy
compared to birds fed with pellet diets. In addition, it was
reported that the feed conversion efficiency in birds fed
with pellet diets is better than those fed with mash diets
(Moradi et al. 2018), which is consistent with the results of
our study and other research (Jahan et al. 2006; Jiménez-
Moreno et al. 2016).

The results showed that the feed form had a significant
effect on live weight and thigh weight (P<0.05), but no
significant difference was observed for carcass weight and
breast weight (P>0.05). Moreover, chicks fed with extruded
feed throughout the rearing period had a higher mean live
weight compared to other treatments (P<0.05), while chicks
fed with crumble feed in the starter and extruded feed in the
grower and finisher had the highest thigh weight (P<0.05).

Azizian and Saki (2020) demonstrated that chicks fed by
pellet and extruded feeds had the highest live weight and
the maximum FCR at the end of the rearing period. Another
study showed the pellet feed had more improved efficiency
and FCR levels compared to mash feed, (Jahan et al. 2006),
which is consistent with our data. In another study, it was
reported that the use of extruded and pelleted feeds
throughout the rearing period improved the FCR and eco-
nomic performance index (EPI) due to the reduced energy
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consumption during FI and reduced feed wastage (Nir et al.
1994), this is consistent with the results of the present
study.

In another study, it was also reported that the use of ex-
truded and pellet feeds improved the FCR and EPI due to
reduced energy consumption during FI and reduced feed
wastage, which is consistent with the results of the current
research (Li et al. 2018). Massuquetto et al. (2019) com-
pared pellet and mash diets in broiler chicken and found
that chickens fed with pellet had the best FCR, the highest
live weight, and the highest breast weight at the end of the
rearing period. Their management conditions were compa-
rable to ours and their results are consistent with the results
of this study. They also showed that the differences ob-
served in FCR and the performance of broiler chickens
were correlated with differences in pellet quality. Mingbin
et al. (2015) investigated the effects of feed form on the
performance and some hematological parameters of broiler
chickens and showed that the relative weights of carcass,
breast, thigh, heart, spleen, bursa of Fabricius, liver, and
abdominal fat were not affected by the feed form, which is
consistent with our results regarding carcass weight and
breast weight. The results showed that the feed form did not
have a significant effect on the relative weight of heart
components (P>0.05).

Bolikbasi et al. (2005) demonstrated that the form of the
consumed feed affects hematocrit and the right ventricle to
total ventricle ratio (RV:TV). They found that the hemato-
crit levels and the RV:TV in treatments receiving pellet
feed were significantly higher than in other treatments. Sar-
vestani et al. (2006) reported that the RV:TV is not affected
by the feed form of the diet, which is consistent with the
results of this study.

The obtained data showed a significant effect of the feed
form on the relative weight of gizzard and abdominal fat
(P<0.01), however, no significant effect was observed on
the relative weight of liver and proventriculus (P>0.05).
Chicks fed with mash feed throughout the rearing period
had the highest gizzard weight, while those fed with pellet
or crumble feed throughout the rearing period had the low-
est gizzard weight. However, no significant difference was
found between treatments fed with pellet, crumble, and
extruded feed throughout the rearing period. The chicks fed
with crumble feed in the starter and extruded feed in the
grower and finisher phases showed the highest amount of
abdominal fat, while the lowest amount of abdominal fat
was observed in the treatment with mash feed throughout
the rearing period.

The gizzard is a muscular organ whose function leads to
the reduction of feed particle size, thus improving feed di-
gestion and absorption. It has been shown that pellet feed
reduces gizzard weight and volume.

Iranian Journal of Applied Animal Science (2025
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(=l [ Effects of feed treatments on the growth performance of broiler chickens at different rearing period

Feed intake Body weight gain Feed conversion ratio

Experimental treatments 1-10  11-24 25-42 1-42 1-10  11-24 2542 1-42  1-10 11-24 25-42  1-42

days days days days days days days days days days days days
Mash throughout rearing period 259.56° 1321.63* 2821.00° 4402.19° 164.42° 825.74 1232.84% 2223.00° 1.34%° 154*° 2.1*  1.98
Crumble throughout rearing period ~ 275.24% 1300.9° 2980.03® 4555.88° 210.11* 887.76 1565.22° 2663.09"° 1.31° 1.47° 1.83° 1.74™
Extruded throughout rearing period 26928 1184.97° 3070.00*° 4524.81° 217.80° 881.98 1852.78° 2810.44% 1.19° 1.25° 1.63° 1.61°
Pellet throughout the rearing period ~ 245.22° 1268.13% 2987.48™ 4501.23" 199.28" 891.43 1700.74° 2663.45° 1.08° 1.34° 1.74b° 1.69"
Crumble (starter) and pellet (grower 7501 319716° 456049° - 72118 1842.80° 2781.40° - 137° 163°  164°
and finisher)
Crumble (starter) and extruded (grow- 1079.77° 3002.00° 4403.88° -  777.66 186542° 2751.88° - 126" 156° 1.60°
er and finisher)
Pellet (starter and grower) and mash - 31165° 4696.1° - - 147500° 2563.72° - - 194 183
(finisher)
Extruded (starter and grower) and - 318407° 4717.65 - . 1538.20° 250212* - - 207° 182°
mash (finisher)
SEM 2.11 16.2 27.80 37.04 315 1571 2813  36.75 0.018 0.025 0.029 0.035
P-value 0.001 0.0001 00001  0.013 0.0001 0.59 0.0001 0.0001 0.00010.01380.0001 0.0001

The means within the same column with at least one common letter, do not have significant difference (P>0.05).

SEM: standard error of the means.

Gizzard development as a nutritional strategy can be
achieved by manipulating feed particle size. There is a posi-
tive relationship between gizzard weight and decreased feed
particle size. Researchers have shown that feeding birds by
pellet and extruded diets leads to a reduction in the weight
and volume of the proventriculus, gizzard, and small intes-
tine due to a decrease in the total length of the small intes-
tine. In pellet feed, gizzard performance is practically de-
creased, and food passes through it more quickly, which has
a reducing effect on proventriculus and gizzard develop-
ment (Engberg et al. 2002); our obtained results is con-
sistent with these data. In the pelleting process, the reduc-
tion in particle size causes feed to remain at a less time in
the gizzard, leading to a decreased mechanical stimulation
of the gizzard and subsequently reducing its size. The effect
of the feed form on the average relative weight of carcass
components, the relative weight of heart component traits,
including heart weight, total ventricle weight, right ventri-
cle weight, left ventricle weight, and the relative weight of
internal organs, is presented in Table 3. The levels of two
indicators of liver injury, ALT and AST enzymes were
measured (Table 4). They are primarily present inside the
cells and enter the bloodstream in case of cellular damage.
The results indicated that all experimental feed forms did
not have significant effects on ALT (P>0.05).
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However, the level of AST was influenced by the exper-
imental treatments (P<0.05). The highest level of AST was
observed in the treatment group fed with pellet in the starter
and grower phases and mash in the finisher phase, while the
lowest level was observed in the chickens fed with crum-
bled feed throughout the rearing period. Furthermore, broil-
er chickens fed with pellet and extruded feeds had higher
levels of AST compared to those fed with mash feed (Table
4).

These results are consistent with the findings of Azizian
and Saki, (2020). Numerous studies have shown an increase
in AST and ALT levels due to the consumption of extruded
and pellet feeds compared to mash feed, which is consistent
with the current findings. Massuquetto et al. (2019), chang-
es in enzymatic activity and lipid metabolism are results of
abnormal metabolism in the liver, leading to hepatocellular
damage and liver injury.

The results of this study indicated that the feed form sig-
nificantly affected the cholesterol, hemoglobin, hematocrit,
glucose, uric acid, HDL, and LDL levels (P<0.01), but this
effect was not significant regarding hematocrit (P>0.05).
The highest level of cholesterol was observed in chickens
fed with extruded or pellet feeds throughout the rearing
period, while the lowest level was found in chickens fed
with mash feed throughout the rearing period.
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Effect of experimental treatments on relative weight of carcass components, heart components, and internal organs of broiler chickens at the
end of experimental periods

. . 1 . Right ventri- .
Experimental L|_ve Carf:ass Br_eas;t2 Tr_ugh2 Hgart1 cleftotal ven-  Liver' Proventriculus  Gizzard® Abdorqlnal
treatments weight weight  weight® weight® weight . ) fat

tricle ratio
Mash throughout b
rearing period 2259.8° 62.20 35.42 30.24% 0.514 0.202 2.08 89.1% 0.378 0.649°
Crumbled
throughout rear- 2705.2* 62.81 36.66 30.73* 0.487 0.259 2.13 0.91° 0.338 1.381°
ing period
Extruded
throughout rear- 2844.8% 65.28 35.84 31.12% 0.490 0.176 2.23 0.92° 0.350 1.385%
ing period
Pellet throughout b b . a
rearing period 2630.6 62.76 35.08 31.92 0.537 0.236 2.29 0.91 0.393 1.415
Crumbled (start-
er) and pellet 2827.7° 6310 3504 3122 0524 0.241 231 1.02° 0.384 1.154°
(grower and
finisher)
Crumbled (start-
er) and extruded
(grower and 2797.1% 63.92 34.81 32.19° 0.488 0.260 2.28 0.94° 0.343 1.464°
finisher)
Pellet (starter and
grower) and mash ~ 26.5.3°  63.28 3491  31.45% 0514 0.247 2.09 1.35° 0.366 1.289°
(Finisher)
Extruded (starter
and grower)and 26345  64.79 3531  29.84° 0473 0.234 2.16 1.50° 0.349 0.917"
mash (finisher)
SEM 31.54 0.346 0.283 0.256 0.01 0.017 0.026 0.044 0.009 0.045
P-value 0.0005 0.312 0.786 0.029 0.80 0.94 0.199 0.0001 0.801 0.0001

1 9% of live weight.

2 9% of carcass weight.

The means within the same column with at least one common letter, do not have significant difference (P>0.05).
SEM: standard error of the means.

Ll Effect of the experimental treatments on liver enzymes levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT)

Experimental treatments AST ALT
Mash the rearing period 281.80% 20.50
Crumble throughout rearing period 266.00° 18.10
Extruded throughout rearing period 301.80% 21.20
Pellet throughout rearing period 326.20% 21.10
Crumble (starter) and pellet (grower and finisher) 29250 22.50
Crumble (starter) and extruded (grower and finisher) 297.30%® 18.90
Pellet (starter and grower) and mash (finisher) 337.80° 21.30
Extruded (starter and grower) and mash (finisher) 286.20% 18.90
SEM 0.52 6.98
P-value 0.019 0.317

The means within the same column with at least one common letter, do not have significant difference (P>0.05).
SEM: standard error of the means.
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Effect of experimental treatments on hematological parameters

Experimental treatments Cholesterol Hemoglo- Hematocrit Glucose Uric acid HDL LDL
P (mg/dL) bin (g/dL) (%) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
Mash throughout rearing period 122.6° 10.40° 31.38 219.40° 4777 58.22% 57.26°
Crumble throughout rearing period 150.60° 10.71° 30.33 255.50°% 4.59% 60.87% 74.67*
Extruded throughout rearing period 151.40° 12.14° 35.37 257.70° 4.60% 32.88° 72.75%¢
Pellet throughout rearing period 143.50° 11.37° 33.18 241.90% 4.54% 60.80% 62.62%
f(.:”.”;‘b'f (starter) and pellet (grower and 35 gia» 11.35° 33.41 242.40% 4.42° 6144%  66.39%
Inisner
;r;:::i'seh(;t;ner) and extruded (grower 141.30% 11.87% 34.39 237.30%° 4.76° 6394  64.17%
(F;ier']'iiagt)arter and grower) and mash 14820 11.44° 33.37 228.50% 4.79° 51.51° 78.34°
Eﬁlr;?:g (starter and grower) and mash 137.80° 11.87% 34.67 220.7 4.87° 5585  68.58"
SEM 1.69 0.088 4.04 2.74 0.038 0.47 1.31
P-value 0.0001 0.0001 0.3801 0.0003 0.046 0.0001 0.0001

HDL: high density lipoprotein and LDL: low density lipoprotein.

The means within the same column with at least one common letter, do not have significant difference (P>0.05).

SEM: standard error of the means.

Additionally, chickens fed with mash or crumbled feeds
throughout the rearing period had the minimum hemoglobin
levels, while those fed with extruded feed showed the max-
imum hemoglobin level.

Chickens fed with extruded feed throughout the rearing
period and those fed with mash feed had the highest and
lowest blood glucose levels, respectively. The level of uric
acid was lowest in the treatments including crumbled feed
in the starter diets and pellet feed in the grower and finisher
diets. The level of HDL was lowest in the treatments in-
cluding pellet feed in the starter and grower diets and mash
feed in the finisher diet, while chickens fed with crumbled
feed in the starter diet and extruded feed in the grower and
finisher diets exhibited the highest levels. Moreover, treat-
ments including pellet feed in the starter and grower diets
and mash feed in the finisher diet had the lowest levels of
LDL, while chickens fed with mash feed throughout the
rearing period had the lowest levels of LDL (Table 5).

Blood parameters are well-established indicators of the
physiological, pathological, and nutritional status of ani-
mals, and changes in these are considered to find the effects
of nutritional factors and feed additives used in animal di-
ets. These parameters are influenced by genetic and envi-
ronmental factors. Researchers have shown that in treat-
ments where animals consumed feed in pellet form, plasma
glucose levels, alanine aminotransferase, cholesterol, and
red blood cells were higher compared to treatments in mash
form. However, hematocrit and hemoglobin were higher in
the mash form (Attia et al. 2014), which is not consistent
with the results of this study.
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CONCLUSION

Based on the obtained data, it can be concluded that differ-
ent forms of feed during the rearing period had different
effects on bird performance. Throughout the rearing period,
the greatest BWG was observed in birds fed with extruded
feed, while the lowest FCR was related to treatments where
crumbled feed was used in the starter diet and extruded feed
in the grower and finisher diets, however, no significant
difference was observed compared to birds fed with extrud-
ed feed throughout the entire rearing period. Examination
of some blood parameters also indicated the effect of feed
form on some of them. Overall, the results of this study
demonstrated that the performance of broiler chickens is
influenced by the feed form, and using extruded and pellet
feed, especially when used throughout the entire rearing
period or in the finishing diet will have positive outcomes
with improved broiler performance.
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