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Abstract

The study investigated the effects of replacing maize with enzyme-supplemented Dried Date
Fruit Pulp (DDFP) in the diets of broiler chickens. 576-day-old commercial broiler chicks
(Arbor Acre Plus) were randomly selected and distributed into 8 treatment groups of 72 birds
each. Each treatment was divided into six replicates of 12 birds on a weight-equalisation basis.
The treatments consisted of 4 levels of DDFP (0, 100, 200 and 300 g/kg) and 2 levels of enzyme
supplementation (with or without). The data obtained were subjected to an Analysis of
Variance in a 4 × 2 factorial arrangement. Birds fed 300 g/kg DDFP recorded the least weight
gain (971 g) and final weight (1013 g) across the treatments at the starter phase, while there were
no significant (P> 0.05) differences in the final weight, weight gain, feed intake and feed
conversion ratio of birds fed with DDFP and maize-based diets at the finisher phase. DDFP
inclusion reduced the experimental birds’ feeding cost (NGN/kg) and cost/kg weight gain
(NGN/kgWG). Enzyme supplementation increased serum protein and glucose concentrations.
Reduced (P< 0.05) EE and CF digestibility coefficients were seen in birds fed 30% DDFP at the
finisher phase. Carcass indices, ileal digesta viscosity and caecal total bacteria were not
negatively influenced. It was concluded that DDFP could replace up to 200 g/kgmaize in broiler
chicken diets at the starter phase and up to 300 g/kg at the finisher phase without any deleterious
effects on health and performance.

Introduction

Valorisation of agro-industrial by-products as a replacement for conventional feed ingredients
in animal nutrition could be a possible solution to the major problems of the feed industry:
seasonality and price fluctuations of popular feedstuffs, one of which ismaize (Šarac et al., 2023).
Poultry nutritionists have been encouraged to incorporate these by-products as alternatives to
conventional feedstuffs in poultry diets, because of their availability and low cost (Abbasi et al.,
2015). Maximising these products as feed resources offers significant environmental and
economic benefits (El-deek et al., 2020).

Date residue obtained from date (Phoenix dactylifera) fruits after syrup extraction represents
a significant quantity of waste, constituting environmental pollution and economic loss
(Gourchala et al., 2022). Many communities cherish their fruit during ceremonies and festivals.
It also holds deep historical significance and is referenced across cultures as a vital component of
global food security (Al-Karmadi and Okoh, 2024). They are rich in sugar, dietary fibre,
bioactive compounds and antioxidants but have low-fat content (Chaira et al., 2007; Sirisena
et al., 2015). Dates are rich sources of carbohydrates, including sucrose, maltose, glucose and
fructose, which constitute >80% of the dry matter and can serve as an excellent energy source,
providing approximately 1.31 MJ per 100 g dry matter (DM) (Idowu et al., 2020; Attia
et al., 2021).

Wastes/residues, which consist of seeds (pits) and pulp, were reported by Al-Homidan
(2003) to contain sufficient nutrients, implying that these wastes could be alternative sources of
feedstuffs. Al-Farsi and Lee (2008) reported that its seeds (date pit) contain: 60–80% fibre,
4–14% oil, 4–5% crude protein, essential minerals, 81.92% total carbohydrates and a wide range
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of phytochemicals. Previous studies have documented the use of
date pits as maize replacement in broilers (El-Deek et al., 2010),
laying hens (Al-Harthi et al., 2009) and ostriches (Najafi et al.,
2021). However, reports on the nutrient utilisation of pulp are
limited.

Although the bulk of nutrients contained in agro-industrial by-
productsmakes them potential sources of feed for animals, they are
limited by the varying concentrations of anti-nutritional factors
embedded in them, particularly non-starch polysaccharides, which
prevent the utilisation of other nutrients in poultry (Nguyen et al.,
2022). This was corroborated byMasoudi et al. 2011, who reported
depressed growth and feed efficiency when broiler chickens were
fed date pit meal as a replacement for maize at 300 g/kg. Hence, there
is a need for some form of physical treatment to harness the
nutritional value of date residues completely.

Supplementing poultry diets with exogenous enzymes, either in
a single or complex form, can enhance the nutritional value of feed
materials that contain anti-nutritional factors (Alagawany et al.,
2018). Complex exogenous enzymes are more effective because the
wide range of enzymes present in this type of product allows for
greater action on different types of substrates (Dalólio et al., 2016).
The use of complex enzymes to improve the nutritional value and
utilisation of non-conventional feedstuffs in poultry diets has been
previously documented (Fafiolu et al., 2009; Alagawany et al.,
2018). The current study, therefore, aimed to evaluate the effects of
replacing maize with enzyme-supplemented Dried Date (Phoenix
dactylifera) Fruit Pulp in the diet of broiler chickens.

Materials and methods

Experimental site

The study was conducted at the Poultry Unit, Directorate of the
University Farms (DUFARMS) of the Federal University of
Agriculture, Abeokuta, Ogun State, Nigeria.

Test ingredients

The date residues obtained from date fruits after syrup extraction
were collected from a date syrup processing company in Lagos,
Nigeria. The variety used was Medjoul (also known as Medjool,
Majhul or Majhool). The residue contained both the fruit pulp and
seeds (pits). The seeds were separated from the pulp manually and
the pulp was oven-dried at 55°C until a uniform weight was
obtained. Dried Date Fruit Pulp (DDFP) was milled into fine
particles (1 mm). A representative sample of DDFP was used for
detailed chemical analyses (Table 1) by high-performance liquid
chromatography (HPLC) at the International Livestock Research
Institute, Ibadan.

Birds and management

The feeding trial was conducted with a total number of 576-day-
old commercial broiler chicks (Arbor Acre Plus) with an average
weight of 43.56 g ± 1.4 which were sourced from a commercial
hatchery. After weighing, the birds were randomly divided into
eight dietary treatment groups of 72 birds each. The birds were
managed intensively in a deep-litter system in two phases: starter
(0–3 weeks) and finisher (3–6 weeks). All routine management
practices specified for the Arbor Acre plus strain of chickens were
strictly adhered to. Food and water were provided ad libitum. The
experimental birds were maintained under standard management
conditions for rearing broiler chickens in the tropics.

Experimental diets and layout

Eight experimental diets were formulated (Tables 2 and 3) to meet
the specific nutrient requirements of broiler chickens, with DDFP
replacing maize at four different levels in a 4 × 2 factorial
arrangement: four levels of DDFP (g/kg) (0, 100, 200 and 300) with
two levels of enzyme (0 or 0.1 g/kg) at both starter and finisher
phases. The enzyme used (Ronozyme®) multigrain contains endo-
1,4-beta-xylanase (EC 3.2.1.8; 2,700 U/g), endo-1,4-beta-glucanase
(EC 3.2.1.4; 700 U/g) and endo-1,3(4)-beta-glucanase (EC 3.2.1.6;
800 U/g). Each treatment was replicated six times to obtain 12
chicks per replicate group on a weight equalisation basis. After the
expiration of the starter phase, the birds were re-assigned on a
weight equalisation basis to the same number of treatment groups
and replicates. This was performed to eliminate any carryover
effects from the starter phase to the finisher phase. Daily and
weekly records were recorded as and when appropriate. The
average minimum and maximum temperature during the trial was
26 and 35°C, respectively.

Data collection

Chemical analyses
The proximate, mineral and amino acid compositions were
analysed using high-performance liquid chromatography (HPLC).

Growth performance
Body weight was measured initially upon arrival and weekly
thereafter, using an electronic weighing scale. Data were recorded
daily for feed intake, and the feed conversion ratio (FCR) and
weight gain were computed weekly.

Total feed intake gð Þ ¼ Total feed supplied gð Þ
� Left over feed gð Þ

Average feed intake gð Þ ¼ Total feed intake gð Þ
Total number of birds

Total weight gain gð Þ ¼ Final weight gð Þ � initial weight gð Þ

Average weight gain gð Þ ¼ Total weight gain gð Þ
Total number of birds

Feed conversion ratio ¼ Feed intake gð Þ
Weight gain gð Þ

Feed cost= kg weight gain NGN=kgWGð Þ
¼ feed cost kgð Þ � feed conversion ratio

Blood indices
On days 21st and 42nd days of the experiment, blood samples were
collected from three birds per replicate, making 18 samples per
treatment through the brachial vein with a 5 ml scalp vein needle
set. Two (2) ml of blood samples were collected from each bird into
tubes containing ethylene-diamine-tetra-acetic acid (EDTA) as the
anti-coagulant for determination of haematological indices.
Another 2 ml were collected into plain tube without anti-coagulant
which were centrifuged at 503.1 × g to obtain the serum for
biochemical indices. Haemoglobin concentration (Hb) was
determined using the Sahli method, and the value was recorded
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in g/100 ml (Albutt et al., 1985), Red Blood Cells (RBC) andWhite
Blood Cells (WBC) using an improved Neubauer haemocytom-
eter, as described by Bain et al. (2016). Packed Cell Volume was
determined using the microhematocrit method, and neutrophil,
eosinophil, lymphocyte and monocyte counts were determined
using protocols described by Bergmeyer (2012). The other set of
bottles without EDTA was centrifuged in a macro centrifuge to
obtain the serum for biochemical analysis. Serum metabolites

(total protein, albumin and globulin) were estimated using
commercial kits (Span Diagnostics; Surat, India). Aspartate
aminotransferase (AST) and alanine aminotransferase (ALT)
(Bergmeyer, 2012) were measured using a spectrophotometer
(Uniscope SM7504, England, United Kingdom). Triglyceride and
glucose levels were determined by enzymatic colorimetric assay
using commercially available kits (Randox Laboratories, United
Kingdom) through the GPO-PAP and GOD-PAP methods as
described in the manual).

Nutrient digestibility
Nutrient digestibility protocols of Ojewola and Longe (2003)
modified by Ndelekwute et al. (2015) were adopted. Three birds
with weights close to the average weight of the replicate were
selected for digestibility studies between Days 37 and 42. They were
placed in cleaned and disinfected metabolic cages for two days of
acclimatisation, followed by one day of fasting to clear their
digestive tracts. Fresh excreta samples were collected every 24 h for
the next three days from the pans placed underneath the metabolic
cages. Daily excreta collections were pooled on a replicate-cage
basis and representative 100 g samples were taken and oven-dried
at 65°C until a constant weight was obtained, and then ground to
pass through a 0.5 mm sieve for subsequent analyses of dry matter
(DM), ether extract (EE), crude protein (CP), crude fibre (CF) and
ash of the feed and faecal samples according to the methods
described by AOAC (2005). After evaluating the chemical
composition, the Apparent digestibility of the nutrients was
calculated as follows:

Apparent nutrient digestibility ¼ Nutrients intake gð Þ � Nutrients voided gð Þ
Nutrients intake gð Þ

Ileal viscosity and caecal microbiota
On the 42nd day of the experiment, three birds per replicate with
weights close to the average were slaughtered to determine the
viscosity of the ileal digesta. After slaughter, birds were dissected to
expose their intestines. The ileal digesta were collected from the
Meckel’s diverticulum to the ileocecal junction. A uniform weight
of the content was taken from each bird using a sensitive scale and
diluted with a volume of 200 ml distilled water. The viscosity of the
supernatant from digesta was measured at 29.1ºC and a shear rate
of 60 rpm using a viscometer with coaxial cylinders and a mobile
rotor (NDJ-8S, Guangdong Kejian Instruments, Guangdong city,
South China) as described by Omidiwura and Agboola (2016). To
determine the caecal microbiota, fresh caecal content was poured
into sterile bottles. The collected samples were used to estimate the
composition of gut microbiota (Xia et al., 2018). A gram sample
was dispersed in 9 ml phosphate-buffered saline solution
supplemented with 0.5 g/l cysteine-hydrochloride and further
diluted to a factor of 10–8. Exactly 0.1 ml was spread on sterile Petri
dishes containing selective media and incubated for the analysis of
microbial colony count using plate count agar incubated at 30°C
for 72 h. Microbial counts were expressed as colony-forming units
(cfu) per gram of fresh sample.

Carcass determination

Three birds with weights close to the group average were selected
per replicate, labelled, and fasted for 12 h. They were supplied with
water to clear their gastrointestinal tract (GIT). On the 42nd day of
the experiment, the birds were weighed individually to obtain their

Table 1. Nutrient composition of dried date fruit pulp included in the diets

Nutrient (g/kg DM) Composition

Metabolisable energy (kcal/kg)1 3230

Dry matter 891

Ash 19.5

Crude protein 196

Crude fibre 85.5

Ether extract 7.00

Nitrogen free extract 692

Neutral detergent fibre 242

Acid detergent fibre 188

Acid detergent lignin 26.4

Hemicellulose 53.8

Cellulose 161

Aspartic acid 16.2

Serine 5.90

Glutamine acid 12.4

Glycine 12.6

Histidine 0.90

Arginine 20.6

Threonine 6.00

Alanine 6.50

Cystine 5.20

Tyrosine 6.90

Valine 7.00

Methionine 0.60

Phenylalanine 5.80

Tryptophan 2.20

Potassium 32.0

Magnesium 2.30

Calcium 15.4

Ferric 2.40

Copper 0.02

Omega6 11.0

Trans unsaturated fat 0.40

Saturated fat 8.60

Monounsaturated fatty acids 63.4

Fatty acids 88.0

DM, dry matter.
1Calculated using Pauzenga (1985) as cited by Edmew et al. (2024)
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live weight, slaughtered, hoisted to drain blood, de-feathered,
eviscerated, cut into different retail parts and weighed. The cut
parts (head, neck, back, wings, breast, thighs, drumsticks and
shanks) and organs (liver, gizzard, proventriculus, whole intestine,
spleen, lungs and heart) are expressed as percentages relative to
their live weights.

Statistical analyses

All data generated from the current study were checked for
normality and homoscedasticity of error using the Cramer-Von
Mises and Brown and Forsythe tests at 5%. The outliers were
removed only after checking for plausibility. The unequal growth
performance indices were subjected to covariate analysis, with the
initial weight as the covariate variable, and were subsequently
analysed using a one-way Analysis of Variance in a 4 × 2
experimental arrangement using SAS ODA Software (SAS
Institute Inc., Cary, NC, USA). Other variables were analysed
using SPSS 20 (IBM Corp, 2011). The means were compared using
Tukey’s honestly significant difference test at a probability level
of 5%.

Results

Nutritional composition of DDFP

The nutritional composition of Dried Dates Fruit pulp (DDFP)
presented in Table 3 revealed that DDFP has a considerable

amount of ME (3238 kcal/kg), CP (195 g/kg) and other macro and
micronutrients.

Performance characteristics at 3 and 6 weeks

The inclusion of DDFP in the diets of broiler chickens at 3 weeks
(Table 4) influenced (P< 0.05) the growth performance indices
examined: final weight, weight gain, feed cost/kg and feed cost/kg
weight gain. Birds fed 300 g/kg DDFP recorded the least (971 g;
P= 0.026) weight gain and final weight (1013 g; P= 0.023) across
the treatments. Least feed cost (NGN/kg) (170, 160, 150; P= 0.042
and feed cost/kg weight gain (244, 231, 219; P= 0.033) were
observed in birds fed DDFP diets compared with those in the
maize-fed diet groups (feed cost= 182; feed cost/kg WG = 257).
Similar (P>0.05) feed intake and FCRwere however observed in all
treatment groups. Inclusion of up to 300 g/kg DDFP at 6 weeks
(Table 5) had no significant effect (P> 0.05) on the final weight (0
g/kg; 2520 g, 100 g/kg; 2529 g, 200 g/kg; 2561 g, 300 g/kg; 2521 g:
P= 0.665), weight gain (0 g/kg; 1497 g, 100 g/kg; 1499 g, 200 g/kg;
1537 g, 300 g/kg; 1508 g: P= 0.660), FCR (0 g/kg; 2.0, 100 g/kg; 2.0,
200 g/kg; 2.1, 300 g/kg; 2.1:P= 0.396) and feed intake (0g/kg; 2964 g,
100 g/kg; 3027 g, 200 g/kg; 3158 g, 300 g/kg; 3196 g: P= 0.444) of all
experimental groups including the control. Similar to what was
observed in the starter phase, an increase inDDFPreduced (P<0.05)
the feed cost (NGN/kg feed) (190, 180 and 170) and feed cost/kg
weight gain (385, 370 and 362 NGN/kg WG) in finisher broiler
chickens at 6 weeks when compared with those of maize (feed cost

Table 2. Gross composition of experimental diet at starter phase

Ingredients (g/kg DM) 0 100 200 300 0 100 200 300

Enzyme þ þ þ þ – – – –

Maize 480 432 384 336 480 432 354 336

Soybean meal 462 462 462 462 462 462 462 462

DDFP – 48.0 96.0 144 – 48.0 96.0 144

Bone meal 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0

Limestone 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Methionine 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00

Premix1 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50

Salt 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50

Total 1000 1000 1000 1000 1000 1000 1000 1000

Calculated analysis (g/kg unless otherwise stated)

ME (kcal/kg)2 2879 2872 2864 2856 2879 2872 2864 2856

Crude protein 228 234 239 246 228 234 239 245.8

Fat 33.1 31.5 30.0 28.3 33.1 31.5 29.9 28.3

Crude fibre 32.7 35.8 39.0 42.1 32.7 35.8 39.0 42.1

Calcium 14.9 15.6 16.3 17.1 14.9 15.6 16.3 17.1

Phosphorus 7.00 6.90 6.90 6.80 7.00 6.90 6.90 6.80

Lysine 14.6 14.5 14.4 14.2 14.6 14.5 14.4 14.2

Methionine 6.60 6.50 6.40 6.40 6.60 6.50 6.40 6.40

DM, dry matter; DDFP, dried date fruit pulp; ME, metabolisable energy.
1Vitamin A, 12,000,00 i.u; vitamin D3, 2,500,000 i.u; vitamin E, 30,000 i.u; vitamin k, 2000 mg; vitamin B1, 2,250 mg; vitamin B2, 6000 mg; vitamin B6, 4,500 mg, vitamin B12, 15 mcg; niacin, 40,000;
Pantothenic Acid, 15,000mg; Folic Acid, 1,500; Biotin, 50mcg; choline chloride, 300,000mg; Manganese, 80,000mg; Zinc, 50,000mg; iron, 20,000mg; copper, 5000mg; iodine, 1,000mg; Selenium,
200 mg; cobalt, 500 mg; antioxidant, 125,000 mg.
2Calculated according to Pauzenga, (1985) as cited by Edmew et al. (2024)
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(NGN/kg feed)= 205, feed cost/kg WG= 405 NGN/kg WG). The
interaction between enzyme supplementation and DDFP inclusion
did not influence (P> 0.05) any of the growth performance indices
assayed (Tables 4 and 5).

Haematological and serum indices at 3 and 6 weeks
The inclusion of DDFP in the diets of starter broiler chicks at 3
weeks (Table 6) significantly influenced WBC (0 g/kg= 10.5, 100
g/kg= 10.7, 200 g/kg= 10.6, 300 g/kg= 11.8; P= 0.050), among
other haematological indices examined both at the main and
interactive stages. There was an interaction between DDFP
inclusion and enzyme supplementation (Table 7), which signifi-
cantly influenced the serum protein concentrations of broiler
chickens at three weeks (without enzyme: 0 g/kg= 2.7, 100 g/
kg= 2.6, 200 g/kg= 2.8, 300 g/kg= 2.78; with enzyme: 0 g/
kg= 2.8, 100 g/kg= 2.7, 200 g/kg= 2.9, 300 g/kg= 2.9; P= 0.031).
Birds fed enzyme-supplemented DDFP showed improved
(P< 0.05) serum protein values compared with the other treat-
ment groups (Table 7). The other serum indices assayed were not
significantly affected (P > 0.05). Dietary inclusion of DDFP
significantly influenced (P< 0.05) monocyte concentration, with
birds fed 100 g/kg having the lowest monocyte concentration (0.9,

P= 0.029) compared to the others (0 g/kg= 1.6, 200 g/kg= 2.1,
300 g/kg= 2.0; P= 0.029) (Table 8). Experimental birds fed
enzyme-supplemented DDFP-based diets (Table 9) had higher
(4.7, 4.9, 4.9, 5.0, P= 0.03) serum protein levels than those fed diets
that were not supplemented (4.5, 4.6, 4.7, 4.8; P= 0.03). Enzyme
supplementation also improved (P< 0.05) serum glucose concen-
trations both in the main (157; P= 0.011) and interaction (with
enzyme: 100 g/kg= 153, 200 g/kg= 152 and 300 g/kg= 173,
P= 0.02) (Table 9).

Nutrient digestibility coefficients

Nutrient digestibility coefficients of finisher broiler chickens at six
weeks (Table 10) revealed that neither DDFP inclusion nor enzyme
supplementation had any effect (P > 0.05) on the dry matter
digestibility of the birds at either the main or interactive stages.
Other variables examined (crude protein digestibility coefficient,
ether extract digestibility coefficient, crude fibre digestibility
coefficient and ash digestibility coefficient) were significantly
influenced (P< 0.05) across the treatments. Birds fed 300 g/kg
DDFP had the least (P < 0.05) digestibilities (0.8, P= 0.002) of
ether extract and (0.7, P≤ 0.001) of crude fibre at the main level

Table 3. Gross composition of experimental diet at finisher phase

Ingredients (g/kg DM) 0 100 200 300 0 100 200 300

Enzyme þ þ þ þ – – – –

Maize 554 499 443 388 554 499 443 388

Soybean meal 345 345 345 345 345 345 345 345

DDFP – 55.4 111 166 – 55.4 111 166

Fish meal 20.0 20.00 20.0 20.0 20.0 20.0 20.0 20.0

Palm kernel oil 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0

Wheat offal 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Bone meal 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0

Limestone 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0

Lysine 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Methionine 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00

Premix1 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50

Salt 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50

Total 1000 1000 1000.00 1000 1000 1000 1000 1000

Calculated analysis (g/kg unless otherwise stated)

ME (kcal/kg)2 3012 3003 2994 2985 3012 3003 2994 2985

Crude protein 211 216 222 228 211 216 222 228

Fat 34.9 33.0 31.2 29.4 34.9 33.0 31.2 29.4

Crude fibre 29.4 33.0 36.7 40.3 29.4 33.0 36.7 40.3

Calcium 13.2 14.0 14.9 15.7 13.2 14.0 14.9 15.7

Phosphorus 5.70 5.70 5.60 5.00 5.70 5.70 5.60 5.00

Lysine 13.9 13.8 13.7 13.5 13.9 13.8 13.7 13.5

Methionine 6.40 6.40 6.30 6.20 6.40 6.40 6.30 6.20

DM, dry matter; DDFP, dried date fruit pulp; ME, metabolisable energy.
1Vitamin A, 12,000,00 i.u; vitamin D3, 2,500,000 i.u; vitamin E, 30,000 i.u; vitamin k, 2000 mg; vitamin B1, 2,250 mg; vitamin B2, 6000 mg; vitamin B6, 4,500 mg, vitamin B12, 15 mcg; niacin, 40,000;
Pantothenic Acid, 15,000mg; Folic Acid, 1,500; Biotin, 50mcg; choline chloride, 300,000mg; Manganese, 80,000mg; Zinc, 50,000mg; iron, 20,000mg; copper, 5000mg; iodine, 1,000mg; Selenium,
200 mg; cobalt, 500 mg; antioxidant, 125,000 mg.
2Calculated according to Pauzenga, (1985) as cited by Edmew et al. (2024)
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Table 4. Effects of dried date fruit pulp (DDFP) inclusion and enzyme supplementation on performance characteristics of broiler chickens at 3 weeks

Effects (main and interaction) Initial Weight (g) Final Weight (g) Weight Gain (g) Feed intake (g) FCR1 Feed Cost (NGN/kg) FC/WG2 (NGN/kg WG)

DDFP

0 44 1023ab 980ab 1385 1.41 182.5a 257a

100 44 1030a 985a 1407 1.43 170.3b 244b

200 45 1024ab 980ab 1412 1.44 160.3c 231c

300 42 1013b 971b 1421 1.46 150.3d 219d

Standard error of means 1.7 8.1 7.8 15.4 0.010 0.40 6.2

P-value 0.580 0.023 0.026 0.973 0.133 0.042 0.033

Enzyme supplementation

Without 42 1021 979 1406 1.44 165.3 238

With 45 1022 979 1407 1.44 166.4 240

Standard error of means 1.2 6.6 6.4 9.9 0.032 0.10 10.4

P-value 0.087 0.996 0.715 0.106 0.106 0.133 0.125

Interaction

Without enzyme 0 40.1 1024 981 1386 1.41 182 256

100 43.1 1030 985 1405 1.43 170 243

200 45.1 1024 980 1413 1.44 160 230

300 40.9 1013 971 1422 1.46 150 219

With enzyme 0 47.1 1022 978 1385 1.42 183 259

100 44.0 1030 986 1408 1.43 171 245

200 45.2 1023 979 1410 1.44 161 232

300 43.7 1013 971 1423 1.46 150 220

Standard error of means 0.84 4.6 4.5 7.3 0.023 6.3 35.7

P-value 0.462 0.386 0.293 0.239 0.448 0.255 0.550

FCR, Feed conversion ratio; FC/WG, Feed cost/weight gain.
a–dMeans with different superscripts within the same column are significantly (P< 0.05) different.
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and (0.8;0.9, P≤ 0.001) of ether extract and (0.7;0.7, P≤ 0.001) of
crude fibre at the interactive levels.

Ileal viscosity and caecum total bacteria

The ileal viscosity and total cecum bacterial count of broilers fed
diets containing DDFP supplemented with or without enzymes
(Table 11) were not significantly affected (P> 0.05) by the
treatments at either the main or interaction stages.

Carcass indices

There was no significant interaction (P > 0.05) between DDFP
inclusion and enzyme supplementation for any of the carcass
indices (Table 12). However, there were variations (P< 0.05) in the
back (211, 193, 204, 210; P = 0.030), shank (45, 48, 46 and 46 g/kg;
P = 0.041) and lung (5.40, 5.20, 4.90 and 4.60, P= 0.026) g/kg
dressed weight recorded for birds fed varying concentrations of
DDFP, as shown in Table 13.

Discussion

The metabolisable energy of DDFP examined in the current
study is similar to that of maize (Nigerian Institute of Animal

Science, 2024) and thus could be a potential maize replacement in
broiler chicken diets, which affirms the earlier claims of Oladzad
et al. (2021) that date waste (Phoenix dactilifera) is a potential
feedstuff in animal nutrition. Similar weight gain, final weight and
FCRwere observed in the starter phase in birds fed diets containing
100 and 200 g/kg DDFP and those fed maize-based diets,
indicating that the birds were able to utilise DDFP up to 200 g/kg
(of maize replacement) in a similar pattern with maize-based diets
for growth and feed efficiency at the starter phase. The depressed
growth in birds fed 300 g/kg DDFP together with the numerically
higher FCRmay be attributed to the higher fibre concentration and
non-digestibility of some nutrients in the nutrient digestibility
coefficients of the current study which could not be utilised by the
birds for growth and tissue accretion. This corroborates the studies
of Walugembe et al. (2014) and Saadatmand et al. (2019) who
reported an impaired growth performance of young broiler
chickens fed high-fibrous diets.While previous report of Attia et al.
(2021) suggested that date waste is more beneficial for older broiler
chickens, the current study found that younger birds can effectively
utilize DDFP up to 200 g/kg without negative growth impacts.

The reduced cost per kilogram weight gain exhibited by birds
fed DDFP diets compared to those fed maize-based diets, both at
the starter and finisher phases, implies that DDFP showed a better

Table 5. Effects of dried date fruit pulp (DDFP) inclusion and enzyme supplementation on performance characteristics of broiler chickens at 6 weeks

Effects (main and
interaction) Final Weight (g) Weight Gain (g) Feed Intake (g) FCR1 Feed Cost (NGN/kg) FC /WG (NGN/WG)

DDFP

0 2520 1497 2964 2.0 205a 405a

100 2529 1499 3027 2.0 190b 385b

200 2561 1537 3158 2.1 180c 370c

300 2521 1508 3196 2.1 170d 362d

Standard error of means 73.4 84.1 66.5 0.12 10.3 7.3

P-value 0.665 0.660 0.444 0.396 0.036 0.022

Enzyme supplementation

Without 2533 1510 3086 2.0 186.4 380

With 2534 1512 3087 2.0 186.6 382

Standard error of means 52.1 60.4 47.7 0.16 0. 65 12.2

P-value 0.382 0.382 0.515 0.549 0.588 0.762

Interaction

Without enzyme 0 2521 1497 2964 2.0 204 403

100 2528 1498 3028 2.0 191 385

200 2562 1537 3157 2.16 180 371

300 2520 1507 3195 2.1 171 362

With enzyme 0 2520 1498 2964 2.0 204 402

100 2530 1500 3027 2.0 190 384

200 2561 1537 3159 2.1 181 372

300 2523 1510 3197 2.1 171 362

Standard error of means 37.3 43.3 33.3 0.11 44.8 75.6

P-value 0.340 0.340 0.155 0.439 0.541 0.090

FCR, Feed conversion ratio; FC/WG, Feed cost/weight gain.
a–dMeans with different superscripts within the same column are significantly (P< 0.05) different.
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Table 6. Effects of dried date fruit pulp inclusion and enzyme supplementation on haematological indices of broiler chickens at 3 weeks

Indices

Without Enzyme (g/kg) With Enzyme (g/kg)

Reference ranges10 100 200 300 0 100 200 300 SEM P-value

Interaction effect

Packed cell volume (%) 24.3 24.5 24.0 25.0 24.4 25.1 25.5 26.5 0.74 0.874 19–29*

Haemoglobin (g/dl) 7.4 7.5 8.4 8.8 8.6 8.3 9.2 9.6 0.21 0.332 6.0–9.0*

Red blood cell (1012/l) 2.5 2.6 2.7 3.0 3.0 3.1 3.1 3.2 0.92 0.668 2.5–4.5**

White blood cell (109/l) 10.3 10.5 10.9 11.2 10.6 10.7 11.7 12.3 0.47 0.605 10–18.4***

Neutrophils (%) 28.5 31.3 30.3 30.7 25.5 30.0 34.3 34.3 0.97 0.306 –

Lymphocytes (%) 62 63 64 62 62 63 63 64 1.0 0.186 61–68*

Neutrophil: Lymphocyte 0.43 0.49 0.47 0.47 0.36 0.47 0.57 0.56 0.022 0.247 –

Monocytes (%) 1.5 1.3 1.3 1.0 1.0 1.2 1.5 1.5 0.22 0.758 0.00–3.0**

Eosinophils (%) 1.0 0.8 0.5 1.0 1.0 1.0 1.0 1.3 0.14 0.088 0.00–2.0**

Basophils (%) 1.0 0.5 1.0 1.0 0.8 0.8 1.0 0.8 0.16 0.189 0.00–5.0**

Main effects 0 100 200 300 SEM P-value – Enzyme þ Enzyme SEM P-value

Packed cell volume (%) 24 23 24 26 1.6 0.103 25 25 1.2 0.208 19–29*

Haemoglobin (g/dl) 8.8 8.0 7.8 8.9 0.41 0.221 8.0 8.9 0.29 0.778 6.0–9.0*

Red blood cell (1012/l) 2.6 2.6 2.8 3.0 0.21 0.258 2.7 3.1 0.15 0.455 2.5–4.5**.

White blood cell (109/l) 10.5b 10.7ab 10.6ab 11.8a 0.86 0.050 10.4 11.3 0.61 0.265 10–18.4***

Neutrophils (%) 26 29 32 33 2.0 0.224 30 31 1.4 0.944 –

Lymphocytes (%) 61 62 63 63 2.0 0.087 63 63 1.4 0.790 65–68*

Neutrophil: Lymphocyte 0.42 0.46 0.50 0.52 0.045 0.166 0.46 0.49 0.032 0.844 –

Monocytes (%) 1.2 1.2 1.4 1.3 0.47 0.150 1.3 1.3 0.33 0.792 0.00–3.0**

Eosinophils (%) 1.0 1.0 1.0 1.1 0.30 0.340 0.8 1.1 0.21 0.412 0.00–2.0**

Basophils (%) 1.1 1.2 1.0 1.2 0.36 0.387 0.9 0.8 0.26 1.000 0.00–5.0**

SEM, standard error of means.
a,b,cMeans with different superscripts within the same row are significantly (P< 0.05) different.
1 Amos et al. (2021)*; Miesle (2021)**; Kareem et al. (2024)***.
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Table 7. Effects of dried date fruit pulp inclusion and enzyme supplementation on serum indices of broiler chickens at 3 weeks

Without enzyme (g/kg) With enzyme (g/kg)

Indices 0 100 200 300 0 100 200 300 SEM P-value Reference ranges1

Interaction effect

Protein (g/dl) 2.7b 2.6b 2.8ab 2.8ab 2.8ab 2.7b 2.9a 2.9a 0.10 0.031 2.5–5.5*****

AST(IU/l) 132 132 133 132 131 132 133 133 3. 7 0.062 70–220*

ALT (IU/l) 11.9 11.9 11.9 12.1 12.0 12.1 12.2 12.2 3.40 0.069 11.9–12.6****

ALP (IU/l) 131 131 134 133 133 131 133 134 1.6 0.075 –

Glucose (mg/dl) 101 83 112 113 80 94 90 88 3.8 0.133 72–180**

Triglyceride (mg/dl) 82 70 75 63 89 81 83 71 2.0 0.221 ≤150***

Main effect DDFP inclusion SEM P-value –Enzyme þEnzyme SEM P-value

Protein (g/dl) 2.7 2.6 2.8 2.8 0.15 0.015 2.7b 2.8a 0.11 0.031 2.5–5.0*****

AST (IU/l) 133 133 133 133 4.6 0.010 132 132 3.3 0.063 70–220*

ALT (IU/l) 11.9 12.1 12.1 12.2 1.90 0.480 12.0 12.1 4.20 0.162 11.9–12.6****

ALP (IU/l) 131 127 130 133 3.0 0.162 132 133 2.2 0.559 –

Glucose (mg/dl) 91 88 93 106 5.5 0.139 101 88 3.9 0128 72–180**

Triglyceride (mg/dl) 85 76 78 69 3.4 0.200 73 81 2.4 0.136 ≤150***

SEM, standard error of means; AST, aspartate aminotransferase; ALT, alanine transaminase; ALP, alkaline phosphatase.
a,b,cMeans with different superscripts within the same row are significantly (P< 0.05) different.
1 Meluzzi et al. (1992)*; Nanbol et al. (2016)**; Regar et al. (2019)***; Bagno et al. (2021)****; Miesle (2021)*****.
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Table 8. Effects of dried date fruit pulp inclusion and enzyme supplementation on haematological indices of broiler chickens at 6 weeks

Without Enzyme (g/kg) With Enzyme (g/kg)

Reference ranges1Indices 0 100 200 300 0 100 200 300 SEM P-value

Interaction

Packed cell volume (%) 29.3 29.8 30.0 30.3 30.5 30.5 30.6 31.3 0.65 0.182 30–40**

Haemoglobin (g/dl) 10.5 10.2 10.1 10.2 10.4 10.7 10.8 10.9 0.22 0.422 9–12**

Red blood cell (1012/l) 2.6 2.6 2.7 2.9 2.8 2.8 2.9 3.0 0.64 0.420 2.5–3.2*

White blood cell (109/l) 11 10 9 9 10 10 9 9 0.69 0.820 9–31*

Neutrophils (%) 29 30 30 31 30 30 31 31 1.1 0.085 –

Lymphocytes (%) 56 57 57 57 56 57 57 57 1.1 0.083 55–60*

Neutrophil: Lymphocyte 0.50 0.51 0.53 0.52 0.53 0.52 0.53 0.53 0.025 0.089 –

Monocyte (%) 2.0 0.8 2.0 1.8 1.0 1.0 2.3 2.3 0.18 0.233 0–3***

Eosinophils (%) 0.8 1.0 0.8 1.0 1.0 0.8 1.0 1.5 0.16 0.450 0–2***

Basophils (%) 1.3 1.5 1.0 1.0 1.0 1.3 2.0 1.3 0.14 0.500 0–5***

Main effect 0 100 200 300 SEM P-value –Enzyme þEnzyme SEM1 P-value

Packed cell volume (%) 30 30 30 31 1.5 0.712 30 31 1.0 0.104 230–40**

Haemoglobin (g/dl) 10.1 9.5 10.3 9.9 0.51 0.775 10.3 10.7 0.36 0.243 9–12**

Red blood cell (1012/l) 2.7 2.7 2.8 2.9 0.92 0.068 2.7 2.9 0.65 0.326 2.5–3.2*

White blood cell (109/l) 10.2 9.7 9.0 9.1 0.98 0.074 9.7 9.5 0.70 0.558 9–31*

Neutrophils (%) 30 30 30 31 2.3 0.681 30 30 1.6 0.482 –

Lymphocytes (%) 56 57 57 57 2.4 0.615 57 57 1.7 0.331 55–60*

Neutrophil: Lymphocyte 0.53 0.52 0.53 0.54 0.053 0.689 0.52 0.53 0.038 0.550 –

Monocyte (%) 1.6ab 0.9b 2.1a 2.0a 0.35 0.029 1.6 1.6 0.25 0.556 0–3***

Eosinophils (%) 0.9 0.9 0.9 0.8 0.30 0.209 0.9 1.1 0.21 0.251 0–2***

Basophils (%) 1.1 1.3 1.3 1.1 0.36 0.673 1.2 1.4 0.26 0.777 0–5***

SEM, standard error of means.
a,b,cMeans with different superscripts within the same row are significantly (P< 0.05) different.
1Swenson (1970)*; Nanbol et al. (2016)**; Miesle (2021)***
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Table 9. Effects of dried date fruit pulp inclusion and enzyme supplementation on serum indices of broiler chickens at 6 weeks

Indices Without enzyme (g/kg) With Enzyme (g/kg)

Reference ranges1Interaction effect 0 100 200 300 0 100 200 300 SEM P-value

Protein (g/dl) 4.5c 4.6b 4.7b 4.8b 4.7b 4.9a 4.9a 5.0a 0.08 0.003 2.5–5.55*****

AST (U/l) 189 192 195 198 194 196 195 197 2.8 0.175 70–220*

ALT (U/l) 26 24 21 23 23 24 25 22 1.3 0.094 24–28****

ALP (U/l) 478 480 482 484 480 483 483 483 4.5 0.066 568–883*

Glucose (mg/dl) 129c 129c 129c 119d 156b 153b 152b 173a 4.3 0.020 126–252**

Triglyceride (mg/dl) 88 93 91 95 92 104 90 84 1.6 0.090 ≤150***

Main effect 0 100 200 300 SEM P-value –Enzyme þEnzyme SEM P-value

Protein (g/dl) 4.8a 4.5b 4.5b 4.4b 0.11 0.011 4.6 4.9 0.08 0.808 2.5–5.5*****

AST (U/l) 90 92 97 96 5.3 0.438 93 96 3.8 0.003 70–220*

ALT (U/l) 28 21 24 23 2.6 0.055 23 23 1.8 0.643 24–28****

ALP (U/l) 451 470 479 484 6.8 0.172 481 482 4.8 0.042 568–883*

Glucose (mg/dl) 143b 141b 140b 146a 4.1 0.040 129b 167a 3.4 0.011 126–252**

Triglyceride
(mg/dl)

90 90 89 90 3.1 0.101 91 93 2.2 0.667 ≤150**

SEM, standard error of means; AST, aspartate aminotransferase; ALT, alanine transaminase; ALP, alkaline phosphatase.
a,b,c Means with different superscripts within the same row are significantly (P< 0.05) different.
1 Meluzzi et al. (1992) *; Nanbol et al. (2016)**; Regar et al. (2019)***; Amos et al. (2021)****; Miesle (2021)*****.
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economic value and cheaper to produce a kg weight gain of meat
than those fed the control diet. Therefore, DDFP is expected to
reduce the production costs of broiler chickens. The similar pattern
of growth indices observed with birds fed DDFP diets and those fed
maize diets at the finisher phase indicates that the birds were able
to utilise greater percentage of DDFP at the finisher phase
compared to the starter phase seeing that 300 g/kg DDFP did not
depress growth at the finisher phase. This report corroborates
those of Attia and Al-Harti (2015) and Attia et al. (2021) who
claimed that older birds benefit more from the fibre content of date
waste than the younger ones which may be attributed to a more
mature and adapted digestive system (Sklan, 2001). Although the
feed intake was not influenced statistically by the inclusion levels of
DDFP, the linear increase in feed intake as the level of DDFP
increased may be linked to the linear decrease in the metabolisable

energy content of the feed as birds demonstrate an exceptional
ability to control their feed intake to ensure a constant energy
intake across different diets, including those with lower energy
level (Lopez and Leeson, 2008).

The report of the current study revealed that enzyme
supplementation did not significantly impact performance, carcass
characteristics, nutrient digestibility, ileal viscosity or caecal
microbes. This contradicts the findings of Al-Saffar et al. (2012),
who demonstrated the effectiveness of enzyme supplementation in
utilising date waste in laying hens. However, other studies on
date wastes (Hussien and Alhadrami, 2003; Jassim, 2010) and
other feedstuffs (Kaczmarek et al., 2014; Wang et al., 2020;
Radhi et al., 2023) reported non-significant effects of enzyme
supplementation on growth indices in broilers. The variations in
the findings might be attributed to several factors, including the
type of enzymes used, the composition of the diet, the methods of
heat processing, conditioning time, moisture content, temperature,
the species and age of the birds, as suggested by Amerah
et al. (2011).

Table 10. Effects of dried date fruit pulp (DDFP) inclusion and enzyme
supplementation on coefficient of nutrient digestibility of broiler chickens at 6
weeks

DMDC CPDC EEDC CFDC ASHDC

DDFP (g/kg)

0 0.7 0.7c 0.9a 0.8a 0.9b

100 0.8 0.8ab 0.9a 0.8ab 1.0a

200 0.8 0.8a 0.9ab 0.8bc 0.9b

300 0.8 0.7bc 0.8b 0.7c 0.9b

Standard error of
means

0.23 0.22 0.13 0.14 0.18

P-value 0.123 0.010 0.002 ≤ 0.001 ≤ 0.001

Enzyme

Without 0.8 0.8 0.9 0.8a 0.9a

With 0.8 0.7 0.9 0.7b 0.9b

Standard error of
means

0.16 0.15 0.19 0.13 0.16

P-value 0.364 0.410 0.668 ≤ 0.001 0.012

Interaction

Without
enzyme

0 0.7 0.7b 0.9b 0.9ab 0.9c

100 0.8 0.8ab 1.0a 0.9a 1.0a

200 0.8 0.9a 0.9a 0.8b 0.9ab

300 0.8 0.7ab 0.8c 0.7c 0.9bc

With
enzyme

0 0.7 0.7b 0.9ab 0.8b 0.9b

100 0.7 0.8ab 0.9ab 0.8c 0.9ab

200 0.8 0.8ab 0.8bc 0.7cd 0.9b

300 0.8 0.7ab 0.9b 0.7d 0.9bc

Standard error
of means

0.11 0.16 0.13 0.16 0.94

P-value 0.375 0.005 ≤ 0.001 ≤ 0.001 ≤ 0.001

DMDC, Dry matter digestibility coefficient; CPDC, Crude protein digestibility coefficient; EEDC,
Ether extract digestibility coefficient; CFDC, Crude fibre digestibility coefficient; ASHDC, Ash
digestibility coefficient.
a–dMeans with different superscripts within the same column are significantly different
(P < 0.05).

Table 11. Effects of dried date fruit pulp (DDFP) inclusion and enzyme
supplementation on Ileal viscosity and caecal total bacterial count of broiler
chickens at 6 weeks

Main effect
Ileal viscosity

(Pa.s)
Total Bacteria Count

(cfu)

DDFP (g/kg)

0 1.45 1.5

100 1.32 1.4

200 1.42 1.4

300 1.37 1.5

Standard error of
means

0.080 0.14

P-value 0.804 0.886

Enzyme supplementation

Without 1.84 1.44

With 1.34 1.46

Standard error of
means

0.059 0.098

P-value 0.260 0.894

Interaction effect

Without enzyme 0 1.5 1.40

100 1.4 1.38

200 1.5 1.48

300 1.5 1.53

With enzyme 0 1.3 1.58

100 1.4 1.40

200 1.4 1.35

300 1.3 1.53

Standard error of
means

0.10 0.063

P-value 0.932 0.897

cfu: colony forming unit.
Pa.s: pascal-seconds.
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Nutritional studies that include blood analysis can be used to
monitor animals’ health because dietary components have
measurable effects on the blood composition (Etim et al., 2014).
Variations in WBC observed during the starter phase could not be
attributed to the experimental diet. TheWBC concentrations in the
current study are an indication of reduced or non-occurrence of
immune challenge as a result of the diets and fall within the lower
limits of values reported by others (Amos et al., 2021; Kareem et al.,
2024). Eosinophils are known for their phagocytic activity and
ability to destroy parasites and stimulate immune responses
(Akuthota and Weller, 2012) whereas monocytes defend against
pathogens and mediate antimicrobial activities at infected sites
(Serbina et al., 2008). The variations in monocyte concentration in
broiler chickens at 6 weeks of age observed in the current study
were not of any order and could not be attributed to the test diets.
Total serum protein has been reported as an indication of protein
retention in the animal body (Akinola and Abiola, 1999).
Improved serum proteins observed in birds fed DDFP-containing
diets with or without enzymes compared to those fed the maize-
based diets at 3 and 6 weeks could be attributed to the higher crude
protein concentration of DDFP, which affirms the adequacy of the
diets in supporting normal protein reserves in birds, resulting from
efficient protein utilisation and performance of the birds. This

report agrees with that of Jassim (2010), who found that date waste
at 50, 100 and 150 g/kg significantly affected total serum protein.
The effect of enzyme supplementation on serum protein indices
observed in the current study was consistent with previous findings
(Lima et al., 2012; Kilany andMahmoud 2014). Comparable values
of marker enzymes in birds fed DDFP and those fed maize-based
diets in the current study indicate the absence of damage to the
liver and myocardial tissues. Serum triglyceride and glucose levels
indicate the efficiency of metabolisable energy utilisation in each
diet. The values obtained in the current study were within the
recommended range (Nanbol et al., 2016; Regar et al., 2019) and
implying that the energy content of DDFP is usable and can be
used to replace maize in poultry diets.

The nutrient digestibility report of the current study revealed
that birds fed 30% DDFP had a reduced digestibility of crude
protein, ether extract and crude fibre at the main level and a
reduced digestibility of ether extract and crude fibre at the
interactive level. However, birds fed 10 and 20%DDFP had similar
digestibility with those fed the maize-based diets. Although the
growth performance of birds fed 30% DDFP at the finisher phase
was at par with other treatment groups, the digestibility report
reveals that not all the nutrients were utilised in a similar pattern.
This report corroborates that of Al-Harti (2006) who asserted that

Table 12. Interaction effect of dried date fruit pulp (DDFP) inclusion and enzyme supplementation on carcass characteristics of broiler chickens at 6 weeks

Enzyme supplementation Without enzyme (g/kg) With enzyme (g/kg)

DDFP inclusion 0 100 200 300 0 100 200 300 SEM P-value

Live weight (g/bird) 2422 2279 2404 2436 2208 2318 2507 2210 36.8 0.345

Relative weight (g/kg)1

Plucked weight 842 846 872 866 849 848 847 856 5.5 0.910

Eviscerated weight 814 813 824 816 816 820 812 818 5.3 1.000

Dressed weight 784 780 783 778 783 788 771 778 5.6 0.999

Cut parts (g/kg)2

Head 41.3 40.9 41.4 44.1 42.4 46.3 44.7 43.7 0.69 0.241

Breast 346 330 334 344 348 362 341 338 3.1 0.273

Back 217 218 202 210 211 193 208 210 2.5 0.200

Thigh 160 159 155 158 157 163 163 158 1.5 0.925

Drumstick 123 133 143 130 143 137 136 139 1.7 0.067

Shank 45.9 49.4 51.5 49.1 46.1 49.8 52.2 52.0 0.97 0.540

Wings 106 109 108 108 103 105 95 95 1.9 0.293

Neck 33.2 35.5 35.6 31.9 33.5 32.8 32.7 33.4 0.84 0.323

Internal organs (g/kg)2

Gizzard 26.4 24.8 22.5 26.8 25.1 23.5 25.1 26.6 0.61 0.648

Liver 16.1 16.8 16.5 19.2 16.0 15.7 15.5 17.0 0.45 0.544

Heart 4.80 4.80 4.60 4.20 5.20 4.40 4.20 4.60 0.133 0.634

Whole intestine 101 94 101 103 110 99 94 116 2.3 0.238

Spleen 0.90 0.90 1.30 1.10 0.80 1.30 0.80 1.20 0.052 0.057

Proventriculus 3.90 4.00 4.20 4.60 4.30 4.10 4.30 4.00 0.127 0.931

Lungs 6.20 4.70 6.40 4.70 4.20 5.30 5.30 4.20 0.262 0.245

SEM, standard error of means.
1g/kg of live weight.
2g/kg of dressed weight.
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replacing maize with date waste in broiler chickens’ diet
significantly decreases crude fibre digestibility.

The non-significant ileal viscosity values obtained in the current
study indicate that the non-starch polysaccharides (NSP) content
of DDFP did not impair the ileal viscosity of the experimental
animals. Diets of broiler chickens high in NSPs have been
documented (Bederska-Kojewska et al., 2017) to increase ileal
viscosity, which leads to less interaction between endogenous
enzymes and nutrients and, consequently, reduced nutrient
digestibility. It has also been reported (Bedford, 2006) that
chickens consuming diets high in NSPs have increased feed intake
to maintain nutrient intake, which increases the transit rate and
intestinal viscosity. However, this was not the case in the present
study. The similar total caecal bacterial counts of birds fed maize-
based diets and those fed DDFP-based diets reported in the current
study indicate that DDFP did not compromise the total caecal
bacterial population of the experimental birds. The importance of
the caecal microbiota in improving feed digestion, nutrient
absorption and growth performance is well documented
(Stanley et al., 2014; Yan et al., 2019). They also play a role in
producing essential substances, such as vitamins, lactic acid and
short-chain fatty acids (Vandepopuliere et al., 1995). Any diet that

interferes with the microbial population would affect nutrient
digestion and absorption.

The report of the carcass indices observed in the current study
agrees with the previous findings of (El-Deek et al., 2010;
Zangiabadi and Torki, 2010) who reported that whole dates at
175 and 350 g/kg did not significantly influence carcass indices at
49 d of age. The similar values observed with the economic parts
(drumstick, breast, thigh and gizzard) of birds fed the control diets
and those fed DDFP-containing diets confirm the suitability of
DDFP in replacing maize on the carcass indices of broiler chickens,
as suggested by Attia and Al-Harti (2015). Carcass indices
represent a significant economic factor for broiler production.
The variations observed earlier in the shank and back could not be
attributed to any factor related to the diet.

Conclusions

Similar metabolisable energy, higher crude protein and an array of
other nutrients embedded in DDFP compared to maize present it
as a potential replacement for maize in broiler chickens’ diets. A
replacement level of up to 200 g/kg DDFP did not impair growth
indices at the starter phase, but 300g/kg depressed the birds’

Table 13. Main effects of dried date fruit pulp (DDFP) inclusion and enzyme supplementation on carcass characteristics of broiler chickens

DDFP Inclusion (g/kg) Enzyme supplementation

Characteristics 0 100 200 300 SEM P-value Without With SEM P-value

Live weight (g/bird) 2326 2334 2353 2304 109.3 0.835 2393 2305 77.5 0.560

Relative weight (g/kg)1

Plucked weight 843 838 857 873 15.5 0.299 815 813 10.9 0.418

Eviscerated weight 814 807 821 828 12.3 0.648 821 815 8.7 0.576

Dressed weight 783 767 778 788 12.3 0.601 785 775 8.7 0.348

Cut parts (g/kg)2

Head 39 45 44 43 1.4 0.007 41.4 43.6 0.99 0.059

Breast 353 346 339 347 8.2 0.645 341 352 5.8 0.177

Back 211a 193b 204ab 210a 5.3 0.030 209 206 3.8 0.407

Thigh 156 165 159 158 4.5 0.557 158 159 3.2 0.996

Drumstick 135 132 139 131 4.1 0.459 129 137 2.8 0.072

Shank 45b 48a 46ab 46ab 2.0 0.041 49 50 1.4 0.536

Wings 104 110 102 100 5.2 0.652 111 118 3.7 0.052

Neck 30 34 34 34 1.9 0.230 33 33 1.3 0.973

Internal organs (g/kg)2

Gizzard 25 24 24 27 1.7 0.464 25 25 1.2 0.775

Liver 16 16 15 17 1.1 0.483 16.4 16.0 0.75 0.514

Heart 4.9 4.4 4.4 4.4 0.30 0.541 4.5 4.6 0.22 0.749

Whole intestine 103 97 94 110 5.9 0.317 95 108 4.3 0.070

Spleen 0.8 1.1 0.9 1.2 0.11 0.081 0.90 1.10 0.080 0.339

Proventriculus 4.0 4.0 3.9 4.4 0.40 0.767 4.1 4.1 0.29 0.934

Lungs 5.4a 5.2ab 4.9ab 4.6b 0.41 0.026 5.3 4.4 0.29 0.052

SEM, Standard error of means.
a,b,c Means with different superscripts within the same row are significantly (P< 0.05) different.
1g/kg of live weight.
2g/kg of dressed weight.
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growth rate and weight gain. At the finisher phase, 300 g/kg DDFP
led to reduced feed costs without negatively impacting other
variables examined. Enzyme supplementation improved glucose
and serum protein concentrations at the starter phase and serum
protein at the finisher phase but did not impact the growth
performance, carcass characteristics, nutrient digestibility, ileal
viscosity and caecal microbes of the broiler chickens.
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