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Effectiveness of phytase and nonstarch polysaccharides-degrading enzymes 
on performance, bone mineralization, litter, and gene expression in broiler 
chickens fed nutritionally reduced diets

Introduction

Nowadays, nutritional approaches to support the production of 
high-quality, affordable, and safe animal products are necessary, and the 
relationship between nutrition, health, animal welfare, and the environ-
ment must be considered. In recent years, broiler performance has been 
improved by increasing the metabolizability of corn and soybean meal-
based diets using highly specialized exogenous enzymes (Chaves et al., 
2020). In many parts of the world, corn and soybean meal are the main 
sources of energy and protein for poultry and livestock (Poernama et al., 
2021). However, they are also abundant in antinutritional components, 
such as non-starch polysaccharides (NSP), which contain approximately 
10-12% of total NSP (Knudsen, 2001; Morgan et al., 2021).  Broilers are ex-
tremely sensitive to dietary NSP quantity and composition because NSP 
directly affects digestion passage rate, intestinal health, and microbiota 
composition (Morgan et al., 2022a), therefore influencing nutrient utili-
zation and productive performance (Mateos et al., 2012; Kheravii et al., 
2018; Mahmood & Guo, 2020). 

Water-soluble NSP raises digesta viscosity, which, at high concentra-
tions, decreases nutritional digestibility by limiting enzyme accessibility 
to substrates and physically impeding absorption through the intestinal 
wall (Choct, 2015). Moreover, the insoluble NSP acts as a nutrient dilu-
ent and physical barrier to digestive enzymes, which reduces nutrient 
utilization (Hetland et al., 2004). The commercial use of NSP-degrading 
enzymes is ubiquitous in poultry diets. The NSP-degrading enzyme cock-
tails generally contain xylanase as the main activity, in combination with 
other enzymes (Aftab, 2012; O’Neill et al., 2014). NSP-degrading enzyme 
such as xylanase counteracts the antinutritive effects of NSP by breaking 
down soluble arabinoxylans, which lowers digesta viscosity and increases 
nutrient digestibility (Bedford, 2002; Choct, 2004). Using NSP-degrading 

enzyme may enhance disruption of cell walls and solubilization of NSP, 
resulting in increased nutrient release and utilization, producing a more 
diverse range of prebiotic oligosaccharides (Morgan et al., 2022b).

Phytate is one of the anti-nutritional components that have a detri-
mental effect on broiler performance (Selle & Ravindran, 2007). Approxi-
mately two-thirds of the phosphate (P) in vegetable feedstuffs are poorly 
digested by chickens due to its binding to phytate which is poorly hydro-
lyzed by chickens (Woyengo & Nyachoti, 2011). Phytate may precipitate 
proteins under acid-to-neutral pH, lowering their solubility and digestibil-
ity and accelerating the loss of endogenous proteins (Cowieson & Bed-
ford, 2009). Furthermore, Phytate may combine with other divalent cat-
ions to produce complexes that decrease the availability of calcium (Ca), 
manganese (Mn), iron (Fe), and zinc (Zn) (Newman, 1991). The adverse 
effects of phytate on nutrient utilization can be partly ameliorated by 
exogenous phytase enzyme, which degrades phytate (Attia et al., 2019). 
Phytase is known to hydrolyze phytate P in plants, boosting the available 
P (Av. P) content of the diet, enabling the reductions of added inorganic P 
and the feed cost (Walk & Poernama, 2019). Phytase enzyme can reduce 
the antinutritional effect of phytate by catalyzing the stepwise hydrolysis 
of inositol phosphate esters (InsPs) and myo-inositol (González-Ortiz et 
al., 2020). As a result, increases the digestibility of phosphorous (P), calci-
um (Ca), amino acids, and energy while decreasing the excretion of inor-
ganic P into the environment (Humer et al., 2015). Although the efficacy 
and utility of phytase and the NSP enzyme (NSPase) have been proven 
independently over the past two decades, their combined values are not 
well defined (Gehring et al., 2013; Schramm et al., 2017). 

Putatively, NSPase may increase the effectiveness of phytase by facil-
itating access to phytate, which would otherwise be encapsulated within 
the cell walls, thus improving the absorption of minerals, amino acids, 
and energy sources, and subsequently, increasing the productive perfor-
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mance (Poernama et al., 2021). It is essential to give precise and unambig-
uous instructions for using a variety of enzyme products simultaneously, 
as nutritionists place a growing emphasis on precision in formulation sys-
tems. So, the objective of the present study was to investigate the effect 
of phytase and nonstarch polysaccharides-degrading enzymes on growth 
performance, carcass yield, bone mineralization, litter quality, and gene 
expression in broiler fed a nutritionally reduced diet.

Materials and methods

Birds and Housing

The trial was carried out at the Animal and Poultry Research Center 
of Cairo University’s Faculty of Veterinary Medicine in Giza, Egypt. All the 
animal experiment procedures in the current studies were approved by 
the Institutional Animal Care and Use Committee, Cairo University, Egypt 
(Vet CU  03162023685). 

A total of 1200 Ross-308 one-day-old broiler chicks were weighed 
and allocated in a completely randomized design with four dietary treat-
ments and six replicates of 50 broilers per experimental unit. Upon arrival, 
birds were placed immediately in 24-floor pens with clean wood shavings 
in a naturally ventilated open house for 35 days. Each pen for broilers was 
(2.9×1.7 m) in size. All pens were equipped with a round feeder and a bell 
drinker. Experimental diets and water were provided ad libitum through-
out the trials. The pens were preheated to 33°C 12 hours before the be-
ginning of the experiment and kept at 33°C for the first 3 days, then pen’s 
temperature was gradually reduced to 2.8°C each week until it reached 
24°C on day 21 and was kept until the end of the trial. Throughout the 
whole trial, the relative humidity was maintained between 55-60% and 
the lighting schedule was 24L for the first three days, then subsequently 
kept under 23L:1D for the remainder of the study.

Experimental diets

Dietary treatments consisted of a basal diet (G1) (control group) ful-
ly meeting the nutritional requirements without NSPase or phytase en-
zyme; the 2nd group (G2) was fed a basal diet with a reduction of 100 
kcal/kg AMEn with NSPase “Econase XT 25P” at a rate of 100 g/ton of 
feed(derived from Trichoderma reesei; AB Vista, Marlborough, UK) + phy-
tase “Quantum Blue 5G” 100 g/ton of feed (5000 phytase units (FTU), 
derived from E. coli; AB Vista, Marlborough, UK); the 3rd group (G3) was 
fed a basal diet with AMEn reduction of 80 kcal/kg, with NSPase “Enziver” 
250 g/ton of feed (each gram contains 1000 phytase units (FTU), 7500 IU 
amylase, 5500 IU protease, 10.000 IU cellulase, 5000 IU xylanase, 800 IU 
b-glucanase and 900 IU pectinase; derived from Aspergillus, Trichoderma, 
Bacillus, and a pathogenic E. coli; Zoetis, New Jersey, USA), and phytase 
“Phytonex” 100g/ton of feed (5,000 FTU/g, derived from E. coli and As-
pergillus niger; Zoetis, New Jersey, USA); the 4th group (G4) was based on 
the G3 diet with a reduction in crude protein (CP) by 0.5%. The nutritional 
matrix of phytase, with reductions of 0.15% P and 0.165% Ca, was consid-
ered for all energy-reduced diets (Shelton et al., 2004).

The birds in the control group were fed a corn-soya bean meal-based 
diet that was formulated to satisfy the necessary nutrient requirements 
for broiler chickens (NRC, 1994). Diet formulation and nutrient values of 
each dietary treatment are presented in Tables 1. Three-phase feeding 
programs, including starter (0 to 14 days) provided in crumble form, while 
grower (15 to 28 days) and finisher (29 to 35 days) were provided in pellet 
form.

Growth Performance

The birds and feeds were weighed at the beginning of the experiment 
and weekly to determine average live body weight (BW), body weight 
gain (BWG), and feed intake (FI), and to calculate the feed conversion 

ratio (FCR) (Bawish et al., 2023). Daily dead or culled birds were recorded. 
FI and subsequently FCR were adjusted according to the mortality rate. 
The European Production Efficiency Factor (EPEF) was calculated (Huff et 
al., 2013) as follows:
EPEF = (livability × live weight (kg) / (age in days × FCR) × 100. 

Carcass traits 

Six birds from each group close to the average live BW, were chosen 
at the end of the trials, weighed, and slaughtered by neck cutting after 
fasting for 12 hours to allow the gut to completely evacuate. Following the 
removal of the head, neck, and legs, each bird was scalded, de-feathered, 
and eviscerated. The carcass yield was calculated by weighing the carcass 
without giblets and expressing it as a percentage of its live weight. Breast 
(Pectoralis major and Pectoralis minor) and thigh and drumstick muscles 
were removed and weighed relative to the live weight. The weight of the 
liver, gizzard, heart, spleen, and bursa of Fabricius for each bird was re-
corded, and then the relative indices were calculated (Biswas et al., 2019; 
Zarghi et al., 2020; Hussien et al., 2022).

Physical and Chemical examinations of litter

A total of 6 litter samples were collected from each group. From each 
replicate, 5 litter subsamples were collected from different spots within 
the pen, and then well mixed. For estimating litter moisture, 10 g of each 
litter sample was dried at 100.0±5.0°C in the hot air oven (Dumas et al., 
2011).  After 24 – 48 h, dry litter weights were subtracted from the initial 
litter weights to obtain Moisture %. Additionally, litter samples were ana-
lyzed for total N using total Kjeldahl N, and Ca (Jackson, 1973), and total 
P using ascorbic acid (Houba et al., 1995) by a spectrophotometer at 880 
nm (Spectronic 21D).

Biochemical analysis

At the end of the experiment, blood samples were collected and 
centrifuged at 4000 rpm for 15 min for separation of serum (Hussien et 
al., 2023). Serum samples were used for the determination of protein 
profile (total protein and albumin), lipid profile (total cholesterol and 
triglycerides), liver function (Alanine transaminase (ALT) and Aspartate 
transaminase (AST)), kidney function (uric acid), and bone-related param-
eters (Ca, P, and Alkaline Phosphatase (ALP)). All these parameters were 
determined using Spectrum diagnostics kits.

Gene expression analysis

Different tissue samples were collected at the end of the experiment. 
Breast and thigh muscles for determination of the level of expression of 
the IGF gene. Liver samples for determination of the level of expression 
of IL-1β, IL-10, TLR-4, and CPT1A genes. Total RNA isolation from the 
different samples was done by ABT Total RNA Mini Extraction Kit, Ap-
plied Biotechnology. RNA quantity and quality were determined by Nan-
odrop Technology (Ali et al., 2022). The cDNA synthesis was done using 
ABT H-minus cDNA synthesis kit, Applied Biotechnology. qRT-PCR was 
performed by ABT 2X SYBR GREEN Master Mix, Applied Biotechnology. 
The β-actin gene was used as a reference gene (Elleithy et al., 2023). The 
Primers used in qRT-PCR were designed using a primer designing tool 
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/). The qRT-PCR primers 
were shown in Table (2). Each qRT-PCR was done three times (Hassanen 
et al., 2023). The obtained data were analyzed using the equations of ΔCT, 
ΔΔCT, and 2−ΔΔCT (Kasas et al., 2022).

Bone mineral profile

At the end of the trial, six birds from each group were randomly se-
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lected for determination of bone mineral profile. The right tibia was sepa-
rated, and adhering tissue was removed manually. The weight of the tibia 
was recorded and expressed as a percentage (%) relative to the live body 
weight (tibia index). Tibia length was measured from the proximal end to 
the distal end. Bone was pooled and frozen until analyzed. Tibia fat was 
extracted via Soxhlet extraction using 100% ethyl ether according to the 
modified methods of Watson et al. (2006). Tibia bones were dried for 24 h 
at 100°C in a hot air oven and then were ashed overnight at 600°C using 
a muffle furnace. Tibias were analyzed for total ash, P, and Ca using AOAC 
(2007) protocol.

Statistical analysis

Data analysis was applied using PASW Statistics, Version 18.0 soft-
ware (SPSS Inc., Chicago, IL, USA). Findings were summarized as means 
and pooled standard error of means (SEM). Statistical inference was 
assessed by applying one-way analysis of variance (ANOVA) test, and 
Tukey post-hoc test for multiple comparisons. Significance was deter-
mined at P≤0.05. Box plots and bar plots were executed with “ggpubr” 
package (Kassambara, 2022) using R for Statistical Computing (https://
www.r-project.org/).

Results

Performance parameters

Tables 3, 4 illustrate the performance of broiler chickens subjected to 
the four dietary treatments. From 14 to 28 d of age, broilers in G2 had the 
highest live BW (+37.5, 85.9, 163.8 g/bird; +9.6, 11.0, 7.6 %) (P=0.0001) 
and BWG (+30.6, 48.3, 72.9 g/bird; +18.5, 12.4, 13.7 %) (P<0.05) com-
pared to the control group. On day 35, the highest values of BW relative 
to chickens fed the nutrient-adequate basal diet (G1) were recorded in G2 

(+163.8 g/bird; +7.6%), followed by G3 and G4 (+95.5, +82.2 g/bird; +4.4, 
3.8 %), respectively (P=0.0001) (Table 3). Moreover, the overall BWG was 
improved in G2 (+163.8 g/bird; 7.7%) (P=0.0001) followed by G3 and G4 
(+95.5 g, 82,2 g/bird; 4.5, 3.9 %) than those fed basal diet (G1) (Table 4).

Feed intake was significantly (P<0.05) affected by energy and nutri-
ent reductions from 21 to 35 days of age and for the overall experimen-
tal period. FI was lower in birds fed energy and CP-reduced diet (G4) 
from 21-28 d (-73.4 g/bird; -9.3 %) and for the entire period (-194.4 g/
bird; -6.2 %) (P=0.038, 0.006) than those fed nutrient-adequate basal diet. 
Moreover, at 35 d the lowest FI was observed in G2, G3, and G4 (-85.3, 
-93.5, -82.7 g/bird; - 6.1, 6.7, 5.9 %) respectively, compared to the control 
group (P<0.05). On average, better FCR was recorded from 28 to 35 d and 
for the entire period with improved EPEF in the nutrient-reduced dietary 
groups with reducing its matrix value (G2, G3, and G4) compared with 
those fed basal diet (P<0.05) (Table 3,4). Overall, mortality was 4.3% lower 
in birds fed energy and CP-reduced diet (G4) than those in G3 (Table 4).

Carcass traits and immune organs’ relative weights

The effects of dietary treatment on carcass traits are presented in 
Table 5. No significant effect was found between different dietary treat-
ments for carcass traits (dressing yield, breast, thigh, drum, liver, gizzard, 
and heart relative weights) (P > 0.05). However, the immune organs’ rel-
ative weight (spleen and bursa of Fabricius) was significantly improved 
by 0.08% (P=0.0001, P=0.006) respectively in G4 when compared to the 
control group. Spleen’s relative weight also recorded 0.03% increases in 
G3 versus the control group.

Physical and Chemical examinations of litter

Litter moisture % and total N, P, and Ca contents of bird groups were 
displayed in (Figs. 1 and 2). The litter Ca was lowered in G3 by 18.75% and 

Gene symbol Gene description Accession number Primer Sequence

CPT1A Carnitinepalmitoyltransferase 1A NM_001012898.1 F:5′-TGGTGGATTTGGACCTGTGG -3′
R:5′-TGCTTCGTGGCAATAACCCA -3′

IGF1 Insulin Like Growth Factor 1 NM_001004384.2 F:5′-ACTGTGTGGTGCTGAGCTGGTT-3′
R:5′-AGCGTGCAGATTTAGGTGGCTT-3′

IL-1β Interleukin-1beta NM_204524.2 F:5′-GCCTGCAGAAGAAGCCTCG-3′
R:5′-GACGGGCTCAAAAACCTCCT-3′

IL-10 Interleukin-10 NM_001004414.4 F:5′-ATGGCAGCTTAACGTTCGGT-3′
R:5′-ATGGCAAATGCAGAGCCAGA-3′

TLR-4 Toll-like receptor 4 NM_001030693.1 F:5′-ATGTCCTCTTGCCATCCCAA-3′
R:5′-TCTCCCCTTTCTGCAGAGTG-3′

β-actin Beta-actin L08165.1 F:5′-CCCACACCCCTGTGATGAAA-3′
R:5′-TAGAACTTTGGGGGCGTTCG-3′

Table 2. Sequences of primers used in qRT-PCR.

Groups
Body weight (g) Weight gain (g) Feed intake (g) FCR (g/g)

D 7 D 14 D 21 D 28 D 35 D 7 D 14 D 21 D 28 D 35 D 7 D 14 D 21 D 28 D 35 D 7 D 14 D 21 D 28 D 35

G1 164 391.0b 781.1b 1322.3b 2156.2c 124.8 226.2c 390.1b 541.3b 833.8 141.3 289.7 506.0ab 792.6a 1396.5a 1.14 1.28 1.3 1.47a 1.68a

G2 171.8 428.5a 867.0a 1481.1a 2320.0a 131.8 256.8a 438.4a 614.1a 838.9 141.8 294.4 529.1a 762.9b 1311.2b 1.08 1.15 1.21 1.26b 1.57ab

G3 165.4 408.1b 784.5b 1374.4b 2251.7b 125.4 242.8ab 376.3b 590.0ab 877.3 137.5 295.8 472.3b 755.7ab 1303.0b 1.1 1.22 1.26 1.28b 1.49b

G4 162.6 392.8b 773.1b 1358.7b 2238.3b 122.6 230.3bc 380.3b 585.6ab 879.7 139 289.1 469.6b 719.2b 1313.8b 1.14 1.26 1.23 1.23b 1.50b

SEM1 1.58 3.76 8.45 14.86 22.28 1.58 3.11 5.64 9.25 8.8 1.7 3.33 8.84 8.04 13.59 0.02 0.02 0.02 0.03 0.02

P-value NS2 0.00 0.00 0.00 0.00 NS 0.00 0.00 0.03 NS NS NS 0.04 0.01 0.04 NS NS NS 0.00 0.01

Table 3. Effect of dietary supplementation of phytase and non-starch polysaccharides-degrading enzymes on performance parameters of broiler chickens fed a nu-
tritionally reduced diet.

a,b.c Mean values with different superscripts in the same column indicate significant difference (Tukey’s test; P≤0.05).
G1, Control group (basal diet); G2, basal diet (-100 Kcal, -0.15% Av.P., -0.165% Ca) + 100 g Econase + 100 g Quantum blue/ton of feed; G3, basal diet (-80 Kcal, -0.15% Av.P., -0.165% 
Ca)+ 250 g Enziver + 100g Phytonex/ton of feed; G4, basal diet (-80 Kcal & -0.5% CP, -0.15% Av.P., -0.165% Ca) + 250 g Enziver + 100g Phytonex/ton of feed.
FCR, Feed Conversion Ratio (g of feed / g of weight gain).
1SEM: Pooled standard error of the mean.
2 NS: Not significant.
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15.38% on days 24 and 35, respectively, compared to the control group. 
While in G4, litter Ca was reduced by 31.25% on day 24. The litter N was 
lowered in G2 on day 24 by 4%, while in G3 by 2.3% and 19.8% on days 
24 and 35, respectively. The litter P was decreased in G2 by 28.4% and 
12.2% on days 24 and 35, respectively. The litter P was reduced in G3 by 
14.9% on day 24, while in G4 was declined by 21.3% and 14.4% on days 
24 and 35, respectively. On day 24, G4 exhibited lower litter moisture 
compared to G2 (-5.5%) and G3 (-8.2%). However, insignificant differenc-
es were observed in litter moisture between the different groups on days 
24 and 35 (P>0.05).

Blood biochemical analysis

Supplementation of NSP enzymes and phytases in the diet of broiler 
chickens didn’t affect the total protein, albumin, total cholesterol, and 

triglycerides concentrations. Moreover, the activity of liver enzymes (ALT 
and AST) weren’t affected (P>0.05). Concerning the bone-related param-
eters, Ca and P concentrations didn’t differ in all groups. While uric acid 
concentration and ALP activity were significantly (P<0.05) decreased in all 
groups than the control group. The highest decrease in uric acid concen-
tration was in G3, while ALP was in G4 (Table 6).

Gene expression analysis

The expression level of IGF gene in both thigh and breast muscles 
was upregulated in all groups (P=0.008) by dietary NSP enzymes and 
phytases supplementation. The highest upregulation was in G4 in the 
thigh muscles (Fig. 3). The expression level of IL-1β was upregulated in 
G4 (P=0.0001) (Fig. 4). The expression level of IL-10 was upregulated sig-
nificantly (P=0.009) in G3 and G4 and non-significantly (P>0.05) in G2 

Groups Body weight (g) Weight gain (g) Feed intake (g) FCR (g/g) EPEF Mortality (%)

G1 2156.16c 2116.17c 3125.27a 1.48a 390.96b 6.33ab

G2 2320.00a 2280.00a 3039.43ab 1.33b 462.97a 7.00ab

G3 2251.67b 2211.67b 2964.72ab 1.34b 438.68a 8.67a

G4 2238.33b 2198.33b 2930.92b 1.33b 459.57a 4.33b

SEM1 22.28 13.94 25.04 0.02 7.24 0.53

P- value 0.00 0.00 0.02 0.00 0.00 0.02

Table 4. Effect of dietary supplementation of phytase and non-starch polysaccharides-degrading enzymes on cumulative growth performance of broiler chickens fed 
a nutritionally reduced diet (days 1-35).

Groups Dressing (%) Breast (%) Thigh (%) Drum (%) Liver (%) Gizzard (%) Heart (%) Spleen (%) Bursa (%)

G1 75.18 23.88 19.41 9.73 2.43 1.3 0.5 0.11c 0.19b

G2 74.55 26.07 19.77 9.97 2.27 1.15 0.52 0.13bc 0.16b

G3 73.95 22.87 19.22 9.69 2.59 1.27 0.57 0.14b 0.18b

G4 73.3 23.68 19.28 9.31 2.47 1.34 0.56 0.19a 0.27a

SEM1 0.43 0.36 0.21 0.12 0.04 0.05 0.01 0.01 0.01

P- value NS2 NS NS NS NS NS NS 0.00 0.01

Table 5. Effect of dietary supplementation of phytase and non-starch polysaccharides-degrading enzymes on carcass traits of broiler chickens fed a nutritionally 
reduced diet.

a,b.c Mean values with different superscripts in the same column indicate significant differences (Tukey’s test; P≤0.05).
G1, Control group (basal diet); G2, basal diet (-100 Kcal, -0.15% Av.P., -0.165% Ca) + 100 g Econase + 100 g Quantum blue/ton of feed; G3, basal diet (-80 Kcal, -0.15% Av.P., -0.165% 
Ca)+ 250 g Enziver + 100g Phytonex/ton of feed; G4, basal diet (-80 Kcal & -0.5% CP, -0.15% Av.P., -0.165% Ca) + 250 g Enziver + 100g Phytonex/ton of feed
1SEM: Pooled standard error of the mean.
2NS: Not significant.

Groups Total protein 
(g\dl)

Albumin
 (g/dl)

TC
 (mgdl)

TAG 
(mg/dl)

ALT
 (U/L)

AST
 (U/L)

Uric acid 
(mg/dl)

ALP
(U/L)

Ca
(mg/dl)

Ph
(mg/dl)

G1 2 1.3 114.8 63.2 16.2 266.7 4.60a 1913.90a 7.7 7.1

G2 3.1 1.05 118 52.35 13.7 256.7 3.80ab 1112.60b 7.06 7.1

G3 2.2 1.7 119.1 52.5 15.9 248.8 3.50b 829.40bc 6.3 7.3

G4 3 1.6 102.9 56.4 11.6 228.5 3.80ab 771.60c 6.7 6.9

SEM 0.17 0.06 2.7 2 0.7 5.9 0.14 110.7 0.2 0.15

P- value NS2 NS NS NS NS NS 0.02 0.00 NS NS
a,b.c Mean values with different superscripts in the same column indicate significant differences (Tukey’s test; P≤0.05).
G1, Control group (basal diet); G2, basal diet (-100 Kcal, -0.15% Av.P., -0.165% Ca) + 100 g Econase + 100 g Quantum blue/ton of feed; G3, basal diet (-80 Kcal, -0.15% Av.P., -0.165% 
Ca)+ 250 g Enziver + 100g Phytonex/ton of feed; G4, basal diet (-80 Kcal & -0.5% CP, -0.15% Av.P., -0.165% Ca) + 250 g Enziver + 100g Phytonex/ton of feed
1SEM: Pooled standard error of the mean.
2NS: Not significant.

Table 6. Effect of dietary supplementation of phytase and non-starch polysaccharides-degrading enzymes on some blood biochemical parameters of broiler chickens 
fed a nutritionally reduced diet.

a,b.c Mean values with different superscripts in the same column indicate significant difference (Tukey’s test; P≤0.05).
G1, Control group (basal diet); G2, basal diet (-100 Kcal, -0.15% Av.P., -0.165% Ca) + 100 g Econase + 100 g Quantum blue/ton of feed; G3, basal diet (-80 Kcal, 
-0.15% Av.P., -0.165% Ca)+ 250 g Enziver + 100g Phytonex/ton of feed; G4, basal diet (-80 Kcal & -0.5% CP, -0.15% Av.P., -0.165% Ca) + 250 g Enziver + 100g 
Phytonex/ton of feed
FCR, Feed Conversion Ratio, and EPEF, European production efficiency factors.
1SEM: Pooled standard error of the mean.
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(Fig. 5). TLR-4 expression level was significantly (P=0.0001) upregulated 
in G3 and G4 (Fig. 6). CPT1A m-RNA was overexpressed (P=0.0001) in all 
groups rather than the control one (Fig. 7). 

Bone mineral profile

The effects of dietary treatment on bone mineral profile are present-
ed in Table 7. No significant effect was found between different dietary 
treatments (nutrient-adequate and reduced diets) for the bone mineral 

profile (tibia bone weight %, tibia length, tibia ash %, Ca %, and P %) (P 
> 0.05).

Groups Bone weight (%) Bone length Total ash (%) Ca (%) P (%)

G1 0.23 6.72 29.63 23 16.25

G2 0.23 6.82 29.62 20.73 14.77

G3 0.22 6.8 29.5 20.5 14.47

G4 0.22 6.82 30.19 20.52 14.82

SEM1 0.00 0.07 0.45 0.41 0.38

P- value NS2 NS NS NS NS

Table 7. Effect of dietary supplementation of phytase and non-starch polysaccharides-degrading enzymes on bone mineralization of broiler chickens (days 24 and 
35) fed a nutritionally reduced diet.

G1, Control group (basal diet); G2, basal diet (-100 Kcal, -0.15% Av.P., -0.165% Ca) + 100 g Econase + 100 g Quantum blue/ton of feed; G3, basal diet (-80 Kcal, -0.15% Av.P., -0.165% 
Ca)+ 250 g Enziver + 100g Phytonex/ton of feed; G4, basal diet (-80 Kcal & -0.5% CP, -0.15% Av.P., -0.165% Ca) + 250 g Enziver + 100g Phytonex/ton of feed
1SEM Pooled standard error of the mean.
2NS: Not significant.

Fig. 1. Effect of dietary supplementation of phytase and non-starch polysaccharides-degrad-
ing enzymes on litter moisture % of broiler chickens (days 24 and 35) fed a nutritionally re-
duced diet. G1, Control group (basal diet); G2, basal diet (-100 Kcal, -0.15% Av.P., -0.165% 
Ca) + 100 g Econase + 100 g Quantum blue/ton of feed; G3, basal diet (-80 Kcal, -0.15% 
Av.P., -0.165% Ca)+ 250 g Enziver + 100g Phytonex/ton of feed; G4, basal diet (-80 Kcal & 
-0.5% CP, -0.15% Av.P., -0.165% Ca) + 250 g Enziver + 100g Phytonex/ton of feed.

Fig. 2. Effect of dietary supplementation of phytase and non-starch polysaccharides-degrad-
ing enzymes on litter nutrients % (Ca, N, and P) of broiler chickens (days 24 and 35) fed a 
nutritionally reduced diet. G1, Control group (basal diet); G2, basal diet (-100 Kcal, -0.15% 
Av.P., -0.165% Ca) + 100 g Econase + 100 g Quantum blue/ton of feed; G3, basal diet (-80 
Kcal, -0.15% Av.P., -0.165% Ca)+ 250 g Enziver + 100g Phytonex/ton of feed; G4, basal 
diet (-80 Kcal & -0.5% CP, -0.15% Av.P., -0.165% Ca) + 250 g Enziver + 100g Phytonex/
ton of feed.

Fig. 3. Effect of dietary supplementation of phytase and non-starch polysaccharides-degrad-
ing enzymes on the expression of IGF gene in both thigh and breast muscles of broiler 
chickens fed a nutritionally reduced diet. G1, Control group (basal diet); G2, basal diet 
(-100 Kcal, -0.15% Av.P., -0.165% Ca) + 100 g Econase + 100 g Quantum blue/ton of feed; 
G3, basal diet (-80 Kcal, -0.15% Av.P., -0.165% Ca)+ 250 g Enziver + 100g Phytonex/ton 
of feed; G4, basal diet (-80 Kcal & -0.5% CP, -0.15% Av.P., -0.165% Ca) + 250 g Enziver + 
100g Phytonex/ton of feed. Data are represented as mean ± SEM. Groups having different 
letters are significantly different from each other at P<0.05. Groups having similar letters are 
not-significantly different from each other at P<0.05.

Fig. 4. Effect of dietary supplementation of phytase and non-starch polysaccharides-degrad-
ing enzymes on the expression of IL-1β gene in the liver of broiler chickens fed a nutrition-
ally reduced diet. G1, Control group (basal diet); G2, basal diet (-100 Kcal, -0.15% Av.P., 
-0.165% Ca) + 100 g Econase + 100 g Quantum blue/ton of feed; G3, basal diet (-80 Kcal, 
-0.15% Av.P., -0.165% Ca)+ 250 g Enziver + 100g Phytonex/ton of feed; G4, basal diet (-80 
Kcal & -0.5% CP, -0.15% Av.P., -0.165% Ca) + 250 g Enziver + 100g Phytonex/ton of feed. 
Data are represented as mean ± SEM. Groups having different letters are significantly differ-
ent from each other at P<0.05. Groups having similar letters are non-significantly different 
from each other at P<0.05.
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Discussion

The objective of this study was to determine the nutritional poten-
tial of NSPase and phytase enzymes via performance, carcass traits, bone 
mineralization, litter quality, and gene expression in broilers fed diets re-
duced in energy, Av. P, Ca, and CP. Our results revealed that the inclusion 
of both NSPase and phytase enzymes in combination had a positive im-
pact on the growth performance of birds fed nutrient-reduced diets. The 
live BW and BWG from 14 to 28 days and the overall values were opti-
mized at G2 followed by G3 and G4, respectively. Additionally, the overall 
FCR and EPEF were improved in birds fed the nutrient-reduced diets com-
pared with those fed an adequate-nutrient diet. Phytase was expected to 
increase the feed efficiency and growth performance in broiler chickens 
because: In its ingredients, about 2/3 of the P included in its substrate, 
phytate (Kornegay, 2001). Phytate, in its natural state is combined with 
macronutrients including proteins and lipids inside the intestinal lumen, 
potentially reducing nutritional solubility and intestinal absorption (Cowi-
eson et al., 2014). Moreover, phytate is negatively charged in the GIT at all 
pH levels, so it can bind to positively charged nutrients and some endog-
enous enzymes, reducing nutrient utilization (Adeola and Sands, 2003). 
Recent studies regarding phytase supplementation into poultry diets 
have reported consistent beneficial effects on performance, and nutrient 
digestibility (Wu et al., 2015; Pieniazek et al., 2017; Walters et al., 2019).

Possibly, NSPase may increase phytase activity by facilitating access 
to phytate, which would otherwise be trapped within cell walls (Poerna-
ma et al., 2021), leading to an improvement in the absorption of miner-
als, amino acids, and energy-producing sources (Cozannet et al., 2017; 
Schramm et al., 2017). A previous study by Lee et al. (2010) showed the 
combined effects of phytase and NSPase, on the intestinal viscosity, BWG, 
and FCR of broilers which subsequently improved performance. Interest-
ingly, it was reported that the overall FI as significantly affected by energy 
and nutrient reductions as it was more efficient in birds fed energy and 
CP-reduced diet with simultaneous improvement in FCR and decrease 
in mortality rate than birds fed adequate-nutrient diet. The observed 
decrease in FI in the current experiment may be an indication of opti-
mum nutrient use which may be cost-effective and allow the possibility 
to reduce energy, P, Ca, and CP in poultry diets. Francesch and Geraert, 
(2009); Attia et al., (2020) reported that it is possible to minimize dietary 
AME and amino acids while maintaining cost-effective feed formulation 
and optimum poultry performance by employing NSPase and phytase 
enzyme complexes. Moreover, the reduced mortality rate may be related 
to the enhanced immune status in birds fed energy and CP-reduced diet 
in our findings.

For the carcass traits, NSPase and phytase combination showed no 
significant impact on the carcass traits, and similar findings were report-
ed by Poernama et al. (2021); Abdel-Hafeez et al. (2018). Dietary sup-
plementation with NSPase and phytase significantly improved immune 
organs (spleen and bursa Fabricius) relative weights in birds fed energy 
and CP-reduced diet as reported by Attia et al. (2020). Immune organs 
are the foundation for achieving the immune function and an increase 
in immune organ weight is associated with a better immune response 
in healthy broilers (Lan et al., 2020). However, other studies encountered 
no effect of enzyme supplementation on the relative weight of immune 
organs (Khaksar et al., 2012).

During the rearing period, the litter conditions change primarily due 
to the addition and buildup of bird excreta and moisture (Brink et al., 
2022). The examined litter samples of NSPase and phytase-supplemented 
birds showed lower nutrients and element levels (N, P, and Ca). In poultry 
litter, microbes utilize urea and uric acid, resulting in emitting 80% of 
litter N as ammonia (NH3) (Kelleher et al., 2002; Ritz et al. 2004). On the 
other hand, dietary P is an expensive ingredient in broiler diets, and the 
application of litter containing excessive P for soil fertilization leads to 
the runoff and pollution of surface and groundwater with P (Dankowi-
akowska et al. 2013).  Ismael et al., (2022) reported that fortification of 
a low-energy broiler diet with NSPase (xylanase) improved N and P ab-
sorption and lowered their excretion in broiler dropping and litter, which 
would reduce environmental pollution with poultry waste (deep-litter). 
NSPase could augment phytase activity and improves the assimilation 
and absorption of nutrients, minerals, amino acids, and energy sources 
(Poernama et al., 2021). The obtained results agreed with Woyengo et al. 
(2019), who stated that adding NSPase to phytase-supplemented diets 
enhanced the digestibility of phosphorous for the broiler. Similar findings 
were described by Yang et al. (2020), that supplementing a swine corn-
based diet with both NSPase and phytase improved the digestibility of P 
and Ca. Litter moisture showed a relatively lower level in G4 on day 24. 
This finding agreed with Alfonso-Avila et al. (2022), who indicated that 
low-protein feed lowers litter moisture due to reducing the water intake 
and uric acid, which are excreted through the kidneys.

Blood biochemical parameters (TP, Albumin, TC, TAG, UA, ALT, AST, 
Ca, and P) were measured to evaluate the body performance of the bird. 

Fig. 5. Effect of dietary supplementation of phytase and non-starch polysaccharides-degrad-
ing enzymes on the expression of IL-10 gene in the liver of broiler chickens fed a nutrition-
ally reduced diet. G1, Control group (basal diet); G2, basal diet (-100 Kcal, -0.15% Av.P., 
-0.165% Ca) + 100 g Econase + 100 g Quantum blue/ton of feed; G3, basal diet (-80 Kcal, 
-0.15% Av.P., -0.165% Ca)+ 250 g Enziver + 100g Phytonex/ton of feed; G4, basal diet (-80 
Kcal & -0.5% CP, -0.15% Av.P., -0.165% Ca) + 250 g Enziver + 100g Phytonex/ton of feed. 
Data are represented as mean ± SEM. Groups having different letters are significantly differ-
ent from each other at P<0.05. Groups having similar letters are non-significantly different 
from each other at P<0.05.

Fig. 6. Effect of dietary supplementation of phytase and non-starch polysaccharides-degrad-
ing enzymes on the expression of TLR-4genein the liver of broiler chickens fed a nutrition-
ally reduced diet. G1, Control group (basal diet); G2, basal diet (-100 Kcal, -0.15% Av.P., 
-0.165% Ca) + 100 g Econase + 100 g Quantum blue/ton of feed; G3, basal diet (-80 Kcal, 
-0.15% Av.P., -0.165% Ca)+ 250 g Enziver + 100g Phytonex/ton of feed; G4, basal diet (-80 
Kcal & -0.5% CP, -0.15% Av.P., -0.165% Ca) + 250 g Enziver + 100g Phytonex/ton of feed. 
Data are represented as mean ± SEM. Groups having different letters are significantly differ-
ent from each other at P<0.05. Groups having similar letters are non-significantly different 
from each other at P<0.05.

Fig. 7. Effect of dietary supplementation of phytase and non-starch polysaccharides-degrad-
ing enzymes on the expression of TLR-4genein the liver of broiler chickens fed a nutrition-
ally reduced diet. G1, Control group (basal diet); G2, basal diet (-100 Kcal, -0.15% Av.P., 
-0.165% Ca) + 100 g Econase + 100 g Quantum blue/ton of feed; G3, basal diet (-80 Kcal, 
-0.15% Av.P., -0.165% Ca)+ 250 g Enziver + 100g Phytonex/ton of feed; G4, basal diet (-80 
Kcal & -0.5% CP, -0.15% Av.P., -0.165% Ca) + 250 g Enziver + 100g Phytonex/ton of feed. 
Data are represented as mean ± SEM. Groups having different letters are significantly differ-
ent from each other at P<0.05. Groups having similar letters are non-significantly different 
from each other at P<0.05.
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The changes in serum uric acid levels between the control and treated 
groups showed significance. This finding agreed with Alfonso-Avila et al. 
(2022), who indicated that each 1% decrease in CP fed to broiler chicken’s 
diet, induced a 9.4% decrease in plasma uric acid levels. On the other 
hand, the changes in TP, Albumin, TC, TAG, ALT, AST, Ca, and P levels 
between the different groups were non-significant. This indicated that 
the reduction in the calories, crude protein, Ca, and P in the diet formula-
tion didn’t affect their serum concentrations in broiler chickens. This may 
return to the effects of NSPase and phytase that may improve nutrient 
utilization in broiler chickens by breaking down anti-nutritional factors 
and releasing nutrients that are otherwise unavailable. For example, phy-
tase can break down phytate, which is a form of P that broiler chickens 
poorly absorb. Also, phytic acid can bind to minerals like Ca and make 
them less available to the animal. By breaking down phytic acid, phytase 
can increase the bioavailability of Ca and other minerals in the feed (Zanu 
et al., 2020). Likewise, NSPase breaks down NSPs which bind to Ca and 
other minerals (Costa et al., 2013). This can lead to improved growth per-
formance and reduced feed costs. 

The use of phytase and NSPase in broiler chicken diets can provide 
feed formulation flexibility by allowing for the use of alternative feed in-
gredients that may be lower in nutrient density. This can reduce feed 
costs and increase the sustainability of broiler chicken production (Zanu 
et al., 2020; Costa et al., 2013). ALP activity was significantly decreased 
in all treated groups, and G4 showed the lowest ALP activity. ALP is an 
enzyme that is commonly used as a biomarker for bone metabolism in 
animals. The activity of ALP in the blood can indicate changes in bone 
formation or resorption (Elleithy et al., 2023). Phytase and NSPase can 
enhance mineral bioavailability in animals. This, in turn, can improve 
bone formation and mineralization, which may lead to changes in ALP 
activity. These agreed with our results, which showed a beneficial effect 
on growth performance and tibia mineralization by phytase and NSPase 
addition. Ciurescu et al. (2020) showed that phytase supplementation for 
the broiler turkey diet, significantly increased plasma total cholesterol, 
total protein, Ca, P, and Fe contents, with a higher AST activity and tended 
to increase ALT activity. 

Studies showed that adding phytase and NSPase to broilers’ chicken 
diets can improve growth performance (Anwar et al., 2023). Our study 
reported that the addition of phytase and NSPase upregulated the IGF-1 
expression in both thigh and breast muscles. The best result was shown 
in G4. IGF-1 is produced in the liver under the control of growth hormone. 
It stimulates the body’s growth and provides anabolic effects on differ-
ent body cells (Yakar et al., 2002). The results of Muszyński et al. (2018) 
showed an increase in the weight gain and serum IGF-1 concentration. 
The addition of phytase and NSPase in broiler chicken diets can affect the 
immune response of broiler chickens. For example, some studies have re-
ported that the addition of phytase and NSPase to the diet can modulate 
the expression of cytokines such as IL-1B and IL-10, which are involved in 
the immune response. This modulation may have implications for the dis-
ease resistance and overall health of broiler chickens. Phytase can activate 
the cellular and humoral immune response. It affects the immune system 
of broiler chickens by altering the gut microbiota and/or stimulating the 
production of cytokines, which are signaling molecules that play a key 
role in the immune response (Jarosz et al., 2017). Our study reported 
the upregulation of the expression levels of inflammatory cytokines (IL-
1B and IL-10) and immune response-related genes (TLR-4) in the liver 
of broiler chickens. Studies have investigated the effect of phytase and 
NSPase on various metabolic pathways, including lipid metabolism, which 
may indirectly affect the expression of CPT1A. The CPT1A gene encodes 
for the CPT1A enzyme, which is found in the liver and responsible for 
fatty acid oxidation which takes place within mitochondria. Long-chain 
fatty acids cannot enter mitochondria unless they are attached to carni-
tine. Carnitine palmitoyl transferase 1A connects carnitine to long-chain 
fatty acids so they can cross the inner mitochondrial membrane for fatty 
acid oxidation and energy production (Bonnefont et al., 2004). Our results 
reported the upregulation of CPT1A expression levels. Liu et al., (2010) 
reported that phytase can affect lipase activity and lipid metabolism of 
broiler chickens.

The bone mineral profile data showed that the addition of phytase 
enzyme and NSPase (xylanase) to reducing diet in AME, Av. P, Ca, and 
protein % can conserve the bone mineralization constant without any 
adverse effect on the total ash, Ca, and P% of bone. Our findings agreed 
with Poernama et al. (2021); Francesch and Geraert (2009); Avila et al. 
(2012) who reported that the fortification of phytase and NSPase enzyme 
can restore the bone mineralization profile by reducing diet to the group 
fed on basal diet. This finding may be related to the effects of NSPase and 
phytase which improve nutrient utilization by breaking down anti-nutri-
tional factors and phytic acid. Also, phytic acid can bind to minerals like 
Ca and make them less available to the animal (Zanu et al., 2020). Like-
wise, NSPase breaks down NSPs which bind to Ca and other minerals 
(Costa et al., 2013). Also, NSPase, able to break down the cell wall NSP 

matrix, can facilitate the access of phytase to phytate molecules (Olukosi 
et al., 2007), supporting the hypothesis that the use of a combination 
of NSPase and phytase can fully synergist their effects. Ravindran et al. 
(2006) reported that a combination of xylanase, amylase, and protease 
was able to increase the availability of energy by 3%, and the apparent N 
retention by 11.7%. Moreover, phytase alone might improve dietary AME, 
apparent amino acid digestibility, apparent CP digestibility, and mineral 
absorption of reduced nutrient C-SBM diets, according to Santos et al. 
(2008). Similar responses to those obtained in the present experiment 
were recorded by Cowieson et al. (2006). So, we can use the Econase or 
Enziver (NSPase) and Quantum blue or Phytonex (Phytase) in reducing 
diet at AME, Av. P (- 0.15%), and Ca (-0.165%) without any adverse effect 
on bone mineralization profile. Also, Enziver® (NSPase) and Phytonex® 
(phytase) can be added to the reduced nutrient diet as mentioned above 
plus the diet reduced in CP (-0.5%) without any effect on growth perfor-
mance or bone mineralization profile. 

Conclusion

Broiler chicken fedenergy-reduced diet supplemented with NSPase 
and phytase combination could improve the overall birds’ performance, 
constant bone mineralization, with improved litter quality from an en-
vironmental perspective. Furthermore, energy and CP-reduced diet en-
hanced overall feed intake and mineral bioavailability, decreased mortal-
ity rate, improved immune status via increased immune organ weights, 
and upregulation of immune-related genes. Therefore, the use of exoge-
nous enzymes containing NSPase and phytase in reduced-nutrient diets 
based on the matrix value of both NSPase and phytase is a potential ap-
proach to decrease the cost of feed formulation, with improvement in the 
performance that a diet with adequate nutritional levels would provide.
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