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Abstract

A study was conducted to determine the influence of feed form and microbial enzyme supplementation on energy utilization,
bone quality, and amino acid and mineral digestibility of broiler chickens. Four hundred and eighty Ross 308, day-old broil-
er chickens were randomly assigned to eight diets formulated from commonly used ingredients in Tanzania. A 2 (pellet or
mash) x 4 (control, Axtra XB, Quantum Blue (QB) and Axtra XB + QB enzyme) factorial array in a completely randomized
design having six replicates per treatment (10 birds per replicate) was used. Birds were raised in climate-controlled rooms
in a 3-phase; starter (0—10 days), grower (11-24 days) and finisher (25-35 days). Apparent metabolizable energy (AME),
metabolizable energy intake, net energy of production, energy retained as protein (REp), and efficiency of metabolizable en-
ergy use for energy and protein retention were higher (p < 0.05) in birds fed pelleted diets. The AME and REp was higher (p
< 0.05) with enzyme supplementation. Ash content, weight, length, width and breaking strength of tibia bones were highest
(p < 0.05) in birds on pelleted diets. Tibia bone traits were improved (p < 0.05) when enzymes were included, particularly
in a combination of QB and Axtra XB. However, potassium, magnesium, and zinc contents were highest (p < 0.05) when
QB was supplemented. Digestibility of all amino acids was higher (p < 0.05) in birds supplied with pellets and with enzyme
supplementation for most amino acids, except for serine. There was a positive interaction (p < 0.05) between feed form and
enzymes on lysine and phenylalanine digestibility. Digestibility of Ca, P, K, S, Zn, and Fe was higher (p < 0.05) in birds fed
pelleted diets, while those on mashed diets had higher (p < 0.05) digestibility of Cu and B. The digestibility of P, K, and Zn
was highest (p < 0.001) when QB was added, while Ca, P, S, and B digestibility was highest when a combination of Axtra
XB + QB was applied. Pelleted diets with or without enzymes improved energy utilization, digestibility of amino acids, and
minerals, and increased bone strength in broiler chickens.
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Background

Feed is the most expensive input in poultry production, and can
account for about 70% of total variable costs [1,2]. Thus, when
formulating diets, at least a proper combination between feed costs
and bird nutrient requirements is essential to optimize the efficien-
cy of nutrient utilization [3]. Although broilers are highly efficient
in converting feed to high quality meat, this is not always the case
because much of the nutrients ingested are not adequately digested
and utilized but are lost through excretion. According to Ravin-
dran [4], broiler chickens excrete a significant amount of nutrients
in droppings, including 30% dry matter (DM), 25% gross energy,
50% nitrogen, and 55% phosphorus, which could have been ab-
sorbed and utilized by the birds for growth. So, offering birds with
adequate nutrients will lead to improved feed efficiency. World-
wide, the broiler industry has adopted different nutritional strate-
gies to improve nutrient utilization and bird productivity. Physical
processing of feed and the use of additives, particularly microbial
enzymes, have been used to improve quality of feeds and nutri-
ent utilization by poultry. The performance of broiler chickens is
strongly affected by the physical form of feed, nutrient density, and
presence of anti-nutrients in feed ingredients, among other factors
[5]. Compared to pelleted diets, feeds in mash form have been
reported to be inferior in quality and utilization as well as perfor-
mance of birds, because of its dusty form, which may reduce feed
palatability and intake [6]. The high fibre content and presence
of antinutritional factors (ANF) in vegetable protein ingredients
result in reduced energy and digestibility due to the low capacity of
broiler chickens to digest fibre [7]. Therefore, feeding diets of vege-
table origin can lead to poor utilization, and negative impact on the
performance of birds [8]. Feed processing methods such as grind-
ing, pelleting, and the use of microbial enzymes solubilize some
cellulose and hemicellulose fractions in feed ingredients, which
results to improved nutrient availability [7]. Application of micro-
bial enzymes to broiler diets tend to reduce the impact of ANE,
and increase nutrient digestibility and utilization [9]. Feed ingre-
dients, especially diets based on grains like maize, contain phytate
and other anti-nutrients, which limit the bioavailability of bound
phosphorus and other minerals, amino acids, and starch. Phytase
increases the release of organic phosphorus present in plant cells
through hydrolysis of myo-inositol or phytic acid [10]. Birds lack
endogenous phytase to hydrolyze the phytate present in grains,
which results in poor performance and bone health [11]. Accord-
ing to Bhuiyan [12], high levels of microbial phytase in diets based
on cereal grain, such as maize, wheat, and sorghum improve their
nutritive value and efficiency of utilizations in broiler chickens.
Maize-soybean-based diets contain considerable amounts of

oligosaccharides and non-starch polysaccharides (NSP) such as
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arabinoxylans, 5 -glucans and cellulose, which affect the digest-
ibility and utilization of their nutrients [13]. Therefore, inclusion of
NSP-degrading enzymes such as xylanase, /3 -glucanase, 3 -man-
nases, @ -galactosidase and pectinase has been reported to decrease
intestinal viscosity in poultry, and hence increase digestibility and
performance [14]. Xylanase and beta-glucanase have been effec-
tively applied in non-ruminant diets rich in cereals such as wheat,
barley, rye, oats and maize to improve nutrient availability and
hence improve performance in broiler production [10].

To be competitive, the poultry industry in Tanzania, as in other
developing countries, needs to adopt modern technologies, such as
the use of microbial enzymes, and the pelleting of diets to improve
bird performance. Application of these technologies in Tanzania
has not been widely adopted due to lack of knowledge, cost-ben-
efit analysis and availability of these supplements. Therefore, the
current study aimed at evaluating how feed form and exogenous
enzyme supplementation can improve the amino acid digestibility,
bone quality, and energy utilization of broiler chickens fed on repli-

ca Tanzanian diets.

Materials and Methods

Experimental design and dietary management

Four hundred and eighty Ross 308 day-old broiler chickens were
randomly assigned to eight dietary treatments. Each diet was
replicated six times with 10 birds per replicate in a 2 x 4 factorial
arrangement. Diets were based on maize, soybean, cottonseed, and
fish meal, and were supplied to birds in two feed forms (mash or
pellets) in a four-enzyme supplementation plan (control, Axtra XB,
QB, and Axtra XB + QB). Both enzymes were provided by AB
Vista (UK) and were applied to top-up at the rate of 100 mg/kg of
Axtra XB and 100 g/kg of QB. Birds were reared in climate-con-
trolled deep litter floor pens from O to 35 d with ad /ibitum access
to feed and water. Titanium dioxide (TiO,) at a concentration of
5 g/kg was incorporated into the grower diets as an indigestible
marker to calculate the ileal digestibility of amino acids and min-
erals. Birds were raised in three phases - starter (1-10 d), grower
(11-24 d) and finisher (25-35 d). Dietary ingredient components
and their nutrient composition are presented in Tables 1 and 2,

while the amino acid composition of the diets is presented in Table 3.

Laboratory analyses

Twelve day-old chicks were electrically stunned, killed by cervical
dislocation, minced and later analysed to obtain the baseline data
of energy, fat and protein contents. Excreta was collected from
19-21 d using aluminium foil sheets. The excreta samples were
pooled by replicate (per pen), mixed and stored at —20°C. Two
birds per cage were killed at 24 d and immediately stored intact at
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Table 1. Feed ingredient composition of the test diets” (g/kg)

Ingredients Starter Grower Finisher
Control AXB QB AXB+QB Control AXB QB AXB+QB Control AXB QB AXB+QB
Maize 6236 6242 6236 623.6 6594  659.3 665.2 665.2 670.7 6706 676.3 676.3
SBM 1794 1775 180.0 180.0 162.2 162.2 163.6 163.6 1743 1743 1758 175.8
Cottonseed meal 90.4 91.1 91.0 91.0 1094 1094 1104 110.4 79.5 79.5 80.2 80.2
Fish meal 61.5 62.1 60.5 60.5 17.4 174 17.5 17.5 8.1 8.1 8.2 8.2
Canola oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 18.2 18.1 18.3 18.3
Mineral premix” 8.6 8.6 8.6 8.6 7.6 7.6 7.7 7.7 8.7 8.7 8.8 8.8
Dicalcium phosphate 8.2 8.2 8.4 8.3 12.6 12.6 4.8 4.8 12.1 12.1 4.8 4.8
Vitamin premix” 7.0 7.0 7.0 7.0 7.2 7.2 7.2 7.2 6.8 6.8 6.8 6.8
Limestone 6.7 6.6 6.9 6.9 10.5 10.5 10.6 10.6 9.3 9.3 9.3 9.3
L-Lysine 5.1 5.1 5.2 5.2 4.8 4.8 4.8 4.8 43 4.3 43 43
DL-Methionine 3.7 3.7 3.7 37 1.8 1.8 1.8 1.8 1.6 1.6 1.6 1.6
L-Threonine 25 25 25 25 24 24 24 24 1.8 1.8 1.8 1.8
Salt 2.2 22 2.0 2.0 12 12 12 1.2 13 1.3 13 1.3
Choline Cl 70% 1.0 1.0 04 04 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Sodium bicarbonate 0.1 0.1 0.2 0.2 24 24 14 1.4 26 26 15 1.5
AXB 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.1
Quantum blue 0.0 0.0 0.1 0.1 0.0 0.0 0.1 0.1 0.0 0.0 0.1 0.1
TiO, 0.0 0.0 0.0 0.0 0.5 0.5 0.5 05 0.0 0.0 0.0 0.0

"Half of each diet was pelleted and the other half was fed as mash. AXB = axtra XB (xylanase + B-glucanase), QB = quantum blue (phytase), SBM = soyabean meal, Dical phos-
phate = dicalcium phosphate.

IMineral premix (DM basis) contains (g/kg): P = 0.1, K= 0.08, Cl = 0.27, S = 3.05, Se = 0.80, Zn = 266, Fe = 106, Cu = 42.67, Mn = 240.

*Nitamin premix (95.8%) contains vitamin A (IU) 24,000,000, vitamin E (IU) = 150,000, vitamin K (g/kg) = 6, thiamine (g/kg) = 6, riboflavin (g/kg) 16, niacin (g/kg) = 110,000, pan-
tothenic acid (g/kg) = 26, pyridoxine (g/kg) = 10, folacin (g/kg) = 4, and biotin (g/kg) = 0.5.

Table 2. Nutrient composition of dietary treatments Table 3. Analyzed amino acid contents of grower diets
Nutrients Starter Grower Finisher Amino acid Control AXB QB AXB + QB

ME P (kcal/kg) 3,000 3,100 3,200 Histidine 5.2 53 5.6 5.6
ME (MJ/kg) 12.6 13.0 13.4 Serine 8.6 8.7 94 9.5
CP (%) 23.0 215 19.5 Arginine 13.6 13.8 14.3 14.6
Crude fat (%) 5.1 5.0 6.8 Glycine 7.4 75 8.4 8.5
Crude fibre (%) 35 38 35 Aspartic acid 16.8 16.8 17.6 18.3
Arginine (%) 1.4 1.3 1.2 Glutamic acid 33.8 345 36.4 36.6
Lysine (%) 1.3 1.1 1.0 Threonine 8.8 8.9 9.6 10.7
Methionine (%) 0.7 05 0.4 Alanine 8.9 9.1 10.1 10.0
Methionine + cystine (%) 1.0 0.7 0.7 Proline 10.6 10.7 1.7 11.5
Tryptophan (%) 0.2 0.2 0.2 Lysine 12.4 12.3 12.8 14.0
Leucine (%) 1.5 1.4 1.4 Tyrosine 4.3 45 44 46
Isoleucine (%) 0.8 0.7 0.6 Methionine 3.9 4.1 43 45
Threonine (%) 0.9 0.8 0.7 Valine 8.6 8.7 94 94
Valine (%) 0.9 0.8 0.7 Isoleucine 72 74 79 7.8
Calcium (%) 1.0 0.9 0.8 Leucine 15.8 16.2 17.6 171
Phos. avail (%) 05 04 0.4 Phenylalanine 9.4 9.7 10.2 10.1
Sodium (%) 0.2 0.2 0.2 AXB, axtra XB (xylanase + B-glucanase); QB, quantum blue (phytase).
Chloride (%) 0.3 0.2 0.2

Choline (mg/kg) 1,700 1,600 1,500

AXB, axtra XB (xylanase + B-glucanase); QB, quantum blue (phytase).
The four diets in three phases had similar nutritional composition.
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—20°C. The intact day-old and adult carcasses (24 d) were minced
and freeze-dried. Ileal digesta samples were collected from another
two birds at 24 d of age. They were then ground (0.5 mm) and an-
alysed for DM, CP(crude protein), GE (gross energy) and total fat.
Excreta samples were freeze-dried, ground and analysed for GE
and TiO, contents.

Dry matter

The DM content of diets was determined by drying samples at
105C in a forced air convection oven (Qualtex Universal Series
2000, Watson Victor Ltd, Perth, Australia) for 24 hours, while the
DM contents of digesta, whole carcasses and excreta were deter-
mined by freeze drying (Martin Christ freeze dryer, Osterode am
Harz, German) at =50 C for 72 hours.

Gross energy and crude protein

Approximately 0.5 g of finely ground (0.5 mm) diet and ileal di-
gesta samples were weighed into metallic crucibles to determine
the GE content, using an IKA®-WERKE bomb calorimeter
(C7000, GMBH & Co., Staufen, Germany).

The nitrogen content of diets, ileal digesta and whole carcasses
was determined according to the Dumas combustion using tech-
nique of a LECO FP-2000 automatic nitrogen analyser (LECO
Corp., St Joseph, Mich., USA) following the method described by
Sweeney [15]. Samples of diets, digesta and carcase were weighed
and kept in aluminium foil crucibles before setting in a LECO ni-
trogen analyser. Nitrogen was released by combustion at high tem-
perature in pure oxygen and measured by thermal conductivity de-
tection and converted to equivalent CP by the numerical factor of
6.25.'The furnace temperature was maintained at 105°C for hydro-
lysis of the sample in ultra-pure oxygen. To interpret the detector
response as percentage nitrogen (w/w), calibration was conducted

using a pure primary standard of ethylenediaminetetraacetic acid

(EDTA).

Crude fat content

The ether extract (EE) of whole carcasses at hatch and 24 d was
determined using a Soxhlet extraction system. All samples were
weighed and pressed in pre-weighed 185 mm filter paper that
was later placed in the Soxhlet tubes. The thimbles containing the
samples were then placed in the sample cylinder for 48-50 h after
filling the solvent flask with chloroform and turning on the water
to the condenser. During this time, reflux occurred every 2 h (24-25
refluxes). The following day, samples were removed from the thim-
bles and placed in an oven (80C) for 72 h for total drying before
weighing.

Intramuscular fat (IMF) percentage was calculated as:
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IMF% = Weight of extracted fat /
(pre-extraction sample weight / sample dry matter) x 100
Weight of extracted fat = Post-extraction sample weight

— Pre-extraction sample weight

Bone morphology and mineral contents

On 35 d, the left drumstick of two randomly chosen birds were
taken from each replicate and frozen at —20°C overnight. After
thawing, all the tissue adherent to the bones was removed. The
bones were then weighed, while the length and width were mea-
sured using digital calipers. Tibia bone length was measured from
the proximal end to the distal end, while width was measured
at the medial diaphysis. The breaking strength of the tibia bone
was measured by positioning a 10 mm diameter compression
rod against the bones and applying pressure (Lloyd, Hampshire,
UK). Breaking strength was recorded as the force required to break
the bone and was measured in the range of 0 to 500 N. The entire
bones were then dried for 12 h at 105 C in a forced-air convection
oven (Qualtex Universal Series 2000, Watson Victor Ltd, Perth,
Australia) and ashed (550°C for 4 h) in a Carbolite CWF 1200
chamber furnace (Carbolite, Sheffield, UK). The ashed bone sam-
ples were ground and stored at 4C in an airtight plastic container

to be analysed for DM and mineral contents.

Analysis of titanium dioxide

Titanium dioxide concentration in the diet and ileal digesta sam-
ples was measured in accordance with methods described by Short
etal. [16]. About 0.2 g of diet or 0.1 g of freeze-dried digesta sam-
ples were ashed in a porcelain crucible for 13 h at 580C and dis-
solved in 5 mL of 7.4 M H,SO,. The samples were gently boiled
for about 30 min at 200°C and then for a further 40 min at 250C
until completely dissolved. After cooling, the solution was trans-
ferred quantitatively into a 50 mL volumetric flask through filter
paper (Whatman 541, hardened ash-less, 90 mm &, Cat No. 1541
090, Whatman PLC, Maidstone, United Kingdom). Subsequently,
10 mL of H,0, (30% v/v) were added to each flask and the con-
tents were diluted up to 50 mL with Milli-Q_water and mixed
thoroughly through inversion to avoid bubbles. The absorbance of
aliquots and the prepared standard solutions was read on a Hitachi
150-20 UV spectrophotometer (Hitachi Science Systems Ltd.,
Ibaraki, Japan) at 410 nm. The concentration of TiO, (mg/mL)
was determined from the standard curve and converted to mg/g of
the sample.

Digestibility coefficient =
1 digesta nutrient(g/kg DM) / digesta TiO: (g/kg DM)
diet nutrient(g/kg DM) / diet TiO, (g/kg DM)
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Amino acid contents and ileal digestibility

'The amino acid contents of grower diets and digesta samples were
analysed at the Australia Proteome Analysis Facility (APAF),
Macquarie University, Sydney, NSW, Australia. The amino acid
contents were determined using pre-column derivatization with
6-aminoquinolyl-N-hydroxysuccinimidyl carbamate (AQC)
followed by separation of the derivatives and quantification by
reversed-phase high-performance liquid chromatography (RP-
HPLC). Amino acids were detected by UV absorbance. About
100 mg of sample was hydrolyzed in 6 M HCI for 24 hours at
110°C. After hydrolysis, an internal standard ( @ -aminobutyric
acid [AABA]) was added to each sample. After that, 10 uL of the
solution was derivatized using an AccQ-Tag Ultra Derivatization
Kit (Waters Corp. Milford, Massachusetts. USA; 70 pL borate
buffer and 20 pL. AccQ-Tag solution) and incubated for 10 min at
50C. The HPLC analysis was based on the method of Cohen [17]
but adapted for use with an ACQUITY Ultra Performance Liquid
Chromatography (Waters Corp., USA) system. An ACQUITY
UPLC BEH C18 1.7 um column was employed with detection at
260 nm and a flow rate of 0.7 mL/min. All samples were analyzed
in duplicates and averages computed. The ileal digestibility of ami-

no acid ileal was calculated using the following equation:

Digestibility coefficient =
_ digesta nutrient(g/kg DM) / digesta TiO: (g/kg DM)
diet nutrient (g/kg DM) / diet TiO: (g/kg DM)

Determination of ileal mineral contents and digestibility
On 24 d, two birds per replicate were randomly selected, electrical-
ly stunned and killed by cervical dislocation, to collect ileal digesta.
The dried diet and ileal digesta samples collected on 24 d were
analyzed for minerals by the inductively coupled plasma (ICP)
method (Vista MPX-radial, Burladingen, German) as described
by Anderson and Henderson [18]. The sealed chamber digestion
(SCD) method was also used for macro elements (Ca, P, Mg, K,
and S), and trace minerals (Mn, Cu, Al, B, Zn, and Fe). This digest
method is the most appropriate for ICP analyses in which final
oxidation occurs in the high temperature plasma of the ICP. About
0.2 g of diet and ileal digesta samples was weighed and transferred
into appropriate 50 mL borosilicate Schott reagent bottles. Then,
2 mL of a 7:3 (v/v) mixture of perchloric acid (HCIO,-70%) and
hydrogen peroxide (H,0,-30%) were added to each digestion
bottle and bottles were capped tightly. After pre-digestion for 2
h at room temperature, another one mL of H,0, was added, and
the bottles sealed tightly and placed into a warming oven at 80C
for 30 min. After cooling slightly, a further one mL of H,O, was
added and the samples were then digested in the oven at 80°C for
a further 60 min. After that, the final volume was adjusted to 25

196 | https://www.ejast.org

Feed form and microbial enzyme effect on broilers

mL of total volume using distilled water and mixed thoroughly. To
reduce adsorption onto the plastic and inhibit the growth of mi-
cro-organisms, the samples were briefly stored at 4 C before taking
the absorbance reading at 785 nm against a blank. Ileal mineral di-
gestibility of the diets and digesta was thereafter calculated accord-
ing to the method developed by Moughan et al. [19] and revised
by Kong and Adeola [20] using TiO, as an indigestible maker as

described in the following equation:

Digestibility coeficient =
__ digesta nutrient(g/kg DM) / digesta TiO: (g/kg DM)
diet nutrient (g/kg DM) / diet TiO, (g/kg DM)

1

Energy utilization calculation
The methodology as explained by Olukosi et al. [5] was used
to calculate the nutrient retention and utilization parameters as

follows:
AME (MJ/kg) = GE, - [GE, x (T, /T)]

where GE, is gross energy (MJ/kg) in feeds; GE, is the gross
energy (MJ/kg) in excreta, T is the titanium concentration in the
diets; and T} is the titanium concentration in the excreta.

The net energy of production (NE,) was computed using the

following equations:
Initial GE of carcase (kJ)= carcase GE (k] / g) x body weight of bird (g)

Final contents of carcase (kJ)
= carcase GE (kJ/g) x body weight of bird (g)

NE, (k]) = (2) - (1)
Heat of production (HP), which consists of the heat increment of
feeding and fasting HP was calculated as the difference between
NE, and ME intake:

HP (kJ) = MEI - NE,

where ME intake (MEI) was calculated using the following for-
mula:

MEI (k]) = ME (kJ/g) x feed intake (g)
Energy retention:

Energy retained as fat (RE;) and as protein (RE,) were calculat-

ed as follows:
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RE; (k]) = carcase fat (g) x 38.2 kJ/g
RE, (k]) = carcase crude protein content (g) x 23.6 kJ/g

'The values 38.2 and 23.6 kJ/g are energy values per gram of fat
and protein, respectively, as derived by Larbier and Leclercq [21].

Metabolizable energy efficiencies:

Efficiency of ME use for energy retention (kgg) = NE, / MEI
Efficiency of ME use for lipid retention (kgg,) = RE;/ MEI
Efficiency of ME use for protein retention (kgg,) = RE, / MEI

Statistical analysis

Complete randomization was applied in this study, and the data
obtained were analysed in a two-way analysis of variance using the
general linear model (GLM) procedure of Minitab statistical soft-
ware, version 17 [22]. Tukey’s pairwise comparison test was used
to separate differences between mean values at the p < 0.05 level of
probability.

Animal ethics

'The experiment was approved by the Animal Ethics Committee
of the University of New England (Approval No. AEC17-079).
Health and animal husbandry practices complied with the Code of
Practice for the Care and Use of Animals for Scientific Purposes
issued by the Australia Bureau of Animal Health [23].

JAST

Results

Energy utilization

The results of AME and energy utilization due to feed form and
microbial enzyme supplementation are illustrated in Table 4. There
was no interaction (p > 0.05) between feed form and enzyme sup-
plementation on either AME or the energy utilization parameters.
Results showed that the pelleted diet had higher (p < 0.001) AME
than the mash diets. Enzyme supplementation resulted to higher
(p < 0.005) AME, with the best result was observed when the test
enzymes Axtra XB and QB were combined in the diet. Metabo-
lizable energy intake, NE, and the energy retained as protein were
better (p < 0.002) when pelleted diets were fed than mash diets.
Including microbial enzymes to the diets resulted to more (p <
0.01) energy retained as protein, with a slight increase in MEI and
efficiencies of ME use. Neither feed form nor microbial enzyme
supplementation had a significant effect (p > 0.05) on the heat
production (HP), energy retained as fat, or efficiency of ME use
for lipid retention.

Bone morphology and mineral content

There was no interaction (p > 0.05) between the two factors on the
bone morphological traits (Table 5). The tibia bone weight, length,
width, and breaking strength were higher (p < 0.002) in the group
of birds supplied with pelleted diets than those raised on mash.
Heavier, longer, wider and stronger bones were recorded in birds

on diets supplemented with exogenous enzymes (p < 0.038), with

Table 4. Effect of feed form and microbial enzymes supplementation on energy utilization of broiler chickens

Energy utilization

Ay el Efficiency of ME use for

Feed form Enzyme AME (%ﬂ) (KJ/d) (KJ/d) as

b HP Protein Fat Energy  Protein Lipid

Mash No enzyme 11.8° 747 5° 424 1 3234 226.2" 240.7 0.50° 0.27° 0.28

AXB 12.4® 777.7* 461.7° 316.0 242.0™ 242.6 0.53" 0.28% 0.28

QB 12.4% 812.1%* 4136° 398.4 217.1° 235.0 0.54” 0.28™ 0.31

AXB + QB 12.6% 823.6® 479.1%* 3445 246.5° 2715 0.60* 0.31%° 0.34

Pellet No enzyme 12.5% 847.7* 487.8° 359.9 257.5° 255.1 0.61* 0.32° 0.32

AXB 12.9° 857.8% 506.3% 3515 259.4° 269.8 0.63° 0.32° 0.34

QB 13.1° 824.9° 501.0% 323.8 247.3° 259.5 0.63° 0.31%° 0.33

AXB + QB 13.4° 876.0° 504.0° 372.0 259.9° 267.3 0.62" 0.32° 0.33

SEM 0.101 10.4 8.18 11.1 3.02 5.11 0.012 0.005 0.007
Significance

Feed form 0.001 0.002 0.001 0.783 0.001 0.138 0.001 0.001 0.065

Enzyme 0.005 0.285 0.191 0.795 0.010 0.397 0.391 0.523 0.429

Feed form x enzyme 0.947 0.399 0.455 0.245 0.419 0.698 0.446 0.348 0.348

*IMeans with different superscripts within the columns are different (p < 0.05).
Values are means of 6 replicates (10 birds per replicate).

AXB, axtra XB (xylanase and beta-glucanase composite); QB, quantum blue (phytase); SEM, standard error of the mean; AME, apparent metabolizable energy; MEI, metaboliz-

able energy intake; NE,, net energy for production; HP, heat production.
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Table 5. Effect of feed form and enzyme supplementation on the morphology of tibia bone of broilers

Feed form and microbial enzyme effect on broilers

Feed form Enzyme WT (g) L (mm) D (mm) Strength (N)
Mash No enzyme 57° 86.6° 14.5° 199.4°
AXB 6.4 88.2" 15.5%° 213.5%
QB 7.5 88.5™* 15.1% 240.1%
AXB + QB 7.5 88.3" 15.0% 218.6"
Pellet No enzyme 7.1 89.5" 15.4%° 225.5%
AXB 7.3 89.2** 15.5%° 234.7%°
QB 7.8% 91.3% 15.9% 250.7*
AXB + QB 8.3° 91.7° 16.3° 274.8°
SEM 0.14 0.33 0.10 4.67
Significance
Feed form 0.001 0.001 0.001 0.001
Enzyme 0.001 0.022 0.038 0.004
Feed form x Enzyme 0.158 0.368 0.063 0.168

*“Means with different superscripts within the columns are significantly different (p < 0.05).

Values are means of 6 replicates (10 birds per replicate).

AXB, axtra XB (xylanase and beta-glucanase composite); QB, quantum blue (phytase); SEM, standard error of the mean; WT= bone weight; L= bone length; D, bone diameter; N,

newton (S unit of breaking strength).

the highest value observed when a combination of QB (phytase)
and Axtra XB was added.

Tibia bone ash and mineral contents for the broiler chickens fed
different forms of feed and enzyme supplementation are shown in
Table 6. There was no significant interaction (p > 0.05) observed
between the feed form and microbial enzymes on the ash and min-
eral contents of the broiler chickens. Tibia ash content was higher (p
< 0.002) in birds fed pelleted diets, and this was further increased (p
< 0.001) by enzyme supplementation. The mineral content of tibia

bones was not affected (p > 0.05) by feed form. Only potassium
and zinc contents were higher (p < 0.005) in birds fed on diets sup-
plemented with enzymes, with the highest value observed when

phytase and a combination of the enzymes was used.

lleal amino acid digestibility
There was a positive interaction effect (p > 0.04) between feed form
and enzyme supplementation on the digestibility of lysine and

phenylalanine. Broiler chickens offered pelleted diets had signifi-

Table 6. Effect of feed form and enzyme supplementation on mineral contents (mg/kg) of tibia bones

Feed form Enzyme Ash (%) Ca K Mg S Zn
Mash No enzyme 43.0° 402.3 183.1 9.0 77 24 366.8"
AXB 435> 403.1 183.3 8.9% 7.6 23 349.7"
QB 438> 4029 183.5 9.5° 74 24 459.1°
AXB +QB 45.3* 403.3 184.0 9.4% 7.6 23 464.6°
Pellet No enzyme 43.9” 404.1 183.2 8.8° 7.6 23 321.9°
AXB 4427 406.5 183.5 8.9% 7.6 24 349.8%
QB 45.7° 403.1 182.9 9.3 7.3 24 475.8°
AXB + QB 445.9° 403.9 182.7 9.5° 74 24 413.4®
SEM 0.20 0.67 0.23 0.07 0.03 0.03 10.5
Significance
Feed form 0.002 0.295 0.357 0.478 0.265 0.972 0.162
Enzyme 0.001 0.816 0.976 0.005 0.112 0.751 0.001
Feed form x enzyme 0.392 0.854 0.671 0.684 0.446 0.585 0.246

““Means with different superscripts within the columns are significantly different (o < 0.05).

Values are means of 6 replicates (10 birds per replicate).
AXB, axtra XB (xylanase and beta-glucanase composite); QB, quantum blue (phytase); SEM, standard error of the mean.
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Table 7. Effect of feed form and enzyme supplementation to broiler chickens on digestibility of indispensable amino acids

Feed form Enzyme Arg His lle Leu Ly Met Thr Phe Val
Mash No enzyme 0.88° 0.80° 0.78° 0.67° 0.83° 0.91° 0.76° 0.83° 0.79"
AXB 0.92°*° 0.82% 0.84%° 0.75*° 0.88% 0.94% 0.83%° 0.89%° 0.83%
QB 0.91° 0.83™* 0.82° 0.68% 0.86™ 0.92" 0.80% 0.86° 0.78°
AXB + QB 0.92*° 0.81° 0.81% 0.72° 0.87% 0.93%* 0.83%° 0.87* 0.80™
Pellet No enzyme 0.91% 0.86*° 0.83*° 0.74%° 0.90° 0.93%* 0.81™ 0.88%° 0.82%°
Axtra XB 0.92*° 0.87* 0.88° 0.79° 0.98% 0.95° 0.87° 0.90° 0.86°
QB 0.93%* 0.86*° 0.87° 0.78% 0.89% 0.93° 0.84* 0.89% 0.86°
AXB + QB 0.93° 0.88° 0.86% 0.77% 0.90° 0.94% 0.86° 0.90° 0.87°
SEM 0.003 0.005 0.006 0.008 0.004 0.002 0.005 0.004 0.006
Significance
Feed form 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001
Enzyme 0.001 0.040 0.001 0.001 0.044 0.001 0.001 0.001 0.008
Feed form x enzyme 0.189 0.141 0.665 0.182 0.007 0.153 0.395 0.040 0.062

*“Means that do not share a letter superscript within the columns are significantly different (p < 0.05).

Values are means of 6 replicates (10 birds per replicate).

AXB, axtra XB (xylanase and beta-glucanase composite); QB, quantum blue (phytase); SEM, standard error of the mean.

Table 8. Effect of feed form and enzyme supplementation to broiler chickens on digestibility of dispensable amino acids

Feed form Enzyme Ala Asp Gly Pro Ser Tyr
Mash No enzyme 0.78° 0.79° 0.86° 0.72° 0.77° 0.77° 0.79"
AXB 0.85"" 0.83" 0.90% 0.76% 0.83° 0.81% 0.85%
QB 0.82° 0.82" 0.88° 0.78" 0.85° 0.817 0.80%
AXB + QB 0.83% 0.82" 0.90% 0.78" 0.82% 0.80% 0.84
Pellet No enzyme 0.84™ 0.85* 0.89* 0.80** 0.83° 0.83° 0.83”
AXB 0.89° 0.87* 0.91* 0.82* 0.86° 0.84° 0.88°
QB 0.87* 0.87* 0.91° 0.84° 0.85° 0.84° 0.85*
AXB + QB 0.86™ 0.88° 0.92° 0.82* 0.86° 0.86° 0.86*
SEM 0.005 0.005 0.003 0.007 0.006 0.006 0.005
Significance
Feed form 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Enzyme 0.001 0.005 0.001 0.001 0.001 0.074 0.001
Feed form x enzyme 0.458 0.725 0.064 0.384 0.121 0.360 0.382

“*Means that do not share a letter superscript within the columns are significantly different (p < 0.05).

Values are means of 6 replicates (10 birds per replicate).

AXB, axtra XB (xylanase and beta-glucanase composite); QB, quantum blue (phytase); SEM, standard error of the mean.

cantly higher (p < 0.05) apparent digestibility of both indispensable
and dispensable amino acids than those fed mash diets (Table 7
and Table 8). Inclusion of microbial enzymes increased (p < 0.04)
the digestibility of most amino acids (except serine), with the high-
est coefficients observed when the combination of Axtra XB + QB
was used. Inclusion of Axtra XB resulted in higher digestibility for

isoleucine and leucine.

lleal mineral digestibility
The ileal digestibility of macro and trace minerals is shown in Table

https://doi.org/10.5187/jast.2019.61.4.192

9.The interaction between feed form and enzyme supplementation
increased (p < 0.05) the digestibility of P, K, S, Cu, and Zn. The
digestibility coefficients of Ca, P, K, S, Zn, and Fe was highest (p <
0.05) in birds supplied with pellets, while mash-fed birds record-
ed improvement (p < 0.05) in the digestibility of Cu and B only.
However, the digestibility of Mg and Al was lower with mash diets
than in pelleted diets, but these differences were not significant (p
> 0.05). Enzyme inclusion improved (p < 0.001) the digestibility
of all macro minerals, except for Mg, while of the micro minerals

only the digestibility of Zn and Fe was improved (p < 0.009). The
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Table 9. Effect of feed form and enzyme supplementation on ileal mineral digestibility

Treatments Macro elements Trace elements
Feed form Enzyme Ca P Mg K S Mn Cu Al B Zn Fe
Mash No enzyme 0.51° 0.48° 0.33 0.86™ 0.65° 0.30* 0.25* 0.34 0.69° 0.24° 0.20°
AXB 0.59*  0.55° 0.30 0.87* 0.73** 0.30* 0.37* 0.39 0.70% 0.32* 0.34°
QB 0.63% 0.61% 0.37 0.91° 0.67™ 0.34° 0.44° 0.33 0.70° 0.32* 0.36™
AXB + QB 073"  0.66™ 0.32 0.83° 0.77° 0.38° 0.41* 0.40 0.74° 0.35° 0.36"
Pellet No enzyme 0.65™  0.61* 0.27 0.88® 0.74* 0.26™ 0.32* 0.29 0.64* 0.35° 0.36"
AXB 0.70™ 064  0.32 090  0.76° 027°  031® 031 068°  030° 0417
QB 069  0.75° 0.24 0.92° 0.71%° 0.25% 0.23° 0.31 0.59° 0.40° 0.40%
AXB + QB 078"  070°  0.30 0.90° 075" 025 026 042 065° 035  049°
SEM 0.014 0.012 0.118 0.039 0.008 0.017 0.017 0.015 0.013 0.010 0.015
Significance
Feed form 0.001 0.001 0.169 0.001 0.011 0.030 0.006 0.288 0.007 0.009 0.001
Enzyme 0.001 0.001 0.999 0.001 0.001 0.89%4 0.508 0.139 0.468 0.025 0.001
Feed form x enzyme 0.202 0.003 0.544 0.048 0.030 0.705 0.014 0.663 0.645 0.026 0.153

**Means with different superscripts within the columns are significantly different (p < 0.05).

Values are means of 6 replicates (10 birds per replicate).

AXB, axtra XB (xylanase and beta-glucanase composite); QB, quantum blue (phytase); SEM, standard error of the mean.

digestibility of K and Zn was better when QB was supplemented,

while Ca, P, S, and Fe digestibility was improved when a combina-
tion of Axtra XB and QB was added.

Discussion

Energy utilization

In the present study, AME, MEI, NE, and the energy retained
as protein were better when pelleted diets were provided. These
improvements in pellet-fed birds could be due to the fact that
pelleting diets reduces feed wastage and particle selection during
consumption. Furthermore, birds use less energy when eating pel-
leted diets, thus conserving more energy, some of which could be
lost when fed mash diets [24]. Pellet processing conditions, includ-
ing pressing, heating, and addition of moisture, might deactivate
anti-nutritive factors (ANF) and improve the palatability of diets,
leading to an improvement in nutrient availability, particularly
energy, for the birds [25]. These results support the findings of
Greenwood et al. [26], who reported that pelleting diets propor-
tionally increases dietary energy and hence makes more energy
available to birds, thereby achieving maximum utilization and
retention. It was also observed in the current study that microbial
enzymes improved the amount of energy retained as protein, with
a slight increase in MEI and efficiencies of ME usage, particularly
when a combination of Axtra XB and QB was supplemented.
Similar enzymes have been shown to reduce the negative effects of
ANF and improve endogenous enzyme activity [27]. The current
results also partially agree with those reported by Olukosi et al. [5],
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who found an improvement in NE , RE; and RE, when diets were
supplemented with a combination of phytase and carbohydrases.
According to Khattak et al. [28], inclusion of exogenous enzymes
in poultry diets enhances the nutrient availability, which then in-
creases the efficiency of nutrient utilization by the birds.

Bone quality

Feeding pelleted diets increased the length, width, and breaking
strength of tibia bones of broiler chickens in the current study. This
could be explained by the increased availability of some minerals,
particularly Ca, P,and Mg from the pelleted diets. Pelleting reduc-
es the wastage of these important minerals, leading to improved
performance and bone characteristics. Further improvement of
these bone physical traits was then observed when the microbial
enzymes were supplemented, with better results shown when a
combination of QB (phytase) and Axtra XB was added to the di-
ets. This could be due to, especially the effect of phytase, in degrad-
ing the phytate-nutrient complex, which could increase utilization
of minerals. The improved bone physical characteristics could also
be related to the increased body weight for birds on pelleted diets.
'These results are in accord with the findings of Hossain et al. [29]
who found that tibia length and strength were increased when the
birds were offered diets with phytase and carbohydrases. Tibia ash
content was increased in the group of birds supplied with pelleted
diets, and this was also improved by enzymes, especially when QB
was added in combination with Axtra XB. These results are in
agreement with previous studies by De Sousa et al. [8] and Brenes
et al. [30], who found an increase in ash content of tibial bone
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when phytase and carbohydrase were added to maize-soybean-
based diets. In the current study, feed form did not influence the
mineral contents of tibia bone; however, microbial enzyme inclu-
sion increased the content of some minerals: QB supplementation
specifically increased the potassium and zinc contents. A previous
study by Brenes et al. [30] showed that phytase supplementation
increased Zn, P, and Ca of broiler tibia bones in a maize-soybean-
based diets. Furthermore, phytase inclusion in maize-based diets
has been reported to increase the bioavailability of bound phos-
phorus and other minerals such as Ca, Zn, Fe,and Cu [31].

lleal nutrient digestibility

In the current study, pelleted diets increased the digestibility of
both indispensable and dispensable amino acids. This could be
related to the process of pelleting which increases the surface area
of the ingredients to the action of digestive enzymes [7]. Further-
more, the heat applied during pelleting inactivates proteinaceous
enzyme inhibitors, and breaks the cell wall of ingredients, provid-
ing greater access for the enzymes to the nutrients, hence increas-
ing the digestibility [25]. Pelleting increases protein digestibility by
deactivating anti-nutrients, which may improve amino acid digest-
ibility.

Broiler chickens, like other young animals, have undeveloped
digestive enzyme capacity, and thus require exogenous enzymes
to enhance the digestibility of amino acid for maintenance and
growth [9]. The results of the current study are in line with the
findings of Cowieson and Ravindran [32] who observed improve-
ment in the ileal digestibility of most amino acids when an enzyme
cocktail of phytase and carbohydrase was added to broiler diets.
A study by Rutherfurd et al. [33] revealed improved broiler ileal
digestibility for most measured amino acids ecept methionine, ty-
rosine, histidine, and threonine when microbial phytase was added
to maize—soybean-based diet. He et al. [34] also demonstrated an
improvement in apparent ileal digestibility of histidine, threonine,
aspartic acid, cystine, proline, and serine when diets were supple-
mented with phytase.

The increased digestibility of some minerals in pelleted diets
is explained by the fact that pelleting tends to conserve more nu-
trients compared to mash diets. However, this response was not
observed for all minerals, for reasons that are not clear. The digest-
ibility of Ca, P, K, S, Zn, and Fe was also increased by enzyme sup-
plementation, when QB (phytase) was added singly or combined
with Axtra XB. It has been reported that the addition of phytase to
maize-based diets increases the availability of phytate-phosphorus
and other minerals, including Ca, Zn, Cu, and Fe [31,35]. Similar-
ly, Bradbury et al. [36] found that phytase addition to broiler diets
improved the digestibility of both Ca and P.
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Conclusion

The results of the present study suggest that both pelleting diets
and enzyme supplementation improved the AME of the feed
supplied, and enhanced the energy utilized by the broiler chickens,
improved nutrient digestibility and bone quality. Despite the high
nutrient density in maize-soybean-based diets, it is important to
supplement broiler chicken diets with microbial enzymes in order
to optimize the nutrient availability.

Competing interests
No potential conflict of interest relevant to this article was reported.

Funding sources
This manuscript has not received any funding.

Acknowledgements
The authors acknowledge Australia Awards Scholarship and The
University of New England (UNE).

Availability of data and material
Upon reasonable request, the datasets of this study can be available

from the corresponding author.

Authors’ contributions

Conceptualization: Iji PA, Chang’a EP.

Data curation: Chang’a EP, Abdallh ME, Ahiwe EU, Al-Qahtani M.

Formal analysis: Chang’a EP.

Methodology: Chang’a EP, Iji PA.

Software: Chang’a EP.

Validation: Chang’a EP, Iji PA.

Investigation: Chang’a EP.

Writing - original draft: Chang’a EP.

Writing - review & editing: Chang’a EP, Abdallh ME, Ahiwe EU,
Al-Qahtani M, Mbaga S, Iji PA.

Ethics approval and consent to participate

This article does not require IRB/IACUC approval but was ap-
proved by the University of New England Animal Ethics Com-
mittee (AEC17-079).

ORCID
Edwin Peter Chang’a  https://orcid.org/0000-0002-8978-6921
Medani Eldow Abdallh https://orcid.org/0000-0002-8419-5057
Emmanuel Uchenna Ahiwe
https://orcid.org/0000-0001-9862-7503
Mohammed Al-Qahtani
https://orcid.org/0000-0001-7317-1319

https://www.ejast.org | 201



JAST

Said Mbaga https://orcid.org/0000-0003-4043-6629
Paul Ade Jji https://orcid.org/0000-0002-6981-6281
References

1. Suh DH, Moss CB. Decompositions of corn price effects:

10.

11.

12.

13.

implications for feed grain demand and livestock supply. Agric
Econ. 2017;48:491-500.

Behnke KC, Beyer RS. Effect of feed processing on broiler
performance [Ph.D. dissertation]. Manhattan, NY: Kan-
sas State University; 2004. https://pdfs.semanticscholar.
0rg/630c/55855265dc0d95110€99555a7aladcddd66¢.pdf;
http://www.veterinaria.uchile.cl/publicacion/VIIIpatologia/
SEMINARIOS/semi2.pdf. Accessed 1 Jun 2019.

Ravindran V. Feed enzymes: the science, practice, and meta-
bolic realities. ] Appl Poult Res. 2013;22:628-36.

Ravindran V. Poultry feed availability and nutrition in devel-
oping countries. In: Poultry development review. Rome: FAO;
2013. p.60-3. http://www.fao.org/3/a-al703e.pdf. Accessed at
1Jun 2019.

Olukosi OA, Cowieson AJ, Adeola O. Energy utilization and
growth performance of broilers receiving diets supplemented
with enzymes containing carbohydrase or phytase activity in-
dividually or in combination. Br ] Nutr. 2008;99:682-90.
Jimenez-Moreno E, de Coca-Sinova A, Gonzalez-Alvarado
JM, Mateos GG. Inclusion of insoluble fiber sources in mash
or pellet diets for young broilers. 1. Effects on growth perfor-
mance and water intake. Poult Sci. 2016;95:41-52.

Rojas O], Stein HH. Processing of ingredients and diets and
effects on nutritional value for pigs. ] Anim Sci Biotechnol.
2017;1:48.

De Sousa ], Albino L, Vaz R, Rodrigues K, Da Silva G, Renno
L, et al. The effect of dietary phytase on broiler performance
and digestive, bone, and blood biochemistry characteristics.
Rev Bras Cienc Avic. 2015;17:69-76.

Ravindran V. Feed enzymes: the science, practice, and meta-
bolic realities. ] Appl Poult Res. 2013;22:628-36.
Mireles-Arriaga Al, Espinosa-Ayala E, Hernandez-Garcia
PA, Marquez-Molina O. Use of exogenous enzyme in animal
feed. Life Sci J. 2015;12:23-32.

Selle PH, Ravindran V. Microbial phytase in poultry nutrition.
Anim Feed Sci Technol. 2007;135:1-41.

Bhuiyan MM, Islam AF, Iji PA. High levels of maize in broil-
er diets with or without microbial enzyme supplementation. S
Afr ] Anim Sci. 2013;43:44-55.

Knudsen KEB. Fiber and nonstarch polysaccharide content
and variation in common crops used in broiler diets. Poult Sci.

2014;93:2380-93.

202 | https://www.ejast.org

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Feed form and microbial enzyme effect on broilers

Munyaka PM, Nandha NK, Kiarie E, Nyachoti CM,
Khafipour E. Impact of combined /3 -glucanase and xylanase
enzymes on growth performance, nutrients utilization and gut
microbiota in broiler chickens fed corn or wheat-based diets.
Poult Sci. 2016;95:528-40.

Sweeney RA. Generic combustion method for determination
of crude protein in feeds: collaborative study. ] Assoc Off Anal
Chem. 1989;72:770-4.

Short FJ, Gorton P, Wiseman J, Boorman KN. Determination
of titanium dioxide added as an inert marker in chicken di-
gestibility studies. Anim Feed Sci Technol. 1996;59:215-21.
Cohen SA. Amino acid analysis using precolumn derivatiza-
tion with 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate.
In: Cooper C, Packer N, Williams K, editors. Amino acid
analysis protocols. Totowa, NJ: Humana Press; 2000. p.39-47.
Anderson DL, Henderson LJ. Sealed chamber digestion for
plant nutrient analyses1. Agron J. 1986;78:937-9.

Moughan PJ], Marlies Leenaars GS. Endogenous amino acid
flow in the stomach and small intestine of the young growing
pig.] Sci Food Agric. 1992;60:437-42.

Kong C, Adeola O. Evaluation of amino acid and energy utili-
zation in feedstuft for swine and poultry diets. Asian-Australas
J Anim Sci. 2014;27:917-25.

Larbier M, Leclercq B. Nutrition and feeding of poultry.
Wiseman J, translator and editor. Nottingham: Nottingham
University Press; 1994. p.305.

Minitab. MINITAB release 17: statistical software for win-
dows. State College, PA: Minitab; 2014. http://www.minitab.
com. Accessed at 30 Jun 2019.

NHMRC. Australian code for the care and use of animals
for scientific purposes. 8th ed. Canberra: National Health and
Medical Research Council; 2013. p.90. http://www.nhmre.gov.
au. Accessed at 30 Jun 2019.

Serrano MP, Valencia DG, Mendez J, Mateos GG. Influence
of feed form and source of soybean meal of the diet on growth
performance of broilers from 1 to 42 days of age. 1. Floor pen
study. Poult Sci. 2012;91:2838-44.

Abdollahi MR, Ravindran V, Svihus B. Pelleting of broiler
diets: an overview with emphasis on pellet quality and nutri-
tional value. Anim Feed Sci Technol. 2013;179:1-23.
Greenwood MW, Cramer K, Clark PM, Behnke KC, Beyer
RS. Influence of feed form on dietary lysine and energy intake
and utilization of broilers from 14 to 30 days of age. Int ] Poult
Sci. 2004;3:189-194. http://agris.fac.org/agris-search/search.
do?recordlD=DJ2012051334. Accessed at Jan 30,2019.
Cowieson A, Hruby M, Pierson EM. Evolving enzyme tech-
nology: impact on commercial poultry nutrition. Nutr Res

Rev. 2006;19:90-103.

https://doi.org/10.5187/jast.2019.61.4.192


https://pdfs.semanticscholar.org/630c/55855a65dc0d95110e99555a7a1adcddd66c.pdf.
https://pdfs.semanticscholar.org/630c/55855a65dc0d95110e99555a7a1adcddd66c.pdf.
http://www.veterinaria.uchile.cl/publicacion/VIIIpatologia/SEMINARIOS/semi2.pdf.
http://www.veterinaria.uchile.cl/publicacion/VIIIpatologia/SEMINARIOS/semi2.pdf.
http://www.fao.org/3/a-al703e.pdf
http://www.minitab.com
http://www.minitab.com
http://www.nhmrc.gov.au
http://www.nhmrc.gov.au
http://agris.fao.org/agris-search/search.do?recordID=DJ2012051334
http://agris.fao.org/agris-search/search.do?recordID=DJ2012051334

Edwin Peter Chang’a, et al.

28.

29.

30.

31

32.

Khattak FM, Pasha TN, Hayat Z, Mahmud A. Enzymes in
poultry nutrition. ] Anim Plant Sci. 2006;16:1-7.

Hossain M, Islam AF, Iji P. Growth responses, excreta quality,
nutrient digestibility, bone development and meat yield traits
of broiler chickens fed vegetable or animal protein diets. S Afr
J Anim Sci. 2013;43:208-18.

Brenes A, Viveros A, Arija I, Centeno C, Pizarro M, Bravo
C. The effect of citric acid and microbial phytase on min-
eral utilization in broiler chicks. Anim Feed Sci Technol.
2003;110:201-19.

Akter M, Graham H, Iji PA. Response of broiler chickens to
different levels of calcium, non-phytate phosphorus and phy-
tase. Br Poult Sci. 2016;57:799-809.

Cowieson AJ, Ravindran V. Effect of exogenous enzymes in
maize-based diets varying in nutrient density for young broil-
ers: growth performance and digestibility of energy, minerals
and amino acids. Br Poult Sci. 2008;49:37-44.

https://doi.org/10.5187/jast.2019.61.4.192

33.

34.

35.

36.

JAST

Rutherfurd SM, Chung TK, Morel PC, Moughan PJ. Effect
of microbial phytase on ileal digestibility of phytate phospho-
rus, total phosphorus, and amino acids in a low-phosphorus
diet for broilers. Poult Sci 2004;83:61-8.

He S, Medrano RE, Yu Q, Cai Y, Dai Q, He J. Effect of a
microbial phytase on growth performance, plasma parameters
and apparent ileal amino acid digestibility in Youxian Shel-
drake fed a low-phosphorus corn-soybean diet. Asian-Austral-
as J Anim Sci. 2017;30:1442-9.

Munir K, Magsood S. A review on role of exogenous enzyme
supplementation in poultry production. Emir | Food Agric.
2013:66-80.

Bradbury EJ, Wilkinson SJ, Cronin GM, Walk CL, Cowieson
AJ. Effects of phytase, calcium source, calcium concentration
and particle size on broiler performance, nutrient digestibility
and skeletal integrity. Anim Prod Sci. 2018;58:271-83.

https://www.ejast.org | 203



