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ABSTRACT

The effect of graded levels of exogenous xylanase (XYL) at 0, 1500, 2000 or 2500 xylanase units (XU/kg) in laying
hen diet containing 150 g/kg wheat distillers dried grains with solubles (DDGS) was examined. A total of 72, twenty-
two-week-old, Hy-Line Brown laying hens were allocated to 24 cages, three birds in a cage. Each diet was fed for nine
days to six cages following randomisation. Overall, supplementary XYL increased (P < 0.05) dietary apparent metab-
olizable energy (AME), nitrogen corrected AME (AMEn) and nitrogen retention coefficient. For every 100 XU, dietary
AME and AMEn increased by 0.020 MJ and 0.018 MJ, respectively. As expected, there were no differences in bird
growth or egg production variables. Further research is warranted to study the impact of graded levels of XYL in laying

hen diets formulated to contain greater DDGS inclusion.
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INTRODUCTION

The global demand for eggs has steadily increased
due to their affordability, high nutritional value, and
versatility in human diets (Yang et al., 2018; Johnson
et al., 2020). In recent years, the inclusion of high-fibre
ingredients, such as distillers dried grains with solubles
(DDGS) in poultry/ layer diets has gained attention due
to their potential benefits on gut health, satiety, and sus-
tainable feed formulation (Whiting et al., 2017; Watts et
al., 2020). The DDGS is a by-product of ethanol produc-
tion from corn, wheat, or other grains, as maize DDGS
was the most studied one (Swiatkiewicz and Koreleski,
2008; Whiting et al., 2017). During fermentation, starch
within the grain is converted into ethyl alcohol and CO,
(Lumpkins et al., 2005). Following this conversion, resid-
ual components are increased by approximately three-
fold. As a result, DDGS is high in important nutrients

such as protein, fat, vitamins, and minerals, making it a

valuable, cost-effective component in poultry nutrition
(Swiatkiewicz and Koreleski, 2008). It should be noted
that wheat DDGS and maize DDGS differ mainly in nu-
trient composition and feeding value. Wheat DDGS gen-
erally contains higher crude protein, fibre, and phospho-
rus but lower fat and energy compared to maize DDGS
(Lumpkins et a., 2005). The higher fibre, or non-starch
polysaccharides (NSP) content in wheat DDGS can re-
duce digestibility in monogastric animals like poultry and
pigs. Maize DDGS, on the other hand, provides more
metabolizable energy due to its higher fat and starch
residue, making it more suitable for energy-dense diets
(Swiatkiewicz and Koreleski, 2008). Ruminants can uti-
lize both effectively, but maize DDGS is often preferred
for non-ruminant feed due to better energy efficiency.
However, the high NSP content in wheat DDGS possess-
es anti-nutritional properties when fed to poultry, re-
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ducing dietary energy availability. The viscous nature of
NSP causes dietary bulk, resulting in reduced feed intake
and nutrient utilisation (Yang et al., 2020; Whiting et al.,
2023). Fibre-degrading enzymes, e.g. xylanase (XYL),
have been used in poultry diets to alleviate the negative
effects caused by NSP (Whiting et al., 2019; Pirgozliev et
al., 2023). The effect of exogenous XYL on performance,
energy and nutrient availability was primarily studied
with broiler chickens (Liu and Kim, 2017; Van Hoeck et
al., 2021; Morgan et al., 2022), although information is
scarce for laying hens, particularly when fed diets con-
taining wheat DDGS (Whiting et al., 2017, 2019). Work
with broilers suggested that there may be advantages
to feeding higher doses of XYL (Oduguwa et al., 2007;
Nusairat and Wang, 2021; Singh et al., 2021), but again,
there is a lack of information regarding laying hens; thus,
further research is warranted in this field. Therefore, the
present experiment aimed to examine the effect of grad-
ed levels of XYL (0, 1500, 2000 and 2500 U/kg) when
supplemented into a diet containing 150 g/kg wheat
DDGS. It has been hypothesised that increasing the dose
of dietary XYL in the diet would increase dietary metab-
olizable energy (ME) and nutrient digestibility.

MATERIALS AND METHODS

Diet formulation

A diet containing 596.2 g/kg wheat, 150 g/kg wheat
DDGS and 60.8 g/kg soya bean meal (SBM) as main feed
ingredients, 11.74 MJ/kg ME and 165 g/kg crude protein
(CP) (Table 1) was formulated to meet breeders’ recom-

mendations (Hy-Line International, 2018).

The diet was then split into four parts, which were
supplemented with either 0, 1500, 2000 or 2500 XYL
units (XU/kg), resulting in four experimental diets in to-
tal. Danisco Xylanase (EC 3.2.1.8) in powder form was
used in this study. Danisco Xylanase was developed by
Danisco Animal Nutrition (DuPont Industrial Bioscienc-
es, Marlborough, UK) and is a preparation of endo-1,4-2-
xylanase produced from a species of fungus called Trich-
oderma reesei. The diets did not contain any coccidiostat,

antimicrobial growth promoters, prophylactic or other

similar additives. Birds were fed a commercial feed only
until 22 weeks of age, when approximately 90% egg pro-
duction was reached. Experimental diets were adminis-

tered for nine days with six replicates per treatment.

Table 1. Ingredient composition of experimental feed (g/kg)

Ingredient g/kg
Wheat 596.2
Soya bean meal (48) 60.8
Distillers dried grains with solubles (wheat) 150.0
Veg oil 42.5
Dicalcium phosphate 12.8
Limestone 123.3
NaCl 1.2
Lysine 4.6
Methionine 2.6
Tryptophan 4.8
Vitamin and trace mineral premix! 1.2
Calculated composition (as fed basis)
Metabolisable energy (MJ/kg) 11.74
Crude protein 165.0
Crude fat 54.5
Ca 48.3
Available P 4.1
Analysed values (DM basis)
Dry matter (g/kg) 913
Gross energy (MJ/kg) 16.88
Crude protein 168.7
Crude fat 59.2
Neutral detergent fibres 154.3

1 Vitamin and mineral premix provided (units per kg/feed): retinol, 2160
ug; cholecalciferol, 75 pg; a-tocopherol, 25 mg; menadione, 1.5 mg;
riboflavin, 5 mg; pantotenic acid, 8 mg; cyanocobalamin, 0.01 mg; pyr-
idoxine, 1.5 mg; thiamine, 1.5 mg; folic acid, 0.5 mg; niacin, 30 mg;
biotin, 0.06 mg; iodine, 0.8 mg; copper, 10 mg; iron, 80 mg; selenium,
0.3 mg; manganese, 80 mg; and zinc, 80 mg.
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Chemical analyses

Analyses for feed and excreta were carried out in du-
plicate. Dry matter (DM) of the diets and excreta was
determined by drying samples in a forced air oven at 105
°C, until a constant weight (AOAC, 2006). Crude protein
(CP) (N x 6.25) of the samples was determined by the
combustion method using Leco (FP-528 N; Leco Corp.,
St. Joseph, M) with EDTA as a standard (Sweeney, 1989).
Oil (as ether extract) was extracted with petroleum ether
using a Soxtec Avanti 2050, Foss UK Ltd (AOAC, 2006).
Gross energy of the diets and excreta was measured
using an isoperibol bomb calorimeter (Parr 6200 Instru-
ment Company, Moline, IL, 61265, USA) as described
elsewhere (Pirgozliev et al., 2006). Neutral detergent fi-
bre (NDF) of the feed and excreta was analysed accord-
ing to Van Soest et al. (1991) using an FT 122 Fibertec™
hot extraction unit (200-230V). Starch and NSP in the
DDGS sample were determined following standard tech-
niques (Englyst et al., 1994, 2000). The XYL activity in
the feed samples was measured at the DuPont Nutrition
Biosciences Innovation Laboratories (Brabrand, Den-
mark). One XYL unit was defined as the amount of en-
zyme that releases 0.48 umol of reducing sugar as xylose
from wheat arabino xylan per minute at pH 4.2 and 50
°C. All samples were analysed in technical duplicates.

Bird husbandry

The study was approved by the Animal Experimental
Committee (project number 10-201502) of Harper Ad-
ams University. A total of 72 sixteen-week-old Hy-Line
Brown laying hens were obtained from a commercial
supplier (Country Fresh Pullets Ltd, Oswestry, Shrop-
shire). The birds were randomly allocated to 24 enriched
cages (Hellmann Poultry GmbH & Co. KG), over two
tiers) in groups of three. Each cage was equipped with a
separate feeder at the front and two nipple drinkers in-
side, perches, a nest and a bathing area with no bedding
material on the floor of the cage.

Temperature was maintained at 21 °C, and relative
humidity was between 50 and 70%. The birds had ad Ii-
bitum access to feed and water. Lighting was set to 10
hours a day at 16 weeks of age and was gradually in-
creased to achieve 16 hours of light at approximately 30
weeks (Hy-Line International, 2018). The nine-day study
started when the birds were 22 weeks old (body weight
1.737 kg, STDEV + 0.064). Each diet was fed to 6 cages
following randomisation. During the final 96 hours of the
study excreta were collected daily and dried immediately
at 60 °C, until a constant weight and was used to calcu-
late dietary ME (Hill and Anderson, 1958; apparent me-
tabolisable energy (AME) and nitrogen corrected AME
(AMEn)) and nutrient retention coefficients including dry
matter (DMR), nitrogen (NR), fat (FR) retention and neu-
tral detergent fibres digestibility (NDFD). Hen's produc-
tive performance was also recorded as a control measure
to ensure no abnormalities were caused by feeding the

dietary treatments.

Statistical analysis

Data for this study were analysed as a randomised
block design by analysis of variance (ANOVA) using Gen-
Stat 23" edition (IACR Rothamsted, Hertfordshire, UK).
Pre-planned comparison and a polynomial contrast test
were performed to test for overall difference between
all XYL-supplemented diets versus the control diet and
for linear (L) responses to XYL supplementation across
diets. In addition, a regression analysis was employed to
test the relationship between XYL activity and dietary
AME and AMEn.

RESULTS

During the study period, no adverse effects of the
different dietary treatments were observed for hen per-
formance, and all birds remained healthy throughout the
study period.

The determined XYL activity is presented in Table 2.
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Table 2. Analysis of XYL in the experimental diets

Diets XYL expected XYL analysed
0 XU 0 0

1500 XU 1500 1576
2000 XU 2000 1950
2500 XU 2500 2630

Diets consisted of 4 experimental treatments: XYL = xylanase; 0 XU
(XYL units) = the experimental feed without XYL supplementation;
1500 XU = the experimental feed supplemented with 1500 XU; 2000
XU = the experimental feed supplemented with 2000 XU; 2500 XU =
the experimental feed supplemented with 2500 XU. Data analysed in
technical duplicates.

The analysed chemical composition in the diet and
DDGS is presented in Tables 1 and 3 and was within the
expected range.

Table 3. Proximate analysis and carbohydrate composition (g/
kg DM) in different sugar fractions of the experimental wheat
DDGS

Continued. Table 3

Wheat DDGS
Dry matter 896.0
Gross energy (MJ/kg DM) 21.78
Crude protein 354.0
Starch 41.5
Crude fat 49.8
Neutral detergent fibres 493.3
Ash 54.9
Soluble non-starch polysaccharides (sNSP)
Xylose 15.2
Arabinose 111
Mannose 5.7
Galactose 24
Glucose 7.2
Galacturonic acid 4.1
Total sSNSP 45.7

Wheat DDGS
Insoluble non-starch polysaccharides (iNSP)
Xylose 66.8
Arabinose 43.2
Mannose 6.8
Galactose 8.6
Glucose 63.4
Galacturonic acid 0.0
Total INSP 188.8
Total non-starch polysaccharides (NSP)
Xylose 82.0
Arabinose 54.3
Mannose 12.5
Galactose 11.0
Glucose 70.5
Galacturonic acid 4.1
Total NSP 234.5

DDGS = wheat distillers' dried grains with solubles; data analysed in
technical duplicates.

The effect of XYL levels supplementation in diets on
energy utilisation and nutrient retention coefficients is
presented in Table 4. Although there was a linear pat-
tern (L<0.05) of XYL to increase AME, AMEn and NR,
there was no significant difference (P>0.05) between di-
ets. Overall, XYL-supplemented diets had greater AME,
AMEN and NR compared to the unsupplemented diet
via contrast test (P<0.05). There were no differences
(P>0.05) in DMR, FR and NDFD between dietary treat-
ments.

Table 5 displays the relationship between XYL activ-
ity and dietary ME. For every 100 XU, dietary AME and
AMEn increased by 0.020 MJ and 0.018 MJ (P<0.05), re-

spectively.

There were no differences (P>0.05) in performance
data (Table 6).
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Table 4. The effect of graded levels of xylanase supplementation on AME, AMEn, DMR, NR, FR and NDFD coefficients, deter-
mined on excreta when fed to laying hens from 22 to 23 weeks of age (data based on 4 days collection period)

Xylanase dose AME AMER DMR NR FR NDFD
(MJ/kgDM)  (MJ/kg DM)
0XU 1228 11.99 0.671 0.312 0.821 0.380
1500 XU 12.58 1223 0.678 0.373 0.836 0.420
2000 XU 12.68 1233 0.664 0.378 0.836 0.410
2500 XU 1275 12.40 0.677 0.370 0.846 0.417
SEM 0.136 0.119 0.0059 00211 00123 0.0288
p 0.132 0.133 0.396 0.144 0.580 0.758
L 0.023 0.024 0.793 0.040 0191 0.357
Contrast 0.031 0.034 0.772 0.026 0.225 0311

AME = apparent metabolizable energy; AMEn = nitrogen corrected AME; DMR = dry matter retention coefficient; NR = nitrogen retention coeffi-
cient; FR = fat retention coefficient; NDFD = neutral detergent fibre digestibility; XU = xylanase unit; SEM = pooled standard error of means; P =
Fisher's probability; L = orthogonal polynomial contrast for linear response; Contrast = significance between the OXU versus all xylanase-supple-
mented diets determined by comparisons contrast tests; There is a statistically significant difference when P<0.05.

Table 5. Relationship between xylanase activity and AME and AMEn

Residual standard

. .. )
Dependent variates Constant Xylanase activity r deviation
12.27 0.0002024
AME (MJ/kg DM) 0.20 0.367*
(+0.154) (+£0.0000883)
11.98 0.0001757
AMEn (MJ/kg DM) 0.19 0.323*
(£0.136) (+0.0000778)

AME = apparent metabolizable energy; AMEn = nitrogen corrected AME; Statistical significance of regression equation: *P<0.05.

Table 6. The effect of graded levels of xylanase supplementation on daily feed intake, weight gain, average egg weight, eggs per
hen day, daily egg mass output and feed conversion ratio for egg production when fed to laying hens from 22 to 23 weeks of age
(data based on a 9-day feeding period)

Xylanase dose Feed intake Weight gain Egg weight Eggs Egg mass output Fe.ed .
(g/b/d) (g/b/d) (g) (hen/d) (g/b/d) conversion ratio
0o XU 124.8 7.9 59.5 0.95 56.6 2.217
1500 XU 125.4 7.3 59.2 0.97 57.4 2.188
2000 XU 121.4 6.2 59.2 0.95 56.2 2.164
2500 XU 124.5 5.4 58.2 0.99 57.9 2.146
SEM 3.16 1.82 1.0 0.016 1.17 0.0552
P 0.816 0.778 0.795 0.201 0.735 0.819
Contrast 0.782 0.467 0.611 0.295 0.700 0.445

XU = xylanase unit; SEM = pooled standard error of means; P = Fisher’s probability; Contrast = significance between the OXU versus all xy-
lanase-supplemented diets determined by contrast tests. There is a statistically significant difference when P<0.05.
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DISCUSSION

The benefits of supplementing broiler feeds with
NSP-degrading enzymes have been associated with the
enzyme's ability to reduce intestinal viscosity, degrade
the cell wall of NSP and release nutrients that have been
encapsulated in the gut (Olukosi and Bedford, 2019; Pir-
gozliev et al., 2023). In comparison with broilers, older
birds, such as laying hens, may be better at coping with
this higher gut viscosity and therefore their response to
XYL supplementation may be to a smaller degree when
compared with younger birds (Olukosi and Bedford,
2019).

However, digesta viscosity was not measured in this
experiment. Several studies have confirmed that the use
of an NSP hydrolysing enzyme such as XYL has improved
ME and nutrient digestibility for laying hens (Pan et al.,
1998; Mathlouthi et al., 2003; Pirgozliev et al., 2010). It
was therefore expected in this experiment that the addi-
tion of XYL would improve nutrient availability. Although
dietary XYL increased ME and NR, there was no effect
on DMR, FR and NDFD. Compared to broilers, laying
hens may be better at managing with dietary fibres (Bed-
ford, 2018), thus an inclusion of 150 g/kg wheat DDGS
may not have a significant impact on the efficiency of
digestion. In this study, dietary XYL may have hydro-
lysed some fibres from the wheat and SBM, which have
less NDF compared to DDGS, thus explaining the lack of
overall impact on NDFD. Fat digestibility is an important
aspect of poultry nutrition, particularly for laying hens,
as fat provides essential fatty acids and energy. At mod-
erate levels (typically 4-8% of the total diet), hens can
digest fat efficiently (Ravindran et al., 2016), thus sug-
gesting an explanation for the lack of differences in FR
between treatments. The DMR represents the overall
dietary nutrient retention; the lack of response to fats
and fibres may be the reason for the lack.

Feeding graded levels of XYL to broiler chickens does
not always follow the same response. Some authors (Liu
and Kim, 2017; Van Hoeck et al., 2021; Nusairat and
Wang, 2021; Singh et al., 2021) observed an increase in
performance, ME and nutrient availability with dietary

XYL increase; others (Olukosi et al., 2007; Rabello et al.,
2021) saw no benefit of increasing dietary XYL in broiler
diets. Morgan et al. (2022) reported that overall, a dou-
ble dose of XYL had no effect on bird performance, meat
yield, ileal viscosity, ileal starch, energy or DM digestibil-
ity or digesta DM content. However, birds fed a diet with
double dose of XYL had an increased caecal concentra-
tion of butyric, propionic, valeric and lactic acid and Bi-
fidobacteria and Enterobacteria spp. (Morgan et al., 2022).
Thus, suggesting that the results obtained in the current
study are not unexpected. In addition, the benefits of di-
etary XYL may be more obvious on a physiological level,
e.g. gastrointestinal tract development and caecal fer-
mentation, and may require a prolonged feeding period
to become obvious (Lin et al., 2023).

The NDF content in the experimental diet was 154 g/
kg DM and similar to the average dietary level in laying
hen diets (Patt et all., 2022). Patt et al. (2022) reported
that even a greater than 154 g/kg level of dietary NDF
did not have a negative impact on performance but re-
duced the risk for the occurrence of feather pecking in
laying hens, i.e., improved well-being. The increase in ME
with XYL supplementation would depend on substrate
availability and units of XYL. Xylanase is an enzyme that
breaks down xylan, a type of hemicellulose found in plant
cell walls, into simpler sugars. Xylan is a major fibre com-
ponent in many plant materials, including DDGS (Whit-
ing et al., 2019), thus supplementing DDGS-containing
poultry diets with XYL may increase energy and nutrient
availability. However, the DDGS takes a relatively small
part of the dietary formulation in this study, which can
suggest an explanation for the lack of pronounced ME
increase with greater XYL inclusion in diets.

The performance data are shown as baseline perfor-
mance metrics. The performance results were used to
assess the comparability of the study, i.e., Fl, growth and
egg production, as differences in performance were not
expected for a feeding period of nine days. Overall, the
performance of the birds was within breeders’ recom-
mendations (Hy-Line International, 2018).
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CONCLUSION

Results from the present study conclude that overall,
dietary XYL increased dietary metabolizable energy and
nitrogen retention. However, there was no difference in
response between dietary XYL levels, thus suggesting
that dietary fibres were not really exceeding the biolog-
ically acceptable value for the hens and did not provide
additional substrate for the higher dosage of the en-
zyme. However, formulating a diet with greater DDGS
content may respond more visibly to higher xylanase lev-
els. Overall, xylanase supplementation improved dietary
metabolisable energy and nitrogen retention; thus, the
use of fibre-degrading enzymes should be considered
when formulating layer diets which contain a high inclu-
sion of wheat DDGS.

REFERENCES

AOAC (2006) Official method of analysis, 18t ed.; Association of Official
Analytical Chemists: Gaithersburg, MD, USA.

Bedford, M.R. (2018) The evolution and application of enzymes in the
animal feed industry: the role of data interpretation. British Poultry
Science, 59 (5), 486-493.

DOI: https://doi.org/10.1080/00071668.2018.1484074

Englyst H.N., Quigley M.E., Hudson GJ. (1994) Determination of
dietary fibre as non-starch polysaccharides with gas-liquid
chromatographic, high-performance liquid chromatographic or
spectrophotometric measurement of constituent sugars. Analyst.
119, 1497-1509. DOI: https:/doi.org/10.1039/AN9941901497

Englyst K.N., Hudson G.J., Englyst H.N. (2000) Starch analysis in food.
In: Meyers RA, editor. Encyclopaedia of analytical chemistry.
Chichester: John Wiley and Sons, pp. 4246-4262.

Hill FW., Anderson, D.L. (1958) Comparison of metabolizable energy
and productive energy determinations with growing chicks. Journal
of Nutrition, 64, 587-603.

Johnson A.E., Sidwick K.L., Pirgozliev V.R., Edge A., Thompson D.F.
(2020) The effect of storage temperature on the metabolic profiles
derived from chicken eggs. Food Control, 109, 106930.

DOI: https://doi.org/10.1016/j.foodcont.2019.106930

Lin, Y., Lourenco, J.M., Olukosi, O.A. (2023) Effects of xylanase, protease,
and xylo-oligosaccharides on growth performance, nutrient
utilization, short chain fatty acids, and microbiota in Eimeria-
challenged broiler chickens fed high fiber diet. Animal Nutrition, 15,
430-442. DOI: https://doi.org/10.1016/j.psj.2023.102789

Liu, W.-C., Kim, |.-H. (2017) Effects of dietary xylanase supplementation
on performance and functional digestive parameters in broilers fed
wheat-based diets. Poultry Science, 96, 566-573.

DOI: https://doi.org/10.3382/ps/pew258

Lumpkins, B., Batal, A., Dale, N. (2005) Use of distillers dried grains plus
solubles in laying hen diets. Journal of Applied Poultry Science, 14,
25-31.

Mathlouthi, N., Mohamed, M.A., Larbier, M. (2003) Effect of enzyme
preparation containing xylanase and R-glucanase on performance
of laying hens fed wheat/barley- or maize/soybean meal-based
diets. British Poultry Science, 44, 60-66.

DOI: https://doi.org/10.1080/0007166031000085374

Morgan, N., Bhuiyan, M.M., Wallace, A., Hopcroft, R. (2022) Comparing
a single dose of xylanase to a double dose or cocktail of non-starch
polysaccharide-degrading enzymes in broiler chicken diets. Journal
of Applied Animal Nutrition, 10 (2), 91-102.

DOI: https://doi.org/10.3920/JAAN2022.0003

Nusairat, B., Wang, J-J. (2021) The effect of a modified GH11 xylanase
on live performance, gut health, and clostridium perfringens
excretion of broilers fed corn-soy diets. Frontiers in Veterinary
Medicine, 8, 523. DOI: https://doi.org/10.3389/fvets.2021.678536

Oduguwa, O.0., Pirgozliev, V. Acamovic, T. (2007) Energy
metabolisability and digestibility of amino acids by broilers fed on
malted sorghum sprouts supplemented with polyethylene glycol,
charcoal, phytase and xylanase. British Poultry Science, 48(1), 55-
63. DOI: https://doi.org/10.1080/00071660601148179

Olukosi, O.A., Bedford, M.R. (2019) Comparative effects of wheat
varieties and xylanase supplementation on growth performance,
nutrient utilization, net energy, and whole-body energy and
nutrient partitioning in broilers at different ages. Poultry Science,
98 (5), 2179-2188. DOI: https://doi.org/10.3382/ps/pey582

Olukosi, O.A., Bedford, M.R., Adeola, O. (2007) Xylanase in diets for
growing pigs and broiler chicks. Canadian Journal of Animal Science,
87 (2), 227-235.

Pan, C.F,, Igbasan, F.A., Guenter, W., Marquardt, R.R. (1998) The effect
of enzyme and inorganic phosphorus supplements in wheat and
rye-based diets on laying hen performance, energy and phosphorus
availability. Poultry Science, 77, 83-89.

Patt, A., Halle, I., Dudde, A., Olbrich, A., Sieburg-Rockel, J., Krause, E.T.
(2022) Influence of different dietary fibre contents in the diet on
feather pecking, locomotor activity and performance of laying hens.
British Poultry Science, 63 (5), 571-580.

DOI: https://doi.org/10.1080/00071668.2022.2076212

Pirgozliev, V., Bedford, M.R., Acamovic, T. (2010) Effect of dietary
xylanase on energy, amino acid and mineral metabolism, and egg
production and quality in laying hens. British Poultry Science, 51,
639-647. DOI: https://doi.org/10.1080/00071668.2010.514325

Pirgozliev, V.R., Mansbridge, S.C., Whiting, .M., Abdulla, J.M., Rose,
S.P, Kljak, K., Johnson, A., Drijfhout, F., Atanasov, A.G. (2023) The
benefits of exogenous xylanase in wheat-soy based broiler chicken
diets, consisting of different soluble non-starch polysaccharides
content. Poultry, 2 (2), 123-133.

DOI: https://doi.org/10.3390/poultry2020012

Pirgozliev, V.R., Rose, S.P., Kettlewell, P.S. (2006) Effect of ambient
storage of wheat samples on their nutritive value for chickens.
British Poultry Science, 47 (3), 342-349.

DOI: https://doi.org/10.1080/00071660600741750

Rabello, C.B.V. Costa, M.J., Nogueira, W.C.L., Guilherme Barbosa, J.,
Carlose Rios-Alva, J., Wyatt, C.L., York, TW., Serrano, M.P., Orlando
Oviedo-Rondoén, E. (2021) Effects of graded levels of exogenous
xylanase in corn-soy diets with two amino acid density and fat levels
postpellet in broiler chickens: live performance, energy utilization,
digestibility, and carcass characteristics. Poultry Science, 100, 820-
834. DOI: https:/doi.org/10.1016/j.psj.2020.10.046

JOURNAL

Central European Agriculture
ISSN 1332-9049

625


https://doi.org/10.5513/JCEA01/27.3.5048

Original scientific paper

DOI: /10.5513/JCEA01/27.3.5048

WHITING et al.: Energy and nutrient utilisation of laying hen diets containing graded levels...

Ravindran, V., Tancharoenrat, P., Zaefarian, F., Ravindran, G. (2016) Fats
in poultry nutrition: Digestive physiology and factors influencing
their utilisation. Animal Feed Science and Technology, 213, 1-21.
DOI: https://doi.org/10.1016/j.anifeedsci.2016.01.012

Singh, A.K.,, Mishra, B., Bedford, M.R., Jha, R. (2021) Effects of
supplemental xylanase and xylooligosaccharides on production
performance and gut health variables of broiler chickens. Journal of
Animal Science and Biotechnology, 12, 98.

DOI: https:/doi.org/10.3382/ps/pex372

Sweeney, R.A. (1989) Generic combustion method for determination
of crude protein in feeds: collaborative study. Journal of the
Association of Official Analytical Chemists, 72, 770-774.

DOlI: https://doi.org/10.1093/jaocac/72.5.770

§wiatkiewicz, S., Koreleski, J. (2008) The use of distillers dried grains
with solubles (DDGS) in poultry nutrition. World's Poultry Science
Journal, 64, 257-265.

DOlI: https://doi.org/10.1017/50043933908000044

Van Hoeck, V., Wu, D., Somers, |., Wealleans, A., Vasanthakumari, B.L.,
Gonzalez Sanchez, A.L., Morisset, D. (2021) Xylanase impact beyond
performance: a prebiotic approach in broiler chickens. Journal of
Applied Poultry Science, 30, 100193.

DOI: https://doi.org/10.1016/j.japr.2021.100193

Van Soest, P.J., Robertson, J.B., Lewis, B.A. (1991) Methods for dietary
fiber, neutral detergent fiber, and nonstarch polysaccharides in
relation to animal nutrition. Journal of Dairy Science, 74, 3583-
3597.

Watts, E.S., Rose, S.P., Mackenzie, A.M., Pirgozliev, V.R. (2020) The
effects of supercritical carbon dioxide extraction and cold-pressed
hexane extraction on the chemical composition and feeding value
of rapeseed meal for broiler chickens. Archives of Animal Nutrition,
74 (1),57-71.

DOI: https://doi.org/10.1080/1745039X.2019.1659702

Whiting, I.M,, Pirgozliev, V., Rose, S.P., Wilson, J., Amerah, A.M., lvanova,
S.G., Staykova, G.P., Oluwatosin, O.0., Oso, A.O. (2017) Nutrient
availability of different batches of wheat distillers dried grains with
solubles with and without exogenous enzymes for broiler chickens.
Poultry Science, 96 (3), 574-580.

DOI: https://doi.org/10.3382/ps/pew262

Whiting, .M., Rose, S.P., Mackenzie, A.M., Amerah, A.M., Pirgozliev,
V.R. (2019) Effect of wheat distillers dried grains with solubles and
exogenous xylanase on laying hen performance and egg quality.
Poultry Science, 98, 3756-3762.

DOI: https://doi.org/10.3382/ps/pez063

Whiting, I.M., Pirgozliev, V., Bedford, M.R. (2023) The effect of different
wheat varieties and exogenous xylanase on bird performance and
utilization of energy and nutrients. Poultry Science, 102(8), 102817.
DOI: https://doi.org/10.1016/j.psj.2023.102817

Yang, Z., Pirgozliev, V.R., Rose, S.P., Woods, S., Yang, H.M., Wang, Z..
and Bedford, M.R., 2020. Effect of age on the relationship between
metabolizable energy and digestible energy for broiler chickens.
Poultry Science, 99 (1), pp. 320-330.

DOI: https:/doi.org/10.3382/ps/pez495

Yang, Z., Rose, S.P, Yang, H.M,, Pirgozliev, V., Wang, ZY. (2018) Egg
production in China. World's Poultry Science Journal, 74 (3), 417-
426.

JOURNAL

Central European Agriculture
ISSN 1332-9049

626


https://doi.org/10.5513/JCEA01/27.3.5048
http://www.tcpdf.org

