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Abstract

The impact of dietary non-starch polysaccharides (NSP) on performance and carcass traits
of broilers fed wheat-bran substituted into corn-soybean meal-based diets supplemented with
xylanase was investigated. A total of 280 (7-day-old) Ross 308 broilers were randomly allot-
ted to one of five dietary treatments with 8 replicates, 7 chicks per pen. Treatments were; i)
CON: Control diet, if) CON-X (CON + 3,000 U/kg xylanase), iii) L-X: low NSP (2% wheat bran
in CON + 3,000 U/kg xylanase), iv) M-X: medium NSP (4% wheat bran in CON + 3,000 U/kg
xylanase), v) H-X: higher NSP (8% wheat bran in CON+ 3,000 U/kg xylanase). Birds fed the
H-X diet increased (p < 0.05) daily gains, and average daily feed intake and had marginally
improved body weights (p = 0.074) on day 35. Relatively, the H-X diet tended to increase the
average daily gains (p = 0.053; p = 0.073) of birds during the grower phase (d 24-35) and
the entire experimental period (d 8-35), respectively. Moreover, there were no significant dif-
ferences among treatments in the feed conversion ratio of birds throughout the entire exper-
iment period. Birds fed diets CON-X, L-X, and M-X had improved (p < 0.05) the ileal digest-
ibility of energy on d 24 and 35 compared to those fed the H-X diet. Furthermore, birds fed
diet CON-X improved (p < 0.05) N digestibility on d 24. Improved carcass moisture content
and lowered crude fat of leg meat (p < 0.05) were noted in birds fed the diet M-X and H-X on
d 35, respectively. The intestinal viscosity was reduced (p < 0.05) in xylanase-supplemented
treatments CON-X, L-X, M-X, and H-X diets when compared to CON. Our results suggest
that supplementing 3,000 U/kg xylanase in a higher NSP (8% wheat bran substituted level)
diet could improve the intestinal viscosity and growth performance of broilers.
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INTRODUCTION

'The provision of nutrient-dense diets that aim to utilize the full genetic potential of modern fast-
growing broilers is a costly affair. It is well known that feeds constitute the largest portion of farm
expenditure [1, 2]. Thus, it has been a fixation for nutritionists to investigate strategies to lower feed
costs while including other feed alternative resources and additives that might be more sustainable
and relatively inexpensive. In the face of high feed costs and erratic supply, wheat bran has been
considered an alternative energy source in poultry diets because of its higher starch level and
reasonable N content [3,4].

Nevertheless, the maximum utilization of nutrients from wheat bran by monogastric is
constrained by the presence of anti-nutritive, water-soluble non-starch polysaccharides (NSP) [5]
in the form of arabinoxylan and beta-glucan fractions that could have detrimental impacts on the
productive performance of broilers [6]. The anti-nutritive effect of water-soluble NSP is attributed
to the increase in the viscosity of the intestinal digesta. Increased digesta viscosity has been reported
to impede enzymatic digestion by endogenous enzymes, resultantly limiting nutrient digestion and
bioavailability [7]. However, dietary NSP have received attention for their capacity to elicit positive
impacts on broiler performance and normal gut function [8,9]. As a result, monogastric diets are
formulated with a 2-3% fiber level to strike a balance between the deleterious effects of high fiber
in diets and the desired gut-modulating effects of dietary fiber.

It is also well-established that specific enzyme supplementation in the form of xylanase could
improve the nutritional value of dietary fiber. Xylanse works to degrade arabinoxylans, and in
turn, reduce chyme viscosity, facilitate enzymatic nutrient digestion, and potentially release xylo-
oligosaccharides that could induce beneficial prebiotic effects to the gut. Xylanase supplementation
in higher dietary NSP diets has also been reported to improve the performance of broilers by
increasing the availability of nutrients [6,10]. Nonetheless, the degradation ability of xylanase differs
with the inclusion levels of dietary NSP in the diet. It is imperative to evaluate the effect of xylanase
supplementation on broilers fed different NSP levels to determine the optimal inclusion level for
improved performance. In this study, we hypothesized that feeding broilers with a diet containing
higher dietary NSP levels supplemented with xylanase would lower intestinal viscosity, improve

nutrient utilization, and improve broiler performance.

MATERIALS AND METHODS

The experiment was conducted at the Daejeon Poultry Research Unit of Chungnam National
University, Daejeon, Korea. The rearing practices followed the recommendations of the Ross 308
Specification Management Guide [11]. The experimental protocol and procedures for the study
were reviewed and approved by the Animal Care and Use Committee of Chungnam National
University (Protocol Number; 202103A-CNU-029). The novel xylanase enzyme used in the
current study was supplied by CJ CheilJedang BIO, Seoul, Korea.

Animals and housing

A total of 280 one-day-old Ross 308 were purchased from a commercial hatchery to be used in the
current study. The birds were allowed a one-week adaptation period and then randomly allocated
based on the average body weight (BW; 115.01 g + 1.55) on day 8. Seven birds were housed in each
raised wire floor enriched cage (85 x 55 x 35 cm?®). The room was lit continuously during the whole
experimental period and the room temperature started at 32°C for the first day and lowered by 2°C
per week until a final temperature of 28°C on day 35. Each pen was equipped with three nipple
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drinkers and a metal feeding trough for the ad /ibitum access to clean drinking water and feed.

Experimental design and dietary treatments

Birds were assigned to one of five dietary treatments with 8 replicates per treatment in a completely
randomized design. Following the Ross 308 Nutritional Specifications, a corn-soybean meal basal
diet was formulated for the five dietary treatments with different NSP levels (i.e. low, medium, and
high NSP) using wheat bran and supplemented with xylanase. The mash diets were as follows; 1)
CON: Control diet, ii) CON-X (CON + 3,000 U/kg xylanase), iii) L-X: low NSP (corn replaced
to 2% wheat bran in CON + 3,000 U/kg xylanase), iv) M-X: medium NSP (corn replaced to
4% wheat bran in CON + 3,000 U/kg xylanase), v) H-X: high NSP (corn replaced to 8% wheat
bran in CON+ 3,000 U/kg xylanase). Chromium oxide powder (99.9% purity, Sigma-Aldrich, St.
Louis, MO, USA) was added as an external indigestible marker at the proportion of 0.3% in all
experimental diets.

In addition, diet samples were collected and analyzed for the gross energy, and crude protein to
verify closeness to the standard values. NSP fractions in dietary treatments were balanced using
the dietary NSP profile estimator (iNSPect: inspect.canadianbio.com; Canadian Bio-system). The
experimental diets were provided in two distinct phases, the starter phase (8 to 24 days) and the
grower phase (25 to 35 days). The dietary composition of the experimental diet utilized during
all phases is illustrated in (Table 1). The amount of xylanase unit in the experimental diet was
determined using Xylazyme AX tablets (Megazyme International, Bray, County Wicklow, Ireland)
according to the method described by Wickramasuria et al. [12]. One xylanase unit is defined as
the amount of enzyme that liberates 1pmol of xylose per minute under the conditions of the assay
(pH 5.3 and 50°C). The assay is based on a 5-minute hydrolysis of xylan substrate which is stopped
by the addition of dinitrosalicylic acid.

Growth performance evaluation

The BW and feed consumption of birds were recorded weekly. Using the feed consumed and
recorded BW, the average daily gain (ADG), mortality-corrected average daily feed intake (ADFI),
and the feed conversion ratio (FCR) to depict the efficiency of converting feed supplied to lean

muscle was conducted.

Nutrient digestibility, viscosity, and carcass characteristics

One bird per cage (closer to the mean BW) was selected and sacrificed by cervical dislocation for
ileal digesta sample collection on days 24 and 35. Following the procedure of Wickramasuriya et
al. [13], the collected samples were pooled and stored at -20C until further analysis for nutrient
digestibility and viscosity. The contents of the chromium oxide, crude protein, and energy contents
of the feed and digesta samples were analyzed according to the standard procedures [14]. The
apparent ileal digestibility of gross energy and crude protein was determined to estimate the rate of
nutrient disappearance at the terminal ileum using the following equation stipulated by Oketch et

al. [15].

Mg, x Ny
diet digest ]:|,whereby,

digest x Ndie(

Digestibility % =100 — {100 x [

M is the marker concentration in the diet, Ny, is the nutrient concentration in ileal digesta,
Migert is the marker concentration in ileal digesta, and N is the nutrient concentration in the diet.

For carcass characteristics analysis, samples of leg meat were collected from each selected bird per
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Table 1. Composition (g/kg, as-fed basis) of the experimental diets

Moms Starter phase (d 8-24) Grower phase (d 25-35)
CON" CON-X L-X M-X H-X CON CON-X L-X M-X H-X
Ingredient (%)
Corn 61.45 61.45 59.46 57.48 53.50 63.79 63.79 58.01 52.22 40.65
Wheat bran - - 2.00 4.00 8.00 - - 2.00 4.00 8.00
Soybean meal (SBM, 48 %) 31.62 31.62 30.94 30.25 28.88 2744 2744 27.62 27.81 28.17
Fish meal 1.30 1.30 1.60 1.90 2.50 1.90 1.90 2.05 2.20 2.50
Vegetable oil 1.20 1.20 1.78 2.35 3.50 245 245 2.84 3.23 4.00
Corn starch - - - - - - - 3.25 6.50 13.00
Limestone 1.78 1.78 1.59 1.39 1.00 1.84 1.84 1.67 1.50 1.15
Mono-calcium phosphate 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Salt 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Vitamin-mineral premix” 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Lys-HCI 0.25 0.25 0.25 0.25 0.25 0.20 0.20 0.19 0.18 0.15
DL-methionine 0.30 0.30 0.29 0.28 0.27 0.28 0.28 0.28 0.28 0.28
Calculated composition
Metabolizable energy (kcal/kg) 3,050 3,050 3,050 3,050 3,050 3,150 3,150 3,150 3,150 3,150
Crude protein (%) 21.50 21.50 21.50 21.50 21.50 20.00 20.00 20.00 20.00 20.00
Non-starch polysaccharides (%) 8.33 8.33 8.70 9.07 9.82 7.89 7.89 8.15 8.40 8.91
Lysine (%) 1.32 1.32 1.32 1.32 1.33 1.20 1.20 1.20 1.20 1.20
Methionine + cystine (%) 0.99 0.99 0.99 0.99 0.99 0.94 0.94 0.94 0.94 0.94
Analyzed composition
Analyzed xylanase unit (U/g) - 3.01 3.00 3.00 3.01 - 3.00 2.99 3.00 3.00

CON, control diet; CON-X, CON + 3,000 U/kg xylanase; L-X, corn replaced to 2% wheat bran in CON + 3,000 U/kg xylanase; M-X, corn replaced to 4% wheat bran in CON + 3,000
U/kg xylanase; H-X, corn replaced to 8% wheat bran in CON+ 3,000 U/kg xylanase.
A\/itamin and mineral mixture provided the following nutrients per kg of diet: vitamin A, 24,000 1U; vitamin D3, 6,000 1U; vitamin E, 30 IU; vitamin K, 4 mg; thiamin, 4 mg; riboflavin, 12

mg; pyridoxine, 4 mg; folacine, 2 mg; biotin, 0.03 mg; vitamin B8 0.06 mg; niacin, 90 mg; pantothenic acid, 30 mg; Fe, 80 mg (as FeSO, -H,0); Zn, 80 mg (as ZnSO, - H,0); Mn, 80
mg (as MnSO, -H,0); Co, 0.5 mg (as CoSO, -H,0); Cu, 10 mg (as CuSO, - H,0); Se, 0.2 mg (as Na,SeO,); |, 0.9 mg (as Ca (I0;) - 2H,0).

1002 | https://www.ejast.org

cage on day 35. Thereafter, the proximate analysis of leg meat samples was conducted to determine

the composition of moisture content, crude protein, crude fat, and ash according to the standard

methods of AOAC [14].

Statistical analyses

All data for growth performance, digestibility, and carcass characteristics with respect to the
treatments were analyzed by using the general linear model (GLM) of the SPSS 26.0 (SPSS,
Chicago, IL, USA). The pen was used as the experimental unit for the assessment of the growth
performance parameters such as BW, ADG, ADF]I, and FCR. The individual bird was used as the
statistical unit for ileal digestibility, digesta viscosity, and carcass characteristics. The results were
presented by mean values and the standard error of the mean (SEM). All statements of significance
were declared on a probability value of less than 0.05. Marginal effects were measured at 0.05 < p <
0.10. Significant means were separated using Tukey’s multiple range test.

RESULTS

Growth performance
Birds fed the highest NSP levels plus xylanase in the H-X diet recorded marginally higher BW (p =

https://doi.org/10.5187/jast.2023.e114
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0.074) on day 35 compared to birds fed with other diets (Table 2). Feeding diet H-X increased (p
< 0.05) ADG of birds on day 35. Moreover, marginal improvements of the ADG (p = 0.053; p =
0.073) were noted from birds fed the H-X diet during the grower phase (day 24-35) and for the
entire experimental period (day 8-35), respectively. Birds fed the H-X diet also increased (p < 0.05)
ADFT on day 35. Neither significant effects nor trends were noted for the FCR of the birds over

the entire experimental period.

Nutrient digestibility and viscosity
Regarding the ileal digestibility of nutrients and energy, birds fed on diet CON-X, L-X, and M-X

Table 2. Effects of different dietary non-starch polysaccharide (NSP) level diets on the growth performance of broilers”

" Treatments? )
ems SEM p-value
CON CON-X L-X M-X H-X

Body weight (g)
Day 8 114.8 115.1 115.1 1147 115.4 1.555 0.992
Day 14 268.8 276.6 275.7 283.0 281.1 9.655 0.626
Day 21 597.2 598.0 597.1 587.7 615.3 23476 0.832
Day 24 769.4 776.1 799.6 7794 814.8 30.246 0.550
Day 28 1,052.1 1,064.7 1,120.2 1,077.6 1,131.9 44.355 0.310
Day 35 1,630.6 1,650.6 1,708.9 1,669.5 1,806.7 64.405 0.074

Average daily gain (g/day)
Day 14 22.00 23.06 22.94 24.04 23.68 1.376 0.633
Day 21 46.91 45.93 4591 43.53 47.75 2.803 0.641
Day 28 70.67 72.16 80.14 74.54 79.27 0.562 0.360
Day 35 82.64° 83.70® 84.11% 84.55® 96.40° 4.537 0.026
Day 8-24 38.51 38.88 40.26 39.10 41.15 1.790 0.567
Day 25-35 78.29 79.50 82.67 80.91 90.17 4117 0.053
Day 8-35 54.14 54.84 56.92 55.53 60.41 2.287 0.073

Average daily feed intake (g/day)
Day 14 31.36 3247 32.91 32.65 31.97 1.194 0.715
Day 21 67.52 64.98 66.73 64.21 61.56 2.031 0.049
Day 28 105.05 101.42 115.88 105.55 112.48 8.208 0.400
Day 35 116.97*° 108.51° 124.58% 113.99% 125.96° 6.060 0.041
Day 8-24 56.61 55.99 57.57 55.91 54.73 1.530 0.316
Day 25-35 112.74 106.53 115.74 110.85 121.73 5.817 0.141
Day 8-35 78.50 75.68 80.26 77.74 80.95 2.992 0.426

Feed conversion ratio (g/g)
Day 14 1.44 1.42 1.44 1.37 1.36 0.070 0.621
Day 21 1.46 1.44 1.47 1.50 1.30 0.107 0.404
Day 28 1.49 1.41 1.46 1.42 1.44 0.104 0.950
Day 35 1.42 1.30 1.49 1.35 1.31 0.072 0.334
Day 8-24 1.47 1.44 1.43 1.43 1.33 0.066 0.269
Day 25-35 1.44 1.34 1.40 1.37 1.35 0.058 0.388

Walues are the mean of eight replicates per treatment.

ICON, control diet; CON-X, CON + 3,000 U/kg xylanase; L-X, corn replaced to 2% wheat bran in CON + 3,000 U/kg xylanase; M-X, corn replaced to 4% wheat bran in CON + 3,000
U/kg xylanase; H-X, corn replaced to 8% wheat bran in CON+ 3,000 U/kg xylanase.

®Pooled standard error of the mean.

*Values in a row with different superscripts differ significantly (o < 0.05).
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improved ileal digestibility of energy (p < 0.05) on days 24 and 35 than birds fed the H-X diet
(Table 3). However, an increase in protein digestibility (p < 0.05) was only noted at day 24 within
birds fed on diet CON-X when compared to the other treatments. Feeding different levels of NSP
did not show any increase in protein digestibility on day 35. Considering the ileal digesta viscosity,
reductions were noted (p < 0.05) in birds fed the H-X diet when compared to the other diet-fed
birds (Table 3). There was a general reduction in digesta viscosity in the xylanase-supplemented
diets when compared to the non-supplemented CON diet.

Carcass composition

Data showing the effects of different dietary NSP levels on carcass composition of broilers are
summarized in Table 4. Feeding M-X and H-X diets had improved the moisture content (p < 0.05)
of leg meat on day 35 than other treatments. Furthermore, birds fed on diet H-X lowered the crude
fat content of leg meat on day 35 (p < 0.05). However, feeding different NSP levels showed no

effects on crude protein and ash content of leg meat.

Table 3. Effects of different dietary non-starch polysaccharide (NSP) level diets on nutrient digestibility and viscosity of broilers on day 24 and 35"

: Treatments? )
tems SEM p-value
CON CON-X L-X M-X H-X
Energy digestibility (%)
d24 86.86° 83.80° 86.27° 86.62° 80.21° 2.011 <0.001
d35 87.72° 88.15° 86.45% 83.70” 82.75° 1.013 0.002
Protein digestibility (%)
d24 73.37° 75.25° 72.47° 7222 72.95° 1.605 <0.001
d35 75.58 76.82 75.62 7543 75.71 0.710 0.596
Viscosity (mPa/s)
d24 2.63° 2.50® 245 2.37" 2.28° 0.467 <0.001
d35 2.58° 2.56° 241° 2.30° 2.18° 0.326 <0.001

"Walues are the mean of eight replicates per treatment.

?CON, control diet; CON-X, CON + 3,000 U/kg xylanase; L-X, corn replaced to 2% wheat bran in CON + 3,000 U/kg xylanase; M-X, corn replaced to 4% wheat bran in CON + 3,000
U/kg xylanase; H-X, corn replaced to 8% wheat bran in CON+ 3,000 U/kg xylanase.

*Pooled standard error of the mean.

*“Values in a row with different superscripts differ significantly (p < 0.05).

Table 4. Effects of different dietary non-starch polysaccharide (NSP) level diets on carcass composition of broilers on day 35"

Treatments? .
ltems SEM® p-value
CON CON-X L-X M-X H-X
Leg meat (%)

Moisture 70.51° 71.42° 70.78° 73.15° 72.42° 1.072 <0.001
Crude protein 19.14 19.48 20.15 19.55 18.99 0.638 0.463
Crude fat 8.19° 7.79° 767" 7.72° 6.16° 1.087 <0.001
Ash 1.13 117 1.24 1.20 1.21 0.712 0.587

"Walues are the mean of eight replicates per treatment.

ACON, control diet; CON-X, CON + 3,000 U/kg xylanase; L-X, corn replaced to 2% wheat bran in CON + 3,000 U/kg xylanase; M-X, corn replaced to 4% wheat bran in CON + 3,000
U/kg xylanase; H-X, corn replaced to 8% wheat bran in CON+ 3,000 U/kg xylanase.

®Pooled standard error of the mean.

““Values in a row with different superscripts differ significantly (p < 0.05).
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DISCUSSION

Dietary NSPs have gained more interest in monogastric feed formulation due to their influence
on nutrient availability, digesta viscosity, gut health function, and overall productive performance.
The current study investigated the impact of dietary NSPs supplemented with xylanase on
the performance and nutrient utilization of broilers. It was hypothesized that feeding broilers
with a diet containing higher dietary NSP content supplemented with xylanase would satisfy
a necessary enzyme-substrate concentration and in turn, enhance the broiler’s performance. As
hypothesized, BW, ADG, and daily feed intake increased when birds were fed a higher NSP level
diet supplemented with xylanase in the present study. These results are consistent with several
previous studies which indicated positive results on growth performance by feeding higher NSP
diets supplemented with xylanase [6,16]. The improvement in the broiler’s performance is affected
by the varying nature and the quantities of NSP present in monogastric diets, and thus careful
consideration should be taken to achieve improved performance.

It is well documented that the total fiber content of wheat bran ranges from 36.5% to 52.4%,
with the most constituent of this fiber being NSP and the main NSPs present are arabinoxylan,
cellulose, and beta-glucan at proportions of 70%, 20%, and 6% respectively [17]. Wheat bran is also
known to have both insoluble and soluble fiber content which ranges from 35.0% to 48.4% and
1.5% to 4.0% respectively [18]. Considering the NSP constituents present in wheat bran, broilers
are unable to optimally utilize nutrients in wheat bran due to insufficiency of endogenous NSP
degrading enzymes [19]. It is well-known that, despite their adverse effects on nutrient and energy
digestibility, dietary NSPs can elicit nutritional value by directly providing energy; and indirectly by
improving gut health and immune function. The growth-improving capability of NSP digestion
with xylanase is linked to the role played by xylanase to internally cleave the xylan molecule,
releasing oligosaccharides such as xylose and arabinose; and resultantly mitigating the deleterious
impacts of dietary NSPs in the diets. The improved BW and feed intake of birds fed higher dietary
NSP supplemented with xylanase has been reported elsewhere [20,21]. A higher NSP level diet
was advantageous to satisfy an ideal enzyme-substrate concentration for optimal enzymatic activity.
In addition, the fraction of water-soluble NSP in the diet can function as a source of beneficial
fermentable substrates for gut microbiota through selective fermentation, which promote the
integrity of the intestinal lining, improving the digestibility of nutrient and energy, and reducing the
ability of pathogenic bacteria to proliferate therefore improving the growth performance of birds
[22,23].

Moreover, nutrient digestibility in poultry is closely related to the amount of digested protein,
fat, and starch that disappears at the ileum [24]. A couple of studies have demonstrated that the
addition of xylanases to wheat-bran-based diets could increase nutrient digestibility by partially
hydrolyzing NSPs available in wheat bran, resulting in improvements in nutrient utilization and
growth performance of broilers [25,26]. In the current study, birds fed dietary NSP supplemented
with xylanase recorded improved ileal digestibility of energy and crude protein. The improvements
in nutrient digestibility are caused by reduced intestinal viscosity and the breaking down of the
arabinoxylan backbone into arabinose and xylose at different segments of the broiler gastrointestinal
tract [3]. As earlier reported, both the nature and the level of NSP present in wheat bran may
also impair endogenous amino acid release and suppress amino acid digestibility [27]. The current
findings, along with those results from Esmaeilipour et al. [28] suggest that xylanase can reduce
nutrient entrapment and increase the digestibility of mostly starch and protein at the early stages of
a chicKs life. It was not unusual to have no improvement in crude protein digestibility on day 35 as

was also previously reported by Esmaeilipour et al. [28]. The efficacy of the exogenous xylanase to
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the diet was significantly observed in broiler chickens fed wheat bran-based diets during the early
growth stage. The improvements could be attributed to the capacity of xylanase to mitigate the
deleterious effects of low levels of endogenous protease that have been reported at the early stages
of a chick’s life that coincides with the common use of a higher crude protein diet at the starter
stage as compared to the grower stage.

Concerning the ileal digesta viscosity, a reduction in ileal digesta’s viscosity with xylanase
supplementation was noted. This is in agreement with Gorenz et al. [29] who reported that
xylanase supplementation in broiler diets both linearly and quadratically decreased ileal digesta
viscosity. These results are also consistent with the work of Barasch and Grimes [30] who reported
that the xylanase enzyme supplementation generally reduces digesta viscosity and increases nutrient
digestibility. Additionally, xylanase reduces intestinal viscosity, increases endogenous amino acid
secretion, releases nutrients, and increases cell wall permeability to absorb utilizable nutrients.
According to Van Hoeck et al. [20], compared to the control diets, xylanase decreased viscosity and
pH at various intestinal segments; and was beneficial for the carcass traits. In this current study,
xylanase supplementation significantly reduced the intestinal viscosity in broilers at both days 24
and 35 of age. The highest decrease in digesta viscosity was observed with a higher NSP diet. This
reduction in intestinal viscosity was believed to be associated with available substrates of dietary
NSP concerning the enzyme.

It was also observed that feeding dietary NSP supplemented with xylanase exerted an impact
on the carcass composition of broilers in this study. Our findins showed that birds fed a higher
NSP diet plus xylanase had the lowest crude fat content compared to other dietary treatments.
In addition, a significant improvement in the moisture content of leg meat was noted in birds
fed the M-X and H-X diet. The results of this study are in line with the findings of Alam et al.
[31]. The addition of xylanase enzymes in wheat bran-based diets improved carcass yield and
composition of broiler chicken and this was attributed to higher muscle development. This is
consistent with another report from Williams et al. [32] which indicated a reduction in carcass
crude fat content of birds when a wheat bran and corn diet was supplemented with carbohydrase
enzyme. However, the present study contradicts the findings of Hussein et al. [33] who revealed
that carcass yield and retail cuts chemical composition showed no significant difference with dietary
xylanase supplementation. In this experiment, there were no notable major effects or marginal
effects of xylanase supplementation on crude protein and ash content of leg meat. This can be
attributed to the amount of energy level that was available concerning the amount of xylanase level
supplemented. Another potential evidence is that feeding a fibrous diet moderates nutrient density
which provides an opportunity to maintain the nutrient requirements thus resulting in reduced fat
deposition in muscles [34,35].

In conclusion, our results showed that the impact of dietary NSPs on broiler’s performance
can be alleviated by xylanase supplementation, and could differ depending on the formulated
NSP proportions in the diet. In this study, it was determined that higher NSP levels in diets
supplemented with 3,000 U/kg xylanase led to improved BW and feed intake of birds. The
improved performance is associated with an influence of higher NSP levels to satisfy a requisite
enzyme-substrate concentration that ultimately facilitates the lowering of intestinal viscosity and
improves nutrient utilization. From a practical point of view, elevated dietary NSP levels from the
substitution of corn with wheat bran (up to 8%) in the control diet indicated the potential of higher
inclusion of alternative feed resources with specific enzyme supplementation to replace a fraction of

corn in diets without compromising broiler performance.

https://doi.org/10.5187/jast.2023.e114



Maniraguha et al.

https://doi.org/10.5187/jast.2023.e114

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Samuel Olugbenga O, Olusegun Abayomi O, Adebimpe Oluseye A, Akinbowale Taiwo
T. Optimized nutrients diet formulation of broiler poultry rations in nigeria using linear
programming. ] Nutr Food Sci. 2015;514:002. https://doi.org/10.4172/2155-9600.s14-002
Munezero O, Kim IH. Effects of protease enzyme supplementation in weanling pigs’ diet with
different crude protein levels on growth performance and nutrient digestibility. ] Anim Sci
Technol. 2022;64:854-62. https://doi.org/10.5187/jast.2022.e51

Zhang L, Xu J, Lei L, Jiang Y, Gao F, Zhou GH. Effects of xylanase supplementation on
growth performance, nutrient digestibility and non-starch polysaccharide degradation in
different sections of the gastrointestinal tract of broilers fed wheat-based diets. Asian-Australas
J Anim Sci. 2014;27:855-61. https://doi.org/10.5713/ajas.2014.14006

Gutiérrez del Alamo A, Verstegen MWA, den Hartog LA, Pérez de Ayala P, Villamide M.
Effect of wheat cultivar and enzyme addition to broiler chicken diets on nutrient digestibility,
performance, and apparent metabolizable energy content. Poult Sci. 2008;87:759-67. https://
doi.org/10.3382/ps.2007-00437

Bedford MR, Apajalahti JH. The role of feed enzymes in maintaining poultry intestinal health.
J Sci Food Agric. 2022;102:1759-70. https://doi.org/10.1002/jsta. 11670

Chiang CC, Yu B, Chiou PWS. Effects of xylanase supplementation to wheat-based diet on
the performance and nutrient availability of broiler chickens. Asian-Australas ] Anim Sci.
2005;18:1141-6. https://doi.org/10.5713/ajas.2005.1141

Choi WJ, Kim JH, Kim HW, Kim KE, Kil DY. Effects of dietary palm kernel meal and
B-xylanase on productive performance, fatty liver incidence, and excreta characteristics in laying
hens.] Anim Sci Technol. 2021;63:1275-85. https://doi.org/10.5187/jast.2021.e111

Branton SL, Lott BD, Deaton JW, Maslin WR, Austin FW, Pote LM, et al. The effect of
added complex carbohydrates or added dietary fiber on necrotic enteritis lesions in broiler
chickens. Poult Sci. 1997;76:24-8. https://doi.org/10.1093/ps/76.1.24

Choct M. Managing gut health through nutrition. Br Poult Sci. 2009;50:9-15. https://doi.
0rg/10.1080/00071660802538632

Adibmoradi M, Navidshad B, Faseleh Jahromi M. The effect of moderate levels of finely
ground insoluble fibre on small intestine morphology, nutrient digestibility and performance
of broiler chickens. Ital ] Anim Sci. 2016;15:310-7. https://doi.org/10.1080/182805
1X.2016.1147335

Aviagen W. Ross 308 broiler nutrition specifications. Huntsville, AL: Aviagen; 2014. Report
No.: 0814-AVNR-035

Wickramasuriya SS, Macelline SP, Cho HM, Hong JS, Patterson R, Heo JM. Multi-
carbohydrase application into energy and amino acid deficient broiler diets: a strategy to
enhance performance of broiler chickens. ] Anim Sci Technol. 2021;63:1328-43. https://doi.
org/10.5187/jast.2021.e104

Wickramasuriya SS, Macelline SP, Cho HM, Hong JS, Park SH, Heo JM. Physiological
effects of a tallow-incorporated diet supplemented with an emulsifier and microbial lipases on
broiler chickens. Front Vet Sci. 2020;7:583998. https://doi.org/10.3389/tvets.2020.583998
AOAC [Association of Official Analytical Chemists] International. Official methods of
analysis of AOAC International. 20th ed. Rockville, MD: AOAC International; 2016.

Oketch EO, Lee JW, Yu M, Hong JS, Kim YB, Nawarathne SR, et al. Physiological responses
of broiler chickens fed reduced-energy diets supplemented with emulsifiers. Anim Biosci.

2022;35:1929-39. https://doi.org/10.5713/ab.22.0142

https://www.ejast.org | 1007



Growth performance in response to dietary NSP in broiler

1008 | https://www.ejast.org

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Kwak M]J, Ha DJ, Park MY, Eor JY, Whang KY, Kim Y. Comparison study between single
enzyme and multienzyme complex in distiller’s dred grains with soluble supplemented diet in
broiler chicken. ] Anim Sci Technol. 2024;66:398-411. https://doi.org/10.5187/jast.2023.e90
Stevenson L, Phillips F, O’sullivan K, Walton J. Wheat bran: its composition and benefits to
health, a European perspective. Int ] Food Sci Nutr. 2012;63:1001-13. https://doi.org/10.3109/
09637486.2012.687366

Vitaglione P, Napolitano A, Fogliano V. Cereal dietary fibre: a natural functional ingredient to
deliver phenolic compounds into the gut. Trends Food Sci Technol. 2008;19:451-63. https://
doi.org/10.1016/j.tifs.2008.02.005

Ko H, Kang HK, Moturi J, Ingale SL, Kim J. Supplementation of enzyme cocktail in chickens
diet is an effective approach to increase the utilization of nutrient in wheat-based diets. ] Anim
Sci Technol. 2021;63:69-76. https://doi.org/10.5187/jast.2021.e1

Van Hoeck V, Papadopoulos GA, Giannenas I, Lioliopoulou S, Tsiouris V, Mantzios T, et al.
New intrinsically thermostable xylanase improves broilers’ growth performance, organ weights,
and affects intestinal viscosity and pH. Agriculture. 2021;11:1235. https://doi.org/10.3390/
agriculture11121235

Lee JJ, Choi SH, Cho JH, Choe ], Kang ], Kim §, et al. Effects of dietary carbohydrases on
productive performance and immune responses of lactating sows and their piglets. ] Anim Sci
Technol. 2019;61:359-65. https://doi.org/10.5187/jast.2019.61.6.359

Munezero O, Cho S, Kim IH. The effects of synbiotics-glyconutrients on growth performance,
nutrient digestibility, gas emission, meat quality, and fatty acid profile of finishing pigs. ] Anim
Sci Technol. 2024;66:310-25. https://doi.org/10.5187/jast.2023.52

Kim E, Morgan NK, Moss AF, Solbak A, Li L, Ader P, et al. In vitro degradation of non-
starch polysaccharide residues in the digesta of broilers offered wheat-soy or maize-soy diets by
feed enzymes. ] Appl Anim Nutr. 2022;10:71-81. https://doi.org/10.3920/JAAN2022.0001
Yacoubi N, Van Immerseel F, Ducatelle R, Rhayat L, Bonnin E, Saulnier L. Water-soluble
fractions obtained by enzymatic treatment of wheat grains promote short chain fatty acids
production by broiler cecal microbiota. Anim Feed Sci Technol. 2016;218:110-9. https://doi.
o0rg/10.1016/j.anifeedsci.2016.05.016

Choct M, Kocher A, Waters DLE, Pettersson D, Ross G. A comparison of three xylanases on
the nutritive value of two wheats for broiler chickens. Br ] Nutr. 2004;92:53-61. https://doi.
org/10.1079/BJN20041166

Gao F Jiang Y, Zhou GH, Han ZK. The effects of xylanase supplementation on performance,
characteristics of the gastrointestinal tract, blood parameters and gut microflora in broilers fed
on wheat-based diets. Anim Feed Sci Technol. 2008;142:173-84. https://doi.org/10.1016/
j-anifeedsci.2007.07.008

Wealleans A, Ashour R, Abu Ishmais M, Al-Amaireh S, Gonzalez-Sanchez D. Comparative
effects of proteases on performance, carcass traits and gut structure of broilers fed diets reduced
in protein and amino acids. ] Anim Sci Technol. 2024;66:457-70. https://doi.org/10.5187/
jast.2023.e20

Esmaeilipour O, Moravej H, Shivazad M, Rezaian M, Aminzadeh S, Van Krimpen
MM. Effects of diet acidification and xylanase supplementation on performance, nutrient
digestibility, duodenal histology and gut microflora of broilers fed wheat based diet. Br Poult
Sci. 2012;53:235-44. https://doi.org/10.1080/00071668.2012.681771

Gorenz B, Iseri V, Rubach J, Dilger RN. Xylanase supplementation of pelleted wheat-based
diets increases growth efficiency and apparent metabolizable energy and decreases viscosity

of intestinal contents in broilers. Poult Sci. 2022;101:102220. https://doi.org/10.1016/

https://doi.org/10.5187/jast.2023.e114



Maniraguha et al.

https://doi.org/10.5187/jast.2023.e114

30.

31.

32.

33.

34.

35.

j-psj.2022.102220

Barasch IB, Grimes JL. The effect of a heat-stable xylanase on digesta viscosity, apparent
metabolizable energy and growth performance of broiler chicks fed a wheat-based diet. Poult
Sci. 2021;100:101275. https://doi.org/10.1016/].psj.2021.101275

Alam M]J, Howlider MAR, Pramanik MAH, Haque MA. Effect of exogenous enzyme
in diet on broiler performance. Int J Poult Sci. 2003;2:168-73. https://doi.org/10.3923/
ijps.2003.168.173

Williams MP, Klein JT, Wyatt CL, York TW, Lee JT. Evaluation of xylanase in low-energy
broiler diets. ] Appl Poult Res. 2014;23:188-95. https://doi.org/10.3382/japr.2013-00856
Hussein EOS, Suliman GM, Alowaimer AN, Ahmed SH, Abd El-Hack ME, Taha AE, et al.
Growth, carcass characteristics, and meat quality of broilers fed a low-energy diet supplemented
with a multienzyme preparation. Poult Sci. 2020;99:1988-94. https://doi.org/10.1016/
j-psi-2019.09.007

Fouad AM, El-Senousey HK. Nutritional factors affecting abdominal fat deposition in
poultry: a review. Asian-Australas ] Anim Sci. 2014;27:1057-68. https://doi.org/10.5713.
2jas.2013.13702

Park TW, Lee EY, Jung Y, Son YM, Oh SH, Kim DH, et al. Effects of lysine concentration of
the diet on growth performance and meat quality in finishing pigs with high slaughter weights.
J Anim Sci Technol. 2023;65:1242-53. https://doi.org/10.5187/jast.2023.¢49

https://www.ejast.org | 1009



