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Abstract

This study investigates the effects of Aspergillus.meal prebiotic on afSpectrum of parameters, in-
cluding productive performance, bone mineralizatiof), and intestinal/integrity, in broiler chickens.
Day-of-hatch Cobb 500 by-product male chicks (820'total) wereraindomly assigned to two experi-
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«r mental groups (G1 and G2) in floor pens (150%300 cm), each pen containing separate feeders and

& watering systems (8 replicates per treatmefit, 20 birds /pen). Chickens kept in G1 (control) were

=L % fed a basal diet, while those of G2 (treated) were fed a basal diet supplemented with 0.2% PRI-
sl A-FERM. Performance parameters, including body weight (BW), body weight gain (BWG), feed
intake (FI), and feed conversion ratie(FCR), were evaluated weekly from the 7t day to the end of

i o the trial at 42 d. Fluorescein isothiocyanate-dextran (FITC-d) was administered via oral gavage to 3

chickens/replicate (n = 24), and blood was collected on 21d and on 42d to determine serum concen-

tration of FITC-d as a biomarker to gvaluate intestinal permeability and peptide YY as an indirect
biomarker to evaluate short chain fatty acids. Chickens that received the Aspergillus meal prebiotic
showed a significant increase in BW, BWG, and FI on days 14, 21, 28, 35, and 42 (P<0.05) and a
significant reductiondin FCR on days 28, 35, and 42 of evaluation compared to control. Moreover,
chickens that were'supplemented with the Aspergillus meal prebiotic showed a significant reduction
in serum concentrations of FITC-d on both days of evaluation, as well as a significant increase
in serum conCentration of peptide YY. Additionally, treated animals significantly increased bone
strength, tgtal bone ash, and ealcium and phosphorous content at both evaluation times compared
to the control. In summary, the results of this study suggest that Aspergillus meal prebiotic sup-
plementation@an positively influence productive parameters, bone mineralization, and intestinal
integrity in broiler chickens. The observed improvements underscore the importance of gut health
in overall poultry performance. The findings contribute to the growing body of knowledge on the
benefitsiof prebiotics (0.2%, PRI-A-FERM) in animal nutrition and highlight the potential for their
practical application in enhancing poultry production systems. Further research is warranted to
elucidate the underlying mechanisms and optimize prebiotic utilization for improved broiler health
and productivity.
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Introduction

In poultry farming, achieving optimal productive pa-
rameters while ensuring birds” well-being is paramount.
Furthermore, maintaining bone health and intestinal
integrity is vital to ensure efficient nutrient utiliza-
tion and minimize potential health challenges (Shehata
et al., 2022; Tellez-Isaias et al., 2023). Hence, evalu-
ating interventions that could positively impact these
factors holds great significance. As the demand for
sustainable and efficient animal farming practices con-

tinues to rise, the outcomes of this investigation could
have implications not only for poultry nutrition but
also for broader agricultural practices. Broiler chickens
are the world’s most widely produced poultry species
(Korver, 2023). They are raised for their meat, which
is a high-quality source of protein and other nutrients.
However, broiler chickens are also susceptible to sev-
eral health problems, including gastrointestinal disor-
ders, bone mineralization defects, and impaired intesti-
nal integrity (Chowdhury et al., 2023).

27


mailto:jl115@uark.edu
https://doi.org/10.51585/gjvr.2023.3.0061
https://orcid.org/0009-0006-4203-6820
https://orcid.org/0000-0002-8634-0449
https://orcid.org/0000-0003-4939-8024
https://orcid.org/0000-0001-5789-0823
https://orcid.org/0000-0002-6790-662X
https://orcid.org/0009-0009-1555-7913
https://orcid.org/0009-0006-7364-1775
https://orcid.org/0009-0003-7280-2651
https://orcid.org/0009-0000-8987-2355
https://orcid.org/0009-0000-1624-2942
https://orcid.org/0000-0001-7248-4452
https://orcid.org/0000-0003-0389-1980
https://orcid.org/0000-0002-4041-9848
https://orcid.org/0000-0002-2416-2747
https://orcid.org/0000-0001-6250-566X
https://gmpc-akademie.de/journals/gjvr

Table 1: Ingredient composition and nutrient content of the corn-soybean diets used on as-is basis.

Item Starter Grower Finisher
Ingredients (%)

Corn 51.85 57.85 59.68
Soybean meal 37.66 31.62 27.23
DDGS 8.1% EE 4.00 4.00 6.00
Poultry fat 3.24 3.44 4.38
Limestone 1.08 1.06 1.03
Dicalcium phosphate 1.01 0.88 0.64
Salt 0.35 0.35 0.31
DL-methionine 0.29 0.25 0.22
L-lysine HC1 0.12 0.13 0.12
Mineral premixa 0.10 0.10 0.10
Vitamin premix® 0.10 0.10 0.10
L-threonine 0.08 0.09 0.09
Choline chloride 0.06 0.06 0.05
Sodium bicarbonate 0.04 0.05 0.03
Antioxidante 0.02 0.02 0:02
Calculated analysis

ME (kcal/ kg) 3015.00 3090.00 3175.00
Ether extract (%) 5.88 6.20 7.28
Crude protein (%) 22.30 20.00 18.70
Lysine (%) 1.18 1.05 0.95
Methionine (%) 0.59 0.53 0.48
Threonine (%) 0.77 0.69 0.65
Tryptophan (%) 0.25 0.22 0.20
Total calcium (%) 0.90 0.84 0.76
Total phosphorous (%) 0.63 0.58 0.53
Available phosphorus (%) 0.45 0.42 0.38
Sodium (%) 0.20 0.20 0.18
Potassium (%) 1.06 0.94 0.87
Chloride (%) 0.27 0.28 0.25
Magnesium (%) 0.19 0.18 0.17
Copper (%) 19.20 18.46 18.85
Selenium (%) 0.28 0.27 0.26
Linoleic acid (%) 1.0 1.13 1.16

aMineral premix supplied the following per kg: manganese, 120 g; zinc, 100g; iron, 120 g; copper, 10-15 g; iodine, 0.7 g; selenium, 0.4

g; and cobalt, 0.2 g (Nutra Blend LLC, Neosho, MO 64850).

bVitamin premix supplied the following per kg: vitamin A, 20,000,000 IU; vitamin D3, 6,000,000 IU; vitamin E, 75,000 IU; vitamin K3,
9 g; thiamine, 3 g; riboflavin, 8 g; pantothenieracid, 18 gjniacin, 60 g; pyridoxine, 5 g; folic acid, 2 g; biotin, 0.2 g; cyanocobalamin, 16
mg; and ascorbic acid, 200 g (Nutra Blend LLC, Neosho, MO 64850).

cEthoxyquin

Prebiotics are non-digestible food{ingredients that
can beneficially affectfthe host by selectively stimu-
lating the growth and activity of one or a limited
number of bacteria (Roberfroid, 2007). The utiliza-
tion of prebiotics in animal nutrition has gained con-
siderable attention in recent years due to their po-
tential to enhance gut health, improve nutrient ab-
sorption, and subsequently boost overall productivity
(Morgan, 2023). Among these prebiotic options, As-
pergillus meal prebiotic has emerged as a promising
candidate. Aspergillus meal is a prebiotic that has
been shown to have several beneficial effects in broiler
chickens, including improving growth performance and
gut health (Torres-Rodriguez et al., 2005; Huang et al.,
2023).

This article delves into an assessment of the effects
of this prebiotic on a spectrum of parameters, includ-
ing productive performance, bone mineralization, and
intestinal integrity, in broiler chickens. The assessment
is conducted by analyzing serum concentrations of Flu-
orescein isothiocyanate-dextran (FITC-d) and peptide
YY (PYY), both of which serve as reliable indicators
of gut health and integrity. FITC-d is commonly em-

ployed to evaluate intestinal permeability, while PYY
is an essential gut hormone associated with satiety and
digestion regulation.

Materials and methods

Ethical approval

This study was carried out by the recommendations
of the Institutional Animal Care and Use Committee
(IACUC) at the University of Arkansas, Fayetteville,
under JACUC-approved protocol #16084.

Aspergillus meal prebiotic

Pri-A-Ferm (APCO TRADING, INC., Laredo, TX

USA) comprises Aspergillus meal derived from an ac-
tive fermentation of a primary Aspergillus niger. It
is the mycelium contained in this totally dead prod-
uct that allows the monogastric expansion of its di-
gestive capacity. The mycelium fiber expands the di-
gestive capacity by establishing a healthy microbiota
in the gastrointestinal tract of the animal, supporting
the bacteria to propagate, producing increased levels of
short-chained organic acids and slowing the gastroin-
testinal tract movement, allowing for longer passage,
more metabolic activity, and absorption of nutrients.
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Experimental design

Day-of-hatch Cobb 500 male chicks (320 total) were
randomly assigned to two experimental groups in floor
pens (150300 cm), each pen containing separate feed-
ers and watering systems (8 replicates per treatment,
20 birds/pen). Group 1 (G1); controlled the basal
diet and Group 2 (G2) treated group, which consisted
of a basal diet plus 0.2% PRI-A-FERM. Fluorescein
isothiocyanate-dextran (FITC-d) was administered via
oral gavage to three chickens/replicate (n = 24) and
blood was collected on 21d and on 42d to determine
serum concentration of FITC-d as a biomarker to eval-
uate intestinal permeability as described by Baxter
etal. (2017), and PYY as an indirect biomarker to eval-
uate short chain fatty acids post-mortem as describe by
Tellez et al. (2020).

One hour before humanely euthanizing the chick-
ens by CO; inhalation, 24 broiler chickens from each
group (3 chickens/replicate) were given an oral gav-
age dose of 8.32 mg/kg FITC-d. Blood samples were
collected from the femoral vein and centrifuged (1000
Xg for 15 min) to collect serum for FITC-d and PYY
measurement. The left tibia from each chicken was re-
moved to evaluate breaking strength (kg) on 21d and
42d, as described below. Performance parameters body
weight (BW), body weight gain (BWG), feed intake
(FI), and feed conversion ratio (FCR) were evaluated
weekly from 7 d to the end of the trial at 42 d. Starter,
grower, and finisher mash feed diets with no antibi-
otics or coccidiostats (Table 1) used in this experi-
ment were formulated to approximate the nutritional
requirements of Cobb 500 broiler chickens according to
the breeders’ guidelines (Cobb-Vantressp2018).

Bone parameters

Bone parameters were assessed using Zhang and €oon
(Zhang and Coon, 1997) techniques. The right tibia
was conventionally assayedsfor determination of the
content of ash, calciumy and phosphoerus.according to
the standard methods (AOAC;, 2000), and the left tibia
was broken to evaluate strenigth usihgyan Instron 4502
(Norwood, MA) material testing machine with a 509
kg load cell. The loading tate was kept constant at
20 mm/min, collecting 10 data'points per second using
Instron’s Series IX Software (Norwood, MA).

Data and statistical analysis

All data were analyzed by a one-way analysis of vari-
ance (ANOVA) using the General Linear Models pro-
cedure of SAS (SAS Institute Inc., 2002). Means were
further separated using the Student’s T-test with sig-
nificance at P < 0.05.

Results
The results of the evaluation of the effects of Aspergillus
prebiotic supplementation on performance parameters
(BW, BWG, FI, and FCR) in broiler chickens are sum-
marized in Table 2.

Chickens that received the Aspergillus meal prebi-
otic showed a significant increase in BW, BWG, and
FI on days 14, 21, 28, 35, and 42 (P < 0.05) and a

significant reduction in FCR on days 28, 35, and 42 of
evaluation compared to the control non-treated chick-
ens. No significant differences in total mortality (%)
between control or treated groups were observed (Ta-
ble 2).

Table 3 shows the results of the evaluation of As-
pergillus meal prebiotic on serum concentrations of
FITC-d and PYY on days 21 and 42 in broiler chickens.
Chickens that were supplemented with the Aspergillus
meal prebiotic showed a significant reduction in serum
concentrations of FITC-d at both days of evaluation,
but they showed a significant increase in the serum con-
centrations of PYY compared with control-non-treated
chickens (Table 3).

The results of the evaluation of Aspergillus meal

prebiotic on bone parameters on days 21 and 42 in
broiler chickens are summarized in Table 4. Chickens
that received the prebiotic showeda significant increase
in bone strength, total ash/calcium,;and phosphorous
at both evaluation times compared with control chick-
ens (Table 4).
The present study aimed’ to investigate the poten-
tial effects of Aspergillus meal on various aspects of
broiler chicken health-and productivity, including pro-
ductive parameters, bone mineralization, and intesti-
nal integrity. The findings of this study contribute
to our understanding of the potential benefits of us-
ing Aspergillus meal as a dietary supplement in broiler
chicken production systems.

Discussion

The beneficial effects of Aspergillus meal prebiotic on
productive performance can be attributed to its prebi-
otic properties. Prebiotics are non-digestible food in-
gredients that promote beneficial gut bacteria growth
(Fei et al., 2023). These beneficial bacteria produce
short-chain fatty acids (SCFAs), which have several
beneficial effects on the host, including improving gut
health, increasing nutrient absorption, and stimulating
the immune system (Leone and Ferrante, 2023). As-
pergillus meal prebiotic is a substrate for SCFAs pro-
duction, which is likely to be one of the mechanisms
by which it improves productive performance in broiler
chickens (Liu et al., 2023). A healthier gut lining with
improved integrity can lead to better nutrient absorp-
tion. This can positively impact the broiler’s over-
all health, growth, and performance (Stadnicka et al.,
2023).

Prebiotics like Aspergillus meal can selectively
stimulate the growth of beneficial bacteria in the gut.
A balanced and diverse gut microbiota can contribute
to the proper functioning of the digestive system and
overall gut health. A healthy gut lining and micro-
biota can enhance the absorption of nutrients from
feed. This could lead to better nutrient utilization,
potentially affecting broiler chickens’ production and
growth (Bouiche et al., 2023).

The results of the current study revealed significant
improvements in productive parameters among broiler
chickens supplemented with Aspergillus meal prebiotic.
This observation is consistent with previous research
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Table 2: Evaluation of the effects of Aspergillus meal prebiotic supplementation on body weight (BW), body
weight gain (BWG), feed intake (FI), and feed conversion ratio (FCR) in broiler chickens.

Age (days) Control non-treated Aspergillus meal prebiotic
Body weight, g/broiler
do 41.48+0.22 41.15+0.25
d7 195.57+2.42 215.57£2.42
d 14 505.79+5.93b 625.79+£5.932
d21 965.08+15.17P 1,018.84+18.45=
d 28 1,363.88+26.10P 1,607.63+21.98a
d 35 1,897.26+51.29° 2,205.32+33.392
d 42 2,537.26+80.82P 2,981.48+63.52a
Body weight gain, g/broiler
dOto7 154.01+0.98 164.21+0.87
d7to 14 310.14+3.42b 412.04+3.722
d 14 to 21 460.84+10.23b 553.60+9.622
d 21 to 28 378.89+25.86P 429.39+12.462
d 28 to 35 434.72+38.62P 598.09+20.48=
d 35to 42 640.56+40.91b 776.891+58'442
Feed intake, g/broiler A N
dOto7 150.31+1.42 160.45+1.22
d7to 14 480.47+4.42b 500.34+4.71>
d 14 to 21 1,205.07+8.35P 1,218.44+7.852
d 21 to 28 2,101.06+21.71" 1,965:86+20:672
d 28 to 35 3,041.39+46.53P 2/910.98£385.39
d 35to 42 4,731.43+£82.042 4,695.75+75.00P
Accumulated feed ¢onversionrato |
dOto7 0.76£0.001 0.74+0:002
dOto 14 0.95+0.002 0.80+0.001
dOto21 1.24 £0.02 1:19+0.02
d 0 to 28 1.54+0.022 1.22+0.02P
d 0 to 35 1.60+0.052 1.31+0.02b
d O to 42 1.86£0.062 1.57£0.03®
Total mortality (%) 562 & M 3.75

Data expressed as mean+SE. Eight replicates per treatment (n=20 ¢hickens per replicate).
a-bValues within rows with different superscripts differ significantly (P<0.05).

Table 3: Evaluation of Aspergillus meal prebiotie, on serum concentrations of FITC-d and PYY in broiler
chickens.

Age (days) Control, non-treated Aspergillus meal prebiotic
Mlmresﬁin isothiocyanate-dextran (FITC)-d (ng/mL)
Day 21 502.71£18.062 226.85+7.37°
Day 42 612.41+28.162 316.15£17.07°
Serum peptide YY (ng/mL)
Day 21 2.40+0.16° 5.55+0.692
Day 42 3.64+0.26° 6.15+0.452

Data expressed as mean+SE. Eight replicates per treatment (n=24 serum samples).
a-bValues within rows with different superscripts differ significantly (P<0.05).

Table 4: Evaluation of Aspergillus meal prebiotic on bone mineralization in broiler chickens

Age (days) Control non-treated Aspergillus meal prebiotic
Tibia strength load at yield (kg/mm?2)
Day 21 2.36%£0.12 4.54+0.232
Day 42 4.36%£0.56 b 7.76£0.122
Total ash from tibia (%)
Day 21 47.61+0.81> 62.17+0.752
Day 42 52.63+0.12P 75.76+0.122
Calcium (% of ash)
Day 21 32.35+0.07" 54.31+0.462
Day 42 61.56+0.52P 87.26£0.11=
Phosphorus (% of ash)
Day 21 25.35+0.42b 34.77+0.392
Day 42 42.36+0.15b 52.10+0722

Data expressed as mean+SE. Eight replicates per treatment (n=24 tibias).
abValues within rows with different superscripts differ significantly (P<0.05).
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demonstrating the positive influence of prebiotics on
growth performance, feed efficiency, and carcass char-
acteristics in poultry (Karar et al., 2023). The mech-
anism underlying these effects may involve promoting
beneficial gut microbiota populations, enhanced nutri-
ent utilization, and modulation of gut health (Abdel-
Raheem et al., 2023). The increased body weight
and improved feed conversion ratio observed in the
prebiotic-supplemented group indicate a potential for
enhanced economic returns for poultry producers. As-
pergillus meal could potentially promote the growth
of beneficial gut bacteria, leading to a balanced and
diverse gut microbiota composition (Nakano et al.,
2023). A healthy gut microbiota is associated with im-
proved intestinal health and well-being in broiler chick-
ens (Fathima et al., 2023).

The assessment of intestinal integrity is a vital as-
pect of evaluating the health of broiler chickens, as
the gastrointestinal tract plays a central role in nutri-
ent absorption, immune response, and defense against
pathogens. In this study, serum concentrations of
FITC-d and PYY were utilized as indicators of in-
testinal barrier function and gut hormone secretion,
respectively. A balanced gut microbiota and improved
gut barrier function can help reduce intestinal inflam-
mation. Chronic inflammation can compromise the
integrity of the intestinal lining, leading to increased
permeability (Tellez-Isaias et al., 2023).

By promoting a healthier gut environment, As-
pergillus meal may indirectly reduce serum FITC-d
concentrations (Shehata et al., 2022). The signifi-
cant decrease in serum FITC-d levels in the prebiotic-
treated group suggests improved intestinal barrier in-
tegrity, potentially due to the maintenance of tight
junctions between enterocytes (McGillowayet al,
2023). This finding aligns with thé hypothesisithat
prebiotics can positively modulate/gut health by influ-
encing gut microbiota compesition and immune func-
tion. Prebiotics may help strengthen the intéstinal bar-
rier by promoting thé growth of beneficial bacteria that
produce short-chain fatty acids. SCFAs maintain tight
junctions between intestinal epithelial cells, reduce gut
permeability, and preventharmful molecules” leakage
into the bloodstream (Goes'et al., 2022). Moreover,
some prebiotics, including those derived from fungal
sources like Aspergillus, may have antioxidant proper-
ties (Derakhshan et al., 2023).

Antioxidants can help mitigate oxidative stress in
the gut, often associated with intestinal inflammation
and increased permeability. By reducing oxidative
stress, the prebiotic may help maintain gut health and
reduce the levels of serum FITC-d (Ogbuewu et al,,
2022). In addition, stressors, such as dietary changes
and biological, physical, chemical, or environmental
factors, can negatively impact gut health and increase
intestinal permeability (Basiouni et al., 2023). Prebi-
otics have been studied for their potential to allevi-
ate stress-induced disturbances in the gut, which could
contribute to reducing serum FITC-d concentrations.
PYY is a gut hormone produced by cells lining the
small intestine and caecum (Conlon, 2002). It plays
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a role in appetite regulation and slowing down gas-
trointestinal motility, affecting digestion and absorp-
tion (Aoki et al., 2017). The elevated levels of PY in
prebiotic-supplemented broilers suggest a potential en-
hancement in appetite regulation and nutrient utiliza-
tion, supporting the observed improvements in growth
performance.

Bone health is a crucial aspect of poultry produc-
tion, as skeletal integrity influences locomotion, weight-
bearing capacity, and overall welfare. The signifi-
cant enhancement in bone mineralization observed in
broilers receiving the Aspergillus meal prebiotic sug-
gests its positive impact on calcium and phosphorus
metabolism, key components of bone formation (She-
hata et al., 2022). This result aligns with existing lit-
erature indicating that prebiotic supplementation can
influence mineral absorption and deposition, thereby
contributing to skeletal development and strength in
poultry. The positive effects of Aspergillus meal pre-
biotic on bone mineralization can alse be attributed
to its prebiotic properties (Selim et al., 2022). Prebi-
otics have been shown to increase calcium absorption
and other minerals from thelgut, which is important
for bone health (Egbu et als, 2022). Additionally, pre-
biotics can'stimulate the®production of bone-building
hormones, 'suchias IGF-1 (Jaiswal et al.,, 2023). As-
pergillus meal prebiotic is likely to have these effects in
broiler chickens, which is why it improved bone miner-
alization in this study.

The mechanisms underlying the observed effects of
Aspergillus meal on productive parameters, bone min-
eralization, and intestinal integrity warrant further in-
vestigation. Prebiotics are known to selectively stimu-
late the growth and activity of beneficial gut bacteria,
producing short-chain fatty acids and other metabo-
lites that can impact host physiology. The modulation
of gut microbiota composition and activity may have
contributed to the observed improvements in growth,
bone health, and gut barrier function. However, the
specific bacterial taxa and metabolic pathways involved
require deeper exploration.

The findings of this study hold practical implica-
tions for the poultry industry, where enhancing produc-
tivity and maintaining animal health are paramount.
Using Aspergillus meal prebiotic (0.2%, PRI-A-FERM)
as a dietary supplement could offer a sustainable and
cost-effective approach to improving broiler chicken
performance. Further research is needed to elucidate
gut microbiota dynamics and meat quality. While this
study provides valuable insights into the potential ben-
efits of Aspergillus meal, several limitations should be
acknowledged. The present study did not explore the
underlying molecular mechanisms through which the
prebiotic exerts its effects. Future research should em-
ploy advanced techniques such as metagenomics and
metabolomics to better understand the microbial and
metabolic changes induced by prebiotic supplementa-
tion.

In summary, the results of this study suggest
that Aspergillus meal prebiotic supplementation (0.2%,
PRI-A-FERM) can positively influence productive pa-



rameters, bone mineralization, and intestinal integrity
in broiler chickens. The observed improvements un-
derscore the importance of gut health in overall poul-
try performance. The findings contribute to the grow-
ing body of knowledge on the benefits of prebiotics in
animal nutrition and highlight the potential for their
practical application in enhancing poultry production
systems. Further research is warranted to elucidate the
underlying mechanisms and optimize prebiotic utiliza-
tion for improved broiler health and productivity.
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