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ABSTRACT

The study aimed to investigate the impact of different concentrations of aqueous suspension of bentonite
nanoparticles (ASBN) on the productive performance of broiler chickens. The research was conducted at the
University of Jordan poultry farm in Almuwagar research station. A total of 240 Ross 308 broiler chickens were

distributed among four treatments, with three replicates per treatment. Treatment T1 was the control, while T2,
T3, and T4 received 1%, 2%, and 3% of ASBN, respectively. The study found that the use of ASBN at levels of
1%, 2%, and 3% significantly (p>0.05) improved the growth performance of broiler chickens. The lowest feed

conversion ratio (FCR) was observed in T2 (1% ASBN) on day 28, indicating better feed efficiency. However,

carcass characteristics parameters, such as dressing and cut percentages, were not significantly influenced by

ASBN treatment. Interestingly, T4 (3% ASBN) resulted in a higher weight of the breast compared to the other

treatments. The study concluded that using ASBN at levels of 1%, 2%, and 3% can enhance the growth

performance of broiler chickens without negative impacts on their carcass characteristics.

Keywords: Bentonite nanoparticles, Broiler chickens, Carcass characteristics, Performance.

INTRODUCTION

The poultry industry is one of the most important
pillars of food security in Jordan. This sector provides
achievable and affordable animal protein and it is
considered the main source of protein all over the world.
Nanotechnology is an advanced tool to solve uncertain
facts or unsolved scientific problems related to chemistry,
physics, biology, and medicine. Scientists have defined
nanotechnology based on the fact that related to the
measurements of nanometers (Ramirez and Hernandez,
2010; Buzea etal,2007 & Scott, 2005). The
nanotechnology in these previous fields is still very
limited. Recently, nanotechnology has the potential to
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solve mysteries objectives in animal production and
health (Patil, etal., 2009). In the poultry industry,
nanotechnology can be applied to enhance feed
efficiency, reduce disease transmission, and improve the
quality and safety of poultry products. Overall,
nanotechnology has great potential to enhance the
productivity, sustainability, and profitability of the
poultry industry (Sadr et al., 2023).

Bentonite is a natural safe clay material, abundant in
Jordan with low cost, and convenient for use in animal
feed. The antibacterial properties of bentonite have been
confirmed (Martsouka et al., 2021). Due to their healing
and antimicrobial properties, bentonites are widely used

© 2024 DSR Publishers/The University of Jordan. All Rights
Reserved.

This article is an open access article distributed under
the terms and conditions of the Creative Commons Attribution (CC
BY-NC) license (https://creativecommons.org/licenses/by-nc/4.0 /)



https://doi.org/10.35516/jjas.v20i2.1055
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://www.tandfonline.com/doi/full/10.1080/1828051X.2018.1448726
https://orcid.org/0000-0002-8717-3822
https://orcid.org/0000-0001-7611-7633
https://orcid.org/0000-0002-6155-7975

Effect of Different Levels of Aqueous Suspension ....

Mohammad A. Al-Fagieh et al.

in the pharma, cosmetics, and agriculture industries
(Srasra etal., 2020). Their antibacterial activity came
from their very high cation exchange capacity, high
surface area, high swelling capacity, high water
dispersibility, high absorption capacity, and non-toxic
properties (Martsouka et al., 2021). There are several
biological mechanisms by which clay minerals are used
in broiler chicken nutrition for numerous reasons,
improve birds' performance, and intestinal health,
improve the enzymatic activity in the digestive tract,
ammonia emission control, and comprising toxin binding
(Swain et al., 2016; Bailey et al., 2006; Xia et al., 2004,
and Lee et al., 2003).

Nanoclay minerals have been a unique additive
possessing sizeable surface area, higher porosity, strong
cation exchange activities, and more active sites (Al-
Beitawi et al., 2017a). In addition, nano clay minerals at
particular levels would improve the growth performance
of broiler chickens (Elshuraydeh et al., 2014).

Nanotechnology is a promising new tool for
improving broiler production; however, additional studies
are needed in this field (Elshuraydeh etal., 2014).
Nanoclay minerals are used for the enhancement of
intestinal nutrient digestion and absorption (Martsouka
etal., 2021). Improved performance could be attributed
to enhanced nutrient digestibility and retention (Al-
Beitawi et al., 2017b). Overall, the use of nanotechnology
in broiler production has great potential to improve the
productivity, efficiency, and sustainability of the industry.
Therefore, the objective of this study was to investigate
the effect of using different levels of aqueous suspension
of bentonite nanoparticles (ASBN) on the productive
performance and carcass characteristics of broiler
chickens.

Materials and Methods

Study location, animals, and experimental design

This study was conducted at the University of Jordan
poultry farm in Almuwagar research station. Two
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hundred and forty, one-day-old (Ross 308) broiler
chickens were distributed to four treatments (T), each
treatment had three replicates with 20 birds/replicate.
Birds were reared on floor pens at the poultry house. Feed
and water were provided ad libitum. The rearing period
was divided into 2 phases: starter diet (1-14 days) and
grower diet (15-28 days). Regular commercial broiler
diets were provided for all treatments. Diet composition
is shown in Table 1.

Table (1). Basal diet composition and nutrient content.

Ingredients unit Starter Grower
(1-14d) | (15-28d)
Corn kg 579.4 616.7
Soy Bean Meal kg 370 335
Soy oil kg 14 15
Limestone kg 14 14
Lysine Sulphate kg 31 2.3
Mono calcium kg 7 55
phosphate
Salt kg 2 2
Sodium Bicarbonate kg 15 15
Threonine kg 1.3 1
Methionine kg 35 3
L- Valine kg 0.1 0
Broiler Mineral kg 1 1
Premix
Choline Chloride kg 0.4 0.4
70%
Betaine HCI kg 0.3 0.3
Broiler Vitamins kg 11 1
Premix
Mycotoxin binder kg 1 1
Avizyme 1505 kg 0.2 0.2
Axtraphy 10000 kg 0.1 0.1
Total kg 1000.000 | 1000.000
Calculated Analysis
Metabolizable Kcal/ | 3,100.00 | 3,150.00
Energy Kg
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Crude Protein % 23 215
Crude Fat % 45 4.7

Crude Fiber % 2.3 2.3

Calcium % 1 0.95
Avi.Phosphorus % 0.48 0.435
Dig.Lysine % 1.28 1.15
Dig.Methionin % 0.51 0.59
Dig.Methionin % 0.95 0.87
+Cysteine

Dig.Threionin % 0.86 0.77
Dig. Valine % 0.96 0.87
Sodium % 0.16 0.16
Chloride % 0.19 0.19

Agueous suspension of bentonite nanoparticles was
provided in drinking water once per week for 4 hours in
the intended treatments (T2, T3, T4), while T1 was left as
control. The different bentonite nanoparticle levels (1%,
2%, and 3%) were added to the tap water, while T1
(control) was provided with blank water at the same time
of treatment. The bell drinkers were pulled out in front of
all treatments (including the control) for 2 hours before
offering the aqueous suspension of bentonite
nanoparticles (ASBN) or the tap water for the control. The
required amounts of ASBN were offered to chick drinkers
for 4 hours, while the amount of drinking water was
adjusted according to the bird's age. The ASBN was
provided in the chick drinkers (not in the bell drinkers),
once per week, for 4 hours, and this practice was repeated
every week till the end of the experiment. The ASBN was
given for the first time at 5 days of age, then repeated on
days 12, 19, and 26 of age. Mortality was registered
weekly and used to calculate the corrected feed
conversion ratio. Bird weight and feed intake were
measured weekly for each replicate and corrected FCR
was calculated as well. On day 28, two birds from each
replicate were randomly selected and slaughtered. Live
weight, hot carcass weight, weight of breast, spleen, liver,
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gizzard, and heart were taken for each bird and cuts were
weighed for each bird, and each cut percentage was
calculated relative to body weight. Statistical analysis
was conducted by using the general linear model (GLM)
procedure of the Statistical Analysis System (SAS, 2004).
LSD test was used to compare means of significant effects
at p <0.05.

Aqueous suspension of bentonite nanoparticles
preparation

Bentonite was obtained from the Al-Azraq area in
Jordan through (Al-Bustami Corporation,
Amman/Jordan). The chemical composition of bentonite
used in this study is shown in Table 2.

Table (2). Chemical composition* of bentonite

Content (%)
Fe20s3 5.86
MnO 0.035
TiO; 1.01
CaO 3.54

K20 2.66
P20s 0.085
SiO; 54.85

AL20 3 11.70
MgO 3.85
Na;O 1.23

CL 0.093
SOs 0.177
L.O.l 14.60

* Provided by the Natural Resources Authority/ Laboratories
Directorate, Amman-Jordan

Bentonite was converted to nanoscale at the Jordan
University of Science and Technology — nanoinstitute.
The production of nanoparticles was achieved through a
ball milling machine and a ball milling producer. The jar
was filled with a powdered sample, and then balls of
suitable size and number comparable to the powder
(comparable to hardness) were added. The program of
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milling was set at 800 rpm, 20 cycles, 3 minutes for each
cycle. Bentonite nanoparticles were reduced to 100 nm.
The particle size of bentonite was confirmed using a
scanning electron microscope (SE image 600.000X- 200
nm) as shown in Figure 1.

In this experiment, the bentonite nanoparticles were
mixed with drinking water to create solutions with
different concentrations. The concentrations used were
1%, 2%, and 3%, which correspond to 10g, 20g, and 30g
of bentonite nanoparticles per 1000 ml of water,
respectively. nano-silica

Result and Discussion

Body weight and weight gain

The results showed a significant difference at (P<
0.05) in bird body weight gain (BWG) between the
treatments at day 28 of the rearing periods. On day 28 the
highest significant weight gain was for T3 (2% ASBN)
which was (1207.33g) as shown in Table 3.

Figure (1): Image of bentonite nano at Scanning Electron
Microscope (SEM).

Table (3): The effect of feeding different levels of ASBN on the production performance of broiler chickens.

Parameter T1 T2 T3 T4
Body Weight Day 7 g 171.567 175.600 168.900 169.667
Body Weight Day 14 g 518.07 510.90 506.60 496.03
Body Weight Day 28 g 1632.37° 1676.83° 1713.90° 1652.672
Body Weight gain Day 14 g 476.67 472.70 467.60 458.73
Body Weight gain Day 28 g 1114.23° 1165.93 % 1207.33° 1156.702
Total Body Weight gain g 1590.97 1638.63 1674.90 1615.37
Average feed intake day 14 g 475.87 474.33 487.33 469.20
Average feed intake day 28 g 1557.00 1484.57 1572.37 1515.53
Total Average feed intake g 2032.87 1958.87 2059.70 1984.70
FCR Day 14 0.998 1.003 1.042 1.023
FCR Day 28 1.397° 1.2742 1.3032 1.3102
Total FCR 1.277° 1.1962 1.2302 1.2282
Mortality Rate % Overall (D1 — D28) 6.62 3.3P 5b 0P

a,b- means with different letters in the same raw are significantly different at p<0.05
T1: control. T2: % ASBN. T3: 2% ASBN. T4:3% ASBN.

This result was similar to Al-Beitawi et al., (2017b)
found that the use of 2% nano clay minerals as fed
significantly improved broilers’ performance in terms of
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live body weight, and body weight gain compared to
control groups. However, the use of a 2% concentration
of the Aqueous Nanosuspension of clay minerals
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significantly improved the growth performance of broiler
chickens in terms of the live body weight LBW and BWG
(Al-Beitawi et al., 2017a and Elshuraydeh et al., 2014).
The results are consistent with Ghazalah et al.,. (2021)
reported that the use of nano-silica at 0.20% and bentonite
at 0.50% improved growth performance in broiler
chickens.

Feed Intake and Feed Conversation Ratio

There were no significant differences between 1%,
2%, and 3% of ASBN on feed intake in the control groups
as shown in Table 3. There were significant differences
between the treatment in feed conversation ratio (FCR)
between control and ASBN treated chichen, for the
overall rearing period 1.277, 1.196,1.230, and 1.228, for
the T1, T2, T3, and T4, respectively. The role of ASBN
in improving the gut health and mucosal structure. This
would be also attributed to the ability of nanoparticles to
bind with the pathogenic microbes that may be
established in the gut of broiler chickens. This result was
in agreement with Al-Beitawi et al., (2017a) who reported
that the use of the aqueous nanosuspension of clay
minerals significantly improved the FCR of broiler
chickens. Also, Al-Beitawi et al., (2017b) observed an
improvement in FCR when broilers were fed 2% nano
clay minerals compared to control groups. Ghazalah et

al., (2021) showed that the best FCR value was recorded
with treatment supplemented with commercial nano clay
(bentonite 0.50%) followed by those having 0.05% and
0.10% of NS, compared with the control group at the
period of 29-35 days of age. These results may be
attributed to the beneficial properties of nano bentonite:
high absorption capacity, improvement in the enzymatic
activity of the digestive tract, increased pH, and lowering
the viscosity of fluids.

There were no significant differences between 1%,
2%, and 3% of ASBN on feed intake in the control groups.
On the other hand, Ghazalah et al., (2021) showed that
there was significantly increased feed intake with the
addition of bentonite 0.50% during 29-35 days compared
to all the treatments. Karomy and Maged. (2021) reported
that the Sodium Bentonite (SB) at 1, 2 % alone, and 1 %
SB + 1 % aluminum silicate can be used in pelleted-
making diets to improve growth performance, decrease
feed intake, and enhance feed efficiency ratio. Increased
protein digestibility, mean protein efficiency ratio and
viscosity, production index, and serum protein were
observed in broiler chickens.

Carcass characteristics

Results for carcass characteristics parameters
(dressing and cuts percentages) are presented in Table 4.

Table (4): The effect of feeding different levels of ASBN on carcass cuts percentage to carcass weight.

Parameter T1 T2 T3 T4
Dressing percentage 68.083 68.183 68.983 69.716
Breast percentage 37.050@ 36.383° 38.750 @ 39.4172
Liver percentage 22.950 21.783 21.600 22.950
Heart percentage 4.650 4.667 4.967 5.200
Spleen percentage 1.167 1.150 0.933 1.033
Gazzird percentage 16.467 16.667 16.333 15.133

Means with the same letter in the same raw are not significantly different at p<0.05

T1: control. T2: % ASBN. T3: 2% ASBN. T4:3% ASBN.
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The values of the dressing, lever, heart, spleen, and
gizzard did not significantly increase in birds. Also, the
use of the T4 (3% ASBN) increased the weight of the
breast compared to other treatments. The results are
consistent Ghazalah et al. (2021) observed that the
supplementation of nanosilica and bentonite had no
significant effects of dietary treatments on carcasses,
abdominal fat, bursa, thymus, and relative organ weight
(liver, heart, gizzard, and spleen). Al-Beitawi
etal., (2017b) reported that the use of 1.5% of nano clay
minerals (T3) in broiler chickens’ diet at day 28 of age
offered once a week increased liver, gizzard, heart, and
pancreas percentage compared to C1, C2, C3, and other
dietary treatments. However, 2% of nano clay minerals
offered once a week only increased spleen percentage
compared to other dietary treatments. Al-Beitawi
etal.,, (2017a) found that the values of the dressing,
breasts, thighs, and drumsticks significantly increased in
birds receiving the nanosuspensions of clay minerals
(2%). The dressing and cuts percentages were 73.45,
28.25,12.88, and 10.71 for the dressing, breast, thigh, and
drumstick, respectively.

Mortality rate

Daily mortalities were recorded for each replicate
within treatment. Then the weekly mortality rate was
calculated as the number of dead chicks subtracted from
the number of live chicks at the beginning of that week
shown in Table 3. The mortality rate was significantly
lowered in all ASBN-treated groups compared with the
control group.

Conclusion

In conclusion, the addition of ASBN in drinking water
for 1 time per week to broiler enhances the feed
conversion ratio, increases body weight gains, and
reduces the mortality rate. This would be due to the
significance of nano bentonite's beneficial properties such
as the high capacity for absorption, the ability of
nanoparticles to bind with pathogens, a large surface area
for layers, improvement in the enzymatic activity of the
digestive tract, and increasing the pH and lowering the
viscosity of fluids. However, these activities were beyond
the scope of this study and it is highly recommended to be
measured in future studies.

REFERENCES

Al-Beitawi, N., Elshuraydeh, K., Al-Fageih, M., & Zyadeh,

M. (2017a). Effect of an Aqueous Nanosuspension of
the
Characteristics and Internal Organs of Broilers. Journal

Clay Minerals on Performance, Carcass
Nanotechnol Nanomed Na-nobiotechnol, 4, 013.
Al-Beitawi, N. A., Momani Shaker, M., El-Shuraydeh, K.
N., & Blaha, J. (2017b). Effect of nanoclay minerals on
and blood
biochemistry of broiler chickens compared to vaccines

Applied

growth performance, internal organs,

and antibiotics. Journal of Animal

Research, 45(1), 543-549.

146

Bailey, C. A., Latimer, G. W., Barr, A. C., Wigle, W. L.,
Hag, A. U., Balthrop, J. E., & Kubena, L. F. (2006).
Efficacy of montmorillonite clay (NovaSil PLUS) for
protecting full-term broilers from aflatoxicosis. Journal
of Applied Poultry Research, 15(2), 198-206.

C., & Robbie, K. (2007).
Nanomaterials and nanoparticles:  sources
toxicity. Biointerphases, 2(4), MR17-MR71.

Elshuraydeh, K. N., Al-Beitawi, N. A., & Al-Fagieh, M. A.
(2014). Effect of aqueous nanosuspensions of clay

Buzea, Pacheco, I. 1,

and

minerals on broilers' performance and some selected



Jordan Journal of Agricultural Sciences, Volume 20, No.2 2024

antibody titers. Journal  of
Engineering and Medicine, 5(1).
Ghazalah, A. A., Abd-Elsamee, M. O., Moustafa, K. E. M.,
Khattab, M. A., & Rehan, A. E. A. (2021). Effect of
nanosilica and bentonite as mycotoxins adsorbent agent

Nanotechnology in

in broiler chickens’ diet on growth performance and
hepatic histopathology. Animals, 11(7), 2129.

Karomy, Q. J. G. A. S., & Maged, T. I. (2021). Effect of
Feed Supplemented with Different Levels of Sodium
Bentonite and Aluminum Silicate on Physiological
Performance of Broiler, Indian Journal of Ecology, 48
Special Issue (17): 500-505

Lee, K. W., Everts, H., Kappert, H. J., Frehner, M., Losa, R.,
& Beynen, A. C. (2003). Effects of dietary essential oil
components on growth performance, digestive enzymes,
and lipid metabolism in female broiler chickens. British
Poultry Science, 44(3), 450-457.

Martsouka, F., Papagiannopoulos, K., Hatziantoniou, S.,
Barlog, M., Lagiopoulos, G., Tatoulis, T., ... & Papoulis,
D. (2021). The antimicrobial properties of modified

pharmaceutical bentonite with zinc and
copper. Pharmaceutics, 13(8), 1190.
Patil, S. S., Kore, K. B., & Kumar, P. (2009).

Nanotechnology and its applications in veterinary and
animal science. Vet World, 2(12), 475-477.

147

Ramirez-Mella, M. & Hernandez-Mendo, O. (2010).
Nanotechnology on animal production. Tropical and
Subtropical Agroecosystems 12: 423-429.

Sadr, S., Lotfalizadeh, N., Ghafouri, S. A., Delrobaei, M.,
Komeili, N., & Hajjafari, A. (2023). Nanotechnology
innovations for increasing the productivity of poultry and
the perspective of nano biosensors. Veterinary Medicine
and Science, 1-14.

SAS, Institute Inc. (2004). SAS/STAT User’s Guide. Version
9.1.3. Second Edition. USA: SAS, Cary.

Scott, N. R. (2005). Nanotechnology and animal
health. Revue  Scientifigue  Et  Technique-Office
International Des Epizooties, 24(1), 425.

Srasra, E., & Bekri-Abbes, I. (2020). Bentonite clays for
therapeutic purposes and biomaterial design. Current
Pharmaceutical Design, 26(6), 642-649.

Swain, P. S., Rao, S. B., Rajendran, D., Dominic, G., &
Selvaraju, S. (2016). Nano zinc, an alternative to
conventional zinc as animal feed supplement: A
review. Animal Nutrition, 2(3), 134-141.

Xia, M.S.; Hu, C.H.; & Xu, Z.R. (2004). Effects of copper-
bearing montmorillonite on growth performance,
digestive enzyme activities, and intestinal microflora and
morphology of male broilers. Poultry Science, 83, 1868—
1875.



Effect of Different Levels of Aqueous Suspension .... Mohammad A. Al-Fagieh et al.

a3l zlaall dagll) (ailad g a1 e & gilil) el i) e jad i) (gleal) ¢he Adli cil gica il

Zaaa) S Plag I ulal we (udl F1ABAY Lo asa

.OJJ‘Y‘ ‘OLAQ s:\:\id‘)y\ A.z.nl;“ 52&\‘)‘}3\ 4:\35 1
LY olee @diajY) Aaalad) lasall 44K 2

2023/10/2 Al58 &5 2023/5/23 el Pl s 5
uadla

1Y) e ASBIN 4 sl <l sinll Cilaguead  Alal) (slaal) (e Adline <l 3 53 alaain 55 s ) Aul 5l 028 Cdon
Osmls (Lt gy i A sall Clasf Adanay 43 Y1 Aaalall (a3 Ao ) e (8 anill e gl o aa Dl laall aliy)
2Ll AldaaT1) ) (o sV Alalaall S )y S0 25306 Allra JSI i elra dry )i e (308 s50) & s p 2 e Lo suaa
%1 ) xSy ol olae e gl 3 ) &y ) s gl sl i3l T4 5 T35 T2 dnad 5 Q3N 5 20050 Alalaall Ll
sk Lo saud ) sadall o)) ol g Qi s IS €50 (g5 e 5 Aosilal Bl ol Ay 5 i a5 (e (%35 %25
Ot () 3 il olaa (373 572 5 71 Sl gy 4 Il s sl Bale alaind of il < jelal Ay el 5 58
dle 3l )5 La) T2 4l Alabaall 8 i€ dle (gt daus JBI 0 Jas o) G caa W) el sai ol 8 (5 gima
J CBllra (8 S ol padll g Alall s Jie Al (allad @l jli5e (J3 €l aa5 28 a5l die (1.196) (A 5 ozl
aldis gAY COllaally A i T4 Aldiaall b mlaall jaia () )5 (883 ) Sllia 43 (s alaia D yiall 0 SASBN.
Gl e S 09 Gnanl zlad gai o 5m o S %35 %25 %1 Sasivas ASBN il ¢f () Al
Aapdl) pailad

Aol pailiad ol (Cpand) mlas dy sl s gl il ja A clalgl)

f mom79@yah00.com :dlul jall adizall Casldl *

148



