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The assessment of aluminosilicates’ impact on the production of chickens, the physical features of
the intestines, and leg bones was done. 500 Ross 308 chickens were used and divided into 5 groups.
The control group was I. Groups II, IlI, IV, and V were fed with halloysite and zeolite (1:3 ratio) at
0,5% (1-35 days; starter, grower 1 and 2) and 1% (36-42 days; finisher) levels. Aluminosilicates
were also used for the peat litter: 11—500 g of halloysite/m?; 111—250 g of halloysite/m? and 250 g

of zeolite/m?; IV—500 g of zeolite/m?; V—130 g halloysite/m?, 370 g zeolite/m?2. During 42 days,
growth and feed indicators were recorded. 10 birds from each group were selected for slaughter. The
digestive tract, femur, and tibia bones were sampled, and physical features were analyzed (weight,
length, and strength). A lower feed conversion ratio on days 23-35 was found in the groups with the
aluminosilicates addition. In group V a lower weight of the gizzard was found than in group I. A liver
weight was higher in group V than in group Ill. A higher strength of the femurs was demonstrated in
group IV. The tibia bones were characterized by higher strength than the femurs of broiler chickens.
The aluminosilicates to feed and litter had no adverse effect.

Poultry farming is a dynamically developing production in the agri-food industry’. The world’s largest poultry
meat producers are the USA, China, and Brazil. In European Union, Poland is a leader. According to the data
presented, in 2020, 2.18 million tons of carcass weight of broiler chickens were produced in Poland, which con-
stitutes 19.53% of the total EU production®. The greatest threat to the supply-demand balance in the poultry
market is posed by outbreaks of avian influenza throughout the country that limit the export of products to
other countries, as well as the SARS-COV-2 coronavirus pandemic, which limited the demand and fluctuation
of meat supply chains in the HoReCa sector”.

Poultry producers face many challenges regarding effective production, good quality raw materials, and
maintaining a balance with the natural environment. However, one should also look at the safety of meat produc-
tion technology and the proper functioning of broiler chickens. A properly developed digestive system should
characterize broiler chickens to ensure the appropriate functioning of the body during intensive production.
The proper functioning of the digestive tract enables high utilization of the feed ingredients and production
efficiency®. It plays an essential role in metabolic and digestive processes and is responsible for the absorption of
nutrients. It is also crucial in the process of the body’s immune response®. The rapid increase in muscle weight of
broiler chickens increases the susceptibility to bone injuries. It is associated with considerable economic losses
for producers because skeletal structure defects negatively affect birds’ welfare and even cause deaths®. Durable
leg bones, including the femoral and tibial ones, enable movement and facilitate the uptake of feed and water,
consequently achieving appropriate weight gain and bird health’. After the ban on antibiotic growth promoters
(AGP) in poultry nutrition, the search for alternatives in the form of feed additives that have a beneficial effect
on the health of the kept birds, the safety of animal products, and the natural environment began®.

The aluminosilicates, as an additive, can be added to feed and bedding. It could be an optimal solution in
poultry production. Research has shown that these additives can affect production performance, carcass charac-
teristics, and bird welfare by reducing the occurrence of footpad dermatitis (FPD)°. According to the EU regula-
tion, feed additives are substances, microorganisms, or preparations other than feed material and premixtures
that are intentionally added to feed or water to perform one or more functions. Feed additives must benefit the
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feed’s properties and positively impact the environment when used in production. Feed additives also increase
animal welfare, mainly due to the impact on the gastrointestinal microbiota and the digestibility of feed'’. One
of the feed additives classified as zootechnical (technological) additives is aluminosilicates. These minerals have
high absorption values, increasing birds’ performance and overall health by showing no significant absorption
and removal of nutrients and vitamins. However, they bind toxins in feed and transport them through the
digestive tract without harming the animal organism®. Adding aluminosilicates to the feed may slow down the
digestive processes, extending the retention time of the food content, and stimulating digestion and absorption
of nutrients, which improves efficiency*!. The aluminosilicates were also used as a litter additive as an odor and
ammonia reduction agent'2.

A beneficial effect was also noted when using aluminosilicates on intestinal morphology. Natural clinop-
tilolite positively affects gut parameters, including acting on microbial populations of the digestive tract’’. In
the available literature, mainly the feed supplement in the form of a probiotic was analyzed on morphometric
features of intestines in chicken broilers. The studies showed no effect of the addition of probiotics on the length
and diameter of individual sections of the intestine and the weight of the proventriculus, gizzard, and spleen. A
shorter small intestine characterizes commercial hybrids with high genetic potential for intensive production
compared to broilers reared in extensive rearing'*'>.

Bone strength depends on the following factors: genotype, sex, age, nutrition, anti-nutritional substances,
hormones (steroid hormones, testosterone), and the presence of disease!. Lameness and osteoporosis negatively
affect the welfare of birds, making it difficult to move, which leads to problems with the correct intake of feed
and water and increased mortality in the flock!”. One of the threats to the skeletal system is its low endurance
due to the rapid weight gain of broiler chickens. Nutrition plays a crucial role in the rearing of chickens, which
significantly impacts bone strength. In the available literature, the following physical parameters of bones were
determined: strength, stiffness, thickness'®, length, weight, width, and the Seedor index (bone mass/length)
were also analyzed'. Well-developed bone and skeletal system of chickens highly affects the higher technologi-
cal usefulness of carcasses (processing). It is essential for ensuring high-quality products of animal origin, like
poultry meat®. Strength is a crucial indicator of bone susceptibility to fractures and the course of the bone
mineralization process's.

The intensification of production while maintaining appropriate standards of the obtained poultry meat
requires optimization of rearing conditions, including feeding, and ensuring a suitable environment, including
bedding. Using zeolite and halloysite has potential as both a zootechnical additive for feed and bedding. Adding
minerals can enhance the functioning of the digestive system and its development (intestinal endurance) and
reduce diseases related to the skeletal system of chickens, including leg bones. Obtaining carcasses from chickens
whose intestinal walls are characterized by a high level of strength is important from the processing point of
view (biosafety when gutting carcasses).

The presented research results are part of the "Safe Farm" project. The study revealed whether the alumi-
nosilicates do not reduce the strength of the intestines and bones in the safety of post-slaughter processing
aspect. Therefore, research was undertaken to assess the effect of the natural zootechnical additive in the form
of aluminosilicates on broiler chickens’ production results, the digestive system’s physical features, and leg bones.
The research hypothesis is that adding aluminosilicates to feed and bedding impacts the production results and
physical characteristics of the digestive system and leg bones of Ross 308 broiler chickens.

Materials and methods
The research and rearing were carried out following applicable law.

Experiment design and chicken rearing. 500 1-day-old male Ross 308 broiler chickens were used in the
study. The birds were kept in environmental conditions by the recommendations of Ross 308 broiler chickens
production (Aviagen), whit some modifications. The rearing was carried out in cooperation with the poultry
farm, which was included in the project. The temperature was 30 °C on the day of insertion, 27 °C on day 7, and
21 °C on day 21, and to the end of rearing. Air humidity was 60-65%, and ventilation was 1 m*/kg body weight/
hour. The lighting intensity was 20 Ix. Chickens had provided with six 10-min dark periods during the first week,
followed by 18 h of light and 6 h of darkness on the 7th day. In the last three days before slaughter, continuous
lighting was provided in the poultry house. The birds were kept on peat litter. The peat litter was characterized
by a dry weight of 95.07%, a pH of 6.04, and a nitrogen content of 3.55% (average values obtained in laboratory
analyses for control purposes). The rearing period lasted 42 days. The birds were divided into five equally numer-
ous groups, kept in 1x 1 m experimental pens, where the mesh was made of stainless material. Each group was
maintained in ten replicates (10 chickens each). The feed and water were administered ad libitum. Complete feed
was commercial, and their composition complied with the feeding standards for broiler chickens according to
the nutritional recommendations®!. The feeding was divided into four periods, i.e., starter feed from the 1st to
the 10th day of rearing, grower 1 from the 11th to the 22nd day of rearing, grower 2 from the 23rd to the 35th
day of rearing, and the finisher type feed from the 36th to the 42nd the day of rearing. Control group (I) was fed
based on the complete feed without additives. Experimental groups (IL, III, IV, V) were provided with complete
feed with the addition of halloysite and zeolite in the ratio of 1:3. In the first three feeding periods, the addition
of aluminosilicates was 5 g/1 kg of feed. In the last stage (finisher), the addition was increased to 10 g/1 kg of
feed. In the experimental groups, aluminosilicates were also used for the litter in a loose form (added on top).
In group II, 500 g of halloysite were added per 1 m? of peat surface; in group III—the addition of halloysite was
250 g/m? of peat and zeolite 250 g/m? of peat, and in group IV—the addition of zeolite 500 g/m? of peat, while in
group V—addition of halloysite 130 g/m? of peat and zeolite 370 g/m? of peat. The characteristics and chemical
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Zeolite Halloysite

Specific surface 30-60 m*/g Specific surface 65-85 m*/g
Bulk volume 1.60-1.80 kg/m* | Bulk volume 0.70-0.85 g/cm’®
Weight 2.20-2.44 kg/m’

% %

SiO, (silicon dioxide) 71.30 Al (aluminum) 13.00
AL O, (aluminum oxide) 13.20 Si (silicon) 12.00

CaO (calcium oxide) 5.20 Ca (calcium) 0.40

K,O (potassium oxide) 3.40 Mg (magnesium) | 0.30

Fe,O; (iron (III) oxide) 1.90 Na (sodium) 0.10

MgO (magnesium oxide) 1.20 K (potassium) 0.08

Na,O (sodium dioxide) 1.30 P (phosphorus) 0.30

TiO, (titanium dioxide) 0.30 Fe (iron) 9.00

Si/Al (silicon/aluminium) 5.40 Ti (titanium) 1.00

% Mn (manganese) | 0.20
Clinoptilolite 84.00

Cristobalite 8.00

Mica clay 4.00

Plagioclase 3.50

Rutile 0.20

Table 1. Characteristics and chemical composition of halloysite and zeolite (supplier information).

composition of halloysite and zeolite are presented in Table 1. The data in the table are obtained from the sup-
plier of the aluminosilicates.

Growth performance. During the rearing period, the body weight (g) of broiler chickens (BW) was moni-
tored. On the day of chicks insertion (1), feed changes (11, 23, 36) and on the day of slaughter (42), birds were
individually weighted (Radwag, Radom Polska). The feed intake (FI) was recorded daily. Based on the collected
data, the body weight gain (BWG) was calculated using the formula: BWG (g) =bird body weight on the last day
of the feeding period (g) — bird body weight on the first day of the feeding period (g). The feed conversion ratio
per 1 kg of body weight gain (FCR) was also calculated, from the formula FCR(::—:) = Blv:\{(ck(i) 9" The production
results were calculated for individual feeding periods and the entire rearing period. After rearing, the condition
of the soles of the feet of broiler chickens was assessed. The measurement method was done according to Bilgili
et al.?2, where the 3-point visual ranking system was used (0, footpads with no lesions present; 1, mild lesions,
and dermal ridges with oval or round ulcers covered with a crust; 2, severe lesions, dark brown crust).

Samples collection.  After 42 days of rearing, the birds were weighed (Radwag, Radom, Poland), and based
on the averages obtained within each pen, broiler chickens were selected with a body weight similar to the
group’s mean value. The birds fasted for 8 h before slaughter. The slaughter was performed by breaking the spinal
cord (cutting between the first vertebra of the cervical segment and the occipital condyle—decapitation) after
stunning the birds. A total of 50 chickens (10 from each group) were slaughtered. The carcasses were scalded in
hot water at 65 °C for 10 s, then the feathers were removed, and the ankle legs were cut off. To examine gutting,
the digestive tract and organs were dissected and placed in distilled water in sterile containers. The carcasses and
the prepared samples were cooled for 24 h in a refrigerator (Hendi, Poznan, Poland) at a temperature of 4 °C.
After 24 h, the carcasses were subjected to a simplified dissection to collect the femurs and tibia. The legs at the
hip joint were cut off, and the bones were dissected for further analysis. Additionally, based on the live body
weight and carcass weight, slaughter yield was calculated, using formula:

carcass weight (g)

100%.
live body weight (g) X ’

slaughter yield (%) =

Physical features of the digestive system and leg bones. The digestive system was drained of water
(the digestive tract was dried after being removed from containers with water, and the remaining intestinal
content was squeezed out), and morphometric measurements were made. The digestive system was weighed
(empty). The digestive tract has been divided into individual sections: duodenum, jejunum, ileum, cecum, and
colon. The proventriculus, the gizzard, and the liver and pancreas were distinguished. All elements were weighed
(Radwag, Radom, Poland), and their length was measured using a measuring tape (cm). Based on the collected
data, the relative weight and length of individual sections of the digestive system (to body weight) were calcu-
lated. Methods were done similarly as Steczny and Kokoszynski'® reported.

Each part of the small and large intestine was subjected to tensile strength analysis. The test strength analysis
was performed using the Instron 3345 device (Instron, Buckinghamshire, UK). The Bluehill 3.0 software (3345,
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Group?
Item I I 11 v v SEM | P-value
BW (g)
Lst day 44.01 44.86 45.38 4472 45.58 0.81 0.054
10th day 373.78% | 364.11®° | 371.54® | 354.59® | 34943 2.85 0.020
22nd day 1123.57* | 1017.34°> |1049.46® | 1037.47° | 1005.12° 9.87 <0.001
35th day 2346.72 | 2409.71 | 2384.97 | 240428 |232431 |17.62 0.483
42nd day 2944.37 | 3099.34 | 3088.35 |3087.98 |[2959.70 |23.22 0.592
BWG (g)
Days 1-10 329.77* | 319.25° | 326.16® |309.87 | 303.85 2.86 0.015
Days 11-22 749.79* | 653.23° 677.92° 682.87% | 655.69° 830 | <0.001
Days 23-35 1223.15" [1392.38* [ 133550 |1366.82* |1319.19% |14.53 0.001
Days 36-42 597.65° | 689.62®* |703.39* 683.69° | 635.39® | 12.11 0.024
Days 1-42 2900.36 | 3054.48 | 304297 |3043.26 |2914.12 |23.19 0.594
FI (g/bird)
Days 1-10 361.20° | 354.00° 338.60® | 320.00° 324.80° 349 | <0.001
Days 11-22 888.60 | 873.00 871.53 898.27 855.90 5.11 0.076
Days 23-35 2580.33* | 2489.82% | 2555.70%° |2495.82®* |2413.40° |19.39 0.033
days 36-42 997.21 108391 | 1061.05 |1053.60 |1003.32 |10.70 0.053
Days 1-42 4840.38 | 4930.60 | 4981.20 |4794.56 | 4616.02 | 45.24 0.091
FCR (kg/kg)
Days 1-10 1.10%® 1110 1.04%® 1.03° 1.07%® 0.01 0.004
Days 11-22 1.19° 1.34° 1.28% 1.32° 1.31° 0.01 0.002
Days 23-35 2.11° 1.79° 1.93® 1.83° 1.83° 0.03 | <0.001
Days 36-42 1.67 1.60 1.53 1.54 1.64 0.04 0.681
Days 1-42 1.67 161 1.63 1.57 1.59 0.02 0.358
Slaughter yield (%) | 74.89" 74.90° 76.58° 76.03 75.83% 0.32 0.042
Footpad dermatitis (%)
Score 0 98 99 100 99 100
Score 1 2 1 0 1 0
Score 2 0 0 0 0 0

Table 2. Growth performance of broiler chickens. BW body weight, BWG bodyweight gain, FI feed intake,
FCR feed conversion ratio, SEM standard error of the mean. **Values with different letters in a row differ
significantly, P<0.05. AGroups IL, II1, IV, V were fed with halloysite and zeolite (1:3 ratio) at 0,5% (1-35 days)
and 1% (36-42 days) level. Aluminosilicates were also used for the litter: II—500 g of halloysite/m? III—250 g
of halloysite/m? and 250 g of zeolite/m? IV—500 g of zeolite/m?% V—130 g of halloysite/m?, 370 g zeolite/m>

2013) was used. The tensile strength properties of the intestines were performed by evaluating the maximum force
at break (N). The intestinal load was simulated using the PNEUMATIC GRIP 2KN attachment. Standardized
samples (equal to 10 cm in length) were positioned between two attachments and stretched. The measurement
rate was 500 mm/min. The tensile strength of the intestines was performed according to the method described
by Biesek et al.>. As with the intestines, the breaking strength of the femurs and tibias was analyzed using the
BEND FUTURE 10 mm ANVIL adapter. The bones were placed between the grips, and the maximum load
and force at fracture (N) and compression strain were measured. The measurement rate was 250 mm/min. The
methods were described by Kuzniacka et al.*.

Statistical calculation. The collected data were compiled in a statistical program (Statistica, 13.3, Statsoft,
TIBCO, Cracow, Poland). The mean values for each tested feature were calculated concerning the experimental
factor (groups I-V). The standard error of the mean (SEM) was calculated for all groups. The distribution was
normal (Shapiro-Wilk test). One-way analysis of variance was used. Statistically significant differences between
the groups were verified using Tukey’s post-hoc test. The P-value is assumed to be less than 0.05.

Results

Growth performance. Table 2 shows the production results of broiler chickens for each feeding period
and the entire rearing period. On day 10, the BW was significantly higher in group I compared to V (P=0.020),
while on day 22, the chickens from group I were statistically significantly heavier than in groups II, IV, and
V (P<0.001). However, the final BW (on day 42 of rearing) did not differ significantly between the groups
(p=0.592). Body weight gain (BWG) in group I was significantly higher than in group V on days 1-10 and
11-22 (P=0.015; P<0.001, respectively). On the other hand, on days 23-35, significantly lower BWG was dem-
onstrated in group I than in groups II and IV (P=0.001). On days 36-42, the BWG was higher than group III
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Group?
Item I u Jm v v SEM | P-value
Weight (g/kg body weight)
Digestive system (empty) 34.18 32.86 3223 | 31.12 32.78 | 3.87 ]0.829

Proventiculus 4.16 4.30 503 | 4.08 417 [0.18 |0.474
Gizzard 11.40° 9.54® | 8.81® | 9.03® | 843> | 240 |0.043
Liver 20.48° |20.39® |19.29° |20.17% |20.92* |1.21 |0.037
Pancreas 2.96 2.88 320 | 243 242|012 |0.192
Duodenum 6.49 5.47 547 | 5.52 575 019 |0.421
Jejunum 1147 1200 |11.91 |11.02 |11.52 [0.32 |0.903
Tleum 10.33 8.9 9.28 8.94 9.99 038 |0.721
Cecum 4.05 4.42 3.85 3.99 3.82 |0.14 |0.695
Colon 1.83 2.08 1.71 1.65 171 [0.06 |0.157

Length (cm/kg body weight)
Digestive system (empty) 86.37 80.55 80.77 80.65 81.25 |7.60 |0.738

Duodenum 13.80 11.50 12.01 12.00 1199 ]0.27 |0.054
Jejunum 30.95 28.17 28.65 | 29.37 30.09 |0.71 |0.775
Tleum 30.91 31.25 30.17 1 29.71 29.23 | 0.85 |0.952
Cecum 6.82 6.13 6.38 5.89 6.47 10.14 |0.256
Colon 3.89 3.50 3.56 371 348 10.08 |0.391

Table 3. Relative weight and length of individual sections of the digestive system of broiler chickens. SEM
standard error of the mean. **Values with different letters in a row differ significantly, P<0.05. #Groups

IT, IT1, IV, V were fed with halloysite and zeolite (1:3 ratio) at 0,5% (1-35 days) and 1% (36-42 days) level.
Aluminosilicates were also used for the litter: II—500 g of halloysite/m? III—250 g of halloysite/m? and 250 g
of zeolite/m? IV—500 g of zeolite/m* V - 130 g halloysite/m?, 370 g zeolite/m?.

(P=0.024). However, for the entire rearing period (days 1-42), no statistically significant differences in the BWG
values were found (P=0.594). Broiler chickens in groups I and II were higher FI on days 1-10 than in groups IV
and V (P<0.001). Feed intake on days 23-35 was higher in group I than in group V (P=0.033). Analyzing the
results of feed consumption per 1 kg of body weight gain (FCR), it was found that in group II FCR was signifi-
cantly higher than in group IV in the first feeding period (days 1-10, P=0.004). On days 11-22, FCR was sig-
nificantly higher in groups II, IV, and V compared to the control group (P=0.002). A significant increase in FCR
in group I, compared to groups II, IV, and V, was found on days 23-35 (P<0.001). No statistically significant
differences for FI and FCR on days 36-42 and for the whole rearing period (days 1-42) were found (P> 0.05).
After slaughter, significantly higher slaughter yield in groups III and IV (>76%) compared to I and II (<75%)
was found (P=0.042).

When analyzing the skin lesions of the soles of the feet, no footpad dermatitis (FPD) was found. It was shown
that the cases assessed according to the scale, with a score of 1, did not exceed 1% of the assessed groups. The
score of 2 was not present. In group I, 2% of birds had small changes on the soles that indicated FPD, and in
groups IT and IV-1%.

Physical features of the digestive tract and leg bones. The results of the weight and length of indi-
vidual parts of the digestive system per 1 kg of body weight of broiler chickens are shown in Table 3. A signifi-
cantly higher weight of the gizzard was found in group I than in group V (P=0.043). The weight of the liver was
significantly higher in group V than in group III (P=0.037). There were no significant differences in the tensile
strength of individual sections of the digestive system (P>0.05). Only quantitatively higher strength of the duo-
denum and jejunum in all experimental groups (II-V). The ileum in groups II and III, the cecum in groups II,
IIL, and IV, and the colon in groups III, IV, and V were found to be higher in tensile strength than in group I
(Table 4). The significantly higher breaking strength of the femur bones in group IV than in group I, expressed as
the maximum load value (P=0.021) and load at breaking (P=0.013), was noticed. When analyzing the breaking
strength of the tibia, no statistically significant differences were found between the groups (P>0.05). Compar-
ing the femurs with the tibia bones, a statistically significantly lower breaking strength of the femurs, expressed
in the maximum load (P<0.001) and lower load at fracture (P<0.001), was demonstrated. Comparing each
segment of the digestive system, there was a significantly higher tensile strength of the colon compared to the
duodenum and both the rest of the parts, i.e., jejunum, ileum, and caecum (P<0.001) (Table 5).

Discussion

In the studies of Qu et al.”%, a zeolite addition to the feed was applied at 10 g/kg of feed. The authors showed an
increase in daily body weight gain (BWG) over 42 days and higher feed intake (FI) and BWG from day 1 to day
21 of rearing. Raj et al.* showed that the addition of a mycotoxin-reducing substance with modified zeolite in
feed for broiler chickens at the level of 1 g/kg and 2 g/kg improved the feed conversion ratio (FCR). In the study
by Banaszak et al.”, broiler chickens were reared with the addition of aluminosilicates in the feed at the level of

Scientific Reports |

(2022) 12:20425 | https://doi.org/10.1038/s41598-022-25003-w nature portfolio



www.nature.com/scientificreports/

Group?

I E v v SEM | P-value
Duodenum
Maximum force (N) 4.90 6.42 5.36 5.62 6.19 0.37 ]0.731
Displacement (mm) 40.04 28.85 34.04 19.68 31.86 329 | 0411
Jejunum
Maximum force (N) 2.84 3.57 3.83 3.61 3.40 0.20 |0.610
Displacement (mm) 37.94 34.76 33.01 32.50 32.13 1.49 0.757
Ileum
Maximum force (N) 345 3.89 3.55 3.09 3.16 0.20 |0.761
Displacement (mm) 38.87 38.49 38.41 33.43 33.33 1.27 | 0.427
Caecum
Maximum force (N) 3.38 3.54 4.39 4.32 3.05 022 ]0.211
Displacement (mm) 31.06 28.41 34.45 24.59 29.77 144 |0.294
Colon
Maximum force (N) 6.05 5.65 8.29 8.90 7.06 0.46 |0.107
Displacement (mm) 27.29 30.67 25.34 | 26.85 22.71 1.95 | 0.806

Duodenum | Jejunum | Ileum | Caecum | Colon
Maximum force (N) 6.17° 3.78° 3.55¢ 4.15¢ 7.99* 0.20 <0.001
Displacement (mm) 42.13 47.10 44.88 43.94 31.64 1.97 0.111

Table 4. Tensile strength of individual sections of the digestive system of broiler chickens. SEM standard error
of the mean. **Values with different letters in a row differ significantly, P<0.05. AGroups IL, IIL, IV, V were fed
with halloysite and zeolite (1:3 ratio) at 0,5% (1-35 days) and 1% (36-42 days) level. Aluminosilicates were also
used for the litter: II—500 g of halloysite/m? III—250 g of halloysite/m? and 250 g of zeolite/m? IV—500 g of
zeolite/m?% V—130 g of halloysite/m?, 370 g zeolite/m?.

Group?
Item I II K v v SEM | P-value
Femur bone
Maximum load (N/mm) 307.56° 404.55% 418.00° | 430.62° |340.86* |102.10 |0.021
Load at fracture (standard, N) 297.34° 388.05% 407.16% | 430.32° |310.79%® |109.37 |0.013
Strain under compression at fracture (mm/mm) 0.05 0.06 0.05 0.05 0.08 0.04 | 0.600
Tibia bone
Maximum load (N/mm) 279.65 267.35 309.09 280.93 261.18 10.71 | 0.684
Load at fracture (standard, N) 263.57 248.30 294.58 269.82 261.18 11.96 |0.817
Strain under compression at fracture (mm/mm) 0.05 0.04 0.04 0.05 0.05 0.02 | 0.925
Femur bone | Tibia bone
Maximum load (N/mm) 271.95" 380.32% 10.38 <0.001
Load at fracture (standard, N) 260.13° 366.73* 11.08 <0.001
Strain under compression at fracture (mm/mm) 0.05 0.06 0.003 0.057

Table 5. Breaking strength of femur and tibia bones of broiler chickens. SEM standard error of the mean.
abValues with different letters in a row differ significantly, P<0.05. AGroups 11, IIL, IV, V were fed with
halloysite and zeolite (1:3 ratio) at 0,5% (1-35 days) and 1% (36-42 days) level. Aluminosilicates were also
used for the litter: II—500 g of halloysite/m? III—250 g of halloysite/m* and 250 g of zeolite/m% IV—500 g of
zeolite/m? V—130 g halloysite/m?, 370 g zeolite/m?.

0.5-2% (25% halloysite and 75% zeolite) in the feed and 0.950 kg/m? of wheat litter (1:1 halloysite and zeolite)
were characterized by higher BWG without affecting FI and FCR. Using zeolite and halloysite 0.5-2% in the
feed, with the simultaneous addition of aluminosilicates to the rye litter at 800 g/m? (with different proportions),
resulted in higher BW and BWG of broiler chickens. However, FI increased in some groups®. In rearing chickens,
the aluminosilicates mentioned above were used in various configurations, also for bedding in the form of wheat
pellets®. Higher BW and partially lower FCR were shown in the chicken group, where zeolite and halloysite were
used for feed and bedding. Hcini et al.* also tested the effect of a feed addition of zeolite in turkeys. Zeolite was
added at the level of 1 and 2%. The beneficial effect of aluminosilicate on production performance and higher
BWG was found. Most of the cited authors stated that adding zeolite or halloysite to the litter had a positive or
no adverse effect on the production results of broiler chickens. However, a 4% share of zeolite in the feed harmed
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BWG and increased the FCR of Cherry Valley and Orvia broiler ducks of both sexes. The use of halloysite for
a feed at 0.5% and 500 g per 1 m? of bedding area did not harm production results. At the same time, chickens
had a lower presence of footpad dermatitis and better bedding quality®’. In our study, no significant influence of
experimental factor on the dermal lesions on feet could be explained by suitable quality litter, where the moisture
was approximately—>5%.

Shariatmadari®? presented an overview of research on the use of zeolite in poultry production. The differences
in both favorable and unfavorable results may be due to the different proportions of zeolite in the feed. This
can affect the concentration of various nutrients, the consistency of the feed, and the production performance.
Analyzing the results of our research and the cited authors, no negative impact of the aluminosilicates addition
in rearing poultry was found at the level of up to 2%. Too high aluminosilicate addition may negatively affect the
adsorption of nutrients and coccidiostats. In addition, the origin of the minerals, their type (including zeolite,
bentonite, and kaolin), and the composition of complete mixtures should be considered?>.

Wawrzyniak et al.* described that the zeolite addition in the feed for broiler chickens plays a significant role in
the final stage of digestion and nutrient assimilation, which results in improved weight gain, feed conversion ratio,
and growth rate of the small intestine. The research found higher BWG at individual rearing stages. However, the
weight and length of individual intestinal sections were similar, regardless of the presence of aluminosilicates in
the feed. As in our research, Khadem et al.*® showed a lower gizzard weight with zeolite. According to the cited
authors, gizzard weight may be related to the level of microbial contamination of the feed. In the own research,
no analyzes were performed regarding the presence of microorganisms in the feed material. Gizzard develop-
ment is also related to its stimulation by maintaining the digesta®. Referring to the cited authors’ description,
it can be concluded that aluminosilicates affect the shorter passage time of the feed through the gastrointestinal
tract without adversely affecting the production results.

Minerals (including aluminosilicates) are insoluble, and their properties can improve intestinal peristalsis
and reduce feed density. According to researchers, feed additives may increase the endurance of the digestive
system® . In our research, no statistically significant differences were found between the groups in the tensile
strength of individual sections of the digestive system (small and large intestine). However, the experimental
groups were characterized by quantitatively higher values. From the point of view of industry (processing), it is
a crucial element of poultry production to ensure that the condition of the digestive system, including intestine
tensile strength, is at an appropriate level. Lower-strength intestines may pose a microbiological hazard when
gutting carcasses on the production line*. Contamination of poultry carcasses with Salmonella and Campylo-
bacter bacteria most often occurs when the digestive tract is interrupted, and the intestinal contents enter the
surface of the meat*"*2.

The strength of the bones is important from the point of view of optimizing the welfare of kept chickens
for slaughter and further processing poultry carcasses and meat. Bone strength depends on the proper growth
of birds and the availability of calcium and phosphorus from the feed*. Depending on their mineralization,
physical characteristics, including mechanical bone fracture strength, are modified by birds feeding**. Pirzado
et al.** used aluminosilicates (azomite) at a level of 0.25% compound feed for broiler chickens. The authors
showed that the addition of a natural mineral increased bone mineralization and the digestibility of calcium
and phosphorus from the feed, which resulted in higher bone-breaking strength. The studies showed that the
femurs were characterized by higher breaking strength in all groups (quantitatively), while significantly higher
values were obtained only in group IV. Despite the same addition of aluminosilicates to the feed-in groups II,
IIL, IV, and V, the addition to the bedding was different (IV—zeolite only), which could enhance the effect. This
relationship cannot be confirmed in the case of the tibia-breaking strength analysis. Shariatmadari** described
that the use of zeolite in poultry production has a positive effect on bone strength. The aluminosilicates contain
calcium compounds and phosphorus particles (Table 1), which could positively affect bone-breaking strength.

The addition of zeolite and halloysite to the feed in the ratio of 75:25 at the level of 0.5-1% and to the litter
in various proportions, in the amount of up to 500 g per 1 m? of bedding area did not adversely affect the pro-
duction results throughout the rearing period. The beneficial effect of mineral supplements was found on days
23-35, where aluminosilicates significantly decreased the feed conversion ratio. Added aluminosilicates to feed
(halloysite 25:zeolite 75, 0.5-1%) and to the litter (130 g/m? of halloysite and 370 g/m? of zeolite) resulted in a
lower weight of the gizzard. There was a beneficial effect on the slaughter yield in group III—250 g of halloysite/
m? and 250 g of zeolite/m? of litter, and IV—500 g of zeolite/m? of litter. No significant effect of zeolite and hal-
loysite was found on the relative weight and length of individual intestinal sections and their tensile strength. The
addition of aluminosilicates to feed (halloysite 25:zeolite 75, 0.5-1%) and to the litter (500 g/m? of zeolite) had
a positive effect on the breaking strength of the femurs. The tibia bones were characterized by higher breaking
strength than the femurs of broiler chickens. The addition of 0.5-1% of aluminosilicates to feed in a ratio of 1:3
(halloysite:zeolite) and to the bedding at the level of up to 500 g/m? in various proportions had no negative impact
on production results and the development of the digestive system and physical properties of bones. It is a critical
aspect of the welfare, biosafety of production, and further technological processing of raw materials from poultry.

Ethics. The research was done with recommendations of directive no. 2010/63/EU and resolution 13/2016
of the National Ethics Committee for Animal Experiments of June 17, 2016 (marking animals does not require
the consent). The approval of the Ethics Committee was not required. The experiment was carried out following
the applicable regulations. The slaughter of the birds was carried out following the relevant regulations of animal
handling during slaughter, including humane treatment. The methods used in meat quality testing were also
carried out under the current and commonly used methodology described in the Material and methods section.
According to directive no. 2010/63/EU of 22 September 2010 on the protection of animals used for scientific
purposes, the consent of the Ethics Committee was not required. The directive sets out requirements for the

Scientific Reports |

(2022) 12:20425 | https://doi.org/10.1038/s41598-022-25003-w nature portfolio



www.nature.com/scientificreports/

protection of animals used for experimental purposes. It is described that these rules do not apply to agricultural
activities and animal husbandry. The experiment was carried out in conditions similar to commercial ones, so
the farm owners were responsible for the production. Slaughter for tissues and organs collected from animals is
not a procedure (Act of January 15, 2015, on protecting animals used for scientific or educational purposes, item
266, Journal of Laws of the Republic of Poland).

According to the regulations, the consent of the ethical committee for this type of scientific activity is not
required. Slaughter was performed following procedures, and the removal of tissues (carcasses, digestive system,
bones) after slaughter is not a procedure that requires the approval of the ethics committee. If the animals used
in the agricultural research are kept under similar commercial conditions, the slaughter is performed following
Annex I to Council Regulation (EC) No 1099/2009 of 24 September 2009 on the protection of animals at the
time of the killing.

In the described experiment, the stunning birds (by Table 3 of Annex I. Concussion / hit with a truncheon
to the head—applies to birds up to 5 kg), and decapitation were performed.

Slaughter for removing tissues (carcass, digestive system and bones) is not a procedure that requires the
ethics committee’s approval.

Scientific activities in the manuscript were recorded and reported in annual reports, obligatorily submitted to
the Animal Welfare Team of the Department of Animal Breeding and Biology Bydgoszcz University of Science
and Technology. It is in accordance with the ARRIVE guidelines.

Data availability
The datasets analyzed during the current study are available from the corresponding author on reasonable
request. If there are some questions, the authors remain at your disposal.

Received: 23 April 2022; Accepted: 23 November 2022
Published online: 28 November 2022

References

1. Utnik-Bana$, K. Dynamics of the world production of poultry meat in the years 1965-2016. Sci. . SGGW Warsaw (Problems of
World Agriculture) 18, 473-480 (2018).

2. AVEC. Annual Report. https://avec-poultry.eu/wp-content/uploads/2021/09/6226-AVEC-annual-report-2021_64.pdf. Accessed
20 Mar 2022 (2021) (in Polish).

3. KOWR. The supply-demand and price situation in the poultry market. in Office of Analyzes and Strategies of the National Center
for Agricultural Support. https://www.kowr.gov.pl/uploads/pliki/analizy/prog_cen_rynk/Sytuacja%20poda%C5%BCowo-popyt
owa%20i%20cenowa%20na%20rynku%20drobiu.pdf. Accessed 20 Mar 2022 (2021) (in Polish).

4. Svihus, B. The gizzard: Function, influence of diet structure and effects on nutrient availability. World’s Poult. Sci. ]. 67, 207-224
(2011).

5. Tang, Q, Tan, P, Ma, N. & Ma, X. Physiological functions of threonine in animals: Beyond nutrition metabolism. Nutrients 13,
2592 (2021).

6. Shim, M. Y. et al. The effects of growth rate on leg morphology and tibia breaking strength, mineral density, mineral content, and
bone ash in broilers. Poult. Sci. 91, 1790-1795 (2012).

7. Waldenstedt, L. Nutritional factors of importance for optimal leg health in broilers: A review. Anim. Feed Sci. Technol. 126, 291-307
(2006).

8. Prasai, T. P. et al. Zeolite food supplementation reduces abundance of enterobacteria. Microbiol. Res. 195, 24-30 (2017).

9. Banaszak, M. et al. Impact of aluminosilicates on productivity, carcass traits, meat quality, and jejunum morphology of broiler
chickens. Poult. Sci. 99, 7169-7177 (2020).

10. Council Regulation (EC) No 1831/2003 of 22 September 2003 on Additives for Use in Animal Nutrition. https://eur-lex.europa.eu/
legal-content/PL/TXT/PDF/?uri=CELEX:32003R1831. Accessed 22 Mar 2022 (2003).

11. Nadziakiewicz, M., Lis, M. W. & Micek, P. The effect of dietary halloysite supplementation on the performance of broiler chickens
and broiler house environmental parameters. Animals 11, 2040. https://doi.org/10.3390/ani11072040 (2021).

12. Karamanlis, X. et al. The effect of a natural zeolite (clinoptilolite) on the performance of broiler chickens and the quality of their
litter. Asian-Australas. J. Anim. Sci. 21, 1642-1650 (2008).

13. Wu, Q. J., Wang, L. C., Zhou, Y. M., Zhang, J. F. & Wang, T. Effects of clinoptilolite and modified clinoptilolite on the growth
performance, intestinal microflora, and gut parameters of broilers. Poult. Sci. 92, 684-692 (2013).

14. Kokoszynski, D., Bernacki, Z., Saleh, M., Steczny, K. & Binkowska, M. Body conformation and internal organs characteristics of
different commercial broiler lines. Braz. J. Poult. Sci. https://doi.org/10.1590/1806-9061-2016-0262 (2017).

15. Steczny, K. & Kokoszynski, D. Effect of probiotic preparations (EM) and sex on morphometric characteristics of the digestive
system and leg bones, and caecal microflora in broiler chickens. J. Appl. Anim. Res. 48, 45-50 (2020).

16. Rath, N. C,, Huff, G. R., Huff, W. E. & Balog, ]. M. Factors regulating bone maturity and strength in poultry. Poult. Sci. 79,
1024-1032 (2000).

17. Fleming, R. Nutritional factors affecting poultry bone health: Symposium on ‘diet and bone health’ Proc. Nutr. Soc. 67, 177-183
(2008).

18. Grupioni, N. V. et al. Phenotypic, genetic and environmental parameters for traits related to femur bone integrity and body weight
at 42 days of age in a broiler population. Poult. Sci. 94, 2604-2607 (2015).

19. Mabelebele, M. et al. Bone morphometric parameters of the tibia and femur of indigenous and broiler chickens reared intensively.
Appl. Ecol. Environ. Res. 15, 1387-1398 (2017).

20. Salaam, Z. K., Akinyemi, M. O. & Osamede, O. H. Effect of strain and age on bone integrity of commercial broiler chickens.
Biotechnol. Anim. Husb. 32, 195-203 (2016).

21. Smulikowska, S. & Rutkowski, A. Nutritional Recommendations and Nutritional Value of Poultry Feed. 5th edn. 43-49. (IFiZZ,
PAN, PB WPSA, APRA, 2022).

22. Bilgili, S. F. et al. Infleunce of bedding material on footpad dermatitis in broiler chickens. J. Appl. Poult. Res. 18, 583-589 (2009).

23. Biesek, J., Banaszak, M. & Adamski, M. Ducks’ growth, meat quality, bone strength, and jejunum strength depend on zeolite in
feed and long-term factors. Animals 11, 1015. https://doi.org/10.3390/ani11041015 (2021).

24. Kuzniacka, J., Banaszak, M. & Adamski, M. The analysis of meat and bone traits of Plymouth Rock cockerels and capons (P55) at
different age. Poult. Sci. 96, 3169-3175 (2017).

25. Qu, H. et al. Effects of dietary zeolite supplementation as an antibiotic alternative on growth performance, intestinal integrity, and
cecal antibiotic resistance genes abundances of broilers. Animals 9, 909. https://doi.org/10.3390/ani9110909 (2019).

Scientific Reports |

(2022) 12:20425 | https://doi.org/10.1038/s41598-022-25003-w nature portfolio


https://avec-poultry.eu/wp-content/uploads/2021/09/6226-AVEC-annual-report-2021_64.pdf
https://www.kowr.gov.pl/uploads/pliki/analizy/prog_cen_rynk/Sytuacja%20poda%C5%BCowo-popytowa%20i%20cenowa%20na%20rynku%20drobiu.pdf
https://www.kowr.gov.pl/uploads/pliki/analizy/prog_cen_rynk/Sytuacja%20poda%C5%BCowo-popytowa%20i%20cenowa%20na%20rynku%20drobiu.pdf
https://eur-lex.europa.eu/legal-content/PL/TXT/PDF/?uri=CELEX:32003R1831
https://eur-lex.europa.eu/legal-content/PL/TXT/PDF/?uri=CELEX:32003R1831
https://doi.org/10.3390/ani11072040
https://doi.org/10.1590/1806-9061-2016-0262
https://doi.org/10.3390/ani11041015
https://doi.org/10.3390/ani9110909

www.nature.com/scientificreports/

26. Raj, . et al. Effects of a modified clinoptilolite zeolite on growth performance, health status and detoxification of aflatoxin B1 and
ochratoxin in male broiler chickens. Br. Poult. Sci. 62, 601-610 (2021).

27. Banaszak, M., Biesek, J. & Adamski, M. Wheat litter and feed with aluminosilicates for improved growth and meat quality in broiler
chickens. Peer] https://doi.org/10.7717/peerj.11918 (2021).

28. Banaszak, M., Biesek, . & Adamski, M. Aluminosilicates at different levels in rye litter and feed affect the growth and meat quality
of broiler chickens. Vet. Res. Commun. 46, 37-47 (2022).

29. Banaszak, M., Biesek, J. & Adamski, M. Growth performance and meat quality from broiler chickens reared with zeolite and hal-
loysite in feed and straw pellet. Anim. Sci. . 92, e13649. https://doi.org/10.1111/asj.13649 (2021).

30. Hcini, E. et al. Does supplemental zeolite (clinoptilolite) affect growth performance, meat texture, oxidative stress and production
of polyunsaturated fatty acid of Turkey poults?. Lipids Health Dis. https://doi.org/10.1186/s12944-018-0820-7 (2018).

31. Banaszak, M., Biesek, J. & Adamski, M. Research Note: Growth and meat features of broiler chicken with the use of halloysite as
a technological additive to feed and peat litter. Poult. Sci. 101, 101543. https://doi.org/10.1016/j.psj.2021.101543 (2022).

32. Shariatmadari, F. The application of zeolite in poultry production. World’s Poult. Sci. ]. 64, 76-84 (2008).

33. Gilani, A., Kermanshahi, H., Golian, A. & Seifi, S. Appraisal of the impact of aluminosilicate use on the health and performance
of poultry. Turk. J. Vet. Anim. Sci. 40, 255-262 (2016).

34. Wawrzyniak, A. et al. Effect of feeding transcarpathian zeolite on gastrointestinal morphology and function in broiler chickens.
Rev. Bras. Cienc. https://doi.org/10.1590/1806-9061-2016-0360 (2017).

35. Khadem, A. A,, Sharif, S. D., Barati, M. & Borji, M. Evaluation of the effectiveness of yeast, zeolite and active charcoal as aflatoxin
absorbents in broiler diets. Glob. Vet. 8, 426-432 (2012).

36. Sacranie, A. et al. The effect of insoluble fiber and intermittent feeding on gizzard development, gut motility, and performance of
broiler chickens. Poult. Sci. 91, 693-700 (2012).

37. Zhou, P. et al. Effects of dietary supplementation with the combination of zeolite and attapulgite on growth performance, nutrient
digestibility, secretion of digestive enzymes and intestinal health in broiler chickens. Asian-Australas. J. Anim. Sci. 27,1311-1318
(2014).

38. Cowieson, A. J., Zaefarian, F, Knap, I. & Ravindran, V. Interactive effects of dietary protein concentration, a mono-component
exogenous protease and ascorbic acid on broiler performance, nutritional status and gut health. Anim. Prod. Sci. 57, 1058-1068
(2016).

39. Zaefarian, E, Abdollahi, M. R. & Ravindran, V. Particle size and feed form in broiler diets: Impact on gastrointestinal tract develop-
ment and gut health. World’s Poult. Sci. J. 72, 277-290 (2019).

40. Bilgili, S. FE & Hess, J. B. Tensile strength of broiler intestines as influenced by age and feed withdrawal. J. Appl. Poult. Res. 6,279-283
(1997).

41. Fries, R. Reducing Salmonella transfer during industrial poultry meat production. World’s Poult. Sci. J. 58, 527-540 (2002).

42. Humpbhrey, T. & Jorgensen, E Pathogens on meat and infection in animals—Establishing a relationship using campylobacter and
salmonella as examples. Meat Sci. 74, 89-97 (2006).

43. Wang, S., Chen, W, Zhang, H. X, Ruan, D. & Lin, Y. C. Influence of particle size and calcium source on production performance,
egg quality, and bone parameters in laying ducks. Poult. Sci. 93, 2560-2566 (2014).

44. Orban, J. L, Roland, D. A. S. R,, Bryant, M. M. & Williams, J. C. Factors influencing bone mineral content, density, breaking
strength, and ash as response criteria for assessing bone quality in chickens. Poult. Sci. 72, 437-446 (1993).

45. Pirzado, S. A. et al. Effect of azomite on growth performance, nutrient utilization, serum biochemical index and bone mineraliza-
tion of broilers fed low protein diet. It. . Anim. Sci. 20, 1282-1291 (2021).

Acknowledgements

This research was funded by the project "Safe Farm—innovative products, processes and marketing in the pro-
duction of broiler chickens", implemented in 2020-2022 and co-financed by the European Agricultural Fund
for Rural Development: Europe investing in rural areas". The authors thank the Kuyavian-Pomeranian Associa-
tion of Poultry Breeders and Egg Producers (Poland) (https://www.bezpiecznaferma.pl) for the opportunity to
conduct research and implement their results for poultry management practice, as well as the Agency for the
Restructuring and Modernization of Agriculture (Poland; founder of project). The research was part of the BSc
Thesis (co-author: K.K.) in the field of education Veterinary Inspection (in the year 2022, in the unit described
in the affiliation).

Author contributions

All authors took part in the research analysis. M.B. designed the experiment, J.B., M.B., K.K., S.W. analyzed
growth performance parameters, K.K., S.W. analyzed physical features, J.B., K.K., M.A. analyzed data, ].B., K.K,,
M.A. wrote the manuscript (].B., K.K. drafted, M. A. revised). All authors approved the final manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.B.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2022) 12:20425 | https://doi.org/10.1038/s41598-022-25003-w nature portfolio


https://doi.org/10.7717/peerj.11918
https://doi.org/10.1111/asj.13649
https://doi.org/10.1186/s12944-018-0820-7
https://doi.org/10.1016/j.psj.2021.101543
https://doi.org/10.1590/1806-9061-2016-0360
https://www.bezpiecznaferma.pl
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |  (2022) 12:20425 | https://doi.org/10.1038/s41598-022-25003-w nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Growth of broiler chickens, and physical features of the digestive system, and leg bones after aluminosilicates used
	Materials and methods
	Experiment design and chicken rearing. 
	Growth performance. 
	Samples collection. 
	Physical features of the digestive system and leg bones. 
	Statistical calculation. 

	Results
	Growth performance. 
	Physical features of the digestive tract and leg bones. 

	Discussion
	Ethics. 

	References
	Acknowledgements


