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This study aimed to investigate the effects of the supplementation of defatted mealworm larvae 
meal fermented with probiotics to the diet of broilers reared under normal stocking density (NSD) 
and high stocking density (HSD) on the morphometric characteristics and mineral contents of tibia 
bone of broilers. A total of 450 one-d-old Ross 308 male broiler chicks were randomly distributed 
into six groups of similar mean weight, each containing five replicates. The experimental treatments 
were arranged as a 2 × 3 factorial design, incorporating two levels of stocking density (12 birds/m², 
designated as NSD, and 18 birds/m², designated as HSD) and three different diets in mash form: 
CONT- a corn-soybean meal-based diet containing no fermented defatted mealworm larvae meal 
(FDM) (0%); FDMLP- the diet obtained by supplementing defatted mealworm larvae meal (DM) 
fermented with Lactobacillus plantarum to the CONT diet (0.4%); FDMLB- the diet obtained by 
supplementing DM fermented with Lactobacillus brevis to the CONT diet (0.4%). HSD 
significantly aggravated the morphometric parameters (weight, length, weight/length index, 
diameter of diaphysis and medullary canal, tibiotarsal index and breaking strenght) and decreased 
mineralization (ash, Ca and P contents) of the tibia of broilers, whereas the FDMLP and FDMLB 
diets improved tibia mineralization and morphology except its medullary canal diameter and 
ribusticity index of broilers due to the results of enhanced mineral absorption. In conclusion, the 
use of FDMLP and FDMLB as new antibacterial feed additives in broiler diets regardless of 
stocking density was able to improve tibia mineralization and morphology except its medullary 
canal diameter and ribusticity index of broilers due to the results of enhanced mineral absorption. 
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Introduction 

The demand for animal protein for the adequate and 
balanced nutrition of the rapidly increasing World and 
Turkey population is constantly increasing. In this respect, 
the broiler meat production is one of the major agricultural 
industries that considered as the main source of animal 
protein all over the World (Altaf et al., 2019). In recent 
decades, broiler producers are obliged to rear broilers 
under high stocking density (HSD) to decrease the 
production costs, produce more kilograms of broilers per 
unit area for a cheap, safe supply of meat and increase 
profitability (Khalil et al., 2021). However, HSD impairs 
broiler welfare especially during the later growing period 
when the body weight of broilers per m2 is increased 
(Zhang et al., 2018). One of the main welfare concerns of 

HSD is the restriction in their movements and activities 
since broilers are reared only in a limited space (Buijs et 
al., 2012). This lack of exercise leads to development of 
bone weakness and leg deformation in broilers, as shown 
by the increased tibial dysplasia (Li et al., 2019) and 
decreased tibia breaking strength (Sun et al., 2018). HSD 
also negatively influences microflora and 
histomorphological structure of the small intestine of 
broilers (Kridtayopas et al., 2019; Sugiharto, 2022). As it 
is known, Ca and P are particularly significant for the 
development and maintenance of skeletal structure, as they 
are the essential macrominerals of bone tissue of avian 
organisms (Jabbar et al., 2024). In addition, vitamin D 
exerts beneficial effects on bone metabolism primarily by 
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stimulating the absorption of Ca and P absorption in the 
intestine and promoting their reabsorption in the kidneys, 
and regulating the bone formation (Zhang et al., 2021). 
However, HSD reduces the intestinal absorption and 
bioavailability of minerals such as Ca and P and vitamin 
D3 that are necessary for bone especially tibia 
mineralization (Liu et al., 2020), and induces leg disorders 
in broilers (Li et al., 2019; Sun et al., 2018; Yan, 2016). 
Consequently, the increasing leg deformation of broilers 
reared under HSD increases the susceptibility to fracture 
during catching and transportation, which causes problems 
during processing and serious economic losses in the 
current broiler meat industry (Liu et al., 2020). It is 
estimated that the poultry industry incurs an annual 
economic loss of 0.016$ per broiler in US due to leg 
disorders (Cook, 2000).  

Therefore, maximization of absorption and 
bioavailability of minerals such as Ca and P from the small 
intestine by the dietary supplementation of antimicrobial 
feed additives can be practical for preventing the leg 
disorders of broilers under HSD (Mohammed et al., 2021; 
Steczny & Kokoszyński, 2020). In this context, the dietary 
supplementation of antibiotic growth promoters (AGPs) as 
antibacterial feed additive to enhance their performance by 
improving the microbiota and histomorphological structure 
of the small intestine of broilers under HSD has been 
investigated in previous times (Hooge et al., 2003). 
Unfortunately, the use of AGPs for long periods in broiler 
diets has caused to the appearance of AGPs resistance and 
residual AGPs in broiler meat, which are harmful to human 
health and cause increasing public concern (Aslam et al., 
2021). The use of AGPs in broiler diets was banned by the 
European Union in 2006 (Sugiharto, 2022). Likewise, the 
use of certain substances in animal diets has been 
prohibited following various amendments, culminating in 
the enactment of Law No. 25847 on June 16, 2005, Law 
No. 26056 on January 21, 2006, and Law No. 26511 on 
May 3, 2007 in Türkiye. These laws establish a complete 
ban on the use of growth-promoting antibiotics and 
hormones in all animal diets within Türkiye (Tuncer, 
2007). The above-mentioned reasons has increased interest 
in the use of natural antibacterial feed additives such as 
probiotics, prebiotics and synbiotics etc. in diets of broilers 
reared under HSD (Sugiharto, 2022).  

Although there are few studies that dietary probiotic or 
prebiotic supplementation did not influence 
histomorphological characteristics (Gutierrez-Fuentes et 
al., 2013; Javid et al., 2022; Mohammed et al., 2021; 
Steczny & Kokoszyński, 2020) of tibia in broilers, many 
studies have shown that the dietary supplementation of the 
natural antibacterial feed additives such as probiotics, 
prebiotics or synbiotics increased ash, calcium (Ca) and 
phosphorus (P) contents (Gutierrez-Fuentes et al., 2013; 
Ortiz et al., 2009; Ziaie et al., 2011) of tibia of broilers 
reared under normal stocking density.  

In this context, dried mealworm larvae meal solid-state 
fermented with probiotics has been evaluated as a new 
antibacterial feed additive in broiler diet in a previous study 
(Islam & Yang, 2017). Compared with animal-derived feed 
ingredients, insects as a novel feed ingredient have 
advantages with their ability to convert organic residues 
into protein more efficiently, need less space and water, the 
lower environmental impact and high nutritional values 

(Lee et al., 2022; Sedgh-Gooya et al., 2022). Presently, 
insects such as mealworm larvae (M) are not only 
considered as a nutrient-rich feedstuff (Kwon et al., 2020) 

but also as an antibacterial feed additive due to their 
presence of antimicrobial peptides (AMPs) (Benzertiha et 
al., 2020; Elahi et al., 2022) and chitin (Islam & Yang, 
2017; Gasco et al., 2018) for poultry nutrition. It is reported 
that the chitin amount of M is 4.30-8.91% (Hong et al., 
2020). Consequently, chitin in M is partially degraded by 
the acidic chitinase in the proventriculus and gizzard of 
chicken to produce chitooligosaccharides, a prebiotic 
(Sedgh-Gooya et al., 2022) and thereby as a potential 
antibacterial feed additive for broilers or laying hens 
(Borrelli et al., 2017). However, the high chitin levels 
(>2.42 %) in M may impose negative effects on feed intake 
and protein availability and thereby worsen growth 
performance in broilers (Mulyono et al., 2019). As a result, 
both reducing the high chitin content and revealing the 
antimicrobial components of insects such M and black 
soldier fly larvae can be performed by solid-state 
fermentation (SSF) using specific microorganisms that are 
able to degrade chitin (Mulyono et al., 2019; Hadj Saadoun 
et al., 2020; Luparelli et al., 2022). Solid-state fermentation 
(SSF) is a form of microbial fermentation that takes place 
in conditions with minimal to no free water, since it 
simulates the natural environment of the selected 
microorganisms naturally adapted (Peng et al., 2022). 
Among probiotic bacteria species, Lactic acid bacteria 
(LAB) is the most used species for M solid-state 
fermentation (Islam & Yang, 2017). The SSF highlights 
the using possibility of the solid-state fermented M as an 
antibacterial feed additive for broilers (Islam & Yang, 
2017; Hadj Saadoun et al., 2020; Luparelli et al., 2022).  

To our knowledge, there is only a one-week study that 
was conducted to investigate whether M and super M meal 
solid-state fermented with only Lactobacillus plantarum 
could be used as antibacterial feed additives in broilers 
challenged with pathogen bacteria such as Salmonella and 
Escherichia coli (Islam & Yang, 2017). Unlike the above 
study, in the present research, we hypothesized that dietary 
supplementation of defatted M (DM) subjected to SSF with 
two different probiotics (Lactobacillus plantarum and 
Lactobacillus brevis) with chitinase activity as a new 
antibacterial feed additive could alleviate the detrimental 
effects of HSDs on tibia morphometric parameters in 
broilers by improving the tibia bone mineralization due to 
their positive effects on microflora and histomorphological 
structure of the small intestine.  

Therefore, the current experiment aimed to compare the 
effects of the addition of DM solid-state fermented with 
two different probiotics with chitinase activity as a new 
antibacterial feed additive to diet of broilers reared under 
normal- and high-stocking density on the morphometric 
characteristics and the ash, Ca and P contents of the tibia 
bone.  

 
Materials and Methods 

 
The Location of The Experiment 
The experiment was conducted at the broiler chicken 

research unit within the Tokat Gaziosmanpasa University 
Agricultural Application and Research Center Directorate 
in Tokat, Türkiye. 
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Animal Care, Experimental Design and Diets 
On the day of hatching, a total of 450 Ross 308 healthy 

male broiler chicks, aged one-d, were acquired from a 
commercial hatchery in Türkiye. During the 6 wk 
experiment, the broiler chicks were kept on floor pens. 
Each floor pen was with a 10 cm-thick layer of fresh wood 
shavings. The temperature of the experimental room was 
maintained at 32ºC for the first wk and gradually reduced 
and remained at 21ºC. A lighting schedule of 23L:1D was 
employed during overall experimental period. From 
hatching to 42 days of age, the experimental diets and 
drinking water were offered ad libitum. The present 
experiment was approved from the Animal Care and Use 
Committee of Tokat Gaziosmanpasa University, under 
process number 2019-HADYEK-47. 

Experimental treatments consisted of a 2 x 3 factorial 
arrangement with two levels of stocking density (12 
birds/m2 as normal stocking density (NSD) and 18 birds/m2 

as high stocking density (HSD) (Kridtayopas et al., 2019) 
and three different mash diets: CONT- a corn-soybean 
meal-based diet containing no fermented defatted 
mealworm larvae meal (FDM) (0%); FDMLP- the diet 
obtained by supplementing DM fermented with 
Lactobacillus plantarum to the CONT diet (0.4%); 
FDMLB- the diet obtained by supplementing defatted 
mealworm larvae meal (DM) fermented with Lactobacillus 
brevis to the CONT diet (0.4%). Each treatment comprised 
5 replicates. Prior to experimental diet formulation, feed 
ingredients and DM, FDMLP and FDMLB were analyzed 

for their dry matter, crude protein (CP), ether extract, crude 
ash, starch, total sugar, calcium (Ca) and phosphorus (P) 
contents according to the methods of the AOAC (2007) at 
Ankara Food Control Laboratory (Ankara, Türkiye). All 
diets were formulated by taking into account the analyzed 
contents of the feed ingredients in accordance with phase 
feeding practices as the broiler chickens advanced in age 
and weight, aligned with the guidelines provided by the 
breeder (Ross 308, 2007). The feeding regimen was 
structured into three distinct phases: the starter phase, 
which extended from day 0 to day 10; the grower phase, 
which occured from day 11 to day 28; and the finisher 
phase was from day 29 to day 42. Ingredient composition 
and nutrition content of the control diet are showed in 
Table 1. 

90-d-old mealworm larvae (M) (Tenebrio molitor L.) 
purchased from a commercial supplier and were freeze-
dried. And then the freeze-dried M was ground into the 
meal using a miller. The M meal obtained was full-fat and 
produced from the larval stage of yellow meal worms. The 
crude protein content of M meal in the present study was 
increased by the chemical defatting process since protein 
may be utilized as substrates by microorganisms for SSF 
(Son et al., 2021). The freeze-dried M meal was defatted 
with petroleum ether using a soxhlet extractor under 
optimized conditions and then dried. Consequently, the fat 
content of DM was reduced from 23% to 6.6%, while its 
crude protein content increased from 44% to 76.2%. 

 
 
 

Table 1. Ingredient composition and nutrient content of the control diet (g/100 g, as-fed basis) 

Item Days 
0-10 11-28 29-42 

Ingredients    
Corn 57.30 58.99 64.00 
Soybean Meal (44.8 % CP) 34.86 31.49 28.39 
Fish Meal (65 % CP) 1.51 2.65 - 
Vegetable Oil 1.92 3.35 3.82 
Dicalcium Phosphate 2.20 1.85 2.10 
Limestone 0.87 0.78 0.80 
Salt 0.34 0.32 0.36 
Vitamin Premix1 
Trace Mineral Premix2 

0.25 
0.10 

0.25 
0.10 

0.25 
0.10 

DL-Methionine 0.36 0.22 0.18 
L-Lysine 0.22 - - 
L-Threonine 0.07 - - 

Calculated nutrient content    
Dry Matter 90.10 90.10 90.10 
Crude Protein 23.00 22.00 19.00 
ME (MJ/kg) 12.66 13.19 13.40 
Ca 1.00 0.90 0.90 
P available 0.50 0.45 0.45 
Methionine+Cystine 1.09 0.94 0.80 
Lysine 1.44 1.23 1.01 
Na 0.16 0.16 0.16 
Tryptophan 
Threonine 

0.30 
0.93 

0.29 
0.84 

0.25 
0.72 

1Vitamin premix/kg diet: 12 000 IU vitamin A; 1 500 IU vitamin D3; 50 mg vitamin E; 5 mg vitamin K3; 3 mg vitamin B1; 6 mg vitamin B2; 5 mg 
vitamin B6; 0.03 mg vitamin B12; 25 mg niacin; 12 mg Ca-D-pantothenate; 1 mg folic acid; 0.05 mg D-biotin; 2.5 mg apo-carotenoic acid ester; 400 mg 
choline chloride; 2Trace Mineral Premix/kg diet: 80 mg Mn; 60 mg Fe; 60 mg Zn; 5 mg Cu; 0.2 mg Co; 1 mg I; 0.15 mg Se 
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Table 2. Nutrient composition and concentrations of microorganisms in DM, FDMLP and FDMLB 
Item DM FDMLP FDMLB 

Microorganisms’ concentrations  
(log10 cfu/g) 
Total Mesophilic Aerobic Bacteria 
Lactobacillus 
Yeast-Mold 

 
 

Not detected 
Not detected 
Not detected 

 
 

3.92 
2.99 

Not detected 

 
 

4.29 
2.45 

Not detected 
Nutrient Composition    
Dry Matter, % 
Crude Protein, % 
Crude Fat, % 
Crude Ash, % 
Starch, % 
Total Sugar, % 
Metabolisable Energy, Kcal/kg (for poultry) 

95.70 
76.20 
6.60 
7.30 
3.30 
0.50 
3515 

92.00 
49.28 
8.14 
7.81 
3.73 
0.36 
2650 

89.81 
49.06 
9.40 
7.83 
1.44 
0.36 
2660 

 
Two probiotic bacteria (Lactobacillus plantarum and 

Lactobacillus brevis) (Leisner et al. 2008; Islam & Yang, 
2017) and Saccharomyces cerevisiae (baker's yeast) were 
used in the SSF of DM with probiotics. Lactobacillus 
plantarum strain and Lactobacillus brevis strain were 
isolated from Çeçil cheese and cheddar cheese, 
respectively. Saccharomyces cerevisiae (baker’s yeast) 
was produced from sugar beet molasses. The probiotics 
with chitinase activity used in the fermentation were 
purchased from Neslihan Dikbaş Microorganism Culture 
Collection at the Agricultural Biotechnology Laboratories 
of Ataturk University. Chitinase enzyme activity of the 
purchased probiotics was analyzed in the Agricultural 
Biotechnology Laboratory of Ataturk University according 
to the method of Senol et al. (2014). According to the 
results of the analysis, the chitinase enzyme activities in 
terms of ammonium sulfate precipitation level were 15.00 
U/L and 11.36 U/L for Lactobacillus plantarum and 
Lactobacillus brevis, respectively. Saccharomyces 
cerevisiae (baker's yeast) was commercially supplied.  

The fermentation of DM with two different probiotic 
bacteria was carried out by modifying the method of Islam 
& Yang (2017) in Semi-Solid Phase Fermenter (Infors-HT, 
Labfors AG, Bottmingen, Switzerland) in the laboratory of 
Isparta University of Applied Sciences, Agricultural 
Faculty, Department of Animal Science. Prior to 
fermentation, DM, distiller's dried grains with solubles 
(DDGS), defatted rice bran, and water were sterilized by 
autoclaving at 121°C for 15 min. In the first stage of the 
fermentation, DDGS (35%), defatted rice bran (35%), DM 
(30%) and distilled water (80%) were put into the 
fermenter and then carbon dioxide was added to create an 
anaerobic environment inside the fermenter. First, 100 ml 
of incubated Lactobacillus plantarum was supplemented to 
the solid substrate medium in the fermenter and fermented 
at 38ºC for 48 h under anaerobic conditions. After an initial 
48-hour fermentation period, a secondary fermentation was 
conducted using 1.0% Saccharomyces cerevisiae (baker's 
yeast), which had been activated for 1 hour at 37ºC in 250 
ml of 0.1% peptone water (consisting of 10 g yeast and 90 
ml peptone water) at 38ºC for an additional 48 hours under 
anaerobic conditions. 

Saccharomyces cerevisiae during fermentation 
enhances the viability and growth of lactic acid bacteria 
(LAB), since it provides some nutrients, such as amino 
acids and vitamins to LAB (Menezes et al., 2018; Shi et al., 

2020). Upon completion of the total 96-h fermentation 
process, the fermented product was dried to a moisture 
content of less than 15% at 32ºC for 24 h using a drying 
oven. The same fermentation procedure was performed 
with Lactobacillus brevis. To determine microbial 
concentration, 1 gram of FDMLP or FDMLB was serially 
diluted in 9 ml of 0.85% sterile saline and thoroughly 
mixed. Total mesophilic aerobic bacteria counts were 
determined by plating serial 10-fold dilutions in triplicate 
onto Plate Count Agar (PCA) (Merck, Darmstadt, 
Germany), followed by incubation at 30°C for 48 h under 
aerobic conditions. Lactic acid bacteria (LAB) were 
enumerated by plating serial 10-fold dilutions in triplicate 
onto De Man, Rogosa, and Sharpe (MRS) agar (Merck, 
Darmstadt, Germany) and incubating at 39-40°C for 5 d 
under anaerobic conditions. Yeast and mold counts were 
assessed by plating serial 10-fold dilutions in triplicate onto 
Dichloran Rose Bengal Chloramphenicol (DRBC) agar 
(Merck, Darmstadt, Germany) and incubating at 25°C for 
5 d under anaerobic conditions. After incubation, microbial 
colonies were immediately counted and expressed as log10 
CFU/g. Nutrient composition and concentrations of 
microorganisms in DM, FDMLP and FDMLB are shown 
in Table 2. The amount of protein linked to acid detergent 
fiber (ADF) was determined (AOAC, 2007) and used to 
estimate the chitin contents of DM, FDMLP and FDMLB 
(Finke, 2007). The chitin contents of DM, FDMLP and 
FDMLB were found as 4.20%, 2.74% and 2.81%, 
respectively. 

 
Measurements of The Tibia Morphometric Parameters  
At the end of the experiment, the diets were withdrawn 

6 h ago prior to slaughter (Xue et al., 2021). After 6 h feed 
withdrawal, two male broilers, representing the average 
body weights of each group, from each replicate, were 
selected (10 male broilers per treatment group) and 
slaughtered to measure of the tibia morphometric parameters 
on day 42. The individual left tibias were removed from a total 
of 60 broilers, labelled and frozen (-20°C) until analysis. The 
labelled tibias were thawed and immersed in boiling 
deioinized water for 10 min. The left tibias were de-fleshed 
by hand, defatted for 48 h in ethyl alcohol followed by a 48 
h extraction in ethyl ether (Imari et al., 2020). The tibias 
were subsequently dried to a constant weight in a drying 
oven at 110°C for 12 h. 
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Table 3. The effects of the experimental treatments on the morphometric characteristics of the left tibia in 42-d-old broilers1 

SDs, 
birds/m2 DTs Weight 

mg 
Length 

mm 
Weight/length 

index 
mg/mm 

Diaphysis 
diameter 

mm 

Medullary 
canal diameter 

mm 
Tibiotarsal 

index 
Ribusticity 

index 
Breaking 
strength 

N 
12 CONT 7940 97.538 81.413 7.977 4.373 46.864 4.896 305.00 
12 FDMLP 8520 99.748 85.498 8.664 3.968 53.887 4.886 335.67 
12 FDMLB 8200 99.560 82.434 8.242 4.432 45.815 4.869 316.60 
18 CONT 7700 94.585 81.355 7.642 5.062 33.462 4.871 255.40 
18 FDMLP 8340 98.574 84.581 8.646 4.745 43.029 4.863 295.60 
18 FDMLB 8020 98.338 81.694 7.914 4.952 37.163 4.893 280.50 
SEM  120.990 0.509 1.226 0.153 0.106 1.888 0.025 11.473 
SDs          
12  8220a 98.949a 83.115a 8.294a 4.258b 48.855a 4.884 319.09a 
18  8020b 97.166b 82.543b 8.007b 4.920a 37.885b 4.876 277.17b 
SEM  169.398 0.623 1.821 0.207 0.121 2.031 0.038 16.444 
DTs          
CONT  7820b 96.061b 81.384c 7.809c 4.717 40.163c 4.884 280.20b 
FDMLP  8430a 99.161a 85.040a 8.564a 4.357 48.458a 4.875 315.64a 
FDMLB  8110a 98.949a 82.064b 8.078b 4.692 41.489b 4.881 298.55a 
SEM  207.469 0.763 2.230 0.254 0.142 2.390 0.047 18.217 
P Value          
SDs  0.042 0.049 0.038 0.036 0.001 0.001 0.883 0.010 
DTs  0.015 0.019 0.049 0.016 0.186 0.012 0.991 0.045 
SDs × DTs  0.994 0.670 0.990 0.979 0.819 0.811 0.918 0.811 

a-c Values in the same column not sharing a common superscript differ significantly; 1 Data are mean of 10 broilers from each treatment; SEM: Standard 
Error of Mean; SDs: Stocking Densities; DTs: Dietary Treatments; CONT- a corn-soybean meal-based diet containing no fermented defatted mealworm 
larvae meal (FDM) (0%); FDMLP- the diet obtained by supplementing DM fermented with Lactobacillus plantarum to the CONT diet (0.4%); FDMLB- 
the diet obtained by supplementing DM fermented with Lactobacillus brevis to the CONT diet (0.4%). 

 
Thereafter, tibias were individually weighed using an 

electronic balance with a precision of 0.001 g (Kern 
Germany, ABJ 220-4 M model) and their lenghts were 
determined using an digital caliper with an accuracy of 
0.001 cm (Mitutoyo, Absolute Digimatic, Mitotoyo, 
Kruibeke, Belgium). The bones were scanned at a 
resolution of 600 dpi and images were then converted to 
digital media.  

To calculate the cortical index (tibiotarsal index), 
diaphysis diameter of the tibiotarsus was measured with the 
ImageJ program (Doube et al., 2010). The diameter of the 
medullary canal was computed from the difference 
between internal and external diameter of the diaphysis 
(Midilli et al., 2015). The tibia weight/length index, 
cortical index and robusticity index were calculated 
according to the following formulas (Karaarslan & 
Nazligul, 2018): 

 
TW/LI=TW/TL     (1) 
 
TW/LI : The tibia weight/length index (mg/mm) 
TW : The tibia weight 
TL : The tibia length 
 
CI= [(DD-MCD)/DD]×100    (2)) 
(Vahdatpour et al., 2014). 
 
CI : Cortical index (Tibiotarsal index) 
DD : The diaphysis diameter 
MCD : The medullary canal diameter 
 
RI : TL/CRTW    (3) 
(Karaarslan & Nazligul, 2018) 
 
RI : Robusticity index 
TL : The tibia length 
CRTW : Cube root of the tibia weight  

After the above-mentioned measurements, the tibia 
breaking strenght was measured by Warner-Bratzler 
method using ZWICK/ROELL Z 50 test equipment (Text 
Xpert Version 3.4) with a speed of 5 mm/min and recorded 
as Newton (N), the strength value that the bone can 
withstand at the moment of fracture (Aksit et al., 2017). 
Afterwards, the tibias were ashed in a muffle furnace at 
600°C overnight. Tibia ash was determined as percentage 
of tibia dry matter weight (Ceylan et al., 2020). The ash of 
each tibia was analyzed to determine its Ca and P content 
by using inductively coupled plasma optical emission 
spectroscopy (ICP-OES; PerkinElmer, Optima 2l00 DV), 
following the procedure outlined by Leske & Coon (2002).  

 
Statistical Analysis 
In the analysis, the univariate general linear model was 

employed using SPSS version 17.0 (SPSSWIN, 2007) to 
evaluate the collected data. The model incorporated factors 
of stocking densities (SDs) and dietary treatments (DTs), 
along with their interaction effects. Significant differences 
among treatment means were assessed using Duncan’s 
multiple range test (Duncan, 1955). Statistical significance 
was determined based on a threshold of P < 0.05. 

 
Results and discussion 

 
The Morphometric Characteristics of Tibia Bone 
The effects of the experimental treatments on the 

morphometric characteristics of the left tibia in 42-d-old 
broilers were given in Table 3. 

HSD significantly (P<0.05) decreased the weight, 
length and weight/length index of the tibia of broilers when 
compared with NSD (Table 3). These findings are 
consistent with those reported by Li et al. (2019), who 
observed that HSD significantly decreased both the weight 
and length of the tibia in broilers when compared to 
broilers raised under NSD. Contrary to these findings, 
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Karaarslan & Nazligul (2018) who stated that there are no 
significant differences between the length and the 
weight/length index of the tibia of broilers under reared 
NSD and HSD. The observed reduction in the weight and 
length of the tibia in broilers reared under HSD in the 
present study may be attributed to the restricted movement 
in a limited space, which likely resulted in reduced physical 
exercise, and thereby the increased tibia curvature by 
adversely affecting tibia proliferation, differentiation and 
formation compared with those of broilers under NSD (Li 
et al., 2019).  

As shown in Table 3, HSD significantly (P<0.05) 
decreased diaphysis diameter, increased (P<0.01) 
medullary canal diameter and decreased (P<0.01) the 
tibiotarsal index when compared to NSD. These results 
may be derived from insufficient mobilization in a limited 
space of broilers (Li et al., 2019). Similarly, Aksit et al. 
(2017) observed that HSD significantly reduced the 
diaphysis diameter of the tibia in broilers compared to 
NSD. 

However, the result related to tibiotarsal index in the 
present study is not consistent with the finding reported by 
Karaarslan & Nazligul (2018) who stated that there are no 
significant differences between the tibio-tarsal index of 
broilers under reared NSD and HSD. 

As indicated in Table 3, HSD significantly (P<0.05) 
decreased breaking strength of the tibia of broilers 
compared to NSD. This finding is in agreement with the 
results reported by Sun et al. (2018) and Liu et al. (2020), 
who observed that HSD significantly reduces the breaking 
strength of the tibia in broilers. This unfavorable effect of 
HSD on breaking strength of the tibia of broilers may be 
the result of a lack of physical activity due to reduced space 
and unsynchronized development of muscular mass and 
skeletal system as SD increases, which leads to 
development of bone weakness, and thereby, the 
susceptibility to fracture of the tibia is higher (Vargas-
Galicia et al., 2017). Contrary to our result, Aksit et al. 
(2017) and Sun et al. (2018) reported that breaking strength 
of the tibia of broilers was not significantly affected by SD.  

These discrepancies between the results concerning the 
effect of SD on the morphometric characteristics of the 
tibia of broilers may be explained by the different 
experimental conditions such as bird strain, age, rearing 
systems (in cage or on litter), different numbers of birds per 
m2 in pens and cages, environmental conditions, 
experimental period and type of feed additives (Li et al., 
2019).    

Moreover, the FDMLP and FDMLB diets exhibited a 
significant (P < 0.05) increase in the weight, length, and 
weight/length index of the tibia of broilers compared to 
those fed the CONT diet (see Table 3). The large tibia 
weight/length index of broilers in the present study showed 
that feeding with the FDMLP and FDMLB diets of broilers 
may have caused the denser tibia and thereby increase in 
tibia weight (Libouban et al., 2001).  

The FDMLP and FDMLB diets significantly (P<0.05) 
increased the diaphysis diameter of the tibia and the 
tibiotarsal index of broilers compared to the CONT diet, 
although they did not affect the medullary canal diameter 
of the tibia of broilers (see Table 3). These results suggest 
that the supplementation of FDMLP and FDMLB to the 
diet enhanced the degree of mineralization and 

development of the bone. The FDMLP and FDMLB diets 
significantly (P<0.05) enhanced the breaking strength of 
the tibia in broilers compared to that of broilers fed the 
CONT diet. 

Since there are no studies on the effects of dietary 
supplementation of FDMLP and FDMLB on the 
morphometric characteristics of the tibia of broilers, our 
results could not be compared with previous studies. 
However, the improvement in measured tibia parameters 
of broilers observed in the present study could be attributed 
to the increased bioavailability and absorption of minerals 
such as Ca and P for tibia mineralization by the increasing 
beneficial bacteria in the small intestine due to the 
combined positive effects of probiotics (Cengiz et al., 
2015), chitooligosaccharides as prebiotic and short chain 
fatty acids (Borrelli et al., 2017) as degradation products of 
chitin and AMPs (Benzertiha et al., 2020; Mohammed et 
al., 2021) of FDMLP and FDMLB in the diet. 

SDs, DTs and interaction between SDs and DTs did not 
significantly affect ribusticity index of the tibia of broilers 
(Table 3). 

 
The Crude Ash, Ca and P Contents of Tibia Bone of 

Broilers 
The effects of the experimental treatments on the ash, 

Ca and P contents of the left tibia in 42-d-old broilers were 
summarized in Table 4.  

HSD significantly decreased the ash (P<0.05) and Ca 
contents (P<0.05) and P content (P<0.001) of defatted tibia 
bone in 42-d-old broilers compared to those of broiler 
reared under NSD (Table 4). This might be explained by 
decreasing duodenal Ca (calcium-binding protein D28k 
transcription) and P (type IIb sodium-phosphate co-
transporter mRNA) absorption in broilers reared under 
HSD (Sun et al., 2018). The low Ca content of the tibia also 
may arise due to the lower serum parathyroid hormone 
(PTH) concentration in broilers reared under HSD, because 
PTH is able to absorb bone and increase osteoclasts 
activity, allowing the broilers to complete the process of 
bone Ca activation (Wang et al., 2020). The decreasing 
tibia ash, Ca and P contents of broilers might be attributed 
to the increase in the synthesis of corticosterone stress 
hormone in the adrenal glands due to HSD. Excess 
corticosterone stress hormone level inhibits the osteoblast 
osteoblastogenesis (Henneicke et al., 2014) and reduced 
bone mineral density such as Ca and P contents (Kang et 
al., 2016). Moreover, HSD caused intestinal injury such as 
reduced villus height and villus surface area in broilers by 
increasing heat stress, by which heat stress hampers 
intestinal absorption of Ca and P (Yan et al., 2019). These 
findings in the present study are partially in line with the 
previous findings in the litter-floor rearing system, which 
reported that tibia ash and phosphorus contents of broilers 
on day 42 were decreased, but, their tibia Ca content was 
not affected by HSD (Liu et al., 2020).  

These results in the present study differed from the 
previous study that pointed out no effect of SD on tibia ash, 
Ca and P contents of broilers reared in the litter-floor 
system (Vargas-Galicia et al., 2017; Sun et al., 2018). 
Differences in feeding environments (including 
temperature, relative humaditiy, etc.), age, broiler strain 
and feedstuffs in diets might be the cause for this 
discrepancy among studies.  
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Table 4. The effects of the experimental treatments on the ash, Ca and P contents of the left tibia in 42-d-old broilers1 
SDs, birds/m2 DTs Ash, % Ca, % P, % 

12  CONT 38.95 30.02 8.65 
12 FDMLP 40.47 31.10 8.95 
12 FDMLB 39.28 30.45 8.91 
18 CONT 37.80 29.68 6.53 
18 FDMLP 38.87 29.79 7.09 
18 FDMLB 38.81 29.70 6.64 
SEM  0.332 0.237 0.215 
SDs     
12  39.57a 30.53a 8.84a 
18  38.49b 29.72b 6.75b 
SEM  0.462 0.337 0.132 
DTs     
CONT  38.38b 29.85b 7.59b 
FDMLP  39.67a 30.45a 8.02a 
FDMLB  39.05ab 30.08ab 7.78ab 
SEM  0.566 0.413 0.162 
P Value     
SDs  0.011 0.011 0.000 
DTs  0.029 0.006 0.018 
SDs x DTs  0.781 0.715 0.667 

a-b Values in the same column not sharing a common superscript differ significantly; 1 Data are mean of 10 broilers from each treatment; SEM: Standard 
Error of Mean; Ash percent (as a percent of dry bone weight): Ca and P percent (as a percent of dry ash weight) of defatted tibia bone on d 42.; SDs: 
Stocking Densities; DTs: Dietary Treatments; CONT- a corn-soybean meal-based diet containing no fermented defatted mealworm larvae meal (FDM) 
(0%); FDMLP- the diet obtained by supplementing DM fermented with Lactobacillus plantarum to the CONT diet (0.4%); FDMLB- the diet obtained 
by supplementing DM fermented with Lactobacillus brevis to the CONT diet (0.4%). 

 
 
As shown in Table 4, only the FDMLP diet 

significantly increased the ash (P<0.05), Ca (P<0.01) and 
P (P<0.05) contents of the tibia in 42-d-old broilers 

compared to those of broilers fed the CONT and FDMLB 
diets. The improvement in the tibia ash, Ca and P contents 
of broilers in the present study could be related to the 
increased resorption of Ca and P by the beneficial bacteria 
in the small intestine due to the combined positive effects 
of probiotics (Cengiz et al., 2015), chitooligosaccharides as 
prebiotic and short chain fatty acids (Borrelli et al., 2017) 
as degradation products of chitin and AMPs (Benzertiha et 
al., 2020; Mohammed et al., 2021) of FDMLP and FDMLB 
in the diet, which, in turn, increases availability of serum 
Ca and P for bone formatting and/or remodeling 
(Mohammed et al., 2021). Previous studies have evidenced 
that synbiotics improve intestinal integrity and thereby 
increased absorption and bioavailability of Ca and P for 
bone mineralization (Yan et al., 2019).  

 
Conclusions 

 
Overall, the results gathered in this study indicate that 

HSD results in reducing tibia morphology and 
mineralization, whereas the use of FDMLP and FDMLB as 
new antibacterial feed additives in broiler diets regardless 
of stocking density was able to improve tibia 
mineralization and morphology except its medullary canal 
diameter and ribusticity index of broilers due to the results 
of enhanced mineral absorption. Nevertheless, further 
research is needed to investigate the effects of dietary 
supplementation of FDMLP and FDMLB on the 
expression of parathyroid hormone-related protein in the 
tibial growth plate and the gene expressions of calcium-
binding protein-D28k (CaBP-D28k) and sodium-

dependent phosphate transporter IIb (NaPi-IIb) in the small 
intestine of broilers. Further studies should also focus on 
elucidating the molecular components of FDMLP and 
FDMLB responsible for their antibacterial activity and 
clarifying their mechanisms of action to alleviate the 
adverse effects of HSD on tibial health in broilers. 
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