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Assessment of the Impact of Bacillus Probiotics, Coconut Oil and 
Nigella sativa Oil on Productive Performance, Economic Indicators 
and Carcass Characteristics of cobb 500 Broiler Chickens

This experiment was conducted to evaluate the impact of dietary inclusion of probiotic mixture (B. subtilis 
and B. licheniformis), Coconut oil (CO) and Nigella sativa oil (NSO) or Black cumin oil (BCO) on productive 
performance, economic efficiency indicators and carcass characteristics of broiler chicks. For this purpose, 
140 day-old broiler chicks (Cobb500) were weighed individually and assigned randomly into four treatments 
(T) 35 chicks in each, divided into five replicates of 7 chicks in each. (T1) control fed a basal diet, (T2) fed 
a basal diet + Coconut oil (10 ml/kg feed); (T3) fed a basal diet + Nigella sativa oil (1ml/kg feed) and (T4) 
fed a basal diet + Bacillus probiotics (1g/kg of diet). Results clarified that CO, NSO and probiotic mixture 
groups improved significantly (P>0.05) the productive parameters (final body weight (FBW), body weight 
gain (BWG) and feed conversion ratio (FCR)) compared to control group. CO-based diet group recorded the 
highest BW and BWG, while probiotics mixture group was superior in feed intake value. The lowest FCR 
value was recorded in CO and NSO-based diet groups. The best economic efficiency measures were scored in 
CO followed by NSO then Bacillus probiotics. Also, there are significant differences (P<0.05) among dietary 
treatments on relative weight of carcass, inner organs and immune organs. Diet containing NSO acquired the 
highest dressing percent (73.50%), while the highest relative weight of (heart, proventriculus, thymus, spleen 
%) was registered in broilers fed probiotics mixture diet. In conclusion CO, NSO, probiotics mixture-based 
diet has a beneficial influence on productive performance and economic indicators, thus highly recommended 
utilizing those supplements as natural feed additives.
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INTRODUCTION

Poultry broiler meat is more desirable and healthy than 
red meat for people due to low cholesterol level (Starčević  et 
al., 2015). In Egypt, the most remarkable poultry species which 
contributes significantly to providing protein from an animal 
source are broiler chickens and the total meat of broiler chick-
en increased from 909,000 tons meat in 2013 to 1256,000 tons 
meat in 2017 (CAMPAS, 2019). The major obstacles facing broiler 
industry is feed costs due to  the feed is considered the most 
substantial input for broiler production in terms of cost and rep-
resents approximately 70% from total variable costs (TVC), also 
has a main role in accomplishing high productivity and efficiency 
(Ravindran, 2013; Abdurofi et al., 2017). From the last 50 years, 
antibiotic growth promoter (AGP) was being utilized in animal 
diet with small amount for the improvement and maximization 
of production and decreasing diseases (Castanon, 2007), as well 
AGPs have a beneficial effect on weight gain, improved feed con-
version efficiency with 3.48 % so reducing feed cost. Preventing 
the use of antibiotics in animal ration had been resulted in raising 
the cost of production with 0.8% (Maria Cardinal  et al., 2019). 
In January 2006 the European Union (EU) banned and restrict-
ed using AGP because of increasing antibiotic-resistant bacteria 
and rising awareness and concerning about human health and 

food safety from residues of antibiotics. Viable alternatives as 
feed additives which enhancing immunity of intestine and help 
to maintain profit margin like probiotics, prebiotics, organic acids 
and phytogenic feed additives including essential oils and herbs 
(Çenesiz and Çiftci 2020; Côté  et al., 2021; Seidavi et al., 2021). 

Bacillus species are the most common probiotics which rec-
ommended to be used as feed supplements (Sanders et al., 2003; 
European Commission, 2016). In 2000, total selling of probiotics 
reached for $186 million in all over world (Cheng  et al., 2014). 
The main constituting of coconut oil is medium chain fatty acids 
which containing about 45-50 % lauric acid and the lauric acid 
possess potentials as anti-inflammatory, antimicrobial and im-
prove immunity, so coconut oil used as feed additives or an al-
ternative medication against pathogenic microorganisms (Dayrit, 
2015; Peedikayil  et al., 2015; Baltić et al., 2017; Nasir et al., 2018; 
Çenesiz and Çiftci 2020; Joshi  et al., 2020). Diet supplemented 
with black cumin oil has a positive impact on productive parame-
ters also has antibacterial, anti-inflammatory and antioxidant ef-
fect so can be used as natural substitute for APG (Abd El-Hack et 
al., 2018; Hermes  et al., 2009; Seidavi et al., 2020). The aim of our 
current study was to investigate the impact of Bacillus probiotics, 
coconut oil and Nigella sativa oil on productive parameters and 
economic indicators and carcass characteristics of broiler chick-
ens.
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MATERIALS AND METHODS

Ethical Approval

The experimental design and procedure presented in this 
work are reviewed and approved by the Institutional Animal Care 
and Use Committee of Alexandria University (Approval num-
ber:2023/013/215).

Source of natural feed additives which utilized in this experiment

The final product of probiotic mixture was provided by the 
Animal Health Research Institute, Kafr El-Sheikh Governorate, 
Egypt, containing B. subtilis and B. licheniformis at least 1×1011 
CFU/g. Cold-pressed oil (Virgin Coconut oil (VCO), Nigella sativa 
oil (NSO) were purchased from National Research Centre in Cai-
ro, Egypt.

Experimental design and management

The present experiment was carried out at Faculty of Veteri-
nary Medicine, Alexandria University, Egypt. A total of 140 one-
day old broiler chicks (Cobb 500) having nearly similar mean 
initial body weight, were obtained from EL-Wataniya Company. 
Randomly, the chicks were allocated to four treatments with 5 
replicates, 7 chicks per each. The vaccination program was ac-
cording to the followed routine in the region of experiment. Ex-
perimental birds were raised in the floor on wood shaving litter, 
provided adequate ventilation, proper temperature and exact 
humidity. The length duration of experiment continuously has 
been offered clean water and the feed was added in appropriate 
amount. Gradually, the temperature was reduced from 33°C on 
the 1st day to 25°C on day 21, then remained constant until the 
trial ending. The followed lighting program for each treatment 
was: continuous light through the 1st three days then from the 
4th day to 8th day was 23 hour while from the 8th to 14th day was 
20 hour and from the 14th to 28th day was 16 hour and the end of 
experiment from days 28 to 38 was 18 hour.

 
Experimental diets and feeding

A 3-phase feeding programme was used as illustrated in Ta-
ble (1), with a starter diet from day 1 to 18 then a grower diet 
from day 19 to 28 and a finisher diet from day 29 to 38. All diets 
were formulated according to recommended nutrient levels of 
Cobb500 broiler strain. However, for this research four rations 
were used.  (T1) basal diet, (T2) basal diet + coconut oil (CO) at 10 
ml.kg–1 of feed (Oyebanji  et al., 2020; Yuniwarti  et al., 2013). (T3) 
basal diet + Nigella sativa oil (NSO) at 1 ml.kg–1 of feed (Erener  
et al., 2010). (T4) basal diet + Bacillus probiotics at 1g.kg– 1of feed. 

Data and variables

Measuring the chicks’ weights at the 1st day (initial body 
weight) then, Body weights (BW) were obtained at days 7, 14, 
21, 28, 35, 38 of age by weighting birds individually every week. 
Feed intake (FI), body weight gain (BWG), FCR (Feed intake (g) 
/ weight gain (g)) and final body weight (FBW) were measured 
(Śliżewska  et al., 2020). Economic analysis through calculation 
of the total variable costs (TVC) which included feed costs, feed 
additive costs, chick costs, and managemental costs (litter, en-
ergy, disinfectants, vaccine cost and others). Total Fixed costs 
(TFC)= (building depreciation + equipment dep.). Total costs (TC) 
= TVC+TFC. Total revenue (TR) from sales of broilers at the of 

experiment + litter sale. Net profit (NP) = TR – TC. Economic ef-
ficiency measures included Benefit Cost Ratio (BCR) = (Total Re-
turn /Total cost) x 100 (Pishgar-Komleh  et al., 2017), Profitability 
index = (Net Profit / Total return) x 100 (Rubina Bano et al., 2011), 
Net Profit/total cost = (NP / TC) x 100, Additive cost / TC (%) (Has-
san and El-Ktany, 2020), European Efficiency Production Factor 
(EEPF)= (average BW*livability%)/(FCR*age (days))*100 (Marcu et 
al., 2013; Śliżewska  et al., 2020; Zaghari  et al., 2020; Zhang et 
al., 2021).

Relative weight of inner organs

According to the average BW within the group at day 38, 5 
birds from each experimental treatment were picked out, weight-
ed individually, slaughtered then skin, head, and feathers were 
removed. Eviscerated to evaluate carcass weight. Subsequently, 
the inner organs (liver, gall bladder, heart, gizzard, proventricu-
lar, abdominal fat, bursa of Fabricius, thymus, spleen) were col-
lected and weighed for each treatment. The organ weights were 
expressed as a percentage of live body weight.  

Statistical analysis

The experiment comprised of a complete randomized design 
with four treatments. The model was: 
Xij=M+Ti+Eij where, Xij=observations, M=treatment average, 
Ti=effect of treatment, Eij=error 

All data were exhibited as the mean with pooled standard er-
ror (SE) values. Statistical analyses were done by SPSS/PC+ “ver-
sion 25”. One-way ANOVA followed by The Duncan’s multiple 
range test to evaluate the differences (P≤0.05) among different 
treatment means.
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Ingredients Starter
(1–18 d)

Grower
(19–28 d)

Finisher
(29–38 d)

Yellow corn 57.55 63.85 68.25

Soya bean meal (46%) 32 28 24

Corn gluten (62%) 5 2.5 2

Vegetable oil 1.5 1.8 2

MCP 1.35 1.3 1.2

limestone 1.6 1.55 1.55

Lysine 0.15 0.2 0.2

Dl- Methionine 0.15 0.1 0.1

Choline chloride 0.1 0.1 0.1

Salt 0.25 0.25 0.25

Vitamin premix 0.15 0.15 0.15

Mineral premix 0.15 0..15 0.15

Mycotoxin binder 0.05 0.05 0.05

Calculated analysis

Crude protein 22.94 20.1 18.32

ME (kcal/kg) 2974 3030 3088

Calcium (%) 0.95 0.90 0.87

Available phosphorus (%) 0.42 0.40 0.37

Methionine (%) 0.52 0.42 0.40

Methionine + Cystine (%) 0.89 0.75 0.7

Lysine (%) 1.18 1.10 1

Na (%) 0.16 0.16 0.16

Chloride (%) 0.19 0.19 0.19

Table 1. Ingredient composition and calculated chemical analysis of the basal 
diets.
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RESULTS

As shown in Table 2, there were significant differences 
(P≤0.05) in FI, BWG, FBW, and FCR among varied treated groups 
(T2, T3, T4) and untreated control group (T1). The lowest feed 
intake (FI) was noticed in T2 and T3 groups (3603.91, 3644.12g, 
respectively) while T4 and T1 (control) had the highest value of 
FI (3796.58, 3779.87g respectively). T2, T3, T4 showed highly sig-
nificant (P≤0.05) increases in BWG and FBW traits in comparison 
with T1. Broilers fed diet containing 1% CO, 0.1% BCO and 1g 
Bacillus probiotics recorded higher BWG (2357.11g, 2242.29g, 
2184.77g respectively) than those without any additive (control) 
(1937.91g).  Additionally, the highest FBW was noticed for coco-
nut oil (T2) followed by black cumin oil (T3) and Bacillus probi-
otics (T4) then control (T1) (2404g, 2289.29g, 2232.57g, 1984g 
respectively). Concerning FCR, the birds fed coconut oil diet (T2) 
had the lowest value (1.53) followed by BCO (T3) diet (1.63) then 
probiotics mixture (T4) (1.74) while untreated control group(T1) 
showed the highest (1.95) FCR.

The observed data in Table 3 revealed a significant variation 
at (P≤0.05) among different experimental treatments on eco-
nomic efficiency indicators. Feed cost was scored the largest val-
ue in T4 and T1 (68.40, 68.04 EGP respectively). While TC, TVC, 
TR, NP, T1 and T4 obtained low average value compared to T2 
and T3. However, the average percentage value of (NP/TC) and 
profitability index (NP/TR) was the greatest in T2 and T3 groups 
(30.93%, 26.28%, 23.62%, 20.81% respectively). In addition, re-
sults pointed out that the highest value of BCR and EEPF scored 
in T2 and T3 groups (1.31, 1.26, 412.8, 369.71 respectively).

Results in Table 4 expounded a significant variation (P≤0.05) 
among different groups on dressing percent.  The highest percent 
was recorded in T3 followed by T2 then T4 (73.5, 72.05, 69.08% 
respectively) compared to T1 (68.20 %). As well, we observed 
significant differences (P≤0.05) on relative weight of heart and 
proventriculus, whereas T4 and T1 had registered superior value 
(0.56, 0.48, 0.58, 0.44% respectively) than T2 and T3 (0.51, 0.38, 
0.45, 0.39 % respectively). Moreover, T4 has the greater average 
relative weight of thymus and spleen (0.54, 0.15% respectively) 
than other treated groups (T1, T2, T3).

DISCUSSION

As explicated in Table 2, the feed consumption in broilers 
supplemented with 1% coconut oil (T2) decreased and this may 
be back to the fact that coconut oil is plentiful with medium 
chain fatty acids (MCFs) which give more energy, consequently 
decreasing feed consumption. This finding is supported by Lon-
dok and Rompis (2019) who reported that amount of feed intake 
would be determined by energy content in the diet whereas birds 
would be raising their consumption if the standard of metabolic 
energy in the diet is low.  As well, in accordance with the above 
findings, several research studies (Veras  et al., 2019; Pehowich  et 
al., 2000; Dong and Van Thu 2021) lighted that feeding coconut 
oil was associated with lower feed consumption. While Khatib-
joo  et al. (2018); Wang  et al. (2015); Yuniwarti  et al. (2013); and 
Zimboran  et al. (2021) noticed that there was no significant dif-
ference on feed consumption. In contrast with our finding, Müller  
et al. (2011) and Oyebanji  et al. (2020) concluded that coconut 
oil improved feed consumption because of dietary fat decreased 
the digesta passage rate through the gastrointestinal trait. Also 
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Traits
Treatment 

T1 T2 T3 T4

IBW 46.66±0.4a 46.89±0.37a 47.00±0.35a 47.30 ±0.44a 

FI 3779.87±0.89b 3603.91±0.72d 3644.12±0.79c 3796.58±0.80a

 BWG 1937.91±50.05c 2357.11±26a 2242.29±34.54b 2184.77±34.54b

FBW 1984.57±50.1c 2404.00±25.9a 2289.29±34.6b 2232.57±34.6b

FCR 1.95±0.07a 1.53±0.02d 1.63±0.03c 1.74±0.03b

Table 2. Effect of different dietary treatments on growth traits of broiler chickens (Means±SE).

Means with different superscripts in the same row differ significantly (P≤0.05). IBW: Initial body weight (g); FBW: Final body weight (g); FI: Feed intake (g); BWG: Body weight gain (g); 
FCR: Feed Conversion Ratio (g feed/g body wt. gain).

Traits
Treatment

T1 T2 T3 T4

Feed cost 68.04±0.01a 64.8±0.01c 65.52±0.01b 68.40±0.06a

Additive cost 0.000d 7.21±0.007a 5.47±0.004b 1.90±0.001c

Chick cost 3.5 3.5 3.5 3.5

Management costs 4.75 4.75 4.75 4.75

TVC 76.29±0.01d 80.26±0.01a 79.24±0.01b 78.55±0.01c

TC 76.82 ±0.01d 80.79 ±0.01a 79.77 ±0.01b 79.08±0.01c

TR 89.62±1.57c 105.78±1.14a 100.73±1.52b 98.23±1.52b

NP 12.80±1.46d 24.99 ±1.14a 20.96 ±1.52b 19.15 ±1.52c

BCR (TR/TC) 1.17 ±0.02c 1.31±0.01a 1.26±0.02ab 1.24±0.02b

(NP/TC) (%) 16.66±1.89c 30.93±1.41a 26.28±1.91ab 24.22±1.93b

Profitability index (NP/TR) (%) 14.28±1.43c 23.62±0.78a 20.81±1.15ab 19.50±1.19b

Additive cost /TC (%) 0.000d 8.92±0.002a 6.85±0.0001b 2.40±0.0004c

EEPF 267.21±12.61d 412.8±9.34a 369.71±11.67b 337.27±10.97c

Table 3. Effect of various dietary treatments on economic efficiency indicators (Means±SE). 

Means with different superscripts in the same row differ significantly at (P≤0.05), BCR): Benefit cost ratio, (EEPF): European Efficiency Production Factor; (TC): Total cost; (TVC): Total 
variable cost; (TR): Total return; (NP): Net profit.
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Abd El-Hack  et al. (2015) showed that diet with cold oils would 
be improving feed consumption due to the enhancing the palat-
ability.  As for our finding of black cumin oil (BCO) supplement-
ed group (T3), this could be related to the taste of BCO which 
is bitter so decreasing feed consumption. The present result are 
inconsistent with Erener  et al. (2010) who demonstrated that 
feed consumption increased in BCO compared to control group, 
also disagree with Seidavi et al. (2021). As well, Abd El-Hack et al. 
(2018) showed that the superior feed consumption was noted in 
the group that received 1.0 g Nigella sativa oil/kg diet. Converse-
ly, Attia and Al-Harthi, (2015) noticed that feed consumption 
was not significantly affected by black cumin extract levels. The 
finding about increasing feed consumption in the group fed diet 
containing Bacillus probiotics ((B. subtilis and B. licheniformis) 
due to improve appetite. The findings are in contrast with Biswas  
et al. (2022); Park  et al. (2018); Zhang  et al. (2021); and Zhang et 
al. (2013) who depicted that no significant differences between 
negative control group and Bacillus subtilis supplemented group. 
Our results agree with previous investigation of Flores  et al. 
(2019) who showed that Bacillus probiotics increased feed intake.

With reference to our result about FBW and BWG that T2, T3 
and T4 attained larger values than T1.  This could be in T2 due to 
coconut oil is rich with medium chain fatty acids (MCFAs) espe-
cially lauric acid (LA) which increase digestive enzymes and bile 
secretion so improves digestion in addition to its anti-inflamma-
tory and antimicrobial effect consequently reduces the incidence 
and harmful effects of coccidiosis and clostridiosis which directly 
affect the utilization, absorption and conversion of feed to meat. 
Similar findings were investigated by other studies (Yuniwarti  et 
al., 2013; Oyebanji  et al., 2020; Dong and Van Thu 2021; Wu  et 
al., 2021), which displayed that treatment with coconut oil and 
lauric acid supplement was more effective than untreated control 
group because of lauric acid stimulates growth of broilers by al-
tering intestinal microbiota, inhibition of inflammation, and mod-
ulation of fat metabolism, so lauric acid could be used as an an-
tibiotic substitution in poultry feed. Also previous studies agree 
with our findings (Dayrit 2015; Peedikayil  et al., 2015; Abbas  et 
al., 2017; Nasir  et al., 2018; Joshi  et al., 2020). Along the same 
line, Çenesiz and Çiftci (2020) highlighted that medium chain fat-
ty acids (MCFAs) improved body weight gain by an average of 4% 
due to the generation of more stable and healthy gut microbio-
ta. Additionally, Decuypere and Dierick (2007); Lee  et al. (2015) 
Baltić  et al. (2017); Hovorková  et al. (2018)  and Nguyen  et al. 
(2018) clarified that medium chain fatty acids have antibacterial, 
anticoccidial and antiviral effects. This is in contrast to what was 
reported by Wang  et al. (2015) who proposed that addition of 
coconut oil had no impact on body weight gain. As well contrary 
with our result, Khatibjoo et al. (2018) postulated that supple-
menting of medium chain fatty acids positively reduced broiler 
meat.  While in T3, this might be attributed to the presence of 

high level of phenolic compounds, many essential unsaturated 
fatty acids such as oleic, linolic and linoleic acids. The main ac-
tive component in phenolic compounds is thymoquinone which 
has a positive influence on thyroid gland hormones also inducing 
greater secretion of bile and digestive enzymes. The result  of 
the current trial is consistent the previous studies (Kiralan  et al., 
2014; Mohammed  et al., 2016) which confirmed that nigella seed 
oil (NSO) has high levels of polyphenols, in addition Mazaheri  
et al. (2019) and Seidavi et al. (2021) stated that NSO contains 
phenolic compounds, unsaturated fatty acids, thymoquinone and 
P-cymenes. Moreover, in accordance with the obtained findings,  
Starčević  et al. (2015); Tufarelli  et al. (2017) and Mahfuz  et al. 
(2021) expounded that phenolic or polyphenols compounds has 
impact as antimicrobial and antioxidants as well rising essential 
fatty acids, reducing level of cholesterol, have a positive effect on 
growth rate and used as natural supplements in diet. Our present 
result is in line with those stated by Abd El-Hack  et al. (2018) 
who documented that the biggest weight gain were in supple-
mented feed with BCO compared with the control group due to 
BCO stimulate the secretion of growth and thyroxine hormones. 
Furthermore other observations conducted by  Hermes  et al. 
(2009) and Erener  et al. (2010) inconsistent with our findings. 
Interestingly in other studies by Bourgou et al. (2010) who clar-
ified that black cumin oil contains thymoquinone which acts as 
active principal and responsible for antibacterial activity  against 
pathogenic bacteria. As for our observation about supplement-
ed group with probiotic inclusion (B. subtilis and B. licheniformis) 
(T4), This might be due to their effect on improving the digest-
ibility and increasing the absorption of nutrients and reducing 
the pathogenic bacteria. The results are inconsistent with Biswas  
et al. (2022) who noted that during starter, growing and finisher 
stages there was  linearly (p < 0.05) increasing in broiler weight 
gain. Further our results agree with prior investigations of  Mol-
nár  et al. (2011); Bader  et al. (2012); Liu  et al. (2012); Zhang et 
al. (2012); Zhang et al. (2013); Mingmongkolchai and Panbangred 
(2018); Nguyen et al. (2018); Park  et al. (2018); Arif  et al. (2021) 
and Zhang et al. (2021)  who deduced that Bacillus probiotic has 
a powerful effect on pathogenic bacteria such as Clostridium per-
fringens, so reducing necrotizing enteritis, E. coli and Salmonella 
and have a positive impact on digestion and absorption of feed. 
Likewise Aliakbarpour  et al. (2012) cleared that probiotics sup-
plemented group got better  final body weight than untreated 
control group. It is worth noting that Chang and Yu (2022); Musa 
et al. (2019) and Xu et al. (2021) reported that Bacillus probiotics 
improved digestion by increasing short chain fatty acids which 
degrade and release butyric acid thus decreasing the gastric pH 
and also raising the intestinal villi height consequently improving 
absorption

 Our explanation about the finding of FCR among different 
dietary treatment, we observed that lower values were recorded 

Items
Treatment 

T1 T2 T3 T4

Live BW (g) 2088±112.17a 2273±134.19a 2361±86.23a 2137±133.56a

Carcass weight (g) 1430±104.02a 1643±118.65a 1741±101.84a 1478±99.68a

Dressed percent (%) 68.49±1.4 b 72.28±1.21ab 73.74±1.72 a 69.1±0.69b

Liver (%) 2.46±0.09a 2.02±0.10a 2.18±0.07a 2.40±0.22a

Gall bladder (%) 0.12±0.01a 0.11±0.02a 0.09±0.03a 0.11±0.02a

Heart (%) 0.58±0.03a 0.51±0.02ab 0.45±0.04b 0.56±0.03a

Gizzard (%) 2.02±0.04a 1.96±0.12a 1.92±0.08a 2.03±0.04a

Proventriculus (%) 0.44±0.02ab 0.38±0.02b 0.39±0.02b 0.48±0.04a

Abdominal fat (%) 44±4.77a 48.2±4.54a 40±1.82a 45±5.36a

Thymus (%) 0.26±0.06b 0.29±0.04b 0.20±0.04b 0.54±0.02a

Bursa of Fabricius (%) 0.15±0.02a 0.13±0.01a 0.13±0.01a 0.13±0.03a

Spleen (%) 0.11±0.01b 0.11±0.01b 0.10±0.01b 0.15±0.01a

Means with different superscripts in the same row differ significantly at (P≤0.05).

Table 4. Effect of dietary treatments on relative weights of carcass, inner organs, immune organs (Means±SE).
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in T2 and T3 then T4. This effect may be in T2 caused by active 
component in coconut oil (MCFAs and LA-enriched) and in T3 
may be attributed to the biological content of BCO, while Bacillus 
probiotics (T4) increased the beneficial bacteria, decreased the 
pathogenic bacteria and thus improved the digestion by raising 
digestive enzymes. These obtained results are in agreement with 
Çenesiz and Çiftci (2020); Dong and Van Thu (2021); Oyebanji  et 
al. (2020) and Wu  et al. (2021). Also Hovorková  et al. (2018) and 
Nguyen  et al. (2018) who stated that the predominant fatty acid 
in coconut oil is lauric acid which represented (42%). This finding 
was however disagree with the results of Khatibjoo  et al. (2018) 
and Veras  et al. (2019) who noticed no significant effect on FCR.  
Furthermore, previous studies (Abd El-Hack et al., 2018; Erener  
et al., 2010; Hermes  et al., 2009) elucidated that nigella seed oil 
recorded low feed conversion ratio. On the contrary Attia and 
Al-Harthi (2015) concluded that BCO has no significant impact 
on FCR. On other the hand, the obtained result about Bacillus 
probiotics are consistent with the findings of Molnár  et al. (2011); 
Aliakbarpour et al. (2012) ; Nguyen  et al. (2015); Li  et al. (2016); 
Flores  et al. (2019); Zhang et al. (2021) and Biswas et al. (2022)  
who reported that Bacillus based probiotics improved feed con-
version ratio. This is in contrast to what was reported from other 
research (Park  et al., 2018) with no significant effect on FCR.

As illustrated in Table 3, treatment supplemented with CO 
and BCO obtained higher average value compared with Bacillus 
probiotics and untreated control group. Our commentary about 
the result that coconut oil (CO) and black cumin oil (BCO) were 
the highest in FBW and BWG so achieving the highest TR and NP, 
at the same time they were the largest in cost of feed and addi-
tives consequently they got the highest TVC and TC. In addition, 
the average value of net profit to total cost and net profit to total 
return have a significant difference among different treatments. 
We found that coconut oil and black cumin oil-based diet have 
higher value than Bacillus probiotics-based diet and untreated 
control because of coconut oil recorded the best body weight 
gain as for probiotics was the minimal value in feed cost (low-
est total cost). Consistent with the present results Zaghari  et al. 
(2020) and Zhang  et al. (2021) found that NP/TC and EEPF were 
in broilers fed diet containing Bacillus probiotics better than con-
trol group. Also, the percent of additive cost from TC was higher 
in diet supplemented with CO than other dietary treatment due 
to the high cost for coconut oil. As for BCR, EPEF, some studies 
agree with this study (Ghazal  et al., 2014; Veras  et al., 2019) who 
indicated that the largest economic efficiency was  in the treat-
ed group with 1% coconut oil. Moreover,  inconsistent with our 
findings, Hassan (2018) assured that black cumin seed improved 
economic efficiency.

Table 4 represented the effect of various dietary treatments 
on relative weight of carcass traits, inner organs and immune or-
gans The highest dressing percent was for BCO group, this might 
be due to the inner organs and abdominal fat relative weight 
of broilers supplemented diet with BCO were the lowest percent 
among other dietary treatment. In  line with our result, Erener  
et al. (2010) demonstrated a useful effect on carcass weight in 
broiler fed diet provided with Nigella sativa oil (BCO) with no 
significant impacts on edible inner organs, abdominal fat. While, 
un-supplemented control group (T1) and Bacillus probiotics 
group (T4) scored the maximal average value in heart and pro-
ventriculus relative weight and the minimal average value was in 
T2 and T3 groups. These result disagree with the finding of Oye-
banji  et al. (2020) who interpreted that coconut oil based diet 
obtained a greater liver, heart and gizzard relative weight than 
control group. As well as Veras  et al. (2019) who indicated that 
broilers fed diet containing 1% coconut oil acquired higher heart 
and gizzard weight than control group. In addition, a previous 
study (Çenesiz and Çiftci, 2020) indicated that medium chain fatty 
acids can decrease abdominal fat by up to 30% in broiler chick-
ens. While some of the obtained findings  agree with Khatibjoo et 
al. (2018) who documented that there were no significant impact 
in carcass traits between control and coconut oil based diet. Fur-
thermore, the finding of the current study in contrast with Abd El-

Hack  et al. (2018) and Hermes  et al. (2009) who explicated that 
the majority of carcass traits involving (carcass, liver, heart) were 
maximized by birds provided with feed containing Nigella sativa 
oil. With regard to broilers provided with feed containing Bacillus 
probiotics, our result was however in contrast to the observations 
of Flores  et al. (2019) who noticed that increasing carcass weight 
compared to untreated control group. In addition to Zhang et al. 
(2013) who reported that liver relative weight was not impacted 
by Bacillus probiotics and also Molnár et al. (2011) expounded 
that carcass weight was reduced  in dietary supplementation with 
Bacillus subtilis.

The current study revealed that broilers fed supplemented 
diet with Bacillus probiotics have greater average relative weight 
of thymus and spleen than control and other treated groups (CO, 
BCO). This possibly may be due to probiotics have a direct effect 
on immune cells and stimulate proliferation of cells in thymus 
and spleen. These results are in accordance with the investiga-
tions of  Zhang et al. (2012) who declared that diet containing Ba-
cillus subtilis increased spleen relative weight. As well as  Zhang et 
al. (2013) who observed that supplementation of diet with Bacil-
lus subtilis attained 30.9% higher relative weight of thymus than 
untreated groups, however probiotic had supplemented diet no 
effect on bursa and spleen relative weight.  In addition, Biswas  et 
al. (2022) concluded that bursa weight was minimized by supple-
menting the broiler diet with Bacillus probiotic.

Further, some previous studies agree with our finding (Khati-
bjoo  et al., 2018; Oyebanji  et al., 2020) that no significant impact 
from coconut oil based diet on bursa weight, but didn’t support 
our finding about the significant variation in spleen and thymus 
weight. Our results agree with previous work of Khan  et al. (2012) 
and Toghyani  et al. (2010) who explicated that weight of immune 
organs affected with addition of black cumin seed (BCS) in diet 
and excessed their weight compared with control group. On the 
contrary Al-Mufarrej (2014) displayed no significant effect from 
Nigella sativa seed on weight of spleen and thymus. Additionally 
Salam  et al. (2013) concluded that black cumin seed increased 
relative weight of spleen with no effect on thymus and bursa rel-
ative weight.

CONCLUSION

Dietary supplementations with CO, NSO and probiotics mix-
ture improve productive performance (FBW, BWG, FCR), also 
have effective impact on economic efficiency measures (EPEF, 
BCR, profitability index) and carcass characteristics of broilers. 
Diet supplemented with coconut oil achieve the best productive 
and economic efficiency. Moreover, Bacillus probiotics give sat-
isfactory results, and the same time is the lowest additive cost. 
Thus, these dietary treatments recommended to be used as feed 
supplements in poultry diet.
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