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Abstract: The goal of the research was to investigate the effect of dietary natural or biotic additives 
such as garlic, black pepper, and chili pepper powder in poultry nutrition on sustainable and 
economic efficiency of this type of production. A total of eight dietary treatments with 1200 broiler 
chickens of hybrid line Hubbard were formed, with four replicates. During the experimental period, 
chickens were fed with three period mixtures diets of different average costs: Starter compound 
mixture two weeks (0.38€/kg in all treatments), grower compound mixture next three weeks (0.36, 
0.38, 0.40, 0.41, 0.46, 0.39, 0.42, and 0.39€/kg, respectively), and finisher compound mixture for the 
final week (0.34, 0.36, 0.38, 0.39, 0.44, 0.37, 0.40, and 0.37 €/kg, respectively). The experiment lasted 
a total of 42 days. Upon finishing the experiment, results have shown statistically significant (p < 
0.05) differences regarding the European broiler index (EBI) as one of the indicators of economic 
efficacy. The EBI was lowest in the control treatment (220.4) and significantly higher in experimental 
treatments (298.6), respectively. In cost, a calculation included the cost of feed and used natural or 
biotic supplements in chicken nutrition. The findings of the study of economic efficiency revealed 
that the cost per treatment rises depends on the natural additive used. Economic efficiency analysis 
showed that the most economical natural additive with the lowest cost is garlic (0.68€/kg), while the 
most uneconomical is treatment with black pepper with the highest cost of body weight gain 
(0.82€/kg). This higher cost of the gained meat is minimal as a consequence of a much healthier and 
more nutritious food meant for human use, which often promotes sustainable aspects, compared to 
conventional and industrialized poultry production. 
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1. Introduction 

Animal nutrition plays an especially important role and feed accounts for up to almost eighty 
percent of total livestock production costs [1]. Each segment in the process has to have a strong goal 
on how feed quality can be optimized and feed cost controlled in animal production, and work 
towards achieving these goals daily [2]. The constant increase of feed ingredient costs, particularly 
major protein feedstuff such as soybean meal, forces producers to refocus how they will use their 
resources in feeding to increase economic efficiency to make the extra mile more efficient to convert 
feed protein into high-quality meat products [3,4]. Another problem comes with the prohibition of 
antibiotics used in livestock growth promotion due to antimicrobial tolerance development [5], 
therefore the natural alternative for growth promoting in animal nutrition has been required [6]. 
When excluded from daily nutrition, antibiotics as growth promoters were not replaced with natural 
alternatives, which has led to numerous problems in production, such as the increase of feed 
conversion ratio (FCR) and increased incidence and outbreaks of animal diseases [7–9]. There are 
now numerous alternatives to antibiotics as growth stimulators [10]. In addition to herbs’ and spices' 
essential role in human nutrition, these natural and biotic additives have been used to improve the 
health and general wellbeing of animals as well, especially in poultry [11–16]. Biotic additives 
originate from plants that have been used in animal nutrition to improve performance. The exact 
mode of action of these biotic additives and their derivates is not yet quite clear. Some studies have 
shown that this additive contributes to the balance of gastrointestinal microbiota through controlling 
pathogens [17]. A significant number of bioactive substances present in essential oils leads to a 
reduction of the Clostridium sp. population in the digestive tract and poultry feces [18,19]. In 
industrial poultry production, many different forms of oregano [20], rosemary [21], sage [22], thyme 
[23], garlic [24], black pepper [3], and chili [25] have been used separately or in a mixture as feed 
additives [26–28]. In recent years, the natural additive cost has been decreased mainly because of a 
large number of competitors present in the market [29]; however, it is expected that the cost of protein 
and energy feedstuffs will remain high and continue increasing in the long term [30]. There is no 
question that extra efforts will be necessary to optimize the use of feed and natural additives to 
promote animal growth in the long term [11]. The European industry is now under tremendous 
pressure to reduce the usage of antibiotics and is faced with a growing desire from customers for 
good quality and safe products and meat [3] and eggs [5,31,32] from sustainable and welfare 
production systems. Such problems include the return of each component in the supply chain in 
terms of feeding and management while remaining centered on customer demand [33,34]. This 
complicated condition cannot be fixed easily. The productivity and economic and social dimensions 
of a method of production are major problems [35,36]. In the European economy, though, the biggest 
challenge to development is the failure to produce economic outcomes, so the producers need 
solutions for long-term survival [37]. There is no single change that can optimize dietary 
performance; only multi-level changes can be the possible solution [6]. It is therefore necessary to re-
evaluate and fine-tune established nutritional concepts. 

The goal of the research was to investigate the effect of dietary natural or biotic additives such 
as garlic, black pepper, and chili pepper powder in poultry nutrition on the sustainable and economic 
efficiency of this type of production. 

2. Materials and Methods  

Ethical Approval: Biological experiment was performed following the EU legislation and 
principle of the Three Rs within Directive 2010/63/EU. 

Animals and Experimental Design: At the start of the trial, in four iterations, eight treatments on a 
total of 1200 chickens with 150 one-day-old chickens per treatment were formed. For the nutrition of 
chicks, three mixtures were used. Starter, grower, and finisher compound feed mixtures, respectively. 
In the first two weeks, chicks were fed with a starter compound mixture of an average cost of 0.38€/kg. 
Over the next three weeks, chickens were fed with grower compound mixtures of average cost of 
0.36, 0.38, 0.40, 0.41, 0.46, 0.39, 0.42, and 0.39€/kg, respectively. Afterwards, in the last week of the 
experiment, chickens were fed with finisher compound mixtures of average cost of 0.34, 0.36, 0.38, 
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0.39, 0.44, 0.37, 0.40, and 0.37€/kg, respectively. The experimental design of the experiment is given 
in Figure 1. Chicks were provided with fed and water ad libitum during the whole trial period, while 
microclimate conditions were regularly monitored and maintained following specific hybrid 
requirements provided by the chickens’ producer. Chickens were reared on the floor wheat straw 
bedding system. To monitoring the productive performance of chickens, body weight and feed 
consumption were recorded every week. 

 
Figure 1. Experimental design with dietary natural or biotic additives, %. 

Period I—from 1st to 14th day of trial; Period II—from 15th to 35th day of trial; Period III—from 36th to 42nd 
day of trial; 0.5—concentration of natural feed additive 0.5%; 1.0—concentration of natural feed additive 1%; 
C—control treatment without additives; G—garlic powder treatment; BP—black pepper powder treatment; 
CP—chili pepper powder treatment; MX—mixture treatment (G:BP:CP–1:1:1). 

Economic and Sustainability Assessment: The economic criteria were focused on the cost of 
production during the trial. At the end of the 42 days of fattening, the cost of production was 
determined by the final body mass of the chickens. Cost or divisions of output were calculated based 
on 1200 broiler chickens, overall. The estimation of economic indicators of production for all 
experimental treatments by feed periods, as well as for the entire fattening period of chickens, was 
calculated based on the cost of a kilogram of chicken (CKC), economic efficiency index (EEI), and cost 
index (CI), and according to the following mathematical equations 1, 2, and 3: 

CKC (€ kg⁄ ) =  cost of 1kg of feed (€)  ×  chicken feed consumption (kg)chicken body weight gain (kg)  
(1) 

EEI (%) =  the lowest cost of 1kg of body weight gain (€)cost of 1kg of body weight gain (€)  × 100 (2) 

CI (%) =  cost of 1kg of body weight gain (€)the lowest cost of 1kg of body weight gain (€)  × 100 (3) 
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Statistical Analyses: Data obtained from the trial were analyzed within the statistical software 
Statistica 13. The data were submitted to analysis of variance (ANOVA) and Fisher's LSD post hoc test 
of significance with Bonferroni correction. The findings were presented as the least square means 
(LSM) and the standard error (SELSM). Results were considered statistically significant when p < 0.05. 

3. Results and Discussion 

Based on findings obtained, it was observed that natural additives added to the diet of broiler 
chickens led to statistically significant (p < 0.05) body weight differences (Table 1). 

Table 1. Least square means of broiler chickens’ productive parameters. 

Treatments 
BW, kg FCR, kg/kg EBI, % M, % 
Period Period Period Period 

I II III I II III Total Total Total 
C 0.39a 1.64c 2.08d 1.3ab 1.8ab 3.0a 2.1a 220.4g 5.1a 

G0.5 0.39a 1.74b 2.37b 1.4ab 1.7b 2.3b 1.8a 295.1ab 3.2ab 
G1.0 0.38a 1.74b 2.34bc 1.4ab 1.8b 2.5b 1.9a 283.7cd 1.3bc 
BP0.5 0.38a 1.58d 2.08d 1.4ab 1.9a 2.5b 1.9a 244.4f 1.3bc 
BP1.0 0.38a 1.50e 2.08d 1.3b 1.9ab 2.3b 1.8a 260.4e 0.6bc 
CP0.5 0.38a 1.82a 2.46a 1.4a 1.8ab 2.4b 1.9a 298.6a 2.6ac 
CP1.0 0.38a 1.81a 2.44a 1.4ab 1.8b 2.6b 1.9a 288.6bc 2.6ac 
MX0.5 0.38a 1.72b 2.30c 1.4ab 1.8b 2.6b 1.9a 279.6d 0.0c 
SELSM 3.81 12.02 23.78 0.01 0.05 0.14 0.15 2.77 0.96 

a,b,c,d,e,f indicated the difference within a row was significant (p < 0.05); C—control treatment without 
additives; G0.5—garlic powder treatment (0.5%); G1.0—garlic powder treatment (1.0%); BP0.5—black 
pepper powder treatment (0.5%); BP1.0—black pepper powder treatment (1.0%); CP0.5—chili pepper 
powder treatment (0.5%); CP1.0—chili pepper powder treatment (1.0%); MX—mixture treatment 
(G:BP:CP–1:1:1); BW–body weight; FCR–feed conversion ratio; EBI–European broiler index; M–
mortality; SELSM-standard error of least square means. 

In the first two weeks of trial, chickens recorded similar body mass without any statistical 
significance (p > 0.05). At the end of the second trial period, a significant (p < 0.05) difference in 
chicken body mass was noticed. Supplementation with natural feed additives in a powder form of 
chili pepper in the concentration of 0.5% (CP0.5) and 1% (CP1.0) led to significant differences (p < 
0.05) in the body mass of chickens compared to control and experimental treatments. At the end of 
the trial, chickens with the dietary addition of 0.5% of chili pepper recorded the highest body mass 
of 2.46 kg, followed by treatment with the addition of 1% chili pepper (2.44 kg). Observed differences 
were statistically significantly (p < 0.05) higher when compared with other treatments. The addition 
of garlic powder in the concentration of 0.5% and 1% led to final body masses (2.37 and 2.34 kg) 
significantly (p < 0.05) higher when compared with final body masses of chickens at treatments C 
(2.08 kg), BP0.5 (2.08 kg), and BP1.0 (2.08 kg). Similar observations regarding the usage of natural or 
biotic dietary supplements in broiler chicken nutrition were noticed when used as natural growth 
promoters [4,38–50]. During the first two weeks of trial, recorded FCR was 1.3 and 1.4 kg/kg. In the 
first two weeks, chickens achieved uniform FCR, as well the body mass, and entered the second trial 
period without statistically significant differences. Supplementation of all natural or biotic additives 
reflected a significant increase (p < 0.05) of EBI, when compared to a control treatment C. Control 
treatment recorded the highest mortality rate and the lowest EBI (Table 1). A mixture of all additives 
(MX0.5) in the ratio of 1:1:1 in the concentration of 0.5% had the highest rate of survival (100%) during 
the whole trial period, with recoded EBI of 279.5%, with significant differences (p < 0.05) compared 
to control treatment and both concentrations of black pepper (0.5 and 1%), respectively. The 
maximum EBI value observed for treatment CP0.5 was 298.6%, and G0.5 was 295.1% without any (p 
> 0.05) discrepancy but significant (p < 0.05) differences with other experimental treatments. 



Sustainability 2020, 12, 4373 5 of 11 

A review of used compound mixtures in the trial, costs, feed consumption, and weight gain of 
chickens are presented in Table 2. 

Table 2. Cost of feed mixtures in a trial. 

 
 Feed cost, €/kg Feed consumption, kg Weight gain, kg 

Starter 
C 

0.38 0.44 0.345 
Grower 0.36 2.25 1.255 
Finisher 0.34 1.29 0.432 
Starter 

G0.5 
0.38 0.48 0.347 

Grower 0.38 2.30 1.353 
Finisher 0.36 1.44 0.628 
Starter 

G1.0 
0.38 0.48 0.344 

Grower 0.40 2.43 1.350 
Finisher 0.38 1.49 0.598 
Starter 

BP0.5 
0.38 0.47 0.341 

Grower 0.41 2.26 1.193 
Finisher 0.39 1.24 0.498 
Starter 

BP1.0 
0.38 0.44 0.344 

Grower 0.46 2.12 1.117 
Finisher 0.44 1.32 0.574 
Starter 

CP0.5 
0.38 0.47 0.342 

Grower 0.39 2.57 1.427 
Finisher 0.37 1.54 0.630 
Starter 

CP1.0 
0.38 0.47 0.343 

Grower 0.42 2.56 1.427 
Finisher 0.40 1.63 0.630 
Starter 

MX0.5 
0.38 0.47 0.343 

Grower 0.39 2.39 1.332 
Finisher 0.37 1.50 0.580 

The cost of the feed that was used in the trial with chickens presented in Table 2 was formed 
based on fattening periods (I, II, and III), respectively. The research of Talpaz et al. [51] shows that 
the ability to determine the optimum density of poultry compound feed that maximizes feeding 
margins has a strong economic benefit. The same research highlighted that to assess the optimum 
feed nutrient content, component costs, meat cost in the market, marketing, and availability of 
biological efficiency of poultry products must be taken into account. The question can be asked, what 
is the combined effect of meat and feed cost on optimal dietary energy and protein, and do we need 
to decrease the concentration of energy and protein in the poultry diet when meat or feed cost are 
increased? Based on our results, the addition of natural additives has beneficial and stimulating 
effects in broiler chicken nutrition, so the decrease of certain nutrients in the dietary mixture can be 
considered. The overall cost of the materials and gain in our experiment is shown in Figures 2–4, and 
Table 3. 
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Figure 2. Cost of body weight gain (BWG), economic efficiency index (EEI), and cost index (CI) in 
period I of the trial. 

After the calculation of chicken feed consumption during the trial and the costs of feed with the 
natural or biotic supplementation of each treatment, calculation of EEI and CI was performed as well, 
respectively. It can be seen that the cost of BWG increased with the addition of natural or biotic 
supplements to the chicken’s daily nutrition. 

 
Figure 3. Cost of body weight gain (BWG), economic efficiency index (EEI), and cost index (CI) in 
period II of the trial. 
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Figure 4. Cost of body weight gain (BWG), economic efficiency index (EEI), and cost index (CI) in 
period III of the trial. 

As in the first trial period, the second trial period showed similar results. The cost of BWG was 
the lowest when garlic powder in the concentration of 0.5% (G0.5) was supplemented to broiler 
chickens’ diet. Supplementation of the black pepper natural additive only at the double concentration 
of 1% (BP1.0) showed the highest cost of BWG in the trial, respectively. Identical reflections of CI 
were observed. Some investigations have shown the reduction in feed cost/kg of live BWG of chickens 
when 1% of mint leaves was supplemented to a basic diet [52]. Also, the results of other authors 
regarding the calculation of total cost, revenues, and net profit in the economic study indicated that 
a mixture of garlic and ginger powder in broiler chicken nutrition showed the highest profitability 
when compared to diets without biotic supplements. 

Table 3. Calculation of cost at the end of the trial. 

Production parameters 
Experimental treatments 

C G0.5 G1.0 BP0.5 BP1.0 CP0.5 CP1.0 MX0.5 
Average cost of feed, €/kg 0.36 0.37 0.39 0.40 0.43 0.38 0.40 0.38 

Average feed consumption, kg 3.98 4.22 4.40 3.97 3.88 4.58 4.66 4.36 
Final body weight gain, kg 2.03 2.33 2.30 2.03 2.04 2.40 2.40 2.26 

Total cost of body weight gain, € 1.44 1.58 1.70 1.57 1.66 1.75 1.87 1.66 
Average cost of body weight gain, €/kg 0.71 0.68 0.74 0.77 0.82 0.73 0.78 0.74 

Cost index,% 104.6 100.0 109.2 114.0 120.6 107.5 115.0 108.8 

From the results presented in Table 3, it can be seen that the highest cost of feed per total trial 
period was recorded in treatment with the addition of 1% black pepper (0.43€/kg), while the lowest 
cost of feed was recorded in the control treatment (0.36€/kg). The highest recorded average feed 
consumption for the entire trial period was recorded in chickens with the addition of chili pepper in 
the concentration of 1% (4.66 kg), which indicates the highest stimulative effect on feed consumption. 
At the end of the trial period, the highest final BWG was recorded in chickens on treatments with 
both concentrations of chili pepper (2.40 kg), but with the highest total costs of BWG (1.75 and 1.87 
€), respectively. The lowest average cost of BWG for the entire trial period was recorded in the 
treatment with the addition of dietary garlic powder in the concentration of 0.5%, with the lowest CI 
of 100%, respectively. 
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4. Conclusions 

Supplementation of broiler chickens’ daily diet with dietary natural or biotic additives has 
numerous beneficial effects. Most of these effects are reflected in final products with added value 
which are functional, healthy, and without any residual antibiotics. Nevertheless, the question can 
be asked whether that kind of production provides economic benefits to producers, and whether  
it sustainable. 

The results of our research have shown and confirmed that the production of safe and healthy 
meat can satisfy the demands of the market, which increasingly seeks sustainable and organically 
produced products, with economic benefit to producers of such types of products. 

The addition of garlic powder in a lower concentration for four weeks of chickens fattening is 
the economical solution and the answer to the previously asked question. The increase in production 
cost with the addition of garlic powder to the chicken’s diet compared to chickens without natural 
additive supplementation is negligible, keeping in mind the product has improved functional 
properties intended for human consumption. This kind of obtained product is sustainable and part 
of organic productions. 

Limitations of this kind of study lie in not knowing the exact mechanism and mode of actions of 
natural and biotic additives, so further research in the field of their mode of action and influence on 
animals, as well on the quality and safety of obtained products for human consumption, is more than 
necessary soon. 
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