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Abstract

Background: Animal behavior may vary due to factors such as the use of zootechnical additives, the type of product, and the inclusion rate. Aim. To determine the effect of three dosage levels of a zootechnical additive, developed in Ecuador, on the productive performance of broiler chickens. Method: A total of 240 Ross 308 broiler chicks (mixed sex), one day old and weighing 39 ± 2 g, were used in a completely randomized design with six replicates and four treatments: a control group without additive and three experimental groups receiving the additive at 0.1%, 0.2%, and 0.3% inclusion levels in the basal diet. Live body weight of the birds was monitored at 1, 15, 36, and 50 days of age. Weight gain, feed intake, and feed conversion ratio were calculated by growth phase and at the end of the rearing period. The viability percentage of the birds was also determined. Data were analyzed using a general linear model that considered only the treatment effect, except for viability, which was processed using a generalized linear model considering the same effect. Results: Significant differences among treatments were observed for the evaluated indicators. At the end of the rearing period (days 1–50), the best productive performance was observed with the 0.2% additive inclusion. Compared to the control group, this dosage increased live body weight (2603.77 vs. 2942.37 g) and weight gain (2563.74 vs. 2902.92 g), and also improved feed conversion ratio (2.11 vs. 1.86 kg/kg).  No significant differences were found in feed intake or bird viability percentage during the rearing period. Conclusions: The additive under study may be used as an alternative growth promoter, with optimal productive performance achieved at a 0.2% inclusion level in broiler diets.
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INTRODUCTION
The poultry industry in Ecuador produces over 500,000 tons of chicken meat, 18,000 tons of turkey meat, and 3.5 billion eggs (CONAVE, 2025). In most of its intensive production systems, zootechnical additives are applied to enhance animal productivity and health. One of the most commonly used additives as animal growth promoters are antibiotics, administered at sub-therapeutic doses, despite their known drawbacks related to the emergence of resistant microbial strains and the presence of residues in animal-derived products (Abd El-Ghany, 2020; Nazeer et al., 2024). In recent decades, the aforementioned concerns have driven interest in the development and use of alternative additives to antibiotic growth promoters in animal production (Kholif et al., 2024). In this context, the use of probiotics containing lactic acid bacteria and yeasts, as well as prebiotics, phytobiotics, and acidifiers, stands out for its positive impact on intestinal health, digestion and absorption processes, and the productive performance of poultry (Chica-Rosado et al., 2021). 

In the scientific literature, Ecuadorian studies are available, most of which evaluate commercial additives (Bortoluzzi et al., 2025). Only a few academic research projects address the development and evaluation of native zootechnical additives. Such is the case of Díaz et al. (2014), who obtained an acidic microbial preparation (pH 3.84) containing lactic acid bacteria (10⁶ CFU/mL), total aerobic bacteria (10⁶ CFU/mL), and yeasts (10⁵ CFU/mL), along with enzymes and organic acids, through submerged fermentation using agro-industrial by-products. This preparation was used as an inoculant in silages made from post-harvest agricultural residues intended for dairy cows, which stimulated milk production and increased milk fat and protein content by 11%. Subsequently, Flores-Mancheno et al. (2016) evaluated the same microbial consortium in growing-finishing pigs and confirmed its beneficial effects on animal health and increased productive performance. Also, Campozano-Marcillo et al. (2025) reported the supplementation of broiler chickens with dehydrated oregano (Origanum vulgare L) as an alternative to the antibiotic growth promoter zinc bacitracin.

Despite the foregoing, research related to the topic addressed in the present study is considered insufficient, and Ecuadorian products intended for veterinary use remain scarce. Hence, a new native zootechnical additive—containing lactic acid bacteria, yeasts, and other bioactive compounds—has recently been proposed for its potential in animal production (Guerrero et al., 2025). However, the effects of this additive on the productive performance of broiler chickens—fast-growing animals whose meat currently holds the highest consumer demand—remain unknown. Likewise, it is of interest to understand how such productive behavior varies depending on the dosage applied. Accordingly, the objective of the present study was to determine the effect of three doses of a zootechnical additive, developed in Ecuador, on the productive performance of broiler chickens.  

MATERIALS AND METHODS
Location and characteristics of the study area The research was conducted during the months of May and June at the Experimental Poultry Farm of the Faculty of Agricultural Sciences, Technical University of Ambato, located in the Querochaca sector, Cevallos Canton, Tungurahua Province, Republic of Ecuador. The location has an altitude of 2,855 meters above sea level, an average annual precipitation of 442.4 mm, and a mean temperature of 16 ± 2 °C.

Animals, experimental conditions, and feeding and management system The experiment lasted 50 days and was conducted in accordance with the Guide to Good Poultry Practices issued by the Ecuadorian Agency for Agricultural Quality Assurance (Agrocalidad System, Ecuador, 2020). To this end, 240 Ross 308 broiler one day old chickens of both sexes, weighing 39 ± 2 g, were used. The animals were housed in pens measuring 1.20 m² (10 birds per pen), with rice husk bedding on the floor. Prior to the experiment, the poultry house was cleaned and disinfected. During the first three weeks of the chicks’ life, the temperature was maintained at 33 ± 2 °C using gas heaters, with relative humidity ranging from 45% to 65% and adequate ventilation. Subsequently, the heaters were removed and the ambient temperature was maintained. During the first 72 hours, the birds were kept under continuous lighting (24 hours), after which the duration was gradually reduced by 2 hours. The vaccination protocol for the animals included a subcutaneous dose of Marek’s disease vaccine at birth, an ocular dose of infectious bronchitis H120 on the first day of life, a beak-ocular dose of Gumboro plus Newcastle disease at 7 days, a second Gumboro dose at 15 days, and a subcutaneous dose for inclusion body hepatitis at 21 days. 

A three-phase feeding system (starter, grower, and finisher) was used, in which broiler diets were offered twice daily according to Aviagen (2022) recommendations. The diets were formulated with reduced protein levels to prevent ascites syndrome. The calculated nutrient and energy contributions of the diets used in the experiment are presented in Table 1. Water was provided through nipple drinkers and feed through tubular feeders, both offered ad libitum. Throughout the rearing period, the amount of feed offered and refused was monitored in order to calculate consumption.

Table 1. Experimental diets and chemical composition (%)
	Raw materials
	Inclusion %

	
	Starter
	Grower
	Finisher

	Cornmeal
	58.3
	58.8
	63.6

	Soybean meal (44%)
	34.3
	31.9
	29.03

	Palm oil
	3.41
	3.65
	3.70

	Calcium carbonate
	1.52
	3.26
	1.29

	Monocalcium phosphate
	1.05
	0.98
	0.90

	Iodized salt
	0.33
	0.30
	0.35

	Mineral-vitamin premix¹
	0.25
	0.20
	0.20

	Lysine, HCl
	0.25
	0.23
	0.25

	Antifungal agent
	0.22
	0.20
	0.20

	DL-Methionine
	0.22
	0.24
	0.25

	L-Threonine
	0.07
	0.08
	0.09

	Sodium sesquicarbonate
	0.04
	0.06
	0.04

	Choline chloride (60%)
	0.04
	0.05
	0.05

	Diclazuril 0.5% (coccidiostat)
	0.04
	0.02
	0.02

	Calculated nutritional contribution (% as-fed basis)

	Dry matter
	88.9
	89.1
	88.8

	Crude protein
	20.3
	19.3
	18.4

	Ashes
	5.78
	7.31
	5.19

	Crude fiber
	3.26
	3.16
	3.16

	Fat
	6.24
	6.45
	6.62

	Calcium
	0.83
	1.47
	0.70

	Phosphorous
	0.61
	0.58
	0.56

	Sodium
	0.17
	0.16
	0.18

	Lysine
	0.27
	1.18
	1.13

	Methionine + Cystine
	0.88
	0.83
	0.83

	Metabolizable energy, MJ/kg
	12.7
	12.6
	13.0


1Two kilograms of mineral-vitamin premix contain:  Vitamin A 12,000,000 IU; Vitamin D₃ 2,400,000 IU; Vitamin E 10,000 IU; Vitamin K₃ 2,000 mg; Vitamin B₁ 3,000 mg; Vitamin B₂ 5,000 mg; Vitamin B₆ 4,600 mg; Vitamin B₁₂ 12 mg; Nicotinic acid 35,000 mg; Pantothenic acid 10,000 mg; Folic acid 700 mg; Biotin 80 mg; Choline 500,000 mg; Manganese 70,000 mg; Selenium 150 mg; Iron 80,000 mg; Copper 7,000 mg; Zinc 60,000 mg; Iodine 1,500 mg; Cobalt 150 mg; excipient q.s. to 2,000 g.

Production of the zootechnical additive The additive was obtained using the methodology of Bustamante et al. (2021), with modifications to the substrate and inoculum composition, as described by Guerrero et al. (2025). It contained 1.4×10⁷ CFU/g of mesophilic aerobes, 1.0×10⁶ CFU/g of yeasts, appropriate hygienic-sanitary quality (<10 CFU/g of Enterobacteriaceae, total coliforms, and Escherichia coli; absence of Salmonella and Listeria spp.), 14.2% moisture, 14.2% crude protein, 11.8% ash, 0.21% fat, 14.3% crude fiber, 45% total carbohydrates, and a pH of 6.72.

Productive performance The live weight of the chickens was recorded at the beginning of the experiment and at 15, 36, and 50 days of age. Daily records of feed intake and the number of dead animals per treatment were kept. Bird and feed weights were measured using a technical balance (MOCCO SF-400D) with a precision of ±0.01 units. Feed intake (offered–refused; g), weight gain (final weight–initial weight; g), and feed conversion ratio (intake/weight gain; kg/kg) were calculated by stages and at the end of the rearing cycle (1–50 days). In addition, the viability percentage of the rearing process was determined as (final stock/initial stock) × 100.

Experimental Design and Treatments A completely randomized design was used, with four treatments and six replicates per treatment, where each replicate was considered an experimental unit consisting of 10 birds. The treatments consisted of: a control group without growth promoter (T0), and the additive under study included at 0.1%, 0.2%, and 0.3% in the basal diet (T1, T2, and T3, respectively).

Statistical analysis The statistical analysis of the results was performed using the INFOSTAT software package (Di Rienzo et al., 2012). The data were analyzed using a general linear model that considered only the effect of treatment. When necessary, mean values were compared using Tukey’s test (Kramer, 1956) at a significance level of p < 0.05. For the response variable viability percentage, which did not follow a normal distribution, a generalized linear model with fixed effects was used via the Proc GLIMMIX procedure in SAS (2013), considering the effect of treatment with four classes. The distribution of the response variable was log-normal (logn), therefore the corresponding link function used was the identity function.

RESULTS
Figure 1 and Table 2 show the productive indicators of chickens treated with the zootechnical additive under study up to 50 days of age. Differences between treatments were detected for the indicators live weight, weight gain, and feed conversion ratio, depending on the age or growth stage of the animals. However, feed intake did not differ among treatments.
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Figure 1. Live weight of broiler chickens treated with an Ecuadorian zootechnical additive at 15 days (SE ±3.07; Sign. **), 36 days (SE ±29.68; Sign. ***), and 50 days of age (SE ±72.27; Sign. *).

Table 2. Effect of the inclusion of a zootechnical additive on weight gain, feed intake, and feed conversion ratio of broiler chickens up to 50 days of age.
	Indicators
	Stage
	Dosage of the Ecuadorian zootechnical additive
	SE±
	Sig.

	
	
	T0 (0%)
	T1 (0.1%)
	T2 (0.2%)
	T3 (0.3%)
	
	

	Animal live weight gain (g)
	1-15
	218.97a
	215.81a
	227.08ab
	231.97b
	2.91
	**

	
	16-36
	1 316.14a
	1 501.66bc
	1 530.67c
	1 395.05ab
	27.70
	***

	
	37-50
	954.36a
	933.44a
	1 145.17b
	1 084.50ab
	47.37
	*

	Feed intake
	1-15
	453.50
	454.17
	458.17
	462.00
	3.52
	NS

	
	16-36
	2 394.67
	2 415.67
	2 412.67
	2 409.67
	10.47
	NS

	
	37-50
	2 505.50
	2 469.50
	2 526.67
	2 497.67
	22.79
	NS

	Feed conversion ratio, kg/kg
	1-15
	2.07b
	2.11b
	2.02ab
	1.99a
	0.03
	**

	
	16-36
	1.83c
	1.61ab
	1.58a
	1.73bc
	0.04
	***

	
	37-50
	2.75c
	2.65bc
	2.21a
	2.34ab
	0.13
	**


a,b,c In rows, means with different scripts differ at p( < 0.05 (Tukey, 1956).
Legend: T: treatment; SE: standard error; Sig: significance; NS: Non-significant difference; *** = (p<0.001); **= (p˂0.01); * = (p<0.05).
Up to 15 days of age, live weight and weight gain were higher in the group that received 0.3% of the additive compared to the control and the group treated with 0.1%. Moreover, the values of these indicators for the second dose (0.2%) were similar to those of the group receiving 0.3%. Consequently, the feed conversion ratio of animals treated with the highest dose was better than that of the control group and the group receiving 0.1%, without differing from the 0.2% group.

The aforementioned effect varied up to 36 days of age in broiler chickens. In this case, live weight and weight gain were higher than the control group in the chickens treated with 0.1% and 0.2% of the additive. The values of these indicators in animals that received the third dose (0.3%) differed only from those treated with the 0.2% dose and were lower. 

At 50 days of age, the live weight and weight gain values of broiler chickens were higher with the inclusion of 0.2% of the Ecuadorian additive compared to the control group and the group treated with 0.1%, without differing from the 0.3% group. The best feed conversion ratio was also observed with the 0.2% dose.

The results for weight gain and feed conversion ratio during the broiler chickens’ rearing cycle (1–50 days) are shown in Figure 2 (A and B). Both indicators varied among treatments, and the best values—compared to the control—were obtained with the 0.2% zootechnical additive treatment. Moreover, feed intake during the rearing period did not differ among treatments (p˃0.05). Feed intake values were 5,353.67; 5,339.33; 5,397.50; and 5,368.67 g (SE±25.68) for the control treatment (without additive) and for those including 0.1%, 0.2%, and 0.3% of the zootechnical additive, respectively.
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Figure 2. Productive indicators during the rearing of broiler chickens (1–50 days) treated with an Ecuadorian zootechnical additive. A) Live weight gain (SE±72.21; Sign. *); B) Feed conversion ratio (SE±0.06; Sign.*).
In general, the inclusion of the additive in the broiler chickens’ diet did not affect their health status. The control group had five mortalities, resulting in a bird viability of 91.67%, whereas the groups treated with the additive had only two mortalities per treatment, corresponding to a viability of 96.67% (Table 3). However, no differences were found among treatments. 

Table 3. Viability percentage of broiler chickens treated with three doses of an Ecuadorian additive
	Treatments
	Transformed viability (original mean, %)
	SE±
	Sig.

	T0 (0%)
	4.51

(91.7)
	0.0257
	NS

	T1 (0.1%)
	4.57

(96.7)
	
	

	T2 (0.2%)
	4.57

(96.7)
	
	

	T3 (0.3%)
	4.57

(96.7)
	
	


Legend: SE: standard error; Sig.: Significance; NS: Non-significant differences
DISCUSSION
Zootechnical additives can be classified according to their category and functionality, although their purpose is to positively influence the productivity of healthy animals or the environment (EC 2003; Boyko et al., 2020). In this regard, the evaluation of three doses (0.1%, 0.2%, and 0.3%) of a zootechnical additive produced in Ecuador in broiler chickens showed improvements in their productive performance across the different stages studied. 

When analyzing the rearing cycle (1–50 days), the highest live weight gain and best feed conversion were obtained with the 0.2% dose, compared to the control group. The inclusion of 0.3% did not yield improved indicators that would justify its use, and production costs would increase as a result. Reasons supporting the recommendation to use the additive of interest at 0.2% in broiler chicken rearing and in future research aimed at further exploring its effects and mechanisms of action.   

The previous results may be related to a potential probiotic-like activity, considering that the additive contains bacteria and yeasts at concentrations of 10⁷ and 10⁶ CFU/g, respectively—levels consistent with the FAO/WHO (2002) recommendation for ensuring probiotic efficacy. The effects described for these additives, although the mechanisms by which they are expressed are not precisely known, are mainly associated with their actions in the gastrointestinal tract (Abd-El Hack et al., 2020). Its inclusion in diets facilitates or enhances the processes of digestion and nutrient absorption from ingested feed, promotes gastrointestinal microbiota balance, improves intestinal health, and modulates the immune system—factors that positively influence higher productive performance and the attainment of healthy animals (Sosa-Cossio et al., 2021; Ayalew et al., 2022). For example, studies involving probiotics containing single strains, multiple strains, single species, or multiple species highlight the advantages of using such products in poultry production (Melara et al., 2022; Al-Younes et al., 2024).

Moreover, the evaluated additive was produced using a mixture of wheat and barley bran, which influenced its crude fiber and protein content (14.3% and 14.2%, respectively).  Several studies have shown that dietary fiber, both its soluble and insoluble fractions, can also affect digestive physiology and function, improve intestinal health, and enhance growth performance in chickens (Jha & Mishra, 2021; Röhe & Zentek, 2021). The dietary fiber present in wheat is rich in arabinoxylan (a non-starch polysaccharide), whereas barley contains high concentrations of β-glucan. In the present study, both compounds may have exerted a prebiotic-like effect, influencing the composition and concentration of the gastrointestinal tract microbiota and, consequently, the intestinal health of broiler chickens (Jha & Mishra, 2021). 

Dosage and mode of administration are factors that can influence the efficacy and consistency of results, as well as the type of additive and the experimental conditions (Bogusławska-Tryk et al., 2021; Akram et al., 2024). In this regard, numerous studies involving additives such as probiotics, phytobiotics, acidifiers, and nutraceuticals—or their combinations—use variable concentrations, even lower than those applied in the present study, and report improvements in animal performance or responses comparable to those obtained with growth-promoting antibiotics (Ebeid et al., 2021; Al-Younes et al., 2024; Avaín et al., 2024). Currently, there is no established methodology or guideline that clarifies the appropriate dosages to be used according to additive categories or animal species, nor the methods for monitoring the efficacy of zootechnical additives. Perhaps for these reasons, inconsistent results are obtained regarding the beneficial effects these additives may produce. 

In the available scientific literature, as previously mentioned, no information was found on additives developed in Ecuador using the procedure proposed in the present study. However, the studies by Díaz et al. (2014) and Flores-Mancheno et al. (2016) confirmed the beneficial effects of a microbial consortium on the health and productive performance of the animals used in their experiments.

Specifically, the additive under study has not been evaluated in other poultry categories or animal species. Nevertheless, studies were found involving products with similar characteristics, such as solid Vitafert. This additive was characterized and evaluated by Bustamante et al. (2016 and 2021) in both healthy and colostomized chickens. The authors demonstrated that its inclusion in a diet containing Moringa oleifera forage meal improved the utilization of nitrogen and energy present in the feed. In other studies involving different variants of Vitafert, its ability to control the development of enterobacteria, reduce the incidence of diarrhea, and improve the productive performance of economically important animals was demonstrated (Valiño et al., 2024). These effects were primarily attributed to the presence of beneficial microorganisms, the content of organic acids with antimicrobial activity, and the modulation of the immune system.

In summary, the results suggest that the additive under investigation may contribute to the proper development of the gastrointestinal tract and support the maintenance of its structural and functional homeostasis. Similarly, the additive may have stimulated intestinal metabolic processes, increased nutrient availability, improved the structure of internal organs, and modulated the immune response, thereby promoting better intestinal health and productive performance in broiler chickens. These effects should be corroborated in further studies and are of increasing interest for their use as alternative growth promoters in the agricultural sector. Therefore, the additive at a 0.2% inclusion level is considered suitable for use as a zootechnical additive in broiler chickens. However, it is necessary to further investigate the effects it produces on the physiology and health of poultry.

CONCLUSION
The additive under study can be used as a growth promoter. The best productive performance is achieved with its inclusion at 0.2% in the diet of broiler chickens.
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