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Abstract

:

Key questions for a local broiler farm are: which broiler hybrid to rear and which industrial feed to use? To show how farmers can manage them, a combination of biological tests and feed characterizations of the most commonly used hybrids and broiler feeds in the local (Serbian) market was designed and performed. The hybrids Cobb 500 and Ross 308 were used, as well as feed of the same quality category from three established domestic producers (A, B, and C) available in the market. A factorial trial (2 × 3) was performed on a total of 1800 unsexed day-old chicks divided into six experimental treatments, with six repetitions per treatment and 50 chickens in each repetition. Prior to and after the biological trial, the feed was characterized. The results confirm the equally high production potential of the two tested fast-growing hybrids, the different quality of the three industrial feeds, and that for the expression of genetic potential, each feeding and fattening period was equally valuable. A complete picture of the tested feeds was obtained within a suitable post-test feed characterization with a farm economy included in the analysis, and the results differed in different production and market scenarios, which allows for finding the optimal feed for the local farm.
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1. Introduction


In conventional production systems based on fast-growing broilers, the three most important constraints (bottlenecks) for the maximum production results of broilers on a farm are the genetics or potential and quality of the day-old chicks, the nutrition or feed quality, and the health or care of the chickens. Local independent farmers often do not have a significant influence on the first two, except through the choice of the chicken and feed suppliers available on the market. While large vertically integrated poultry production systems can control all aspects, that is the choice of the hybrids and the quality of the chickens in their own incubators, the quality of the nutrition program in their feed mills, as well as farm fattening and the entire production chain optimization to maximize their profit [1,2,3]; the economy of a single independent farm can be controlled the most at the farm’s gate—the price, quantity, and quality of the broiler fattening inputs and outputs. In practice, the farmer usually has two options: to control or to trust his/her partners—the local production contractors/integrators and input suppliers.



The current genetic potential of the two most bred fast-growing chicken hybrids in Serbia (Cobb 500 and Ross 308), according to the published data of their producers, is very similar. Although these hybrids, in optimal conditions of six-week fattening for both sexes, reach an average body weight of 2952 g for Cobb 500 and 2918 g for Ross 308, with a similar feed conversion ratio (FCR) of 1.61 for both breeds [4,5], in Serbia, in the last four years, these fattened broilers were delivered to slaughterhouses with an average body weight of 2400 g [6]. The reason may be suboptimal conditions of breeding and/or nutrition [7], but also the frequent practice of producers to depopulate the fattening flock from day 35 by picking and selling the heaviest chickens. On the other hand, the increase and much better use of the genetic potential of broilers, i.e., the reduction in the yield gap in a country [8], represents the greatest potential for increasing the production of broiler meat, both locally and globally. Beside genetics, the quality and potential of day-old chicks delivered to the farm are affected by a number of factors, such as the parent flock (age, health status, nutrition, environment, and management of the parent farm), incubation, and transport methods [9]. Therefore, in addition to the choice of hybrid, the choice of a reliable local supplier of day-old chicks is also important.



The quality of the feed and the nutrition of the broilers, the second most important factor in fattening, can also differ in integrated, internal feed mills, and commercial, market-oriented feed factories. The nutritionist employed by the integrator knows which genotype, under what conditions and the purpose of the fattening, will be fed, and usually needs and produces only a few formulations. In the case of the feed factories (especially when it comes to feed for retail), they have many clients who use different hybrids and grow them under different conditions and goals, and feed producers are usually not familiar with this [10]. Therefore, the largest industrial feed mills in Serbia have more options in the market program for broiler fattening. Most often, these are three qualitatively and price-wise different nutrition programs: an economical, standard, and premium feed program for broiler fattening. Since economical and premium programs can be very different from different manufacturers or can even be custom-made (including the optimization of nutrition, if the client has reliable farm data and the feed producer has state-of-the-art software tools and an experienced nutritionist, as shown by Steed et al. [11]), the focus of this study was on standard programs, which have the widest application, attractiveness in terms of the price–quality ratio, and are more suitable for performing realistic comparisons of different producers and the impact of their feed on fattening results. Additionally, the minimum quality requirements for these mixtures for broiler fattening are regulated in Serbia by the Rulebook on the quality of animal feed [12] and all products on the market within this (standard quality) category comply with these (minimum or minimum/maximum) nutrient limits. On the other hand, manufacturers use so-called closed recipes (specifications of the ingredients used on the product declaration without stating the quality, quantity, and processing), which limits the possibility of characterizing and comparing the market feed for broilers.



Although Serbia is a major producer of maize, soybeans, and sunflowers, which are the main components of quality mixtures for broiler fattening, Milošević et al. [13] point out that the price of the inputs for broiler fattening, especially feed, is significantly higher than in the EU countries, and especially in relation to Brazil and the USA, stating that in observed years it was approx. 30 €/100 kg of feed and was 10–30% more expensive. The price of feed for broilers follows the trends of the stock market prices, primarily maize and soybean, which have been changing mostly upwards in recent decades. Therefore, the feed in broiler fattening, especially the price–quality ratio, is becoming more important than ever for the economic success of commercial broiler fattening. Concern for the future is also shown in the latest global survey of poultry and feed industry stakeholders [14], especially regarding the availability of raw materials, commodity costs, mycotoxins, antibiotic bans, and other difficulties in maintaining feed quality. It should be emphasized that GMO feed and the use of antibiotics as growth promoters has been banned in Serbia, and therefore it is more challenging to produce the best-performed broiler feed, as shown by Bean-Hodgins et al. [15].



The average purchase prices of broilers in Serbia, according to the Statistical Office of the Republic of Serbia [6] for the years 2017, 2018, and 2019 were 112, 105, and 96 RSD/kg live weight, respectively (0.95, 0.89, and 0.81 €/kg; 1 € ≈ 118 RSD). Due to the sensitivity of the Serbian market, as a small and open market for imports, as well as the insufficient organization and market impact of broiler producers, frequent and unpredictable fluctuations in the prices of fattened chickens are noticeable, usually by ±10% of the average price, which significantly complicates the ability to plan and control the broiler production economy.



Therefore, to show how local farmers can open and light these two “black boxes” in their production, we considered it important and useful to design and perform independent testing of the most commonly used hybrids and broiler feeds in the Serbian market, and especially to cross-test these two key production factors. Additionally, due to the frequent variability of the purchase prices of fattened chickens and at least two thirds of the share of feed in the production cost, the test results of the different feeds in terms of the profitability of the nutrition per broiler depending on the duration of fattening (35 or 42 days) and market conditions (90, 100, or 110% of the current price of kg live weight of broilers) were analyzed.



The main aim of this study was to design and evaluate a simple tool as a combination of comparative biological tests and feed characterizations to help local broiler producers from one region or country choose the most cost-effective feeding and fattening strategies for their farm, in these changing market conditions.




2. Materials and Methods


2.1. Trial Design, Used Broilers and Feed


The effects of two different hybrids and three different feeds, most common on the Serbian market, on broiler production performance was determined by a 2 × 3 factorial experimental design. Before and after the biological trial, the characterization of the tested feed was designed and performed.



The test was performed in the period of April/May 2018 on broilers of the Cobb 500 and Ross 308 proveniences, currently the two most commonly used broiler hybrids in Serbia. All chickens were procured from the same local producer and incubated in the same incubator. The biological trial was performed on a total of 1800 day-old broiler chickens of both sexes (900 per tested hybrid) divided by a randomized block system into a total of 6 experimental treatments, with 6 replicates per group and 50 chickens in each replicate/box. At the start of the trial, an individual initial visual inspection and an initial measurement of the chickens were performed. At the beginning of and during the trial, the common vaccination program of chickens, required by national regulations and technologically recommended, was performed.



Complete mixtures for broiler fattening were purchased on the market under the same market conditions from three different manufacturers who are well-known and established animal feed companies in Serbia with large production capacities and a long tradition (producers A, B, and C). The selected commercial feed and diet program was an average, standard option of the broiler fattening feed supplied to the local market: a starter mixture with 22% crude protein (CP) to be used until day 21 of broiler fattening, a grower mixture with 19% CP until day 35, and the finisher with 17% CP until day 42 of the fattening. All the used mixtures were analyzed in the laboratory before their use in the biological trial.



The study was performed at the Institute of Animal Husbandry, Belgrade—Zemun, Serbia, in the accredited Laboratory for Chemistry and Microbiology and at the Experimental Farm for Broiler Fattening in the period April/May 2018. The trial was reported and approved by the Ethics Commission of the Institute of Animal Husbandry Belgrade—Zemun according to the required procedure. The experiment complied with the principles of the Serbian Law 41/2009 concerning animal welfare and Rulebook 39/10 for the handling and protection of animals used for experimental purposes, as well as the EU Council Directive 98/58/EC concerning the protection of farmed animals and Directive 2010/63/EU on the protection of animals used for scientific purposes.




2.2. Housing and Feeding of Broilers in the Trial


The chickens were kept in a floor system, in a single building/room with group boxes measuring 1.9 × 1.95 m for a maximum of 50 broilers (stocking density 15 heads/m2) on a chopped straw litter. Food and water were given to the chickens ad libitum from one standard bell feeder and two round feeders per box. The lighting program during the first 10 days and the last three days of fattening was 23 h of light (L) and 1 h of darkness (D), and from day 11 to 38, in 24 h, 16L/4D/2L/2D. The temperature in the building was regulated by an automatic switching on of heating (set temperature) and air circulation by setting a timer (without the possibility of cooling the intake air) according to the ambiental recommendations of the manufacturers of the used hybrids.



The basic indicators of the ambient conditions (temperature and humidity) in the facility (at the level of the chickens) were registered and recorded every hour during the biological trial, and the average weekly values are shown in Table 1.




2.3. Feed Characterization


In order to clearly and completely compare the tested feeds and obtain a rational conclusion about their value, the characterization of the feeds before and after the biological trial was designed.



The characterization of the feed before the biological trial was performed on the basis of the market price and producer declarations, laboratory analyses, and calculations of the chemical and nutritional composition, as well as microbiological analyses.



The characterization of the feed after the biological trial was performed on the basis of the absolute and relative comparison of body weight, the feed conversion ratio, and the other production results of the broilers fed the tested feeds, as well as the calculated economic parameters of fattening success related to feed (average price/cost of the feed consumed per broiler, gross profit after deduction of the feed costs), where comparisons were made for two scenarios of fattening duration (35-day fattening and 42-day fattening) and three market price scenarios (90, 100, and 110% of the current price per kg of the live weight of the fattened broilers).




2.4. Testing during the Broiler Biological Trial


The health conditions of the broilers were monitored and determined daily, and deaths in the trial were immediately recorded, measured, and included in the calculation of the feed conversion ratio. Mortality was calculated at the box level.



The individual body weight of all the chickens was measured on arrival (day zero, a few hours after hatching), at the end of the first week, during feed changes, and at the end of the test (days 7, 21, 35, and 42). For the first two measurements, a calibrated scale CHYO MK-2000B (Chyo Balance Corp., Kyoto, Japan) with an accuracy of 0.01 g was used, and for the other measurements, a specialized scale for measuring poultry BAT 1 (Veit Electronics, Moravany, Czech Republic) with an accuracy of 1 g was used. Simultaneously with the recording of body weight, the consumption of feed per box was determined for the time interval between the two weightings.



On the basis of all the measurements, the individual weight gain of the chickens was calculated, as well as the mortality and feed conversion ratio (kg of feed/kg gain) at the box level for the different observed periods of fattening.



For the two production scenarios, broiler fattening up to 35 days and broiler fattening up to 42 days, the European Production Efficiency Factor (EPEF) was calculated, a common aggregate performance indicator of broiler fattening based on average weight, vitality, the feed conversion ratio, and fattening duration [16].




2.5. Statistical Data Processing


Body weight and weight gain were determined and analyzed for each trial chicken, while a box was used as the experimental unit for all the other production parameters. The obtained results were processed with the statistical software package STATISTICA, version 8 (StatSoft Inc., Tulsa, OK, USA), using the Factorial ANOVA procedure. The degree of statistical significance of the differences in production performance between the groups was determined using the Tukey test. Significant differences were considered to be values with p < 0.05.





3. Results


3.1. Feed Characterization before the Trial


The properties of all the purchased feeds within the standard broiler diet program of the three different industrial feed manufacturers in Serbia, which could be determined without a biological trial, based on declarations, chemical and microbiological analysis, and calculations, are shown in Table 2.



The table shows the main identified specifics of the broiler feed produced in three different feed companies in Serbia, all three among the leading producers in terms of capacity and market reputation. It must be pointed out that manufacturers use so-called closed recipes with the declaration of all used components and their groups (oil industry by-products: soybean meal, sunflower meal, etc.) without the obligation to state the specific ingredient quantity, quality, or processing methods. The exact composition of purchased broiler feed cannot be determined from declarations. However, in Serbia, non-GMO domestic maize and soybean (meal, cake, and full fat) are most often used for broiler feed as two basic ingredients of diets.



According to chemical and microbiological analysis, it was determined that all feeds were correct, and according to the form (crumble, pellet) and additives used, they can be classified as quality feeds.



In general, the feeds and nutrition program A, characterized by the lowest market price of all the feeds, showed a lower crude protein (CP) content in the starter, but also 0.4 and 1% higher CP in the grower and finisher than the declared minimum. There were also relatively lower contents of soluble sugars in the feeds compared to the other two manufacturers, but also higher calculated values of the metabolic energy of the starter and grower.



The feeds and diet program B was characterized by a CP content equal to or about 0.5% above the declared minimum. The most noticeable was the very low content of crude fat in the feeds, especially in the starter and grower, about 2.5% less than prescribed (and declared) for this type of feed, which caused the low metabolic energy content of these feeds.



The feeds and the general diet program C was mostly characterized by a significantly higher soluble sugar content compared to the other two manufacturers (and up to twice as high), with the normal metabolic energy values in the feeds almost in the middle between the respective feeds of the other two manufacturers. Protein analysis showed (up to 0.5%) lower values in the starter, within the permitted limits, and about 0.6% higher content in the grower and finisher than the declared minimum.



By comparing the results of the feed analysis with the regulated and declared values, as well as by comparing the manufacturers, it was determined that the biggest differences related to the price of the mixtures and the chemical composition of some nutrients.




3.2. Biological Trial


The average body weights during the biological trial of fattening the two hybrids with feed from the three different manufacturers most commonly used on the Serbian market are shown in Table 3.



The quality of the two purchased broiler hybrids was checked visually at the beginning of the test (according to the recommendations of the hybrid manufacturer) and by initial weighing. The visual quality of both hybrids was equally good and without differences between them, except for the body weight of the Ross 308 day-old chicks, which was 0.5 g higher (p < 0.0001) and somewhat more uniform compared to the Cobb 500 hybrid.



However, the achieved average body weights recorded in all the measurements during the 42-day fattening did not differ significantly (p > 0.05) between the two tested hybrids. The body weights achieved in the 35-day fattening were comparable to the current technological targets of the tested hybrids declared by the breeders (lagging behind by 2–4%); in the final weeks of fattening, the lagging behind reached 10%, partly due to the increased stocking density (from 33 kg/m2 to 40 kg/m2 at the end of the week). Additionally, the tested broiler feed and feeding strategies were standard, different from those recommended by breeding companies, so they were not best adapted to a particular broiler hybrid and led to a reduction in final body weight [18].



The achieved body weight of the broilers in fattening was under the greatest influence of the diet comprising mixtures of the different manufacturers. Chickens fed mixtures of producer A had a significantly lower body weight in all measurements during the test (p < 0.01) compared to the diet comprising feeds B and C, which did not differ from each other (p > 0.05).



The results of mortality monitoring during the biological trial are shown in Table 4.



In general, the Cobb 500 hybrids and one feed (manufacturer C) showed higher broiler mortality during the biological trial, but the differences were not statistically significant (p > 0.05), nor was the interaction of the tested hybrids and the feed used observed. However, all feeds produced by the C manufacturer had a high level of soluble sugars, which is positive in term of easy energy availability in feed for young chicks, but could be detrimental to the gut microbiota in feed for older broilers.



Figure 1 shows the achieved average daily weight gains during the biological trial, individually for all six applied treatments and by feeding periods, during the feeding period with starter feed (a), grower feed (b), finisher mixtures (c), as well as during the entire six-week period of fattening (d).



Similar to body weight, the graphs with the average values of the daily gain of the different broiler hybrids fed different market feeds even show a visually noticeable positive impact on the weight gain of the feeds used during the starter (feed B and feed C) and grower period (feed C), and consequently during the whole fattening. Broilers fed starter and grower A realized a significantly lower gain during the test (p < 0.05).



It is also noticeable that the tested hybrids fed with the same feed did not differ (p > 0.05) in the expressed growth rate measured by daily gain in the observed periods, as a biological response to nutrition.



The conversion of feed per kilogram of broiler growth in the test (Table 5) differed only during the feeding of broilers with starter feeds from the different manufacturers. In the first week, as in the next two weeks, until day 21 of fattening, the broilers fed starter B showed the best feed conversion ratio, significantly lower compared to starter A in the first week, and starter A and starter C during the first three weeks of fattening (p < 0.01). During the period of grower and finisher feeding, as well as for the complete biological trial, none of the applied treatments significantly affected the conversion of feed in the broilers.



It should be noted that the only significant interaction effect of the tested feed and hybrids in general on the broiler production performance during the test was registered during the first week in the starter conversion ratio (p = 0.0067) but was not determined and confirmed in the analysis of the whole starter period (p = 0.9899).



The production index (EPEF) for the two fattening scenarios (for the five-week and six-week fattening) was calculated based on the achieved production results of the broilers in the trial and, since no significant interaction between the two factors was observed in the trial results, the influence of the factors is shown individually in Table 6.



The biological trial also showed in the production index, as a summary of the broiler production performance in fattening, that both broiler hybrids were of similar quality, but that market feed from different producers could significantly affect the manifestation of broiler potential and success measured by this parameter. The broilers fed with mixtures of producer A achieved a significantly lower EPEF in both scenarios of fattening duration compared to the feed of producer B, and also in fattening up to day 35 when compared to the feed of producer C.



It should be noted that in all treatments, a better EPEF was achieved with shorter fattening.




3.3. Post-Test Feed Characterization


Comparisons and analysis of the feeds based on the absolute and relative production parameters achieved in the fattening and a calculation of the impact of the feed on the economic success of the fattening in various scenarios of the end of the fattening and the price of the final product are shown in Table 7.



At the production level, it is easy to see that the feed and nutrition programs of manufacturers B and C were obviously better and very similar in terms of the production performance of the broilers in the biological trial, but were about 8% more expensive than feed A, which was poorer in terms of performance in the test. However, a complete picture of the tested feeds was obtained only when the success of the tested feeds in economic terms was analyzed, and the results of this analysis were very interesting when looking at different scenarios of fattening duration and market conditions.



In particular, the feed and standard nutrition program for broiler fattening of producer A, which served as the basis for feed comparison, has the best prices on the market, but also gives poorer production results of broilers in fattening in both fattening scenarios. The production performance as a result of feed A was proportionally poorer compared to the other two feeds almost to the same extent, as the price of the feed was lower (up to 8% lower production parameters with 8–9% cheaper food). However, if the economics of fattening are observed, it is recommended to use this food in six-week fattening, as it can be economically more profitable than feed B by 2–7%, depending on the purchase price of the broiler live weight, and compared to feed C can be equal to or up to 4% more profitable.



Regarding the individual mixtures (Figure 1), the results showed that the broilers in the biological trial reacted best to the starter mixture of manufacturer B, as well as to the grower of manufacturer C, and when fed the finisher feeds, the chickens reacted very similarly to mixtures of all three manufacturers. In general, the feed and nutrition programs of producers B and C were very comparable both in price and in the results of the biological trial. However, even relatively small differences between feeds B and C in the individual production results of the fed broilers (1–3% by day 35 of fattening and up to 1% in six-week fattening) caused significant differences in the economic analysis. The results of the analysis indicated that in five-week fattening, it is most profitable to use feed from producer C, which was 2–5% more profitable than feed B and 2–4% more profitable than feed A.



It is also interesting to analyze the production indices (EPEF) and gross profits in the five-week and six-week fattening. It can be noticed that higher production indices were achieved in the five-week fattening compared to the six-week fattening, which may have been due to the increase in stocking density in the final week (from 33 kg/m2 to 40 kg/m2 at the end of the week) and the consequent deterioration of welfare conditions in the trial. It is also noticeable that the gross profit per fattened chicken in shorter and longer fattening (observed in absolute values) remained almost the same at the current purchase price of the broiler live weight, or by 10% lower price, but not if the purchase price of the broilers on the market increases.





4. Discussion


4.1. Chickens and Feed Quality


Biological testing of broiler production performance showed that both broiler hybrids have similar genetic potential and quality, but that market feed of the same quality class from different domestic producers can affect the expression of broiler potential.



The average body weight, daily gain, and FCR recorded during the 42-day fattening, as well as the EPEF did not differ (p > 0.05) between the two tested broiler hybrids. However, the characterization of commercial feed for broilers before biological testing revealed differences in the chemical composition of some nutrients, which significantly affected the production performance in biological testing. Broilers fed a feed program of producer A achieved significantly lower starting and overall results compared to the feed of producers B and C. The test confirmed the claims of breeder companies that every additional gram gained by a seven-day-old chick in fattening can result in a 6–7 g weight gain on day 35 of fattening [19,20]. Broilers fed the starter of manufacturer B, which were the heaviest in the test on day 7, were 12 g heavier than the broilers fed mixtures of producer A, 92 g heavier on day 35 (7.7 g per measured gram more in a seven-day-old chicken compared to feed A), and 99 g heavier on day 42 of the fattening.



The starter of manufacturer B was a feed with less fat and fibers and also with slightly more protein and soluble sugars compared to the other starter feeds used. The nutritional strategy that feed for young chicks, who are limited in the digestibility of fat, proteins, and complex carbohydrates due to relatively immature digestive organs and enzyme systems [21], should contain highly digestible ingredients and/or higher levels of nutrients [22,23,24] is obviously effective but more expensive.



Particularly interesting were the results of the chickens fed the feed program of producer C, which, despite slightly poorer results with the starter feed compared to feed B (8 g heavier on day 7 compared to the broilers fed starter A), had the highest weight on days 35 and 42 in the trial, especially after consuming the grower (141 g heavier than the broilers fed grower A, or an additional 18 g per gram of body weight difference on day 7). These results clearly show that for the expression of the maximum genetic potential of modern broiler hybrids, each feeding and fattening period is equally valuable.



It should be noted that feed differences related to the chemical composition of some nutrients and the overall quality can be controlled, intentional, related to specific market strategies, and can experience the specifics of the production processes of a particular feed factory, but it can also be uncontrolled and unintentional due to failures in quality control or the formulation or production of mixtures [25,26,27]. Additionally, the challenges for feed producers today and tomorrow, among other things, are the price and shortage of certain feed ingredients, as well as strict regulations regarding health and sustainability [28,29,30]. Moreover, the last global Poultry Nutrition and Feed Survey [14] showed that respondents (stakeholders) believe that climate change in the future will be responsible for reducing raw material availability, contributing to high commodity costs, and increasing mycotoxin contamination, and will make it difficult to maintain feed quality.



In any case, when it comes to closed recipes and the manufacturer’s internal know how and strategy used to deal with fluctuations in the price and quality of the ingredients on the market, only a biological trial can reliably show customers whether these variations in feed quality among producers mean better or worse nutrition for their birds.




4.2. Farm Economy and Feed Quality


On the market, we generally expect that feeds from different producers with the same quality have the same price or that a better feed has a higher price, but often we can find feeds with the same price and different quality or feeds that differ in price but not in quality. Results in this test show that the feed and nutrition programs of manufacturers B and C were obviously better and very similar in terms of the production performance of the broilers in the biological trial, but was about 8% more expensive than feed A. However, a complete picture of the tested feeds was obtained only when the farm economy was included in analysis, and the results were very interesting when looking at different production and market scenarios.



If the economics of fattening is observed, it is recommended to use feed A in six-week fattening, as it can be economically more profitable than feed B by 2–7%, depending on the purchase price of the broiler live weight, and compared to feed C, can be equal to or up to 4% more profitable. Additionally, even relatively small differences between feeds B and C in the individual production results of the fed broilers (1–3% by day 35 of fattening and up to 1% in six-week fattening) caused significant differences in economic analysis.



By combining all the results of the trials and analyses, feed C and shorter fattening can be chosen as the most profitable solution, for example, in the conditions of lower purchase prices of chickens and at the maximum occupancy of the facility. If the market under these conditions requires a higher weight of the chickens, the most optimal diet is feed A in fattening up to 42 days, or feed C with depopulation of the heaviest chickens from day 35. On the contrary, in the case of a rise in the purchase price of the fattened chickens, longer fattening with feeds A or C is preferable, and feed B is also acceptable.



Finally, it seems that this combination of comparative biological test and post-test feed characterization could serve as an example of how to develop a relatively simple and reliable tool to help local producers from one region or country choose the most cost-effective feeding and fattening strategies for his farm, especially in changing market conditions, as well as if there is no independent consultant on the local market (out of feed or hybrid producers), specialized broiler nutrition optimization services for a particular feed producer [11,31], and/or an integrator company using one of the specialized software packages for production optimization [32] that is reliable enough, experienced enough, and even impartial enough to be an adequate replacement of the biological trial.





5. Conclusions


The results confirm the equally high production potential of the tested fast-growing hybrids, which require high-quality feed in all periods of fattening. On the other hand, the analysis of the economic parameters of fattening indicates that in conditions of significant fluctuations in feed prices and fattened broilers, the choice not of the highest quality, but of the optimal feed and nutrition program for a particular type of fattening and market conditions, is key to economic success. It seems that the biological trial in real production conditions is still the most reliable and sensitive tool for comparing and evaluating the quality of broiler hybrids, feeds, and their interaction.
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Figure 1. Average daily gain (g, means, vertical bars denote 0.95 confidence intervals) of different broiler hybrids fed different feed from the market (feed producer A; feed producer B; feed producer C) in different fattening periods: (a) Starter feed (from 0–21 days of age) of the producer A differ (p < 0.0001), with no differences within hybrids (p = 0.142) and without interaction of hybrid × feed (p = 0.924); (b) Grower feeds (from 22–35 days of age) of the producers A and C differ (p < 0.001), without differences within hybrids (p = 0.967) and interaction of hybrid and feed (p = 0.545); (c) Finisher feeds (from 36–42 days of age) were no different within hybrids (p = 0.783), feed (p = 0.603), or hybrid × feed interaction (p = 0.131); (d) The whole feeding program (from 0–42 days of age) of producer A differs significantly with feed B (p = 0.020) and very significantly with feed C (p = 0.002), without differences within hybrids (p = 0.866) or hybrid × feed interaction (p = 0.394). 
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Table 1. Weekly averages of ambient temperature (T) and relative humidity (RH) during the trial.






Table 1. Weekly averages of ambient temperature (T) and relative humidity (RH) during the trial.





	Trial Week
	T

Mean (°C)
	T

Min/Max (°C)
	RH

Mean (%)
	RH

Min/Max (%)





	I
	30.5
	28/32
	50
	36/65



	II
	28
	25/31
	63
	49/73



	III
	25
	20/30
	54
	32/72



	IV
	23
	19/28
	62
	40/79



	V
	21
	16/28
	67
	39/82



	VI
	23
	16/29
	67
	46/82
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Table 2. Characterization of feed for broilers purchased on the Serbian market (before the biological trial).
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Manufacturer of Purchased Feed




	
A

	
B

	
C




	
Feed Type 1

	
Starter

	
Grower

	
Finisher

	
Starter

	
Grower

	
Finisher

	
Starter

	
Grower

	
Finisher






	
Recipe for use (from-to day, kg per chicken)

	
0–21

1

	
22–35

2

	
36–42

≥1

	
0–21

1

	
22–35

2

	
36–42

≥1

	
0–21

1

	
22–35

2

	
36–42

≥1




	
Feed form

	
crum.

	
pellet

	
pellet

	
crum.

	
pellet

	
pellet

	
crum.

	
pellet

	
pellet




	
Package (kg) 2

	
20

	
20

	
20

	
20

	
20

	
20

	
20

(nett)

	
20

(nett)

	
20

(nett)




	
AK/E/M/O 3

	
+++

	
+++

	
+++

	
+++

	
+++

	
+++

	
++++

	
++++

	
+++




	
Price (RSD/kg) 4

	
40.1

	
37.9

	
34.1

	
41.9

	
39.7

	
37.2

	
41.1

	
39.8

	
37.0




	
Results of laboratory analyses (dry air sample, %) 5




	
DM,%

	
88.82

	
89.69

	
89.13

	
89.14

	
89.56

	
89.10

	
89.99

	
90.84

	
90.19




	
CP, %

	
21.64

	
19.40

	
18.03

	
22.12

	
18.49

	
17.52

	
21.51

	
19.55

	
17.59




	
F, %

	
4.63

	
6.49

	
5.48

	
2.26

	
2.41

	
4.63

	
3.91

	
5.41

	
5.58




	
CF, %

	
4.76

	
4.90

	
5.26

	
3.95

	
3.85

	
3.98

	
5.54

	
4.29

	
3.55




	
Ash, %

	
5.34

	
4.50

	
4.49

	
6.07

	
5.35

	
4.05

	
6.05

	
5.59

	
4.97




	
Ca, %

	
0.94

	
0.98

	
0.91

	
1.02

	
1.00

	
0.93

	
1.05

	
1.02

	
1.01




	
p, %

	
0.60

	
0.50

	
0.45

	
0.50

	
0.46

	
0.44

	
0.75

	
0.66

	
0.66




	
Na, %

	
0.15

	
0.16

	
0.16

	
0.21

	
0.21

	
0.16

	
0.18

	
0.17

	
0.18




	
Starch, %

	
40.82

	
41.73

	
41.77

	
37.29

	
41.77

	
44.04

	
37.83

	
35.03

	
36.88




	
Sol.sugar,%

	
5.22

	
4.72

	
4.78

	
6.80

	
7.19

	
6.27

	
8.66

	
9.49

	
11.04




	
ME, MJ/kg 6

	
13.29

	
13.68

	
13.16

	
12.15

	
12.47

	
13.36

	
13.03

	
12.90

	
13.22




	
Micro. safe 7

	
yes

	
yes

	
yes

	
yes

	
yes

	
yes

	
yes

	
yes

	
yes




	
Feed specifics

	

	-

	
2–7% cheaper than B and C feed




	-

	
0.34% less proteins and 0.37% less fats in the starter than the declared minimum







	

	-

	
significantly less fats/oils in the feed compared to feeds A and C




	-

	
−0.51% less proteins in the grower and 2.74%, 2.51%, and 0.37% less fats in the starter, grower, and finisher than the declared minimum







	

	-

	
significantly more soluble sugars compared to feeds A and B




	-

	
0.49% less proteins and 1.09% less fats in the starter than the declared minimum














1 Standard complete feed mixtures for broilers on the Serbian market whose minimum quality characteristics are regulated by the Rulebook on the quality of animal feed [12]. 2 All food was packed in two-layer natron paper bags with a declared net weight of 20 kg, empty bag 0.1 kg. 3 Manufacturers indicated on the product label the addition of (+) additives: AK—synthetic amino acids methionine and lysine; E—one or more enzymes (phytase and NSP enzymes); M—mycotoxin adsorbent; O—organically bound Se. 4 Retail prices without discounts and VAT, April 2018 (1 € = 118.2 RSD). 5 DM—Dry Matter; CP—Crude Protein; F—Fat; CF—Crude Fiber. 6 Metabolic energy (ME) estimated by Carpenter and Clegg equation [17]. 7 Based on microbiological analyses (determination of the total bacteria count, total number of molds, and isolation/identification of sulfide-reducing clostridia and salmonella), whether obtained results meet or do not meet the appropriate conditions prescribed by the Rulebook on the quality of animal feed [12].
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Table 3. Broiler body weight in rearing two different hybrids with different market feeds (mean ± standard deviation), g.






Table 3. Broiler body weight in rearing two different hybrids with different market feeds (mean ± standard deviation), g.





	
Treatment

	
Chicken Age




	
0

	
7

	
21

	
35

	
42






	
Hybrid

	

	

	

	

	




	
 Ross 308

	
41.51 ± 0.21 a

	
182.6 ± 6.59

	
922 ± 38.2

	
2187 ± 64

	
2662 ± 88




	
 Cobb 500

	
40.97 ± 0.46 b

	
181.4 ± 8.93

	
911.8 ± 33.3

	
2178 ± 91

	
2657 ± 111




	
Feed (producer)




	
 A

	
41.35 ± 0.44

	
175.3 ± 5.37 b

	
876 ± 13.8 b

	
2105 ± 42 b

	
2583 ± 54 b




	
 B

	
41.18 ± 0.56

	
187.2 ± 5.58 a

	
947.3 ± 21 a

	
2197 ± 57 a

	
2682 ± 79 a,b




	
 C

	
41.20 ± 0.31

	
183.5 ± 7.11 a

	
927.3 ± 22 a

	
2246 ± 54 a

	
2713 ± 109 a




	
p-value




	
 Hybrid

	
<0.0001

	
0.5189

	
0.121

	
0.5921

	
0.8515




	
 Feed

	
0.3791

	
<0.0001

	
<0.0001

	
<0.0001

	
0.0021




	
 Hybrid × Feed

	
0.0286

	
0.0285

	
0.9061

	
0.6269

	
0.3959








a,b Values in each column without same letter are significantly different at the level of 1%.
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Table 4. Broiler mortality rate during the testing of different hybrids and market feeds. (mean ± standard deviation), %.
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Treatment

	
Chicken Age




	
7

	
21

	
35

	
42






	
Hybrid

	

	

	

	




	
 Ross 308

	
0.22 ± 0.94

	
1.56 ± 1.62

	
2.00 ± 1.81

	
2.22 ± 2.26




	
 Cobb 500

	
0.33 ± 0.77

	
2.44 ± 2.43

	
3.67 ± 3.24

	
3.89 ± 3.39




	
Feed (producer)

	

	

	

	




	
 A

	
0.17 ± 0.58

	
1.83 ± 1.99

	
2.67 ± 2.46

	
2.83 ± 2.48




	
 B

	
0

	
1.67 ± 1.34

	
2.00 ± 1.91

	
2.00 ± 1.91




	
 C

	
0.66 ± 1.3

	
3.00 ± 2.49

	
3.83 ± 3.46

	
4.33 ± 3.89




	
p-value




	
 Hybrid

	
0.6998

	
0.1972

	
0.0652

	
0.0902




	
 Feed

	
0.1571

	
0.0968

	
0.2362

	
0.1455




	
 Hybrid × Feed

	
0.8601

	
0.8278

	
0.5368

	
0.7532
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Table 5. Feed conversion ratio (FCR) in test of feeding different hybrids with different market feeds (mean ± standard deviation), kg feed/kg weight gain.
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Treatment

	
Feeding Period of Broilers, Days




	
0–7

	
0–21

	
22–35

	
36–42

	
0–42






	
Hybrid




	
 Ross 308

	
1.097 ± 0.047

	
1.348 ± 0.042

	
1.706 ± 0.053

	
2.565 ± 0.213

	
1.733±0.032




	
 Cobb 500

	
1.093 ± 0.064

	
1.367 ± 0.034

	
1.723 ± 0.095

	
2.495 ± 0.219

	
1.737 ± 0.058




	
Feed (producer)




	
 A

	
1.135 ± 0.044 a

	
1.382 ± 0.019 a

	
1.724 ± 0.077

	
2.522 ± 0.185

	
1.756 ± 0.038




	
 B

	
1.054 ± 0.042 b

	
1.318 ± 0.026 b

	
1.745 ± 0.32

	
2.449 ± 0.143

	
1.725 ± 0.024




	
 C

	
1.096 ± 0.050 a,b

	
1.371 ± 0.034 a

	
1.676 ± 0.094

	
2.619 ± 0.279

	
1.724 ± 0.064




	
p-value




	
 Hybrid (H)

	
0.7657

	
0.058

	
0.4917

	
0.3178

	
0.779




	
 Feed (F)

	
0.0001

	
<0.0001

	
0.0736

	
0.155

	
0.1514




	
 Hybrid × Feed

	
0.0067

	
0.9899

	
0.314

	
0.3575

	
0.2805








a,b Values in each column without same letter are significantly different at the level of 1%.
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Table 6. Production index (EPEF) in test of fattening different hybrids with different market feeds (mean ± standard deviation).
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Treatment

	
Fattening Period of Broilers, Day




	
0–35

	
0–42






	
Hybrid




	
 Ross 308

	
393 ± 17

	
358 ± 20




	
 Cobb 500

	
381 ± 27

	
351 ± 25




	
Feed (producer)




	
 A

	
370 ± 19 b

	
341 ± 17 b




	
 B

	
393 ± 11 a

	
363 ± 12 a




	
 C

	
399 ± 27 a

	
359 ± 30 a,b




	
p-value




	
 Hybrid

	
0.068

	
0.2985




	
 Feed

	
0.0022

	
0.0286




	
 Hybrid × Feed

	
0.5256

	
0.2586








a,b Values in each column without same letter are significantly different at the level of 5%.
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Table 7. Characterization of feed for broilers purchased on the Serbian market after biological trial.
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Manufacturer of Purchased Feeds




	
A

	
B

	
C




	
Feed Type 1

	
Starter

	
Grower

	
Finisher

	
Starter

	
Grower

	
Finisher

	
Starter

	
Grower

	
Finisher






	
Used in trial

(from-to day, kg per chick)

	
0–21

1

	
22–35

2

	
36–42

≥1

	
0–21

1

	
22–35

2

	
36–42

≥1

	
0–21

1

	
22–35

2

	
36–42

≥1




	
Average cost of diet 35/42 day (RSD/kg) 2

	
38.6/37.5

	
40.4/39.6

	
40.2/39.4




	
Production performance and economic indicators of broiler diet with purchased feeds up to day 35,

absolute values and relative values (%) in relation to feed A




	
BW, kg

	
2.105 (100%)

	
2.197 (104%)

	
2.246 (107%)




	
FCR, kg feed/kg gain

	
1.584 (100%)

	
1.564 (99%)

	
1.551 (98%)




	
EPEF

	
370 (100%)

	
393 (106%)

	
399 (108%)




	
Cost of feed, RSD/chicken 3

	
128.7 (100%)

	
138.8 (108%)

	
140.0 (109%)




	
Profit 90, RSD 4

	
60.8 (100%)

	
58.9 (97%)

	
62.1 (102%)




	
Profit 100, RSD 5

	
81.8 (100%)

	
80.9 (99%)

	
84.6 (103%)




	
Profit 110, RSD 6

	
102.9 (100%)

	
102.9 (100%)

	
107.1 (104%)




	
Production performance and economic indicators of broiler diet with purchased feeds up to day 42,

absolute values and relative values (%) in relation to feed A




	
BW, kg

	
2.583 (100%)

	
2.682 (104%)

	
2.713 (105%)




	
FCR, kg feed/kg gain

	
1.756 (100%)

	
1.725 (98%)

	
1.724 (98%)




	
EPEF

	
341 (100%)

	
363 (106%)

	
359 (105%)




	
Cost of feed, RSD/chicken 3

	
170.1 (100%)

	
183.2 (108%)

	
184.3 (108%)




	
Profit 90, RSD 4

	
62.4 (100%)

	
58.2 (93%)

	
59.9 (96%)




	
Profit 100, RSD 5

	
88.2 (100%)

	
85 (96%)

	
87 (99%)




	
Profit 110, RSD 6

	
114 (100%)

	
111.8 (98%)

	
114.1 (100%)




	
Established dietary specifics

	

	-

	
at least 8% cheaper feed per chicken in fattening than B and C feed




	-

	
maximum up to 8% poorer broiler production results than B and C feed




	-

	
from −4 to +7% difference in profitability of nutrition per fattened chicken (depending on the duration of fattening and market conditions) in relation to fattening using B or C feeds







	

	-

	
similar in price and all monitored production parameters to fattening parameters with feed of producer C




	-

	
poorer or equal profitability with feeds A and C (depending on the duration of fattening and market conditions)







	

	-

	
achieved production fattening parameters are the best in the test, very similar to fattening with B feeds




	-

	
economic parameters are 2–5% better than fattening with feed B, i.e., are 2–4% better by day 35 of fattening, and 4% poorer or the same in fattening by day 42 compared to feed A (depending on market conditions)














1 Standard complete feed mixtures for broilers on the Serbian market whose minimum quality characteristics are regulated by the Rulebook on the quality of animal feed [12]. 2 Average price of feed (April 2018) per kg for fattening up to 35 days: (starter price × 1 kg + grower price × 2 kg/3); up to 42 days: (starter price × 1 kg + grower price × 2 kg + finisher price × 1 kg/4); expressed in Serbian dinars (1 € = 118.2 RSD). 3 Cost of feed consumed per chicken up to 35 days, i.e., 42 days, calculated as: BW × FCR × Average price of feed. 4 Profit (in RSD, with the price of live weight 90% of the current market price of 100 RSD/kg of live weight) after deduction of feed costs calculated as: (BW × 90 RSD) − cost of feed per chicken. 5 Profit (in RSD, with the price of live weight 100% of the current market price) after deduction of feed costs calculated as: (BW × 100 RSD) − cost of feed per chicken. 6 Profit (in RSD, with the price of live weight 110% of the market price) after deduction of feed costs calculated as: (BW × 110 RSD) − cost of feed per chicken.
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