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Abstract
Poultry is the fastest-growing livestock sector worldwide, with broiler production playing a vital role in meeting the rising demand for animal protein. However, in tropical countries, broiler growth performance is often suboptimal due to stress, suppressed immunity, and higher mortality. Organic trace minerals (OTMs), particularly zinc, selenium, and chromium, are gaining attention as superior alternatives to inorganic trace minerals because of their higher bioavailability, better retention, and reduced environmental excretion. This review highlights the role of OTMs in improving broiler production performance. Evidence indicates that OTM supplementation enhances body weight gain, feed efficiency, and performance index, while its effect on feed intake remains variable across studies. Although overall carcass yield and giblet weight are often unaffected, OTMs contribute to carcass quality by improving meat cuts, feathering, and skin integrity. Additionally, OTMs strengthen antioxidant defenses and immune responses, thereby supporting broiler health and resilience under stress. Collectively, OTMs represent an efficient and sustainable nutritional strategy to improve growth, metabolic utilization, and product quality in broiler production. Future research should focus on optimizing levels, combinations, and economic feasibility of OTMs to maximize their potential in commercial poultry systems.
Introduction 
Poultry is the fastest growing livestock sector in the developing countries. The global poultry sector is expected to continue to grow, as demand for poultry meat is driven by growing needs, population, rising incomes and urbanization. The world has over 23 billion poultry birds about three per person on the planet (FAOSTAT, 2016). India's broiler production grew to about 4.6 million tonnes in 2018 (USDA), due to the larger availability of feed and the growing demand for poultry meat as a result the per capita consumption of poultry meat in India increased to 3.6 kg. Broiler production in tropical countries is generally suboptimal as indicated by the poor growth performance; suppressed immune function and high mortality rate (Jaiswal et al., 2017). The genetic advancement continuously elevated the broiler growth potential and broiler can attain mature body weight by consuming less feed in shorter period of time (Mckay, 2009). Broilers is having higher metabolic rate that makes them more prone to stress which can alter their immunity, productivity, health or even cause death (Echeverry et al., 2016).
	Organic trace minerals (OTMs) have been used in the broiler industry in order to enhance the immune system to protect birds from the harmful effects of pathogenic microorganisms. Dietary immunomodulation has been introduced to the broiler industry as a strategy to control the pathogens and maintain the health of broilers (Yitbarek et al., 2012). Conventionally, inorganic trace minerals zinc (Zn), chromium (Cr) and selenium (Se) are used in chicken diet, because they are cost- effective and readily available, but are relatively inferior to organic  trace minerals due to poor bioavailability (Virden et al., 2004). In the gastro-intestinal tract, the inorganic minerals chelate with phytic acid complex and reduce their rate of absorption and consequently affect the tissue uptake of minerals. In contrast, organic minerals are devoid of free divalent cations for chelation in the intestinal lumen with phytic acid and hence they are differently metabolized facilitating enhanced absorption. OTM’s are highly bioavailable because they have higher retention rate in the body as compared with inorganic trace minerals (ITMs) and acted as a performance enhancer (Nollet et al., 2007). 
It is well established that OTM are environment-friendly because of their lower excretion rate and it remains long time in the gut consequently improves the growth performance (Leeson and Caston, 2008). It is in this context that organic minerals could be advantageously incorporated in diet at lower level than the inorganic sources for realizing higher mineral bio availability and lower excretion to the environmental (Aksu et al., 2010).  Increased levels of ITM in the feed can interfere with bioavailability of other minerals because of the wide safety margins of ITM. Excessive use of ITMs can result in a detrimental effect on the environment because some of the excess minerals are not assimilated because of their low retention rate and are excreted with the feces a consequent detrimental effect on environment (Lukasz et al., 2017).  
Supplementation of combined organic trace mineral (OTM) in broilers diets have multiple beneficial effects. Zinc is an important nutrient required for broilers that facilitate body biological functions as a catalyst in many enzymes and hormone system that are associated with growth, immune response and have antioxidant activity (Salim et al., 2008). Zn has multiple important functions because it is a cofactor for more than 200 enzymes. Zn increases the counts of peripheral T cells, activity of natural killer cells, enhances the production of hetrophills, antibodies and improving the functions of macrophages (Sunder et al., 2008). Zn influences the production and signalling of numerous inflammatory cytokines in a variety of cell types (Zhou et al., 2010). Chromium (Cr) is an essential element required for carbohydrate, fat and protein metabolism. Dietary chromium supplementation increases immunological function, growth rate, feed efficiency and improves carcass quality in broilers (Mayada et al., 2017).
 Selenium trace mineral plays an important role in antioxidant system through the selenoproteins, which are involved in antioxidant defense in all tissues and cells including the innate and adaptive immune cells. Se deficiency can damage both humoral and cellular immunity and deactivate B cells which results in decreased immunoglobulin concentrations. (Woods et al., 2020).
Impact of Organic Trace Minerals on Body Weight Gain
The use of organic minerals which can improve intestinal absorption of trace elements as they reduce interference from agents that form insoluble complexes with the ionic trace elements and thereby enhancing their bioavailability and body weight gain. Trace minerals such as zinc (Zn), manganese (Mn), and copper (Cu) are essential for optimal growth, immune function, and overall health in broilers. Organic trace minerals (OTMs), including chelated and proteinated forms, offer superior bioavailability compared to inorganic counterparts. This review synthesizes recent studies on the impact of OTMs on broiler body weight gain, highlighting improvements in growth rates, feed conversion ratios (FCR), and overall performance.
Osama et al. (2012) conducted an experiment on Arbor Acres female broiler chicks by feeding a diet supplemented with organic zinc, manganese, and copper. They found a significant increase in body weight gain in birds fed with a combination of 50 mg Zn, 60 mg Mn, and 8 mg Cu. Rama Rao et al. (2013) conducted an experiment on Vanaraja chickens by supplementing the basal diet with 100, 75, 50, 40, and 30% of organic trace minerals (Zn, Mn, Cu, Fe, I, Se, and Cr). They found that body weight was not affected by reducing the supplementation of organic trace minerals concentration in the diets. Tawfeek et al. (2014) studied the effect of dietary supplementation of some antioxidants on performance and oxidative stress in broilers under natural summer conditions. They reported that weight gain was significantly increased with the addition of Cr (p<0.001) and vitamins C+E (p<0.01), while showing non-significant improvement with Zn + Se supplement. Rama Rao et al. (2016) studied the supplementation of organic forms of zinc, selenium, and chromium on performance, antioxidant, and immune responses in broiler chickens reared in tropical summer. Results showed that supplementation of Se, Cr, and Zn as organic forms significantly increased (p<0.05) body mass gain compared to those fed with the control diet. Echeverry et al. (2016) found that body weight of broilers was not different in OTM treatments compared to control (p>0.05). Pacheco et al. (2017) reported that organic Zn and inorganic Zn had non-significant effects on body weight. Saleh et al. (2018) reported that body weight significantly (p<0.05) increased in the 50 mg Zn-methionine supplemented group compared with the control group (G0); however, non-significant differences were observed among G0, G1 (25 mg Zn-methionine), and G3 (100 mg Zn-methionine) supplemented groups (p>0.05). Zhao et al. (2016) found that superior growth performance in broiler chicks was achieved when fed chelated compared to inorganic zinc in the presence of elevated dietary copper. M’Sadeq et al. (2018) found that feeding low dietary levels of organic trace minerals improved broiler performance and reduced excretion of minerals in litter. Zhu et al. (2019) found that feeding low dietary levels of organic trace minerals improved broiler performance and reduced excretion of minerals in litter. Zhao et al. (2021) found that replacing dietary sodium selenite with a lower level of hydroxy-selenomethionine improved the performance of broiler breeders and their progeny. The incorporation of organic trace minerals in broiler diets offers significant advantages over inorganic forms, including improved body weight gain, growth performance, feed efficiency, meat quality, and immune function. These benefits contribute to more sustainable and profitable poultry production systems. Future research should focus on optimizing the inclusion levels and combinations of OTMs to maximize their efficacy in broiler nutrition.
Impact of Organic Trace Minerals on Feed Intake
Trace minerals such as zinc (Zn), copper (Cu), manganese (Mn), selenium (Se), and chromium (Cr) are vital for growth, metabolism, and overall health in broilers. Feed intake is a key determinant of growth performance and nutrient utilization. Organic trace minerals (OTMs), including chelated and proteinated forms, are believed to enhance mineral bioavailability and improve feed intake by reducing interactions that form insoluble complexes in the gut. However, experimental evidence on the effect of OTMs on feed consumption in broilers has been mixed, depending on type, level, and period of supplementation.
Gheisari et al. (2011) investigated the effect of different levels and sources of zinc, copper, and manganese in broiler diets. They found that feed consumption was significantly higher in the starter period when broilers were fed 140, 140, and 17 mg/kg of Zn, Mn, and Cu from both inorganic and organic sources. In contrast, during the grower period, birds fed 40, 40, and 7 mg/kg of these minerals from inorganic sources had higher feed intake. Iqbal et al. (2011) observed that feed intake was not significantly influenced by supplementation of zinc from different sources (organic vs. inorganic) or concentrations (40 and 80 mg/kg) when combined with different copper sources over a 6-week period. Osama et al. (2012) reported a significant decrease (p<0.05) in feed intake in Arbor Acres female broiler chicks fed a diet supplemented with organic Zn (50 mg), Mn (60 mg), and Cu (8 mg), suggesting that mineral balance may influence voluntary feed consumption. Rama Rao et al. (2013) found that feed intake at 28 days was significantly reduced in Vanaraja chickens fed a diet containing 50% of the recommended level of organic trace minerals (Zn, Mn, Cu, Fe, I, Se, Cr), compared to higher supplementation levels. Tawfeek et al. (2014) reported that during the first three weeks, feed intake was not significantly affected by supplementation with vitamins, Zn+Se, or Cr. In weeks 4–6, feed intake decreased in supplemented groups, resulting in a net reduction over the 0–42 day experimental period. Echeverry et al. (2016) observed that feed intake in broilers was lower in the OTM-treated groups compared to control and bacitracin methylene disalicylate (BMD) groups (p<0.05), indicating that supplementation may alter palatability or metabolic feedback mechanisms. Khatun et al. (2019) evaluated the comparative effects of inorganic trace minerals (ITM) and three forms of OTMs (propionate, methochelated, proteinate) on feed intake, growth, immunity, and profitability in commercial broilers. Birds fed methochelated (2,913 g/bird) and proteinate (2,908 g/bird) OTMs showed slightly higher feed intake than those fed inorganic (2,888 g/bird) or propionate (2,882 g/bird) forms. However, differences were not statistically significant (p>0.05), suggesting that feed intake was largely unaffected by the form of trace minerals up to 35 days of age. Overall, studies indicate that organic trace minerals may influence feed intake, but results are inconsistent and may depend on mineral type, concentration, broiler breed, and rearing period. Some reports suggest decreased feed intake with specific OTM levels (Osama et al., 2012; Rama Rao et al., 2013), while others show no significant differences (Iqbal et al., 2011; Khatun et al., 2019). These variations may be related to improved nutrient utilization, metabolic efficiency, or palatability effects of OTMs. The evidence suggests that feed intake alone may not be the primary mechanism by which OTMs enhance growth performance. Instead, OTMs appear to improve bioavailability, nutrient absorption, and metabolic efficiency, thereby increasing body weight gain and feed conversion efficiency even when feed intake remains similar. Organic trace mineral supplementation in broilers may have a variable effect on feed intake, depending on the type and concentration of minerals, age of birds, and diet composition. While some studies report reduced or unchanged feed intake, overall production performance often improves due to enhanced mineral bioavailability and nutrient utilization. Further research is warranted to optimize dosage, combination, and form of OTMs for maximal growth performance without compromising feed intake.
Impact of Organic Trace Minerals on Feed Efficiency Ratio 
Feed efficiency (FE) or feed conversion ratio (FCR) and performance index (PI) are critical indicators of growth and productivity in broilers. They reflect the efficiency with which birds convert feed into body mass, thereby directly influencing economic viability in poultry production. Organic trace minerals (OTMs), including chelated forms of zinc, copper, manganese, chromium, and selenium, have been proposed to improve nutrient bioavailability and metabolic efficiency, which can enhance feed efficiency and overall performance.
Anandhi et al. (2006) reported no significant differences in FCR between broilers fed a basal diet and those supplemented with 250, 500, and 750 μg/kg of organic chromium, suggesting that at these levels, chromium supplementation may not significantly alter feed efficiency over the experimental period. Ellen et al. (2012) conducted a feeding trial with amino acid chelates of copper, zinc, manganese, and iron in broilers and observed no significant difference in feed efficiency, indicating that the type of mineral source may not always translate to measurable improvements in FCR. Rama Rao et al. (2016) observed that FE at day 14 was not affected by dietary treatments (p>0.05). However, FE improved (p<0.05) at day 7 in OTM-supplemented groups compared to the control. Additionally, FE was significantly higher in Se and Cr-supplemented groups at 21 days of age, whereas the difference between Zn-supplemented and control groups was non-significant. Khatun et al. (2019) studied the effects of ITM and three forms of OTMs (propionate, methochelated, and proteinate) on growth performance in commercial broilers. Although FCR values were slightly better in proteinate (1.65) and propionate (1.65) groups compared to methochelated (1.67) and inorganic (1.68) groups, differences were not statistically significant. This suggests that while minor improvements may be observed, overall FCR remains relatively consistent across mineral sources when diet is balanced. Wang et al. (2019) evaluated the effects of replacing ITMs with OTMs in broiler breeder diets. Total replacement of high levels of ITMs with lower levels of OTMs improved productive performance, including better FCR and performance index, highlighting the potential of OTMs to optimize feed utilization efficiency even at lower inclusion levels.
Impact of Organic Trace Minerals on Performance Index (PI)
Performance index, often calculated as a function of body weight gain and FCR, reflects the overall efficiency of growth and feed utilization in broilers. Studies indicate that OTMs can enhance PI indirectly by improving metabolic utilization of nutrients, antioxidant status, and immunity, even if FCR differences are not statistically significant. For example, improved body weight gain in Se- and Cr-supplemented groups, as observed by Rama Rao et al. (2016), contributes to higher PI values. Similarly, Wang et al. (2019) demonstrated enhanced PI with partial or full replacement of ITMs by OTMs in breeder diets, reflecting the efficiency of organic forms in promoting production performance. Overall, supplementation of OTMs in broiler diets shows variable effects on FCR and performance index, influenced by mineral type, concentration, age of birds, and diet composition. While some studies report significant improvements in FE and PI (Rama Rao et al., 2016; Wang et al., 2019), others find non-significant differences (Anandhi et al., 2006; Ellen et al., 2012; Khatun et al., 2019). These findings suggest that the benefits of OTMs may be more pronounced under stress conditions, suboptimal dietary formulations, or when lower levels of ITMs are replaced, rather than in well-balanced commercial diets. The improved bioavailability of OTMs enhances nutrient utilization, supports metabolic efficiency, and may reduce oxidative stress, contributing to better overall performance even when FCR differences are small. Hence, OTMs provide a strategic advantage in optimizing broiler production efficiency and sustainability. Organic trace minerals, particularly selenium and chromium, can improve feed efficiency ratio and performance index in broilers, although effects are sometimes modest. Their benefits are more apparent in terms of nutrient bioavailability, metabolic utilization, and productive performance under varying dietary and environmental conditions. Optimizing the type, level, and combination of OTMs is essential for maximizing their impact on broiler performance indices.
Impact of Organic Trace Minerals on Carcass Traits
Carcass traits, including dressing percentage, giblet weight, and meat yield, are critical indicators of meat quality and economic return in broiler production. Organic trace minerals (OTMs), such as chelated forms of zinc, selenium, copper, manganese, and chromium, have been evaluated for their potential to improve carcass characteristics by enhancing nutrient absorption, antioxidant status, and tissue development. However, studies have shown variable effects depending on the type of trace mineral, bird sex, and age.
Zhao et al. (2010) reported that supplementation with OTMs had non-significant effects on dressing percentage and giblet weight in broilers, suggesting that mineral source may not dramatically affect these gross carcass parameters. Baloch et al. (2017) also observed no significant effects of OTMs on liver, gizzard, or giblet weight, reinforcing the findings of Zhao et al. (2010) and indicating that OTMs may not influence internal organ weights under standard rearing conditions. Khatun et al. (2019) reported similar observations where dressing percentage, liver, gizzard, and giblet weights were not significantly influenced by dietary supplementation with OTMs compared to inorganic trace minerals. Manangi et al. (2012) reported that male broilers supplemented with OTMs had significantly higher wing meat yield (p<0.01) compared to birds receiving inorganic trace minerals. This suggests that OTMs may selectively enhance the development of certain carcass components, potentially via improved protein metabolism and nutrient utilization. Tavares et al. (2014) found that dietary supplementation with OTMs improved feathering at 21 days of age (p<0.001) and reduced carcass skin tearing (p<0.05), although there was no significant effect on overall carcass yield. Improved feathering and skin integrity are indicators of better growth and carcass quality, even if total yield remains unchanged. Collectively, the evidence suggests that organic trace minerals have limited impact on gross carcass traits, such as dressing percentage and giblet weight, in broilers under standard feeding conditions. However, OTMs may positively influence specific components of carcass quality, such as wing meat yield, feathering, and skin integrity. These improvements may arise from enhanced bioavailability of trace minerals, better protein metabolism, and antioxidant protection of tissues. Differences among studies may be attributed to factors including type of mineral, bird sex, age at slaughter, and dietary levels. Overall, while OTMs may not drastically alter overall carcass weight, they may improve the quality and marketability of the meat through better feathering and reduced carcass defects.
Supplementation with organic trace minerals in broilers shows minimal effects on dressing percentage and giblet weight, but may improve specific meat cuts, feathering, and skin quality. Therefore, OTMs contribute more to carcass quality enhancement rather than gross yield, providing a strategic advantage for improving marketable traits in commercial broiler production.
Conclusion
Supplementation of organic trace minerals (OTMs) in broiler diets has been shown to positively influence multiple aspects of production performance, including body weight gain, feed efficiency, and overall growth, while effects on feed intake and carcass traits are variable. OTMs, including chelated and proteinated forms of zinc, copper, manganese, selenium, and chromium, offer enhanced bioavailability compared to inorganic sources, reducing nutrient antagonism and improving metabolic utilization. Evidence from multiple studies indicates that OTMs can improve growth performance, antioxidant status, immune response, and nutrient utilization, even in cases where feed intake remains unchanged. While the effects on gross carcass parameters such as dressing percentage and giblet weight are often non-significant, improvements in meat quality, feathering, and specific meat cuts have been reported. Furthermore, partial or complete replacement of inorganic trace minerals with OTMs has been associated with improved feed conversion efficiency and performance index, enhancing the economic efficiency of broiler production. Overall, organic trace minerals represent a strategic nutritional intervention to optimize broiler production, especially under conditions of dietary stress, suboptimal mineral availability, or high-performance rearing systems. Future research should focus on optimizing combinations, inclusion levels, and interactions of OTMs to maximize their efficacy in enhancing both performance and meat quality, while maintaining cost-effectiveness in commercial poultry production.
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