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Abstract 

Trace minerals are micro nutrients that are required in less amount (< 100 ppm), but are required for 

maintaining health, production and reproduction of living organisms. Feed ingredients generally used in diets of 

animals may contain improper concentrations of essential trace minerals (TM) and may also contain higher 

concentrations of TM antagonists. So, it is necessary for supplementation of TM in ration of animals. Though, trace 

minerals have conventionally been supplemented in animal diets as inorganic salts (primarily sulfate and oxide 

forms), organic trace minerals (chelated or complexed to organic ligands) and nano form. However, there are some 

negative aspects with respect to these forms of minerals. Hydroxy form represents a new group of trace mineral 

source that include copper, zinc and manganese. They are non-hygroscopic, free of dust, non-oxidative and are 

insoluble in the rumen due to presence of covalent bond in its crystalline structure. Recently some works have been 

conducted and have shown the positive impact of hydroxy mineral in animal feed i.e. better stability of feed 

components as well as in animals’ i.e. higher bioavailability as compared with other form of trace minerals. This 

review summarises the information currently available on hydroxy form of trace minerals, including supporting 

research conducted in livestock including poultry, with particular focus on the impact of this hydroxy form on health 

and production of animals.  
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Introduction 

The supplementation of trace elements plays an crucial role in maintaining optimal health and performance 

of livestock, though they are required in small amount (> 100 mg/kg dry matter), but these minute amount is 

essential for maintaining antioxidant status and immune response of living organism. They are also useful for 

growth, production and reproduction of livestock. Trace elements are pivotal for proper functioning of numerous 

proteins and enzymes which contributes to the proper growth and production of animals (Yatoo et al., 2013). 

Supplementation of higher amount of trace element is not necessary, but the usable amount (more than the 

requirement) of trace elements for the animal is crucial.  

Trace mineral (TM) form can also alter the absorption and metabolism, due to modifications in the 

chemistry of the supplemented form (Pino and Heinrich, 2016). Though, trace minerals have conventionally been 

supplemented in animal diets as inorganic salts (primarily sulphate and oxide forms), organic trace minerals 

(chelated or complexes to organic ligands) and nano form.  

A challenge with organic and inorganic trace minerals is that they are hygroscopic and oxidative with other 

nutrients like fats and vitamins. Inorganic TM sources will irritate the intestinal mucosa, will also form complex 

with other nutrients and finally be expelled into the environment (Mwangi et al., 2017) thereby decreasing 

bioavailability of mineral. Studies (Sun et al., 2020) reported that organic form of trace mineral has higher 

bioavailability as compared with inorganic source, but its cost of production was higher as compared with inorganic 

source. Nano form has shown many advantages over organic and inorganic sources, but their wastage is more 

through dust due to its low particle size.  

Recently hydroxy form represents a new form of trace mineral source that include copper, zinc and 

manganese. These are third generation trace mineral sources. The positive impact of hydroxy minerals in feed 

(better stability of feed ingredients) as well as in animals (higher bioavailability) have been already confirmed (Lu et 

al., 2010; Shaeffer et al., 2017). This form of trace minerals has also shown higher palatability as compared with 

inorganic source (Caramalac et al., 2017). These are approved by European Union as nutritional supplement for all 

animal species including the use in organic feeds. They have a crystalized structure where the metals are covalently 

bonded to multiple hydroxy groups and chloride group (Leisure et al., 2014) thus possesses high stability in premix 

and complete feed. They are non-hygroscopic, free of dust and are non-oxidative in nature; hence they have no 

impact on essential nutrients such as vitamins, fats, etc. Due to presence of covalent bond in crystalline structure, 

hydroxy trace elements are stable (insoluble) at higher pH of rumen (pH- 6.8) as compared inorganic source 

(Caldera et al., 2019). These are more soluble at the lower pH (acidic medium) of the stomach and small intestine 

where it will be broken down and provides the essential mineral throughout GI tract, and will show higher 

absorption and bioavailability in ruminants (Shaeffer et al., 2017), pigs (Creech et al., 2004) and poultry as 

compared with inorganic sources. 

Chemistry of different sources of trace minerals  

There are different forms of trace minerals (TM) available in the market, and research has shown that these 

sources will not have same bioavailability.  

Inorganic mineral source 

Trace minerals that bound to groups like sulfates (SO4), chlorides (Cl) or oxides (O) through ionic bond are 

known as Inorganic sources (Taylor and Field, 1995). Inorganic TM have been the primary option for feed grade 

TM supplementation for decades due to their affordability and high rumen solubility (Ammerman and Goodrich, 

1983). 

Organic mineral source 

Organic trace minerals were formed by chelation. In chelation, the metal ion was bound strongly with 

organic molecules (ligands) through covalent bond to form a ring structure which defends the mineral element from 

entering into unwanted reactions. Organic mineral supplements are generally varied as per the type of ligand or 

ligands used to form the metal complex or chelate. Most of the organic minerals marketed as complexes, chelates or 

proteinates (Spears, 1996).   

Nano mineral source 

Nano minerals are formed by manipulation of particle with dimensions not more than a micron to that of 

individual atom. They are characterized by a particle size of 1 to 100 nm. Some of these are stable at high 

temperature and pressure (Stoimenov et al., 2002) and they are easily assimilated in the digestive system (Feng et 

al., 2009). Due to larger surface area, this form of mineral will show better interaction with other biologically active 

substances under in vivo condition (Zaboli et al., 2013). Some nano components can bind and remove toxins and 



Reddy et al 2021/ J Livestock Sci. 12: 279-286 
 

281 

 

pathogens. 

 

Hydroxy form 

 Recent advancement in mineral nutrition is the introduction of hydroxylated Cu, Mn and Zn sources. A 

pure form of mineral that is reacted with alkali to form a hydrolysed inorganic metal complex was referred as 

hydroxy trace mineral. Here, the trace metal was covalently bonded to hydroxy groups and to chloride group. 

Hydroxy TM are considered inorganic, however, they are covalently bound to an OH group instead of the carbon 

containing ligands that seems like organic TM (Arthington, 2015). The OH group prevents the mineral from going 

into solution at the neutral pH range of the rumen (pH-6.8) and hydroxy-bound forms will get dissociated at a pH 

range of 1.6 to 2.5, which closely mimics the pH of the abomasum and early portion of small intestine (Spears, 

2003).  

In livestock feed hydroxy form of trace minerals are provided in the forms of copper hydroxy chloride 

[(Cu2OH)3Cl)], zinc hydroxy chloride (Zn5(OH)8Cl2) and manganese hydroxy chloride (Mn2(OH)3Cl).  

Mode of action of hydroxy trace minerals 

In ruminants 

 In the rumen, multiple nutrient interactions can cause disturbance of the rumen function and reduce 

fermentation, which results in impaired performance. If the solubility was higher at neutral pH, then these 

interactions may occur within the rumen. Soluble copper that's released within the rumen is very reactive and will 

lead to impaired efficacy of the microbiota, and will show negative impact on rumen health and production. 

Hydroxy forms of minerals are characterized with strong intramolecular bonds as compared with the weak bonds of 

inorganic minerals. Due to its fully defined crystalline structure, it is completely insoluble at rumenal pH and will 

by-pass the rumen (Genther and Hansen, 2015) and get absorbed at the acidic pH of small intestine. 

Supplementation of hydroxy Zn up to 160 ppm did not show any adverse effect on in-vitro rumen fermentation 

parameters (Pal et al., 2020). 

In monogastric animals  

 In monogastric animals, hydroxy form of trace minerals will show limited interaction with antagonists in 

the upper GI tract, thus the availability of trace minerals will be increased in the lower GI tract where they get 

absorbed and used for normal biological functions of the body. Whereas, the inorganic sources will react with other 

nutrients, minerals and causes antagonistic action in the upper GI tract, which makes the trace mineral unavailable 

for the body.  

Solubility 

The solubility of the minerals will vary depending on the source and the source which has high solubility in 

the rumen will get utilized by the rumen microbes. A form of copper that might not react with Mo and S in the 

rumen and thus, remain available for absorption would be desirable. Metal-hydroxy bound sources have shown 

lesser solubility in the pH of rumen. Hydroxy copper has very low solubility in the water as compared with Cu 

sulphate (Miles et al., 1998) and are more resistant to interactions with Mo and S in the rumen. This could result in 

copper from hydroxy copper being more available for absorption following solubilisation in the acid environment of 

the abomasum. Spears et al. (2004) stated that Copper from Cu sulphate have shown higher solubility in water and 

0.1% HCl. Hydroxy form was almost totally insoluble in water. However, 767 and 868 g/kg of Cu from hydroxy 

copper were soluble after incubation in 0.1% HCl for 1 and 3 hr, respectively.  

In a recent study, Genther and Hansen (2015) evaluated the solubility of hydroxy form of Zn, Cu and Mn 

against sulphate forms in the rumen and abomasum. The 5 dietary treatments were as follows: control: no extra 

supplementation of copper, zinc and manganese; in another treatments, they have supplemented lower doses of 

copper, zinc and manganese from hydroxy and sulfate form; and higher doses of copper, zinc and manganese from 

hydroxy and sulfate forms. They observed that hydroxy copper and manganese have shown lesser solubility in 

rumen as compared with their sulfate counterparts. Under acidic conditions hydroxy Cu was equally as soluble as 

sulfate Cu, hydroxy Zn had shown more solubility as sulfate Zn and hydroxy Mn was less soluble than sulfate Mn.  

Similarly, Caldera et al. (2019) had stated that Copper and Zinc from hydroxy trace mineral (HTM) have 

shown lower solubility in the rumen and appear to be less tightly bound to solid digesta in the rumen than Copper 

and Zinc from sulfate trace mineral (STM). Concentrations of zinc and copper in rumenal solid digesta increased 

with time up to 12 h post-dosing in steers given HTM.  
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Bioavailability of Hydroxy traces minerals 

 Bioavailability determines efficacy of trace minerals. Bioavailability of a nutrient was defined as the 

portion of the ingested nutrients that get absorbed and will get utilized for normal physiological functions. 

Bioavailability of a mineral from any feed depends on its accessibility, absorbability, retainability and functionality 

(Suttle, 2010). An increase in bioavailability of copper hydroxychloride was observed as compared to copper sulfate 

when added to cattle diet high in copper antagonist, Mo and S. This could be due to lesser interaction of hydroxy 

copper with molybdenum and sulphur than copper sulphate in rumen because of low solubility at neutral pH. 

However, bioavailability of hydroxy form of copper was similar to copper sulphate when evaluated in copper 

depleted cattle supplemented with diets low in molybdenum (Spears et al., 2004).  

Similarly, Vanvalin et al. (2019) who observed an increase in relative bioavailability of hydroxy form of 

copper (112%) compared with inorganic source ( set as 100%) based on liver Cu concentrations suggesting that 

hydroxy form of copper be more efficiently absorbed and incorporated into liver Cu stores. Luo et al. (2005) studied 

the bioavailability of copper supplemented @ 0, 150, 300 and 450 mg/kg from sulfate or hydroxy form of copper in 

commercial broiler chicks. Result showed a slope ratio of 109.0 % for bioavailability with copper from hydroxy 

form compared with 100 for that of copper sulfate. Similarly, in another experiment an increased copper 

concentration in egg yolk was observed in layers when supplemented with hydroxy copper than those supplemented 

with CuSO4 due to increased bioavailability of hydroxy copper (Kim et al., 2016).  

Zhang and Guo (2007) had evaluated the bioavailability of zinc in hydroxy form in comparison to ZnO is 

estimated in weanling piglets. Based on plasma, liver, kidney and metacarpal zinc concentrations, relative 

bioavailability of zinc in hydroxy form was 159%, 125% and 128%, 123%, 122%, respectively, as compared with 

ZnO. Hydroxy form could be a desirable Zn source compared with ZnO for weanling piglet diets to enhance growth 

performance at lower dosage (1500 ppm) of hydroxy Zn as compared to 3000 ppm of ZnO. It may be due to 

increased bioavailability of hydroxy Zn compared to ZnO. Similarly, Shaeffer et al. (2017) estimated the 

bioavailability of zinc in growing steers from two different sources i.e. ZnOHCL and ZnSO4. They supplemented 25 

mg Zn/kg DM from ZnOHCl and ZnSO4 to the growing steers and showed an increased Zn bioavailability in steers 

supplemented with ZnOHCL, which was reflected by higher plasma zinc concentrations. The inceased 

bioavailability of zinc from hydroxy form relative to ZnSO4 may be related with its lower solubility in rumen.  

Effect of Hydroxy trace minerals source on animals health and production 

Effect on calves 

 A young dairy calf faces many stress causing factors as they adopt to their environment. These stressors 

can affect all the normal physiological functions of body such as dry intake, growth, immunity etc. Trace elements 

will improve antioxidant status and immune responses of calves, so their supplementation was necessary in calves.  

Lapierre (2016) conducted an experiment to evaluate differences in intake, growth, and health level of 

calves fed milk replacer (MR) and starter grain supplemented with sulfate and hydroxy form of TM. In MR either 

sulphate or hydroxy form of Zn, Cu, and Mn are supplemented at 50, 10, and 50 mg/kg, respectively; starter grain 

either sulphate or hydroxy form of Zn, Cu and Mn are supplemented at 70, 17, and 60 mg/kg respectively. They 

summarised that calves fed on hydroxy trace minerals supplemented in their milk replacer (MR) exhibit a propensity 

to consume more starter grain and increase their total dry matter intake. Moreover, calves consuming milk replacer 

supplemented with hydroxy trace minerals were taller at the end of the trial and showed a significant reduction in 

scours and the amount of medication used. Whole plasma concentration of zinc was higher in calves consuming 

HTM treated milk replacer. Finally, supplementation of hydroxy form of trace minerals will enhance a healthier calf 

that is able to utilize nutrients for their growth. 

Effect on lactating animals 

 The specific roles of trace minerals have received substantial attention in dairy cows and few works have 

been conducted to estimate the effects of different trace mineral sources on its productive and reproductive 

performance. Yasui et al. (2014) studied the effects of hydroxy form of trace minerals on oxidative metabolism, 

performance and cytological endometritis of transition dairy cows. Dietary treatments supplemented with daily top-

dressing includes (1) inorganic sulphate forms of Zn, Cu, and Mn (ITM) (2) Zn, Cu, and Mn through sulphates and 

organic complexes in the ratio of 75:25 (ITM/OTM) and (3) hydroxy form of Zn, Cu, and Mn (HTM). They 

summarised that cattle fed HTM throughout the prepartum period have shown increased body weight (BW) than 

those fed ITM. Furthermore, Plasma total antioxidant capacity was declined in the cows supplemented with HTM 

than ITM but, it was not different in the cows fed ITM/OTM. Cattle fed HTM tend to have lower concentrations of 
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plasma TBARS than those fed ITM throughout the study period. 

 Faulkner and Wiess (2017) conducted a study to see effect of trace mineral sources in either forage- or by-

product-based diets supplemented to dairy cows. They observed that digestibility of fiber and milk fatty acid profiles 

have differed when animals were supplemented with hydroxy or sulfate form of trace minerals. Increased neutral 

detergent fiber digestion will recommend that hydroxy mineral supplementation is helpful for cellulolytic bacteria 

would be due to negative effect of sulfate source on fibrolytic bacteria. Similarly, Miller et al. (2020) had observed 

that cows fed the hydroxy trace mineral (HTM) diets had greater DMI than cows fed the sulphate form (STM) diets. 

This difference in DMI between the HTM and STM diets can be partially accounted for by the difference in total-

tract digestibility of aNDFom. 

Effect on steers 

   Recently many works have been conducted to estimate the effects of different trace mineral sources on 

animal's carcass quality. Wagner et al. (2016) conducted an experiment on yearling steers to corelate the effects of 

mineral sources at 2 different concentrations. The treatments included are control (90 mg/kg of Zn through Zn 

sulphate and 15 mg/kg of Cu from Cu sulphate); organic (org) (67.5 mg/kg of Zn through Zn sulphate plus 22.5 

mg/kg of Zn through Zn amino acid complex and 11.25 mg/kg of Cu from Cu sulphate plus 3.75 mg/kg of Cu from 

Cu amino acid complex); high dose of hydroxy form (IB100) (90 mg/kg of Zn through Zn hydroxychloride and 15 

mg/kg of Cu from basic Cu chloride) and low dose of hydroxy form (IB60) (54 mg/kg of Zn through Zn 

hydroxychloride and 9 mg/kg of Cu from Cu hydroxy chloride). They summarised that hydroxy form of Cu and Zn 

are effectively absorbed and utilized by yearling steers and can be fed at a lower dose as compared with current 

industry feeding practices without negative effects on growth performance, carcass traits and liver Zn and Cu status.  

Effect on layers 

Oluyinka et al. (2019) had studied the effect of sulfate and hydroxy form of trace minerals (Zn, Cu and Mn) 

in the laying hens and observed that Mn, Zn and Cu hydroxychloride had reduced the egg loss by reducing the 

percentage of cracked eggs and has increased yolk trace mineral concentration when compared with sulphate form, 

even though their effect on egg production was minimal in hens at peak production.  

Similarly, Toghyani et al. (2019) had conducted an experiment to estimate the effect of replacing inorganic 

sources with Hydroxychloride sources on egg production, egg quality parameters and feed stability in layer diet 

during post-peak production. Inclusion of hydroxychloride Zn, Cu and Mn reduces the extent of oxidation in the 

feed, as indicated by lower peroxide (0.7 vs. 1.5 mEq/kg), higher free fatty acids (0.95 vs. 0.78%w/w) and higher 

iodine values (4.0 vs. 3.0 g/100g) measured in the feed samples as compared to inorganic form. Shell reflectivity 

percentage was also improved by 1.1% in the hydroxychloride treatment. They summarised that using 

hydroxychloride source of Cu, Zn and Mn in layer diets will improve feed stability, egg production rate and FCR. 

Effect on broilers 

 Super oxide dismutase (SOD) was a metalloenzyme with copper, zinc and manganese as a cofactor. Mn-

SOD is found primarily in the matrix space of mitochondria, whereas the Cu and Zn-SOD were found in the 

intermembrane space. Trace minerals are vitally important in supporting bone and tissue development as well as for 

maintenance of the immune system in broilers. Perez et al. (2017) have done two experiments to estimate the effect 

of hydroxy and sulphate form of Zn and Mn supplementation on broiler bird immune response post LPS injection. 

They reported that broilers fed with diets which have lower amounts of zinc and manganese in sulphate form had 

shown lower SOD activity and IL-1 and cathelicidin amounts during inflammation and by supplementing zinc and 

manganese in OHCl form showed an increase in the SOD activity and IL-1 and cathelicidin mRNA amounts in the 

immune cells. Lower concentrations of hydroxy and organic forms of minerals in broiler diets have been 

recommended as a solution to reduce the excretion of mineral without any objectionable effect on performance. 

Similarly, Broilers fed organic (O) and hydroxy (H) minerals have shown higher weight gain and lower FCR as 

compared with the inorganic (I) treatment. Thus, they had finalized that lower dosage of minerals as 

hydroxychlorides may offer performance and economic profits over sulphates or oxides form (M´Sadeq et al., 

2018).  

Oluyinka et al. (2018) studied the influence of hydroxychloride form of minerals on growth performance, 

carcass yield and tissue trace mineral content of broilers as compared to inorganic source. Broilers chicks were 

allocated 4 dietary treatments i.e. high sulphate, low sulphate, high hydroxychloride and low hydroxychloride forms 

of Zn and stable amount of Cu in all the treatments. They observed that broiler chicken supplemented with Zn 

hydroxychloride with low level had greater feed efficiency, percent breast yield and greater weight gain than 

sulphate source. Liver Cu concentration was higher in broiler chickens receiving hydroxy form of Zn and Cu. They 
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summarised that hydroxychlorides were more effective than sulfate sources in enhancing growth performance and 

promoting meat yield in broilers.  

Similarly, Oluyinka et al. (2019) observed superior weight gain in broiler chickens supplemented with 

hydroxychloride trace mineral as compared to those receiving sulphate trace minerals. The level of supplementation 

of Cu, Zn and Mn are 15, 80, and 80 ppm respectively for both sulphate and hydroxychloride minerals. Greater feed 

intake in the broilers receiving hydroxychloride TM will be due to greater intake of the TM. Thus, they have 

summarised that broilers receiving hydroxychloride trace mineral have improved growth performance.  

In plasma, the levels of methyl malonic and uric acid are low in broiler chickens supplemented with 

hydroxy form of Zn and Cu. This will suggest that this trace mineral source will support a more robust tolerance to 

oxidative stress. Hence, broilers receiving hydroxy trace mineral have greater resistance to oxidative stress 

(Oluyinka et al., 2019).  

Effect on pigs 

Recently many studies have been carried on to estimate the effect of different of trace minerals sources on 

performance and immune response in pigs. Carpenter et al. (2016) studied the effects of zinc trace mineral sources 

carcass characteristics of finishing pig and observed that pigs supplemented with Zn hydroxychloride (100 ppm) had 

heavier hot carcass weight (HCW) and increased hot carcass weight average daily gain (HCW ADG) than those fed 

ZnSO4. They suggested that little overall differences between Zn sources on growth performance; however, pigs 

supplemented diets with Zn hydroxychloride had greater HCW as compared with sows that fed with ZnSO4.  

Similarly, Lu (2018) reported that sows fed hydroxy copper diets had higher adjusted litter and piglet 

weight gain when compared to sows that have offered CuSO4 diets. Also, milk of sows that have fed with hydroxy 

copper (CuOHCl) diets had an increased concentration of protein than that from sows fed CuSO4 diets. Lactating 

sows fed hydroxy copper diets had an improved activity of Cu/Zn superoxide dismutase (SOD) and ceruloplasmin in 

serum than those fed CuSO4 diets. The hydroxy copper may be a superior Cu source compared to CuSO4 regarding 

reproductive performance, and elevated dietary Cu levels result in eminent birth weight of piglets; furthermore, high 

Cu levels in sow and nursery diets promote growth performance of nursery pigs and also helpful in maintaining 

immune response during lactation period.  

Recently, Vankuijk et al. (2019) conducted a meta-analysis in pigs to assess the effect of HTM source and 

ITM source (80 ppm) on growth performance of pig. During their study period, there was an increased FCR in pigs 

which have been fed with 80 ppm Zn from HTM. In the last feeding phase, before slaughter FCR and average daily 

gain were both significantly enhanced by 3.9%. HTM addition had enhanced growth performance in grower-finisher 

pigs.  

Economic importance 

The cost of production of trace mineral source is also a major comparable aspect. The negative aspect 

regarding organic source was its high cost of production. Elemental Zn and Cu costs calculated from their prices and 

the concentration of elemental Zn or Cu in each source were $3.82/kg of Zn, $10.48/kg of Cu, $32.14/kg of Zn, 

$52.90/kg of Cu, $11.14/kg of Zn, and $15.20/kg of Cu for Zn sulfate, Cu sulfate, Zn amino acid complex, Cu 

amino acid complex, Zn hydroxychloride, and basic Cu chloride, respectively. In comparison between the cost of 

different trace mineral sources, Hydroxy form of minerals is far cheaper than organic forms and is more or less 

equal to the inorganic source of minerals (Wagner et al., 2016).  

Conclusion 

Based on above the mentioned works in livestock including poultry in which they have proved that the 

hydroxy form of trace mineral is helpful in improving the immune response as well as productive and reproductive 

performance in the animals and will also offer economic benefits over organic and inorganic sources. Thus, we can 

say that hydroxy form of trace mineral is the best replacement for the older form of trace minerals for maximizing 

health and production of animals.  
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