
Chapter 15 
Chromium Profile in Soil, Fodders 
and Plasma of Crossbreed Cattle 

B. Devasena and J. V. Ramana 

Abstract Chromium as an essential nutrient in livestock nutrition has been reported 
in early 1960s. Earlier it has been known more as heavy material which is potential 
bio accumulative toxin of daily production systems. More frequently the Chromium 
is seen in the trivalent and hexavalent structures though other oxidation states (from− 
2 to  +6) also exist. Among the different oxidation states in which chromium is found 
in living organisms, trivalent chromium (Cr3+) is the most stable and is contemplated 
to be a highly safe form of chromium. In India there is very poor documentation 
available regarding the heavy metal toxicity of daily feeds. In the field study carried 
out a total of 142 soil, 142 water, 608 dairy ration components and 790 plasma 
samples of crossbred cattle were collected and screened for chromium content. The 
chromium concentration in soil was below the permissible limit. The dry forages 
like paddy straw and groundnut straw indicated Chromium to a considerable extent 
(<1.6 Mg/Kg). While all the green forages (except Sweet Sudan grass) did not contain 
chromium in detectable concentration. Highest chromium concentration was found in 
particularly mineral mixtures and to a lesser extent in concentrate ingredients such 
as rice bran, wheat bran homemade concentrate mixtures and compounded cattle 
feeds. Different categories of crossbred cattle under investigation indicated that, 
Plasma chromium concentration of anoestrous cows, pregnant cows and pregnant 
heifers, observed to contain higher (P < 0.01) levels, followed by anoestrous heifers 
while lowest in lactating cows. The study indicated that there are no toxic levels of 
chromium in soil and dairy feeds. 
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15.1 Introduction 

Mineral status of the livestock can be assessed by the sampling of forages fed to 
the animals and the soil in which they are cultivated. In many developing coun-
tries (including India) soil, plant and animal systems were not thoroughly examined 
because of several intricacies. Acquiring the information on the mineral status of 
the livestock, understanding of the interrelationships of various inorganic minerals 
in the forenamed system is essential for obtaining augmented livestock productivity. 
Both essential and nonessential elements can be toxic when levels exceed a certain 
threshold. Excessive deposition of toxic heavy metals particularly in the soil is a 
consequence of human activities which is often referred as heavy metal contam-
ination. When these heavy metals enter the food chain it is highly hazardous to 
the nature and organisms in the environment. The concentration of essential and 
contaminant heavy metals such as chromium are potential bio-accumulative toxins 
in production system of livestock because the soils serve as long term sinks for such 
toxic metals. They are primarily absorbed on to organic matter of soil, followed 
by different forms of humified natural organic matter which also receive a larger 
concentration. Apart from this, metal oxides especially iron and manganese oxides, 
clay minerals etc. also incorporated with them (Li et al. 2005). The presence of high 
concentrations of manganese in the soil, as well as alkaline pH levels, may affect 
oxidation processes. When the forages are grown in such polluted environment, toxic 
minerals are absorbed from the soil under specific soil conditions as well as from 
the metal which is deposited on the surfaces of the plants. In addition, excess use of 
fertilizers with heavy metals used in the agriculture is the additional sources for heavy 
metal accumulation. Heavy metals exhibit a different physical and chemical prop-
erties based on which their mobility pattern in the soil takes place. Generally, some 
low amount of losses takes place as a consequence of absorption by the crops grown 
in that area, soil erosion and leaching (Aldrich et al. 2002). The soil productivity 
is diminished when there is long term accumulation of heavy metals in agricultural 
soil, which in turn inhibit the populations of microbes and fauna and that may create 
a risk to animal, human and health of ecosystem. 

Among the essential trace minerals Chromium (Cr) is also listed which having 
importance biological system. Similar to many other minerals, Cr also plays several 
important roles in the metabolism of living organisms (Tokalioglu et al. 2000; 
Tokaliglu and Kartal 2005). A variety of metabolism related roles are played by Cr 
in both animals as well as plants (McDowell 2003). In man and laboratory animals 
Chromium has been considered as an essential trace element (Anonymous 1997), that 
comes from anthropogenic sources. It is seen in different oxidative conditions, but 
the three and six oxidation states are most commonly found in nature. The hexava-
lent form of Cr is an oxidizing mineral which is employed in most of the processes 
related to industry such as electroplating, welding and chromate painting. Trivalent 
chromium is considered to be essential to carry out normal carbohydrate, lipid, protein
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metabolism and the maintenance of nucleic acid (NA) structural integrity. Biologi-
cally active form of Chromium is found as part of an oligopeptide—chromodulin— 
potentiating the effect of insulin by facilitating insulin binding to receptors at the cell 
surface (Amata 2013). In carbohydrate and lipid metabolism the trivalent form of Cr 
is considered to be the most essential (NRC 2001). The importance of Chromium in 
the organism is related to the functionality of insulin, as a cofactor (Cr3+ is a compo-
nent of glucose tolerance factor-GTF) it enhances the activity of insulin (Pechova and 
Pavlata 2007). The important role played by Cr3+ ions in enhancing insulin activity 
is by activation of the insulin receptor tyrosine kinase, and also it potentiates it by 
three-fold. 

Because of ubiquitous nature of Cr it exists in air, water, soil and biological mate-
rials, and hence the supplementation is generally not considered essential. Through 
limited studies available, Cr supplementation in swine production reported to have 
beneficial responses but in dairy cattle not that encouraging (European Commission 
2003). In spite of the fact that in most of animal species Cr is relatively harmless but, 
ingestion of high dose (30–40 mg/kg of B. wt./day) of Cr in dairy calves has resulted 
in toxicity (European Commission 2003). 

Despite of the fact that Cr plays substantial role of in various physiological 
processes in ruminants, information on evaluation of mineral status of grazing rumi-
nants, is quite limited, especially pertaining to the availability of Cr in the biological 
system of animals. The Chromium concentration required in feeds of livestock ranges 
between 0.3 and 1.6 mg/kg (Anonymous 1997) which is generally higher than the 
available Cr to livestock through livestock feeds. When Chromium levels exceed than 
these range which are deemed to be not only toxic to livestock but also awkwardly 
influence the reproductive potential of ruminants (McDowell 2003; McDowell and 
Arthington 2005). In view of the importance of this element to livestock, the premier 
focus of the present investigation was set to authenticate the practicability of broad 
feeding pattern for free grazing ruminants rather than appraising the actual daily 
ingestion of Cr for animals. 

In the assessment of mineral status of livestock, sampling of forages offered 
to livestock and soil used for cultivation these forage plants is the chief activity 
involved. The sample and sampling procedure have the greatest value which need 
to be collected from soil, plant and biological tissues of animal in question and also 
depends upon the mineral to be determined from these variables used for assessment 
(McDowell 1985). Present investigation was planned in Chittoor district of Andhra 
Pradesh in India, in order to determine the chromium levels in soil (grazing and culti-
vated), drinking water, concentrate feeds, fodders (green/dry) as well as in plasma 
of crossbred dairy cattle.
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15.2 Materials and Methods 

15.2.1 Samples Collection 

The study was conducted at Chittoor district (13.2172°N, 79.1003°E) in Andhra 
Pradesh state (India), which is classified under southern agro- climatic zone of 
Andhra Pradesh state. The district comprises of four revenue divisions and 66 revenue 
mandals. One village from each mandal was selected, which were geographically 
located apart in direction and a total sixty-six mandals of the district in which 
sampling procedure was carried out. 

A minimum of two soil (grazing and cultivated land) samples from each mandal 
were collected (total of 142 soil samples). From four different sites within the pasture/ 
grazing land, samples of soil were collected randomly. From the surface of the soil 
a minimum 15–20 cm depth was considered to collect the soil samples. Initially in 
the sampling area, surface litter was removed from the surface of the sampling point 
before taking the soil sample. Zigzag sampling design was followed, using a spade 
a depth of 20 cm (i.e. from the surface of soil to 20 cm beneath the soil surface) was 
cut and a thin portion of soil with about 5 cm thick was collected. Then this segment 
of soil was placed in pail and mixed with hands. A sub-sample of 300–500 g from the 
bulk soil sample was collected. This sample was placed in a plastic sample bag which 
contained label on the outside. Soon after the soil samples arrive at the laboratory, 
air drying at room temperature (25–35 °C) was carried out. Once soil samples were 
air dried,  they  were  sieved  by  using a 2 mm sieve. All  samples of soil collected  were  
dried in the oven at appropriate temperature (100 ± 5 °C) until the constant dry 
weights were obtained. 

With regard to water sampling, a minimum of two water (bores, canals, wells 
and river streams etc.) samples were collected (total of 142 samples) by composite 
sample method into a clean sterile collection bottle. During the preplanned time/ 
after prefixed flow, smaller samples were collected in succession and mixed in the 
same container. When the samples were obtained by compositing the integrated 
samples of equal volume across the cross section were taken from different places at 
different depths-with equal flow, so that the overall composition of a stream has been 
represented. In larger water sources, because of the requirement of large number of 
samples, it was determined by section of a stream, along with depth and cross section 
where the water constitution will be constant. 

The forage/fodder samples were collected at random from four different locations 
within the grazing area and pasture land which were being used for feeding of cattle. 
All forage/fodder samples collected were dried in hot air oven at appropriate temper-
ature (80 °C) until constant dry weights are observed. Different feeds and fodders 
(Green and dry) offered (total 528) to the crossbred dairy cattle, by the farmers at the 
household level were also collected from each farmer in the study area. After collec-
tion all the representative samples of feeds and fodders, were subjected for drying in 
forced draft oven (at 80 °C for 24 h), subsequently pulverized to pass through 2 mm
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size sieve and were stored plastic sample bags in moisture free condition, till further 
analysis. 

From each village a minimum of 10 crossbred dairy cattle in diverse physiological 
phases (lactating cows, pregnant cows, pregnant heifers, cows in anoestrous condition 
and heifers in anoestrous condition) were considered for collection of blood samples. 
The jugular vein was punctured in an aseptic manner and blood was drawn and 
transferred in to heparinized blood collection vials (a total of 790 samples). After 
collection the blood samples were subjected for centrifugation process at 3000 rpm 
for about 20 min so that plasma was separated. After collection plasma samples were 
stored in deep freeze, (at −20 °C) for further analysis. 

15.2.2 Processing of Samples 

Soil sample (0.5 g) was dissolved in 0.1 N HCl and then a pinch of charcoal was 
added to prepare mineral extract. Then it was filtered by using no. 1 Whatman filter 
paper. Then diluted with double glass distilled water to get appropriate concentration 
for analysis (Singh et al. 1999). When water sample (45 ml) was digested, 5 ml of 
concentrated nitric acid was used. Similarly digesting 0.5 g of feed/fodder sample 
15 ml of nitric acid was used. Whereas 2 ml of plasma sample digested with 15 ml 
of nitric acid. The micro wave sample digester (CEM Mars X-press) was used in 
the digestion process of all samples. All the digested samples were filtered through 
Whatman filter paper no. 1 to obtain mineral extract and dilution was carried out 
with double glass distilled water to get the suitable concentration. The Chromium 
was estimated in the mineral extract prepared after digestion of the samples, in 
an atomic absorption spectrophotometer (Perkin Elmer, Avanta PM-A-6287), with 
0.1 ppm detection limits. For the determination of chromium monoelement hollow 
cathode lamp was employed. Initially the calibration of AAS was carried out by 
following the recommendations of instrument manufacturers. Absorbance reading 
was plotted on the Y-axis and that of concentration of different standard solutions of 
Cr mineral on X-axis for building up a standard curve was prepared by versus. Then, 
the AAS reading of sample of interest was plotted on the standard curve, and then 
concentration of Cr metal was calculated in the sample. 

15.2.3 Statistical Analysis 

The data generated on the Cr content of the samples (Viz. soil, water, feed/fodder 
and plasma) were subjected for statistical analysis with the help of SPSS software. 
Each variable was worked out with a one-way analysis of variance (ANOVA).
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15.3 Results and Discussion 

15.3.1 Soil 

The results of soil analysis (Table 15.1) revealed the average chromium concentration 
was 4.08 ppm (observed the range from 2.4 to 6.2 ppm). The detected range of 
chromium in all the soil samples collected found to be less than the permissible 
ceiling of 100 ppm (Misra and Mani 1978) and within the reported range by Devasena 
et al. (2012). There was a variation in soil Cr content due to the season has been 
reported. Low amount of Cr was reported during December as compared to high 
concentration during January and during the entire study period which observed to 
be in the range of 0.006–0.007 mg/kg (Khan et al. 2010c). Contrary to this higher soil 
Cr content reported in some earlier studies (Hodgson 1990). It was opinioned that, 
soil Cr concentration was significantly influenced by the time of sampling. Elevated 
levels of Cr in soil samples was found during the October (1st sampling) and lower 
amount of soil Cr was found during the April (4th sampling) as reported by Danish 
et al. (2014). Besides, chromium found abundantly to a much greater degree in soil 
as compared to the crops (Underwood and Suttle 1999). In the present study the 
low Cr level was observed, for which the alkaline soil pH (7.30–7.63) could be a 
reason. Higher exchangeable Cr takes place in the acidic soil than in the alkaline soil 
which has been evidenced in several reports (Xu et al. 2020). Presence of ferrous 
oxide and manganese oxide in the soil aggravate the deposition of heavy metal (Li 
et al. 2005). In agricultural soils the major routes of heavy metal load predominantly 
include atmospheric deposition, sewage sludge, animal manures, agrochemicals and 
inorganic fertilizers. While the losses takes place due to the uptake by cultivation of 
crops or livestock products, soil leaching and erosion. (Nicholson et al. 1999). 

Table 15.1 A pH and chromium content (ppm) of soil and water 

Chittor 
division 

Tirupati 
division 

Puttur division Madanapalli 
division 

District over 
all 

Soil Mean SE Mean SE Mean SE Mean SE Mean SE 

(n = 
39) 

(n = 
33) 

(n = 
35) 

(n = 35) (n = 
142) 

pH 7.63 0.12 7.37 0.16 7.49 0.14 7.30 0.09 7.45 0.07 

Cr 3.5b 0.42 6.2a 0.38 4.2b 0.82 2.4c 0.62 4.08 0.22 

Water (n = 
39) 

(n = 
33) 

(n = 
35) 

(n = 35) (n = 
142) 

pH 7.42 0.08 7.33 0.08 7.69 0.10 7.40 0.06 7.46 0.08 

Cr ND – ND – ND – ND – ND – 

abc values bearing different superscripts in a row differ significantly (P<0.01)*
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15.3.2 Water 

The analysis of water for pH indicated a faintly alkaline range from 7.33 to 7.69. In 
all water samples (142) analyzed, chromium was not in the detectable concentration. 
Water quality in addition to availability is extremely important for animal health and 
productivity. Even low concentrations of water contaminants effect animal perfor-
mance when consumed over a long period (NRC 2001). In nature Hexavalent form 
of chromium happens commonly. Water solubility is more for Hexavalent chromium 
compounds as compared to trivalent chromium compounds. During the process of 
disinfection of water oxidization of trivalent chromium to hexavalent chromium 
takes place. In drinking water the amount of acquired hexavalent chromium for 
which the primary source is from oxidation of naturally occurring chromium present 
in combustible geologic formations. Chromium compounds have been released to 
the various locations of the environment by means of effusion, defective storage and 
due to inappropriate industrial waste discarding practices. In water the Chromium 
compounds either trivalent or hexavalent chromium are very pertinacious (USEPA 
2011). 

Present results indicated that, there was no contamination of chromium from other 
sources into either soil or water. As per the guidelines of World Health Organization 
(WHO 2022) the maximum total permissible chromium content for drinking water 
is 0.05 mg/L. At present, there are no standard integrated regulations for chromium 
in drinking water for individual livestock species (WHO 2022). The United States 
Environmental Protection Agency (USEPA) has set a maximum contaminant level 
of 100 ppb or 0.1 mg/L (USEPA 2011) in drinking water and it is the regulatory 
authority for setting the maximum permissible level of total chromium in standards 
of drinking water. 

15.3.3 Forages/Roughages 

Paddy straw (0.16 ppm) and groundnut straw (0.49 ppm) contained chromium to 
a considerable extent among the dry roughages analyzed (Table 15.2). Out of dry 
forage samples (153) analyzed, paddy straw (88.3%) and groundnut straw (80.63%) 
samples contained chromium and in the others types of dry roughages it was not in 
the range that could be detected. In case of green forages (among the 175 samples), all 
samples of SSG-898 contained (0.03 to 0.29 ppm) chromium, while in other fodder 
(138) and tree foliage samples (20) analyzed the Cr concentration was not in the 
range that could be detected. The Cr concentration in the forage reported by Danish 
et al. (2014) ranged from 2.9–4.0 mg/kg and was greater than the range observed 
in the present study. It has been reported that different plant parts contain variable 
amount of Cr (Anderson et al. 1990). While relatively low chromium concentration 
(0.002–0.0025 mg/kg) of forages was reported by Khan et al. (2010c) which was not 
toxic for animals being reared. Chromium enters the food chain of living organisms
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when the cell walls of plants passively take up Cr3+ from the soil, through cation 
transport/exchange sites. The quality and availability of pastures in semi-arid areas is 
substantially affected in dry season due to scant rainfall patterns, when more rainfall is 
experienced improvements in availability and quality of grasses are seen. But forages 
are observed to be acutely deficient as compared to the requirement for growth and 
development of ruminant livestock which is suggesting the need for supplementation. 
The Cr concentration of fodder/forage samples in the present evaluation was found 
to be variable as compared to the reported values in literature but was not in the toxic 
range (Devasena et al. 2012). 

Table 15.2 Chromium content (ppm) of feed and fodder samples 

n Mean SE Detected %detection 

Dry roughages 153 108 70.5 

Paddy straw 94 0.16 (0.04–0.20) 0.01 83 88.3 

GN straw 31 0.49 (0.31–1.04) 0.08 25 80.6 

Sorghum stover 23 ND 0.0 0 0 

Ragi straw 5 ND 0.0 0 0 

Green roughages 175 17 9.7 

Sugar Cane tops 29 ND 0.0 0 0 

SSG-898 17 0.19 (0.03.0.29) 0.03 17 100 

Co-1 32 ND 0.0 0 0 

Sorghum 11 ND 0.0 0 0 

APBN 25 ND 0.0 0 0 

Local Grass 41 ND 0.0 0 0 

Tree foliage 20 ND 0.0 0 0 

Concentrates 200 88 44.0 

Rice Bran 70 0.22 (0.01–0.39) 0.02 56 80 

Wheat Bran 23 0.30 (0.02–0.45) 0.01 10 44 ara> 

Gram chuni 13 ND 0.0 0 0 

Maize/Bajra grain 23 ND 0.0 0 0 

Ground nut cake 80 ND 0.0 0 0 

Soybean meal 11 ND 0.0 0 0 

Sunflower meal 3 ND 0.0 0 0 

Home made concentrate mixture 20 0.25 (0.18–0.45) 0.0 4 20 

Compounded Cattle feed 30 0.51 (0.06–0.65) 0.02 17 57.0 

Mineral Mixture 7 28.1 (18.4–49.4) 0.01 5 71.4 

Values in the parentheses indicate range
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15.3.4 Feed Ingredients 

In case of concentrates a total of 200 samples analysed out of which 12% contained 
chromium in the detectable range. Among the rice bran (0.22 ppm) samples 80 
and 44% of wheat bran (0.17 ppm) samples contained chromium to a considerable 
extent. But in gram chuni, cereal grains (Maize and Bajra grain), different protein 
supplements (Groundnut cake, Soybean meal and Sun flower meal, Homemade 
concentrate mixture) chromium was not detected. Compounded cattle feed which 
was commercially available in the market found to contain 0.51 ppm chromium 
and 57% of the samples were detected with chromium. Islam et al. (2016) reported 
higher levels of chromium (1.64–1.71 ppm) in commercial broiler feed. Considerably 
lower chromium concentration was observed than the NRC (2005) set permissible 
limit (500 ppm or µg/g). Whereas in the present investigation the Cr concentrations 
noticed are indicating lower concentration than the values reported by Li et al. (2005). 
However, higher Chromium concentration in protein meal feed (10–218 mg/Kg) was 
reported by Jothi et al. (2016). This therefore was suggestive that, regular screening 
for detection of heavy metals needed for protection from harmful effects. 

In the present study 20% of the home made concentrate mixtures shown to contain 
the chromium in the range of 0.21–0.28 ppm. These compounded/homemade concen-
trate mixtures contained chromium because the brans often form the major compo-
nent of the concentrate mixtures (prepared by the farmers at their home and commer-
cially prepared compounded feeds which are marketed being used by the farmers in 
this area), since during the analysis brans were detected with considerably higher 
concentration of chromium could be the reason. 

Accurately measuring naturally occurring Cr in feed ingredients is difficult 
because of Cr contamination that can occur during harvesting, processing, and collec-
tion of samples as well as laboratory analysis of Cr. Grinding whole grain samples, 
de-oiled meals, by products like brans and chunies in Wiley mill which pass through 
a stainless steel screen greatly increased analyzed Cr concentrations. Appreciable 
amount of Cr found in the feed ingredients emerge as a result of contamination 
from soil as well as due to metal proximity in the process of cultivation, harvesting 
of crops, procedure of feed ingredients preparation or combination of both (Spears 
et al. 2017). 

15.3.5 Mineral Mixtures 

In case of mineral mixtures 71.4% were containing chromium in the detectable 
level with average content of 28.1 ppm (18.4–49.4 ppm) which indicated moder-
ately higher concentration of chromium as compared to the other feed ingredients 
analysed. Higher levels of Cr observed in the feed stuffs might be due to the mixing 
of these feed ingredients in processors and stainless steel containers (which partic-
ularly contain 18% Cr), may give rise to increased level of Cr in feed stuffs as a
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result of contamination. As per NRC (2001), acceptable normal level of chromium 
in the rations of livestock is 1.6 mg/Kg and that of upper limit for toxicity of Cr is 
1000–3000 mg/Kg. Present research results suggested that, the Cr levels observed 
with regard to most of feed/fodder samples were quite lower than the typical values 
reported (Li et al. 2005). As per the research data available, maximum threshold 
limit of the Cr concentration was not available but a concentration range between 
0.03 and 1.0 mg/kg was suggested in majority of studies. Chromium reported in the 
salt-range of Pakistan was in the range of 0.156–0.285 mg/g (Khan et al. 2010a, b). 
Whereas lower concentration (from 0.0003 to 0.0006 mg/L) was observed in central 
Punjab of Pakistan (Raj et al. 2006). Although there is no evidence of unfavorable 
effect of higher Cr concentration in forage and blood plasma, still the concentration 
can be decreased with the plants that absorb reduced quantity of chromium. More-
over, supplementation of area specific minerals and minerals mixture with specific 
combination in the livestock is suggested in view to conserve the environment and 
safeguard the human health. 

The cycling of many heavy metals through the dairy food chain occurs which is 
possibly to be restricted by the soil–plant barrier in a closed system (Chaney 1990). 
The soil acts as barrier which limits transmission of metals in to the food chain by 
different chemical processes which might have been involved in the regulation of 
the bioavailability of the metals. The soil cation exchange capacity is the principle 
component, which is governed in turn, by other soil chemical properties such as pH, 
salinity, macro nutrients, micro nutrients like different minerals and their concen-
tration (Alloway 1995). At times the soils are subjected for alterations, due to the 
addition of bio-solid wastes or manures because of theses specific properties in the 
modification the bio-availability of the metals will be diverged (Chaney 1990). Simi-
larly even the certain barriers present in plant restricts transmission of certain heavy 
metals into the food chain, in view of the fact that metals are phytotoxic because of 
which considerable yield reduction occurs before the crop would results in risk of 
metal overdosing during the ingestion by live-stock in their lifetime. 

15.3.6 Animals 

Chromium concentration determined in the plasma of various categories of crossbred 
cattle summarized in Table 15.3. The outcome of the experimentation indicated 
that cows in pregnancy, pregnant heifers and cows in nonproductive condition were 
significantly (P < 0.01) higher (ranged from 0.31 to 0.33 ppm) in contrast to heifers 
in nonproductive stage (0.27 ppm) and cows which were lactating (0.15 ppm). The 
variations observed were remarkable (P < 0.05) in plasma concentration amongst the 
animals of diverse physiological categories and in between the animals belonging 
to four revenue divisions which can be attributed to differences in feeding practices 
adopted by the farmers (Devasena et al. 2012). The animals in the district were fed by 
paddy straw and groundnut straw to the major extent where as green fodder offered 
to a very limited extent. The supply of concentrate feeds was limited to those animals
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which are in productive condition (Lactating animals). In addition to this, when the 
animals are reared under grazing system, annual ingestion of about 600 kg of soil in 
dairy cows has been reported in many parts of the world (Healy 1974), which might 
be another contributing factor for the plasma levels of the minerals though the levels 
are considerably less in most of the feeds. The plasma Cr content varied between 
3.5 and 4.3 mg/L. The variability in the concentration of Cr is presumed to be due 
to the divergent sources of blood collection (Young/growing animals, lactating dairy 
animals and non productive/dry animals) which might influence the amount of Cr 
level as well as there might be some synergy between time of collection in a year 
and source of blood collection which exemplify the concentration level.

There were reports which indicated that higher blood Cr levels were found during 
February and lower amounts during December (Danish et al. 2014). The higher blood 
Cr concentration was observed than the suggested value by different authors (Khan 
et al. 2010a, b; Raj et al. 2006). The required range for Cr concentration in livestock 
is 0.3–1.6 mg/kg (Khan et al. 2010a, b) and the variability do exist which might 
be there due to the type of condition of animals (young growing calves, lactating 
dairy cows and dry/pregnant cows) in which the blood was examined. In spite of the 
detrimental effect of higher Cr concentration in blood plasma, which is a result of 
higher Cr in forage that are fed to the livestock, yet it can be decreased by growing the 
plants that absorb less quantity of chromium. Limited information is available about 
the Cr concentrations in feeds and fodders fed to the livestock and even barely known 
regarding Cr bioavailability from feedstuffs which are commonly offered to livestock 
at field level (Bryan et al. 2004). Moreover, it was suggested that supplementation 
of area specific minerals mixture in rations of livestock would be beneficial which 
not only conserve the environment but also safeguard human health (Danish et al. 
2014). 

In spite of the fact that recycling of several heavy metals through the dairy food 
chain occurs which is possibly to be restricted by different variables such as cation 
exchange capacity of soil, salinity, pH, phytotoxicity of the metal etc. In dairy system 
it is essential that the sources of that particular metal should be recognized for effec-
tive prevention of such complications connected with accumulation in soil. The 
reproductive potential of ruminants may badly be affected due to the elevated concen-
trations which are toxic to livestock (Raj et al. 2006). Present study revealed that the 
analysis of samples of soil, feeds, fodders and biological samples of animals carried 
out to determine the chromium content revealed to contain lower than the permissible 
levels (NRC 2001) which suggested that, chances of cumulative toxicity are less. 

15.4 Conclusion 

At present times, alarming level of heavy metal pollution in livestock feeds and 
fodders is most obvious throughout the world. Present research results on determi-
nation of chromium reflected existence of nontoxic levels in soil, water and dairy 
feeds and fodders. The chromium concentration in plasma of crossbred cattle of
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different age and physiological groups was lower than the permissible levels (NRC 
2001) which indicated that, chances of cumulative toxicity are less. 
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