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INTRODUCTION

Beneficial effects of supplementation with organic 
chromium (Cr) products on productive and 

reproductive performance of broilers are considerable, 
as well as on certain physiological variables, and its 
importance has been demonstrated in numerous studies 
(Kani, 2015; Zheng et al., 2016; Mir et al., 2017; Li et al., 
2018). Cr in its most stable oxidation state (Cr3+), fulfills 
several important functions in broilers. Among them, its 
participation in the metabolism of carbohydrates, proteins 
and lipids, its enhancement of insulin action, as an active 
component of glucose tolerance factor (GTF), its anti-
stress role, by decreasing cortisol concentration in blood, 

its fundamental function in the formation and expression 
of genetic information, its inhibitory effects on lipogenic 
activity and its improvement in the absorption of amino 
acids in muscle cells for protein synthesis (Herran et al., 
2011).

There is a positive relationship between Cr supplementation 
in the diet and growth, increase and improvement of 
physiological and immune functions of commercially reared 
fowls, such as broilers and laying hens. Cr supplementation 
for broilers has been related to a high growth rate and 
antioxidant capacity, while there is a decrease of lipidic 
peroxidation, cholesterol content and abdominal fat of 
these animals (Dalólio et al., 2018).
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Heat stress increases circulating concentrations of 
corticosterone in broilers and it is well documented that 
corticosterone reduces insulin sensitivity in these animals 
(Zhao et al., 2009). Since cooling of poultry houses 
(environment control) is very expensive, the main methods 
are focused on nutritional modifications (Attia et al., 
2015), like search of new feed additives to increase the 
performance of birds naturally.

The use of native resources and biotechnological methods 
to obtain organic products that allow to reach animal 
productions with positive health indicators, is a vitally 
important task. The novel Cr product was obtained using a 
Cuban Cr source, from a Cr2O3 deposit in the province of 
Camagüey, by a biotechnological method.

In order to evaluate the effect of supplementation with 
this organic product on metabolic indicators of broilers, 
viz., concentration of glucose, cholesterol, triglycerides 
and cortisol in blood serum of broilers was analyzed. 
The evaluation of the effect of supplementation with this 
product on certain physiological indicators of broilers was 
also an objective of the current research. 

MATERIALS AND METHODS

locaTion
The study was conducted in the Broiler Experimental 
Facility, of the University Center of Biological and 
Agricultural Sciences (CUCBA, initials in Spanish) of the 
University of Guadalajara, Mexico.

orGanic cr producT characTerizaTion
Indicators of humidity and volatile matter, crude protein, 
ether extract, ashes, crude fiber, nitrogen free extract and 
dry matter were determined, according to methodologies 
described in AOAC (2016). In order to establish the 
concentration of organic Cr, the obtained product was 
ground to a particle size of 1 mm. Later, three samples of 
0.5 g were taken and placed in tubes of CEM Corporation 
MARS 5 (Microwave Accelerated Reaction System) 
Digestion Microwave System. Then, 10 ml of HNO3 
(70%) were added per tube, to perform an acid digestion 
according to the Ramp to Temperature and to Pressure 
programming cycle. Maximum power was 600 W (50%), 
with a ramp time of 20 min, reaching 170 psi and 210 °C 
of pressure and temperature, respectively, and hold lasted 
7 min. The method for obtaining this product is under 
intellectual property registration procedures.

Samples were extracted, after total cooling and transferred 
to 100 ml volumetric flasks. Immediately, they were made 
up to the mark with deionized water and determinations 
were made in a Thermo Solar AA Series Atomic absorption 

spectrometer, from Thermo Electron Corporation. For 
the final calculation of Cr concentration in samples, the 
following formula was used:

ppm= (Abs*100) / g sample

where, 
ppm: Concentration in parts per million; Abs: Absorbance 
determined by atomic absorption spectrometer; g sample: 
quantity (in grams) of weighed sample.

 aniMals, experiMenTal TreaTMenTs and dieTs
A total of 45 Ross 308 male broilers were used, starting 
from 1 d of age, coming from a productive performance 
experiment with 300 animals, distributed in 12 pens of 2.5 
m long and 1 m wide, at the rate of 10 broilers per m2. 
Treatments were: (T1) Control without organic Cr, (T2) 
Treatment with Cr, at a rate of 200 ppb/kg diet; and (T3) 
Treatment with Cr at a rate of 400 ppb/kg diet. Broilers 
feed was supplemented with organic Cr product from day 
1. Diets were formulated and produced in the Marketing 
Company of Animal Food “Nutrimentos Ramírez (S.A 
de CV)”, in Jalisco, Mexico. Two diets, starter and finisher 
were formulated (Table 1) and used in the study. Broilers 
were fed a starter diet up to 21 days and a finisher diet 
from 22 to 42 days. Intake estimates were made according 
to “Ross 308 AP Broiler Chicken Manual: Performance 
Objectives” by Aviagen (Aviagen, 2017).

Table 1: Composition of diets used in the experiment 
according to the different stages.

Ingredients
(%, except those 

mentioned)

Starter feed Finisher feed
T1 T2 T3 T1 T2 T3

Sorghum meal 48.18 48.18 48.18 59.28 59.28 59.28
Soybean paste 35.92 35.92 35.92 26.34 26.34 26.34
Vegetable oil 6.00 6.00 6.00 6.00 6.00 6.00
Organic Cr (ppb/kg) 0 200 400 0 200 400
CaCO3 1.21 1.21 1.21 1.10 1.10 1.10
CaPO4H,2H2O 0.68 0.68 0.68 0.28 0.28 0.28
Premix (vit./min.)1,2 8.00 8.00 8.00 7.00 7.00 7.00
Calculated contribution (%, except those mentioned)
ME (MJ/kg) 13.22 13.22 13.22 12.43 12.43 12.43
Crude Protein 21.91 21.91 21.91 18.60 18.60 18.60
Ca 0.98 0.98 0.98 0.74 0.74 0.74
P 0.48 0.48 0.48 0.40 0.40 0.40

1Vitamin supplement: Vit. A 13000 IU; Vit D3 5000 IU; Vit E 
80 mg; Vit K 3.2 mg/kg; Vit B1 3.2 mg/kg; Vit B2 8.6 mg/kg; 
niacin 60 mg/kg; pantothenic acid 17 mg/kg; Vit B6 5.4 mg/kg; 
biotin 0.30 mg/kg; folic acid 2.20 mg/kg; Vit B12 0.017 mg/kg.
2Mineral supplement: selenium 0.30 mg/kg; iron 20 mg/kg; 
copper 16 mg/kg; zinc 110 mg/kg; magnesium 0.50 mg/kg; 
iodine 1.25 mg/kg; cobalt 0.75 mg/kg.
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condiTions For experiMenTaTion and aniMal 
ManaGeMenT
The experiment was developed according to rearing ethical 
principles for experimental broilers. Before the beginning 
of evaluation, a health control was applied, with total 
disinfection of the unit and the equipment to be used, with 
Bioddá (3%) (Viatormex S.A de C.V). A rice husk bed was 
uniformly distributed in pens, as well as initiation chicken 
trays (1 per pen), and 4 L chicken fountain (1 per pen) 
were used during the first 3 weeks. Six JAT brand P1000 
gas brooders were used during the first 10 days of age. After 
21 days of age, 11 kg capacity hanging cone feeders were 
used, and a food restriction program was implemented, 
with only 8 hours a day, to avoid ascites syndrome. Free 
access to water was guaranteed through automatic drinking 
troughs for laying hens (2 per pen). Vaccination system for 
animals consisted of a dose of Trovac® against smallpox and 
avian influenza, Newxxitek® against Newcastle disease and 
a dose of Triacef® antibiotic, mixed with Marek vaccine, 
against Gram (+) and Gram (-) bacterial strains producing 
ß-lactamases resistant to other ß-lactam antibiotics, was 
given at the day of birth of broilers. Later, a vaccination 
schedule was followed against Gumboro, avian influenza 
and Newcastle disease according to routine practice. 

saMple collecTion and analyses
At 42 days, a total of 45 broilers were used (15 per 
treatment), out of a productive performance with 300 
animals (100 animals each), for sample collection. Blood 
was collected with disposable syringes from the jugular 
vein. Samples were collected in plastic tubes and properly 
preserved until their use. Concentrations of glucose, 
cholesterol, triglycerides and cortisol in blood serum were 
determined in the Clinical Analysis Laboratory “Núcleo 
Veterinario: Mundo Vivo” in Guadalajara, Mexico. 
Glucose, cholesterol and triglycerides were determined by 
spectrophotometry in a semi auto analyzer Spectrumlab 
23A®, using commercial kits supplied by Pointe Scientific®. 
Cortisol was determined by ELISA. These same animals 
were sacrificed by bleeding of jugular vein (Sánchez, 1990). 
They were dissected, and accessory (liver and pancreas) 
and lymphoid (thymus, bursa of Fabricius and spleen) 
organs were removed with precision and weighed in a 
digital balance. Likewise, abdominal fat received the same 
procedure. Weights were expressed as animal live weight 
percentage.

sTaTisTical analysis
A completely randomized design was used, with 3 
treatments and 15 repetitions each. Every animal 
constituted an experimental unit. For the analysis of results, 
INFOSTAT (Di Rienzo et al., 2012) statistical package 
was used. Average values were compared using Duncan 
(1955) test, in the necessary cases.

RESULTS AND DISCUSSION

orGanic cr producT characTerizaTion 
Table 2 shows the results obtained by bromatological 
analysis of the organic Cr product. Results demonstrates 
that the product has good bromatological and organoleptic 
characteristics. It has a sweet smell and a brownish yellow 
color. Its protein content is around 10.24%. Likewise, its 
mineral content is generally low, which is reflected in the 
result of ash contents. Apparent digestibility of dry matter, 
crude protein and fiber fractions significantly decrease with 
the increase of fiber content in diet in monogastric animals 
(Sklan et al., 2003). Therefore, the low fiber and fat content 
of the product presuppose that this is an easily digestible 
product and will not show resistance to absorption in the 
gut.

Table 2: Results of the bromatological analysis carried out 
on the Cr organic product.

Item Method Results (%)
Humidity and volatile matter AOAC 934.01 8.14
Protein (%N * 6.25) AOAC 655.04 10.24
Ether extract AOAC 920.39 3.04
Total ash AOAC 942.05 2.46
Crude fiber AOAC 962.09 1.33
Nitrogen free extract By difference 74.79
Dry matter By difference 91.86

Table 3 shows results regarding Cr content of the product, 
after performing a triplicate analysis.

Table 3: Cr concentration in the Cr organic product.
Mineral Mean (%) CV SD

Cr 2.89 0.76 0.89

As observed, the result demonstrated an average 
concentration of 2.89 mgCr/kg of product. Due to 
the procedure used, all determined Cr is guaranteed 
to be organic. Because there is no literature on the use 
of this biotechnological method for obtaining organic 
complexes with microelements, it is difficult to establish 
a comparison with previously obtained results. However, 
bromatological characteristics and Cr concentration 
in the product are considered to be acceptable for the 
intended purpose.

eFFecTs oF The orGanic cr producT on MeTaBolic 
indicaTors 
After the diagnosis of analytes, results of metabolic 
indicators determined in the experiment are shown in Table 
4. The organic Cr product demonstrated its effectiveness in 
reducing the metabolic variables.
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Table 4: Metabolic indicators determined in animals 
according to different treatments.

Indicator Treatments SE (±) p
T1 T2 T3

Glucose (mg/dL) 172.85b 125.39a 133.67a 7.06 0.0001
Cholesterol (mg/dL) 186.65b 155.08a 167.25a 6.04 0.0037
Triglycerides (mg/dL) 124.20b 87.09a 81.87a 3.69 0.0001
Cortisol (nmol/L) 9.45 8.91 7.66 1.66 0.7370

Different letters in a row indicate significant differences (p≤0.05).

T1 group (172.85 mg/dL) exhibited significantly (p<0.05) 
high level of glucose as compared to Cr treated groups 
(T2 and T3). T2 treatment (125.39 mg/dL) showed lower 
values than T3 (133.67 mg/dL), although they had no 
statistical differences among them. Despite not observing 
differences between these two treatments, the best results 
were demonstrated by T2.

Results of this study were similar to those found by Al-Bandr 
et al. (2010). They evaluated the effects of supplementation 
with CrCl3, Cr picolinate (CrPic) and Cr yeast (CrY) 
(1,000 ppb) in broilers and obtained a significant decrease 
in blood glucose in the groups supplemented with CrY. 
Ibrahim et al. (2010) supplemented broilers with increasing 
levels of CrY (500, 1,000, 1,500 and 2,000 ppb) and had 
a significant reduction of blood glucose levels in these 
animals. It is important to highlight that, in these two 
studies, levels of supplemented organic Cr were higher than 
in the present research, in order to reach the same results. 
Noori et al. (2011) studied the effects of Cr-methionine 
(CrMet) on broiler blood serum metabolites, and also 
obtained a decrease of glucose concentration, coinciding 
with the results of this present research.

Decrease of blood glucose concentration of broilers 
supplemented with organic Cr, for both treatments studied 
in this study, could be attributed to the organic Cr product 
effect on insulin. This microelement constitutes an integral 
component of GTF, enhancing insulin action. This way, 
glucose transportation into cell increases, due to the increase 
of insulin activity. The mechanism through which this 
phenomenon occurs includes the increase of the number 
of insulin-sensitive cell receptors, the consequent increase 
of sensitivity to this hormone, the regulation of its binding 
capacity and the increase of sensitivity of β pancreatic 
cells (Malathi, 2015). This results in an increment of 
absorption and utilization of glucose by cells, reducing their 
concentration in serum (Akbari and Torki, 2014). 

Other authors also reported a decrease in serum glucose 
levels after supplementation with other organic sources of 
Cr (Herran et al., 2011; Talbott et al., 2013; Rajalekshmi 
et al., 2014; Zhang et al., 2018; Orhan et al., 2018). Also, 
Haq et al. (2018) found similar results to those obtained 

in this study, evaluating CrY supplementation alone, or in 
combination with ascorbic acid or vitamin E. However, 
these decreases of serum glucose levels were achieved like 
the previously analyzed cases, with higher supplementation 
levels than those used in T3 of this research. This result 
differs from that obtained by Malathi (2015), who found 
lower glucose concentrations in the treatment with 400 
ppb of CrY.

In the case of total cholesterol, there was also a significant 
decrease among treatments where organic Cr was 
supplemented compared, to control treatment. Values 
determined in T2 (155.08 mg/dL) and T3 (167.25 mg/
dL) were significantly lower (p≤0.05) than those obtained 
in T1 (186.65 mg/dL). Despite not observing differences 
between T2 and T3, the best results were observed for T2.

Likewise, and coinciding with these results, Dȩbski et 
al. (2004) stated that CrY supplementation in broilers 
decreased the concentration of total cholesterol in blood, 
with significantly lower levels. Ibrahim et al. (2010) 
also found a decrease of total cholesterol levels in blood, 
coinciding with the results obtained in this research. 
Navidshad et al. (2010) supplemented broilers with 
250, 500, 750, 1,000 and 1,250 ppb of CrPic and found 
decreased blood cholesterol levels using 500 and 1,000 
ppb. Noori et al. (2011) also referred a decrease of serum 
cholesterol levels in animals supplemented with CrMet.

This marked decrease of serum cholesterol could be 
explained through the stimulating effect of the organic Cr 
product on the islets of Langerhans in the pancreas, which 
increases insulin secretion. Supplementation with this 
product, and this increase of secretion of this blood glucose 
regulatory hormone, intensifies its own activity, inhibiting 
lipid catabolism. This, in turn, would result in a decrease 
of lipolysis in adipocytes, lowering serum cholesterol 
concentration (Akbari and Torki, 2014). 

Low blood cholesterol levels recorded in this research 
coincided with those obtained by Haq et al. (2018), who 
supplied CrY with ascorbic acid and vitamin E to broilers. 
The combination of CrY with ascorbic acid reported the 
lowest total cholesterol values, suggesting that regulatory 
role of Cr is enhanced in the presence of vitamin C. 
Other authors, such as Habibian et al. (2013), have also 
demonstrated that animals had low concentrations of total 
cholesterol in blood serum, after supplementation with 
CrMet. Similarly, Malathi (2015) also found a significant 
decrease of serum concentration of total cholesterol in 
broilers supplemented with CrY, compared to control 
animals.

Other authors also explained a decrease of total 
blood cholesterol values in broilers (Habibian et al., 
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2013). However, Zheng et al. (2016) reported that Cr 
supplementation, regardless of the organic source or 
not, did not affect total serum cholesterol concentration. 
Similarly, Xiao et al. (2017) showed no decrease in blood 
cholesterol concentration of Cobb 500 broilers, despite 
using four supplementation levels (200, 400, 800 and 1,600 
ppb) of Cr propionate (CrPro). 

These authors demonstrated the effects of CrPro 
supplementation on blood serum lipids of supplemented 
broilers, among other analyzed indicators. Results showed 
that concentration of serum triglycerides and LDL linearly 
decreased as Cr dose increased. However, this effect was 
only confirmed when higher organic Cr doses were used in 
the diet (800 or 1,600 ppb). It is important to emphasize 
that the decrease of this analyte in this research was 
achieved with lower levels of CrY than those of CrPro 
referred by this author, which represents an advantage from 
metabolic and economical points of view. 

Treatments supplemented in this investigation with 200 and 
400 ppb of organic Cr product showed concentrations of 
87.09 and 81.87 mg/dL of serum triglycerides respectively, 
showing a significant decrease of this indicator respect to 
control treatment (124.20 mg/dL). 

Similarly, results of the present research coincide with 
Haq et al. (2018), who referred a decrease of triglyceride 
content in broilers. In the treatment with CrY alone, 
concentration of this indicator did not decrease, which 
enhances the importance of the organic product obtained 
in this study, because a significant decrease of this indicator 
was achieved with it. According to Malathi (2015), CrY 
supplementation tends to decrease blood triglyceride 
concentration in broilers, among other indicators. Results 
of this research evidenced this statement, since a significant 
decrease (p≤0.05) was found in blood serum triglyceride 
concentration of animals under experimentation.

The decrease in this analyte is closely related to cholesterol 
decrease and could also be explained through the stimulating 
effect of the organic Cr product on the islets of Langerhans 
in the pancreas, which increases insulin secretion, resulting 
in a decrease in lipolysis in adipocytes (Akbari and Torki, 
2014), also decreasing serum triglyceride concentration. 

Despite this evidence, there are reports of previous studies 
in which the same effects were not observed, even with 
chemically synthetized organic sources. For instance, 
Navidshad et al. (2010) used supplementation levels up 
to 1,250 ppb of CrPic, in different treatments, and found 
no significant decrease of this indicator in any of them. 
Likewise, Habibian et al. (2013), despite using CrMet 
supplementation levels up to 1,200 ppb, did not observe 
any effect on serum triglyceride levels.

In the case of cortisol, there was also a decrease of it in 
the serum of broilers supplemented with the organic 
Cr product, but it was not statistically significant (p = 
0.7370). In the case of control treatment, concentration 
was 9.45 nmol/L. Cortisol concentration in the serum of 
T2 and T3 animals was 8.91 nmol/L and 7.66 nmol/L, 
respectively. 

These results coincide with Samanta et al. (2008), who 
supplemented broilers under caloric stress with 500 and 
1,000 ppb of CrPic, and observed a cortisol reduction, 
among other indicators. Bahrami et al. (2012) supplemented 
800 and 1,200 ppb of CrMet in broilers and found, among 
other results, a decrease of serum cortisol concentration. 
Ebrahimzadeh et al. (2012) also reported results coinciding 
with those found in this research, by supplementing broilers 
with 200, 400 and 800 ppb of CrMet, with a reduction of 
cortisol in blood serum of experimental animals. 

Caloric stress induces a cascade of neuronal and hormonal 
events, beginning with hypothalamic stimulation and 
the production of corticotropin releasing factor, which 
stimulates the anterior pituitary, releasing ACTH. This 
hormone, in turn, stimulates the adrenal cortex, increasing 
production and release of corticosteroids (corticosterone 
and cortisol). Corticosterone decreases antibody 
production. This could be related to an increase of anti-
inflammatory cytokines, which stimulate the hypothalamic 
production of corticotropin-releasing factor. 

The Cr supplementation increases the immune response 
and reduces stress, caloric in this case, either through a 
direct effect on cytokines, or through an indirect effect 
on the decrease in glucocorticoid levels. Decrease of 
serum cortisol levels after supplying organic Cr is one of 
the main mechanisms through which this microelement 
contributes to caloric stress reduction and immune system 
improvement, related to this type of stress in broilers 
(Hamidi et al., 2017). 

This decrease on cortisol concentration, although not 
statistically significant, has an important biological 
implication. It demonstrates the effectiveness of the 
organic product, because it reduces the stress resulting from 
high temperatures in broiler rearing. Despite not observing 
differences between these two treatments, the best results 
were shown by the treatment with 400 ppb.

eFFecTs oF The orGanic cr producT on 
physioloGical indicaTors 
Once the animals were sacrificed, weight of the previously 
mentioned organs as well as abdominal fat were determined 
and used to calculate their relative weights. Table 5 shows 
these results, according to the different treatments.
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Table 5: Relative weight of accessory and lymphoid organs 
and abdominal fat percentage determined in animals, 
according to the different treatments.

Indicator Tr e a t m e n t s / r e l a t i v e 
weights (g/kg live weight)

SE (±) p

T1 T2 T3
Liver 1.86a 2.74b 2.60b 0.09 0.0001
Pancreas 0.18a 0.20b 0.21b 0.005 0.0008
Thymus 0.46a 0.70b 0.59b 0.04 0.0006
Spleen 0.09a 0.16b 0.15b 0.01 0.0001
Bursa 0.18a 0.21b 0.21b 0.005 0.0002
Abdominal fat (%) 2.32b 1.63a 1.65a 0.09 0.0001

Different letters in a row indicate significant differences (p≤0.05).

After analyzing mean values obtained per treatment, there 
was a significant difference (p≤0.05) in relative weight of 
the liver in the treatments with organic Cr supplementation. 
The increase of relative weight of this organ in T2 (2.74 g/kg 
Live Weight (LW)) and T3 (2.60 g/kg LW), compared to 
T1 (1.86 g/kg LW), demonstrates the significant efficiency 
of this organic Cr product in the increase of this indicator 
and, consequently, in the improvement of the functions of 
this organ. Even though there were no differences between 
T2 and T3, there was a tendency to better results in the 
treatment of 200 ppbCr/kg of diet.

In the case of pancreas, there was a similar performance, in 
which mean values for T2 (0.20 g/kg LW) and T3 (0.21 
g/kg LW) significantly differ from those obtained with T1 
(0.18 g/kg LW). There were no differences between T2 
and T3 either.

Results regarding the increase of liver relative weight 
coincide with those obtained by Hamidi et al. (2017), 
who evaluated (for 21-42 days) two forms of organic 
Cr supplementation (CrPic and nanoparticles of this 
compound) in Ross 308 broilers, observing increases in the 
weight of this organ. However, most of the experiments 
developed in this regard show results contrary to those 
obtained in this research.

Ibrahim et al. (2010) supplemented broilers with different 
levels of CrY (500, 1,000, 1,500 and 2,000 ppb) and 
determined that supplementation had no influence on liver 
and pancreas relative weights. Noori et al. (2012) also found 
no effect on liver relative weight when they supplemented 
broilers with 200 and 800 ppb of CrMet. Ebrahimzadeh et 
al. (2013) and Mohammed et al. (2014) had similar results 
when evaluating CrMet (0, 100, 200, 300, 400ppb and 800 
ppb) and CrY (500 ppb) respectively, without verifying 
any influence of Cr sources on liver relative weight. Haq 
et al. (2018) found no significant differences either in liver 
relative weight, when they supplemented broilers with CrY 
alone, or combined with vitamin E or ascorbic acid.

Later, relative weight of lymphoid organs (thymus, bursa of 
Fabricius and spleen) was evaluated. As they are important 
organs for immune function in animals, they were assessed 
to determine the effect of the organic Cr product on them. 
In the case of thymus, there was a significant difference 
(p≤0.05) for the treatments supplemented with organic 
Cr, when comparing T2 (0.70 g/kg LW) and T3 (0.59 
g/kg LW) with values belonging to T1 (0.46 g/kg LW). 
There were no statistical differences between T2 and 
T3, although there were numerical differences, in which 
T2 showed higher relative weight of this organ, and, 
therefore, a higher incidence on the immune system of 
the animals under experimentation. Regarding the spleen, 
the performance was similar to the previously analyzed. 
There was a significant difference (p≤0.05) between the 
treatments supplemented with organic Cr (T2= 0.16 g/kg 
LW and T3= 0.15 g/kg LW) as compared to T1 (0.09 g/kg 
LW). In the case of the bursa of Fabricius, the performance 
observed in sampled animals of this research was similar 
to that of the previously analyzed organs. Mean weight of 
this organ of animals from T2 and T3 (0.21 g/kg LW) 
significantly differed (p≤0.05) from the weight of T1 (0.18 
g/kg LW).

As reported by Lu et al. (2018), spleen, thymus and bursa 
of Fabricius are very important organs for the immune 
response, and their relative weights are useful for evaluating 
the immune status of animals. Increased relative weight of 
these organs means stronger cellular and immune functions 
in the body. In this study, significant increases were found 
in the weight of thymus and spleen, showing the impact 
of this microelement on animal immune response. Results 
regarding relative weight of these organs in the current 
research also coincides with the findings of Jahanian and 
Rasouli (2015). These authors determined that, under heat 
stress conditions, relative weight of thymus and bursa 
of Fabricius of broilers decreased. These animals, once 
supplemented with CrMet, regained the normal relative 
weight of these organs, specifically with the use of 1,000-
ppb dose. Farag et al. (2017) also evidenced that dietary 
supplementation with Cr has effects on the immune system 
of avian species, with the increase of the relative weights 
of lymphoid organs, improving cell-mediated immune 
response and increasing antibody response to infectious 
diseases.

According to the results of the current study, this difference 
in spleen weight is due to supplementation with this 
organic Cr product. Once the animals are supplemented, 
they are able to increase their metabolic rate, with the 
consequent increase of their relative weight, and, therefore, 
of the activity of this organ. Probably this same condition 
is the one that influences on the performance of the weight 
of thymus and bursa of Fabricius. Their relative weights 
increase depending on the supplementation with Cr, which 
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suggests a significant improvement of their functions.

Another indicator under study was abdominal fat 
percentage. The organic Cr product under evaluation 
significantly reduced abdominal fat percentage of animals 
under experimentation. Values obtained in T2 (1.63 g/kg 
LW) and T3 (1.65 g/kg LW) differ significantly (p≤0,05) 
from T1 (2.32 g/kg LW), although the first two treatments 
showed no differences between them. Nevertheless, there 
was a tendency to better results in the treatment of 200 
ppbCr/kg of diet.
 
The decrease of abdominal fat content in supplemented 
animals could be due to the fact that Cr promotes rapid 
hydrolysis of fats, and a possible decrease of the activity 
of enzymes related to lipid metabolism in broilers. Fatty 
acid synthase, acetyl-CoA carboxylase, hormone-sensitive 
lipase and lipoprotein lipase are essential enzymes in the 
metabolism, transport and storage of fatty acids, whom 
activity decreases with organic Cr supplementation, 
according to a study developed by Chen et al. (2018).
 
According to a study developed by Brooks et al. (2016), it 
was demonstrated that Cr supplementation increased the 
insulin activity and consequently, the use of glucose was 
optimized. This resulted in a lower serum concentration 
of non-esterified fatty acids, which brought about a 
lipolysis reduction. The abdominal fatty tissue grows faster 
compared to other fatty tissues in fowls. Abdominal fat is 
a reliable indicator to judge total body fat content, since it 
is directly associated with total fat content in avian species 
(Chen et al., 2018). Therefore, considering the results, it is 
possible to affirm that the organic Cr product decreased 
total fat content of broilers under experimentation.

Noori et al. (2012) recorded a significant reduction of 
abdominal fat percentage, supplementing 200 and 800 ppb 
of CrMet in broilers. These results also coincide, although 
with a different organic Cr source, with Toghyani et al. 
(2012), who evaluated the effects of supplementing 500, 
1,000, and 1,500 ppb of CrNic and CrCl3, and observed 
a significant reduction of abdominal fat percentage at all 
supplementation levels with the organic source.

In addition, Ebrahimzadeh et al. (2013) reported results 
that coincide with those reported in the current study, 
when supplementing broilers with 200, 400 and 800 
ppb of CrMet and achieving significant reductions of 
abdominal fat percentages, under heat stress conditions. 
Malathi (2015) stated the significant reduction of this 
indicator when supplementing broilers with 200 and 400 
ppb of CrY and obtained the best results for the second 
level of supplementation. Results reported in this research 
also coincided with those obtained by Chen et al. (2018), 
when supplementing Ross broilers from one day of age up 

to 21, with CrPic and observing a significant decrease in 
the abdominal fat content of these animals.

However, not all the results of previous studies are consistent 
with those derived from this research. Xiao et al. (2017), 
when working with Cobb 500 broilers, supplemented from 
one day of age with 200, 400, 800 and 1600 ppb of CrPro, 
found no differences regarding the reduction of abdominal 
fat percentage.

CONCLUSIONS

Supplementation with this organic Cr product, obtained 
from a Cuban deposit, resulted a decrease in serum 
concentration of glucose, total cholesterol, triglycerides 
and cortisol in broilers, demonstrating its beneficial 
effects on the health of these animals. Moreover, Cr 
supplementation increased the organ relative weight and 
decreased abdominal fat percentage. The treatment with 
the best performance was that with 200 ppb Cr/kg diet, 
as it showed better results in terms of decreased glucose, 
cholesterol and abdominal fat levels, while increased the 
organ indices. In the case of triglycerides and cortisol, the 
best results were shown by the treatment with 400 ppb 
Cr/kg diet. Nevertheless, treatment with 200 ppb Cr/kg 
diet also exhibited significant decrease respect to control 
treatment in these indicators, which makes it the most 
suitable to be used, because using larger quantities for 
achieving better results will suppose other economic and 
environmental consequences.

ACKNOWLEDGMENTS

Thanks to Miguel Martínez, MIPPE Master Program 
student, from CUCBA, Guadalajara, for his expertise 
and collaboration during all the experiment. The authors 
would also like to thank Óscar Franco and Jorge Eng Gon, 
Veterinary Medicine students, for their help for preparing 
the experimental conditions of the study.

AUTHORS CONTRIbUTION

Moisés Valera Rojas: Conceptualization, Investigation, 
Data curation, Formal analysis, Writing – Original draft, 
Writing – Review & Editing, Software, Methodology, Ri-
cardo Casasola Torres: Conceptualization, Investigation, 
Odilia Gutiérrez Borroto: Conceptualization, Methodol-
ogy, Supervision, David R. Sánchez Chiprés: Conceptu-
alization, Project administration, Funding acquisition, Su-
pervision, Validation, Salvador Mireles Flores: Supervision

CONFLICT OF INTEREST

The authors have declared no conflict of interest.



NE  US
Academic                                      Publishers

      Journal of Animal Health and Production

January 2021 | Volume 9 | Issue 1 | Page 20

REFERENCES

•	Akbari M, Torki M (2014). Effects of dietary chromium picolinate 
and peppermint essential oil on growth performance and 
blood biochemical parameters of broiler chicks reared under 
heat stress conditions. Int. J. Biometeorol., 58(6): 1383–1391. 
https://doi.org/10.1007/s00484-013-0740-1

•	Al-Bandr LK, Ibrahim DK, Al-Mashhadani EH (2010). Effect 
of supplementing different sources of chromium to diet on 
some physiological traits of broiler chickens. Egypt. Poult. 
Sci. J., 30: 397–413.

•	AOAC (2016). Official Methods of Analysis of AOAC 
International. 20th Ed. George W. Latimer Jr (ed). Ed. AOAC 
International, Rockville M.D, USA, ISBN: 9780935584875.

•	Attia KM, Tawfeek FA, Mady MS, Assar AH (2015). Effect 
of chromium, selenium and vitamin C on productive 
performance and blood parameters of local strain dokkiin 
Egypt summer conditions. Egypt. Poult. Sci., 35: 311-329.

•	Aviagen (2017). Manual Pollo de Engorde Ross 308 AP: 
Objetivos de Rendimiento. Available: www.aviagen.com 
[Consulted: May 17, 2019].

•	Bahrami A, Moeini MM, Ghazi SH, Targhibi M (2012). The 
effect of different levels of organic and inorganic chromium 
supplementation on immune function of broiler chicken 
under heat-stress conditions. J. Appl. Poult. Res., 21(2): 
209–215. https://doi.org/10.3382/japr.2010-00275

•	Brooks MA, Grimes JL, Lloyd KE, Krafka K, Lamptey A, 
Spears J (2016). Chromium propionate in broilers: Effect on 
insulin sensitivity. Poult. Sci., 95(5): 1096–1104. https://doi.
org/10.3382/ps/pew018

•	Chen G, Gao Z, Chu W, Cao Z, Li C, Zhao H (2018). Effects of 
chromium picolinate on fat deposition , activity and genetic 
expression of lipid metabolism-related enzymes in 21 day 
old Ross broilers. Asian Austral. J. Anim., 31(4): 569–575. 
https://doi.org/10.5713/ajas.17.0289

•	Dalólio FS, Albino LFT, Silva JN, Campos PHRF, Lima 
HJD, Moreira J, Ribeiro Jr V (2018). Dietary chromium 
supplementation for heat-stressed broilers. World 
Poult. Sci. J. 74(1): 101–116. https://doi.org/10.1017/
S0043933917001064

•	Dȩbski B, Zalewski W, Gralak MA, Kosla T (2004). Chromium-
yeast supplementation of chicken broilers in an industrial 
farming system. J. Trace Elem. Med. Bio., 18(1): 47–51. 
https://doi.org/10.1016/j.jtemb.2004.02.003

•	Di Rienzo JA, Casanoves F, Balzarini MG, González L, 
Tablada M, Robledo CW (2012). InfoStat, Version 2012 
[Windows], Grupo InfoStat, Universidad Nacional de 
Córdoba, Argentina. Available: http://www.infostat.com.ar 

•	Duncan DB (1955). Multiple Range and Multiple F Tests. 
Biometrics, 11(1): 1-42. https://doi.org/10.2307/3001478

•	Ebrahimzadeh SK, Farhoomand P, Noori K (2012). Immune 
response of broiler chickens fed diets supplemented with 
different level of chromium methionine under heat stress 
conditions. Asian Austral. J. Anim., 25(2): 256–260. https://
doi.org/10.5713/ajas.2011.11217

•	Ebrahimzadeh SK, Farhoomand P, Noori K (2013). Effects of 
chromium methionine supplementation on performance, 
carcass traits, and the Ca and P metabolism of broiler 
chickens under heat-stress conditions. J. Appl. Poult. Res., 
22(3): 382-387. https://doi.org/10.3382/japr.2011-00506

•	Farag MR, Alagawany M, Abd El-Hack ME, Arif M, Ayasan 
T, Dhama K, Patra A, Karthik K (2017). Role of chromium 
in poultry nutrition and health: Beneficial applications and 

toxic effects. Int. J. Pharmacol., 13(7): 907–915. https://doi.
org/10.3923/ijp.2017.907.915

•	Habibian M, Ghazi S, Moeini MM (2013). Lack of effect of 
dietary chromium supplementation on growth performance 
and serum insulin, glucose, and lipoprotein levels in broilers 
reared under heat stress condition. Biol. Trace Elem. Res., 
153: 205-211. https://doi.org/10.1007/s12011-013-9663-2

•	Hamidi O, Chamani M, Ghahri H, Sadeghi A, Malekinejad H 
(2017). Effects of chromium (III) picolinate and chromium 
(III) Picolinate nanoparticles supplementation on growth 
performance, organs weight and immune function in cyclic 
heat stressed broiler chickens. Arch. Vet. Sci. Tech., AVST-
113. https://doi.org/10.29011/2637-9988/100013

•	Haq Z, Jain R, Mahajan A, Ganai IA (2018). Dietary 
supplementation of chromium yeast alone and in 
combination with antioxidants for designing broiler meat. J. 
Entomol., 6(1): 766–770.

•	Herran J, Peña H, Latorre S, Calderon C (2011). Characteristics 
of the channels and blood parameters of chickens 
complemented with chromium and their productive acting. 
Rev. Colomb. Cienc. Anim., 4(1): 15–19.

•	Ibrahim DK, Al-Aashhadani EH, Al-Bandr LK (2010). Effect 
of supplementing different levels of chromium yeast to diet 
on broiler chickens on some physiological traits. Pak. J. Poult. 
Sci., 9: 942–949. https://doi.org/10.3923/pjn.2010.942.949

•	Jahanian R, Rasouli E (2015). Dietary chromium methionine 
supplementation could alleviate immunosuppressive effects 
of heat stress in broiler chicks. J. Anim. Sci., 93(7): 3355–
3363. https://doi.org/10.2527/jas.2014-8807

•	Kani MM (2015). The effects of different sources of organic and 
inorganic chromium on blood parameters of broiler chickens. 
Indian J. Sci. Technol., 8(28): 1-7. https://doi.org/10.17485/
ijst/2015/v8i28/82778

•	Li R, Ying Z, Li Y, Guo L, Zhang Y, Qi Z (2018). Effects 
of chromium picolinate supplementation on growth 
performance, small intestine morphology and antioxidant 
status in ducks under heat stress conditions. Int. J. 
Morphol., 36(1): 226–234. https://doi.org/10.4067/S0717-
95022018000100226

•	Lu L, Zhao LL, Dong SY, Liao XD, Dong XY, Zhang LY, Luo 
XG (2018). Dietary supplementation of organic or inorganic 
chromium modulates the immune responses of broilers 
vaccinated with Avian Influenza virus vaccine. Animal, 
13(5): 1–9. https://doi.org/10.1017/S1751731118002379

•	Malathi V (2015). Performance of dual purpose chicken 
supplemented with chromium yeast and nano chromium. 
PhD Diss. Dep. Poult. Sci. Vet. Coll. Bangalore Karnataka 
Vet. Anim. Fish. Sci. Univ., Bangalore, Karnataka, India.

•	Mir NA, Tyagi PK, Biswas AK, Tyagi PK, Mandal AB, Sheikh 
SA, Deo C, Sharma D, Verma AK (2017). Impact of feeding 
chromium supplemented flaxseed based diet on fatty acid 
profile, oxidative stability and other functional properties of 
broiler chicken meat. J. Food Sci. Technol., 54(12): 3899–
3907. https://doi.org/10.1007/s13197-017-2846-7

•	Mohammed HH, Badawi El-Sayed M, Abd El-Razik WM, Ali 
MA, Abd El-Aziz RM (2014). The influence of chromium 
sources on growth performance, economic efficiency, some 
maintenance behaviour, blood metabolites and carcass traits 
in broiler chickens. Glob. Vet., 12: 599–605.

•	Navidshad B, Pirsaraei ZA, Chashnidel Y (2010). Effects of 
dietary chromium polynicotinate supplementation on 
performance, fat deposition and plasma lipids of broiler 
chickens. Ital. J. Anim. Sci., 9(1): 61-64. https://doi.

https://doi.org/10.1007/s00484-013-0740-1
www.aviagen.com
https://doi.org/10.3382/japr.2010-00275
https://doi.org/10.3382/ps/pew018
https://doi.org/10.3382/ps/pew018
https://doi.org/10.5713/ajas.17.0289
https://doi.org/10.1017/S0043933917001064
https://doi.org/10.1017/S0043933917001064
https://doi.org/10.1016/j.jtemb.2004.02.003
http://www.infostat.com.ar
https://doi.org/10.2307/3001478
https://doi.org/10.5713/ajas.2011.11217
https://doi.org/10.5713/ajas.2011.11217
https://doi.org/10.3382/japr.2011-00506
https://doi.org/10.3923/ijp.2017.907.915
https://doi.org/10.3923/ijp.2017.907.915
https://doi.org/10.1007/s12011-013-9663-2
https://doi.org/10.29011/2637-9988/100013
https://doi.org/10.3923/pjn.2010.942.949
https://doi.org/10.2527/jas.2014-8807
https://doi.org/10.17485/ijst/2015/v8i28/82778
https://doi.org/10.17485/ijst/2015/v8i28/82778
https://doi.org/10.4067/S0717-95022018000100226
https://doi.org/10.4067/S0717-95022018000100226
https://doi.org/10.1017/S1751731118002379
https://doi.org/10.1007/s13197-017-2846-7
https://doi.org/10.4081/ijas.2010.e13


NE  US
Academic                                      Publishers

      Journal of Animal Health and Production

January 2021 | Volume 9 | Issue 1 | Page 21

org/10.4081/ijas.2010.e13
•	Noori K, Farhoomand P, Ebrahimzadeh SK (2011). Effects of 

chromium methionine supplements on the performance 
and serum metabolites of broiler chickens. J. Food Agric. 
Environ., 9(2 part. 1): 292–294

•	Noori K, Farhoomand P, Ebrahimzadeh SK (2012). Effects of 
the chromium methionine supplementation on performance, 
serum metabolites and carcass traits in broiler chickens. J. 
Anim. Sci. Adv., 2: 230–235. 

•	Orhan C, Tuzcu M, Brice P, Deeh D, Sahin N, Komorowski 
JR, Sahin K (2018). Organic chromium form alleviates the 
detrimental effects of heat stress on nutrient digestibility and 
nutrient transporters in laying hens. Biol. Trace Elem. Res., 
189(2): 529–537. https://doi.org/10.1007/s12011-018-
1485-9

•	Rajalekshmi M, Sugumar C, Chirakkal H, Ramarao SV 
(2014). Influence of chromium propionate on the carcass 
characteristics and immune response of commercial broiler 
birds under normal rearing conditions. Poult. Sci., 93(3): 
574–580. https://doi.org/10.3382/ps.2013-03373

•	Samanta S, Haldar S, Bahadur V, Ghosh TK (2008). Chromium 
picolinate can ameliorate the negative effects of heat stress 
and enhance performance, carcass and meat traits in broiler 
chickens by reducing the circulatory cortisol level. J. Sci. 
Food Agric., 88: 787–796. https://doi.org/10.1002/jsfa.3146

•	Sánchez A (1990). Enfermedades de las aves. Editorial ENPES, 
La Habana, Cuba, pp. 285.

•	Sklan D, Smirnov A, Plavnik I (2003). The effect of dietary fibre 
on the small intestines and apparent digestion in the turkey. 
Br. Poult. Sci., 44(5): 735-740. https://doi.org/10.1080/000
71660310001643750

•	Talbott JL, Rodriguez L, Carlos J (2013). Efecto del Propionato 

de Cromo durante 42 días de edad en pollos de engorde 
machos Arbor Acres Plus. Tesis de Diploma. Departamento 
de ciencia y producción agropecuaria. Escuela Agrícola 
Panamericana, El Zamorano, Honduras

•	Toghyani M, Toghyani M, Shivazad M, Gheisari A, Bahadoran 
R (2012). Chromium supplementation can alleviate the 
negative effects of heat stress on growth performance, carcass 
traits, and meat lipid oxidation of broiler chicks without any 
adverse impacts on blood constituents. Biol. Trace Elem. 
Res., 146(2): 171–180. https://doi.org/10.1007/s12011-
011-9234-3

•	Xiao F, Ao D, Zhou B, Spears JW, Lin X, Huang Y (2017). 
Effects of supplemental chromium propionate on serum 
lipids, carcass traits, and meat quality of heat-stressed 
broilers. Biol. Trace Elem. Res., 176(2): 401–406. https://
doi.org/10.1007/s12011-016-0852-7

•	Zhang S, Sun X, Liao X, Lu L, Zhang L, Ma Q, Luo X 
(2018). Dietary supplementation with chromium picolinate 
influences serum glucose and immune response of brown-
egg laying hens. Biol. Trace Elem. Res., 185: 448-455. 
https://doi.org/10.1007/s12011-017-1232-7

•	Zhao JP, Lin H, Jiao HC, Song ZG (2009). Corticosterone 
suppresses insulin- and NO-stimulated muscle glucose 
uptake in broiler chickens (Gallus gallus domesticus). Comp. 
Biochem. Physiol., 149: 448–454. https://doi.org/10.1016/j.
cbpc.2008.10.106

•	Zheng C, Huang Y, Xiao F, Lin X, Lloyd K (2016). Effects 
of supplemental chromium source and concentration on 
growth, carcass characteristics, and serum lipid parameters 
of broilers reared under normal conditions. Biol. Trace Elem. 
Res., 169(2): 352–358. https://doi.org/10.1007/s12011-
015-0419-z

https://doi.org/10.4081/ijas.2010.e13
https://doi.org/10.1007/s12011-018-1485-9
https://doi.org/10.1007/s12011-018-1485-9
https://doi.org/10.3382/ps.2013-03373 
https://doi.org/10.1002/jsfa.3146
https://doi.org/10.1080/00071660310001643750
https://doi.org/10.1080/00071660310001643750
https://doi.org/10.1007/s12011-011-9234-3
https://doi.org/10.1007/s12011-011-9234-3
https://doi.org/10.1007/s12011-016-0852-7
https://doi.org/10.1007/s12011-016-0852-7
https://doi.org/10.1007/s12011-017-1232-7
https://doi.org/10.1016/j.cbpc.2008.10.106
https://doi.org/10.1016/j.cbpc.2008.10.106
https://doi.org/10.1007/s12011-015-0419-z
https://doi.org/10.1007/s12011-015-0419-z

