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Introduction
The presence of trace elements in the human body is now proving to be of paramount 

importance for the body. These trace elements ensure to the body the maintaining of its 
structural integrity and optimal biochemical function.Selenium (Se), for example, reportedly 
has preventive and therapeutic potential against heart disease, cancer and many other 
degenerative pathologies with an oxidative component [1]. In several countries worldwide, 
natural intake of Se are modest enough (40-60μg/day) and sufficient to avoid the risk of 
true deficiencies. However, these intake levels do not prevent the development of certain 
pathologies, highly widespread such as cancer and cardiovascular diseases. According to the 
Ministry of Public Health [2],cardiovascular diseases are the leading cause of death in Tunisia, 
responsible for 1 death on 3 per day. Thus, an increased intake of Se would be desirable.

Se supplementation is a controversial subject. Although in the past decade considerable 
knowledge has been accumulated about the role of Se in human health, uncertainty still reigns. 
This uncertainty is linked to the gap between need and excess, which appears to be relatively 
narrower than for other trace elements [3,4].In addition, the toxicity threshold of this non-
metal is difficult to set because of a number of complex factors. The chemical form in which 
the element is ingested determines its effects on health. In this respect, organic forms seem 
to be less toxic than inorganic ones[5]. The quantity and nature of proteins in the diet, the 
presence of vitamin E and heavy metals also affect the toxicity of Se. However, the biochemical 
processes of these interactions are largely unknown.
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Abstract
This study was conducted to determine the effect of dietary Selenium (Se) supplementation on growth 
performance, carcass Se retention and meat lipid peroxidation in commercial broiler chickens.A total of 
216 1-day-old male Cobb broiler chicks were randomly divided into 6 groups of 36 chicks each (6 chicks 
× 6 replications) and assigned to one of the following treatments: (1) a conventional diet as a control 
(C), (2) C diet supplemented with increasing concentrations (1,2,3,4 or 6mg/kg diet) of organic Se (D1, 
D2, D3, D4 and D5).Se-supplemented diets were only fed during the grower-finisher phase (d15-d42).
Body weight gain, feed intake and feed conversion ratio were not affected by Se supplementation either 
during the grower-finisher phase or during the overall rearing period. Se concentration among 42-d-old 
chickens’ carcasses increased significantly and linearly from 0.11 (C) to 1.44 (D5)mg/kg live body weight. 
The amounts of ingested, retained and excreted Se also increased significantly and linearly with dietary 
Se supplementation level.Se retention efficiency was low ranging from 10.5% (D4) to 20.6% (D2). No 
difference was detected between dietary treatments with respect to lipid peroxidation after a 7-day 
storage period either in the pectoralis or thigh muscle. These results indicate that dietary supplementation 
with organic Se did not influence growth performance nor lipid peroxidation status.However, it increased 
the Se content of broiler chickens’ carcasses. Thus, this approach could be used to produce Se-enriched 
meat in order to improve the Se status of consumers

Keywords: Broiler chicken; Carcass; Feed supplementation; Growth performance; Lipid peroxidation; 
Organic selenium
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The enrichment of agricultural products makes it possible to 
provide the consumer with organic Se as naturally occurring in 
food and is perfectly adapted for digestion and metabolism. Se 
is not essential for the plants[6] but is an essential element for 
animal feed. Indeed, Se deficiency is the cause of many diseases and 
abnormalities, such as exudative diathesis and pancreatic fibrosis in 
broiler chickens[7,8]. These pathologies have a negative impact on 
animals’ performance and the quality of their products. The national 
research council (NRC,1994) [9]recommended 0.15mg/kg as Se 
supplementation level for broilers. Although this level is reportedly 
not adequate for modern industrial poultry production[7].

The present study was designed to define the upper safe limit 
dose of organic Se to be incorporated into the broiler chicken diet 
in order to achieve the optimal Se retention into the carcass. The 
overall goal was to ultimately produce Se-enriched meat without 

compromising growth performance. A second concern was to 
evaluate the impact of this supplementation on meat lipid oxidative 
status.

Materials and Methods

Birds and experimental design
Two hundred and sixteen 1-d-old male Cobb broiler chicks 

from a local commercial hatchery were used in this study. Upon 
their arrival, chicks were randomly divided into 6 groups in a 
completely randomized design (6 treatments × 6 replications, 
each replication included 6 chicks). The 6 groups were allocated 
as follows: (1) a control group fed a conventional feed for broiler 
chicken (C) containing 0.15mg Se/kg (Table1,2)five experimental 
groups (D1,D2,D3,D4 and D5) fed the control feed supplemented 
with increasing amounts of organic Se. Organic Se is incorporated 
into the feed as Se-enriched yeast (Sel-Plex, Alltech, Inc) (Table 2).

Table 1: Ingredients and chemical composition of the control diet (C). 

Ingredient (%) Control grower-finisher diet

Corn 40

Wheat 28,00

Soymeal bean 48% 17,94

Vegetable oil 8,38

Premix* 3

Dicalcium phosphate 0,51

Limestone 0,13

NaCl 0,03

DL-Methionine 0,50

L-Lysine 0,72

L-Threonine 0,51

L-Tryptophane 3,00

Chemical composition

Dry matter (%) 89,10

Crude protein (%) 17,00

Lipid (%) 9,77

Strach (%) 39,79

CB (%) 2,95

Ca (%) 1,20

Digestible P (%) 0,53

Na (%) 0,18

K 0,70

Cl 0,13

Na+K-Cl (méq/100) 20,72

Lys (%) 1,06

Met (%) 0,51

Met+Cys (%) 0,76

Tryptophane (%) 0,20

Threonine (%) 0,60

AME (kcal/kg) 3071

Se (mg/kg) 0,15
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*Premix F-0. 1-3,  Comptoir de Belgique, Belgium, 
provides: Ca 24%, P 10%, Na 1%, Mg 0,1%, I 16 mg/kg, 
Co 16 mg/kg, Fe 1250 mg/kg, Mn 2660mg/kg, Zn 2333 
mg/kg, 3 mg/kg, Vit A 333000 UI/kg , Vit D3 66600ui/kg 
Vit E 500 mg/kg , Vit B1 33mg/kg Vit B2 200mg/kg, Vit  
B3 266mg/kg, Vit B6 33mg/kg Vit B12 0,67mg/kg, Vit K2 
33 mg/kg, acide folique 17 mg/kg, choline 17000 mg/kg, 
méthionine 4,5%.

Table 2: Se supplementation level of the experimental 
diets.

Diet Composition
Se supple-
mentation 

level (ppm)

Se concentration 
(mg/kg)

C control diet 0 0.15

D1 C+ 500 mg Sel-Plex1/kg feed 1 1.15

D2 C+ 1000 mg Sel-Plex/kg 
feed 2 2.15

D3 C+ 1500 mg Sel-Plex/kg 
feed 3 3.15

D4 C+ 2000 mg Sel-Plex/kg 
feed 4 4.15

D5 C+ 3000 mg Sel-Plex/kg 
feed 6 6.15

1Sel-Plex, Alltech, Inc.  Selenium content =2000 mg. Kg-1 of yeast. 

The trial was performed in two phases: a starter phase (d1-
d11) and a grower-finisher phase (d12-d42). During the starter 
phase (d1-d11), all the chicks received the same starter feed 
containing 0.15mg Se/kg. On days 12 and 13, a transition period 
was applied to allow animals to adapt to their new feeds. From 
day 14 to day 42, each chicken group received its corresponding 
“growth-finisher” feed. Birds were given ad libitum access to feed 
and water throughout the whole rearing period. 

The chicks were reared in an environmentally controlled room 
in 1.1×1.2-m pens. They were maintained on a 24-h light schedule 
(23-h/1-h light/dark cycle). The ambient temperature was initially 
raised to 34°C, and gradually decreased to 20°C by the end of the 
trial. Ventilation was automatically regulated.All procedures related 
to animals’ care, handling, and sampling were conducted under 
the approval of the Official Animal Care and Use Committee of the 
Gembloux Agro-Bio Tech, University of Liege (Belgium) before the 
initiation of research and followed the Belgian official guidelines. 

Experimental Measures 

Growth performance

Birds’ live body weight (LBW) and feed refusal were determined 
weekly on d14, d21, d28, d35 and d42 to calculate body weight 
gain (BWG), feed intake (FI) and feed conversion ratio (FCR) on 
individual basis. Mortality was recorded daily and birds that died 
were noted along with recording their body weight that was used 
to adjust the FCR accordingly.

Se apparent balance 

The amount of Se ingested over the entire rearing period (d1-
d42) was calculated as the sum of the amounts of Se ingested during 
the starter phase (d1-d11) and growing-finishing phase (d12-d42). 
For each of the 6 birds’ groups, Se ingested during each period was 
calculated by subtracting Se content of feed refusal from Se content 
of the distributed feed. Se retained was calculated by subtracting 
the amount of Se contained in the carcass of 1-day-old chicks from 
that of Se in the carcass of 42-day-old chickens. The amount of Se 
in the carcass is calculated by multiplying the LBW of the birds by 
their Se content, expressed in mg per kg of LBW. The Se excreted 
was calculated by subtracting the amount of Se retained in the 
carcass from the amount of Se ingested by birds.

Before starting the experiment, six 1-d old chicks were randomly 
selected from surplus animals and euthanized by CO2 asphyxiation 
so that the carcasses were recovered intact in order to determine 
the carcass Se content on d1. At the end of the feeding trial (d42), 
6 birds randomly selected per treatment (1 bird randomly selected 
per pen) were also euthanized in the same manner in order to 
determine the carcass Se content on d42.After euthanasia, carcasses 
were placed directly into specific bags for autoclaving, weighed and 
autoclaved for 5hours at 121°C. Thereafter, carcasses were weighed 
again and milled using a homogenizer (Homogenizer 1094, Tecator). 
The homogenized material was recovered in a previously tared 
container, weighed, stored at -20°C then freeze-dried for analyses. 
The dry sample obtained was roughly reduced using a homogenizer 
(Homogenizer 1094, Tecator). Part of the ground material (±60g) 
was recovered, degreased (cold rinsing with diethyl ether) and then 
ground to 0.5mm in a fast rotor mill (Spray 14, Fritsch). Finally, the 
powder obtained was stored in a sealed jar for the subsequent 
determination of Se content of carcasses.

Se content of feed, feed refusals, and whole carcass (on d1 and 
d42) was measured by flame atomic absorption spectrometric 
method[10]. The assay was carried out in three steps according to 
the following procedure. At first, the sample was wet-mineralized. 
0.5g of sample is weighed in a 100ml flask. 10ml of acids mix 
[1/3 nitric acid (HNO3) 65%, 2/3 hydrochloric acid (HCl) 37%] 
were added. The sample was left to macerate overnight at room 
temperature. Finally, the mixture was boiled for 2h 30min. After 
partial evaporation of the acid mix, the mineralized material was 
filtered through a filter paper (S & S 595 1/2) and transferred 
into a 50ml volumetric flask. Then, the volume of mineralizer was 
raised to 50ml by adding distilled water. From each vial, a sample 
was taken into a 14ml polypropylene tube (Falcon). The tubes were 
then stored in a cold room at 4°C. From each 14ml sample, 1ml was 
taken into a test tube to which 0.5 or 1ml of hydrochloric acid (37% 
HCl) was added, depending on the Se content in the sample. The 
tube was placed in a sand bath and heated at 80°C for 20-45min. 
After cooling, the volume of the test tube was raised to 5ml. Finally, 
the absorbance was measured at 340nm by means of a flame atomic 
absorption spectrometer (PerkinEmmer Analyst 800) coupled with 
an FIMS system (Flow Injection Mercury System). Controls and 
standards were provided and treated in the same way as samples. 
The calculation was carried out using a computer software taking 
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into account the sample weight and the dilution factor. 

Meat lipid peroxidation

On d42, 18 chickens (3 chickens per treatment) were randomly 
selected, slaughtered and dissected. The pectoral and thigh muscles 
were carefully removed, rinsed in an ice-cold solution of potassium 
chloride (KCl) 0.15% to remove residual blood, and then wiped 
clean. The samples were then packed in small racks, identical to 
those used for the sale of pre-packaged meat in supermarkets. 
Thereafter, samples were placed for 7 days under conditions close 
to those found in the “refrigerator-shelves” in supermarkets, that is 
in a cold room (0 to 4°C) lit by neon lights. 

At the end of the storage period (7 days), the degree of lipid 
peroxidation of the pectoral and tight muscles was estimated 
by measuring malondialdehyde (MDA) production through 
thiobarbituric acid (TBA) index analysis[11]. The analysis involved 
muscle lipids only and the connective and fatty tissues were 
removed before processing. The sample was quickly minced in a 
mill (Moulinex, France). Ten grams were then weighed (Precisa 
XT4200C); 1ml of butyl-hydroxytoluene (BHT) and 40ml of distilled 
water were added to the sample. The mixture was homogenized 
for 30 seconds (Silverson SL2T) and transferred into a “Büchi” 
tube. An antifoam pellet and 3ml HCl were added to the mixture. 
The mixture was then distilled on distillation units (Büchi, Flawil, 
Switzerland). The MDA was moved by steam and entrained in a 
graduated flask (100ml). In a test tube, 5ml of the MDA sample was 
taken and 5ml of TBA (0.02M) were added; the tube is closed and 
placed in a water bath (100°C) for 35min. Finally, the absorbance 
was measured at 532nm using a spectrophotometer (Pye Unicam 
PU 8600 UV/VIS spectrophotometer, Philips). Each distillation 
serie, included two controls and standards (5 to 25nmol/5ml) to 
evaluate the importance of the possible loss of MAD and to plot 
the concentration of MAD standards as a function of absorbance 
measurement, respectively. The amount of MDA in the samples was 
expressed in mg/kg of muscle.

Statistical analysis

The collected data were subjected to analysis of the variance 
using a completely randomized model and processed by the GLM 
procedure of the SAS 6.12 software [12] to evaluate the effect of Se 
dietary supplementation level on experimental variables measured. 
Linear correlations between the parameters considered were 
calculated by the Pearson correlation test. Results were considered 
significant if P<0.5.

Results and Discussion

Mortality

The mortality rates recorded during the whole trial ranged 
from 2.78% to 8.33% and this mortality was not correlated to the 
Se dietary supplementation.The highest mortality rate (8.33%) 
was observed in chickens fed the un-supplemented diet C and D3 

(C+3ppm). On the other hand, the lowest rate (2.78%) was recorded 
in chickens fed D2 (C+2ppm) and D5 (C+6ppm). This seems very 
interesting regarding to the tolerance of broilers to high intake of 
Se relative to the D5 diet. Indeed, the Se content of this diet was 
significantly higher than the maximum content (i.e. 0.15mg Se/kg 
DM) allowed by the legislation for broiler chickens feed [13] and 
the maximum supplementation level (5ppm) recommended in the 
literature as the limit between a toxic and non-toxic Se intake in 
poultry and other monogastric animals [14]. Therefore, it seems 
that incorporation of Se at supplementation level up to 5ppm 
in a basal broiler diet has no lethal effect. This observation was 
similar to that reported by Echevarria MG, et al.[15,16] who did not 
observe any toxic effect, expressed in term of mortality, when they 
added Se to the feed at an incorporation level of 9ppm. In that study, 
the investigators used inorganic Se and animals were younger (1 
and 3 weeks of age). In another study conducted by TodorovicM, 
et al. [17] who fed 1-day-old chicks for 6 weeks with a basal diet 
supplemented with Se (sodium selenite) at supplementation level of 
0,2,5,10,15,20 and 30ppm, only the three highest supplementation 
levels caused high mortality rates of 26,60 and 80%, respectively. 
Deniz G, et al. [18] reported that mortality was not significantly 
altered by Se supplementation using organic or inorganic Se forms.

Mortality observed during this trial may be related to other 
factors. Leg problems were frequently observed and seem to be the 
main cause of mortality. Indeed, animals with leg weakness have 
difficulty in accessing feed, become prostrate and die. Since birds 
suffering from this disorder do not systematically belong to groups 
receiving the most Se enriched diets, we cannot conclude that this 
disorder is related to the dietary Se supplementation. However, it 
is important to note that during the dissection of some birds that 
received the diets having the highest levels of Se, i.e. D3,D4 and D5, 
reddish spots were observed, particularly on the pectoral muscles 
and the thigh. Whitish spots were also observed on the liver. 
This could be related to Se. Indeed, some authors report that the 
administration of relatively high doses of Se to broiler chick is often 
associated with histological changes [19,20].

Growth performance

Data relative to the effect of dietary Se supplementation on 
growth performance recorded during the experimentation are 
reported in Table 3. No significant differences were determined 
between dietary groups in feed intake, BWG and FCR (P>0.05) 
either during the grower-finisher phase or during the overall 
rearing period. Feed intake over the entire trial period averaged 
83.55g/d with a minimum of 81.77g/d observed for chickens fed 
D5 and a maximum of 84.70g/d recorded for those fed control 
diet (C). The maximum value of BWG was observed in chickens 
receiving the D3 diet (61.9g per chicken per day). The minimum 
value was observed in chickens fed the D5 diet (56.79g per chicken 
per day). The highest FCR was obtained in birds that received D1 
(1.45), while the lowest value was recorded for birds fed D3 diet 
(1.36). 
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Table 3: Effect of Se dietary supplementation on growth performance of broiler chickens during overall experimental 

period (d1-d42).

Parameter
Diet

P-value SEM
C D1 D2 D3 D4 D5

Feed intake (g/d) 84.7 84.1 85.2 84 87.4 81.77 0.6381 0.8983

BWG (g/d) 60.5 57.9 59.4 61.9 61.5 56.79 0.251 0.6907

FCR (g feed/g BWG) 1.4 1.45 1.43 1.36 1.42 1.44 0.4096 0.0527

It can be concluded that dietary Se supplementation at levels 
exceeding the NRC [9] (1994) requirement (0,15ppm, control diet) 
and up to 4.15ppm (D4) had no negative impact on feed intake, 
BWG and FCR. This finding is partially consistent with that of 
Echeverria MG, et al. [16] who observed a significant decrease in 
feed intake and BWG only at a supplementation level of 9ppm when 
they fed broiler chickens a basal diet containing 0.18mg Se/kg and 
supplemented with 0, 3, 6 and 9ppm. Similarly, in an experiment 
conducted on 1-day-old chicks fed a basal diet supplemented with 
Se (sodium selenite) at 0,2,5,10,15,20 and 30ppm for 6 weeks, 
TodorovicM, et al. [17] recorded a significant decrease in BWG only 
when the supplementation level was greater or equal to 5ppm.

In the above-mentioned studies, the supplementation level 
exceeds 1ppm. In some studies, using supplementation level less 
than 1ppm, authors did not also observe a significant effect on 
performance traits when broilers were fed diets supplemented 
with inorganic or organic Se at levels ranging from 0 to 0.6ppm 
[21-28]. On the other hand, Cantor AH, et al. [29] recorded higher 
live weight and increased feed intake after dietary Se (inorganic or 
organic) supplementation (0.04 to 0.12ppm). Dlouha ́ G, et al. [30] 
who studied a supplementation level of 0.3ppm of inorganic and 
organic Se in broiler chicken, stated that dietary supplementation 
with organic Se increased significantly body weight. HeindlJ, et al. 
[7]also confirmed that Se addition influenced body weight in 21- 
and 35-day-old broiler chickens. Significantly higher body weight at 
35 days of age was determined in chickens fed diets supplemented 

with 0.15ppm and 0.3ppm of organic Se (Sel-Plex® SP). 

As mentioned above, although there was no significant 
difference between dietary treatments in feed intake, this 
parameter was lowest in birds fed the D5 diet. This reduction 
appeared to be related to its high Se supplementation level (6ppm), 
which could have altered the taste of feed and make it unappetizing 
to animals. Indeed, Rosenfeld I, et al. [31] and Reily C[32] reported 
that at relatively high concentrations, Se compounds may affect the 
organoleptic characteristics of feed. In addition, the distribution 
of D5 was associated with the lowest BWG. This finding suggests a 
possible development of toxicity. Cantor AH, et al.[33] and Ibrahim 
MT, et al. [34] reported that the administration of Se enriched diets 
to broilers during the growth phase compromises their appetite 
and growth performance.

When correlation values between feed intake, BWG and FCR 
were calculated over the total duration of experiment (d12-40) and 
the Se content in the six diets tested, no significant correlation was 
observed between performance parameters and Se content of feed.

Se apparent balance 

The determination of the apparent balance of Se was aimed at 
studying the influence of the incorporation of increasing levels of 
dietary organic Se on the retention of Se in whole carcass and its 
excretion in the environment. Thus, we calculated the amounts of 
Se ingested, retained and excreted expressed in mg/chicken. The 
results obtained are shown in Table 4a.

Table 4a: Effect of Se dietary supplementation on ingested, retained, and excreted Se of broiler chickens during overall 

experimental period (d1-d42).

Parameter
Diet

P-value SEM
C D1 D2 D3 D4 D5

Se ingested (mg/chicken) 1.14a 4.4b 6.72c 8.85d 20e 21e <0.0001 0.1997

Se retained (mg/chicken) 0.21a 0.83b 1.38c 1.67cd 2.1d 2.83e <0.0001 0.0668

Se excreted (mg/chicken) 0.93a 3.58b 5.34c 7.18d 17.9e 18.2e <0.0001 0.1783

Se retained (% Se ingested) 18.5a 18.8a 20.5a 19.1a 10.5b 13.4b 0.0013 0.5152

The Se ingested was significantly correlated with the Se content 
of the distributed feed (R2=98.13%, P <0.001). The amounts of Se 
ingested by birds fed D4 and D5 diets were statistically identical, 
but significantly higher than those calculated for birds receiving C, 
D1,D2, and D3 diets, which were also significantly different from 
each other. Regarding diets D4 and D5, although the difference 
between the two supplementation levels was equal to 2ppm, it was 
not surprising to find that their respective amounts of Se ingested 

were similar. Indeed, chickens fed D4 numerically consumed more 
feed than those fed D5. 

Se retained corresponds to the difference between the amounts 
of Se contained in the whole carcasses of chicken on days d1 and 
d42. The amount of Se in the whole carcass corresponds to the 
product of the weight of the chickens by their contents in Se. The 
amount of Se contained in the whole carcass of 1-day-old chick 
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averaged 10μg (data not shown). This value has been found to 
range between 11 and 13μg[35]. Regarding the Se content of the 
whole carcass of 42-day-old birds (Table 4b), the statistical analysis 
resulted in a positive linear relationship (R2=86.94%, P<0.001) 
between Se dietary supplementation level and Se content of the 
whole carcass. Whole carcass Se content increased significantly 
(P<0,0001) from 0.11mg/kg LBW (C) to 1.44mg/kg LBW (D5), 
i.e. an increase of 1.33mg. However, the Newman and Keuls test 
revealed that averages obtained with D2, D3 and D4 are statistically 
equivalent. This finding is consistent with the observation of Scott 

ML, Thompson JN [36], Cantor AH, et al. [29]and Echevarria MG, et 
al.[15,16]who argued that the inclusion of increasing amounts of 
Se in the chicken diet is associated with a significant increase in Se 
concentration in the tissues. Ševčíkova ́ S, et al. [23] and Ibrahim MT, 
et al. [34] respectively reported that breast, thigh, liver and plasma 
Se concentrations significantly increased with increasing Se levels 
in the diets. Nevertheless, our results indicate that at some point, 
the Se content in the carcass reached a saturation level. This finding 
suggests that stabilization of retention is one of the mechanisms 
involved in preventing excessive accumulation of Se in the body.

Table 4b: Effect of Se dietary supplementation on whole carcass Se content on d42 expressed in mg per kg of LBW and 

mg per chicken.

Parameter
Diet

P-value SEM
C D1 D2 D3 D4 D5

Carcass Se content d42 (mg/kg LBW) 0.11a 0.44b 0.75c 0.85c 1.02c 1.44d <0.0001 0.0286

Carcass Se content d42 (mg/chicken) 0.22a 0.84b 1.39c 1.68cd 2.1d 2.84e <0.0001 0.0666

Se retention increased linearly and significantly (R2=97.13%, 
P<0,0001) with increasing Se dietary supplementation (Table 
4a). Thus, the minimum Se retention was observed for the C diet 
(0.21mg/chicken) and the maximum one was observed for the D5 
diet (2.83mg/chicken), which was nearly 14 times higher. Little 
information about the effect of Se dietary supplementation on Se 
content in whole carcass was published. Miller D, et al. [35], who 
used an incorporation level of 0.1 and 0.5mg Se/kg, observed a 
significant increase in Se retention in the carcass from 28 to 58.8μg/
chicken. Se retention values obtained by these authors are largely 
lower than that obtained for our control birds (220μg/chicken) 
who received 0.15mg Se/kg. i.e 3.6 times less, although authors also 
used an organic source of Se (selenomethionine). This difference 
could be explained by the fact that birds on which Se retention was 
determined were younger (21 days of age) and therefore probably 
lighter than ours (42-day-old birds). 

In our study, the increase in Se concentration in whole carcass 
due to dietary Se supplementation is in agreement with findings 
presented in previous studies even that those researches focused 
on the assessment of Se retention in some tissues and not in the 
whole carcass. Accordingly, Scott ML, Thompson JN [36] and 
Echevarria MG, et al. [15,16] reported that Se concentration in the 
liver, kidneys, muscle, and plasma significantly increased linearly 
as Se content was increased in the diet. More recently, Ševčíkova ́ 
S, et al. [23], Dlouhá G, et al. [30], and SkřivanM, et al. [37] found 
that organic sources of selenium increased its content in breast 
meat. HeindlJ, et al. [37] confirmed that the Se content in breast 
muscle (0.6 and 0.85 mg/kg dry matter) was significantly increased 
by adding 0.15 and 0.30mg Sel-Plex® per kg of broilers diet in 
comparison with the Se-unsupplemented control (0.31mg/kg dry 
matter).

As cited above, the amount of Se ingested by chickens receiving 
D4 and D5 diets were statistically identical. We demonstrated 
that the body retention of Se was significantly higher in birds fed 

R5 diet. Therefore, there are potentially other factors besides 
the amount of ingested Se that influence the deposition of Se in 
the body.As indicated in Table 4a, we also expressed the amount 
of Se retained in percentage of that ingested (Se retained/Se 
ingested). This mode of expression makes it possible to evaluate 
the effectiveness of increasing the dietary supplementation level of 
Se. The highest ratios were recorded for C,D1,D3 and D2 and were 
equal to 18.5,18.8,19.1 and 20.6%, respectively. The lowest ones 
were obtained with D4 and D5:10.5 and 13.4% respectively.

The Newman and Keuls test (Table 4a) reveals two mean groups 
differing significantly. The C,D1,D2 and D3 cluster on the one hand 
and D4 and D5 cluster on the other hand. Indeed, Se retention 
efficiency seems to be capped for a dietary supplementation level 
ranging between 0 and 3ppm, and to decrease beyond the threshold 
of 3ppm.

Overall, the selenium retention assessed in this trial was 
relatively low since the maximum retention was 20.6%. This 
result was unexpected since, in theory, selenomethionine is well 
retained by chicken [20,21,38-42]. Efficiency of absorption was not 
determined because this process is not subject to any regulatory 
mechanism [43,44] and the urinary route is the main route of 
excretion of Se [44,45]. This would indicate that totality of the 
ingested Se is necessarily supported by the metabolic process. The 
digestibility of the Se supplement (i.e., the yeast: Sel-Plex, Alltech.
Inc) used in the current study could be the cause. Indeed, it has 
been reported that the amount of selenomethionine absorbed by 
the body depends on the digestibility of its dietary source [41]. 
Consequently, the assessment of the digestibility of Sel-Plex would 
be worth investigating.

It is also possible that, in our experiment, the dietary intake 
of methionine would have been very high, which could reduce the 
retention of selenomethionine. Indeed, data in the literature account 
for the competition between selenomethionine and methionine 
[38,41,46,47]. Thus, a high dietary intake of methionine inhibits 
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the incorporation of selenomethionine, and thus interferes with its 
deposition in the body. The determination of methionine content in 
the yeast and the distributed feed would confirm our hypothesis.

Our results also suggest that beyond a certain incorporation 
level of Se in the diet, poultry can no longer incorporate all of the 
ingested Se by accumulating it in the body. This would mean that 
there is a regulatory mechanism of Se retention in relation to the 
dietary intake of this trace element, and that Se in excess compared 
to the retention capacity is therefore excreted. This constitutes 
an economic loss on the one hand and a potential source of 
environmental pollution on the other.

Moreover, our observations demonstrated that Se dietary 
supplementation level of 0;1;2 and 3ppm are similar in terms 
of Se retention efficiency, thus Se dietary supplementation 
appears economically unfounded, especially when no significant 
improvement in growth performance was recorded for these 
supplementation levels. However, if the significant difference 
observed for the amount of Se retained in the whole carcass 
recorded for 2 and 3ppm levels is also reflected in the meat 
produced, the inclusion of these doses could be very interesting 
in the case of producing a high-Se meat. The determination of Se 
contained in the meat is therefore very useful.

Se excreted was determined by subtracting the amount of Se 
retained from that ingested. The statistical analyses demonstrated 
a significant linear effect (R2=86.96%, P<0.001) of Se dietary 
supplementation level on Se excretion. Indeed, the latter increased 
with the increase of Se incorporation level in the diet. In addition, 
it is positively correlated with the amount of Se ingested 
(R2=99.73%). This substantiates previous findings in the literature 
reporting increased excretion in case of increased dietary intake of 
Se. Indeed, Se homeostasis is maintained by the excretion of Se in 
excess [41,44,48].

The amount of Se excreted calculated in the present study did 
not account for any endogenous loss of Se. In poultry, this aspect, 
according to our knowledge, was not addressed in the literature. 
Nevertheless, in ruminants, LanglandsJP, et al. [49] reported that Se 
loss could occur via biliary secretion and it can reach up to 28% of 
the ingested fraction. A large part of the biliary Se is reabsorbed by 
the body, while the remainder is evacuated in feces. These authors 
also stated that endogenous faecal Se is positively correlated with 
ingested Se. Based on this information, excretion of Se calculated 
in this work may overestimate the true excretion of exogenous 
(dietary) Se.

Moreover, values shown in Table 4a do not include excretion 
in exhaled air: under normal circumstances, the absorbed Se is 
metabolized and then excreted in the urine as a trimethyl selenium 
ion. High concentrations can saturate this pathway and volatile 
Se compounds are formed and excreted via the lungs [44,45]. In 
addition, EdensFW [21,40], argues that Se is involved in the process 
of feathering. Thus, Se can also be eliminated during the natural 
losses of feathers.

Most modern poultry farms, which focus on mass production, 
produce huge amounts of droppings. Excessive accumulation 
of Se in droppings, usually used as fertilizer, can pose serious 
environmental problems; the most acute would be contamination 
of soil and groundwater. Thus, it seemed essential to evaluate 
the rejection of Se to get an opinion on the impact of Se dietary 
enrichment of broilers on the environment.

Meat lipids peroxidation

The evaluation of the peroxidation level of lipids in pectoral 
and thigh muscles was performed by the TBA index analysis. 
The measured TBA values, as a function of the Se dietary 
supplementation level, are reported in Table 5. 

Table 5: Effect of Se dietary supplementation on pectoralis and thigh TBA index expressed in mg MDA/Kg.

Parameter
Diet

P-value SEM
C D1 D2 D3 D4 D5

Pectoralis muscle 0.137 0.171 0.175 0.247 0.258 0.253 0.43 0.018

Thigh muscle 0.428 0.46 0.38 0.48 0.327 0.389 0.497 0.023

TBA index values measured in the muscle of the thigh are 
greater than those of the pectoralis muscle. Thus, the thigh muscles 
are more sensitive to lipid oxidation than the pectoral muscle. 
This observation is explained by the fact that in broilers, as for all 
poultry, the total lipid content of meat is higher in the muscles of 
the thigh (oxidative muscles) than in the breast (glycolytic muscles) 
[50].

The statistical analysis revealed no significant difference 
between the 6 diets for the TBA index, and whether it was in the 
pectoralis muscle or the thigh (P> 0.05). Furthermore, since in the 
present study, TBA values measured for the control birds were 
relatively low compared to those found in literature (ranging from 
0,20 for the breast muscle to 0.5mg/kg for the thigh muscle), it is 

therefore possible that the meat produced was not rich enough in 
intramuscular fat to cause a significant phenomenon of peroxidation. 
Generally, at the end of the “finishing” phase, most of the increase in 
chicken’s weight is due to lipid deposition. Reflecting the fattening 
status of chickens, the weight of birds on which the muscle tissue 
was sampled can be used to detect a possible difference between the 
6 diets concerning the lipid peroxidation level. Thus, the statistical 
analysis was rerun using LBW criterion as covariance with the 
same conclusion. Indeed, no significant difference was observed 
for the six diets, whether at the level of the pectoralis muscle (P = 
0.430) or the thigh (P = 0.497).

The antioxidant effect of Se dietary supplementation on the 
stability of broiler chicken meat has been documented by a number 
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of authors [30,37,51-53].The inclusion of 0.3mg/kg Se from Se-
enriched alga Chlorella in broilers diet enhanced the oxidative 
stability of meat expressed as reduced malondialdehyde values 
in breast meat after a 0-,3-, and 5-day refrigeration at 3-5°C[30].
SkřivanM [37] confirmed these findings in a similar study using 
0.3mg/kg Selenomethionine. In this respect, Pappas AC, et al. [54] 
also showed that inclusion of Se-yeast in broilers diet at level of 
0.15, 0.3 and 3mg/kg was associated with a significant linear 
decrease in TBRAS content of meat as an indicator of a decrease in 
lipid oxidation at slaughter.

Similarly, Mikulski D, et al. [55] found that dietary 
supplementation with 0.3mg/kg of Se yeast resulted in a significant 
(P<0.05) decrease in thiobarbituric acid reactive substance in raw 
(24h after slaughter) and stored meat (stored at-20°C for 70 days, 
thawed and stored for a further 3 days at 4°C) of turkey.

TBA index in the pectoralis muscle was significantly 
and moderately correlated with the increase of Se dietary 
supplementation level (R2=37%, P=0.007). This positive and 
moderate correlation remains unexplained, unless the increase of 
the dietary Se would have had a pro-oxidant action. Indeed, Lee KH 
& Jeong D [56] reported that high intake of Se even in organic form 
could have a pro-oxidative action. This could be due to the release 
of Se during the post-mortem evolution of the muscle into meat. 
During this phase, muscle proteins, including those containing 
selenomethionine, undergo enzymatic hydrolysis under the action 
of calpine and cathepsin. After the catabolism of selenomethionine, 
Se can be released. Thus, it is possible that it had a pro-oxidative 
action on muscle lipids. However, if this were the case, we should 
have observed this effect and more markedly with the thigh muscles 
which are more sensitive to oxidation than the pectoralis muscles. 
However, the correlation between TBA index values measured on 
the thigh with the dietary Se content in the diet was very weak and 
no significant (R2=6.5%, p=0.308).

A second hypothesis related to the post-mortem mechanisms 
that can take place in the muscle and modify its degree of lipids 
peroxidation as lipolysis. This mechanism is catalysed by specific 
enzymes such as lipases and phospholipases [50]. According 
to the same review, an excessive increase in the activity of these 
enzymes, particularly that of phospholipases, results in an increase 
in the fraction of long-chain PUFAs in muscle lipids. This induces 
an increase in the rate of peroxidation of these lipids. The cause 
of overproduction of phospholipases can be attributed to certain 
nutritional interactions, which are not yet well defined [50]. 

The assessment of the Glutathione peroxidase (GSH-Px) 
activity at the muscle level could have provide an explanation to 
results obtained during our experimentation. Indeed, the GSH-Px 
is an enzyme transforming the excessive peroxide and hydrogen 
peroxides of fatty acids resulting from oxidative elimination of 
lipids to harmless water and oxygen [44,57]. Its activation requires 
small amounts of Se (selenocysteine) which represents its integral 
part [58-60]. It is documented in the literature that Se dietary 

supplementation increased GSH-Px activity in plasma and muscle 
of broilers [7,27,29,30,61].

Conclusion

Our results suggested that in Cobb broiler chicken, the inclusion 
of organic Se at a level of 3mg/kg in a conventional growth-finisher 
diet containing 0.15mg Se/kg of feed improved slightly their BWG 
and FCR (+2.5% and -2.8%, respectively). Se carcass retention 
increased in a dose-dependent manner, but retention efficiency 
was very low. Increasing Se dietary level resulted in no effect on 
oxidative status in breast and thigh meat after 7-day storage period 
at 4°C.
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