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Abstract

1. This study 'was conducted to determine the effect of different sources of selenium (Se)
on deposition, apparent metabolisable energy (AME), growth performance and antioxidant
status of broilers, measured as Se content in liver and breast tissues and glutathione
peroxidase (GSH-Px) in blood, when used in 0-35 d broiler chicken diets.

2. A total of 200 male Ross 308 broilers were used in the feeding trial, which comprised
two dietary phases, a starter from 0 to 21 d and finisher from 21 to 35 d of age. Four
treatments with 10 replications each were used. A control diet (C) was formulated that was

sufficient in protein and energy (230 and 215 g/kg of crude protein and 12.67 and 13.11

Accepted for publication 1 November 2019


https://crossmark.crossref.org/dialog/?doi=10.1080/00071668.2020.1716301&domain=pdf

2

MlJ/kg of metabolisable energy, respectively), for both phases, but contained background
Se only from the feed ingredients. The first treatment diet (IS) was made from the C diet
supplemented with 10.35 g/t inorganic source of elemental Se in both feed phases. The
third treatment (SY) was the control diet supplemented with 136.36 g/t selenised yeast
(Sacchromyces cerevisiae) in both feed phases. A fourth treatment (SS) was the C diet
supplemented with 0.666 g/t sodium selenite an inorganic source of Se in both starter and
finisher diets.

4. Birds fed the SY diet consumed less and weighed less than those fed IS or C (P<0.05; 0-
35 d of age), but there was no difference compared to birds fed SS diets. There were no
differences in FCR or dietary AME between broilers fed different Se sources. All diets
containing supplementary Se increased concentrations in.the liver and breast muscle, and
for GSH-Px levels in blood compared to birds fed the C diet (P<0.001). Birds fed SY diets
had greater Se levels in liver and breast tissues.compared to birds fed any of the other diets
(P<0.001).

5. Diets supplemented with Se had variable effects on broiler growth performances and
antioxidant status, Feeding Se from a yeast source has higher transfer into tissues. Feeding
different sourcesvand levels of Se to birds in a more challenging situation to induce

oxidative stress may bring more conclusive results.

Key words: Chickens, selenium, feed intake, weight gain, antioxidant status.

INTRODUCTION

The main aims of intensive broiler production systems are to produce healthy birds that
mature quickly. Finding alternative ways to improve growth, immunity and general overall
health to enable birds to mature efficiently have been the focus of much research (Patterson
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and Burkholder, 2003; Surai, 2006). Initially, studies have focussed on improving
production by non-antibiotic means, including the application of prebiotics, probiotics,
organic acids, plant extracts and enzymes (Griggs and Jacob, 2005; Pirgozliev et al., 2014,
2015a, Ahmed et al., 2017). However, recent reports showed that feeding dietary
antioxidants can improve bird antioxidant status, bird health and subsequent performance
(Surai, 2002; Karadas et al., 2014; Pirgozliev et al., 2018).

Selenium is an important antioxidant and is significant in many major metabolic pathways,
including antioxidant defence systems (Surai et al., 2016), immunity (Arthur et al., 2003)
and thyroid hormone metabolism (Brown and Arthur, 2001). As the poultry industry
continues to evaluate effective Se sources which can improve bird health and productivity
(Surai et al., 2018), although there is some inconsistency in published literature. For
example, some authors have reported that the source of Se can significantly affect
bioavailability and that organic Se is better at improving performance variables, including
feed intake (FI), weight gain (WG) and feed conversion ratio (FCR) compared to inorganic
forms (Yang et al., 2012). However, in other studies FI and FCR were not affected by the
source, but rather by the concentration of Se (Oliveira ef al., 2014).

The significance of Se is mainly due to its role as a component of important antioxidant
enzymes, such as-glutathione peroxidase (GSH-Px), the regulation of which is crucially
dependent on'dietary Se intakes (Surai, 2002). However, there are inconsistent findings as
to whether an increase in dietary organic Se increases liver GSH-Px levels (Chen et al.,
2014), or makes no difference to its activity in plasma (Payne and Southern, 2005); in
breast muscle (Leeson et al., 2008), or in the liver (Heindl et al., 2010). Choct et al.
(2004), found that birds supplemented with inorganic Se had higher GSH-Px levels than
those fed organic Se supplements, but Skrivan et al. (2012), found GSH-Px increased

irrespective of Se source. Although an increase in hepatic antioxidant status is related to
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improved dietary available energy (Pirgozliev et al., 2015b), there is a lack of information
on the effect of dietary Se on energy.

In view of these conflicting results, the main aim of this study was to investigate how
different sources of Se affect broiler performance, including daily FI, WG and FCR,
antioxidant status (measured by GSH-Px in blood) and Se concentration in breast and liver
tissues. Dietary apparent metabolisable energy (AME) was measured to determine whether

there were any differences between or relationships with Se sources.

MATERIALS AND METHODS

Animals and diets

The study was approved by Harper Adams University Research Ethics Committee. In total,
200, one-day-old male Ross 308 broiler chicks were obtained from a commercial hatchery
(Cyril Bason Ltd, Craven Arms, UK). On arrival, chicks were individually weighed, the
heaviest and lightest birds were removed, and five birds were placed each in 40 raised-
floor pens (0.6 x 0.6 m'solid floor area). Each pen was equipped with a separate feeder and
drinker and the floor was covered with absorptive litter material. After the first week, the
litter material was replaced every three days. The room temperatures were kept at 32°C on
arrival and gradually reduced to 20°C at day 21, following the breeder’s recommendations
(Aviagen Ltd, Edinburgh, UK). A standard lighting programme for broilers was used,
decreasing from 23:1 (hours light: dark) from one-d-old to 18:6 at 7 d of age, which was
maintained until the end of the study. The relative humidity was maintained between 50 to
70%.

A total of four diets were used, in two dietary phases: a starter-grower phase from 0 to 21
d, and a finisher phase from 21 to 35 d. Two basal diets containing wheat and soybean, as

the main raw ingredients, were mixed in proportions which varied slightly between the two
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dietary phases (Table 1). All diets were fed as mash. For the starter-grower period, the
basal diet consisted of 60.65% wheat, and 31.70% soybean meal, with calcuated 22.99%
crude protein and 12.67 MJ/kg ME. For the finishing period, the basal diet consisted of
62.95% wheat, and 28.0% soybean meal, with 21.49% crude protein of and 13.11 MJ/kg
ME. The basal diets for both phases were split into four equal parts and supplemented with
different sources of selenium. Both, starter and finisher control diets (C) were not
supplemented, and only contained background levels of Se from the raw materials (Table
1). Diet 2 (IS) was supplemented with.35 g/t inorganic, elemental source of Se. Diet 3 (SY)
was supplemented with 136.36 g/t selenised yeast, an organic source derived from
Sacchromyces cerevisiae. Diet 4 (SS) was supplemented with 0.666 g/t sodium selenite,
inorganic source. All three Se sources were provided by Pancosma SA, Switzerland. Each

diet allocated to randomised pens (n=10). Feed and water were fed ad libitum.

Table 1 here

Sample collection

Between/d 17 and 21 of the trial, the solid floor of each pen was replaced with a wire mesh
and all excreta was collected during this period, oven dried at 60°C and then milled through
0.75 mm screen. The feed intake during this period was determined. After day 21, the solid
floor was re-installed in each pen and the starter-grower diet was changed to finisher diet.
At the end of the study (35 d), one bird per pen was selected at random, electrically stunned
and blood samples removed into 6 ml heparin coated tubes (Midmeds Ltd, Hertford, UK)
from the jugular vein. The livers and approximately 80 g of the left breast from each bird

were removed and stored at —80°C for further analysis.
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Laboratory analysis

Dry matter (DM) in feed and excreta samples were determined by drying samples in a
forced draft oven to a constant weight (AOAC 2000; method 934.01). The gross energy
(GE) of feed and excreta samples were determined in a bomb calorimeter (Model 6200;
Parr Instrument Co., Moline, IL) with benzoic acid used as the standard. Dietary AME was
determined based on the method published by Pirgozliev et al. (2006).. Selenium
concentrations in the liver and breast samples were determined by inductively coupled
plasma emission spectrometry (Optima 4300 DV Dual View ICP-OE spectrometer, Perkin-
Elmer, Beaconsfield, UK), as described by Tanner et al. (2002). Haemoglobin was
performed based on the method used by Drabkin (1950), and glutathione peroxidase was
determined using Ransel GSH-Px kit (Randox Laboratories Ltd., UK) that employed the

method of Paglia and Valentine (1967).

Statistical analysis

Data was statistical compared-using a randomised block ANOVA (Genstat 18" release
3.22 for Windows, IACR, Rothamsted, Hertfordshire, UK). When P<0.05, Duncan’s

multiple range test was used to separate differences in the means.

RESULTS

Birds remained healthy throughout the experiment, with the exception of one dead bird in
the first week. The analysed chemical composition of the basal diets are shown in Table 1,
and the analysed protein and fat contents of diets were close to the calculated values. The
determined Se in the control diets was the background level from dietary components. The
determined Se values in diets were more variable, but within expected margins (Table 1).

The liver weight and the Se contents of breast and liver are presented in Table 2. There
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were no differences in liver weight between treatments. All birds fed supplementary Se
irrespective of source, had higher total hepatic Se (mg) concentration compared with the C
fed birds (P<0.001). Birds fed SY, had the highest Se concentration in the liver (P<0.001),
and breast (P<0.001), but there were no differences between birds fed the two sources of

inorganic Se (IS and SS) in either tissue (Table 2).

Table 2 here

Haemoglobin (Hb) , blood GSH-Px and dietary AME are presented in Table 3. The highest
Hb was found in birds fed the IS diets and lowest in birds fed SY (P<0.05). There was no
difference between the levels of Hb in birds fed IS"and C.diets, and no difference between

the SY and SS diets (Table 3).

Table 3 here

Activity of GSH-Px in blood was not affected by the source of Se. The C diet had the
lowest GSH-Pxwersus. birds fed Se supplemented diets (P<0.001). There were no
differences in AME between any of the diets (Table 3). The coefficient of variation (CV%)
for Se in breast and liver tissue (Table 2) and Hb, GSH-Px and AME (Table 3) were small
and showed no variation between treatments.

The overall live weight of the birds at 21 and 35 d age was 816 and 2031 g, respectively
(data not shown). Broiler growth performance variables, including FI, WG and FCR are
presented in Table 4. The CV% were within the expected range (Aviagen Ltd., Edinburgh,
UK). Although there were small differences between the starter-grower and finisher

periods regarding growth performance variable responses, for ease of discussion the
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authors paid attention primarily on the data obtained from the overall experimental period

from 0 to 35 d age.

Table 4 here

From 0 to 35 d, the highest FI was seen in birds fed IS diet, and lowest in birds fed SY diet
(P<0.05). There was no difference in FI between the C, IS and SS fed birds, but SY
consumed less than C and IS fed birds (P<0.05; Table 4).

From 0 to 35 d, the highest WG was seen in birds fed the C diet compared to birds fed SY
which had the lowest WG (P<0.05), but this was not significant when compared to birds
fed the IS or SS diets. There were no differences in. WG between birds fed C, IS and SS

diets. There were no differences in FCR for any of the studied periods (Table 4).

DISCUSSION

The weight of the birds-was slightly lower than the breeder’s recommendation, but was in
agreement with a previous:study feeding mash diet to broilers (Pirgozliev ef al., 2016). The
metabolism of Se is complex and differs between the sources (Ganther, 1986). The form
affects Se absorption, retention and subsequent utilisation. In this study, two inorganic and
one organic sources of Se were used. SS is absorbed by simple diffusion across the gut
wall‘and is easily incorporated into selenoproteins, but SY is absorbed by active transport
(Suzuki and Ogra, 2002). As SY predominantly contains selenomethionine (SeMet), it is
not used in the synthesis of selenoproteins, but is directly incorporated into proteins
through the replacement of methionine and so is more readily available for tissue
deposition (Wolffram et al., 1989). It can be converted to selenocysteine (SeCys), which
subsequently may be cleaved to form selenide, which is absorbed by active transport

(Oliveira et al., 2014). This allows animals to build up reserves in tissues, especially
Accepted for publication 1 November 2019



9

muscles, which can then be used during stressful conditions to improve antioxidant
defences. The current results showed that the highest Se in breast and liver tissues were
found in birds fed SY diet, which implied that organic Se diet was assimilated and
incorporated more readily compared to the inorganic and C diets. These findings have been
confirmed by others (Chen et al., 2014). Rajashree et al. (2014a) found that organic Se
contributed to better egg productivity and higher Se accumulation and antioxidant status in
eggs. However, the current results differed from those reported by Kinal‘et al. (2012) who
found no differences in Se content in breast and liver from birds fed diets containing either
organic or inorganic Se. They reported that, although tenderness was better in those birds
fed organic Se, birds that were fed inorganic Se had ‘better breast tissue colour, taste,
flavour and juiciness, although these factors were not tested in the current study. In another
study by Mohapatra et al. (2014), Se in breast tissue increased with higher concentrations
of added dietary Se. Varying Se concentration of the diets in the current experiment was
not tested, but should be considered. in the future, as some authors (Choct et al., 2004:
Yoon et al., 2007) have found an inverse relationship between FI and diet level.

Selenium retention in tissues has important implications for the health of poultry and their
progeny, and beneficial effects have been shown to last several weeks after hatching
(Pappas et al., 2008). Increasing Se in eggs and poultry meat could be beneficial for
poultry consumers ingesting Se enriched poultry and for producers wishing to promote Se
enriched ‘functional foods’ to retailers and consumers. Functional foods are increasingly
seen as satisfying a growing demand in consumers, not just for safe nutrition, but for
promoting human health (Reilly, 1998). Se is increasingly being seen as a functional food
and recently, in a human study by Ju et al. (2017), Se was found to have positive health
benefits in coronary heart disease development by reducing oxidative stress and
inflammation and enhancing the protection of coronary arteries in cardiac disease. Low Se

status has been linked to increased mortality, poor immune function and reductions in
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cognition in humans (Rayman et al., 2012). However, when considering the beneficial
health effects of Se, it is not just the total amount consumed, but the form of Se which
affects its absorption and bioavailability (Pedrero and Madrid, 2009). The natural form of
Se added in poultry diets is organic but, for the last 20 years, the most common dietary
supplemented Se source has been inorganic, which is less expensive is absorbed
differently, as previously discussed (Surai and Fisinin, 2014). This has important
implications to consumers who ingest nutritionally enriched Se meat; as studies have
shown that different Se sources affect subsequent deposition in tissues and that organic
forms improve meat quality and concentration in meat by 97 % compared to a control, and
by 27 %-61 % versus inorganic (Rajashree et al., 2014b). Hence, the type of Se is
important for health and oxidative status in the bird and for those who ingest nutritionally
enriched produce (Fisinin ef al., 2009). Organic SY. sources are noted for their ability to
deposit higher levels of Se in breast tissue, as shown in a recent study by Van Beirendonck
et al. (2016). They reported that SY (with higher SeMet) had greater Se deposition in
breast tissue compared with a lower SeMet source, and birds fed L-SeMet had the greatest
Se concentration in breast tissue. Therefore, the bioavailability of the different Se species
is an important-consideration when reviewing the effect of Se on both broiler and human
health.

In a recent study by Bakirdere et al. (2018), broilers fed inorganic Se had more total Se in
breast tissue compared to those fed a control or SY organic diets, but the organic fed birds
had the higher bioavailable SeMet versus the other two groups.

To date, there have been 25 selenoproteins identified and all have different properties. One
of these proteins is GSH-Px, which exerts its affect by its antioxidant activity by the
removal and detoxification of hydrogen peroxide and lipid hydroperoxides (Papp et al,

2007). The regulation of this important Se-containing enzyme is dependent on dietary
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intake of Se (Surai, 2002), but researchers have reported conflicting results as to whether
its activity is increased or decreased by different Se sources.

Chen et al. (2014), found that birds fed diets supplemented with organic Se had higher
liver and plasma GSH-Px levels compared with birds fed inorganic Se sources. In contrast,
others reported that birds fed diets supplemented with inorganic Se supplements had higher
GSH-Px levels than those fed diets containing organic Se (Choct et al., 2004). However,
others found that, when comparing GSH-Px levels from birds fed organic versus inorganic
Se supplemented diets, there was no difference, whether the GSH-Px was measured in
plasma (Payne and Southern, 2005); breast muscle (Leeson et al., 2008), or the liver
(Heindl et al., 2010).

Haemoglobin (Hb) is carried by erythrocytes (RBC), which are particularly susceptible to
oxidative stress because they contain a high level of polyunsaturated fatty acids in their
membrane (Cicha et al., 1999). GSH-Px is integrated into erythrocytes during
erythropoiesis (in chickens, the RBC life span is 28-35 days) and so is commonly used as a
marker for determining long term Se status and as an oxidative stress marker (Hafeman et
al., 1974). A high GSH-Px status is considered to indicate higher antioxidant status, and
conversely, lower: GSH-Px would be expected in higher oxidative stress situations (Surai,
2006). This was confirmed in the current study, which showed that all diets supplemented
with/Se (irrespective of source), had higher blood GSH-Px levels versus the control. This
agreed with Arai et al. (1994) and Wang and Xu (2009) who found that supplementing
diets with Se increased GSH-Px levels. However, Cichoski et al. (2012), reported that
GSH-Px was not affected by the source or concentration of dietary Se. As GSH-Px is a Se-
containing enzyme, it would be expected that diets supplemented with Se would result in
higher levels of GSH-Px. Arai et al. (1994) showed a 28.45% increase in GSH-Px levels
when comparing diets supplemented with Se to unsupplemented feed, and Wang and Xu

(2009) showed an increase of 188% when comparing different Se sources to a control
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which had no added Se. In the current study, the increase was higher at 243%, although the
Se level in the control diets could have been a contributing factor, for example, the Se in
the Wang et al. (2009) study was 0.05 mg/kg, which was well below the NRC
recommended allowance of 0.15 mg/kg. In the current study, the basal level of Se in the C
diet was 0.134 mg/kg, i.e. above the minimum NRC supplementation recommendations.
However this was still much less than the Se in the other diets in the study (1.6; 3.5; and
4.2 times lower in IS; SY and SS respectively). Hence, it was expected that the GSH-Px
activity in birds fed C diet would be significantly less compared to GSH-Px in birds fed the
Se supplemented diets. In addition to the level of Se supplemented in the C diets, source
could be a factor, as bioavailability is affected by the Se source. The organic source used in
the current study was SY, but in the study by Wang.and Xu (2009), the organic Se source
was nano-Se. Nano-Se technology is reported to have higher adsorption and increased
catalytic activity (Cai et al., 2012). However, there is limited research in broilers of nano-
Se gut absorption and tissue retention (Hu et al, 2012). Another reason the GSH-Px
activity was higher in the current study could be attributed to the fact that only blood GSH-
Px, and not liver and breast tissue GSH-Px was measured. In contrast, the opposite was
reported by Bakhshalinejad et al. (2018), who determined levels of GSH-Px in broiler
thigh muscle and liver tissues. They found significant increases in GSH-Px levels in liver
and thigh muscle from birds fed organic Se in the form of DL selenomethionine (DL
SeMet) compared with those fed other types of Se, both organic and inorganic. The reason
for this could be due to differences in dietary formulation, rearing conditions and the
source of Se used in these studies (nano-Se, DL SeMet, SS and SY), which could affect
absorption and bioavailability.

The level of Hb in broilers in the current study was higher than the expected range seen in
previous studies (Maxwell et al., 1990; Makeri et al., 2017). Possible reasons for this

include differences in broiler strains and better overall nutritional status in birds in the
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current study. The finding that Hb was higher in birds fed IS diet, which was inorganic,
compared to birds fed diets containing SY and SS, but not higher than in birds fed C was
unexpected, as the higher Hb levels in the control did not mirror the lower blood GSH-Px
levels. A possible explanation for this could be that, although GSH-Px is present in the Hb
when levels of Se are low, it is not easily released into the circulation. Similar results were
found by Choct et al. (2004), who found that SS increased GSH-Px levels more than SY.
There were differences in FI and WG in the C group as well as for birds fed the different
sources of Se. The opposite was found by Yoon et al. (2007) and Chen ef al. (2014), who
found no differences in growth performance between birds fed diets containing SY and SS.
However, Yang et al. (2012) and Mohapatra et al. (2014) reported differences in
performance between different Se sources. But, conversely, in their studies, they reported
that dietary organic Se improved WG and FI'when compared to the inorganic form, which
was the opposite of what was currently found. Contrary to expectations, the results in the
current study demonstrated that diets supplemented with Se did not increase WG, and the
C diet, which contained the least amount of Se, had one of the largest overall gains in
weight versus the other treatment diets. On reflection, this was not a surprise, as the C diet
contained Se levels of 0.134 mg/kg, just below NRC recommended guidelines of 0.15
mg/kg, which were evidently sufficient enough to satisfy Se requirements for growth, so
did not affect FI or WG under normal broiler production conditions.

In the current study, the lack of difference in FCR between the diets agreed with some
(Chadio et al., 2015), although others (Yang et al., 2012) found that organic Se sources
(SY at 0.3 ppm) improved FCR compared to inorganic forms (SS at 0.3 ppm). They
reported that organic Se reduced survival rate, which was attributed to a faster growth rate,
causing cardiac overload. Differences in survival rate was not found in the present study.
Although an increase in hepatic antioxidant status is reflected with improved dietary

available energy (Pirgozliev et al., 2015b), limited studies have reported comparisons for
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AME in diets supplemented with Se. In the current study, no differences were found
between the broilers fed different Se sources with regard to AME, which agreed with
Choct et al. (2004). As AME is a measurement of the available energy in carbohydrates,
fats and proteins (Leeson and Summers, 2001) it was expected that different sources of Se

would not greatly impact AME.

CONCLUSIONS

Feeding different types of Se affected subsequent Se concentration in the meat but not
growth performance variables. This was not unduly surprising, as there was sufficient Se in
the C diet to enable the birds to grow under normal husbandry practices. However, further
work should be undertaken to determine if diets supplemented with different Se sources

affect performance when broilers are raised in less than optimal environmental conditions.
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Table 1. Ingredient composition of the broiler experimental diets (as fed).
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Ingredients g/kg Starter/ Finisher
Grower
Wheat 606.5 629.5
Soybean meal 317.0 280.0
Vegetable oil 35.0 50.0
Salt 3.0 3.0
DL Methionine 3.7 3.9
Lysine HCI 1.8 1.6
Limestone 10.00 10.00
Dicalcium Phosphate 18.0 17.0
Vitamin Mineral premix’ 5.0 5.0
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Calculated values (as fed)

Crude protein (N x 6.25) g/kg

Crude oil g/kg

ME, MJ/kg

Calcium g/kg

Av Phosphorus g/kg

Determined values

Dry matter (g/kg)

Crude protein (N x 6.25) g/kg

Crude oil g/kg

Gross energy (MJ/kg)

Selenium

! The vitamin and mineral premix contained vitamins and trace elements to meet

requirements specified by NRC (1994), except experimental diets which varied in

229.9

46.5

12.67

9.3

4.7

878

223.5

44.3

16.60

214.9

61.4

13.11

9.0

4.5

890

212.2

62.0

17.17
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selenium, The premix provided (units per kg/diet): cholecalciferol 125 pg; retinol 3600 ug,

a-tocopherol 30 mg; riboflavin 10 mg; pantothenic acid 15 mg; cobalt 0.5 mg;

molybdenum 0.5 mg; cyanocobalamin 30 mg; pyridoxine 3 mg; thiamine 3 mg; folic acid

1.5 mg; niacin 60 mg; biotin 0.25 mg; iodine 1 mg; copper 10 mg; iron 20 mg; manganese

100 mg; zinc 80 mg.

C = control; IS = elemental Se; SY = selenised yeast; SS = sodium selenite

2C=0.113 mg/kg DM; IS=C+0.454 mg/kg DM; SY=C+0.438 mg/kg DM; SS=C+0.527

mg/kg DM.
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3 C=0.134 mg/kg DM; IS=C+0.487 mg/kg DM; SY=C+0.465 mg/kg DM; SS=C+0.564

mg/kg DM.

Table 2. The effect of dietary selenium (Se) source on broiler liver weight and selenium

(Se) content in liver and breast tissue.

Diet Liver weight Se liver Liver Se breast
(2) (mg/kg wet total Se (mg/kg wet weight)
weight) (mg)

C 43.4 0.375 0.016° 0.113
IS 44.8 0.660° 0.029° 0.151°
SY 433 0.735°¢ 0.032° 0.274°
SS 44.9 0.648° 0.029° 0.149°
SEM 1.85 0.0149 0.0011 0.0030
CV% 13.2 7.8 13.7 55

P 0.882 <0.001 <0.001 <0.001

Means within a column not sharing a common superscript are significantly different.
C=control 0.134 mg/kg; IS=C+0.487 mg/kg elemental Se; SY=C+0.465 mg/kg selenised

yeast and SS=C+0.564 mg/kg sodium selenite. 10 replicates per diet.

Table 3. The effect of dietary selenium (Se) source on broiler blood haemoglobin (Hb),
blood glutathione peroxidase (GSH-Px) and apparent metabolisable energy (AME)

determined at 35 days of age.

Diet Hb (g/1) GSH-Px AME
blood (MJ/kg DM)
(U/g HB)

Accepted for publication 1 November 2019



C 172 45 14.85
IS 182° 147° 15.01
SY 151° 167° 14.91
SS 160° 149° 14.66
SEM 7.0 12.7 0.108
CV% 13.4 31.6 2.5

P 0.029 <0.001 0.239

Means within a column not sharing a common superscript are significantly different.

C=control 0.134 mg/kg; [S=C+0.487 mg/kg elemental Se; SY=C+0.465 mg/kg selenised

yeast and SS=C+0.564 mg/kg sodium selenite. 10 replicates per diet.
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Table 4. The effect of dietary selenium (Se) source on broiler daily feed intake (FI),

weight gain (WG) and feed conversion ratio (FCR) for the different growing periods.

Diet F10-21 FI21- FI0-35 WGO0- WG WGO0- FCR FCR  FCR
g/b/d 35 g/b/d 21 21-35 35 021 2135  0-35
g/b/d glb/d  gb/d  ghbid
C 56.5 | 140.0 948" 363" 829 583" 1557 1705 1.641
IS 573 7 1385 953" 36.6° 815 579" 1567 1.786  1.687
SY 542 1332 90.5° 337" 787  549* 1611 1.742 1671
SS 543 1359 921%™ 341* 809 561" 1595 1765  1.679
SEM 090 179 116 069 144  0.84 0.0200 0.1083 0.0574
CV% 5.1 4.1 3.9 6.2 5.6 4.7 4.0 196 109
P 0.052 0061 0.022 0010 0239 0.025 0228 0958  0.947

Means within a column not sharing a common superscript are significantly different.
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C=control 0.134 mg/kg; [S=C+0.487 mg/kg elemental Se; SY=C+0.465 mg/kg selenised

yeast and SS=C+0.564 mg/kg sodium selenite. 10 replicates per diet.
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