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ABSTRACT
The effect of selenium yeast and its combination with sodium selenite on laying hens’ production perfor-
mance, egg quality, and selenium enrichment were evaluated in this experiment. Dual purpose Giriraja
(200) were randomly divided into 4 groups having 5 replicates of 10 (9 females+1 male) birds each. The
treatment groups included T1 (control diet without selenium), T2 (control diet + sodium selenite @ 0.5mg/
kg diet), T3 (control + sodium selenite @ 0.3mg/ kg diet + selenium yeast @ 0.2mg/kg diet) and T4 (control
diet+ selenium yeast @ 0.5mg/kg diet). The experiment was for 8 weeks starting from 30 weeks of age. 150
g feed per bird every day and 16h light schedule was followed. Egg production performance, egg quality
parameters, and egg selenium deposition were recorded. Supplementation of different sources of sele-
nium alone and their combination did not show significant difference in production performance viz.,
weekly hen housed egg production and feed conversion ratio per dozen eggs and also egg quality
parameters. Significantly higher (P<0.05) egg selenium content was observed in the selenium yeast supple-
mented group in the fourth and eighth weeks of the trial. In the eighth week, the combination group’s egg
selenium content was significantly greater (P<0.05) than that of the sodium selenite supplemented group.
In conclusion, selenium supplementation was not beneficial to production performance as selenium
present in the feed raw material was sufficient to meet the requirement of layer (0.05-0.08mg/kg diet).
Nevertheless, addition of selenium was useful to fortify the egg. Though combination showed significant
improvement compared to inorganic but the deposition was not as efficient as organic alone. Hence, the
addition of organic sources alone is a better option to produce selenium enriched eggs.
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INTRODUCTION

Trace mineral deficiency is a global issue causing
impaired health and productivity in both animals and
humans. Selenium (Se) is one such essential trace
element which is an inseparable part of enzymes
involved in crucial biological processes, such as
antioxidant activity, immune function, reproduction,
and thyroid hormone metabolism (Han et al., 2017)
whose dietary requirement in human varies from 55-
75 mcg/day with an upper limit of 400 mcg/day (Kipp
et al., 2015). Se can be supplemented in various ways
in which fortification with food is an easy and
efficient method. Eggs with their nutritional
abundance, ease of intake, and acceptance from all
aged people make them a better choice for

fortification with Se (Réhault-Godbert et al., 2019).
Accordingly, the addition of organic Se as selenium
yeast (SY) showed a significant increase in
production performance, feed conversion ratio
(FCR), and egg Se deposition compared to sodium
selenite (SS) in Aseel birds (Zia et al., 2016). In terms
of egg quality, Se irrespective of their sources
improved the quality viz., yolk index (YI) and haugh
unit (HU) (Arpášová et al., 2012; Radwan et al.,
2015). The dose dependent increase in Se deposition
was also observed with SY supplementation (Liu et
al., 2020). Hence the study hypothesized a
combination of the organic and inorganic sources
may be as efficient as the organic source alone to
improve production performance, egg quality, and
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Se deposition. In this view, the experiment assessed
the effect of SY alone and its combination with SS
on production performance, egg quality, and egg Se
content in Giriraja layers, which is dual purpose multi-
coloured variety with a production capacity of 130-
150 eggs per year and this variety developed by the
Department of Poultry Science, Veterinary College,
Bengaluru.

MATERIALS AND METHODS

Ethical statement

The Institutional Animal Ethics Committee
(IAEC) approved all the procedures followed in the
experiment, with IAEC No. (VCH/IAEC/2019/107).

Experimental design

A total of 180 (female) + 20 (male) Giriraja laying
hens of 30 weeks of age with uniform body weight
were wing banded and housed in an experimental
house containing 20 experimental pens. The birds
were distributed into 4 treatment groups having five
replicates with 10 (9 females + 1 male) birds in each
pen, following a completely randomized design. The
corn-soybean meal based basal diet (control diet, T1)
was formulated according to National Research
Council (NRC, 1994) specifications. The ingredient
and nutrient composition of the basal diet is given in
Table 1. To the basal diet, SS, SS + SY, and SY
were added at the dose rate of 0.5, 0.3 + 0.2, and
0.5 mg Se/kg diet to form experimental groups T2,
T3, and T4, respectively. Both SY and SS were
procured from the open market and SY was assessed
for Se content by Inductively Coupled Plasma –
Optical Emission Spectrophotometer (ICP-OES).
The trial was conducted in a conventional open-sided
poultry house on a deep litter system to suit Indian
commercial poultry farming practices. Standard
managemental practices and a 16-hour light schedule
were followed. Throughout the experiment,
controlled feeding of 150 g/day was given in the
morning along with ad lib access to water. Eggs
were collected every two hours, marked pen-wise,
and shifted to the cold store in the hatchery. The
feeding trial was for a period of 8 weeks.

Parameters studied

Production performance of hens was assessed
in terms of hen-housed egg production (HHEP) and
FCR per dozen eggs were calculated using the
following formula-

At the end of 4th and 8th weeks, three eggs from
each replicate and fifteen eggs from each treatment
were collected and subjected to quality analysis on
the same day. Shell thickness (ST) was measured
using a screw gauge with a precision of 0.01 mm.
Albumen index (AI) and yolk index (YI) were
measured using slide calipers with 0.05mm precision
and tripod AMES micrometre with a precision of
0.01mm, respectively, and calculated using the
formulae (Romanoff and Romanoff 1949). Haugh
unit (HU) was calculated using the formula (Haugh,
1937).

AI = h/ (0.5 x (D+d))

Where, h - the height of thick albumen at the
boundary with the yolk; D and d - long and short
diameters of albumen, respectively.

YI= h/D

Where, h - yolk height and D - yolk diameter.

HU=100 x log (h+7.57- 1.7 x EW0.37)

Where, h - the height of thick albumen at the
boundary with the yolk; EW is the egg weight.

Egg Se deposition was analysed at the end of 4th

and 8th week of the experiment where two fresh
eggs from each replicate (ten eggs from each
treatment) were collected for the estimation of Se
content. The egg yolk sample was digested in 10 ml
nitric acid (65%). Then the solution was cooled and
filtered in Whatman filter paper No. 42. The volume
of the solution was made to 20ml with ultrapure

HHEP (%) =
Total number of eggs laid during the period

Total number of birds housed at the beginning
× 100 

FCR =
Feed consumption per bird per week(Kgs)

number of eggs produced per week × 12 
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water. The concentration of Se was estimated using
ICP–OES (Perkin Elmer Optima 8000) using Argon
gas as fuel and nitrogen gas for purging. Wavelength
used for estimation was 196 nm.

All the data pertaining to various parameters were
analysed statistically by one-way analysis of variance
using Software Package for Social Sciences (SPSS)
software. Differences between the means were
tested using Tukey’s test at P < 0.05.

Table 1. Percent ingredient and nutrient composition of basal experimental diet

Ingredients Percentage (%) Nutrient composition 

Yellow maize 51.00 ME (kcal/kg)1 2618 
Soybean meal (46% CP) 25.00 Crude Protein (%)2 16.3 

Deoiled Rice bran 14.11 Crude Fiber (%)2 4.22 

Oyster shell grit 6.20 Crude Fat (%)2 2.25 

Mineral Mixture* 2.89 Calcium (%)2 3.52 

Vitamin Premix** 0.06 Phosphorus (%)2 0.61 

DL-Methionine 0.10 Lysine (%)1 1.01 

Common Salt 0.4 Methionine (%)1 0.39 

Liver tonic 0.09   

Toxin binder 0.09   

Antibiotic 0.06   

Total 100.0   

* Mineral Premix: Each 100g contains, Magnesium Oxide-1.48 g, Ferrous Sulphate- 6.0 g, Copper Sulphate- 0.05 g, Manganese
Sulphate-0.04 g, Potassium Iodide-0.001g, Zinc Sulphate-1.0 g, Potassium Chloride- 17.09 g.
 ** Vitamin premix: Each 100gm contains Vitamin AD3 (Vitamin A-10,00,000 IU/g, Vitamin D-200000 IU/g)- 0.165 g, Vitamin K3-
0.103 g, Vitamin E -2.4 g, Thaimine Mononitrate- 0.206 g, Riboflavin- 0.513 g, Pyridoxine hydrochloride- 0.309 g, Cayanocoblamine-
0.00031 g, Folic Acid -0.103 g, Niacin- 4.124 g, Ca-D-Pantothenate- 1.031 g, Biotin - 1.5 g, Maltodextrine- 89.545 g
1Calculated values; 2Analysed values

RESULTS AND DISCUSSION

Production performance

Egg production and FCR are important indicators
of production performance in laying hens and
markers of the profitability of poultry farms. These
are affected by various conditions such as breed,
quality and quantity of feed, stress, deficiency of
minerals etc. In our study, there was no significant
difference in HHEP and FCR (Tables 2 and 3)
observed between the Se supplemented groups and
the control group. However, egg production in the
5th week and FCR in 5, 6, and 7th weeks showed a
significant difference but it was not consistent
throughout the experiment. Similar results were
reported by Jing et al. (2015) who showed the non-
significant effect of different sources of Se (SS, SY,
and selenomethionine) on production performance

in laying hens. Liu et al. (2020) used different sources
of Se at different levels (SS and SY @ 0.3 and 0.5
mg Se/kg diet each) and found no significant
improvement in production performance and FCR.
Contrarily, many authors reported improvement in
performance and FCR with the addition of Se to the
diet (Attia et al., 2010; Zia et al., 2016). Egg
production and FCR are not associated with a single
factor and are associated with several other factors
such as animal species, the environment in which
birds are kept, the concentration of Se, other minerals
in feed ingredients, and the physiological status of
birds. As there was no external environmental stress
given to birds throughout the trial, birds were not
under production stress and feed ingredients that are
used in the basal diet also contain traces of Se that
could have met the requirement of birds for
production.
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Egg quality in poultry does not vary much but
gets affected by factors such as infection, stress,
and deficiencies. Results of the present study showed
no significant improvement in additional
supplementation when compared to the control group
in any of the egg quality parameters viz., egg weight,
AI, YI, ST, and HU at the end of the 4th week and
8th week of the experiment (Table 4 and 5). Similar
findings were observed by Mohiti-Asli et al. (2008),
who showed that egg quality of layers in additional
supplemention with different Se sources (basal diet
+ 0.4 mg Se/kg diet as SS and SY) was not
significantly different from the control group (basal
diet with 0.2 mg Se/kg diet Se). Similarly, Lu et al.
(2019) observed no significant difference in any of
the egg quality traits among dietary groups which
were fed with 0.3, 1.5, and 3.0 mg Se/kg diet of Se
as SY for 12 weeks. Contrary to our findings, Se
supplementation showed a significant increase in egg
weight (Payne et al., 2005), HU score (Arpášová et
al., 2012), YI (Radwan et al., 2015), and ST (Kralik
et al., 2016). However, in this trial, the Se
requirement of the laying hens (0.05 – 0.08mg/kg)
might have been met through Se content in the raw
materials of the basal diet. Hence further additional
supplementation of Se in the experimental diet did
not show any significant influence on egg quality
parameters, which may be the possible reason for
the findings of the present study.
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Selenium can be supplemented either in its organic
or inorganic forms. When an inorganic source such
as SS is supplemented, it gets absorbed and gets
converted to hydrogen selenide in the liver, which is
further used in the metabolism of Se. Hydrogen
selenide is methylated and used for further utilisation
in the production of selenoproteins and incorporation
into tissue proteins or excreted. Organic Se sources
such as SY and selenomethionine (SM) follow
different paths and are either directly utilised as a
source of methionine or stored in organs where high
protein synthesis occurs. SS can also be utilised to
get incorporated into tissue proteins but cannot be
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stored like that of an organic source (Arnaut et al.,
2021). Results of our study showed that Egg Se
content at the end of the 4th week of the trial (Table
6) was significantly (P<0.05) higher when
supplemented with organic Se alone and its
combination with inorganic Se compared to the
control diet group. No significant difference was
observed between inorganic Se supplementation
alone and the control group; similarly, there was no
significant difference between the combination of
Se sources and inorganic Se supplemented groups.
At the end of the 8th week, egg Se content was
significantly higher in the organic Se supplemented
and combination group compared to the control and
inorganic Se source groups. However, there was no
significant difference between inorganic Se and the
control group. Similar findings were also reported
earlier, wherein, they used the low (0.3mg/kg) and
high (0.5 mg/kg) levels of organic and inorganic Se
sources and found significantly higher deposition of
Se in eggs with organic Se supplementation in a dose-
dependent manner compared to the inorganic source
(Liu et al., 2020). We also showed 160 percent more
deposition of Se in the SY alone group in comparison
to the control. Higher Se deposition with SY was
also reported by Invernizzi et al. (2013) who showed
deposition of about 50% more Se in SY supplemented
eggs than in SS. Also, the combination of SY and SS
showed significant improvement in Se deposition
compared to SS and control at the end of 8th week
but was not as efficient as SY alone. A similar result
was reported by Han et al. (2017) who reported
significant improvement in Se deposition in
combination after the 42nd day of supplementation
but was less efficient compared to SY alone. This
higher deposition of Se with supplementation of
organic source might be because of the fact that the
bioavailability of organic Se is more compared to
the inorganic source. Also, the absorbed Se in the
body is utilised directly as methionine/cysteine rather
than as Se for incorporation into tissue protein.
Whereas, inorganic Se appears to be under
homeostatic regulation, hence less available for tissue
incorporation (Chantiratikul et al., 2008).

CONCLUSION

In conclusion, the results of our study indicate
that additional supplementation of different sources
of Se and their combination had no significant effect
on egg production, FCR, and egg quality parameters.
Though the combination of organic and inorganic
showed a significant increase in Se deposition, the
efficient and highest Se deposition was achieved
through the organic source.
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