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Introduction: Selenium is an essential mineral for many metabolic functions of the body, including the
activation of enzymes and the optimal biochemical and physiological function of birds (Antongiovanni et
al., 2007). Selenium protects cell membranes from oxidative damage and can therefore improve nutrient
efficiency (Arner et al., 2012). The small intestine is the most important part in the digestion and absorption
of nutrients, while the large intestine and intestinal tract are very important areas for the accumulation of
microbes (Chitra et al., 2013). Gastrointestinal health is one of the most important and effective factors in
bird function. Gastrointestinal microbial population affects the nutrition and health of various animal
species, including poultry. These microorganisms need trace elements such as selenium to perform their
normal metabolic functions. Selenium may affect bacterial cells by disrupting the respiratory chain (Pappas
et al., 2005). In addition to improving the quality and composition of intestinal microflora, selenium can
have a positive effect on the morphology of the intestine as an antioxidant (Haghighi-khoshkhoo et al.,
2010). Despite these benefits, the effect of selenium on intestinal microbial population is largely unknown,
so the aim of this study was to investigate the effect of different levels of organic and inorganic selenium
in the diet on microbial population, intestinal morphology and intestinal acidity in laying hens.

Materials and Methods:The experiment was conducted in a completely randomized design with 300
laying hens of high-line strains from 23 to 35 weeks of age with 5 treatments, 6 replications and 10 hens
per replication. Experimental treatments include 1- Base diet (without selenium), 2- Base diet + 0.5 mg/kg

sodium-selenite, 3- Base diet + mg/kg 1 selenite-sodium, 4- Base diet + mg/kg 0.5 selenium-methionine,

5-base diet + 1 mg/kg selenium-methionine. At the end of the experiment, two birds were randomly selected
from each replicate; To evaluate the microbial population, a sample of the contents of the cecum on the
culture medium was used (1). Tissue samples were prepared and then measured using a microscope, villi
length, villi width, crypt depth, and number of goblet cells (9). To measure acidity, samples were taken
from the contents of the cecum, and acidity was measured by a pH meter.

Results and Discussion: The results indicate that consuming 1 mg/kg of selenium-methionine increased
the villi area compared to the control treatment. The experimental treatments did not affect villi length, villi
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width, crypt depth, number of goblet cells, and the ratio of villus length to crypt depth. The consumption
of 1 mg/kg of selenium-methionine significantly decreased the population of Salmonella and increased the
population of Lactobacillus in the cecal compared to other experimental treatments. The consumption of
0.5 and 1 mg/kg of selenium-methionine caused a significant decrease in the population of aerobic bacteria
compared to the control treatment. The acidity of cecal contents in the treatment containing 1 mg/kg of
selenium-methionine was significantly reduced compared to the control treatment. Several studies
(Langhout et al., 1999, Lukaszewicz et al., 2011, Pappas et al., 2005) have reported that using organic
sources of selenium reduces the coliform population. In mice, dogs, and laying hens, selenium intake has
been shown to increase the number of Lactobacillus and decrease Escherichia coli and Staphylococcus
aureus in the cecum (Langhout et al., 1999, Lukaszewicz et al., 2011, Pappas et al., 2005). Increasing the
population of beneficial bacteria due to the provision of sufficient selenium for their synthesis is also an
antioxidant property of selenium in preserving the life of these bacteria. It appears that beneficial bacteria,
such as Lactobacillus, can competitively eliminate harmful bacteria such as Escherichia coli in the gut
(Lukaszewicz et al., 2011). An increase in the number of pathogenic bacteria in the intestine causes the villi
to shorten and the lining to shrink (Attia et al., 2010).Numerous studies demonstrate that the consumption
of diets containing selenium compounds has destructive effects on harmful intestinal bacteria (Chantiratikul
et al., 2008, Hashemi et al., 2012, Heindl et al., 2010, Horn et al., 2009, Langhout et al., 1999). Adding
organic selenium to the diet of broilers increases the weight of the intestines due to the growth of villi and
intestinal lamina propria (Haghighi-khoshkhoo et al., 2010, Heindl et al., 2010). The lack of selenium
consumption on morphology can be attributed to the levels of selenium used, as well as the bird's lack of
stress. Selenium can exert its effect more effectively under stress conditions. Most harmful bacteria grow
in an environment with acidity close to 7 or slightly higher, while beneficial bacteria multiply in an acidic
environment and compete with pathogenic bacteria (Cooke et al. 1973). An increase in acidity leads to a
decrease in Escherichia coli and Salmonella in the gastrointestinal tract. Therefore, the consumption of
organic sources of selenium reduces the population of pathogenic microorganisms (aerobic bacteria,
Escherichia coli, and Salmonella) and increases the population of Lactobacillus competitively, followed by
an increase in gastrointestinal acidity. This improvement may lead to an increase in digestion, absorption,
and performance (Kasaikina et al., 2011).

Conclusion: According to the results of this study, it can be said that consuming organic sources of
selenium (levels of one and 0.5 mg of selenium-methionine per kg of feed) significantly reduces the
population of harmful aerobic bacteria, bacteria. Salmonella and Escherichia coli and cause a competitive
increase in the beneficial population of Lactobacillus; The consequence of this operation is to increase the
acidity of the cecum and reduce the damage and microbial destruction to the intestinal tissue, and therefore
with positive changes in the morphology of the small intestine will lead to improved bird function.
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Table 1- Ingredients and chemical composition of the basal diet

alaiza 1] %
Components

o 58.7
Corn (CP=8%)

g Albss 20
Soybean meal (CP=44%)

Lgw of9) _ 1.2
Soybean oil
Calcium carbonate

QMM&) 2
Dicalcium phosphate

MM_Aﬂ)lf _ 0.28
Sodium chloride

ossstels> 0.2
DL-Methionine

255,005 ) 0.12
L-Lysine HCI

Yotk g) (e JoSo 0.25
Mineral premix (without selenium)*

Yo |-

Ay JuSe 0.25
Vitamin premix 2

Chemical composition

(PS54 > SHB5LS) padsilio LB (5551 2840
Metabolizable energy (Kcal/kg)

('\‘9)‘5) (’B U"b”" 17.02
Crude protein (%)

(32)3) pamalS’ 4.4
Calcium (%)
Available phosphorous (%)

(30)3) wan b8 (3 0.94
Digestible lysine (%)

Digestible methionine (%)

(323) e BByt pigate 07
Digestible methionine+cystine (%)

(P51 W9 S skeo) 95— g6l Jolss 917

(mEg/g) Anion-cation balance
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255 ko 00 B12 (el p)5 oo VYN Bo eling p)5 o /5 B eling p)S Lo YIY B5 pelig p )5 o £/ Bs

2 BH.T. o5 ko ¥or gl (58 28 WV e g

! Provides per kilogram of diet: Iron, 55 mg; manganese, 88 mg; zinc, 88 mg; copper,
5.5mg; iodine, 1.7 mg.
2 Provides per kilogram of diet: vitamin A, 8800000 1U; vitamin D3, 3300000 1U; vitamin
E, 16500 1U; vitamin Ks, 2.2 mg; vitamin Bz, 2.5 mg; vitamin Bz, 5.5 mg; vitamin Bgs, 28
mg; vitamin Bs, 6.6 mg; vitamin Bs, 3.3 mg; vitamin By, 0.6 mg; vitamin Biz, 22.1 mg;
vitamin Bz, 55 mg and choline chloride, 110 g.
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Table 2- Effect of experimental treatments on the egg production traits of laying hens in whole production period

o . VAR EWSY e o B
ilejl (sl jlos E( ) . (::juct)ion (Gofoxinle3) Si9 0385 (p)5) Eren™S 0139 (pySOLS) o 0ij9
Treatments 99 p(% ) Egg mass (g/hen/d)  Egg weight ()  Body weight (kg)
aald 91.01 50.34 55.29 1495.38b
Control
10 il 92.40 51.45 55.65 1520.37%
SeNa0.5
} il 91.96 51.32 55.80 1549.158
SeNal
0 Oyl 90.83 50.17 55.24 1524.33%
SeMet0.5
\ Oigempaile 90.08 49.47 54.92 1506.16"
SeMetl
Sone sl 1.681 1.091 0.351 0.013
SEM
i 0.872 0.681 0.432 9.51
P-value

.(P<~/~£)) Kbl oyl e OMB] gl S yiiio e By b (gt jo slo1 e
Values within a column with different superscripts different at (P<0.05).

A by g b i)l sy ¢ I8 lge 5 039, oleg S
tdaw 5039, (60,0505 3> yus5 (Yamauchi et al., 2006) 5,135 .

Wloaly by igjlon LIl 2y yo—a> 4 ) (gdin dlge Q>
5 Wi o obsS el 039) 53 s )los (slags yST Slas il 38l
L alie (Cooke and Bird, 1973) cowl iibg Y Lials
Sl ySL 2 lokip o jl Sl pgsibe SlaS 5 ol slao
Dhingra and Bansal, 2006; Lukaszewicz et ) 3l 3g, yuio

Ero 2 955 o b Sy g2 oialof] (slaslos 8B Y Jpe
s S Bos Gy 025 p Jobo w30 it |y S5
jpcelowe g S Bos 4 jn Jsb Cod (bl sla ol
(P>+/+0) 3,55 )15 inlojl slaylos Sl gime pib cow
A ol 5l sk 039 pgiS5 cond (8L LS ()
83 jl Canund (2l 003 o] (elo 355 5ubo 48 A3l ppe Llg e
wd)S s 5> ()15 ol Sl Gl odas 4l lyiear SO)L
(o MSbe g0 Jelss .(Hattori and Taylor, 2009) >5
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2l b dunlie 3 (ygste —pgitle pS5kS 53 p)S (oo Sy Bpae
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JS by Same wlio b aslie > JI plio cpien (P<-/-0)
(P<e/-0) by alSl 48 09 (SILdp i/ Cumer 55550
Pl )OS 3 ) e S g /0 By Bl L S
i —Cutlo p)SolS )3 o5 (e S Bpae rimen gt
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g Wit luo (S o) posiles Cundg 4 039) o)l 1)
W] sl |5 35250 slas Sl olasi 5 oS 5 2 i oo ol
ol (Kasaikina et al., 2011) a_sb 38,51 5,leS olKiws 5
g <ilitte (LIl o) b ¢ porilis jlloslite | e o | (ySae aiBly
Aladlasl by pasuie glogSee 9) 5 posths Cuow

P 29290 porle gio g9 4 dans s ySL g9y p pgril o
Shabani et ) .o,y s ;s (Marina et al., 2011) 5l o

ul5s (al., 2019; Yang et al., 2009; Zhihua et al., 2011

sl od s

Cupmod (igele —pouil—w g postlwgil 5l ealitul .
e 3l ol | loj 3 oS taimd oo (Al p )8 S (slas ST
ORIB G JieobgiSY Cipmon (20 w0 )3 popil (s
b aulie )3 dsS (sladagx 039y 3 UK/ Cunor
Gkl 53 45 23,5 oo N posibes 5 pgstbogil oS il (slaog,S
el oy ol @l b JolS
ol UIF 039) (29,500 Comer | p)lee S 90>
porkes 42 5l ate 13 5 el ol )10 1 Loyt ol
o) 0 e yd ol ) bw o pecd jl eolatw] opl )l
o ) a3 oo L (s GlapEgpeile Ol sln |y pais
230 Iy postls 4 (lbjee Sl ke (09,0 Copner
M iyl e op) o b ali. (Kasaikina et al., 2011)

Syas loj )3 039) 3 (ML 43/ 7Sk 5 s ySk S S

al., 2011; Koyancu and Yerlikaya. 2007; Pappas et al.,
oy 4o pad el 34381 (2005; Shabani et al., 2019
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Kasaikina et al., 2011; Marina ) 555 oo Wodgy yj5 Hiul38l
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o)) pogMe wimd jgalS 0dg, 5 |y (ML, S dlon 4o
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2 b o5 sladngr 039y 0yled 33 (MLt 44l [ Cures ol
Ying etal., ) 55,5 o J pouibo o0iScdl s (slaog,S b awslio
b syt Jolss g i bl gyl T gl cadly 5> (2009
4 Cod G595 STl o ols 5 ade las S
e b dliio ) Jp)8 nlpogdle teul ol )05 sl JSs

S5 slag po pgifs (owlidcou) p cpigsio —parbe g podw —cutle S -Y Joua
Table 3- Effect of selenite-sodium and selenium-methionine on the morphology of the jejunum of laying hens

sloylos (ocske) 52 €85 (saide) sy 08 (o) conS os o o sk S S Bee djp eyl (Tpeike) 5 colus

sialo] Height of villi  Villous width Crypt depth ) Height of villi/ crypt ~ Villous surface
Goblet cell y

Treatments (mm) (mm) (mm) depth area (mm?)

aald 1021.00 167.67 105.33 0.706 9.740 169955

Control

./ 958.68 123.33 97.00 .0898 10.153 116883

SeNa0.5

\ 1077.67 123.33 116.33 1.136 9.386 141258

SeNal

Opgemposils

s 978.67 125.67 105.67 1.043 9.366 122458

SeMet0.5

Opgiemposiles

\ 925.33 112.33 109.67 0.655 8.851 103556

SeMetl

Sere sl 54.46 19.38 9.12 0.16 0.59 10563.72

SEM

e 0.346 0.343 0.668 0.225 0.632 0.175

P-value

(P<el-0) asilyso o sime B (Sl S 2o i By b st 0 oSl

Values within a column with different superscripts different at (P<0.05).

2 g 5 oSl e bS5 adg ials el g )il
G |5 59l comi )3 g 00 (55 09 0l S3glsh g0
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b ocan 4 S5 andewl ) 1 glew sbaoxSL iy (2007
LS oo <oy oo slag Sl b g g o iS5 5 45 (Gl
sl oSL iS4 e ansa, —wl iliel (Ford,1974)
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Lo sl aolsiS Y Comon 28y JS_ay o 4l 2alS (Migalu Samik et al., ) 553 o (5155 olSd 3 Misall o (oM i
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Gl g muad dguty 4 yoxie a5 Bl a8l )l ol du! Pl J wlie Gy e b aS Cus )y oyl el Cumday alis
(Samik et al., 2007) ool 015 3,Skac 5 g e MTip il ecsilon slosySL) Besylon oSl o) Cmar

(log cfu/g™) ,iS 50 sag ye 555 039) (29,5 Cume (st —pasibs g o ~Cutb 1 =€ Jgo
Table 4- Effect of selenite-sodium and selenium-methionine on the cecal microbial population of laying hens

(log cfu/g™)
ialejl slalag Sl sl st rlssY Ll Higallu
Treatments Aerobic bacteria Lactobacillus Escherichia coli Salmonella
aals 10.7572 7.370¢ 5.2482 2.9262
Control
18 il 10,537 7.455 5.111° 2.866%
SeNa0.5
Vil 10,5110 7.564% 5.025° 2.835"
SeNal
10 Ogampgil 10.435% 7.600° 4.091¢ 2.793
SeMet0.5
V Ogstempgrile 10.333¢ 7.7922 4.835¢ 2.647°
SeMetl
sene sl 0.048 0.037 0.021 0.025
SEM
Jloio s 0.0013 0.0001 0.0001 0.0001
P-value

(P<e100) atsl o Jlaisine BST (Gl Stite pd B L gt 2 slonSike
Values within a column with different superscripts different at (P<0.05).

NI 35 (slag yo 155 035) Shigis el 2 (st —pseile 5 pad il J1-0 Jos
Table 5- Effect of selenite-sodium and selenium-methionine on cecal acidity in laying hens

ialojl sl g
Treatments pH
aald 6.57
Control
I e ioihe 6.55°
SeNa0.5
el 6.37%
SeNal
10 oyigriep il 6.23"
SeMet0.5
) U’-’ﬁ"*"’_f’ﬁ“l“’ 5.93¢
SeMetl
Sne st 0.089
SEM '

o)
Jle>! s 0.0001
P-value

(P<e-0) atily ol sime B ()l S e By o b (g b (sl Sl
Values within a column with different superscripts different at (P<0.05).

Abb gy (0)lsS oK s (09,500 slbCures p mlis oyl 2ls b duglis )0 pacle (Sixe milio (B pan b ixe ):.,L pis
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