slogiag)y
ool @olc AV B VY loin 1V JLa IF 05lad VY sl /ol psle (slo sty 4, gy (ool alis

| Animal Science " Research - |

DOI: 10.22034/AS.2022.41422.1580
9SS0 98,90 gicuwsa p PH (Glasuiis aaldsi 4l gie da uead/ [jdilSo g SL 5 ouldicu &l i
Sl slao pa b oud daddd (o ye S lg g slao 3 S50 9 S 95 00y, S5 93k giensa
YU o yialuis

"ot als B 9 ¥ ke oy Sl A el

QUANA S5 s 5o VY ol b

Ol g b mlin 5 (55,5L5S pshe olils ( llE mlo 5 sl p sk aaSils (ol p oo oS ls i (5 555 st gal il
Ol 35 ambs wlin 5 (53,58 pole s el este oS skl

Tl A1y ol a1 o8ty (SKasuels 05,8 Lokl T

Email: chaji@asnrukh.ac.ir a3\ J s’

ousSa
Bac 4 5o gl el 5 o gy @bl celais o3luil wnp S Gae dad )] So S (geu s, Lo i Albadllae diss
b sela Gl 3 18l ol 1S o€ ) (shie alse Cda 5 mid oles Jalie 5o en s Bl (8 o S
s 058 s 30 siemd 5 PH (lasai€ ailsis ol sie & e/ [dealSo (55380 b ol S o S50 O suliieal 3 gy 50 Bua
23 1S ligy - alad) o LS 0l Hlie L3S Caa 5 suloe slas s Ko 5 Sa S seuss 58 Slsiana
Sl ¥ L Bolas YelS b LB o a SLS VYA £ ¥/V0 3 bdale £ 2V e 5o cul, YE 51 puala Giule)]
oo Y e Sl S0 U+ a8l o —Y b so s -V Jolt o0le3T slaslas b sslitol HIS5A
ol 8l 5 g 0 s (e (5L L g pew el g Sl yore § Suead) [dulSo s 5SL + vala
ad s Slabad (51 5S) S50 seuss (Sle (i 5 a bl 5 a 35 asiagie sal v She (i 5l daes,
(P<+/v0) use sidw laslas nle 51 sede— (s Sh Hlasd 5o pPushs S calus 5 oS Gae O pli)) rEalis
slaslas 5o e gu o slayn pase (P<H/-0) s g Sidu laslas pla € o 56 Hlas Ho lde G celis
(P<:/-0) us sulains aald Hlass € s sada— (550 Hlasd 5o 5 9 Sida aald Hlas 51 jede— 53S0 5 L0
3 AL laslas o oo bl slas sy pli,) ads saaline Lajlas Hu a 35 (ML glagaald (o ol bre A
Gac (P<o/r0) s ol fiae walds Hlas 4 s sade— (8L Hlasi Hu 5 9gs Sidu aald Hlas Bl e — 0
03 il 6 S s (P<-/-0) us Sl Lajlasi ol € i sadio— (5 8L Hlass o a il 55 calins 5 o S
S8 sl 3L slacan] (5alS sel 55050 s i I PH gouii€ Gl Jolse une wald b wlis
S L0 9 S0 58950 5 Sa S 5800 8 e LS HNesmla 5 La) o 5SS (sltwa S5 Ll sla sl

i S Sa oS slasagy s (Wb slacan] (aalS 5 (386 ALl s g o

oteadl] [iealSo o5 rie 58 30 piessd o555l 53l st A g e urewslo g ST 3L s asls (1851 g



Ve Jlo IV oyled Y ils / old pole (gl yingly & i

Ol Lol & el 5% s el LK b
daa ) adl QIS cusae e wb LS
ale S susp o) soliinl LS hy sl Kal,
o ool o Sl ead 3 SlAS 55y 5 85 et
Olsieds &S ol e g sew pucwslo g Slw saie J slo
Gabs GRS Hlais Sel aliaw saiS Jhaas
(Y OLlSan 5 s YooY ollKan 5 GuilS) wlons
sy s mSie slagussl ool Jlaal ol,sh
aibge o el 5 e PH aalais 300k 51 (3518
de olblpa FAeds 5 o Slae bt v sl S
OLoan 5 Syl 5 Yoo A GllKas 5 Sg)
Sy 4 e g ew uenlo g Sle sado o day (Y-
L SL Glola oS 455 slag 8L cnllad
s Megasphaera elsdenii) «G<SY (gsai€ o uns
St slal gy 5550 5 (Selenomonas ruminantium
(S8 G ume slas 8L algs soliial 5SS o S
st B 50 oo g e lo g Sl yede by SUSY
oK 5 Slalpa 5 YO oLKaa 5 anshy) el
(Y-Y-

s apiilico g uligosiln 5 el [deulSs
O ) diieud e 5o SSY el suiS b yens e
SSY waju 40 B 10 bl LdlSo 4 g 58 00
LdealSo 0yl sl OIS o Byuan | il Ho 3550
e PH wad (ualS 5 SaSY wal Gpume b e/
5 wot) S0 oSl SSY sl pead gl o
o8 e olu Ko Bb ) saliial (YAY GlKea
o Jeals slaciT wiing slasl, 31 50 Laaks go
83,8 ok s 1) laaSl sla a5 ola 5 sanl 590
(VAAL LK 5 o)) was oo ualS L g

b s ey Jlad ol 3 sede ) solil
b odanlie 5o SOV sl siS pae slag Sk
S Al ol Gpal s wilg e obed slayl
s (VoY Ghlan 5 Slulsa) adls Sse 5 sanl

Jsb Sa S slatasa oo bewgiw guewlo g Sl

douds
Age ol pda oo LSS Sn S souys by
9 o) cl (B3OS slagseoss a5 5 (sdhe
Gae o)y gl Su S gouss 5o (YA (i e
BTN AL B QUVVIRSP R FYRUI] FRCH BN KV PICHVRLS
ot ol dalie 5o a5 BB IS o S Gee @
5 Sop) Wl (LIS olKis ) (sdke ulse Cia
N O W\ BY L OV SPR (O TR v ) SRR WA B\ LUV

SasS g0 LS s s Loy pala S
5 @2 o sad less, wda plae (58 e
(VA% GLan § LSl S) ols ativns 31 LT o Slac
s Gl w518 Cor slaaal Qia 5 Ha
Oalese 9 ST wdbe GBLIS sl L LGl
o8 cor slaand LB (Ve - GlhlKea 5 55 VA
L OIS oy @il wd; 5 (Jola IS8 S aS
oS 5y g sl Saae (oIS 5 el sans Gy
el S g 50 S5 S sug, sladg a5 (Job IS
(Y4 ohlSen 5 Ki)

ab) Spae €l ol sl poke wlus i das )
o538 i e il 38 o g VL dlis b glassa
S st spalie 4o Hu g sud sugs 4 S pbe
sShus gam slaciand & 6 52l 8BS oa sla
9 02050) Sieo 3ol (S50 5 S sS (g8a5) LIS
(4333 (Gob (Y- GlolSaa 5 K5 5 VA l,San
S0¢ wase SBlsiee Y o BLuS L slasyua L Laals
s tlaal) spd Samal dea 5 (Silplie =)<
2 S sla 5SL &S e T b dhaa H1aS (Y44 Y ),lS0n
lod) LgaaS gl slanl ol Jlis ¢ 5 e
Ll goolms O o Jals o (LPS-law KLa
80 5 oLl sladlacal s 0 S Jlad 5 sass o
5 Sk L) wsdiee Sllpa sads aSlae
(YA o),lSe

Do 50 0T Gle s dad® 5o 5 el ) gl andits

I s s s 535 Ol Glesa sl ge SR 5 g ool



VO lan sty )i g SosS 039y (il 5 s yteghypestans y PH (cloosiS s lgie 4 e/ [dulSo g 8L I elitl @

Lagag, 9 9190
OosLaale ¢ BY se s Y6 51 Gle)l ol Lo
oinbe 3T s, 98 Jsbs . solaiel YY/4 £ ¥/V0Kg sl
5 Gy oole 58,50 555 V6 Jol (Gaa \Y) 55, VY
SIS s ialedT s ol 95685 D (438a 4) Y
b V) (S GLaSS 5l Las s (san a3y ST
(o) Ghas ol Sl Voo ws e Ve Jamlyl i
L ool JS5) il Sl s (Olall nb oS
ool oS5 i S 5a gl Sl e VY (el !
Sl e V) (pannS 535,500 b abilie (15 5 (0l iy
ol pom 5 GeSly (SEEST (slisn o 0 8 1
slagudd oo laey el dansly (olek 6Ol

5 sk ol LAl (BT 5 Gl sass slad
il b osad waad slagl Hu (YeV: o),Kaa
@dlos e 5o Cda calie ¢ Wk caliee oo
g oidn aald 4 cuwd  Sud el geasS

(VY oK 5 SHKY)
85Los 0SB oS uls Glis Gusies Ho mlie (g
» el Ly glaess 3 soliiad LG
5SS slasss, 35 Shsiana 5 (55058 5o siuss
s (gla Jogundl (B 55 5 solo slass S,
L el sats alas) glalline i3l osl s PH suiiS
Saa byl gdadlas ol b cnl sgans Sl
S5 L aan olu So b lwnlie ol 3 s
G55l Phsiund o ot s siund 5 e BL
sad 335 (55l o slae s ok 5 S S ey, il

i alail 8,8l slas sa b

Table 1- Feed ingredients and chemical composition of the experimental basal diet fed to lambs

Ingredients Amounts (g/kg DM)
Alfalfa hay 201
Wheat straw 99
Barley grain 300
Corn grain 210
Soybeans meal 1235
Wheat bran 55
Calcium carbonate 4
Salt 25
Vitamin and mineral supplements? 5
Chemical composition

Dry matter 891
Organic matter 948
Ash 51.7
Crude protein 161
Ether extract 27
NDFom® 290
ADFom® 165
ME¢ (Mcal/kg DM) 2.65
Non-fiber carbohydrates® 470.3

& Premix contained (per kg): Vitamin A, 500,000 1U/mg; vitamin D3, 100000 1U/mg; vitamin E, 100 mg/kg; Ca, 180
g/kg; P, 60000 mg/kg; Na, 60000 mg/kg; Mg, 19000 mg/kg; Zn, 3000 mg/kg; Fe, 3000 mg/kg; Mn, 19000 mg/kg; Cu,
300 mg/kg; Co, 100 mg/kg; Se, 1 mg/kg; I, 100 mg/kg; antioxidant, 400 mg/kg; carrier, up to 1000 g.

®NDFom, ash-free neutral detergent fibre.
¢ ADFom, ash-free acid detergent fibre.
d Calculated from each feed ingredients.

¢ Calculated as: NFC=1000 — (NDFom g/kg + crude protein g/kg + ether extract g/kg + ash g/kg).
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Table 2- The effect of experimental diets on histomorphometry of small intestinal tissues

Variables treatment
Control Buffer Me+Sc SEM P-value
Duodenum (um)
Villus height 364.00° 362.00P 560.00? 32.14 0.004
Crypt depth 290.00° 278.00° 474.00? 29.86 0.002
Villus width 84.00P 102.00%® 114.002 4.68 0.016
Thickness of tunica muscularis 110.00° 162.00? 134.00° 7.29 0.003
Villus height to crypt depth ratio 1.27 131 1.28 0.03 0.24
Villus surface (mm?) 95.90P 116.05° 200.212 14.43 0.0007
Jejunum (pum)
Villus height 453.40 508.00 476.00 19.33 0.54
Crypt depth 311.00 394.00 366.00 27.21 0.48
Villus width 120.00 104.00 130.00 7.49 0.38
Thickness of tunica muscularis 132.00 170.20 178.00 11.02 0.19
Villus height to crypt depth ratio 151 1.35 1.409 0.08 0.75
Villus surface (mm?) 171.15 166.36 190.9 12.17 0.71
lleum (um)
Villus height 354° 402.00% 470.00? 20.28 0.049
Crypt depth 312.00P 290.00° 384.00? 14.47 0.008
Villus width 104.00 100.00 124.00 6.28 0.26
Thickness of tunica muscularis 238.00 268.00 228.00 17.37 0.65
Villus height to crypt depth ratio 1.14 1.47 1.23 0.09 0.37
Villus surface (mm?) 116.05° 124.34° 182.942 11.91 0.029

SEM= standard error of means; Control= without any supplementation, Buffer = sodium bicarbonate

supplementation, Me+Sc= Megasphaera elsdenii+ Saccharomyces cerevisiae

ab Means with different superscripts in the same row differ significantly (P < 0.05).
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Figure 1- Duodenum: (D1) co

ntrol group, X100; (D1A) Infiltration of mononuclear inflammatory cells, X400;

(D2) Buffer treated group, X40; (D3) Megasphaera elsdenii+ Saccharomyces cerevisiae treated group, X40.

Hematoxylin-Eosin staining.
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Figure 2- Jejunum: (J1) control group, X100; (J1A) Infiltration of mononuclear inflammatory cells, X400; (J2)
Buffe treated group, X40; (J3) Megasphaera elsdenii+ Saccharomyces cerevisiae treated group, X40.

Hematoxylin-Eosin staining.
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Figure 3- lleum: (E1) control group, X100; (E1A) Infiltration of m

ononuclear inflammatory cells, X400; (E2)

Buffer treated group, X40; (E3) Megasphaera elsdenii+ Saccharomyces cerevisiae treated group, X40. Arrow:

Peyer's patches. Hematoxylin-Eosin staining.
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Buffer treated group, X40; (C3) Megasphaera elsdenii+Saccharomyces cerevisiae treated group, X100.
Hematoxylin-Eosin staining.
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Table 3- The rumen volatile fatty acides concentration and pH in fattening lambs fed with the experimental

diets

Variabl Treatments

anables Control Buffer Me+Sc SEM P-value
Total VFA, mmol 106.60° 107.46° 141.892 6.16 0.001
Individual VFA, mmol
Acetate(A) 50.55° 59.29b 70.072 3.19 0.01
Propionate(P) 28.55° 26.65° 58.18% 5.27 0.0002
Isobutyrate 1.482 0.52° 0.46° 0.18 0.01
Butyrate(B) 19.382 16.27% 9.92° 1.9 0.1
Isovalerate 1.732 0.57° 0.67° 0.22 0.032
Valerate 3.0° 1.82° 1.38° 0.25 0.0006
AP ratio 1.892 2.332 1.20° 0.21 0.08
pH
Time, h
0 7.04 7.00 7.07 0.049 0.86
3 6.07 6.12 6.10 0.042 0.91
6 6.44 6.45 6.32 0.044 0.41

SEM-= standard error of means; VFA= Volatile fatty acid; Control= without any supplementation, Buffer = sodium
bicarbonate supplementation, Me+Sc= Megasphaera elsdenii+ Saccharomyces cerevisiae
ab Means with different superscripts in the same row differ significantly (P < 0.05).
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Introduction: In the small intestine, villi height, crypt depth, epithelial tissue thickness, and the ratio
of villi height to crypt depth play a significant role in the final stages of digestion and absorption of
nutrients from the gastrointestinal tract (Strusinska et al.., 2009, Wang et al. 2009). The special shape
of the villi and the presence of small intestinal micropores increase the level of intestinal absorption
and have a direct effect on their efficiency and function (Kreikemeier et al. 1991). The presence and
absorption of volatile fatty acids are the keys to developing the tissue structure of the gastrointestinal
tract (Attaix and Meslin 1991 and Vi et al. 2004). The effect of volatile fatty acids on stimulating cell
proliferation and growth of gastrointestinal tissue is not limited to the reticulum and rumen, but also
affects the small intestinal villi. (Wang et al. 2009). Feeding animals with high concentration diets
could cause metabolic problems including acidosis (Aschenbach et al. 2002). Its results are included
the death of gram-negative bacteria and the release of endotoxins (lipopolysaccharides) into the
bloodstream from the damaged rumen wall, activating inflammatory mediators, and affecting the
productive function of animals (Garcia Diaz et al. 2018). The possible effects of microbial additives
on the gastrointestinal tract are through the regulation of ruminal pH and the immune system, which
are useful for improving digestion, function, and animal health (Ding et al. 2008 and Silberberg et al.
2013). The use of yeast and other biologically active compounds such as lactic acid consuming
bacteria compared to chemical buffers could be effective in reducing inflammation caused by
acidosis. (Aschenbachet al. 2019).

Material and methods: Twenty-four Arabic male lambs with Four months old and initial body
weight of 23.94+3.15 kg were used in a completely randomized design with three treatments and eight
replicates. The trial period consisted of 77 days (11 weeks) including 14 days of habituation period
and 63 days (9 weeks) of the recording period. The lambs were randomly assigned to one of three
treatments: 1-control (no additive) 2-control + Sodium bicarbonate (1% daily diet in two meals) 3-
control + Megasphaera elsdenii and Saccharomyces cerevisiae (bacterium - yeast). The amount
of Megasphaera elsdenii was 3 ml per animal (4.5 x 108 cfu / ml) plus 2 g of Saccharomyces
cerevisiae (DFM) fed to the animals daily in the morning (Sedighi and Alipour 2019). The diets were
adjusted using the Small Ruminants Nutrition Requirements (NRC 2007). The lambs were fed a fully
mixed (TMR) ratio of 30% forage and 70% concentrate at two meals (8 and 16 hours) with free access
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to water. For the histological trial of the intestines, fragments were separated from the middle part of
the three regions of the duodenum, jejunum, and ileum, and the middle part of the large intestine and
each part were emptied with formalin rinsing, Then the two ends of each piece were closed and neutral
formalin 10 % was injected into them, and separately in containers with lid containing formalin 10 %
were placed. Micrometric studies of different parts of the small intestine: Villus height, crypt depth,
villus width, and thickness of tunica muscularis were examined histomorphometrically.

Results and discussion: villi height, crypt depth, and villi surface of the duodenum in bacterium -
yeast treatment were higher than other treatments (P<0.05). The thickness of tunica muscularis in the
buffer treatment was higher than other treatments (P<0.05). The width of duodenum villi in the buffer
and bacterium-yeast treatments was higher than the control treatment and was significant in the
bacterium - yeast treatment than the control treatment (P<0.05). No significant difference was
observed between jejunum tissue indexes in the treatments. The height of ileum villi in buffer and
bacterium - yeast treatments was higher than the control treatment and was significant in the
bacterium - yeast treatment than the control treatment (P<0.05). Crypt depth and villi surface of ileum
in bacterium - yeast treatment was higher than other treatments (P<0.05). In buffer and bacterium -
yeast treatment due to pH adjustment and increased activity of fiber degrading bacteria which produce
more acetate (Lechartier and Peyraud 2011 and Malekkhahi et al. 2016) The dimensions of the villi
of the small intestine increased. In Histopathological investigation of the duodenum in all three
treatments of control, buffer, and bacterium -yeast, infiltration of mononuclear inflammatory cells in
the parenchymal mucosa was observed. In terms of lesion severity, the highest involvement was in
the mucosa of the control treatment and then in the sodium bicarbonate buffer treatment and was less
in the bacterium-yeast treatment than the other two treatments. In the bacterium-yeast treatment, the
penetration of mononuclear inflammatory cells in the parenchyma of jejunal mucosa was much less
than control and buffer treatments. In bacterium -yeast treatment, the frequency of Peyer's patches in
the ileum is reduced compared to other treatments, which indicates a reduction in tissue inflammation.
Histopathological investigation of the large intestine showed the infiltration of mononuclear
inflammatory cells in the control treatment. The penetration of mononuclear inflammatory cells in
this part was less than that of the small intestine. The severity of tissue lesions in the buffer and
bacterium-yeast treatments was lower than the control treatment. In bacterium-yeast treatment, the
penetration of mononuclear inflammatory cells was greatly reduced.

Conclusion: Compared to the control, the use of pH regulators in terms of histopathology reduce
tissue damage in the small intestine and large intestine. The use of pH regulators, especially the
bacterium-yeast composition, has led to the development of intestinal mucosal indices such as villi
height and crypt depth. In addition, the destructive effect of acidosis, such as the penetration of
inflammatory cells and necrosis, which was the result of increased consumption of high concentrates
on digestive tissues; Has been reduced. Therefore, the use of pH regulators, especially bacterium -
yeast, improve the tissue structure of the small intestine and they are reduced tissue damage in the
small and large intestines.

Keywords: Buffer, Histomorphometry, Histopathology, Megasphaera elsdenii, Saccharomyces
cerevisiae



