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Table 1- Percentage of feedstuffs used in experimental rations and chemical composition of rations

(%DM)
Diets

Feedstuffs Control Pomegranate pulp silage Pomegranate seed pulp

Alfalfa 321 12 21

Corn grain 59.9 54.3 40.9

Wheat bran 7 5.4 5.8

Pomegranate seed pulp - - 314

Pomegranate pulp silage - 27.2 -

Vitamin/mineral premix” 1.0 11 0.9

Total 100 100 100

Chemical composition

Dry matter 89 64 93

Crude protein 12 12 12

Crude Ash 2.50 3.70 5.30

Crude fat 6.50 4.40 5.10

Metabolizable Energy (Mcal/kg) 2.67 2.60 2.68
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Mineral/vitamin Premix contained (per kg): Ca, 120 g; P, 30 g; Na, 55 g; Mg, 20 g; Zn, 3 g; Fe, 3 g; Mn, 2 g; Cu, 280
mg; Co, 100 mg; Se, 1 mg; K, 215 mg; I, 100 mg; vitamin E, 100 mg; vitamin A, 500,000 IU; vitamin D3, 100,000 1U;

antioxidant, 400 mg.

Table 2- Chemical composition of pomegranate by-products (DM%)

Dry matter Crude protein Ash

Crude fat pH

Metabolizable Energy (Mcal/kg)

Pomegranate 95.00 12.00 2.30
dried seed pulp

Pomegranate 35.00 17.00 4.10
Pulp Silage

11.50 - 2.30

6.70 4.30 2.10

Table 3 - Specifications of primers used in the PCR process

Primer name Sequences Temperature and Finished Reference
humidity product size
64 °C 232 Riffon et al. 2001
Eco 223 (F) ATC AAC CGA GAT TCC CCC AGT
Eco 455 (R) TCACTATCG GTC AGT CAG GAG

i alasl e oK1 3 oK 5l soliial b adi
LagyT dewlis g 4 gad (slamsls a3l sualine b cculgs o
Sda YYY Jolae slawil ad e ol S5l Wb b
a3 S Ll Lo Escherichia coli g ,iSL o)) gieds 65U

A

S g b
K MRS ~ui:< JnfM 99 64-‘-‘%& “ .]aj:\).c (5LA43§‘.::
5 0L 3N seaa b suds a0Shsa slas s Lo MC
Laae Hu el suel & Joua Lo LU @ly Saa s
Lo Sh slad @ S 5o aa 5 asabl Ho a8 MRS
AN aa boQaline slasy S o Gusbials <Y
slass (ke MC S buas Hu ailialas gls b
(P</08) a8 518 Hlass 586 a3 (IS (8L
9 poabl 5o (Shidy il slasd (Sl S o Sa
A S o g Kaa 058 90 51 30k aald 05 8 0 a S
S A58 99 Ole oS Jla o tais g 88 S @il yu LU
B0 g 68 S @dbye LU Gl SaA JEs 5 JE 30w

(P>1/48) wis swss (g lu e &l

(PCR) 3l yasls slo iy (sl g pla!

sad (5w laa Escherichia. coli jasass auls gl 5
soliieal Slyarly (sleyuasy 1 5) S buns 55,
S 8o b e SUDNA clail Jols ssa oS us
Jalse (2o oS =alu Bioneer) DNA o a5l
slasa, 5058 5ol o Sloanly (glesuan) (Sl
slasalss 5 soliial L dallhs ol Lo s PCR
PCR LSl b 51,85 5 23S IRNA o3 alaidl
slsaln wd o 8h A oluba o o)
Sy alasl gl 468, L84 oliaial

Lol iaas (ol sl ¥ Jgua Lo Sl aals (gle yuasy
Lo L3 dalsl O sal 5, 5300 10 55 535 Jalse Jol PCR
WS Y0 poane 5 4BB3 ¥ Steds o grenles 450 48
b 0 ety Lo grealis 4a 50 A8 (sl 500 Jal e
Y Suets Gugaeabs 40 VY slos 5o ol (23S
.48a30

Hrasdy glo yany (sl g &Y graas oabulicd

5 soliiel LPCR e gmas byl 5 Slulis

sosle axdl 3 5 VIV 55081 U5 s sos8s5SI

" Gel documentation



5 Slste 3135 55 claoys 035, yslbs Sm Ul il K Al 5 B Mo 45 )

09 (oles gl (slaodiady (possinn S S81 5 o 5o
OIsS) S (o, Ssla ihe (slaaenil€, ol Sae sl
ol slagiisn b wilh e (Jod olS 5 (V444
aSkae 5 SBALL o wals 2SIy Laanl& )5 Sao
5 (VAVY alida sl 5 sSla) wiiS ulao) s Jsles 51530
JE) uals 5 (ol o5l s0 cdpdsds (RalS o se
OuX (V0 GlLKan 5 J56S) whiseds J sl 4 | s s
Loy onds el wilgee obsSy5 ol el »
Sofiel) gl o5 See sm T (A Gl Sl
Slse (Aos b (o Sl 3 Griaaa (VWAY olKan
are dlse lagmaliy g dacsl juan 50 S wile las (5330
I gl 5 sals sliaS Jsas 36 slag s s
alida sl 5 Sla) WS o oA LaaeasilS 5 S G sl
o9 il cullad e 31 550 slag s GRaS(VAVY
S (Yo pLlKen 5 BS) ol 29 Sae sla sl
GHesd (20r Shs e b oS ol b Sbas
Sleals s 58 obS S () pbed glaale
@l GuS 0ol b S (VY lKen 5 LK)
SRS 5 Sl 4 sadie (g ISh Jshes (S5 spd 00l 520
(VW Gudomara) spdee Lad 51 Lags Juls
58 Sl 5 68 (pbsbas (S5 050 Oinps
e JBALL o usa 5o Jlad JauS s pma e S,
O3 (Yo1 e JsSlai 5 (et 55 58) wls s 55 Lagy]
sl Gl LY 5l S (Sl
Ol 1 Sl )
ol LS e b s bage sl S
5SSVl w5 GBal30 G wely g Lo shaauls 55
L S Mty 58] (8L cumen (saresl buse slal

Slass Ll w4

S B 4 Gl sl el Qi U WS B yeme
o GG S Lo b (HSLidn sd) cusrea S

cadils BN o s ge (58 BlaS 3

sy oM 5 s, Ll Sae a s Lla i
canan ol o se 5 el suh AL LA (il S
OLlSea 5 =S sa) ol (32 s G Gnly (29080
2905 phus S)usags 9 Laguslal SV (VA4
Ul LagT (Vad0 Jaduiew 5 (LY) wijle (28 sag,
Loy aslaly sugy aselind edb & Jlasl 5 asle sws)
S e blae slat gy, <€ b S
Ssdige b Olaea aSlae Gl e IS g
Sl yil (uSe 5 (Y00 oS 5 5 mul)
oSl sl w55 5 sl conl olilpa oy,
po Olgseds Lagl (YT lSen 5 SLise) wiS oo
Ol isdiee S Sl o Laasl sl Sae (sl
Ol slapusliaS slao) s Jslae Jasas Ho ol 3
Laalua s S L 5aS Glhe 5 G b ssac 5 sbas
e 5 oal aBle S35l 3 slags Lo
oS el sad sals OLES (VAAA sa s Sily) s e
Bl Gliie g Lo LUl easy sslene
wle plapwslS sl See los 8 puoSieas
AL o5/ eSS sLslis]
JosilS 5 pudlSy s TwsilS Gupens s K555 5
9 ploses (2855 (YT OlSea 5 seal) el uilSol/
S ol paie U1 8 a0 4S aly Gl (V207 o)) K0n

s

S s 1 alge ol LagT ol g8 slacS 3
GRS S hasss o fidls LUl oy Seencs
o al dlE Syme b (hudusldl (o5 See cares
Ssase e slee S5 Olse 1) s gy IS 3
1] QUM VESN I PV U] IV S| KEUNVIR SLIVR VR T KSR
slayl psSseas (Shy uaslle Gpaia 3k
FSse 0o9 b slAn 55y o jands 538 0l go NS o
Ot 5 BAs e JSAS 1) (slomay slagshsS Wby
ol slamyl L wblBe ol 3l pw oS5
Hsbes 6550 5 Ay s 533 92 50 (HUS 53, 5000
) SS9 g S (YN SIS 5 al sai) wias (1S



Ve Jlo IV oyled YV als / old pole (gl yingly &y yuiid g )8 Miogy &

Table 4- Effect of Pomegranate Pomace Silage and Pomegranate Dry Pulp on Intestinal Microflora

(Log CFU/qg)
Parameter Control Pomegranate dried Pomegranate Pulp P-value SEM
pulp Silage
Lactobacillus in ileum 8.89 8.58 9.09 0.31 0.23
Lactobacillus in cecum 8.77 8.70 8.97 0.13 0.21
E. coli in the ileum 9.162 8.69 P 8.60°P 0.03 0.16
E. coli in the cecum 8.69 @ 8.52P 8.50° 0.04 0.17

Means within same row with different letters differ significantly (P<0.05).
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Introduction: The antibacterial and antifungal effects of pomegranates peel and seeds are associated with the
presence of phenolic compounds (flavonoids and tannin). These compounds accumulate in the skin and
pomegranate juice and account for 92% of the antioxidant activity of pomegranates (Abid et al. 2017). Total
tannins for pomegranate peel and pulp were reported to be 9.73 and 0.66%, respectively (Delavare et al. 2014).
The different species of pomegranate have antibacterial and antifungal properties that can influence on a wide
range of microorganisms (Carlton et al. 2000). Phenolic compounds in plants and foods by changing the gut
microbial population can increase the amount of useful bacteria and reduce harmful bacteria (Katiyar 2002).
It has been found that intestinal microflora plays a critical role in the health of the digestive tract and is
dependent on the ration as the final source for metabolism of organic compounds. (Choct et al. 1996). To our
knowledge, the effects of pomegranate by-products have been investigated on livestock and rumen function,
however their effects on the intestinal microflora in ruminants have not been addressed. Therefore, due to the
high concentration of tannins and phenolic compounds in the pomegranate by-products and their effect on
intestinal microflora, the aim of this study was to investigate the effects of pomegranate pomace silage and
pomegranate air-dried pomace on intestinal microflora in Mehraban fattening lambs.

Materials and methods: Nine male lamb of Mehraban breed (mean weight of 27.03+3.5 kg and mean age of
187.8+1.4 d), were fed on three iso-nitrogenous and iso-caloric diets. Diets were balanced according to NRC
(2007) recommendation including control diet, diet contain 27% pomegranate pulp silage (mixture of seed and
pulp at equal ratio) and diet contain 31% air-dried pomegranate seed pulp. All three diets were fed for 60 d
after 3 weeks for adaptation in individual pens with free access to salts lick and water. At the end of experiment
all lambs were slaughtered and after than for enumeration of intestinal fluoromicrobes, one gram freshly
digested specimens of ileum and cecum were collected. Samples were spread on the surface of agar medium.
Colonies were counted by ophthalmic count and bacterial count was calculated as CFU/g (number of colonies
per gram). The MRS agar and MacConkey (MC) medium were used for identification and enumeration of
Lactobacillus spp and Escherichia coli respectively. All samples were incubated at 37°C for 24 hours. All
colonies were enumerated and recorded as CFU/g of culture suspension. For confirmation of Escherichia coli
detection on MacConkey agar medium, polymerase change reaction (PCR) was conducted as DNA extraction
using commercial kit (Bioneer, Sout Korea), polymerase change reactions, and electrophoresis of PCR
products. Detection of molecular bacteria was done using the primers of 23S rRNA gene PCR. The PCR
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process was initial denaturation at 94 °C for 2 minutes and totally 35 cycles, denaturation at 94 °C for 45
seconds, and extension at 72 °C for 2 minutes. All data was analyzed as a complete randomized design using
SPSS software. Significant difference for means was considered at 0.05 level of differences.

Results and discussion: The results of this study showed that in MRS medium either in ilium or cecum, the
number of lactobacillus bacteria in all groups were not statistically significant. The mean number of
Escherichia coli decreased due to feeding of pomegranate by-products (P<0.05), while the type of pomegranate
by-product has not significant effect on number of Escherichia coli. The importance role of gut microflora is
well recognized in GIT health, although population of gut microbes has been influenced by diet (Choct et al
1996). In contrast of useful effects of lactobacillus on GIT, Escherichia coli damages the intestine of animals
and produces lipopolysaccharide (Munyaka et al. 2012). Tannins are considered as a toxin to microorganisms;
these compounds in the soluble environment produce some stable complexes, mainly with protein and to a
lesser extent with carbohydrates or some physiological ions elements such as iron and copper (Chung and
Chou 1998). The pomegranate peel extract at different levels has antimicrobial effect against microorganisms
such as Staphylococcus aureus, Escherichia coli, Candida tropicalis and Candida albicans (Ahmed et al.
2013). The phenolic materials in pomegranate fruit, are responsible for the antimicrobial properties of
pomegranates (Seeram et al. 2006). In the present study, reduction of Escherichia coli population in lambs fed
pomegranate by-products can be attributed to the adverse effect of phenolic substances in the pomegranate by-
products on Escherichia coli population. Several mechanisms have been introduced for antimicrobial
properties of phenolic compounds in the pomegranate. Phenolic substances, with high molecular weight
proteins, form complexes and by these complexes can react to the some cytoplasmic and membrane enzymes
after absorption (Seeram et al. 2006). These complexes can also prevent cell surface receptors from attachment
of harmful microorganisms (Cowan 1999). Phenolic compounds can react with the cellular proteins of
microorganisms, alter cell wall structure and function (Hugo and Bloomfield 1971), reducing cell wall
permeability and reducing substrate transport to cells (Goel et al. 2005). In addition, phenolic compounds can
alter or denature some microbial enzymes, and also form complexes with certain nutrients and remove them
from microorganisms (Hugo and Bloomfield 1971). The decline of Escherichia coli can also be attributed to
the increase in the number of Lactobacillus; because by increasing the Lactobacillus and consequently
increasing the production of lactic acid and creating an acidic environment, the population of Escherichia coli
is reduced due to sensitivity of Escherichia coli to acidic environment (Hammer et al. 1999).

Conclusion: Feeding of the pomegranate pomace silage and air-dried pomegranate pomace in fattening lambs,
decreased the population of Escherichia coli in ileum and cecum, although lactobacillus bacteria was not
affected by pomegranate by-products. It seems that the tannins and phenolic compounds present in the
pomegranate can effect on Escherichia coli population in ileum and cecum.

Keywords: Cecum, Escherichia coli, Ileum, Lactobacillus spp, Mehraban lamb, Pomegranate pulp



