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

Ingredients Percentage Control No processing By processing
Alfalfa hay 15.0 15.0 15.0
Wheat straw 25 25 25
Barley grain 20 20 20
Corn grain 3.5 35 35
Soybeans meal 5 15 15
Wheat bran 30 0 0
pomegranate peel 0 20 20
Salt 0.5 0.5 0.5
Vitamin and mineral supplements? 1 1 1
Chemical composition Percentage

Organic matter 94 93 93
Crude protein 13.2725 12.9225 12.9225
NDF® 36.96 38.58 38.55
ADF° 31.50 27.06 23.16
ME¢ (Mcal/kg DM) 2.442 2.439 2.439

a Premix contained (per kg): Vitamin A, 500,000 IU/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; 1, 100 mg/kg; antioxidant, 400 mg/kg; carrier, up to 1000 g.

PNDF, neutral detergent fibre.
¢ ADF, acid detergent fibre.
d Calculated from each feed ingredients.
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Table 2- The effect of experimental diets on histomorphometry of rumen and reticulum tissues

treatment
. Processed
Variables Control pomegranate pomegranate SEM P-value
peel
peel

Reticulum

Wall thickness 2450.0 2097.9 2527.5 96.283 0.1429
Thichness of tunica muscularis 2281.3 2062.5 2397.9 81.265 0.2363
Thickness epithelial tissue 88.3332 79.1678 57.500P 3.893 0.0019
Papillae depth 1175.0 13125 1143.8 90.047 0.7295
Papillae thickness 329.172 272.50? 173.33° 19.088 0.0015
Papillae height 1375.0 1502.1 1300.0 90.774 0.6684
Rumen

Wall thickness 1200.4 1244.3 1366.6 42.146 0.1109
Thichness of tunica muscularis 11375 1223.6 1268.8 41.762 0.3847
Thickness epithelial tissue 140.71% 155,002 117.14° 5.930 0.0271
Papillae depth 2398.22 1615.4° 1446.1° 110.674  0.0003
Papillae thickness 412.50% 460.712 371.42° 17.169 0.0027
Papillae height 2770.02 1973.2° 1817.9° 105.681  <0.0001

SEM-= standard error of means

ab Means with different superscripts in the same row differ significantly (P < 0.05).
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Figure 1- Histopathology of rumen(R). Histological structure of the rumen (R1): L: Lumen, Vi: Villi, E:
Epithelium, LP: Lamina Propria, SML: Submucosal Layer, MT. Muscular layer. Hematoxylin-Eosin staining
40X. R2: Rumen villi with Translucent corneum hyperkeratosis. Hematoxylin-Eosin staining X40. R3:
Translucent corneum hyperkeratosis in the form of accumulation of large Translucent corneum and the
observation of these cells between the granulosa layer and the stratum corneum (Arrows). Hematoxylin-Eosin
staining X100. R4: Infiltration of mononuclear inflammatory cells in the Lamina Propria and inside the villi.

Hematoxylin-Eosin staining 100X.
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Figure 2- Histopathology of reticulum (Rt): (Rt1): Normal structure of reticulum with papillae. (Rt2): Slight
infiltration of mononuclear inflammatory cells, including lymphocytes and plasma cells were observed into the
Lamina Propria and Papillae (Arrows). Hematoxylin-Eosin staining. 40X.
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observed. Hematoxylin-Eosin staining 40X. (L2): Central Veins distention (Asterisks) and hepatocytes
degeneration. Hematoxylin-Eosin staining 40X. (L3): Focal hepatocytes necrosis (arrow head) and sinusoidal
distention (Arrows). Hematoxylin-Eosin staining 100X. (L4): Infiltration of inflammatory cells into the portal
regions (Periportal Hepatitis). Hematoxylin-Eosin staining 100X.
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Figure 4- Histopathology of kidney (K): (K1): Urinary tubules d

egeneration, dilatation of the urinary tubules

and distended urinary spaces (Arrows). Hematoxylin-Eosin staining 40X. (K2): Presence of basophilic casts
(possibly minerals deposition) (Arrows) were observed into the urinary tubules. Hematoxylin-Eosin staining
40X. (K3): Congestion, Tubular and glomerular degeneration, distension of urinary tubules. Hematoxylin-Eosin
staining 40X. (K4): Urinary tubules degeneration and the presence of basophilic casts (possibly minerals
deposition) (Arrows) were observed into the urinary tubules. Hematoxylin-Eosin staining 40X.
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Introduction: Digestion and absorption are related to the growth and development of ruminal villi
and intestinal villi and one of the most important factors affecting the growth of ruminal epithelium
is diet and increasing the villi height and villi surface increases the absorption capacity and helps
maintain ruminal pH (Wang et al. 2009). Epithelial tissue cells play an important role in maintaining
stable ruminal conditions, and changes in morphology predispose to the dysfunction of these tissues
(Korasani et al. 2021). Pomegranate peel contains large amounts of secondary metabolites such as
tannins, saponins, and polyphenolic compounds with various properties such as antimicrobial,
antioxidant, anti-inflammatory, and immune-stimulating effects (Adams et al. 2006). The main
feature of tannins is their binding to proteins, which inhibits the action of enzymes. Tannins can
inhibit the activity of microbes and inactivate extracellular endoglucanase in some fiber-digesting
bacteria (Babadi et al. 2018). Tannins prevent the digestion of lignocellulosic substances that are
dependent on extracellular enzymes, prevent microbes from attaching to food particles, reduce their
digestibility, and make them more persistent in the rumen (McSweeney et al. 2001). Bacteria, yeasts,
and filamentous fungi are capable of producing tannins. Bacterial tannase can effectively break down
and hydrolyze natural tannins and tannic acid (Kumar et al. 2015). Tanase produced by Klebsiella
pneumoniae is more stable in the acidic pH range of 4.5 to 5.5. Therefore, the tannase produced by
Klebsiella pneumoniae is of high value for various industrial applications due to its acidophilic nature
and thermal stability (Kumar et al. 2015). Several researchers have reported that strains of Klebsiella
pneumoniae are able to degrade phenolic compounds; in fact, using bacteria could overcome tannins
by altering, destroying, and inactivating tannins. These isolates are likely to increase pectinase and
cellulase activity by altering the pH and reducing the toxic effects of tannin; in fact, reducing phenols
and tannins increases digestibility by ruminal microorganisms. Therefore, in tropical and subtropical
regions, the processing of tannin-rich trees with tannase is very important in animal nutrition systems
(Mohammadabadi et al. 2020).

Material and methods: The present experiment was performed in the educational-research farm and
laboratories of Khuzestan University of Agricultural Sciences and Natural Resources. Fifteen Arabic
male lambs with nine or ten months old and initial body weight of 39.75+7.91kg were used in a
completely randomized design with three treatments and five replicates. The trial period consisted of
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35 days including 14 days of habituation period and 21 days of recording period. The lambs were
randomly assigned to one of the three treatments: 1- control (diet without pomegranate peel) 2-
control diet + 20% pomegranate peel 3- control diet + 20% pomegranate peel treated with Klebsiella
pneumoniae, which produces tannase. The diets were adjusted using the small ruminant's nutrition
requirements (NRC 2007). The lambs were fed a fully mixed ratio at two meals (8 and 16 hours) with
free access to water. At the end of the experiment, the lambs of each treatment were slaughtered. The
parts about one square centimeter were separated from the abdominal area of rumen and reticulum
and one cubic centimeter from liver and kidney and each sample were fixed separately in a 10%
solution of neutral formalin (khorasani et al 2021). Micrometric studies including villi height, villi
thickness, villi depth, epithelial thickness, muscle layer thickness, and ruminal wall thickness were
examined histomorphometrically.

Results and discussion: The thickness of epithelial tissue and papillae thickness of reticulum in the
treatment containing pomegranate peel treated with bacteria were less than other treatments (P <0.05).
The thickness of epithelial tissue and papillae thickness of rumen in the treatment containing
pomegranate peel treated with bacteria were less than other treatments and were significant compared
with the treatment containing pomegranate peel (P <0.05). The height and depth of ruminal villi in
the control treatment were significantly higher than other treatments (P <0.05) and this difference
was greater than the treatment containing bacteria. The most important pathological finding in the
rumen was translucent corneum hyperkeratosis which was more strongly observed in the treatment
containing pomegranate peel. In the treated group with bacteria, basophilic casts (possibly minerals
deposition) in the kidneys was reduced compared with the treatment of pomegranate peel. In the
treatment containing pomegranate peel, due to the reduction of digestibility of nutrients including
cellulosic substances and the decrease in the activity of cellulolytic bacteria in the rumen, the
thickness of epithelial tissue and villi thickness increased compared with the treatment containing
pomegranate peel processed with bacterial, Because bacterial tannase reduces tannin and actually
increases the activity of cellulolytic bacteria and increases acetate production (Mohammadabadi et
al. 2020). The reduction of translucent corneum hyperkeratosis in the treatment of pomegranate peel
treated with tannase-producing bacteria can be attributed to the reduction of tannin in this treatment
and its role in increasing the uptake of ruminal fatty acids compared with the treatment containing
pomegranate peel (Khafipour et al. 2009). The presence of basophilic casts into the urinary tubules
and glomerular hyperemia can be attributed to oxalate and phytate in pomegranate peel (Romelle et
al. 2016).

Conclusion: Compared with control and pomegranate peel treatments, the treatment of pomegranate
peel treated with Klebsiella pneumoniae can improve the status of rumen and reticulum tissue markers
and relative reduction of ruminal tissue lesions and the severity of basophilic casts in the kidneys
compared with pomegranate peel treatment. Therefore, considering the total of these benefits, the use
of Klebsiella pneumoniae in the consumption of foods containing tannins can be recommended.
Keywords: Hyperkeratosis, Inflammatory cells, Reticulum, Tannin, Tissue, Villi



