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ABSTRACT

Background: Neonatal and early post-weaned piglet mortality causes huge economic losses to the farmers. The beneficial effect of
probiotic and zinc in respect to the gut health in piglets has already been established. Therefore, this study was aimed to evaluate
age-related changes and the effect of dietary inclusion of probiotic and zinc on morphological and morphometrical characteristics on
villi and crypts of the small intestine in pre and post-weaned piglets.

Methods: A total of 18 Large White Yorkshire piglets, irrespective of sex were divided into three different age-groups [pre-weaning (20
days old, n=3) and, post-weaning (30 days old, n=3) and (60 days old, n=3)]. The piglets were weaned at 28 days of age. They were
divided into control group (C) fed with basal diet and treatment group (T) fed with combined probiotic and zinc oral supplement along
with the basal diet. After sacrifice the animals, tissue samples were collected and processed for routine stain and SEM. The alterations
on morphology and morphometry of villi and crypts were recorded both in the control and treatment group of piglets.

Result: The villus height and width and crypt depth and width were increased, however, the villus crypt ratio was found to be lower in
the treatment group of piglets. The villus and crypt enlargement factor showing higher numerical values in the piglets fed with probiotic
and zinc than the control group of piglets. Scanning electron microscopy revealed a clear extrusion zone with prominent shedding of

cells in the villi of jejunum and ileum in the treatment group of piglets at day 30 and 60.
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INTRODUCTION
As the small intestinal mucosa absorbs most of the nutrients,
maintaining of villi and crypts are essential for optimum
absorption. Weaning piglets have to undergo many challenges
such as low feed intake, acute diarrhoea and body weight
loss, which are caused by nutritional, immunological and
psychological disruptions (Lalles et al., 2007). To prevent the
weaning stress, nutritional strategies such as dietary
supplementation of probiotic as well as zinc are used for
improving intestinal development and immune function
(Shen et al., 2009). Dietary supplementation with probiotic
had a positive effect on performance and health in weaned
piglets through stimulating the immune system and
maintaining a favorable intestinal environment (Gogineni et al.,
2013). Similarly, Hu et al. (2013) and Song et al. (2014) reported
improved daily gain, feed intake and improved intestinal villus
and crypt morphology in early-weaned pigs after feeding with
zinc oxide supplementation. High dietary zinc intakes in pigs
improve performance, change the composition of the
intestinal microbial communities and reduce the incidence
of intestinal disorders (Li et al., 2001; Hojberg et al., 2005).
Therefore, the present investigation was undertaken to
study the combined effect of probiotic and zinc on gut
morphology in pre-weaned piglets in general and critical
post-weaned piglets in particular.

MATERIALS AND METHODS
A total of 18 healthy Large W hite Yorkshire piglets, irrespective
of sex from 3 litters, were utilized at different stages of
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development as age-group of 20, 30 and 60 days for the
present study. The investigation was conducted in the pig
farm, College of Veterinary Sciences and Animal Husbandry,
Central Agricultural University (1), Selesih, Aizawl, Mizoram,
India. The piglets were reared under standard management
conditions. The animal used for the experiment was ethically
approved by the Institutional Animal Ethics Committee vide
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Approval No. 770/ac/CPCSEA/FVSc/AAU/IAEC/17-18/490
dated 09.08.2017.

From each litter, six numbers of piglets were selected
and were divided into two groups viz., control group (C) and
treatment group (T) with combined probiotic and zinc
supplement, consisting of nine animals in each group. The
control group of animals fed with basal diet and the treatment
group of animals fed with combined probiotic and zinc
supplement orally along with the basal diet. The basal diet
used in this experiment was in pellet form and were
formulated to provide the nutrient requirements
recommended by the NRC (1998). A mixture of probiotic
consisted with Lactobacillus acidophilus (650 million),
Lactobacillus rhamnosus (400 million) and Bifidobacterium
longum (200 million) was orally administered to the treatment
group of piglets @ 1.25 x 10° CFU (1 gm powder dissolved
in 3 ml of sterilized saline solution) once a day from birth to
10 days of age (Liu et al., 2014). The ZnO was given orally
to the treatment group of piglets @ 2000 ppm once a day
from birth to 10 days of age (Case and Carlson, 2002). The
piglets of the control group were given the same volume of
sterilized saline solution. The piglets were weaned at 28
days of age.

The experimental animals were sacrificed using
diazepam @ 2mg/kg body weight followed by ketamine @
10 mg/kg body weight intravenously and then exsanguinated
the animals. The animals were sacrificed at day 20, 30 and
60 from both the groups. After opening the abdominal cavity,
the parts of the small intestine were dissected out as per
the method of Habel (1964). Tissue samples were taken
immediately after the sacrifice from the duodenum, jejunum
and ileum and were fixed in 10% neutral buffered formalin
for 24 to 48 hours. All the tissues were dehydrated, cleared
and embedded in paraffin wax as per Luna (1968). The
paraffin blocks were sectioned at 5 um thicknesses, dried
in room temperature overnight and stained with Mayer’s
hematoxylin and eosin for routine study (Luna, 1968). The
stained slides were visualized in Microscope (Olympus BX
51, Japan) and the images were captured with a ProgRes
C5 Cool CCD camera (D-07739 Jena, Jenoptik, Germany).

For scanning electron microscopy, the tissue samples
were fixed in Karnovsky’s fixative (2.5% glutaraldehyde in
0.1M sodium cacodylate or phosphate buffer at pH 7.2) for
4 hours at 4°C. After washing in 0.1M buffer (3 changes of
15 minutes each), the samples were fixed in 0.2M sodium
cacodylate buffer till further use. The processing of samples
for scanning electron microscopy was done in the
Department of Veterinary Anatomy and Histology, College
of Veterinary Sciences and Animal Husbandry, Aizawl,
Mizoram as per the procedure followed by Skrzypek et al.
(2005). The viewing of the samples was carried out with a
Zeiss scanning electron microscope operated at 20 kV at
the Institute of Advanced Study in Science and Technology
(IASST), Guwahati, Assam.

The data obtained were analyzed using statistical
package SPSS version 20. General Linear Model of two

way ANOVA based on Fisher’s Least Significant Difference
method was used to determine the significant difference
among days (20, 30 and 60 days) for control and treatment
groups. The significant values in the ANOVA were further
tested through the Duncan multiple range test. The results
were presented as mean + SE and differences were
considered significant when P<0.05. An independent sample
t-test has been applied between groups (Control and
treatment) at different days to see the significant changes.

RESULTS AND DISCUSSION

In the present study, the architecture of villi and crypts were
studied by histomorphological observations and scanning
electron microscopy.

Histomorphological characteristics

The villus and crypt morphometry of different segments of
the small intestine in the control and treatment group of
piglets are presented in Table 1 and Fig 1 to Fig 8.

Villus height and width, crypt depth and width and villus:
crypt ratio

The mean villus height of the study showed a fluctuating
pattern with the advancement of age being lowest at day 30
in both the groups (Table 1). The villus height was affected
by dietary treatment with probiotic and zinc. It was increased
in the treated piglets than the control animals irrespective
of segments of small intestine and age (Fig 1). In the
duodenum, the mean height was significantly increased in
the treatment group at day 20 (P<0.05) and day 30 (P<0.01).
The mean villus height of duodenum at day 60 was non-
significantly higher in the treatment group. In jejunum and
ileum, the piglets that had received probiotic and zinc
revealed longer villi than the control animals. These results
were not statistically significant. However, at day 20, the
mean villus height of ileum was significantly higher in the
treatment group (P<0.01). Increasing the villus height
suggested an increased number of enterocytes in the small
intestinal mucosa capable of greater absorption of available
nutrients (Hampson, 1986). Bontempo et al. (2006) and Di
Giancamillo et al. (2008) also found higher villi length in the
small intestine of piglets fed probiotic than controls. In the
current investigation, within 48 hours of weaning (at day 30),
there were greater decreases in villus height of the three
small intestinal regions. Similar reports were made by
Hampson (1986) and Budifio et al. (2005) in pigs. Kenworthy
(1976) and Hampson (1986) believed that the shortening of
villus height was due to an interaction between introduced
creep feed and the intestinal microflora within 24 hours of
weaning. The cell column counts indicated that this was
caused by a reduction in the number of villus cells and not
to villus contraction. The reduction in enterocyte numbers
could have either been the result of an increased rate of
cell loss or a brief reduction in crypt cell production rate.
Hampson (1986) also observed that the reduction of villus
height was continued until five days after weaning in the

pig.
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Fig 1. Comparative villus height of small intestine in control (basal diet) and treatment (probiotic and zinc) group piglets
(*P<0.05, **P<0.01).
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Fig 2: Comparative villus width of small intestine in control (basal diet) and treatment (probiotic and zinc) group piglets.
(*P<0.05, **P<0.01).
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Fig 3: Comparative crypt depth of small intestine in control (basal diet) and treatment (probiotic and zinc) group piglets.
(*P<0.05, **P<0.01).
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In the current study, the mean villus width was found to
be increased in most cases as the age advanced (Table 1). It
was decreased towards the caudal parts of the small
intestine in both the groups, as also reported by Galeano
et al. (2016) in probiotic fed piglets. Dietary inclusion of
probiotic and zinc revealed higher villus width in all segments
of the small intestine in different age-groups (Fig 2). In jejunum
and ileum, the mean villus width was significantly higher
(P<0.05) in the treated animal at day 20 and 30. At day 60,
the mean villus width was highly significant (P<0.01) in
treated piglets compared with the control piglets. Similar
types of reports were made by Li et al. (2001) after zinc
oxide supplementation to weaned pigs. Increased villus width
could be correlated with the more surface area present in
the small intestine of treated piglets, which could absorb
more nutrients (Caspary, 1992) for better growth and
development.

During the study period, piglets fed with probiotic and
zinc showed an increasing trend in crypt depth of all the
age-groups (Table 1). In all the segments of the small
intestine, the crypt depth was higher in the treated piglets
compared to control animals (Fig 3). It was significantly

increased in the duodenum (P<0.05), jejunum (P<0.01) and
ileum (P<0.01) at day 20. The mean crypt depth at day 30
of treated piglets was significantly more (P<0.01) in
duodenum and ileum. A significant increase (P<0.05) in crypt
depth was also observed in jejunum and ileum at day 60 in
treated animals. The higher crypt depth in the treatment
group of all small intestinal segments might be indicative of
higher cell proliferative activity for allowing adequate
epithelial turn-over rate and compensate losses in the height
of villi as reported by Pluske et al. (1997) in pig.

In the present investigation, the mean crypt width
recorded an undulating trend as per the advancement of
age being lowest at day 30 in all the parts of the small
intestine of both the groups (Table 1). It was found to be
numerically higher in treated piglets than the control group
of animals (Fig 4). There was significantly increased (P<0.01)
in the mean crypt width of duodenum and jejunum at day 30
and in jejunum at day 60 in the treatment group of piglets.
The increased crypt width in the treatment group might
suggest the more number of proliferating cells in the crypt
and migrated to the villi to maintain villi length. The increased
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Fig 4. Comparative crypt width of small intestine in control (basal diet) and treatment (probiotic and zinc) group piglets (**P<0.01).
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denal IIi in 20 days old treated piglet (H&E, x40).

(b) Incompletely divided ileal villi (arrow) in 60 days old treated piglet (H&E, x100).

Fig 7: Photomicrographs showing villus and crypt (H&E, x100). (a) Continuation of crypt and villus epithelial cells (arrow) in jejunum
of 30 days old treated piglet. (b) Bifurcated ileal crypt (arrow) in 60 days old treated piglet.

crypt width in the treatment group under study was
corroborated by Rieger et al. (2015) in piglets.

The micrometric analysis revealed that villus height and
crypt depth ratio (V: C) varied in different parts of the small
intestine with the advancement of age (Table 1). It was
observed lower in treatment group piglets compared to
control animals except in the duodenum at day 60 (Fig 5). A
significantly (P<0.05) decreased villus crypt ratio was
recorded in the ileum of treated animals at day 20. Bontempo
et al. (2006) and Dowarah et al. (2017) also reported a lower
V: C ratio in probiotic fed pigs.

In the present study, probiotic and zinc supplementation
showed longer villus and the deeper crypt with lower V: C
ratio compared to control animals, which might be indicative
of improved intestinal morphology for better growth and
development, especially during early post-weaned piglets.
The post-weaning piglets often exhibited villus atrophy and
crypt hyperplasia (Loh et al., 2002). According to Rodrigues
et al. (2007), such villus atrophy in early weaning piglets
might be due to sudden changes in the diet and low feed
intake which was corrected by feeding L. acidophilus
(2.5 x108 CFU/qg), as the animals had longer villi and deeper
crypts compared to animals without probiotic. Similarly,
greater villus height and crypt depth and lower V: C ratio
was recorded in probiotic supplemented piglets than the
control animals (Mair et al., 2010).

The mucosa of the entire small intestine showed numerous
villi of variable shapes and sizes depending upon the age
of piglets and segments of the intestine. In the duodenum,
the villi were leaf-like and more numerous (Fig 6). In the
jejunum, the villi were finger-like but not uniform in length.
In the ileum, numerous flat finger-like villi were observed,
which seem to be notcompletely divided (Fig 6). Many crypts
of Lieberkiihn were located ventral to each villus, which was
the nest for the population of stem and progenitor cells. They
differentiated into various functional cells on the villi to
replace the epithelial cells being lost via anoikis at the villus
tip (Fig 7) as described by Barker (2014). The crypts showed
some bifurcations and fissions (Fig 7), particularly in ileum
as reported by Wiese et al. (2003) in piglets.

Villus and crypt enlargement factor

The mean villus enlargement factor observed higher
numerical values in the piglets fed with probiotic and zinc
than the control group (Table 1). However, this higher
numerical value was not statistically significant. This finding
was agreed with the finding of Reiter et al. (2006) in piglets.
The villus enlargement factor was found maximum in the
jejunum, followed by duodenum and ileum in both the control
and treatment groups. It was also maximum in day 60
followed by day 20 and day 30. As the shape of the villi
varied depending on parts of the small intestine and age,
the enlargement factor for the villus could be regarded as a
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parameter representing the absorptive capacity of the small
intestine (Wiese et al., 2003). In the present study, the higher
villus enlargement factor reported in the treatment group
might be contributed to a higher absorptive capacity of
available nutrients by the small intestine.

In the present study, the mean crypt enlargement factor
showed higher numerical values in the treatment groups
(Table 1). A similar finding was also recorded by Reiter
et al. (2006) in probiotic fed piglets. The higher crypt
enlargement factor might suggest an increased number of
crypt base columnar (CBC) cells in treated piglets (Fig 8),

which resulted in much wider and deeper crypts covering
more area in the lamina propria. The mean crypt
enlargement factor was maximum in jejunum, followed by
duodenum and ileum in both the groups. The values of this
enlargement factor were also maximum in day 60 followed
by day 20 and day 30.

Ultrastructural characteristics

In the present investigation, the architecture of villiand crypts
of duodenum, jejunum and ileum were studied by scanning
electron microscopy and are presented in Fig 9 to Fig 15.

Fig 9: Scanning electron mici'ographs showing duodenal villi. (a) Finger-like (A), tongue-like (B) and twin-like (C) villi in 30 days old
treated piglet. (b) Prominent transverse furrows (arrow) at various lengths in 20 days old control piglet.

duodenum of 30 days old treated piglet. (b) Finger-like (A) and Tongue-like (B) villi in jejunum of 20 days old treated piglet.
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Duodenum

The mucosal surface of the duodenum was folded and
covered by villi of regular shape and size; most of the villi
were finger-like at day 20. Though the majority of villi were
finger-shaped at day 30 and 60, there were a few tongue-
shaped and twin-shaped Vvilli with longitudinal indention
(Fig 9) were observed. The transverse furrows were
prominent at day 20 (Fig 9), followed by day 30 and day 60.
The status of transverse furrows might be indicative of
hemodynamic indexing conditions of the neonatal gut
(Skrzypek et al., 2005). The pentagonal and hexagonal
outlines of single enterocytes were seen. The goblet cells
(Fig 10) were visible like a droplet of mucus on the surface
of the villi. These goblet cells were found to be increased in
the treatment group of piglets and with the advancement of
age. The M-cells were present on the surface of the villi
(Fig 10). These findings were in consonance to the findings
of Wiese et al. (2003), Skrzypek et al. (2005) and Reiter
et al. (2006) in pigs.

Jejunum

In the present study, the shape of the villi was finger-like to
flat and tongue-like at day 20 and day 30 (Fig 10) and flat

wide tongue-like at day 60 (Fig 11) in both control and
treatment groups. The transverse furrows were in decreasing
pattern as per the advancement of age. The tip of the villi
showed clear extrusion zones with numerous goblet cells,
deep incisions and distorted continuity of epithelial cells at
day 20 and day 60. This finding was also supported by
Skrzypek et al. (2005) in pigs at three weeks after birth. The
shape of the epithelial cells in the extrusion zone was
changed to irregular and elongated type from its regular
hexagonal shape (Fig 11). The extrusion zone was more
prominent in the treated piglets than the control animal. The
acceleration of extrusion zone activity observed in the treated
piglets of the present study might be linked to the intensive
rebuilding of the population of enterocytes and enhanced
enterocyte turn-over (Trahair and Sangild, 2004). The crypt
was found to be a long cylindrical tube-like structure
penetrating ventrally in the lamina propria (Fig 12). Most of
them were extended up to the lamina muscularis mucosae.

The villus M-cells were observed between the
enterocytes (Fig 12) and had irregular microfolds on their
luminal surface (Fig 13). The shape of M-cells varied from
round to polygonal and was found extensive (Fig 13) in the
jejunum at day 30 in both the groups of piglets.

> i
L - 4 l,

Fig 11: Scanning electron micrographs showing jejunal villi in 60 days old treated piglet. (a) Flat wide tongue-shaped Vvilli.
(b) Well developed extrusion zone containing irregular shaped epithelial cells (arrow).

— : 2 fa:

Fig 12: Scanning electron micrographs showing jejunum of 60 days old treated piglet. (a) Long cylindrical crypts (arrow).
(b) Villus M-cell (arrow) in between the enterocytes.
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Fig 13: Scanning electron micrographs shoinéjejunum. (a) Irregular microfolds on the Iuinal surface of M-cell (arrow) in 20 days

old treated piglet. (b) Large round to polygonal shapd M-cells (arrow) in 30 days old treated piglet.

Fig 15: Scanning electron micrograph showing bifurcation of
ileal crypt (arrow) in 60 days old treated piglet.

lleum

The shape of the villi of leum was mostly tongue-shaped
(Fig 14); however, finger or leaf-like and incompletely divided
villi (Fig 14) were also not uncommon in both the group of
piglets. Despite the presence of enterocytes, the surface of
the villi was relatively smooth (Fig 14). The goblet cells were
predominant irrespective of group and age. The transverse

furrows were almost absent in all the age-groups. In the
apical region of the villi, a clear extrusion zone was observed
with a number of shedding cells (Fig 14) at day 30 and day
60 in both the groups. Moreover, prominent shedding of cells
seen in the treatment group might suggest a quick rebuilding
of enterocytes to compensate losses in the villi (Trahair and
Sangild, 2004). In the current study, the crypt showed some
bifurcations at their bases (Fig 15), which was in close
agreement with the finding of Wiese et al. (2003) in piglets.

ACKNOWLEDGEMENT

The authors would like to thank the Central Agricultural
University, Imphal, India for financial support. The authors
are very grateful to Dean, College of Veterinary Sciences
and Animal Husbandry, Aizawl, Mizoram, Dean, College of
Veterinary Science, Khanapara, Assam and Institute of
Advanced Study in Science and Technology (IASST),
Guwabhati, India for providing laboratory assistance and
excellent technical support.

REFERENCES

Barker, N. (2014). Adult intestinal stem cells: Critical drivers of
epithelial homeostasis and regeneration. Nat. Rev. 15:
19-33.

Volume 55 Issue 10 (October 2021) 1175



Alterations of Small Intestinal Morphology on Villi and Crypts after Feeding Probiotic and Zinc in Pre and Post-weaned Piglets

Bontempo, V., Giancamillo, A.D., Savoini, G.,Dell’Orto, V. and
Domeneghini, C. (2006). Live yeast dietary supplementation
acts upon intestinal morpho-functional aspects and
growth in weanling piglets. Anim. Feed Sci. Technol. 129:
224-236.

Budifio, F.E.L., Thomaz, M.C., Kronka, R.N., Nakaghi, L.S.O., Tucci,
F.M., Fraga, A.L., Scandolera, A.J. and Huaynate, R.A.R.
(2005). Effect of probiotic and prebiotic inclusion in
weaned piglet diets on structure and ultra-structure of
small intestine. Braz. Arch. Biol. Technol. 48(6): 921-929.

Case, C.L. and Carlson, M.S. (2002). Effect of feeding organic and
inorganic sources of additional zinc on growth performance
and zinc balance in nursery pigs. J. Anim. Sci. 80: 1917-
1924.

Caspary, W.F. (1992). Physiology and pathophysiology of intestinal
absorption. Am. J. Clin. Nutr. 55: 299S-308S.

Di Giancamillo, A., Vitari, F., Savoini, G., Bontempo, V., Bersani,
C., Dell'Orto, V. and Domeneghini, C. (2008). Effects of
orally administered probiotic Pediococcus acidilactici on
the small and large intestine of weaning piglets. A qualitative
and quantitative micro-anatomical study. Histol. Histopathol.
23: 651-664.

Dowarah, R.,Verma, A.K. and Agarwal, N. (2017). The use of
Lactobacillus as an alternative of antibiotic growth promoters
in pigs: A review. Anim. Nutr. 3: 1-6.

Galeano, J.A.C., Herrera, A.L. and Suescun, J.P. (2016). The
probiotic Enterococcus faecium modifies the intestinal
morphometric parameters in weaning piglets. Rev. Fac.
Nac. Agron. 69(1): 7803-7811.

Gogineni, V.K., Morrow, L.E. and Malesker, M.A. (2013). Probiotics:
Mechanisms of action and clinical applications. Probiotics
Health. 1(1): 1-11.

Habel, R.E. (1964). Guide to the Dissection of Domestic Ruminants.
Edwards Brother Inc., Ann. Arbor, Michigan.

Hampson, D.J. (1986). Alterations in piglet small intestinal structure
at weaning. Res. Vet. Sci. 40: 32-40.

Hojberg, O., Canbe, N., Poulsen, H.D., Hedemann, M.S. and
Jensen, B.B. (2005). Influence of dietary zinc oxide and
copper sulfateon the gastrointestinal ecosystem in newly
weaned piglets. Appl. Environ. Microbiol. 71: 2267-2277.

Hu, C.H., Xiao, K., Song, J. and Luan, Z.S. (2013). Effects of zinc
oxide supported on zeolite on growth performance, intestinal
microflora and permeability and cytokines expression
of weaned pigs. Anim. Feed Sci. Tech. 181: 65-71.

Kenworthy, R. (1976). Observations on the effects of weaning in the
young pig. Clinical and histopathological studies of intestinal
function and morphology. Res. Vet. Sci. 21: 69-75.

Lalles, J.P., Bosi, P., Smidt, H. and Stokes, C.R. (2007). Weaning-
a challenge to gut physiologists. Livest. Sci. 108: 82-93.

Li, B.T., Van Kessel, A.G., Caine, W.R., Huang, S.X. and Kirkwood,
R.N. (2001). Small intestinal morphology and bacterial
populations in ileal digesta and feces of newly weaned
pigs receiving a high dietary level of zinc oxide. Canadian
J. Anim. Sci. 81: 511-516.

Liu, H., Zhang, J., Zhang, S., Yang, F,, Thacker, P.A., Zhang, G., Qiao,
S. and Ma, X. (2014). Oral administration of Lactobacillus
fermentum 15007 favors intestinal development and alters
the intestinal microbiota in formula-fed piglets. J. Agricul.
Food Chem. 62: 860-866.

Loh, T.C., Choo, P.Y. and Cheong, Y.H. (2002). Effects of organic
acid and natural herbs on performance and incidence of
diarrhoea in post weaning pigs. Mal. J. Anim. Sci. 7(2):
25-30.

Luna, L.G. (1968). Manual of Histologic Staining Methods of Armed
Forces Institute of Pathology. 3 Edition, McGraw Hill
Book Company. New York.

Mair, C., Plitzner, C., Pfaffl, M.W., Schedle, K., Meyer, H.H.D. and
Windisch, W. (2010). Insulin and probiotics in newly
weaned piglets: Effects on intestinal morphology, mRNA
expression levels of inflammatory marker genes and
haematology. Arch. Anim. Nutr. 64(4): 304-321.

NRC. (1998). Nutrient Requirements of Swine. In: Computer Model
Program for Predicting Nutrient Requirements. 10" Edn.,
National Academy of Sciences, Washington, DC, USA.

Pluske, J.R., Hampson, D.J. and Williams, I.H. (1997). Factors
influencing the structure and function of the small
intestine in the weaned pig: A review. Livest. Prod. Sci.
51: 215-236.

Reiter, K., Eggebrecht, S., Drewes, B.,Riess, M. and Weyrauch,
K.D. (2006). Effects of Enterococcus faecium and Bacillus
cereus var. toyoi on the morphology of the intestinal
mucous membrane in piglets. Biologia. 61(6): 803-809.

Rieger, J., Janczyk, P., Hunigen, H., Neumann, K. and Plendl, J.
(2015). Intraepithelial lymphocyte numbers and histo-
-morphological parameters in the porcine gut after
Enterococcus faecium NCIMB 10415 feeding in a
Salmonella typhimurium challenge. Vet. Immunol.
Immunopathol. 164: 40-50.

Rodrigues, M.A.M., Oliveira, D.A.,Taketomi, E.A. and Hernandez-
Blazquez, F.J. (2007). IgA production, coliforms analysis
and intestinal mucosa morphology of piglets that received
probiotics with viable or inactivated cells. Vet. Bras. 27(6):
241-245.

Shen, Y.B., Piao, X.S., Kim, S.W., Wang, L., Liu, P., Yoon, I|. and
Zhen, Y.G. (2009). Effects of yeast culture supplementation
on growth performance, intestinal health and immune
response of nursery pigs. J. Anim. Sci. 87(8): 2614-2624.

Skrzypek, T., Piedra, J.V., Skrzypek, H., Wolinski, J., Kazimierczak,
W., Szymanczyk, S.,Pawlowska, M. and Zabielsk, R.
(2005). Light and scanning electron microscopy evaluation
of the postnatal small intestinal mucosa development in
pigs. J. Physiol. Pharmacol. 56: 71-87.

Song, Z.H., Xiao, K., Ke, Y.L., Jiao, L.F., Hu, C.H. (2014). Zinc
oxide influences mitogen-activated protein kinase and
TGF-B1 signaling pathways and enhances intestinal
barrier integrity in weaned pigs. Innate Immun. 21(4):
341-348.

Trahair, J.F. and Sangild, P.T. (2004). Studying the Development
of the Small Intestine: Philosophical and Anatomical
Perspectives. In: Biology of the Intestine in Growing
Animals. [R. Zabielski, P.C. Gregory, B. Westrom (Eds.)],
Elsevier.

Wiese, F., Simon, O. and Weyrauch, K.D. (2003). Morphology of
the small intestine of weaned piglets and a novel method
for morphometric evaluation. Anat. Histol. Embryol. 32:
102-109.

1176 Indian Journal of Animal Research



