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Abstract: In our experiment, the effects of bee pollen addition in diet on the functional morphology of small
intestine in rats were investigated. The microscopic changes in the small intestine after administration of the
pollen addition were evaluated. The experimental animals were divided into one control and three experimental
groups of ten rats in each group. Feed given to animals in group A contained addition of pollen in
concentration of 0.2%, in group B the addition of pollen was 0.5% and in group C 0.75%. Animals of the
control group were fed without the pollen addition. Using the quantitative morphometrical methods, we have
found statistically significant increase in the relative composition of epithelial tissue (P < 0.0001) and decrease
in the connective tissue volume (P < 0.0001) of the small intestine in experimental groups B and C as compared
to the control. The results of our work show that the addition of pollen in diet had concentration-dependent
effects on the mucosa of small intestine and thus it could be used as a proof of another beneficial use of pollen

as a feed supplement.
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Introduction

Pollen grains are carriers of higher plants gender
(sperm cells) containing genetic information for
future sporophyte [1]. Pollen load represents a large
number of pollen grains of different plant species.
Pollen grains of each plant species have specific
characteristics and properties [2].

Bee pollen has a complex chemical composition;
it provides valuable nutrients such as carbohydrates,
essential amino acids, proteins, fatty acids, lipids [3,
4, 5]. The significant components of bee pollen are
pro-vitamins and vitamins in particular: thiamine,
riboflavin, pyridoxine, nicotinic acid, pantothenic
acid, folic acid, beta-carotene (pro-vitamin of
vitamin A), vitamin C, tocopherol and ergocalciferol
(vitamin precursor of vitamin D2) [6, 7]. The most
particular minerals contained in pollen grains are:
phosphorus, potassium, magnesium, copper, iron,
manganese and zinc [8]. Pollen is also rich in
polyphenolic substances, flavonoids, phytosterols
and other health-promoting substances [9, 10, 11].

Another biologically active and beneficial pollen
load components are organic acids, terpentines,
nucleic acids, purine compounds, essential oils,
plant growth regulators and more than 100 enzymes
[12].

From pharmacological and health effects which
were tested on animals, bee pollen is best known
for: antioxidant, anticancerogenic, antibacterial,
anti-allergic, immune-stimulating and antianabolic
effects, as well as the effect of specific enzyme
inhibitors [13, 14, 15, 16, 17, 18]. As to its use
against various diseases, pollen is used to treat:
prostatitis, some serious skin diseases, chronic liver
damage and acute chronic hepatitis, stomach ache
and various intestinal disorders, it regulates bowel
function, chronic constipation and chronic diarrhea
[19, 20, 21]. Bee pollen also supports detoxification
functions of the liver [22]. It has been shown to
inhibit histamine reactions that cause inflammation
and allergy symptoms. This feature is probably
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duesss to the presence of quercetin in the bee pollen
[23].

These features allowed using bee pollen as a
widely known food supplement [24, 25].

Our scientific aim was to describe the changes in
the structure of the small intestine using
morphometric methods.

Material and Methods

Experiment was carried out in experimental facility
of the Department of Veterinary Sciences of Slovak
University of Agriculture in Nitra (SK 50004 PC).
Wistar rats were used as experimental animals.
Animals were fed with water and complete feed
mixture for laboratory mice and rats M3 (Machal,
Czech Republic) ad libitum. They were housed
individually in plastic containers (Tecniplast, Italy)
on bedding of wood shavings under basic
requirements for living conditions (temperature 20 -
22° C, humidity 55 + 10%, 12 h light regime).

At the age of 4 weeks, young rats were divided
into 4 groups (control, A, B, C) for 10 animals in
each group. The control group was fed with feed
mixture without pollen additive from Brassica
napus var. Napus. Experimental group A was fed
with the pollen addition in concentration of 0.2 %,
group B was fed with addition of pollen in
concentration of 0.5% and group C with pollen
addition in 0.75% concentration. The duration of the
experiment was 90 days.

After 90 days of pollen intake, the animals were
humanely killed in accordance to Government
regulation no. 23/2009 coll. The samples of small
intestine (jejunum) were taken immediately after
sacrifice, they were treated by the special method, to
ensure the elimination of autolytic processes in
cells, so they could captured the actual state of the
tissue. The samples were fixed in 10%
formaldehyde solution and paraffin - watered. For
the microscopic detection of any changes in the
tissue of the jejunum the sections were stained with
hematoxylin and eosin. Samples of experimental
and control animals were treated in the same
manner.

Histological preparation of the small intestine
(jejunum) was assessed by light microscope
(Olympus AX 70 Provis, Japan). The structure of
the small intestine wall, especially the mucosa and
the different types of epithelial cells were observed.
The structure and any visible changes in the tissue
of the small intestine were described. The changes
in the small intestine were also evaluated using the
quantitative morphometrical methods. The pictures
were taken using the digital camera (Olympus
C5050-Z) and light microscope (Nikon Eclipse

E600). Ten different visual fields (approximately
from 2 or 3 samples) from each experimental rat,
totally 400 microphotographs of the small intestine
were recorded and analyzed. The quantitative
analysis was realized using the test grid containing
494 test points and the relative composition of the
epithelium and connective tissue (lamina propria
mucosae) in small intestine were evaluated.
Morphometric measurements were based on
computerized techniques with PC morphometric
software M.LS. Quick Photo and using light
microscope Olympus AX 70 Provis (Japan).

The basic statistical indicators, the simple
arithmetic mean, standard deviation, minimum and
maximum were calculated and by one-way analysis
of variance we determined the statistical
significance of differences between groups using
Scheffe test. All statistical analysis of the results
was performed by the statistical program - SAS
Enterprise Guide 9.1 (USA).

Results and Discussion

Assessing the small intestine mucosa under the light
microscope we observed in all experimental
histological samples: normal mucosa configuration,
covered with single-layer columnar epithelium,
enterocytes and goblet cells. Among villi were well
observable Lieberkithn crypts and there were no
signs of inflammatory process in the mucosa.

Using the quantitative morphometric methods we
found that the percentage of epithelial volume in
Jjejunum in the group A compared to the control was
slightly increased by 1.02% and also a slight decline
in connective tissue volume, identically by 1.02%
was counted. These differences were not statistically
insignificant.

In group B, we found statistically significant (P <
0.0001) increase in the epithelium volume by 5.20%
and statistically significant (P < 0.0001) decrease in
the connective tissue just the same by 5.20% when
compared to the control. In group C we found also
statistically significant (P < 0.0001) increase in the
epithelium volume by 3.74% and statistically
significant (P < 0.0001) decrease in the connective
tissue 3.74% when compared to the control group.
All differences between the groups are shown in
Table 1 and Table 2.

The results show that the pollen in the diet given
orally to experimental animals, during 90 days, at a
concentration of 0.2% caused a slight increase of
epithelium of the small intestine and the pollen
concentration of 0.5% and 0.75% significantly (P <
0.0001) increased the percentage of epithelium
volume and decreased the percentage of connective
tissue volume (lamina propria mucosae).
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Table 1 Morphometric analysis of epithelium relative volume in small intestine of rats

X [%] Significance SD Minimum Maximum
Control 64.18 8.54 31.52 83.47
Group A 65.20 6.85 34.12 82.36
Group B 69.38 kol 7.86 30.39 87.85
Group C 67.92 kol 7.09 47.18 79.94
*¥x% P < 0,0001, X - arithmetic mean, SD - standard deviation
Table 2 Morphometric analysis of soft tissue relative volume in small intestine of rats
X [Y%] Significance SD Minimum Maximum
Control 35.82 8,54 16.53 68.48
Group A 34.80 6.85 17.64 65.88
Group B 30.62 Hokkk 7.86 12.15 69.61
Group C 32.08 HoAkk 7.09 20.06 52.82

*¥*xk% P <0,0001, X - arithmetic mean, SD - standard deviation

In weanling piglets the adition of dietary fibre
differing in lignin content from Pinus massoniana
pollen reduced apparent (faecal) digestibility of dry
matter and crude protein [26]. Zhang, Diao and Tu
(2010) had also concluded that supplement of bee
pollen and polysaccharides in calves diet could
improve the growth performance of calves. Bee
pollen additive of 25 g.d' and polysaccharides in
dose of 5 g.d'in milk replacer could get better
performance and higher apparent digestibility in
calves.

Supplementation of bee pollen-based product
Dynamic Trio 50/50 increased the feed intake and
thus nutrient retention of Arabian horses and that
may have a positive effect on their performance
[28]. Other results indicate that bee pollen possess a
noticeable source of compounds with health
protective potential and antioxidant activity.
Schisandra  chinensis pollen extract has strong
antioxidant activities and significant protective
effect against acute hepatotoxicity induced by
carbon tetrachloride CCls, and it has been supported
by the evaluation of liver histopathology in mice.
The hepatoprotective effect may be related to its
free radical scavenging effect,
increasing antioxidant activity and inhibition of the
lipid peroxidation [29].

In another study the effect of bee pollen on
growing rabbit’s performance was studied on 40
New Zealand White rabbits from 4 to 12 week of
age. Bee pollen at 200 mg significantly (P <0.01)
increased body weight, conception rate, milk yield,
litter size; improved biochemical profiles of blood
and helps outstanding during both seasons. The
same dose of bee pollen significantly increased
growth and their survival rate until weaning [30].
Oxidant and antioxidant status, estrogenic and

antiestrogenic activity and gene expression profile
were studied in mice fed with Cystus incanus L.
(Cistaceae) reach bee pollen. Bee pollen as a food
supplement (100 mgkg' b.w. mixed with
commercial food pellets) compared to control
(commercial food pellets) modulated antioxidant
enzymes in the mice liver, brain and lysate of
erythrocytes and reduced hepatic lipid peroxidation
[31].

In another similar study, the effects of bee pollen
on the development of digestive organs were
evaluated in broiler chickens. The control group was
fed with a basic diet, while the pollen group was fed
with a basic diet supplemented with 1.5 % bee
pollen over a period of 6 weeks. The results
demonstrated that compared to the control group,
the small intestine villi from the duodenum,
jejunum, and ileum were longer and thicker in the
pollen group. These findings suggest that bee pollen
could promote the early development of the
digestive system and therefore is potentially
beneficial food supplement for certain conditions,
such as short bowel syndrome [32].

Conclusion

Using the morphometric techniques, we found that
oral doses of pollen in the diet during 90 days at a
concentration of 0.2% caused a slight increase in
epithelial layer of the small intestine and in a
concentration of 0.5% and 0.75% significantly
increased the epithelium volume and decreased the
connective tissue volume. The addition of pollen in
the diet has proven effects on the mucosa of the
small intestine in a concentration-dependent manner
and could be used as a proof of another beneficial
use of pollen as a feed additive.
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