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Extended Abstract

Background: Bee pollen is used in human and animal nutrition and is rich in bioactive
compounds, such as flavonoids and polyphenols. It has a wide range of therapeutic properties
and plays an important role in preventing diseases related to free radicals. The use of
unprocessed bee pollen in human nutrition can be harmful due to the presence of allergenic
compounds and contamination of the product. Bee pollen is a natural product and fungal
contamination is possible during collection by insects or improper storage. Gamma irradiation
can remove microbial contamination, increase protein bioavailability, change their function, and
be used for bee pollen processing by changing the structure of allergenic compounds. This
research aimed to study the effects of gamma irradiation on the properties of bioactive
compounds, including protective effects against tissue damage, digestive system health, and
anti-inflammatory and anti-allergenic effects of gamma-irradiated bee pollen.

Methods: Raw and gamma-irradiated bee pollen with a dose of 25 kGy of gamma rays in 2% of
the basic diet was fed to 96 adult male Wistar rats. Experimental diets included no use of pollen,
using raw bee pollen, and using gamma-irradiated bee pollen with a dose of 25 kGy. Sodium
fluoride (1 g/kg of diet) was used to cause poisoning and tissue damage. After 42 days, the
effects of pollen nutrition in preventing sodium fluoride toxicity were studied using histological
studies and liver enzymes. The effects of pollen feeding on the microbial flora of the digestive
tract, intestinal morphology, and villus growth were studied by sampling intestinal tissue and
contents. Interleukin-4 was measured to study the antiallergic effects of pollen by the ELISA
method. Experimental data were analyzed in a completely randomized experimental design
using SAS statistical software. Means were compared with Duncan's test at the level of 5%.
Results: The total protein and malondialdehyde contents in the irradiated samples were not
different from the control sample (p > 0.05), but using bee pollen caused a decrease in serum
alanine transferase (p < 0.05). There was a significant difference in the amount of blood cations
in the sodium fluoride group. The use of bee pollen improved the increase of sodium and
potassium levels and the decrease of phosphorus in the sodium fluoride group (p < 0.05). No
significant difference was observed in serum interleukin-4 concentration in different treatments
of raw and radiation-processed pollen with a dose of 25 kGy (p > 0.05). The results of
measuring the antimicrobial properties of gamma-irradiated pollen showed that irradiation did
not affect the antimicrobial properties of bee pollen (p < 0.05). The antimicrobial properties of
bee pollen on Gram-positive bacteria are more than Gram-negative bacteria. Bee pollen has
more antimicrobial activity against Gram-positive bacteria than Gram-negative bacteria and
fungi. Bee pollen destroys Gram-positive and Gram-negative bacteria, but the sensitivity of
Gram-positive bacteria is higher than that of Gram-negative bacteria due to the nature of the cell
membrane layer. The use of pollen decreased the population of Gram-positive and Gram-
negative bacteria in the intestine (p < 0.05). The decrease in the population of intestinal bacteria
can be due to the antimicrobial effects of pollen or changes in the morphology of the intestinal
wall, which plays a role in bacterial attachment and establishment and prevents the destruction
and damage of the intestinal epithelial cells. The histological results showed that the diet
containing raw and irradiated bee pollen reduced sodium fluoride damage, including bleeding of
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the testicles and digestive tract, hyperemia, and swelling of hepatocytes, and kidney damage.
The morphological characteristics of the intestines of rats fed with pollen were significantly
different from those fed with a pollen-free diet (p < 0.05). In the experimental group of raw and
processed pollen, the ratio of villus height to crypt depth and villus height increased in the
duodenum, jejunum, and ileum (p < 0.05). Diets containing sodium fluoride caused a decrease
in villus length and crypt depth along the intestine, but the reduction percentage was lower in
pollen-containing diets. There was a significant difference in the intestinal morphological
characteristics of rats fed with both raw and processed pollens (p < 0.05). The effect of raw
pollen was greater in the duodenum and jejunum, but processed pollen increased the length of
the villi in the ileum, though the depth of the ileal crypt was not different (p > 0.05). The use of
pollen caused an increase in the relative volume of the epithelium and a decrease in the
connective tissue of the jejunum, along with increases in the villi length and the jejunum crypt
depth. These results show the growth-stimulating effect of pollen on intestinal villi. The use of
pollen increased the height of the villi and the depth of the intestinal crypt of the tested rats. Bee
pollen gamma irradiation did not change this property of pollen, and it caused better functioning
of the digestive system in cases such as the length of ileal villi.

Conclusion: According to the results of this research, a dose of 25 kGy of gamma radiation
without negative effects on the properties of the bioactive compounds of bee pollen can be used
for the radiation processing of bee pollen.
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Table 1. Serum total protein, alanine aminotransferase, malondialdehyde, 1L-4

(Pg/ml) ¥~ (5 )zl (nmol/ml) sl sseglle (UIL) Syl 5 0¥ P oeion (Treatment) )l
IL-4 (Pg/ml)) Malondialdehyde (nmol/ml) alanine aminotransferase (U/L) Total protein(ug/ml) B
N N a c 03,5 Cgh

36.17 0.025 29.77 2.29 Without pollen

. . . N SF+03)5 (5

38.58 0.064 69.47 5.24 Without pollen+SF
32.84¢ 0.018¢ 22.82 2.62° ki
Raw Pollen

. . . b SF +5l8 03,5

34.27 0.038! 41.99 3.27 Raw Pollen+SF
31.17¢ 0.022¢ 22.07¢ 2.45¢ 015 65l 355, 03,5
Irradiated Pollen

SF+ord (gy9ly845 5 03,5

c b b b Sl RFR 035

33.29 0.042 42.67 3.44 Irradiated Pollen+SF
1.814 0.0045 4,652 2.325 (SEM) shino olizdl

(P<e/+0) ol I gims glis S Sl (5 0 53 Sglite B9 > )
Means in the same column with different letters differ (p<0.05).

e 00)5 Load 45 sl ge (15 ppw sl 5 phed polie -V Joar
Table 2. Amounts of phosphorus and cations in blood serum of rats fed with bee pollen

(ML) yausd (mmol/l).m...;l:t (mmol/.l) pexw o
phosphorus potassium sodium
354.32 253.72¢ 146.21° 035
Without pollen
324.13° 265.43" 166.83° SFre)S
Without pollen+SF
5N o.))f
191.46¢ 139.33° #
Raw Pollen
SF +5l8 o.)/f
268.34¢ 280.712 158.312 £

683 80 583 Raw Pollen+SF
355.440 255.21° 148.82° 21 gl 03,5
Irradiated Pollen
SF+0644 1,845 o.)/f

325.57¢ 267.96 168.23* L9090
Irradiated Pollen+SF
Lixo olosl

4.32 754 2.532 R *

328 3.75 53 SEM

(P 0) ol Yo gixe ©glis 3y ke gy yd Sgliie By )0
Means in the same column with different letters differ (P<0.05).
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Table 3. Antioxidant and antimicrobial properties of bee pollen before and after irradiation

e oz 5SS Vo S - 25 ool
SEM 25KGy 0KGy properties of pollen
0.527 1.92° 367 (mg/ml) L LS5

Phenolic compounds(ug/ml)
3172 64.14 65.32 (2y2) (S5 oo lld

Inhibitory activity (%)
(Jrogls Vo v Q) (SauSslal o)yu8

0.0452 0.243 0.245
Reducer power(Abs.700 nm)
3.452 10.12 11.11 (eile) SV Lty pial Ao La
Halo diameter- E. Coli (mm)
3218 25.75 26.98 (Reislie) o] g8 oS sledlis] dlla ;L
Halo diameter-S.aureus (mm)
1312 2453 2468 (s3] rg9Me (pagh ool Ao L5

Halo diameter-A.flavus aureus(mm)

P/ B) sl jls ginn glis 3929 Sl o3 p2 > gliste Bgy> g5
Means in the same row with different letters differ (p<0.05).

(log CRU/Gr) 03,8 L osds ayis5 (sla ybge 039y (sla sy Cuzen o (S Liylass —F Jgio
Table 4. Total Count and intestinal bacteria population of rats fed with pollen (log CFU/gr)

Sy JrsligsY P K LS hled slesd
Bifidobacterium Lactobacillus Coliform Total bacterial count Treatments
280 120 4.3 7.68 035 G
528 5 8 68 Without pollen
4.14° 4.48° 2.02° 6.42° pL 02,5
Raw Pollen
432 4.62° 317 6.76° 235 (5 )53 03,5
Irradiated Pollen
Lo Lol

521 2 .362 .12 )% g
0.5 0.285 0.36! 0.125 SEM

(P ]+ 0) Cusl Y3 ime ©glis dg2g Sl (g b 50 Cglite Bgy )
Means in the same column with different letters differ (p<0.05).
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Table 5. Morphological characteristics of the intestines of rats fed with bee pollen (micrometers)

poik] P93 pydd

lleum Jejunum Duodenum sl
) Gos in dsb S Gos ix dsb S Geos ixdsk Treatments

Crypt depth Pile length Crypt depth Pile length Crypt depth Pile length
106.32¢ 175.53¢ 122.82¢ 323.73¢ 144.21° 363.18° 035 o
Without pollen
107.29¢ 168.31f 119.36° 278.38° 124.11f 305.15" SFHeS g
Without pollen+SF
197.35¢ 254.68" 192.42 538.35° 242,52 652.61° Pl 03,5
Raw Pollen
154.82° 218.53° 164.37° 428.72¢ 192.71° 510.48° SF +p5 03,5
Raw Pollen+SF
192.13° 286.91° 182.76b 486.82 224,38 589,52 035 558y 03,5
Irradiated Pollen
173.14° 205.84 135.57¢ 425.27° 182.25¢ 482.43¢ SFtodd 59l 03,5
Irradiated Pollen+SF
5.625 6.376 2.802 0.243 4.168 9.365 Sere ;LE*;\“A'

(P<e0) Canl Yo gixe glis 3935 ,Sily (gt )3 Ciglite g 7

Means in the same column with different letters differ (P<0.05). \ )

03,5 (s> 83)5 L 83)5 (55> 035
With pollen Without pollen With pollen Without pollen
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Figure 1. Testicular and intestinal tissue of rats receiving diet containing sodium fluoride with and without bee pollen

03)5 (5ol 03)5 Lo 235 (sol> o35 g
With pollen Without pollen With pollen Without pollen

s 0955 03)5 (390 5 L l)sld e (g9l 0y 048 €Ly (glahge () 4S9 (Cusly) WS L Y IS
Figure 2. Liver and kidney tissue of rats receiving diet containing sodium fluoride with and without bee pollen
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