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Introduction

Fish farmers use different veterinary medicines and 
chemotherapeutic agents to treat or prevent fish diseases, 
which results in enormous economic losses in aquacul-
ture on a global scale. The intensive use of these agents 
in aquaculture has led to an increase in antibiotic‐resistant 
bacterial genes that are transferred to animals and humans 
which damages bacterial flora (1,2). Also, they cause im-
munosuppression, oxidative stress, nephrotoxicity, growth 
retardation, environmental pollution and accumulation of 
chemicals in aquatic animal tissues, which can be possibly 
dangerous to public health (3-5). Therefore, natural im-
munostimulants such as probiotics, prebiotics, symbiotics, 
complex carbohydrates, nutritional factors, herbs, hor-
mones, and cytokines are an alternative to chemical agents 
(4,6,7).

Because natural immunostimulants have anti-stress, 
antioxidant, immunostimulant, and growth-promoting 
effects, they are suitable feed additives for aquaculture 
(8). Bee pollen, a natural product, is a floral type of pol-
len collected by honeybees. The bee pollen is essential 

for the reproduction and survival of these creatures (9). 
The bee pollen is the result of flower pollens agglutination 
produced by worker honeybees with nectar and salivary 
components. It is usually used as a prime nutrient resource 
for the adult and larval development of bees in daily life 
(10,11). On the other hand, it has bioactive molecules such 
as protein, amino acids, carbohydrates, fats, polysaccha-
rides, vitamins, minerals, flavonoids, and phenolic com-
ponents )9,12). These compounds process a wide range 
of biological functions which include antiinflammatory, 
anticarcinogenic, antitumor, antioxidant, antibacterial, an-
tiviral, hepatoprotective and hyperglycemic activities, es-
pecially immunomodulatory activity (10,11).

Limited data exist regarding the effect of bee pollen on 
fish. For example, El-Asely et al. (13) have documented 
that the administration of bee pollen can stimulate immu-
nological, haematological, biochemical and growth pa-
rameters in Nile tilapia, Oreochromis niloticus. However, 
there is no detailed study on the effect of bee pollen on the 
growth, haematology, immunity, antioxidant activity, and 
disease resistance in rainbow trout, Oncorhynchus mykiss, 
and other important aquaculture species. The study herein, 
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disease resistance against Aeromonas salmonicida subsp. achromogenes compared to the control group. The 
tissue SOD, CAT and GSH-Px activities of groups fed with chestnut bee pollen significantly enhanced when 
compared with the control groups. In contrast, the tissue MDA levels in all groups fed with chestnut bee pollen 
were significantly decreased. The best values for the antioxidant parameters were determined in the groups fed 
with 2 and 4% of chestnut bee pollen. Overall, these findings suggest that dietary chestnut bee pollen enhances 
the growth, the haematological values, the immune and antioxidant response and increases disease resistance 
against rainbow trout.
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therefore, examines the effects of bee pollen on growth 
performance, haematological values, cellular and humoral 
immunity, oxidant/antioxidant status, and disease resist-
ance against A. salmonicida subsp. salmonicida infection 
in rainbow trout.

Materials and Methods

Collection and chemical analysis of bee pollen
The bee pollen was collected by means of special traps, 

aimed at foraging bees, placed at the entrance of honeybee 
hives within the vicinity of Zonguldak province in Turkey. 
The palynological identification of bee pollen was done by 
Prof. Dr. Sibel Silici in Erciyes University, Turkey. Nine 
families of pollen pellets were found in the sample; how-
ever, Castanea sativa was the dominant species in the pol-
len mixture.

Firstly, the chestnut bee pollen was ground and then 
dried at approximately 30 °C without exposure to light. 
The ground bee pollen was stored at 2–8 °C in desicca-
tors, until extraction. The chemical analysis of chestnut 
bee pollen was determined as described by the Associa-
tion of Official Agricultural Chemists (AOAC) standard 
methods (14-16). pH value was monitored directly from 
the pH meter (WTW-Inolab, Weilheim, Germany). Color 
values of the samples were analyzed by using an automatic 
colorimeter (Lovibond RT Series Reflectance Tintometer). 
Lovibond tintometer gives three values, L, a*, and b*. L 
(lightness) values measure the level of black to white (0 to 
100), a* red to green (+=red and −=green), and b* yellow 
to blue (+=yellow and −=blue). Main sugar compositions 
in the chestnut bee pollen samples were determined by 
high-performance liquid chromatography [(High-Perfor-
mance Liquid Chromatography-Refractive Index Detector 
(HPLC-RID, Agilent 1100 Series, USA), equipped with 
a manual injection quaternary pump (U.S.A) and Zorbax 
carbohydrate column (4.6x250 mm, 5 μm particle size)]. 
The antioxidant characteristics of chestnut bee pollen were 
prepared as described by Singleton and Rossi (17) and Ul-
usoy and Kolayli (18). 

Experimental diets 
A commercial pellet diet (including 45% crude protein, 

20% crude fat, 11% ash, 3% crude fibre, 8.5% moisture, 
12.5% nitrogen-free extract, and 5124 kcal/kg gross ener-
gy) was crushed and divided into three parts. Also, the bee 
pollen samples were divided into three portions of 10, 20 
and 40 g to obtain doses of 1, 2 and 4%/kg in the commer-
cial pellet diet (El-Asely et al., 2014). Each dose of the bee 
pollen was separately dissolved in 1 L of water. The water 
containing the bee pollen was added to the diet portions at 
a 1:1 ratio. The diets were reformed into pellets, spread to 
dry and stored at +4 °C for the feeding experiment. The 
experimental diets are referred to as the control (without 
bee pollen), BP-1 (1% bee pollen), BP-2 (2% bee pollen), 
and BP-4 (4% bee pollen). 

Fish and experimental procedure
Rainbow trout (Oncorhynchus mykiss) fingerlings (~ 

20 g) were purchased from a private farm (Keban, Elazig, 
Turkey) and monitored for health conditions through ex-
ternal and internal macroscopic examinations upon arriv-
al. Fish were quarantined and bathed in 250 ppm formalin 
for 30 min (19). All fish were acclimatized for 30 days in 

1000 L tanks during which were fed with the commercial 
pellet diet until satiation twice a day in two equal parts at 
9.00 a.m. and 4.00 p.m. 

After the acclimation period, a total number of 300 fish 
were stocked in 12 fiberglass tanks (100 L) at a density 
of 25 fish per tank, to have triplicates for each of the four 
experimental groups. Control group (C) was fed the basal 
diet without the bee pollen. The remaining groups were 
fed with 1% (BP-1), 2% (BP-2), and 4% (BP-3) bee pollen 
for 8 weeks. All experimental groups were fed with the 
abovementioned diets at 2.5% of biomass within 8 weeks. 
The biomass in each tank was weighed biweekly to adjust 
the feed amount.

The static water system with daily exchange was used 
in this study and the tanks were continuously aerated. Wa-
ter exchange was done daily at a rate of 50% and 100% 
of the water was exchanged once a week. Water quality 
was monitored daily throughout the experiment. The wa-
ter quality parameters containing temperature (16 ± 1 °C), 
dissolved oxygen (7.7 mg L−1), and pH (7.4 ± 0.2), were 
measured daily during the experimental period.

Growth
On the 8th week of treatment, ten fish randomly from 

each experimental tank were collected to calculate growth 
performance including weight gain (WG), specific growth 
rate (SGR),  feed conversion ratio (FCR), and survival.
The growth parameters were calculated as follows:
WG (g) = Wt–W0; 
SGR (%) = 100 × (lnWt−lnW0)/t; 
FCR = FI/(Wt−W0). 
(Wt and W0: Final and initial weight of fish, respectively; 
t: experimental days; FI: Feed intake)

Sample collection
The fish blood was sampled (ten fish from each tank, 

a total of thirty fish per dietary treatment) for haemato-
logical and immunological assays at the end of the 8-week 
feeding trial. Fish were gently caught and anaesthetized 
in benzocaine solution (25 mg/L water). The blood sam-
ples were taken from the caudal vein with plastic syringes 
and immediately apportioned into two equal parts with 
(K3EDTA) or without anticoagulant-coated tubes. The 
anticoagulant tubes containing blood samples were used 
immediately for the haematology [red blood cell (RBC) 
count, haemoglobin (Hb) and haematocrit (Ht) levels, and 
erythrocyte indices: mean corpuscular volume (MCV), 
mean corpuscular haemoglobin (MCH) and mean corpus-
cular haemoglobin concentration (MCHC)] and immu-
nology [white blood cell (WBC) count and types (lym-
phocytes (LYM), monocytes (MON), neutrophils (NEU), 
eosinophils (EOS), and basophil (BAS)), oxidative radical 
production (nitroblue tetrazolium (NBT) assay), phago-
cytic activity (PA) and phagocytic index (PI)] assays. The 
blood tubes without anticoagulant were allowed to clot at 
room temperature for 30 min, then centrifuged to collect 
the serum carefully at 5000 g for 10 min and reserved in 
new sterile eppendorf tubes at −20 ᵒC until used for the 
other immunological analysis [total protein (TP) and im-
munoglobulin M (IgM) levels, serum lysozyme (LYZ) and 
myeloperoxidase (MPO) activities].

After the blood samples were collected, the liver, head 
kidney and spleen were carefully removed, washed with 
physiological saline (0.9 % NaCl) and stored at −40 °C un-
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tion (33). The tissue SOD, CAT, and GSH-Px activities 
were determined following the methods of Sun et al. (34), 
Aebi (35), and Beutler (369, respectively.

To calculate oxidant/antioxidant parameters the protein 
levels in the tissues were determined by the method de-
scribed by Lowry et al. (37).

Ethics statement
All protocols in this experiment (Protocol number: 

2014/14, 137) were accepted by the Animal Experimen-
tation Ethics Committee (FUAEEC) of Firat University 
(Elazig, Turkey).

Statistical analysis
The SPSS 21 computer program was used for data 

analysis. All experimental data were expressed as arith-
metic mean ± standard error (SE) of three replicates. Nor-
mality and homoscedasticity were analysed through the 
Kolmogorov–Smirnov and Bartlett's tests, respectively. 
One-way analysis of variance (ANOVA) was applied to 
evaluate the data. Multiple comparisons were performed 
with Duncan's post-hoc test. Differences were considered 
statistically significant at p < 0.05.

Results

Composition of bee pollen
The chemical composition and antioxidant characteris-

tics of pollen are summarized in Table 1. The main com-
ponents of the pollen were protein, starch, fat, mineral, and 
water. The chestnut bee pollen has approximately 16939.90 
mg GAE/kg of total phenolic compounds, 1778.89 mg 

til the biochemical assays, which were performed within 
1 month after extraction. The tissue was homogenised in 
a Teflon-glass homogeniser in a buffer containing 1.15% 
potassium chloride (KCl) at a 1:10 (w/v) ratio to the whole 
homogenate. The homogenate was centrifuged at 18,000 g 
at 4 °C for 30 min to determine malondialdehyde (MDA) 
level and superoxide dismutase (SOD), catalase (CAT) 
and glutathione peroxidase (GSH-Px) activities.

Haematological and immunological analysis
The RBC and WBC counts were simultaneously per-

formed using a haemocytometer and the solution devel-
oped by Natt and Herrick (20). The LYM, MON, NEU, 
EOS, and BAS counts were conducted on May-Grunwald- 
Giemsa stained blood smears. The Ht levels were meas-
ured through a microhematocrit centrifugation technique 
(12.000 g, 5 min) in capillary glass tubes. The levels of Hb 
were determined using Drabkin’s reagent at 540 nm (21). 
The erythrocyte indices (MCV, MCH, and MCHC) were 
calculated through the following formulas using the Ht, 
RBC, and Hb data (22-24).

MCV (µm3) = Ht x 10/ RBC count 
MCH (pg) = Hb x 10 / RBC count 
MCHC (%) = Hb x 100/ Ht
To analyse radical oxygen production formed from 

phagocytes was used the NBT assay (25). The PA and PI 
were determined according to the method described by Si-
wicki and Anderson (26). The serum TP and IgM levels 
were determined, according to the protocol described by 
Siwicki et al. (25), Siwicki et al. (27), and Yonar (28). The 
serum LYZ activity was measured based on the sample 
ability to lyse Micrococcus luteus (29). The serum MPO 
activity was performed following the protocol provided by 
Quade and Roth (30) with a slight modification of Sahoo 
et al. (31).

Bacteria and challenge
A. salmonicida subsp. salmonicida (NCMB 1102) was 

used for the challenge test. A. salmonicida subsp. salmoni-
cida was grown in blood agar for 24 h at 22 °C. The fresh 
culture was suspended in sterile PBS. The cell suspension 
was adjusted to an optical density (OD) 0.9 at 610 nm. 

At the end of the feeding trial, the remaining fish from 
each tank (fifteen fish/tank) were challenged with patho-
genic A. salmonicida subsp. salmonicida. A 0.1‐ml dose 
of 24‐h brain heart infusion agar (BHI) with the virulent 
bacterial pathogen of A. salmonicida subsp. salmonicida 
(1.2 × 108 cfu/ml) was given by intraperitoneal injection. 
The challenge dose of bacteria was selected based on the 
previous studies (7). The challenged fish were kept under 
observation for 14 days to record any abnormal clinical 
signs and the daily mortality rate. All groups were fed only 
the control diet. The cause of death was confirmed by re-
isolating the organism from the liver and spleen of dead 
fish using conventional methods. 

Relative percentage survival (RPS) was quantified us-
ing the following formula (32): 

RPS (%) = (Number of surviving fish after challenge/
Number of fish injected with A. salmonicida subsp. salmo-
nicida) ×100.

Oxidative stress and antioxidant activity in tissues
The MDA levels of tissues, an index of oxidative stress, 

were determined with the thiobarbituric acid (TBA) reac-

Chemical composition
Protein (%) 20.19 ± 0.11
Fat (%) 3.06 ± 0.95
Moisture (%) 12.83 ± 0.88
Ash (%) 2.77 ± 0.03
Starch (%) 5.91 ± 1.42
pH 5.68 ± 0.01
Colour values
L 58.8 ± 0.14
a* 11.7 ± 0.05
b* 50.1 ± 0.14
Main sugars with HPLC
Fructose (%) 18.04 ± 0.03
Glucose (%) 14.29 ± 0.20
Galactose (%) 6.19 ± 0.23
Sucrose (%) 2.77 ± 0.17
Antioxidant characteristics
Total Phenolic Content (mg GAE/kg) 16939.90 ± 125.80
Antiradical Activity (% inhibition) 95.17 ± 0.21
Total Flavonoid Content 
(mg catechin/kg) 1778.89 ± 93.88

β-carotene (mg/kg) 3.62 ± 0.001
Lycopene (mg/kg) 0.84 ± 0.001

GAE: Gallic acid equivalents

Table 1. The chemical composition and antioxidant characteristics of 
chestnut bee pollen.
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catechin/kg of total flavonoids content, 3.62 mg/kg of 
β-carotene, and 0.84 mg/kg of lycopene. The chestnut pol-
len also demonstrated high antioxidant activity, which was 
measured through antiradical activity. Furthermore, based 
on the results of HPLC analysis for pollen composition, 
pollen was ascertained to be main sugars such as fructose, 
glucose, galactose, and sucrose.

The effect of chestnut bee pollen on the growth perfor-
mance

The effect of chestnut bee pollen on growth perfor-
mance is shown in Table 2. The Wt, WG and SGR val-
ues were higher in all chestnut bee pollen-supplemented 
groups than in the control group (p < 0.05). On the other 
hand, it was found that the FCR was lower in all chestnut 
bee pollen-supplemented groups than the control group 
(p < 0.05). However, the growth parameters were found 
to be similar among chestnut bee pollen groups (p > 0.05). 
No mortality or any signs of disease were observed in all 
treatment groups. Fish survival was 100% in all treatments 
(p > 0.05).

The effect of chestnut bee pollen on the haematological 
values

Mean measured haematological values in the control 
and experimental groups are represented in Table 3. The 
RBC count, Hb concentration and Ht level were higher 
in all chestnut bee pollen-supplemented groups than in 

the control group (p  <  0.05). However, the RBC count, 
Hb concentration and Ht level of chestnut bee pollen-
supplemented groups were similar (p > 0.05). No statis-
tical difference in the erythrocyte indices (MCV, MCH 
and MCHC) was observed among all experimental groups 
(p > 0.05).

The effect of chestnut bee pollen on the immunological 
values

The WBC counts and types of O. mykiss after chestnut 
bee pollen treatment are shown in Table 4. After chest-
nut bee pollen feeding for 8 weeks, the WBC counts were 
higher in the experimental groups compared to the con-
trol group (p < 0.05). In addition, the WBC counts were 
significantly higher in fed with 2 and 4% chestnut bee 
pollen than the group fed with 1% chestnut bee pollen. 
The percentage of LYM, MON, and NEU was higher in 
all chestnut bee pollen-supplemented groups than in the 
control group (p < 0.05).

The results of different dosages of chestnut bee pol-
len on the other immunological parameters are presented 
in Table 5. The immunological values were significantly 
increased in the experimental groups compared with the 
control group (p < 0.05). On the other hand, the immuno-
logical values of groups fed with 2 and 4% chestnut bee 
pollen were significantly higher than the group fed with 
1% chestnut bee pollen (p < 0.05). Additionally, the groups 
fed with 2 and 3% chestnut bee pollen had the highest im-

Table 2. The growth performance of rainbow trout fed a control diet and diet supplemented with different levels of chestnut 
bee pollen after 8 weeks.

Groups
Parameters C BP-1 (1%) BP-2 (2%) BP-3 (4%)

W0 (g) 20.45 ± 1.33 a 21.02 ± 1.19 a 20.84 ± 1.40 a 20.76 ± 1.08 a

Wt (g) 36.52 ± 1.71 a 41.66 ± 2.08 b 42.19 ± 1.98 b 42.75 ± 1.83 b

WG (g)  16.07 ± 1.45 a 20.64 ± 1.58 b 21.35 ± 1.69 b 21.99 ± 1.47 b

SGR (%) 1.03 ± 0.03 a 1.22 ± 0.02 b 1.26 ± 0.03 b 1.27 ± 0.02 b

FCR 1.32 ± 0.02 b 1.24 ± 0.02 a 1.23 ± 0.03 a 1.23 ± 0.03 a

Survival (%) 100 100 100 100
C: Control group, BP-1: Group fed with 1% chestnut bee pollen for 8 weeks, BP-2: Group fed with 2% chestnut bee pollen for 
8 weeks, BP-3: Group fed with 4% chestnut bee pollen for 8 weeks. W0: Initial weight of fish, Wt: Final weight of fish, WG: 
Weight gain, SGR: Specific growth rate, FCR: Feed conversion ratio. The values (n=30) are expressed as mean ± standard error. 
The mean values in the same line with different superscripts are significantly different (p < 0.05).

Table 3. The haematological values of rainbow trout fed a control diet and diet supplemented with different levels of chestnut 
bee pollen after 8 weeks.

RBC: Red blood cell (erythrocyte) count (x106), Hb: Haemoglobin concentration (g/dL), Ht: Haematocrit level (%), MCV: Mean 
corpuscular volume (µm3), MCH: Mean corpuscular haemoglobin (pg), MCHC: Mean corpuscular haemoglobin concentration 
(%). The values (n=30) are expressed as mean ± standard error. The mean values in the same line with different superscripts are 
significantly different (p < 0.05).

Groups
Parameters C BP-1 (1%) BP-2 (2%) BP-3 (4%)

RBC 1.52 ± 0.02 a 1.64 ± 0.04 b 1.71 ± 0.05 b 1.72 ± 0.06 b

Hb 7.26 ± 0.41 a 7.58 ± 0.63 b 7.95 ± 0.52 b 7.97 ± 0.71 b

Ht 29.86 ± 1.33 a 33.47 ± 2.62 b 36.90 ± 1.98 b 37.00 ± 2.14 b

MCV 199.34 ± 12.04 a 206.10 ± 14.58 a 213.78 ± 13.20 a 213.96 ± 15.66 a

MCH 45.77 ± 2.83 a 44.29 ± 3.63 a 44.37 ± 2.11 a 44.72 ± 4.12 a

MCHC 23.41 ± 1.65 a 23.64 ± 2.55 a 22.23 ± 1.48 a 21.85 ± 1.96 a
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munological values.

Disease resistance
Clinical signs of furunculosis were determined in in-

fected fish after the challenge test. One or more clinical or 
internal symptoms were detected as furuncles in the sur-
face of the skin, exophthalmos in the eyes, haemorrhage in 
the liver, inflammation in the tissues, darkened colour, and 
abnormal swimming behaviour.

The RPS rates of control and experimental groups fed 
with chestnut bee pollen are given in Table 5. Follow-
ing the challenge, the control fish showed significantly 
lower survival and the groups fed with chestnut bee pol-
len had a significantly higher RPS rate than the control 
group (p < 0.05). Furthermore, the RPS rates of 2% and 
4% chestnut bee pollen groups were significantly higher 
than the 1% group (p < 0.05). The highest resistance was 
determined in the 4% chestnut bee pollen group; however, 
there was no significant difference between the RPS rates 
of 2% and 4% chestnut bee pollen groups.

The effect of chestnut bee pollen on oxidative stress and 
antioxidant activity 

The effects of chestnut bee pollen on the oxidative 
stress and antioxidant capacity in the tissues are represent-
ed in Table 6.

After 8 weeks, the tissue MDA levels showed a signifi-

cant decrease in the groups fed with chestnut bee pollen 
compared to the control group. At the same time, the tis-
sue MDA levels were significantly lower in the groups fed 
with 2 and 4% of chestnut bee pollen than in the 1% chest-
nut bee pollen group. However, there was no significant 
difference between the tissue MDA levels of 2 and 3% of 
chestnut bee pollen groups (p > 0.05).

On the other hand, there were significant increases in 
the tissue SOD, CAT, and GSH-Px activities of groups fed 
with chestnut bee pollen when compared to the control 
group. Among the groups fed with chestnut bee pollen, the 
tissue SOD, CAT and GSH-Px activities in the groups fed 
with 2 and 4% of chestnut bee pollen were significantly 
higher than the 1% chestnut bee pollen group (p < 0.05). 
However, there were no significant differences between 
the tissue antioxidant enzyme activities of groups fed with 
2 and 4% of chestnut bee pollen (p > 0.05).

Discussion

Certain compounds found in the composition of bee 
pollen are responsible for biological activity, such as an-
tioxidant, antibacterial, and activities. Among these, the 
most well-known are phenolic compounds. Phenolic com-
pounds demonstrate a radical scavenging effect, in other 
words antiradical (9). Furthermore, previous studies car-
ried out on bee products have shown protein components 

Table 4. The WBC counts and types of rainbow trout fed control diet and diet supplemented with different levels of chestnut 
bee pollen after 8 weeks.

WBC: White blood cell counts (x103), LYM: Lymphocytes (%), MON: Monocytes (%), NEU: Neutrophils (%), EOS: 
Eosinophils (%), BAS: Basophil (%). The values (n=30) are expressed as mean ± standard error. The mean values in the same 
line with different superscripts are significantly different (p < 0.05).

Groups
Parameters C BP-1 (1%) BP-2 (2%) BP-3 (4%)

WBC 22.83 ± 0.74 a 26.19 ± 0.66 b 31.43 ± 1.09 c 31.05 ± 0.84 c

LYM 58.33 ± 1.55 a 59.85 ± 1.69 b 59.45 ± 1.42 b 59.20 ± 1.83 b 
MON  16.55 ± 0.00 a 17.56 ± 0.00 b 17.65 ± 0.00 b 17.34 ± 0.00 b

NEU 21.66 ± 0.03 a 22.33 ± 0.02 b 22.50 ± 0.03 b 22.85 ± 0.02 b

EOS 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
BAS 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

Table 5. The immunological values of rainbow trout fed a control diet and diet supplemented with different levels of chestnut 
bee pollen after 8 weeks and the survival in fish challenged with A. salmonicida subsp. salmonicida.

NBT: Nitroblue tetrazolium assay (mg/ml), PA: Phagocytic activity (%), PI: Phagocytic index, TP: Total protein level (mg/ml), 
IgM: Total immunoglobulin M level (mg/ml), BA: Serum bactericidal activity (% cfu/control), LYZ: Lysozyme activity (U/ml), 
MPO: Myeloperoxidase activity (Optic density), RPS: Relative percentage survivals (%). The values (n=30 for immunological 
analysis, n=45 for RPS) are expressed as mean ± standard error. The mean values in the same line with different superscripts 
are significantly different (p < 0.05).

Groups
Parameters C BP-1 (1%) BP-2 (2%) BP-3 (4%)

NBT 1.11 ± 0.09 a 1.24 ± 0.11 b 1.35 ± 0.10 c 1.36 ± 0.12 c

PA 33.50 ± 2.33 a 37.33 ± 2.10 b 42.60 ± 3.55 c 41.90 ± 3.10 c

PI 3.25 ± 0.60 a 5.41 ± 0.50 b 5.85 ± 0.72 c 5.88 ± 0.78 c

TP 22.13 ± 2.96 a 25.55 ± 1.95 b 28.99 ± 2.63 c 28.43 ± 2.10 c

IgM 10.78 ± 1.27 a 14.66 ± 1.73 b 18.02 ± 2.41 c 19.23 ± 1.92 c

LYZ 96.57 ± 5.20 a 122.87 ± 7.06 b 145.55 ± 6.17 c 143.89 ± 8.12 c

MPO 0.65 ± 0.05 a 0.81 ± 0.08 b 0.97 ± 0.10 c 0.98 ± 0.11 c

RPS 35.55 a 60.00 b 75.56 c 77.78 c
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to possess radical scavenging and antioxidant activities. 
Therefore, these components are also named non-phenolic 
antioxidants (38). In the present study, compared to the 
controls, statistically significant differences were deter-
mined in the growth, haematological, immunological and 
antioxidant parameters of the groups fed diets containing 
chestnut bee pollen. These results show that chestnut bee 
pollen has a positive influence on the parameters investi-
gated.

In this study, O. mykiss was fed with 1%, 2%, and 
4% chestnut bee pollen, resulting in significantly increased 
Wt, WG, and SGR, and significantly decreased FCR. How-
ever, it should be noted that the growth parameters were 
similar among chestnut bee pollen groups. Our results 
indicated that supplement diets with chestnut bee pollen 
can enhance the growth of rainbow trout. In line with our 
finding, the Wt and SGR were significantly increased, and 
the FCR has significantly improved in Nile tilapia (Oreo-
chromis niloticus) fed with bee pollen supplemental diets 
for 10, 20, and 30 days (13). Similarly, dietary honeybee 
pollen (2.5 %) significantly increased SGR, ADG (aver-
age daily gain) and FER (Feed Efficiency ratio), while 
significantly reducing FCR in Nile tilapia (Oreochromis 
niloticus) (39). Also, Ren et al. (40) showed that supple-
mentation with 0, 10, 20, 30 and 40 g peony pollen signifi-
cantly improved the growth performance in carp. On the 
other hand, the results of this study revealed that chestnut 
bee pollen improved the growth and did not negatively af-
fect the growth of rainbow trout. This positive effect in 
the growth may be attributed to carotenoids detected in 
chestnut bee pollen, which could enhance nutrient utiliza-
tion and growth performance (41) or may be due to the 
hormone-like functions of bee pollen as a flavonoid that 
can promote the growth of animals (42).

The haematological values are generally considered to 
evaluate the health, physiological status, stress, and dis-
ease conditions of fish under normal conditions (43,44). 
These parameters are reliable indicators that could be 
widely used in reflecting of nutritional status and the ca-

pacity for fish adaptation to the external environmental 
conditions (45). Also, the hematological parameters give 
information about the health status of fish by identifying 
any abnormalities caused using immunostimulants (46). 
The erythrocyte indices can be used as stress indicators 
to monitor the health status of fish and the etiological and 
morphological classification of anaemias (6). In the pre-
sent study, increased RBC count, Hb concentration, and Ht 
level were observed in fish fed with chestnut bee pollen-
supplemented diets after 8 weeks. However, no effect was 
found on the erythrocyte indices of rainbow trout fed with 
diets supplemented with different levels of chestnut bee 
pollen. Our data demonstrated that the dietary chestnut bee 
pollen positively affected the haematological parameters. 
Also, chestnut bee pollen did not cause anaemia when ad-
ministered at the indicated doses and for the given time 
period to fish. These results showed that the fish was not 
under any stress caused by chestnut bee pollen.

It is known that the WBC play a major role in the im-
mune system of fish, and they represent an important func-
tion in the cell immunity of fish (47,48). The different leu-
kocyte counts are considerably influenced by the health 
state of fish and in many cases assist in the evaluation of 
the immune system. The different leukocyte counts are 
dependent on the fish species, physiological age, sex, sea-
son of the year and nutrition (49). On the other hand, the 
respiratory burst or oxidative burst is an indicator of the 
oxidative potential of reactive oxygen species produced by 
active phagocytic cells including granulocytes and mono-
cyte/macrophages (50). Phagocytic cells in teleost fish are 
the key components of innate immune response that regu-
late immune function and play an important role in fight-
ing diseases. Additionally, phagocytosis associated with 
respiratory burst activity is an important indicator of innate 
immunity in fish (51). The respiratory bursts from innate 
immune cells are determined using NBT assays, which 
measure in terms of respiratory burst activity of phago-
cytes is used to detect oxidative radical production (50). 
The results in the present study showed that the phagocytic 

Table 6. The oxidative stress and antioxidant status in fish fed control diet and diet supplemented with different levels of 
chestnut bee pollen after 8 weeks.

Groups
Tissues Parameters C BP-1 (1%) BP-2 (2%) BP-3 (4%)

Liver

MDA 2.21 ± 0.39 c 2.02 ± 0.52 b 1.89 ± 0.50 a 1.87 ± 0.37 a

SOD 3.05 ± 0.22 a 3.34 ± 0.60 b 3.70 ± 0.47 c 3.72 ± 0.76 c

CAT 3.16 ± 0.38 a 3.44 ± 0.45 b 3.81 ± 0.61 c 3.82 ± 0.53 c

GSH-Px 2.45 ± 0.41 a 2.69 ± 0.51 b 2.93 ± 0.63 c 2.95 ± 0.76 c

Head kidney

MDA 3.18 ± 0.46 c 2.86 ± 0.71 b 2.65 ± 0.53 a 2.67 ± 0.66 a

SOD 2.61 ± 0.39 a 2.86 ± 0.60 b 3.03 ± 0.74 c 3.05 ± 0.59 c

CAT 2.75 ± 0.44 a 3.07 ± 0.76 b 3.33 ± 0.41 c 3.38 ± 0.50 c

GSH-Px 2.06 ± 0.29 a 2.45 ± 0.61 b 2.68 ± 0.50 c 2.71 ± 0.44 c

Spleen

MDA 2.94 ± 0.42 c 2.68 ± 0.33 b 2.49 ± 0.26 a 2.50 ± 0.42 a

SOD 2.38 ± 0.26 a 2.59 ± 0.40 b 2.80 ± 0.52 c 2.83 ± 0.27 c

CAT 2.92 ± 0.39 a 3.18 ± 0.31 b 3.47 ± 0.55 c 3.45 ± 0.34 c

GSH-Px 2.12 ± 0.28 a 2.35 ± 0.22 b 2.61 ± 0.75 c 2.66 ± 0.53 c

MDA: Malondialdehyde level (nmol/mg protein), SOD: Superoxide dismutase activity (U/mg protein), CAT: Catalase activity 
(k/mg protein, k: the first-order rate constant) and GSH-Px: Glutathione peroxidase activity (U/mg protein). The values (n=30) 
are expressed as mean ± standard error. The mean values in the same line with different superscripts are significantly different 
(p < 0.05).
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activity (PA and PI) and WBC count were significantly in-
duced with dietary chestnut bee pollen. Also, the different 
leukocyte counts were significantly influenced by dietary 
chestnut bee pollen in rainbow trout. Similarly, El-Asely 
et al. (13) showed that the different leucocyte counts (neu-
trophils, monocytes, and lymphocytes) and phagocytic ac-
tivity increased significantly in the fish fed with 1%, 2.5%, 
and 4% honey bee pollen for 30 days. These results may 
be explained by induction of the cellular immunity after 
the administration of chestnut bee pollen.

The humoral immune response to protect against path-
ogens such as bacteria and viruses is particularly impor-
tant for disease resistance and it is a vital component of the 
nonspecific immune system in fish (529. Serum immunity 
parameters have been recognized as important elements 
for monitoring fish health 8539. Serum total protein, which 
includes albumin and globulin, plays an important role in 
the humoral immune response. The protein and globulin 
levels in serum are fractions that are vital for maintain-
ing a healthy immune system. An increase in serum pro-
tein level indicates a stronger innate immune response in 
fish (46,54,55). IgM, the main antibody of fish, is a major 
component of the teleost humoral immune system and is 
described commonly as immunoglobulins in fish serum 
(56). This molecule plays a significant role in various im-
mune processes, such as phagocytosis, opsonisation, and 
neutralization of pathogenic microorganisms, and toxins 
in fish (57,58). LYZ, an important component of the in-
nate immune system, has an essential role in the diminu-
tion of disease by preventing bacterial pathogens (59). 
LYZ is found in the serum, mucus, and other body fluids 
and is responsible for the lysis of bacteria and activation 
of the complement system and phagocytes by acting as 
an opsonin (60). Both LYZ and IgM are indispensable for 
humoral immunity in fish. These are important indicators 
to evaluate fish health and immune function (61). MPO, 
a heme peroxidase, exists primarily in the cytoplasmic 
granules of fish neutrophils and contributes to the anti-
microbial function by producing reactive oxygen species, 
such as hypohalous acid and other toxic oxidants produced 
from hydrogen peroxide and halides, and these oxidants 
can oxidize organic molecules and kill microbes (62). Our 
results show that the TP and IgM levels and the LYZ and 
MPO activities were significantly increased in all chestnut 
bee pollen-supplemented groups. In addition, these values 
were significantly higher in the group fed BP-2 and BP-3 
diets compared to the BP-1 group. These results were sim-
ilar to Cuesta et al. (63) findings that propolis, a honeybee 
product, increased serum humoral innate immune respons-
es in gilthead sea bream. Also, Li et al. (64) stated that 
diets supplemented with flavonoids significantly increased 
serum humoral immune responses. Previous studies have 
well approved the impacts of plant-derived products on 
improving specific or non-specific immune humoral and 
cellular immune responses in various fish and shellfish 
species (7,65-70). Awad and Awaad (71) stated that the 
mode of action of those plants and their derivatives were 
attributed to the presence of many active components 
such as alkaloids, steroids, phenolics, tannins, terpenoids, 
saponins, glycosides, and flavonoids. Consistent with the 
above investigations, these increments in the TP and IgM 
levels and the LYZ and MPO activities could be attrib-
uted to phenols or flavonoids determined in chestnut bee 
pollen. Also, these increments in serum humoral immune 

responses could be correlated with enhanced phagocytic 
activity (72) or leucocyte number (6).

Experimental bacterial challenge test has often been 
used as a final indicator of fish health status after dietary 
treatments to evaluate the disease resistance of the host 
against pathogens (73). Additionally, the RPS is one of the 
most visual indices for assessing the immune effect in a 
challenge test (54). The present study revealed that after 
the challenge with A. salmonicida subsp. achromogenes, 
the chestnut bee pollen groups showed high survival when 
compared to the control group. Moreover, the best RPS 
rates were determined in the BP-2 and BP-3 groups. Those 
results on the RPS could be also related to the observed 
promotion of growth as well as to other activities related 
to immunity which are described above.

As is known, endogenous antioxidant enzymes such as 
SOD, CAT, and GSH-Px play an important role in scav-
enging harmful reactive oxygen derivatives used to eval-
uate non-specific immune responses (64,74). MDA as a 
main end product of lipid peroxidation, which is accepted 
to be a valuable indicator of the oxidative stress in cellular 
components, can be used as one of the indices of lipid per-
oxidation (75-81). Previous studies showed that plant fla-
vonoids have strong antioxidant activity (64) and reduce 
the harmful effects of oxidative stress (7,9,82). In the pre-
sent study, the dietary chestnut bee pollen significantly in-
creased SOD, CAT, and GSH-Px enzyme activities while 
decreasing MDA levels in different tissue of rainbow trout. 
Similarly, supplementation of carp diets with peony pol-
len significantly increased intestinal CAT activity and total 
antioxidant capacity and decreased MDA level (40). Also, 
Dastan et al. (83) also reported the different concentrations 
of bee pollen increased total antioxidant status (TAS), 
while decreased total oxidant status (TOS), oxidative 
stress index (OSI), and the MDA levels in the liver, spleen, 
and heart of rainbow trout. Concerning our antioxidant de-
fense parameters results, higher SOD, CAT, and GSH-Px 
activities, as well as lower MDA levels, were observed in 
association with chestnut bee pollen within the diet. This 
result can probably be explained by an increase in anti-
oxidant capacity after pollen application.  In addition to its 
direct antioxidant activity, this effect may also be related to 
the radical scavenging effect of bee pollen (9).

To conclude, findings in this feeding trial demonstrate 
that the administration of chestnut bee pollen with diet 
promotes the growth performance, haematological param-
eters, and immune responses of rainbow trout. Moreover, 
the chestnut bee pollen provided extraordinary protection 
against the challenge of A. salmonicida subsp. salmoni-
cida. Taken together, these results show that the chestnut 
bee pollen has great potential as an immunostimulant in 
aquaculture and may enhance fish health and production 
in fish farming.
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