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ABSTRACT

There were few attempts about the requirements of honeybee to
vitamins. Our results highlighted the effectiveness of Phenoloxidase (PO)
and Antioxidant (AQO) activity in honeybee workers and vitamin types
added with sugar solution as early and vitamins important indicators. There
was a clear improvement in the antioxidant system in bee colonies that were
provided with sugary feeding with vitamins mixture compared to other
vitamins individually (A, B, C and E) and control ones. This suggests that
honeybee workers need artificial feeding with mixed vitamins during winter
season possess mechanisms that reduce their oxidative stress. Results
suggest that vitamins in winter feeding for 14 weeks (from 1 December to
14 March) has the potential to improve colony development and health
during overwintering, a period of high colony losses. The results showed
that vitamins diet increased bee activity and colony health escpicially in the
dearth period, which reduce varroa infection and caused the absence of
European foulbrood compared to the control.
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(Somerville,2005). When the vitamins

Honeybee  population  fluctuated
according to the component of nutrients.
These nutrients affected also the honeybee
immunity and the absence of diseases.

content increased three times they caused
an increase in honeybe larval weight.
(Weaver, 1974). Moreover, vitamin C is
considered as enzyme cofactor and a
source of antioxidant activity,so it’s the
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best outrient to honeybee. (Navon et al.
1985). Colony population offected greatly
when the temperature decreases in winter
time. (Brodschneider et al., 2010; Van
Engelsdorp et al., 2009). Di Pasquale et
al. (2013) showed that phenol-oxidase
(PO) in hemolymph of insects is affected
by the quality of the diet. PO plays an
important role in the regulation of
immunity system in the organisms.
(Brookman et al., 1989; Sdéderhall and
Cerenius, 1998; Wilson et al., 2001;
Sugumaran, 2002). Within these defense
mechanisms, and the existence of PO as a
key enzyme in the haemolymphas pro-
phenoloxidase result in the ability of
melanin production (Ashida and Brey
1997; Schmid-Hempel, 2005; Siva-Jothy
et al.,2005; Leclerc et al.,2006; Mullen
and Goldsworthy, 2006; Nakhleh et
al.,2017). Many recent researches threw
light on using B-glucans,
lipopolysaccharides and peptidoglycans as
activators of PO and haemocytes (Charles
and Killian,2015; Mazzei et al., 2016;
Nakhleh, 2017;). Lourenco et al., (2005)
in Brazil pointed out that PO pathway is
used as a basic component to the reactions
occur in the hemolymph of invertebrate
immune. PO enzyme is one of the first
immune molecules that was identified in
invertebrates. Among innate immune
system factors, PO is critical in insects’
defense (Ajamhassani et al., 2012).
Honeybee body contains glutathione S-
transferase, superoxide dismutase,
catalase, and peroxidase which considered
the most important antioxidant (Collins et
al., 2004). Glutathione, ascorbic acid,
vitamin E, uric acid and thioredoxin are
non-enzymatic  components in  the
antioxidant system of insects according to
Krishnan and Fergus. (2009). Feeding

honeybee colonies in winter with (Vitamin
C) minimizes bee losses and increases
health immunity by reducing infestation of
Varroa destructor. (Navajas et al., 2008;
Farjan et al., 2012 and 2014; Andi and
Ahmadi, 2014). Feeding honeybee
colonies in winter with vitamin C removed
the toxic metabolites from bee bodies and
increased the anti-oxidative system
efficiency (Chan et al., 2009; Azzami et
al., 2012 and Steinmann et al., 2015).
Furthermore, the positive impact results of
honeybee nutrition were revealed on
certain aspects of bee immunity according
to the effects of viruses and Paenibacillus
larvae (Alaux et al., 2010 and Wang et
al., 2014). In addition the longevity of
honeybee and the production of
antimicrobial peptides affected mainly by
pollen feeding. (Alaux et al., 2011 and Li
et al., 2014). Therefore, this study check
the role of winter feeding with syrup
solution supplemented with vitamins A, B,
C, E and a mixture of them on the colonies
of honeybee during winter season.

This work aimed to evaluate the effect
of artificial feeding to honeybee colonies
in winter and the activity of phenoloxidase
and antioxidant systems of honeybee
colonies. Also, determination of the time
and periods of feeding honeybee colonies
with artificial diet supplies is another goal
of the study which is applied on colonies
during the winter season in Minia
Governorate.

MATERIALS AND METHODS

This study was conducted from 22"
Dec. 2019 to 28" of Feb. 2020 in a private
apiary in Samalout district, Minia, Egypt.
The trial was extended till moving the
honeybee colonies to the flowering citrus
trees, and then the supplemental feeding

-36 -



Hosafy et al 2022

was no longer applied. Eighteen colonies
of the 1% hybrid Carniolan bees (Apis
mellifera carnica) were selected among
the colonies of the apiary. The
experimental ~ colonies were nearly
equalized in strength and headed by sister
queens. The tested colonies were divided
to 6 groups, group was included three
colonies and offered one of the following
feeding processes:

Group (1): 200ml sugar syrup + 0.1mg.
vitamin A/ colony/ week intervals.

Group (2): 200ml sugar syrup (1:1) +
0.1mg. vitamin B/ colony/ week
intervals.

Group (3): 200ml sugar syrup (1:1) + 1.5
mg. vitaminC/ colony/ week
intervals.

Group (4): 200ml sugar syrup (1:1) +0.9
mg. vitaminE/ colony/ week
intervals.

Group (5): 200ml sugar syrup (1:1)
+vitamins mix (A 0.05 mg. +B0.05
mg +C0.5 mg +E 0.25 mg) /
colony/ week intervals.

Group (6): 200ml sugar syrup (1:1)/
colony/ week intervals.

Collection of honeybee workers:

Thirty adult honey bee workers of
each group were collected from colonies at
the end of the trial. These samples were
aseptically collected in sterile screwed
cups and kept in -80 °C in the central
laboratory of Faculty of Agriculture, Minia
University.

Preparation of extracts from honeybee
workers:

Adults worker bees were homogenized
separately in an ice bath for 2 minutes with
Buffer ~ Phosphate  Sodium  (BPS)
(Contreras-Garduno et al., 2007),
(PH6.5) , at a 1.5 (w/v) ratio. The
homogenate was centrifuged at 10,000
rpm for 10 minutes at 4°C. The
supernatant was used in further analyses.

Phenoloxidase activity:

To measure Phenoloxidase (PO)
activity, PO sample (20 pl) was mixed
with 20 pl of 15 mM L-dihydroxphenyl
alanine  (L-DOPA)dissolved in 20
mMTris- Hcl buffer (PH 6.5). To stop
reaction, after 40 min of incubation at 28
°C, 260 pl of ice-cold distilled water was
added to each sample. Then the reaction of
mixture was measured with auv- 2450
spectrophotometer at wavelength of 490
nm. The PO activity was estimated as the
increment in the rate of absorbance. An
increase of 0.001 per minute was taken to
be 1 unit (U): activity = A490x 10 -3 /min.
(Ashida and Dohke, 1980).

Antioxidant activity

The free radical scavenging effect of
the three ethanolic extracts bees was
assessed by the discoloration of a
methanolic solution of 1,1-Diphenyl-2-
picryl hydrazyl (DPPH) radical (violet
color) according to (Viturro et al., 1999;
Astudillo et al., 2000; Feresin et al.,
2002, and Lee et al., 2002). A freshly
prepared DPPH(Sigma) solution (20 mg/l)
was used for the assay. Phosphate buffer
extraction solution(100 ml) mixed with
3ml of DPPH solution. After 30 min in
dark place, the absorbance was measured
at 517 nm using Shimadzu UV-120-02
Spectrophotometer, vitamin C was used as
a reference free radical scavenger (positive
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controls) at the same concentration and the
methanolic DPPH served as a control. All
reactions were carried out in triplicates and
results are given as mean * s.d. The
percentage of DPPH discoloration was
calculated as follows:

DPPH discoloration was calculated as
follows:

DPPH discoloration % (1) = 100 X (Al -
A2/ Al) Whereas:

Al: absorbance of the control. A2:
absorbance in the presence of the tested
extract.

Field test of antioxidant and

Phenoloxidase

Each group was examined for the
presence of European Foulbrood (EFB)
and varroa diseases according to Zidan,
(2014) and Zidan et al., (2009).

Statistical analysis

The obtained data was analyzed as
one way ANOVA, using Proc. ANOVA in
SAS (Anonymous, 2003) and means were
compared by LSD (P= 0.05 level) in the
same program .The reduction rate of
varroa infestation was evaluated according
to the equation of Henderson and Tilton
(1955).

RESULTS AND DISCUSSION

Effects of vitamins A, B, C, E and
Mix of them added to sugary feeding on
phenoloxidase activity in honeybee
workers were illustrated in Table (1), and
Fig. (1). The highly significant of
phenoloxidase activity recorded 49.83
U/gm. with vitamin mix followed by 42.07
U/gm. for vitamin C. The phenoloxidase
activity had no significant differences with
vitamins C, A, E, and B which showed

42.07, 37.50, 31.23 and 30.97 U/gm,
respectively. Phenoloxidase activity were
recorded the lowest value with control
(23.33 U/gm), (F=5.77, t-test: p<0.05) and
LSD (0.05) were 12.02 among all tested
treatments.

Also, the obtained data which
determined in honeybee workers following

the same feeding of sugary solution with
vitamins (Table 1), gave high significant
values comparing with control (F=5.42 , t-
test: p< 0.05). The highest antioxidant
activity was obtained using vitamins
mixture 19.67U/gm while the lowest value
was recorded for samples with vitamins B
the lowest recoded which gave 11.30
U/gm .These results showed the
importance of adding vitamins to the
sugary syrup of honeybee colonies in
winter to increase immunity of honeybee
workers by the activity of phenoloxidase
and the total antioxidant.

Data illustrated in Table, (2) and
figures (3,4) showed that no infections by
EFB were observed with feeding with all
tested vitamins or with the vitamins mix
but the infestation of EFB appeared in
control at months Feb., Mar., Apr., May,
Jun and Sept. the average were 3, 80, 197,
12, 2 and 1 cells/colony respectively. The
vitamins feeding syrup at all months
compared to control, recorded the highly
reduction in the percentage infestation of
varroa mites on workers adults. While the
vitamins  mix  recorded  reduction
infestation reached to 100% at Mar. and
Apr. as well as vitamin B at May and Jun.
In general, the vitamins tested can be
ranked in descending order according to
the reduction in varroa infection as
followed; vitamins mix> vitamin B >
vitamin E > vitamin C >vitamin A .
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This study defined standard work
parameters to measure Phenoloxidase (PO)
and Antioxidant (AO) activity in honeybee
worker bodies . Based on vitamins that had
been addedt to a sugary diet. The results
showed significant differences in PO
activity between the vitamin types,
confirming PO  modulation as a
consequence of stress factors. The PO
cascade can be activated by some
molecules such as B-glucan,
lipopolysaccharides, and peptidoglycans as
observed also in recent studies focused on
the effect of these molecules on both
phenoloxidase activity and haemocytes
populations (Charles and Killian, 2015;
Mazzei et al., 2016; Nakhleh, 2017 and
Sheehan, 2018).Moreover, monoculture
plantings reduced the diversity of
flowering plant species with vitamins and
indicated evidences that honeybees had a
requirement for a multitude of vitamins.
Nation and Robinson (1968) and
Haydak (1972) showed that no brood was
reared by honeybee colonies which fed
sugar syrup without vitamins. Honey bees
were experienced widespread declines in
abundance and diversity and this proved
the relationship between diet and stress
resistance in honeybee (Cameron et al.,
2011 and Kaosior et al., 2007).Nutrition
was considered the first line of defense of
honeybee colonies and was the vital in
dealing with honeybee diseases. Honeybee
larvae fed on a nutritionally poor diet were
showed to be significantly more
susceptible to various diseases (Foley et
al., 2012).Water soluble vitamins was
common in pollen, but the content of
vitamin C, for example, varies throughout
the season according to various floral
sources (Ashida, 1990 and Huang, 2012).
Herbert and Shimanuki, (1978) stated

that honeybee reared more brood by
feeding them with vitamin A and vitamin
K. The addition of more than 400 mg/kg
ascorbic acid to an artificial diet appears to
be synthesised by bees, brood rearing
capacity has been increased (Herbert et
al., 1985). A mixture of vitamins A, D, E
and K in the diet substantially improved
the amount of brood produced (Beck and
Strand, 2007). Herbert and Shimanuki
(1978) stated that honeybee reared more
brood by feeding them with vitamin A and
vitamin K. The addition of more than 400
mg/kg ascorbic acid to an artificial diet
appears to be synthesized by bees; brood
rearing capacity has been increased
(Herbert et al., 1985). stated that more
brood was reared when the artificial diet
supplemented with 2000 mg/kg ascorbic
acid and the high brood rearing may be
due to the high antioxidant capacity of
ascorbic acid. The growth of Ilarvae
increased sharply when vitamin content of
the diet was increased three times
(Weaver ,1974). Hagedorn and Burger
(1968) suggested that pollen storage
caused a decline in ascorbic acid
content. To increase the immunity of
honeybee, it’s important to feed the bees
with vitamin C during winter, as
honeybees lived in different conditions,
increased environmental the energy in the
hemo lymph and generat.Reactive Oxygen
Species (ROS) which cause oxidative
stress (Bounias, 1980). Promotes energy
conservation by decreasing the activity of
respiratory enzymes (Garg and Mahajan,
1994) and modulates humoral and cellular
immune responses (Kumaret al., 2003).

This result was particularly important
for the management of honeybee colonies
used for pollination of crops that bloom in
the winter or the early spring.
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Additionally, during winter season
nutrition had an important role in
physiological  stress  resistance by

providing key nutrients such as vitamins,
protein and carbohydrate. Further work
was needed to understand more detail the
relationship between nutrition content of

vitamins and stressors in honey bee. To
achieve well healthy colonies it was
recommend balanced vitamins added for
honeybee colonies, especially when they
are placed in a unsuitable environment
such as winter, hot summer or after
honeybee harvested directly.

Table (1): Effect of some types of vitamins added to sugary feeding on Phenoloxidase
(PO) U/gm and % Antioxidant (AQ) activity in honeybee worker .

Treatment Phenoloxidase (PO) U/gm Antioxidant (AO)%
Vitamin A 37.50b 16.17 AB
Vitamin B 30.97bc 11.30BC
Vitamin  C 42.07ab 16.90 AB
Vitamin  E 31.23bc 16.03 AB
Vitamin Mix 49.83a 19.67 A

Control 23.33c 5.80C
F Value 577 5427
P value 0.017 0.01™
L.S.Do.0s) 12.02 6.57
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Table (2): Effect of some types of vitamins added to sugary feeding on the infection
with EFB and varroa mite reduction percentage in honey bee colonies.

Vit. A Vit. B Vit.C Vit. E Vit. Mix Control

Treatment § . § . § . E . § ) §
= °© ° © ° °© - ©

g g 2§ 2 g 2 E ¢ B|Z

S B3 8 B3 S EN

'T';g'atment 00150 /00| 8.0 | 00 | 790 | 00 | 820 | 0.0 | 73.0 | 0.0 8.0
Jan. 00| 440 |00| 790 | 00 | 590 | 00 | 920 | 0.0 | 56.0 | 0.0 5.0
Feb. 00[720|00[ 971 | 00 | 570 | 00 | 980 | 0.0 | 970 | 3.0 6.0
Mar. 00223 00|89 | 00 | 980 | 00 | 460 | 0.0 | 100 | 80.0 | 53
Apr. 00940 | 00| 500 | 00 [ 410 | 00 | 760 | 0.0 | 100 | 1970 | 3.6
May 00|87 00| 100 | 0.0 | 29.7 | 00 | 447 | 0.0 | 900 | 120 | 53
Jun 0084700 100 | OO0 | 410 | 00 | 704 | 00 | 784 | 20 6.0
Jul. 00420 (00| 370] 00 [ 270 | 00 | 264 | 0.0 | 722 | 0.0 4.6
Aug. 00 |347]00| 410 | 00 | 320 | 00 | 500 | 00 | 971 | 0.0 7.0
Sep. 00[374]00[ 660 | 00 | 750 | 00 | 410 | 0.0 | 620 | 1.0 5.0
Oct. 00 |580[00| 80| 00| 462 | 00 | 294 | 0.0 | 820 | 0.0 6.4
Nov. 00 [ 450 | 00| 610 | 0.0 | 500 | 0.0 | 347 | 0.0 | 887 | 0.0 9.3
Dec. 0.0 [ 610 | 00| 990 | 0.0 | 598 | 00 | 66.2 | 0.0 | 728 | 0.0 9.0

Vit.=vitamin %Red.=percent of reduction  Infec.= infection
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Figure (1) : Phenoloxidase activity in worker bodies of honeybees fed artificial sugar
with vitamins.

- oo
c ah
© o
i)

%

)

(%) Ant

Treatments

Figure (2): Antioxidant activity in worker bodies of honeybees fed artificial sugar
with vitamins.
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Figure (3): Effect of some types of vitamins added to sugary feeding on the infection
with EFB in honey bee colonies.
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Figure (4): Effect of some types of vitamins added to sugary feeding on the varroa
mite reduction percentage in honeybee colonies.
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