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Winter is the season that poses the greatest challenges for honey bee colonies. Therefore,
the main approach in beckeeping practice is aimed mainly at providing sufficient
quality food supplies for bee colonies in early autumn. We conducted the present
study to test the influence of the natural plant extract IMMUNOSTART HERB on
population strength, stored pollen area, capped worker brood area, and honey yield.
The experimental groups were supplied with IMMUNOSTART HERB 4 times at 7-day
intervals, whereas sugar syrup was given to the control groups. The obtained results
showed that the applied supplemental diet affected all investigated biological parameters,
with the most noticeable effect after the second application. In all measurements, the
honey bee colony parameters in the treated groups showed higher values in comparison
to the control groups. These results highlight the potential of herbal supplements to
effectively improve bee colonies’” development during the period of scarce bee forage,
as well as to provide suitable conditions for successful overwintering.
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INTRODUCTION

The honey bee (Apis mellifera Linnaeus, 1758) is known as the most effective pollinator
among all insect species [1,2]. Honey bees produce various products, most of which
are of great importance to mankind [3,4]. However, for over a decade, honey bees
have been attacked by a large number of so-called biotic and abiotic drivers, which
have an extremely negative effect on bee colonies [5-7]. The growth and development
of honey bee colonies depend primarily on worker bees’ foraging activity [8]. To
collect nectar and pollen (primary food resources), honey bees fly different distances
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from the hive (up to 7-9 kilometers), depending on the location of the pasture, the
quantity and quality of nectar released from the honey crops, the nature habitat, and
the possibilities for orientation [9].

Determination of the type of supplemental nutrition for honey bees is crucial in
beekeeping practice, as nutritional needs are highly variable, depending on the different
subspecies and stages of life as well as seasonal variability in food availability [10].
During the seasons food resources in nature are scarce, some physiological changes
are observed in bee colonies, e.g;, decreased egg-laying, less availability of forager bees
and an increase in bee rustling [11,12].

In Bulgatia, higher temperatures and dry climate conditions in the summer season in
most parts of the country are the main factors of increased mortality of bee colonies
during the winter. Heat stress leads to reduced bee forage (number of melliferous
plants) and low availability of nectar and pollen, which constitute the main source of
food for bees [13,14]. Thus, additional nutrition is required for maintaining colony
health and for successful wintering. To meet the needs of bee colonies in the conditions
of scarce bee forage, various artificial diets were formulated to replace natural honey
and pollen [15-17].

In the last few years there has been an increase in interest regarding the application
of plant extracts in order to enhance the reproductive performance and honey bee
strength, disease resistance, and dietary consumption, by measuring the area of the
worker broods or successful overwintering [18-21]. Usually, these products contain
various biologically active substances, such as flavonoids, polyphenols, essential oils,
terpenoids, mucus substances, amino acids, vitamins, minerals, etc. [22,23]. The plant
extracts manifest low toxicity to bees, do not pollute the environment, and ensure
safety for humans [24-26]. Due to these properties, they are widely used in beekeeping
practice. On the one hand, they are applied to improve health and productivity of
honey bee colonies as well as to increase resistance to pathogens and pesticides, to
stimulate the egg-laying activity of the queen, brood rearing, etc. [27-29]. On the other
hand, plant extracts can be successfully used for the control of a large number of bee
diseases — bacterial, viral, parasitic, microsporidian, etc. [30-32]. The application of
plant extracts against various diseases in bee colonies marks the beginning of a new
approach in the battle against various pathogens. This holistic approach offers plenty
advantages over the use of veterinary drugs, including lower cost of bee products,
avoidance of toxic substances in bee products, which are potentially dangerous
to human health, and adequate management of the emerging resistance to certain
antibiotics.

Inlight of the increasing use of plant supplements in apiculture, the aim of the present
study was to investigate the efficacy of a supplemental diet on different parameters
of honey bee colony strength: including adult population, sealed worker brood area,
stored pollen area and the amount of capped honey. Moreover, this study may help
in determining some guidelines for beekeepers on how to work innovatively so as to
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manage effectively the food scarcity problem of honey bees during times of pollen
and honey shortage.

MATERIAL AND METHODS

Experimental design

All experiments were performed in Smolyan (Research Centre of Stockbreeding and
Agriculture) (41°35'7.01" N, 24°41'30.98" E), a town in the south of Bulgaria, in the
central part of the Rhodope Mountains. The bee colonies were kept in European
Langstroth (LR) hives. According to our previous research, honey bees in this part of
the country belong to the local Bulgarian Apis mellifera rodopica [33]. The current study
was conducted from the end of July to September, 2019 (Fig. 1). Twenty colonies
were randomly assigned to two equal experimental groups: 1. The IMMUNOSTART
HERB® group (IG, n=10) — colonies treated 4 times at 7-day intervals (from 25 July,
2019 to 15 August, 2019) with the plant extract IMMUNOSTART HERB® (Extract
Pharma, Sofia, Bulgaria) at a dose of 10 mL of the product, dissolved in 100 mL of
sugar syrup (1:1, w/w), according to the manufacturer’ instructions. The solution was
sprayed with a syringe onto the bee combs in each experimental bee colony; 2. The
control group (CG, n=10) — fed only with sugar syrup (1:1, w/w), at the same dose
and time points as the IG. The biological parameters of each colony in the IG and the
CG were evaluated a total of five times in 12 days — four times after each application
of IMMUNOSTART HERB® (from 6 August, 2019 to 8 September, 2019). The
last (fifth) measurement was performed 12 days after the penultimate (fourth) one,
without treating the bee colonies meanwhile. Thus, we estimated the area of sealed
worker brood, taking into account honey bee biology, i.e. 12 days passing from the
laying of the egg to the appearance of the sealed brood. Furthermore, all bee colonies
(IG and CG) received a total of 5 L water : sugar solution (1:1 w/w) during the
experimental period, at intervals of 2 — 3 days, in order to provide enough food supply
for the upcoming winter.

During the experimental period, all selected colonies (IG and CG) were regularly
checked for both bee and brood pathology by a veterinary specialist, following the
instructions of the “Office International des Epizooties” [34]. At the beginning
of the experiment, the colonies were equalized regarding the following biological
parameters — size population, the queen’s age, areas of unsealed and sealed worker
brood, pollen and honey reserves. All colonies from the experimental groups were
managed according to beekeeping practices specific to this region.

Adult bee population

The honey bee population was measured by the mass of frames (kg) covered with
bees, considering that one frame in a European (LR) hive contains approximately 200
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g of bees [35]. The honey bee population was estimated a total of 5 times, at 12-day
intervals after the first treatment in July, 2019 until the 8 September, 2019 (Fig, 1).
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Figure 1. Experimental design.

Sealed worker brood area

The capped worker brood area was measured by using transparent grids with square
areas sized 5 X 5 cm. The grid was placed over each side of a brood comb, and the
number of squates with brood was recorded. After the measurements of a single hive,
all frames with brood were summed for each colony. Sealed brood areas was expressed
in cm?, assuming that the area of 25 cm? corresponded to 100 worker brood cells [35].
The sealed worker brood area was assessed a total of 5 times, as the evaluation of the
honey bee colony strength (Fig. 1).

Stored pollen area

The area of pollen reserves in the bechive was evaluated through direct surface
measurements of the comb (cm?), using a transpatrent grid with square areas sized 5
X 5 cm. The grid was laid over each side of every frame, and the number of squares
covered with stored pollen were recorded [35]. The time points of measurement of
the stored pollen area were the same as those for the evaluation of the sealed worker
brood area (Fig. 1).

Amount of stored honey

Measuring the amount of capped honey in kg was performed by using frames sized
5X5 c¢m squares 8 squares contain 0.350 kg of honey [36]. This was carried out at the
same time points and following the same manner as the measurement of the previous
biological parameters (Fig. 1).
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Statistical Analysis

Adult bee population, sealed worker brood and pollen areas, and the amount capped
honey reserves data were compared after each treatment for a total of five times in
the conducted study. The groups were compared, and graphs were created in two-way
ANOVA, followed by a Dunnett’s multiple comparisons test that was performed using
GraphPad Prism version 9.3.1 for Windows (GraphPad, San Diego, CA, USA). The
Tukey HSD post-hoc test was performed for multiple comparisons between groups
and the levels of significance below 0.05 (p < 0.05) were considered significant. The
results were expressed as (mean * SD).

RESULTS

Colony strength parameters between groups

Adult bee population

The comparison between the two groups (IG and CG) during the experiment revealed
differences in all the monitored biological parameters. After the first and the second
measurement, the adult bee population in the IG was greater compared to the control
CG, but the differences were not statistically significant (FF'=0.86, 4f= 6, p = 0.38; F =
3.42, df = 8; p = 0.10, respectively) (Fig. 2). After the third treatment, at the beginning
of autumn (20 August, 2019), adult bee population was significantly higher in the IG
(1.70 £ 0.16 kg) than in the CG (1.40 £ 0.14 kg) (ANOVA with a Tukey’s HSD post
hoc test, F= 13.50, df = 9, p = 0.0006, p < 0.01). These significant differences persisted
during the next measurement petriod (27 August, 2019). Average adult bee population
in the IG (1.60 £ 0.14 kg) exceeded with about 30 % that of the CG (1.24 * 0.09 kg)

2.5+

N
=}
1

"%
\
N
S0
Mo \
\
\

b

-
o
1

E ‘\ o - IMMUNOSTART HERB
s -@- Control

(kg)/colony

-
o
1

Adult bee population

2
v
1

2
=}

06.08. 13.08. 20.08. 27.08. 08.09.

2019

Figure 2. Comparison of parameter of colony strength (mean + SD) between treatment
and control group throughout the experiment. Asterisks indicated the level of significance as
determined by an analysis of variance followed by post-hoc Tukey HSD multiple comparison
test (*p < 0.05; **p < 0.01 compared to the control group).
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(F=23.14,df=9,p=0.001, p < 0.01). This trend was maintained in the last measurement
(8 September, 2019), when the adult bee population in the IG was with about 280 g
bees more than in the CG (F= 6.25, 4= 9, p = 0.04, p < 0.05).

Sealed worker brood area

The worker sealed brood area also differed between the 1G and the CG (Fig. 3). After
the first (6 August, 2019) and the second assessment (13 August, 2019), the values of
this parameter were slightly higher in the IG compared to the CG. This parameter
showed significantly higher values after the third treatment with IMMUNOSTART
HERB®. Then the sealed worker brood area in the hives in the IG (5525 + 28.68
cm?) differed notably when compared to the CG (4400 + 27.89 cm?) (F' = 7.34, df =7,
p = 0.035, p < 0.05). The most significant difference between the values of this
biological parameter in the control and the experimental group was reported after the
fourth application of the plant extract. The sealed worker brood area in the 1G (3450 £
30.28 cm?) exceeded with 55 % that in the CG (2225 + 26.72 cm?) (ANOVA with
Tukey’s HSD post hoc test, I' = 7.77, df = 7, p = 0.031, p < 0.01). During the last
measurement (8 September, 2019), there was a sharp decline in the mean values of
the sealed worker brood in both the control and the experimental groups, without a
significant difference between the two groups (F' = 5.65, df =7, p = 0.055, p > 0.0).

10000

8000 §-§

‘i”i -@- Control
6000 kY Q - IMMUNOSTART HERB
4000

2000 ? TN

e
-
-
\
-
*

A **
-

Sealed worker brood area
(cm?)/colony

06.08. 13.08. 20.08. 27.08. 08.09.

2019

Figure 3. Comparison of parameters of sealed worker brood atea (cm?) (mean * SD)
between treatment and control group throughout the experiment. Asterisks indicated the level
of significance as determined by an analysis of variance followed by post-hoc Tukey HSD
multiple comparison test (*p < 0.05; *¥p < 0.01 compared to the control group).

Stored pollen area

Like the other studied biological parameters, the stored pollen area showed a
significant difference between the two groups (I1G and CG) after the third application
of IMMUNOSTART HERB® (Fig, 4). Then the mean value of stored pollen in
the IG (312.5 + 31.3 cm?) showed a significantly higher mean value compared to the
CG (62.5 £ 30.8 cm?) (ANOVA with Tukey’s HSD post hoc test, F' = 15.4 df = 7,
»=0.001, p <0.01). The differences between the control and the experimental group
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remained significant after the fourth treatment (15 August, 2019) with the plant extract
(250.0 £ 32.5 ecm? 43.7 * 31.7 cm?, p < 0.01). It is noteworthy that in the CG the

stored pollen was completely exhausted at the end of the study, while in the IG it was
observed, albeit in small quantities.
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Figure 4. Comparison of parameter of stored pollen area (cm?) (mean £ SD) between treatment
and control group throughout the experiment. Asterisks indicated the level of significance as
determined by an analysis of variance followed by post-hoc Tukey HSD multiple comparison
test (**p < 0.01 compared to the control group). 474

Amount of capped honey

This parameter showed a very slight dissimilarity between the two groups (IG and
CG) after the first and the second application of the plant extract (Fig. 5). A significant
difference between the two groups was observed during the third assessment period (20
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Figure 5. Comparison of parameters of amount of capped honey (kg)/colony (mean * SD)
between treatment and control group throughout the experiment. Asterisks indicated the level
of significance as determined by an analysis of variance followed by post-hoc Tukey HSD
multiple comparison test (** < 0.01 compared to the control group).
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August, 2019). Then the mean value of capped honey in IG (6.12 £ 0.19 kg) exceeded
with about 23 % that in the CG (4.97  0.37 kg) (ANOVA with Tukey’s HSD post hoc
test, F'= 29.7 df =7, p = 0.002, p < 0.01). This trend in both groups was maintained in
the next recorded period (27 August, 2019). The mean value of capped honey in IG
(7.58 £ 0.77 kg) was significantly different in that of the CG (5.91 + 0.32 kg) (F=15.6
df="1,p=0.007, p < 0.01). During the last assessment period (8 September, 2019) the
amount of capped honey remained higher in the experimental group (7.83 £ 0.69 kg)
compared to the control group (7.06 £ 0.28 kg), but the difference was statistically
insignificant (F= 4.12 df= 7, p = 0.088, p > 0.05).

DISCUSSION

The use of medicinal plants by man has been in practice for thousands of years,
as evidenced by the presence of various sources: written documents, preserved
monuments, and even original herbal medicines [37]. It is assumed that the usage of
medicinal plants started as a spontaneous process while searching for drugs against
various diseases [38,39]. Due to the fact that in ancient times there was no information
about the causes of diseases, nor about which plant and how it can be used as a
medicine, people relied mainly on experience. Over time, sufficient experience has
been gained regarding the use of specific medicinal plants for the treatment of
certain diseases. Thus, the use of medicinal plants gradually abandoned the empirical
framework and began to be based on explicatory facts [40,41].

In the present study, we have surveyed the effect of the herbal supplement
IMMUNOSTART HERB® on honey bee colony strength parameters: adult bee
population, areas of sealed worker brood, areas of pollen reserves and, amount of
capped honey. The tested formulation is a patented herbal supplement and contains
herbal extracts, vegetable glycerin, water, vitamin C (ascorbic acid), citric acid, and
preservative potassium sorbate. The exact quantitative composition of this product is
patent-protected and thereby not disclosed in this paper. According to the manufacturer
(Extract Pharma, Sofia, Bulgaria), the extracts contain flavonoids, polyphenols,
polysaccharides, mucous substances, amino acids, essential oils, vitamins, minerals, etc.

In the last few years, the increase in honey bee losses registered worldwide has posed
a serious challenge to scientists. Most often, they are associated with the negative
effects of stressors that are different in type and duration of impact, often interacting
synergistically [5,42,43]. One of the commonly suspected stressors is poor nutrition.
Given the negative effects on the health and protective mechanisms of bees as a result
of inadequate diet, more and more attention is paid to the nutrition of bees [44]. The
shortage of food sources in nature, most often observed at the end of summer, is
compensated by beekeepers by feeding bees with sugar syrup to provide for a successful
wintering. Sugar syrup is only an energy source without structural and bioregulatory
feed components, necessary for the proper biological development of bee colonies.
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An alternative solution to this problem is the use of nutritional supplements which can
compensate for the lack of these substances in the diet of bees [45,46].

The results from our study showed that the application of the herbal supplement
IMMUNOSTART HERB® has a positive effect on the honey bee colony strength
(Fig. 2). Significant differences compared to the control group were observed after the
third application of the preparation, thus indicating the benefits from the long-term
use of the plant extract. These results are supported by previous research on the use
of herbal supplements for increasing colony strength. For example, the administration
of HiveAlive™ (Advance Science Ltd., Ireland) food supplement in candy or in syrup
for a second successive year, before and after winter, increased considerably adult bee
population of the supplement-treated group over the same period [47]. Another study
investigated the effect of two Lawurus nobilis 1. extracts on colony strength [48], and
the obtained results demonstrated that the hydroalcoholic extract from the aromatic
herb clearly had a positive impact on honey bee colonies strength, presumably
due to the antioxidant effect related to the phenolic compounds contained in the
hydroalcoholic extract. Our previous research [49] has also shown the beneficial effect
on honey bee colony strength from the application of two plant extracts (produced
by Extract Pharma, Sofia, Bulgaria) — NOZEMAT HERB® (1.65 = 0.05 kg) and
NOZEMAT HERB PLUS® (1.63 *+ 0.12 kg). It should be noted that the treatment
with IMMUNOSTART HERB® resulted in an additional increase of about 0.5 kg in
the mass of frames (kg) covered with bees, i.e. even higher values of this parameter
after treatment (1.70 * 0.16 kg) (Fig. 2).

Further, the application of IMMUNOSTART HERB® increased the sealed worker
brood area, the amount of capped honey, and stored pollen area, compared to the
control groups (Fig. 3, 4 and 5). Masry et al. [50] reported a similar result when the
surface of the sealed worker brood area was increased after the treatment of honey
bee colonies with Jatropha curcas oil. Similatly, Stevanovic et al. [51] presented the
beneficial effect of a medicinal mushroom Agaricus brasiliensis extract (sugar syrup or
candy) on brood rearing improvement and adult population growth in comparison
to untreated bee colonies. Jovanovic et al. [29] revealed that plant-based supplement
B + significantly increased the parameters of colony strength when compared to the
control group (fed with plain sugar syrup). Similar results were obtained by Al-Ghamdi
et al. (2019) when testing the effect of three plant extracts — chamomile flowers
(Matricaria chamomilla), spearmint leaves (Mentha spicata), and cinnamon (Cinnamomum
zeylanicum), whereby it was observed that chamomile had the greatest impact on honey
bee colonies’ development, while cinnamon accelerated wax comb building.

In this study, the amount of capped honey and surface of stored pollen area also
increased significantly in the bee colonies fed on the supplemental diet with
IMMUNOSTART HERB®, compared to the control colonies fed only with sugar
syrup (Fig. 4 and 5). A similar result was by reported by Shehata [52], when applying
various plant diets on Carniolan and Italian honey bee colonies. As a conclusion from
the conducted study, it was noted that these diets helped maintaining the colony
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strength during the dearth period, which resulted in attaining excellent pollen and
honey reserves. The application of two Laurus nobilis L. extracts also showed a positive
effect on collected pollen and capped honey, presumably due to the presence of
some phenolic compounds, such as flavonoids, and the antioxidant capacity of the
Laurus nobilis hydroalcoholic extract [48]. In the study of two herbal supplements by
Shumkova et al. [49], considerable enhancement was found in the amount of capped
honey and stored pollen area.

Generally, the application of IMMUNOSTART HERB® led to higher values of colony
strength parameters as compared with the control group (fed only sugar syrup). At this
stage, it is difficult to specify exactly which biologically active substances contained in
the preparation cause the positive effects. Nevertheless, the study would undoubtedly
be of benefit to beekeepers regarding the application of more appropriate nutritional
supplements with a view to the successful overwintering of bee colonies.

CONCLUSIONS

In this study, herbal supplement IMMUNOSTART HERB® evinced a significant
impact on colony strength parameters. Honey bee colonies have shown a significant
increase in terms of stored pollen area, sealed worker brood area, adult bee population,
and the amount of capped honey after the administration of this plant extract, with
the most visible effect after the third and fourth administration, in comparison to
the control group. The current study emphasizes the importance of adequate
supplementary diets for honey bee colonies when amounts of nectar and pollen in
nature are insufficient. The use of natural products for the treatment of bee colonies is
in accordance with the requirements of the countries in the EU and worldwide, where
the production of quality and safe (i.e. free of pollutants) bee products is imperative.
In this regard, certain natural substances — essential oils, plant extracts, organic acids
and more — are increasingly used as supplements to bee feeding. These substances,
which are non-toxic to humans and bees and are contained in natural bee products,
have a determined stimulating effect on the development of bee colonies; therefore,
their use as alternatives should be further explored and encouraged.

Acknowledgements

This research was funded by the Bulgarian National Science Fund of the Ministry
of Education and Science, grant number KIT-06-H56/11 17.11.2021. The APC was
funded by grant number KIT-06-H56/11 17.11.2021.

Authors’ contributions

RS carried out the field experiment with natural plant extract IMMUNOSTART
HERB) and drafted the manuscript. RB and DS participated in the design of the study
and performed the statistical analysis. PH conceived of the study, and participated in

357



Acta Veterinaria-Beograd 2022, 72 (3), 348-361

its design and coordination and helped to draft the manuscript. All authors read and
approved the final manuscript.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect to the research,
authorship, and/or publication of this article.

10.

11.

12.

13.

REFERENCES

. Rader R, Howlett BG, Cunningham SA, Westcott DA, Newstrom-Lloyd LE, Walker MK,

Teulon DA, Edwards WM: Alternative pollinator taxa are equally efficient but not as
effective as the honeybee in a mass flowering crop. ] Appl Ecol 2009, 46:1080-1087.

. Howlett BG, Lankin-Vega GO, Jesson LK: Bombus ferrestris: a more efficient but less

effective pollinator than Apis mellifera across surveyed white clover seed fields. N Z | Crop
Hortic Sci 2019, 47:32-47.

. Waykar B, Alqadhi YA: Beckeeping and bee products; boon for human health and wealth.

Indian ] Pharm Biol Res 2016, 4:20-27.

. Martinello M, Manzinello C, Dainese N, Giuliato I, Gallina A, Mutinelli F: The honey Bee:

An active biosampler of environmental pollution and a possible warning biomarker for
human health. Appl Sci 2021, 11:6481.

. Goulson D, Nicholls E, Botias C, Rotheray EL: Bee declines driven by combined stress

from parasites, pesticides, and lack of flowers. Science 2015, 347:1255957.

. Grassl ], Holt S, Cremen N, Peso M, Hahne D, Baer B: Synergistic effects of pathogen and

pesticide exposure on honey bee (Apis mellifera) survival and immunity. ] Invertebr Pathol
2018, 159:78-86.

. Dolezal AG, Carrillo-Tripp J, Judd TM, Miller AW, Bonning BC, Toth AL: Interacting

stressors matter: diet quality and virus infection in honeybee health. R Soc Open Sci 2019,
6:181803.

. Khan KA, Ghramh HA: Pollen source preferences and pollination efficacy of honey bee,

Apis mellifera (Apidae: Hymenoptera) on Brassica napus crop. ] King Saud Univ Sci 2021,
33:101487.

. Couvillon MJ, Riddell Pearce FC, Accleton C, Fensome KA, Quah SK, Taylor EL, Ratnieks

FL: Honey bee foraging distance depends on month and forage type. Apidologie 2015,
46:61-70.

Rodney S, Purdy J: Dietary requirements of individual nectar foragers, and colony-level
pollen and nectar consumption: a review to support pesticide exposure assessment for
honey bees. Apidologie 2020, 51:163-79.

Khoury DS, Barron AB, Myerscough MR: Modelling food and population dynamics in
honey bee colonies. PloS One 2013, 8:¢59084.

Requier F, Odoux JE, Henry M, Bretagnolle V: The carry-over effects of pollen shortage
decrease the survival of honeybee colonies in farmlands. | Appl Ecol 2017, 54:1161-1170.

Scofield HN, Mattila HR: Honey bee workers that are pollen stressed as larvae become
poor foragers and waggle dancers as adults. Plos One 2015, 10:e0121731.

358



Shumkova e al.: Impact of the plant-based natural supplement IMMUNOSTART HERB on honey bee colony performance

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Alqarni AS, Ali H, Igbal J, Owayss AA, Smith BH: Expression of heat shock proteins in
adult honey bee (Apis mellifera 1..) workers under hot-arid subtropical ecosystems. Saudi |
Biol Sci 2019, 26:1372-1376.

Paiva JPLM, Paiva HM, Esposito E, Morais MM: On the effects of artificial feeding on bee
colony dynamics: a mathematical model. PloS One 2016, 11:¢0167054.

Geslin B, Aizen MA, Garcia N, Pereira AJ, Vaissiere BE, Garibaldi LA: The impact of
honey bee colony quality on crop yield and farmers’ profit in apples and pears. Agric
Ecosyst Environ 2017, 248:153-161.

Feliciano-Cardona S, Doke MA, Aleman |, Agosto-Rivera JL, Grozinger CM, Giray T:
Honey bees in the tropics show winter bee-like longevity in response to seasonal dearth and
brood reduction. Front Ecol Evol 2020, 8:336.

Erler S, Moritz RF: Pharmacophagy and pharmacophory: mechanisms of self-medication
and disease prevention in the honeybee colony (Apis mellifera). Apidologie 2016, 47:389-411.

Tutun H, Kog¢ N, Kart A: Plant essential oils used against some bee diseases. Turk | Agric
For 2018, 6:34-45.

Khan SU, Anjum SI, Ansari MJ, Khan MHU, Kamal S, Rahman K, Muhammad Shoaib,
Man Shad, Khan AJ, Khan SU, Khan D: Antimicrobial potentials of medicinal plant’s
extract and their derived silver nanoparticles: A focus on honey bee pathogen. Saudi | Biol
Sci 2019, 26:1815-1834.

Stanimirovi¢ Z, Glavini¢ U, Ristani¢ M, Aleksi¢ N, Jovanovi¢ N, Vejnovi¢ B, Stevanovi¢ |
Looking for the causes of and solutions to the issue of honey bee colony losses. Acta Vet-
Belgrade 2019, 69:1-31.

Kim JH, Park JK, Lee JK: Evaluation of antimicrosporidian activity of plant extracts on
Nosema ceranae. ] Apic Sci 2016, 60:167-178.

Chaimanee V, Thongtue U, Sornmai N, Songsti S, Pettis ]JS: Antimicrobial activity of plant
extracts against the honeybee pathogens, Paenibacillus larvae and Ascosphaera apis and their
topical toxicity to Apis mellifera adults. | Appl Microbiol 2017, 123:1160-1167.

24. Jones W, Kingkorn A: Extraction of plant secondary metabolites. In: Sarker S, Latif Z,

25.

26.

27.

28.

29.

Gray A (ed) Natural products isolation, methods in biotechnology, 2nd edn. Humana, New
Jersey, pp. 323-335. 2006.

Schmahl G, Al-Rasheid K, Abdel-Ghaffar F, Klimpel S, Mehlhorn H: The efficacy of neem
seed extracts (Tre-san®, MiteStop®) on a broad spectrum of pests and parasites. Parasitol
Res 2010, 107:261-269.

Damiani N, Fernandez NJ, Porrini MP, Gende LB, Alvarez E, Buffa E, Brasesco C, Maggi
MD, Marcangeli JA, Eguaras MJ: Laurel leaf extracts for honeybee pest and disease
management: antimicrobial, microsporicidal, and acaricidal activity. Parasitol Res 2014,
113(2):701-9.

Saffari A, Kevan PG, Atkinson JL: Palatability and consumption of patty-formulated pollen
and pollen substitutes and their effects on honeybee colony performance. ] Apic Sci 2010,
54:63-71.

Al-Ghamdi AA, Abou-Shaara HF, Ansari MJ: Effects of sugar feeding supplemented with
three plant extracts on some parameters of honey bee colonies. Saudi | Biol Sci 2021,
28:2076-2082.

Jovanovic NM, Glavinic U, Delic B, Vejnovic B, Aleksic N, Mladjan V, Stanimirovic Z:
Plant-based supplement containing B-complex vitamins can improve bee health and
increase colony performance. Prev Vet Med 2021, 190:105322.

359



Acta Veterinaria-Beograd 2022, 72 (3), 348-361

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Basualdo M, Barragan S, Antunez K: Bee bread increases honeybee haemolymph protein
and promote better survival despite of causing higher Nosena ceranae abundance in
honeybees. Environ Microbiol 2014, 6:396-400.

Stanimirovi¢ Z, Glavini¢ U, Laki¢ N, Radovi¢ D, Ristani¢ M, Tari¢ E, Stevanovi¢ J: Efficacy
of plant-derived formulation “Argus Ras” in Varroa destructor control. Acta Vet-Belgrade
2017, 67:191-200.

Pasca C, Matei IA, Diaconeasa Z, Rotaru A, Exler S, Dezmirean DS: Biologically active
extracts from different medicinal plants tested as potential additives against bee pathogens.
Antibiotics 2021, 10:960.

Radoslavov G, Hristov P, Shumkova R, Mitkov I, Sirakova D, Bouga M: A specific genetic
marker for the discrimination of native Bulgarian honey bees (Apis mellifera rodopica):
Duplication of ¢l gene fragment. ] Apic Res 2017, 56:196-202.

OIE Terrestrial Manual: Manual for diagnostic tests and vaccines for terrestrial animals,
Chapter 2.2.4. Nosemosis of honey bees. Office International des Epizooties, Paris, France.
2013.

Delaplane KS, Van Der Steen ], Guzman-Novoa E: Standard methods for estimating
strength parameters of _Apis mellifera colonies. | Apic Res 2013, 52:1-12.

Shumkova R, Balkanska R, Hristov P: The herbal supplements NOZEMAT HERB® and
NOZEMAT HERB PLUS®: An alternative therapy for N. ceranae infection and its effects
on honey bee strength and production traits. Pathogens 2021, 10:234.

Shakya AK: Medicinal plants: future source of new drugs. Int ] Herb Med 2016, 4:59-64.

Wang Q, Kuang H, Su'Y, Sun Y, Feng |, Guo R, Chan K: Naturally derived anti-inflammatory
compounds from Chinese medicinal plants. ] Ethnopharmacol 2013, 146:9-39.

Eddouks M, Ajebli M, Hebi M: Ethnopharmacological survey of medicinal plants used
in Daraa-Tafilalet region (Province of Errachidia), Morocco. ] Ethnopharmacol 2017,
198:516-530.

Beyene B, Beyene B, Deribe H: Review on application and management of medicinal plants
for the livelihood of the local community. JRDM 2016, 22:33-39.

Srivastava AK: Significance of medicinal plants in human life. In: Tewari A, Tiwari S (ed)
Synthesis of Medicinal Agents from plants, 1st edn., Elsevier, pp. 1-24. 2018.

Decourtye A, Alaux C, Le Conte Y, Henry M: Toward the protection of bees and pollination
under global change: present and future perspectives in a challenging applied science. Curr
Opin Insect Sci 2019, 35:123-131.

Neov B, Georgieva A, Shumkova R, Radoslavov G, Hristov P: Biotic and abiotic factors
associated with colonies mortalities of managed honey bee (Apis mellifera). Diversity 2019,
11:237.

Kieliszek M, Piwowarek K, Kot AM, Blazejak S, Chlebowska—émigiel A, Wolska I: Pollen
and bee bread as new health-oriented products: A review. Trends Food Sci Technol 2018,
71:170-180.

Glavinic U, Stankovic B, Draskovic V, Stevanovic |, Petrovic T, Lakic N, Stanimirovic Z:
Dietary amino acid and vitamin complex protects honey bee from immunosuppression
caused by Noseza ceranae. PLoS One 2017. 12:¢0187726.

Shumkova R, Zhelyazkova 1, Lazarov S: Application of stimulating products in autumn
feeding and wintering of the bee colonies (Apis mellifera1..). Bulg | Agric Sci 2019, 25:68—73.
Charistos L, Parashos N, Hatjina F: Long term effects of a food supplement HiveAlive™
on honey bee colony strength and Nosezza ceranae spore counts. | Apic Res 2015, 54:420-426.

360



Shumkova e al.: Impact of the plant-based natural supplement IMMUNOSTART HERB on honey bee colony performance

48. Fernandez NJ, Damiani N, Podaza EA, Martucci JE Fasce D, Quiroz F, Meretta PE,
Quintana S, Eguaras MJ, Gende LB: Lawurus nobilis 1.. Extracts against Paenibacillus larvae:
Antimicrobial activity, antioxidant capacity, hygienic behavior and colony strength. Saudi |
Biol Sci 2019, 26:906-912.

49. Shumkova R, Balkanska R, Koynarski T, Hristov P: Application of the natural products
NOZEMAT HERB and NOZEMAT HERB PLUS can decrease honey bee colonies
losses during the winter. Diversity 2021, 13:228.

50. Masry SH, Abd El-Wahab TE, Rashad M: Evaluating the impact of jatropha oil extract
against the Varroa mite, Varroa destructor Anderson & Trueman (Arachnida: Acari:
Varroidae), infesting honeybee colonies (Apis mellifera 1..). Egypt ] Biol Pest Control 2020,
30:1-7.

51. Stevanovic J, Stanimirovic Z, Simeunovic P, Lakic N, Radovic I, Sokovic M, Griensven

LJLDV: The effect of Agaricus brasiliensis extract supplementation on honey bee colonies.
An Acad Bras Cienc 2018, 90:219-229.

52. Shehata I: Evaluation of Carniolan and Italian honey bee colonies fed on artificial diets
in dearth and flowering periods under Nasr city conditions. Int ] Environ 2016, 5:19-25.

UTICA]J BILJNOG PRIRODNOG SUPLEMENTA IMMUNOSTART
HERB NA PERFORMANSE PCELIN]E ZAJEDNICE

Rositsa SHUMKOVA, Ralitsa BALKANSKA, Delka SALKOVA, Peter HRISTOV

Zimski period predstavlja najvedi izazov za pcelinju zajednicu. 1z tog razloga, glavni
zadatak pcelara je usmeren pre svega na obezbedivanju dovoljne kolicine kvalitetne
hrane za pcelinju zajednicu u toku rane jeseni. Cilj studije je bio da se ispita uticaj
prirodnog biljnog ekstrakta IMMUNOSTART HERB na snagu populacije pcelinje
zajedince, pohranjene zalihe polena, poklopljenog legla kao i uticaj na prinos meda.
Eksperimentalnim grupama je davan IMMUNOSTART HERB Cetiri puta u razma-
cima od po 7 dana. Kontrolna grupa je primala $eéerni rastvor. Dobijeni rezultati
ukazuju da je primenjeni suplement u hrani uticao na sve ispitivane bioloske parametre
pri ¢emu je najznacajniji uticaj uocen posle druge aplikacije. U odnosu na sva merenja,
parametri péelinje zajednice u tretiranim grupama su pokazali veée vrednosti u pore-
denju sa kontrolnim grupama. Ovi rezultati ukazuju na potencijal koji biljni suplementi
imaju u smislu efektivhog poboljsanja razvoja pcelinje zajednice tokom perioda kada je
pcelinja pasa oskudna uz obezbedivanje pogodnih uslova za uspesno prezimljavanje.
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