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Abstract – We developed a nutritious, palatable, and attractive fermented diet as supplementary food for honey
bees (Apis mellifera ) during periods of natural food scarcity. Two types of commercial silage inoculants were tested;
bacteria and a mix of bacteria and fungi were used to ferment a protein-based feed for 7, 14, or 28 days. The positive
control consisted of beebread and the negative controls were sucrose solution 50%, w /v ) and the unfermented
protein diet. These feeds were offered, 4 g each, along with sucrose solution ad libitum, to 60 worker bees confined
in plastic cages (seven replicates, 7 days). A pool of 20 bees/cage was collected on the first day (day 0) and on the 7th
day of the experiment, for protein quantification by the Bradford method and for the electrophoretic profile of the
proteins by SDS-polyacrylamide gel electrophoresis. The diets fermented for 7 days were the most consumed when
compared with unfermented protein diet and with beebread. All the bees that ate the fermented feeds (except for the
28-day fermentation period) presented higher titers of protein in the hemolymph when compared with the bees that
did not consume any protein food (negative control and day 0). The electrophoretic analysis presented a protein
profile compatible with good protein expression in the hemolymph of the bees that consumed the fermented feeds, in
comparison with bees that had no access to a protein diet. Consequently, we conclude that fermenting protein
supplements with silage inoculants is a viable alternative for producing protein diets that are nutritious and palatable
for honey bees.

Apismellifera / fermentation / artificial diets / inoculants

1. INTRODUCTION

Honey bee nutrition has become a subject of
interest, due to its importance for colony develop-
ment and productivity (Wright et al. 2017). Bees
collect nectar and pollen from flowers. Through
enzymatic reactions, they transform sugar and
proteins from the collected food into honey and

beebread (Somerville and Rural Industries Re-
search and Development Corporation (Australia)
2005; Nicolson 2011; Anderson et al. 2013; Urcan
et al. 2018). Using these strategies, bees attempt to
maintain a balanced diet, essential for good per-
fo rmance and hea l t h (Wins ton 2003 ;
Brodschneider and Crailsheim 2010; Morais
et al. 2013a). Among the collected resources,
pollen is the main source of proteins and lipids.
It is needed for brood rearing and for the satisfac-
tory development of adult bees (Crailsheim 1990;
Roulston and Cane 2000; Hoover et al. 2006).
During times of pollen dearth, pollen reserves in
the combs and protein reserves in bees are rapidly
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expended (Morais et al. 2013b; Paiva et al. 2016).
Consequently, artificial supplementation with pro-
tein diets has been of extreme importance for
colony maintenance and development (Morais
et al. 2013a) and for maintaining colony strength
for pollination services and honey production
(Herbert Jr, 1992). If there is no pollen, or a good
pollen substitute is not available to the colonies,
brood production can diminish or even stop
completely (Haydak 1963). Pollen collected from
honey bee colonies could be used in times of food
shortage; however, this is expensive and incurs
the risk of spreading pathogens (De Jong et al.
2009; Brodschneider and Crailsheim 2010). Pro-
vision of artificial diets is a safe way to feed bees
protein (Paiva et al. 2016). However, many nutri-
tional supplements are poorly accepted by bees
and have low nutritional value (Schmidt and
Hanna 2006). Adequate diet formulation, deterio-
ration during storage, attractiveness to bees, and
diet costs are major concerns (Herbert. and
Shimanuki 1977). To develop artificial protein
diets that are nutritious and attractive to bees, it
would make sense to produce them as similar as
possible to their natural food in the hive, beebread
(Almeida-Dias et al. 2018). Beebread is a
fermented food, mainly due to the action of bac-
teria (like the genus Lactobacillus ), making
fermented pollen richer in nutrients and improv-
ing its preservation (Anderson et al. 2013). The
Lactobacillus group includes important
fermenting organisms, some of which are used
in silage production. Loper et al. (1980), Vasques
and Olofsson (2009), Anderson et al. (2015), and
Anderson and Ricigliano (2017) found these Lac-
tobacillus spp. in the digestive system and in
beebread of honey bees, justifying the choice of
these organisms. DeGrandi-Hoffman et al. (2012)
found that there is an increase in the concentration
of amino acids in the beebread when compared
with unfermented pollen, which makes it more
nutritious, since the microorganisms secrete en-
zymes that act on the cellular wall of pollen grains,
releasing their contents for digestion.

The use of microorganisms isolated from bee-
bread for the fermentation of feed for bees has
been shown to be effective in the production of
food more acceptable to these insects (Almeida-
Dias et al. 2018). However, such inocula are very

variable and difficult to standardize, because there
are nutritional and microbiological variations in
beebread, according to the plant species from
which the pollen was collected, as well as locality
and time of year; in the spring, beebread is nutri-
tionally richer when compared with autumn
(DeGrandi-Hoffman et al. 2018). The use of stan-
dardized microbial strains, especially those ob-
tained from commercial inoculants for silage,
would allow greater control of the fermentation
process, facilitating the process of obtaining these
fermented foods, especially if the goal is large-
scale fermented feed production for bees. Another
advantage in the use of commercial inoculant
strains is the production of these foods in a safer
way. The objective of this study is to produce a
fermented diet similar to the natural one, with
greater preservation of nutrients, more palatable
and attractive for the animals.

Taking these factors into consideration, we
tested whether fermentation with silage microor-
ganisms would enhance consumption and utility
of a pollen substitute diet.

2. METHODS

2.1. Preparation of the fermented diet

The unfermented diet (fresh) used in this work
was developed by mixing the protein ingredients
shown in Table I. Two supplementary fermented
protein diets were produced on the same ingredi-
ent basis. The differences were the microbial in-
oculants used to ferment them: Fermented Diet K,
inoculant Kerasil®, only bacteria (produced by
Kera Brasil®); Fermented Diet KS (inoculant
Supersile®, a mix of bacteria and fungi, produced
by Strong Microbials®). Each feed batch was
composed of 100 g of the ingredients, 40 mL of
autoclaved sucrose solution (prepared with dis-
tilled water and 50% (w /v ) refined sucrose) and
lyophilized silage inoculant, mixing with a sterile
glass rod until the formation of a doughy mass.
After mixing the ingredients, they were trans-
ferred to separate glass jars and maintained at
37 °C in bacteriological incubators for fermenta-
tion for different periods of time (7, 14, or 28
days) (Figure 1).

Effects of ensiling on the quality of protein supplements for honey bees Apis mellifera 415



2.2. Caged bees and determination of the
consumption rate for each diet

Bee cages containing 60 newly emerged Afri-
canized honey bees were prepared according to
Morais et al. (2013b), collected from four different
Africanized honey bee colonies (from APTA,
Pindamonhangaba, SP) were mixed and placed
into hoarding cages maintained in an incubator,
with feeders containing the protein diet (in paste
form) and vials containing 50% w /v sucrose syr-
up. Seven cages were prepared for each treatment
with the following diets: protein diet that had been
fermented with silage bacteria for 7, 14, or 28
days; protein diet that had been fermented with
silage bacteria + fungi for 7, 14, or 28 days; bee-
bread; unfermented protein diet (fresh); zero pro-
tein diet consisting of sucrose syrup 50% w /v ad
libitum.

Each cage of each experiment was initially
provided with 2 g of diet. The food was changed
on the fourth day of the experiment, in order to
avoid problems with drying out and contamina-
tion. Feed consumption was measured by
weighing the leftovers in the feeders. The bees in

the cages were maintained in an incubator in the
dark at 34 °C and 80% relative humidity.

The total amount of consumed protein was
calculated by multiplying the consumption of
each diet by the percentage of crude protein in
the respective diet.

2.3. Quantification of hemolymph protein
and measurements of vitellogenin and
hexamerin levels

Protein levels in the hemolymph of the day 0
bees and caged bees after 7 days and consumption
were measured. Workers (20) were randomly col-
lected from each cage and hemolymph was collect-
ed with a pipette from a small incision made with
entomological scissors at the base of the bees’
wings. The total protein in the hemolymph was
determined by spectrophotometry, at 595 nm, mea-
sured according to the methodology given by
Cremonez et al. (1998) and Bradford (1976)method.

Hemolymph collected from the workers (pool
of 20 bees/cage) was submitted to SDS-
polyacrylamide gel electrophoresis, using sodium
dodecyl sulfate (SDS)–polyacrylamide (7.5%)

Table I. Ingredients, crude protein levels (%) and commercial inoculants used in each diet (treatment)

Treatment Powdered
eggs (g)

Soy
meal
(g)

Sugar cane
yeast (g)

Ground
hominy
(g)

Sucrose
(g)

%Crude
protein

Inoculant

Unfermented
diet (fresh)

5 20 35 15 24 29.1 –

K7 5 20 35 15 24 17.3 Kerasil® 0.5 mg

K14 5 20 35 15 24 21.8 Kerasil® 0.5 mg

K28 5 20 35 15 24 24.2 Kerasil® 0.5 mg

KS7 5 20 35 15 24 21.4 Kerasil® 0.5 mg +
Supersile® 0.3 mg

KS14 5 20 35 15 24 21.4 Kerasil® 0.5 mg +
Supersile® 0.3 mg

KS28 5 20 35 15 24 20.2 Kerasil® 0.5 mg +
Supersile® 0.3 mg

C+ – – – – – 26.7 –

Inoculants: Kerasil: bacteria (Lactobacillus and Pediococcus ); Supersile: bacteria (Lactobacillus sp. , Bacillus sp. , Enterococcus
faecium , Pediococcus acidilacti ), fungi (Aspergillus niger and Trichoderma longibrachiatrum ). The amount of inoculant added is
based on the manufacturer’s recommendations; 100 g of inoculant is sufficient to ferment up to 50 tons of silage.

416 J. P. L. M. Paiva et al.



gels, subsequently stained with Coomassie Bril-
liant Blue. Protein was quantified according to the
methodology proposed by Hu and Beeton (2010).
Analysis of the electrophoretic profile of proteins
(Vg and Hex) indicates the nutritional status of the
animals. The numerical values, in arbitrary units
(AU), extracted from the gel bands are determined
from the color scale analysis of the protein bands
in the acrylamide gels, using image analysis in
Image J software; the darker the band, the more
protein it contains, converted to numerical values
in the form of AU.

2.4. Statistical analysis

Consumption rates and protein titers in the
hemolymph were compared through ANOVA on
ranks, (Tukey’s test for pair-wise comparisons),
using SigmaStat© 3.5 (Statsoft 2007), using α =
0.05 and P < 0.05. Data from the Bradford quan-
tification of diet proteins were compared using

one-way ANOVA, with a confidence level of
95%. Multiple pair-wise comparisons were per-
formed according to the Holm-Sidak method. We
also ran a Pearson correlation analysis between
the total amount of crude protein in the different
diets and the consumption rates.

3. RESULTS

3.1. Determination of the consumption rate
for each diet

Overall, the consumption of fermented diets
was superior in comparison with the unfermented
control (F) (P < 0.05), except for K14 and K28,
which were not significantly different from the
control (Figure 2). We also found that consump-
tion of beebread (C+, Figure 2) was the lowest
among all protein diets. Consumption was signif-
icantly and negatively correlated with the
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Figure 1 Flowchart detailing the stages of the experiment with the fermented diets.
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percentage of crude protein in the diets (R =
− 0.79; P = 0.02).

3.2. Quantification of hemolymph protein
and vitellogenin and hexamerin levels

The mean levels of protein in the hemolymph
of workers in cages fed with protein diets C+, K7,
KS7, and KS14 were significantly higher than in
those fed with sucrose syrup alone. Bees fed with
beebread, K7, and KS7 performed better than bees
fed with unfermented protein diet (P < 0.05)
(Figure 2). No significant differences were found
when comparing bees fed with unfermented pro-
tein diet versus the other fermented diets. Also, no
significant differences were found when compar-
ing bees fed with beebread, K7, and KS7, indicat-
ing the superiority of these diets, in comparison
with the others. For the group represented by day
0 (freshly emerged bees, which had not yet con-
sumed any food), in the protein titers in the hemo-
lymph, we observed a significant difference
(P < 0.0001) between this group and the groups
positive control (C+), K7, and KS7.

We found that the K7 and KS7 diets were
superior to an unfermented protein diet and had
a performance similar to that of beebread.

Analyzing the expression of the Vg protein
using the one-way ANOVA test, with α = 0.05,
we observed that the unfermented protein treat-
ment (fresh) was significantly inferior to the
groups positive control beebread (C+), K7, KS7,
and KS14. When we compared the unfermented
protein diet with the other treatments (K14, K28,
and KS28), we did not observe a significant dif-
ference. All protein dietary treatments were sig-
nificantly superior to day zero (D0) and negative
control (C−) (Figure 3). We have also observed a
significant difference between the negative con-
trol (C−) and treatments K7 (P = 0.05), KS7 (P <
0.02), and KS14 (P = 0.04). Comparing the un-
fermented diet (F) with the other diets, we did not
observe a significant difference between
treatments.

When we examined the expression of Hex,
only the KS28 treatment was significantly infe-
rior to the treatments K7 and KS7 (P < 0.05).
No significant differences were observed be-
tween the other treatments composed of the
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Figure 2 Protein titers in caged bee hemolymph (bars) and diet consumption (line). Different letters indicate
statistical differences: fermented diets, fresh, day 0, and C− versus control (C+). α = 0.05, P < 0.05.
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fermented diets and between these and the con-
trol. We observed a tendency of group D0 to
present higher values than the other groups
(Figure 3). In this case, bees fed with these two
diets also presented patterns of Vg and Hex in
the hemolymph similar to the patterns of the
bees that were fed with beebread. Since these
two proteins are good indicators of nutritional
quality in bees, we can assume that the two diets
were able to provide the major nutrients neces-
sary to maintain workers that are healthy and
have normal physiology.

4. DISCUSSION

The use of commercial lineages of microbes
helps standardize the fermentation process and
would be useful for production on a commercial
scale. In our experiments, we achieved good re-
sults with the use of microorganisms from com-
mercial inoculants for cattle silage, which stan-
dardizes the fermentation process, since the same
strain was used in all the trials. Another option
that uses microorganisms from beebread is highly
variable in several aspects, including season, pol-
len species, and the possibility of disease trans-
mission via the inoculum (Gilliam et al. 1990;
Brindza et al. 2010). The importance of the
ensilaged diet for bees consists in the fact that
ensiling is based on the fermentation of a food,
in which a predominance of bacteria producing
lactic acid and acetic acid contribute to better

conservation of the food and its constituent nutri-
ents. As with green fodder stored in silos, the use
of microorganisms from commercial inoculants is
a viable option for the production of a fermented
food for bees, since the technique improves the
acceptance of food by the animals in a similar way
to what occurs with beebread in the colony, as
found by Ellis and Hayes Jr (2009), who demon-
strated that bees prefer to consume fermented
food.

Using lyophilized organisms avoids the need
for preparation of an inoculum, a process that
usually takes 10–14 days before diet fermenta-
tion, as proposed by Almeida-Dias et al. (2018).
However, one of the most important advantages
in our process is the reduction in time needed to
ferment the diet, since the procedures described
in the literature take from 17 to 28 days (Ellis
and Hayes 2009; Almeida-Dias et al. 2018),
while our diet is ready for use after only 7 days.
Here, we used a similar process to the one used
to ferment cattle feed. It involves the addition of
microorganisms from specific silage additives,
especially bacteria of the genera Lactobacillus ,
Pediococcus , and Bacillus and fungi of the
genera Trichoderma and Aspergillus . These
microorganisms, under anaerobic conditions,
convert the sugar present in the original food
to organic acids, mainly lactic acid (Aksu et al.
2004; Kristensen et al. 2010) and some enzymes
(Peng et al. 2012). This helps to improve digest-
ibility and increases the efficiency of the use of

Figure 3 Protein expression of vitellogenin and hexamerin after feeding the different diets in arbitrary units (AU).
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nutrients by the bees (Keady et al. 1994; Peng
et al. 2012; Wright et al. 2017). Additionally, the
lactic acid in the diets keeps the pH low,
inhibiting the growth of decomposing organ-
isms, especially those of the genus Clostridium
(Venus et al. 1992; Schröder 2013). Finally,
maintenance of the original nutrients in the
fermented diet is vital to their storage so that
the beekeeper can provide it to the bees in times
of dearth (Kung and Ranjit 2001). The diets that
were most consumed were the fermented diets.
This is probably due to the superior palatability
of the fermented diets, increasing their accep-
tance and consumption (Ellis and Hayes Jr,
2009). The addition of the microorganisms had
a fundamental role in the production of a
fermented diet, closer to the natural one, be-
cause besides improving palatability, which is
a recurrent problem in the formulation of diets,
fermentation improves digestibility, since the
microorganisms release enzymes that perform
a pre-digestion of nutrients, especially sugars,
conserving food and inhibiting the growth of
spoilage bacteria. Studies also point out the
benefit of microorganisms as probiotics, espe-
cially the genus Lactobacillus (Alberoni et al.
2016). As stated before, pollen is the natural
protein food for the bees and provides all the
necessary nutrients for the natural development
of the individuals. This may explain the low
consumption of the positive control diet (bee-
bread), since the high nutritional value of the
pollen allows the bees to meet their nutritional
necessities with smaller amounts when com-
pared with the consumption of artificial protein
diets (Cook et al. 2003; Tasei and Aupinel
2008). Also, Carroll et al. (2017) found that
bees preferentially consumed freshly stored pol-
len (1 day old) over pollen that had been stored
(and fermented) for a longer period, when
choosing what was available in the hive.

Fermentation significantly increased diet
consumption and the protein levels of bees fed
on the pollen substitute diet (K and KS, 7 days).
The highest protein levels were found in bees
that consumed beebread, as also found by
Cremonez et al. (1998), Van der Steen (2007),
and Basualdo et al. (2014). We observed a re-
duction in the crude protein content of the

fermented diets when compared with the fresh
diet; this was due to protein consumption by
microorganisms, which also require protein for
their metabolism, using them as a source of
energy and carbon (Tortora et al. 2012).

The protein percentage of the diets was quan-
tified by bromatological analysis by the Kjeldahl
method, which measures the total amount of or-
ganic and inorganic nitrogen contained in a sam-
ple; whereas the hemolymph proteins were mea-
sured by the Bradford method, which quantifies
the main proteins that bind with the Coomassie
blue dye, and therefore has a different method of
quantification. Consequently, the amount of pro-
tein obtained in the diets is lower than expected,
which would be around 25%. According to Muck
(1988) and Scherer et al. (2015), in general, the
volatile nitrogen found in the silages is an indica-
tor of the process of proteolysis by the microor-
ganisms, in which they release protease enzymes
capable of digesting proteins present in the ensiled
material. A process of oxidation of amino acids
thus occurs, releasing into the silo acetic acid,
NH3, and CO2. The lactic acid should appear in
a percentage higher than the others (acetic and
butyric), which indicates better quality of the fer-
mentation process and lower degradation of
proteins. Sun et al. (2018) observed that silage
preserved maize straw nutrients as compared with
the unattached dry matter, reducing nutrient losses
and inhibiting the growth of deteriorating organ-
isms. When comparing an unfermented diet with
any fermented food, one observes the microbial
action altering the properties of the food with the
liberation of the products resulting from this fer-
mentation and consuming molecules for its me-
tabolism (like carbon and nitrogen): the lactic acid
bacteria generally need various amino acids and
vitamins for growth (Pahlow et al. 2003) thus
altering the nutrient content. However, the diets
were able to provide enough nutrients for the bees,
since there was a significant increase in the
amount of hemolymph protein of the bees that
consumed the fermented diets when compared
with the bees that did not consume any protein
food and those that did not consume fermented
diet. Calculating the amount of crude protein
ingested and the amount of protein (gain) that
each treatment provided in hemolymph
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(Table II), the diets K7 and KS7, in addition to the
diet KS14, obtained superior performance to the
others when compared with the diet fresh (f). The
K7 diet obtained 0.45 g of crude protein ingested
and a gain of 7.91 μg/μl of protein in hemolymph;
the diet KS7 obtained 0.68 g of crude protein
ingested and gain of 7.22 μg/μl in hemolymph
and KS14 obtained 0.53 g and a gain of 7.2 μg/μl
in the hemolymph compared with 0.49 g and
3.9 μg/μl of fresh. Therefore, all fermented diets
obtained higher protein gains in the hemolymph
than the fresh diet, except the diet K28 that ob-
tained a negative gain (− 0.56 μg). According to
Wright et al. (2017), bees regulate food intake
according to the macronutrient content; thus, the
higher the nutrient content contained in a food, the
lower its consumption. For honey bees, the accu-
mulation of storage proteins (vitellogenin and
hexamerin) in the hemolymph of adult workers
is significantly influenced by nutrition (Almeida-
Dias et al. 2018). Consequently, a diet that is able
to maintain proteins in the hemolymph both qual-
itatively and quantitatively helps guarantee the
health of the bees (Bitondi and Simões 1996).
Here, we demonstrated that a fermented diet pro-
vides nutrients that are used in the synthesis of
these two proteins (Figure 3). Herbert Jr and
Shimanuki (1978) found that pollen substitutes
can efficiently substitute pollen; however, induc-
ing the bees to consume artificial diets can be a

major difficulty. Ellis and Hayes Jr (2009) and
Almeida-Dias et al. (2018) found that bees con-
sume more of a fermented diet than an unferment-
ed diet, as it is known that a fermented food,
especially when it involves organisms such as
Lactobacillus , has better texture and aroma, as
observed by Behera et al. (2018), thus increasing
attractiveness and acceptability. It is worth noting
that our proposal is not to substitute natural food
but rather to provide a quality alternative to the
beekeeper during periods of low supply of pollen
in nature, avoiding colony decline.

In conclusion, the standardization of the fer-
mentation process through the use of commercial
lineages of microorganisms, the shortened time
needed to ferment the diets, and their attractive-
ness and efficacy in providing amino acids neces-
sary to produce storage proteins in bees open the
possibility of large-scale production of a
fermented diet and its use in commercial apiaries.
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