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ABSTRACT

Food products from honeybees are commonly used in Africa as in other parts of the world. The
composition of bee related food is important for consumers but also to illustrate the feeding quality for the
bees. The present study was aimed at assessing the quality of bee bread and honeys for the survival of 4.
mellifera adansonii, L. 1758 in the DRC. Several environments were selected, namely a rainforest in
Kisangani, a savannah in Kavwaya and a restored forest in Mampu. Bee breads were assessed according to
their richness in proteins and essential amino acids. Honeys were evaluated considering the water content, the
sugar rates, the amount of 5-(hydroxymethyl)-2-furaldehyde (HMF), the acidity (pH) and conductivity. The
average content of protein from pollens collected in the DRC was 14.11 + 5.27%. The protein content was low
compared with the food needs of bees (and to the European breeds). No significant difference was observed
between Kisangani, Mampu and Kavwaya in terms of protein content of beebread (P > 0.05). The
concentrations of ten essential amino acids for bees were within the optimum range of food needs for
honeybees (set for European bee races). Beebreads collected in the rainforest of Kisangani were significantly
richer in isoleucine, leucine, valine, arginine, lysine and phenylalanine than those from the savannah of
Kavwaya. However, beebreads harvested in Kisangani were not significantly different from those from the
replanted Mampu forest. The analysis of honey samples revealed that the Congolese honeys had good
nutritional quality for bees. Indeed, reducing sugar content of the collected samples ranged from 63.40 to
73.80%, the content of sucrose ranged from 0.30 to 1.90%, the content of water varied from 16.80 to 22.00%,
the pH of the analyzed honey samples ranged from 4.22 to 4.53. The average of the electrical conductivity was
47.74 £ 13.93 pS/cm and the concentration of HMF varied from 1.75 to 31.38 mg HMF/kg of honey. The
honeys collected in the rainforest of Kisangani were significantly richer in minerals and moisture than those
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from the savannah of Kavwaya (P <0.05). However, the honeys collected in the last savannah were richer in
sucrose and HMF than those collected in the Kisangani rainforest and the restored forest of Mampu (P <0.05).
These results would only be applied for the time at which the samples were collected (January-February) but

are an interesting data set for further use of bee related product in DRC.

© 2017 International Formulae Group. All rights reserved.
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INTRODUCTION
Various multifactorial studies emerged
and cited pesticides, diseases, climate change,
pollutants, and reduction of nutritional
resource quality among others, as probable
causes for the decline in honeybee populations
(Haubruge et al., 2006). The physicochemical
qualities of the nutritional resources stored by
bees are considered as one of the most
important factor that may depend on their
ecosystem and that largely influence the bee
population dynamics (Estevinho et al., 2011).
Assessment of the nutritional resource quality
of honeybees is one of the first exploratory
studies of the survival of honeybees (4.
mellifera adansonii, L.) in DRC. The quality
of beebreads and honeys is the best indicator
for determining the health of honeybees in the
Congolese ecosystems (DRC).
the

characteristics of flowering plants present in

According to chemical
the bee ecosystem and their environmental
parameters, resources stored by bees in their
hives may vary, as they are required to have a
long-standing relationship with angiosperms
present in the ecosystems. Understanding the
causes of parallel declines of bees and their
host plants requires identifying the various
components that make bee-flower interactions
both complex and fragile, the extent of their
mutual dependence, and the signals that
their (Dotterl
Vereecken, 2010). Indeed, according to their

mediate interactions and
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age and life cycle, bees have different dietary
needs, which may change with the seasons as
well as with foraging activity. To meet these
dietary needs, nectar and pollen are the two
most important resources stored by bees
inside their hives (Dibos, 2010). Depending
on the plant species from which they are
harvested, nectar and pollen may have
chemical compositions that can influence both
the bee’s health and the quality of honey
recovered as food for humans.

In the hive, the sugars used are mainly
produced from the nectar or honeydew of
aphids, which bees collect, transform, and
combine with their own specific substances,
before storing them and leaving them to ripen
in honeycombs. A bee harvests around 40 mg
of nectar, which will provide 10 mg of honey.
The annual need of honey for a bee normal
colony is from 160 to 180 kg of honey
(Alleaume, 2012). The chemical composition
of honey varies depending on the floral origin,
the apiary climate, the soil, the race of bees
and the physiological state of the colonies
(Viuda-Martos et al., 2008; Heil, 2011).
Pollen is the main source of several essential
nutrients for bees. It is a major source of
proteins, minerals, lipids and vitamins (Dibos,
2010). These proteins and amino acids are
required for the growth of larvae and young
bees, and are involved in the development of
bee hypopharyngeal glands. Each year, bees
of a normal colony harvest around 40 kg of
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pollen and a worker needs 160 to 180 mg of
pollen during his life (Keller et al., 2005). The
chemical composition of pollen also depends
on the pollen source and the sampling time
(Roulston et al., 2000). As stated by Nogueira
(2012), beebreads or bee pollen,
commonly designated as

et al.
“the life-giving
dust”, result from the agglutination of flower
pollen, nectar or honey and bees’ salivary
substances.

The objectives of the present study was
firstly to determine the existing link between
the environment and the quality of food
resources for honeybees in DRC and secondly
to assess the nutritional resources quality of
honeybees (honey and bee bread) in the DRC.
To assess both the influence of ecosystem
variability on bee health and the beekeeping
of
characterisation of resources stored by bees in

potentiality an  area, chemical
their hives may be used as one of the objective
criteria. To assess the influence of ecosystem
on nutritional resource stored by honeybees
and to promote beekeeping in the DRC, it is
crucial to determine the quality of honeys and
pollens, which are excellent nutritional
resources of bees and the major products that
ensure the profitability of beekeeping. The
which

straddles the equator is divided into several

Democratic Republic of Congo
geographical regions which are heterogeneous
in terms of climate, vegetation and soil.
Depending on geographical regions, there are
features which may influence the quality of

nutritional resources of honeybees.

MATERIALS AND METHODS
Areas of study and sample analysed

There are several beekeeping areas in
the DRC. In this study, samples harvested in
three beekeeping areas of DRC were analysed
(Figure 1). These include Kisangani, Mampu
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and Kavwaya. These three beekeeping areas
were selected because they differ in terms of
Their
differences may influence the quality of

forest and climate. ecological
pollen and honey in regions (Estevinho et al.,
2011)

Kisangani, an area located in the
Eastern region of DRC with the geographical
coordinates 25°11'E longitude, 0°33'" N
latitude and 390-410 m altitude, is dominated
by rainforest and a hot and humid tropical
climate corresponding to Af of Koppen
classification (Ngongo, 2006).

Mampu, an area founded in the
plateau Batéké at the western part of DRC on
geographical  coordinates  16°17'51" E
longitude, 04°18'52" S latitude and 720 m
altitude, is dominated by a replanted forest of

Acacia and Eucalyptus, with a tropical climate

corresponding to  Aw4 of  Koppen
classification, characterised by a pronounced
dry season which runs from May to
September.

Kavwaya, an area located in the
western region of Bas-Congo, at the

geographical coordinates 15°06°E longitude,
5°13'S latitude and 525 m altitude, is a
grassland savannah with some forest galleries,
and a tropical climate corresponding to Aw4
of
characterized by a pronounced dry season

Koppen  classification,  which is

which runs from May to September.

Analysis of beebreads

Analyses were carried out on samples
of beebreads collected from 01/02/2009 to
15/03/2009 in the three ecological sites. The
choice of these dates was motivated by the
fact that it corresponds to the period of year at
which the Congolese beekeepers plan their
activities to harvest honey in the three studied
areas. Twenty apiaries distributed in the three
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sites were followed in this study: eight at
Kisangani, eight at Mampu and four at
of
beebreads were carefully removed from each

Kavwaya (Bas-Congo). Five grams
visited apiary to perform the considered
analyses. Beebreads were collected in the
honeycombs. Their removal was performed
after the agreement of surveyed beekeepers.
After collection, the samples were stored in
the laboratory at -20 °C in a plastic bag
appropriately labelled (date, location and
reference of hives). After extraction, all the
breads from the same apiary were pooled and
packaged in Petri dishes at -20 °C before
analysis. As beebreads are mainly considered
a source of protein for bees, their nitrogen
content (N) was determined using the standard
Kjeldahl procedure and the Crude Protein
content was calculated using the factor 6.25.
Amino acid composition of beebreads was
obtained after hydrolysis under nitrogen with
6 N HCl at 110°C for 24 h. The analysis of the
amino acids in a Stein and Moore High
Performance Liquid Chromatography (HPLC,
Biochrom 20 Plus, Pharmacia, Cambridge,
UK). Norleucine (500 nM) was added as an
internal standard. The hydrolysates were
injected into a cation-exchange column. The
amino acids, separated by elution with
suitable buffers of increasing pH, were
detected with ninhydrin in a continuous flow
photometric analytical system at 570 and at
440 nm (only for proline) and quantified by
references (Sigma) used as calibration
standards. Sulphur amino acids (cysteine and
methionine) were determined as cysteic acid
and methionine sulphone, respectively, by a
Biochrom 20 Plus (Pharmacia, Cambridge,
UK) amino acid analyzer. Before the acid
hydrolysis, a performic oxidation was done.

after

Tryptophan was determined

alkaline hydrolysis of the proteins and SP
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8800 HPLC (Spectra physics, San Jose, CA,
USA) analysis at 280 nm, with a XTERRA
RP18 (4.6 - 150 mm; 3.5 Im) column. The
temperature of the column was kept at 45 °C
and the injection volume was 5 pl. Flow rate
was 1 ml/min with a mixture of solvent A
(760 ml of sodium acetate buffer (0.07 M)/tri-
ethanolamine (0.025% v/v) adjusted to pH 4.5
with glacial acetic acid + 40 ml of methanol)
and solvent B (acetonitrile containing 0.05%
(w/v) trifluoroacetic acid). The following
gradients (solvent A/solvent B/min) were
used: 0/100/0; 0/100/10; 50/50/5; 50/50/5;
0/100/5; 0/100/5. Separated tryptophan was
quantified by using a-methyl-tryptophan as
reference.

Analysis of collected honeys
- Harvesting of samples

Samples of honeys were collected from
01 February to 15" march 2009 from the three
sites in DRC. Twenty-two samples were
collected in twenty-two apiaries where seven
at Kisangani, thirteen at Mampu and two at
Kavwaya. These samples were extracted using
the craft method and stored at a temperature
lower than 15 °C in pots.
- Analysis of samples

In this study, specific criteria related to
the quality of honeys were listed as follows:
content of water, content of reducing sugar,
content of sucrose, content of 5-(Hydroxy
Methyl) 2- furfural (HMF), acidity (pH) and
electrical conductivity. Duplicate analysis was
performed for each sample. Soluble sugars
were quantified via HPLC. Samples were
homogenized with water for 24 h and
centrifuged at 2790g for 30 min at 25 °C. The
extracts were filtered through 0.45 pm
Millipore filters and a 25 pl sample was
injected for current HPLC analysis of sugars.
DX500 HPLC system was used with a 250-4
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mm column. Reducing sugars and sucrose
were analyzed via a High-Performance Anion
Exchange Chromatography fitted with a high
performance pulsed amperometric detector
(HPAEC-PAD, Dionex). Eluted sugars were
quantified by the Dionex ICS3000, using a
Carbopac PA-100 (4*250 mm). The nature
and concentration of sugars were determined
by
standards) injected at known concentrations

comparison with controls (external
(Bogdanov et al., 1997). Three standards were
used: glucose (Merck), fructose (Fluka) and
sucrose (Aldrich). The mobile phase consisted
of

varying from 0 to 500 mM at a flow rate of 1

sodium hydroxide in concentrations
ml/min. The injection volume was 20 pl, and
the detection of components was compared to
an external standard with a regression factor
equal to or greater than 0.999. The Moisture
content of samples was determined by an
"Abbe Refractmeter" which was thermostated
at 40 °C. The refractive index is an optical
measure which varies with the concentration
of the analysis and the temperature. Electrical
conductivity and pH were determined,
respectively, after reading a conductimeter
and a pH-meter (Bogdanov, 2005). The HMF
concentration was determined using the HPLC
method initiated by Zappala et al. (2004). Five
grams of honeys were diluted in 50 ml of
distilled water, filtered through a sieve with a
45 microns diameter mesh, and immediately
injected for HPLC. The HPLC tool used was
fitted with the Agilent Zorbax (300SB-C18)
column maintained at 30 °C during analysis.
For the release of HMF and 2F, the elution
solvent consisted of 90% water with 1% acetic
acid and 10% methanol, with the run isocratic
method: 1Iml/minute. The standard HMF 5-
hydroxymethyl furfural was 98% (across
and calibration lines

organics) were
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established by serial dilutions in distilled
water.

Statistical analysis

The bee products collected from the
three RDC locations were compared. For the
purpose, statistical analysis was performed
using the analysis of variance tools of Minitab
software with a significance level of 95%,
because the distribution of studied parameters
was normal. The normality test of Anderson-
Darling revealed an abnormal distribution in
all five parameters studied to assess the
Congolese honeys. Thus, a comparison of
medians values between beekeeping sites was
performed using the Kruskal-Wallis test.

RESULTS
Analysis of protein in beebread

The protein content of recovered
beebread is presented in Table 1.

The protein content of recovered
beebread varied from 1.66 to 21.91% with an
average of 14.11 £ 5.27% (Table 1). Despite
their presumable moisture content, pollens
from the rainforest of Kisangani were related
to the richer beebread in protein content
(16.10 £ 3.13%) than that from the savannah
of Kavwaya (8.83+7.98%) and the restored
forest of Mampu (14.76 + 4.17%), (Table 1).
When comparing the three studied sites (Table
1), the protein contents of beebread were
similar between the rainforest of Kisangani,
the savannah of Kavwaya and the restored
forest of Mampu (p > 0.05).

Amino acid composition of beebreads
of
beebread are presented Table 2 and the

The amino acid compositions
concentrations of essential aminoacids of
beebread are presented Table 3 and Figure 2:
18 amino acids were present in all the samples
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of beebread Also,
essential amino acids (isoleucine, leucine,

after hydrolysis. ten

valine, arginine, lysine, phenylalanine,

threonine, histidine, methionine  and
tryptophan) were present in all collected
beebread samples.

When comparing the three studied
sites, the beebreads from the rainforest of
Kisangani were significantly richer in
isoleucine, leucine, valine, arginine, lysine
and phenylalanine than those of the savannah
of Kavwaya (Table 2).

The restored forest of Mampu and the
rainforest of Kisangani showed a similarity in
their content for all ten essential amino acids

of bees (p > 0.05) (Figure 2 and Table 3).

Results of honey analysis
The
physicochemical

of
measured

the
in

mean values
parameters

different honey samples are shown in Table 4
and Figure 3. The median values obtained at
each site were compared in order to highlight
the effect of the characteristics of each
of

Congolese honeys. Firstly, the content of

ecosystem or site on the qualities
reducing sugars of various analyzed honey
samples ranged from 63.40 to 73.80%, with
an average of 68.17+3.49%. This was within
the optimum range (= 65%) set by CODEX
Alimentarius. Secondly, the sucrose content
varied between 0.3 and 1.9% with an average
of 1.00+0.41%. These values are included in
the optimum range (< 5%) (Bogdanov et al.,
1999). Then, the content of water in honeys
ranged from 16.80 to 22.00% with an average
of 18.80+1.74%, which 1is within the
recommended thresholds (< 21%) of CODEX

Alimentarius.. Also, the pH of the honey
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samples analyzed ranged from 4.22 to 4.53,
with an average of 4.36+0.10, which is within
the range of 3.5 to 5.5 (Bogdanov, 2005). The
average electrical conductivity obtained for all
the 22 samples collected in the DRC was
47.74+13.93 mS/cm, which was well within
the optimal range of Codex Alimentarius (<
0.8 mS/cm) (Bagdanov et al, 2005). The
average concentration of HMF in honey
samples ranged between 1.75 and 31.38 mg
HMF/kg of honey, with an overall average of
13.9748.40 mg/kg; this was in the range of 0-
80 mgkg set by CODEX Alimentarius
2004). the
concentration of HMF of the 22 samples
ranged from 1.75 to 31.38 mg HMF/kg of
honey, with an overall average of 13.97+8.40
mg HMF/kg of honey. Between the studied
sites, the honeys collected in the rainforest of

(Zappala et al, Finally,

Kisangani were richer in reducing sugar
(70.87%) and humidity (21.29%) than those
collected in the savannah of Kavwaya
(reducing sugars = 66.1%, water =
16.8%)(Figure 3 and Table 4). Statistically,
the content of reducing sugars in honeys was
similar between the rainforest of Kisangani,
the savannah of Kavwaya and the restored
forest of Mampu (p > 0.05). The electrical
conductivity of Kisangani honeys (39.24 +
0.54) was larger than those of the samples
from Mampu and Kavwaya (C = 36.45
mS/cm) (Figure 3 and Table 4). Nonetheless,
samples of honeys collected in the savannah
of Kavwaya were richer in HMF and in
sucrose (17.11 mg HMF/kg honey and 1.90%
sucrose) than those of the rainforest of
Kisangani (4.21 mg HMF/kg honey and
0.53% sucrose) and the restored forest of

Mampu (Figure 3 and Table 4).
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Figure 1: DRC: Land Use Map. The legend shows the main plant formations and areas of study
(Boyemba, 2011).
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Table 1: Results of analysis of protein content (in dry basis) in samples of Congolese beebread.

Concentration of protein (%)

Sites N Water (%) Average Maximum Minimum
Kavwaya 4 23,82+1,53 8.83+£7.98a 15.89 1. 66
Kisangani 8 26,31+2,44 16.10+£3.13a 20.00 11.31
Mampu 8 23,70+1,07 14.76+4.17a 21.91 9.20
Average 24,77+2,16 14.11+5.27 21.91 1. 66

" The letters (a, b) represent which bee breads are different (or similar) by statistical test with a significance of p= 0.05

Table 2: Composition and concentrations of amino acids in beebreads

Concentration of amino acids (%)

Amino acids Kisangani Mampu Kavwaya Average

Isoleucin (Ile) 0.84+0.17a 0.81+0.20a 0.48+0.22b 0.76+0.23
Leucin (Leu) 1.30+0.25a 1.24+0.30a 0.76+0.33b 1.17+£0.34
Valin (Val) 1.1140.18a 1.08+0.23a 0.70+0.28b 1,02+0.27
Arginin (Arg) 1.00+0.22a 0.91+0.25a 0.48+0.14b 0.86+0.29
Lysin (Lys) 1.33+0.26a 1.26+0.26a 0.72+0.20b 1.18+0.34
Phenylalanin (phe) 0.79+0.18a 0.78+0.21a 0.43+0.21b 0.71+£0.24
Threonin (Thr) 0.81+0.16a 0.77+0.18a 0.47+0.21a 0.73+0.21
Histidin (his) 0.58+0.14a 0.55+0.12a 0.53+0.18a 0.56+0.22
Methionin (met) 0.26+0.02a 0.28+0.08a 0.27+0.01a 0.27+0.05
Tryptophan (TRP) 0.21+£0.01a 0.21+0.06a 0.24+0.04a 0.22+0.04
Aspartic acid 1.82+0.36a 1.82+0.36a 1.09+0.45b 1.67+0.47
Serin 0.94+0.17a 0.89+0.21a 0.56+0.24b 0.85+0.24
Glutamic acid 1.9140.41a 1.84+0.41a 1.14+0.45b 1.73+0.50
Prolin 0.9540.13a 1.04£0.17a 0.61+0.27b 0.92+0.24
Glycin 0.82+0.15a 0.77+0.18a 0.48+0.21b 0.73+0.21
Alanin 0.97+0.16a 0.90+0.21ab  0.59+0.26b 0.87+0.24
Tyrosin 0.54+0.13a 0.50+0.15ab  0.28+0.15b 0.47+0.16
Cystein 0.22+0.01a 0.23+0.06a 0.23+0.01a 0.23+0.04

" The letters (a, b) represent which bee breads are different (or similar) by statistical test with a significance of p= 0.05
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Table 3: Comparison of concentrations of essential aminoacids obtained after hydrolysis and the
recommended dosage to meet optimal development of bees in Europe (De Groot, 1953).

Minimum doses
Mampu Kavwaya

E tial i Ki i obtai 1
s's ential amimo sangani obtained obtained doses obtained doses (&/ 6 gN)
acids doses (g/16gN) @16gN) (@16 g N) according to de
gloe gloe Groot (1953)
Isoleucin 5.22 5.49 5.44 4
Leucin 8.07 8.4 8.61 4.5
Valin 6.89 7.32 7.93 4
Arginin 6.21 6.17 5.44 3
Lysin 8.29 8.54 8.15 3
Phenylalanin 491 5.28 4.87 1.5
Threonin 5.03 5.21 532 3
Histidin 3.6 3.73 6 1.5
Methionin 1.61 1.9 3.06 1.5
Tryptophan 1.3 1.42 2.72 1
Converting the amino acid concentration is calculated by the following formula: (g/16 gN) =% A x 100/ % P
(g /16 g N): concentration of amino acid expressed by g/ 16 g N; % A: Percentage of amino acid;
% P: percentage of protein; N: Azote.
Bl Ksangani
B Mampu
] Bas Congo
2.0+
A AB AAB
i AAB AAB
A AB
1.0+
0.5+
0.0+ ;
o Lou Val ArQ

Figure 2: Distribution of values contains essential amino acids in pollen (%) on the sites. Isoleucin
(Ile), Leucin (Leu), Valin (Val), Arginin (Arg), Lysin (Lys), Phenylalanin (phe), Threonin (Thr), Histidin (his), Methionin
(met) andTryptophan (TRP). The letters (A, B) represent which bee breads are different (or similar) by statistical test with a
significance of p=0.05.
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Figure 3: Distribution of values of six physicochemical parameters of honeys based on the sites.
1: Kisangani, 2: Mampu, 3: Kavwaya, F: fructose and G: glucose.

Table 4 : Mean values of physicochemical parameters of honey samples from the DRC.

Parameters Sites Average Minimum Maximum Thresholds of P-Value
CODEX

Kisangani 0.53+0.11 0.30 0.60
Mampu 1.11+0.18 0.90 1.40

o,

7o sucrose o waya 1.85:0.07 1.80 1.90 <500 P<0.005
Average 1.00+0.41 0.30 1.90
Kisangani 70.87+2.87 66.30 73.80

% Reducing Mampu 67.85+3.32 63.40 72.70 > 65.00 0.110

sugars Kavwaya 66.10+0.28 66.00 66.20 - )
Average 68.17+3.49 63.40 73.80
Kisangani 4.47+0.05 4.40 4.53
Mampu 4.28+0.03 4.22 4.35

Ph Kavwaya 4.47+0.06 4.42 4.51 3:50-550 P<0.005
Average 4.36+0.10 4.22 4.53
Kisangani 67.97+4.74 59.80 74.10

Electric Mampu 39.24+0.54 38.10 40.40

conductivity Kavwaya  36.45:0.78  35.90 3700 =800uSfem - P<0.005
Average 47.74+13.93 35.90 74.10
Kisangani 21.29+0.47 20.40 22.00
Mampu 17.84+0.34 17.40 18.40

o,

Zowater povwaya  16.80£0.00  16.80 16.80 <2100 P<0.005
Average 18.80+1.74 16.80 22.00
Kisangani 4.21=£1.81 1.75 8.37

HMF Mampu 22.17+3.63 18.63 31.38

(mg/kg) Kavwaya 17.1140.95  15.94 1827  ~80-00mgkg  P<0.005
Average 13.97+8.40 1.75 31.38
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DISCUSSION
Analysis of protein in beebread

The results on the protein content of
recovered beebread were within the range of
2.3 to 61.7% described by Keller et al. (2005).
Analyzing eight beebreads from Spain and
Portugal, Nogeuira et al. (2012) observed a
crude protein content within the range of 8§ to
25%.
analyzed seemed slightly lower than that

Protein contents in stored beebread

observed in commercial pollens by Estevinho
et al. (2011) which ranged between 24.23%
and 34.18%.
explained by the fact that pollen stored in the

These differences can be
hive, as analyzed in the present study, resulted
from the agglutination of flower pollen, nectar
or honey and bees’ salivary substances. The
of these
beebread could induce a slight decrease in its

presence foreign materials in
protein concentration. The average protein
content of pollen recovered is lower than the
20% the

development of bees in Europe (Kleinschmidt,

required to ensure optimal
1986). According to the latter, in optimal
conditions in Europe, one colony of bee
requires pollens with a protein content
equivalent to 20%. During the honey age, the
needs of the colony would increase and would
range from 25% to 30% of protein when the
honey ages are intense. Unfortunately, there
are no previous studies which have focused on
the feeding behavior of A. mellifera adansoni,
which is a smaller race and is different to
Europeans ones (Winston, 1993). It seems like
forest ecosystems, which are characterised by
high relative environment humidity and high
average temperatures, provide pollens with
contents than savannah

higher protein
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ecosystems, which are drier (Almeida-
Muradian et al., 2005). Differences in the
protein richness of the pollen collected would
also depend on the botanical composition of
the analyzed beebreads (Roulston et al., 2000;
Estevinho et al., 2011).

Amino acid composition of beebreads
The

compositions

results on  amino  acid
of beebread confirmed the
conclusions of Wille et al. (1985), according
to which there were no qualitative differences
in the amino acid composition of the various
selected pollens and most of them contained
all ten amino acids that are essential for bees.
Furthermore, when we considered the score of
each amino acid compared with a standard
beebread composition, the concentrations of
the ten essential amino acids observed in the
present study were in the range of amino acid
content recommended by De Groot (1953) for
the safe development of honeybees in Europe.
Given that the majority of bee livestock in the
DRC is formed exclusively of the species A.
mellifera adansonii, L., which has a different
the

european species, it is not possible to make an

morphology and feeding behavior
accurate modeling between the concentrations
of essential amino acids in pollen and the
development of bees, because no previous
studies that have been focused on assessment
of the essential amino acids required for the
safe development of A. mellifera adansonii, L.
exist. The differences in the concentrations of
isoleucine, leucine, valine, arginine, lysine
and phenylalanine between the restored forest
and the savannah of Kavwaya would depend
on the botanical composition of the analysed
beebreads (Wille et al., 1985; Roulston et al.,
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2000; Estevinho et al., 2011). The similarity
in the amino acids richness of the beebreads
between the restored forest and the rainforest
reveals the positive impact of reforestation on
improving the nutritional resource quality of
honeybees.

Honey analysis

The analyzed samples of Congolese
honeys contain honey of good qualities stored
by bees for their consumption. Considering
the CODEX Alimentarius standards (1998)
for the physicochemical properties of honey, it
that the
Congolese samples of honeys corresponded to

can be concluded twenty-two
the six criteria of quality established by the
International Commission of honey. However,
special attention should be given to honeys
from Kisangani. The average humidity of that
was above 20 % (Bagdanov et al., 1999).
the studied
collected in the rainforest of Kisangani were

Between sites, the honeys
richer in reducing sugar and humidity than
those collected in the savannah of Kavwaya.
This could involve some difficulties in their
conservation, since some microbial
fermentation can appear when honey has
higher moisture content.  The electrical
conductivity of Kisangani honeys was larger
than those of the samples from Mampu and
This
predominantly depends on the mineral content
of honey (Andrede et al., 1999). Nonetheless,

samples of honeys collected in the savannah

Kavwaya electrical ~ conductivity

of Kavwaya were richer in HMF and in
sucrose than those of the rainforest of
Kisangani and the restored forest of Mampu
(These differences are due to the botanical
composition of honeys and the climates that
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predominate in each of the studied areas. In

terms of climate, Kisangani is located
(0°33'N) closer to the equator than Mampu
(4°18'52"S) and Kavwaya (5°13'S). Therefore,
it is warmer in Kisangani than at Kavwaya
and Mampu. According to Lichtenberg-Kraag
(2012), the rate of degradation of sucrose
present in the honey directly depends on the
storage temperature of the honey. The results
of Lichtenberg-Kraag (2012) also revealed
that the rate of degradation of sucrose showed
a positive correlation with the invertase
activity, pH, electrical conductivity, glucose

content and fructose content.

Conclusion

The objective of the present study was
to assess the quality of beebread and honeys
in DRC. In addition to this objective, we
determined the influence of environmental
factors (forest and climate) on the quality of
food resources for bees. We used the criteria
of wealth in proteins and essential amino acids
for assessing the quality of bee bread collected
by bees, while the honey qualities were
assessed on the basis of six quality criteria
established by CODEX Alimentarius.
Our investigations have led to conclude that:
. The average of content of protein in
pollens was lower than the 20% required
ensuring optimal development of bees in
Europe. Given these results, we do not
recommend Congolese beekeepers using
European species of bees in their apiaries.
Statistically, this study showed that the protein
content of beebread was similar between the
rainforest of Kisangani, the savannah of

Kavwaya and the restored forest of Mampu.
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= All of the pollen samples collected
from three beekeeping sites in the DRC have a
similar amino acid composition and all of the
samples analyzed contain 10 essential amino
acids in adequate doses to ensure the optimal
development of European bees. Statistically,
the forest of Kisangani offered bee breads that
were richer in essential amino acids than the
savannah of Kavwaya, except for tryptophan,
methionine, histidine and threonine. However,
the restored forest of Mampu and the
rainforest of Kisangani showed similarities in
their doses of all ten essential amino acids for
bees. This similarity between Kisangani and
Mampu clearly shows that the reforestation of
the forest has a positive effect on the quality
of food resources of bees.

All the honey samples comply to the
six quality criteria established by CODEX
Alimentarius This confirms the hypothesis
that the quality of energy resource of
honeybees is not a constraint for beekeeping
in DRC. However, honeys from the forest
region of Kisangani were richer in minerals
and reducing sugars than those of the
the
the

savannah of Kavwaya were richer in HMF

savannah of Kavwaya. In contrast,

samples of honeys collected from
and in sucrose than those of the rainforest of
Kisangani.

In the current context where there is no
published the

between the quality of food resources (pollen

evidence for correlation
and honey) and the optimal development of
bees in the DRC, it is less easy to draw a
definitive conclusion on the nutritional quality
of bees in the DRC. To get an overall idea of
the annual food availability for bees in all the

ecosystems of the DRC, we suggest that
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further studies in this area be spread over time
and space by integrating the physiology of
plants, variations of the climatic seasons and

biology of bees.
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