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Abstract

Bee bread is produced from fermented pollen. It is a popular bee product with high levels of protein and nutrients.
The bee bread samples were collected from eight indigenous bee colonies in Chanthaburi province: three colonies of Apis
cerana and five colonies of Tetragonula pegdeni. The study aims to compare the total protein content of bee bread using
the Bradford assay and to identify the plant families that are food sources for these bees using the acetolysis. The results
revealed that the protein content of bee bread from A. cerana ranged between 1.48+0.14 and 7.03+0.54 g/100 g, whereas
it ranged between 1.78+0.43 and 2.60+0.13 g/100 g in T. pegdeni. Moreover, this result reveals a correlation between the
food plant diversity and bee foraging. The pollen grains from bee bread of A. cerana and T. pegdeni were dominant in
the family Fabaceae, high-protein plants. Besides, A. cerana (AC3) had the highest protein content of the main mixture
of Asteraceae, Fabaceae, and Malvaceae pollen. Furthermore, the major plant families in this bee bread were Acanthaceae,
Amaranthaceae, Cucurbitaceae, Euphorbiaceae, and Juncaceae. Tetragonula pegdeni had a greater pollen diversity of bee
bread than A. cerana, which was dominant in the families Xyridaceae, Dipterocarpaceae, Fagaceae, Poaceae, and
Rutaceae. As a result, the total protein content of the A. cerana colonies was higher than that of the T. pegdeni colonies.
As a result, bee bread may be used as a protein source derived from bee products.

Keywords: acetolysis; Apis cerana; bee bread; bradford assay; Tetragonula pegdeni; total protein content

1. Introduction al., 2018). In the bee bread nutritive properties, it

Bee products are useful for the pharma- can be considered a valuable food supplement and
ceutical or medical industry. In the present, bee nutritional values for human consumption (Urcan et
bread is a mixture of pollen pellet honey al., 2017). The bee bread contains more major
fermentation and microorganisms in the brood cells nutrients, such as protein. The effect of high
of honey bees or storage pots in stingless bees. Bee biomolecule proteins in fermented pollen was
bread is one of the bee by-products made from reported as comprising 63% by mass, followed by
pollen collected by the bee and combined with carbohydrates with 23% by mass (Urcan et al.,
nectar and bee salivary enzymes before undergoing 2021). The bee bread is made from pollen
lactic acid fermentation in beehives (Kieliszek et fermentation. Its components, nutrients, and
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biological compounds varied depending on the
pollen collected by honey bees or stingless bees
from the food plants in different seasons or areas.
The valuable bee product can be obtained from bee
bread, including the nutritive properties and
biologically active compounds that are correlated
with their food source origin (Mohammad et al.,
2021). The protein concentration depends on the
botanical origin of pollen. For example, in Saudi
Avrabia, the major floral sources of bee pollens such
as alfalfa (Fabaceae), date palm (Arecaceae) and
summer squash (Curcubitaceae) were reported as
important sources of protein and amino acids for
bees and human (Taha et al., 2019). In Malaysia,
bee bread from stingless bee (Heterotrigona itama)
has diverse colors ranging from yellow, orange,
brown, black, and purple, which could indicate its
botanical origin identified as five plant families;
namely, Tymelaeaceae, Rutaceae, Arecaceae,
Asteraceae, and Fabaceae. Bidens pilosa was
recognized as a dominant species present in all bee
bread (Mohammad et al., 2020). A stingless bee can
carry pollen weighing 10.9 mg (Ramalho et al.,
1998), and the pollen load is decreased if the size of
the bee increases (Ramalho et al., 2009). The honey
bee is larger than a stingless bee; therefore, it only
carries about 7.9 mg of pollen (Garcia-Garcia et al.,
2004).

The honey bee (Apis cerana) and stingless
bee (Tetragonula pegdeni) are native to Thailand.
These bees have several flowering resources and
keep pollen pellets in their food brood cells or pots
(Biesmeijer & Slaa, 2004). The stingless bees seek
food resources within about 300 meters of their
nest, which is a shorter distance than the honey
bees. Stingless bees can have an average flight
range within a radius of 712 meters, varying in
species, body size, and food availability (Araujo et
al., 2004; Smith et al., 2017; Basari et al., 2018). In
Thailand, A. cerana is cultured in hives for
apiculture and it is popular to raise three types of
stingless bees, including T. pegdeni, T. laeviceps,
and Lepidotrigona terminata, for meliponiculture
(Lumsa-ed et al., 2017). Limited studies have
reported on the bee bread’s nutritional values,
especially from the native bees, A. cerana and T.
pegdeni, in Thailand. Chanthaburi province is a
major fruit crop province of Thailand, and A.
cerana and T. pegdeni are important pollinators for
plantations in the area. The bee pollen and bee bread
will be analyzed for their food plant origins by
Erdtman's acetolysis method. The pollen analysis in
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bee pollen or bee bread grains reveals food plant
species. Moreover, the protein degradation has been
determined by Bradford assay, based on the
equilibrium principle of Coomassie Brillant Blue
G-250 and the combination of Coomassie Brillant
Blue G-250.

2. Objectives

This study aims to examine the total protein
content and food plant origin in bee bread from
cultured A. cerana and T. pegdeni in Chanthaburi
province, Thailand.

3. Materials and methods
3.1 Sample collection

A total of eight samples of bee bread were
collected from three colonies of A. cerana (AC1,
AC2, and AC3) and five colonies of T. pegdeni
(ST6, ST7, ST8, ST10, and ST11). The bee bread
of honey bee combs and stingless bee pots was
sampled at the same area in Makham district,
Chanthaburi  province, between October and
November 2021. Bee bread pellets were moved
from combs or pots. The mixture of bee bread
pellets in each vial was dried at 40 °C to constant
weight, and the vials were kept at 10 °C for further
analysis.

3.2 Total protein content analysis in bee bread

Each of the dried bee bread samples was
weighted at 1 g and mashed with a grinding stick in
a microcentrifuge tube. Then, the ground powder
was weighted at 0.1 g and hydrolyzed in 1 mL
distilled water (Westreich & Tobin, 2021). Samples
of the bee bread solution were incubated at 55°C
and centrifuged at 3,000 rpm for 2 minutes. The
supernatant was removed to new microcentrifuge
tubes for protein measurement. The total protein
content was examined using the Bradford assay
(Bradford, 1976) with absorbance measured at 595
nm using a spectrophotometer, the Spectrum SP-
UV 200. We used the Bradford reagent, which
consisted of Comassie Brilliant Blue G-250 in
phosphoric acid and ethanol (Hemedia, HigeneMB,
India). The standard curve was obtained from the
absorbance of the series of bovine serum albumin
(BSA) (Sigma-Andrich, USA) standard protein
dilutions. Plots of the standard curve of absorbance
at 595 nm on the Y axis versus the concentration of
the BSA protein standard were generated using a
linear function with a slope and intercept that were
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calculated protein concentrations in bee bread
samples.

Statistical analysis comparisons of the total
protein content of eight colonies measured at 1 g/100
g were generated using a one-way ANOVA of the
IBM SPSS program. Additionally, we used a P value
<0.05 for statistical significance, which was analyzed
by using multiple comparisons of Duncan and Post-
Hoc tests (LSD).

3.3 Pollen analysis in bee bread

Each bee bread sample was a mixture of bee
bread pellet colors, which were grouped by color as
white, yellow, orange, brown, and dark brown. For
botanical identification from pollen in bee bread
was performed by the acetolysis procedure, adapted
from Erdtman (1960) using acetic acid instead of
acetic anhydride (it is restricted chemical in
Thailand). Each bee bread pellet in each color was
sampled, put in a 15 mL centrifuge tube, and mixed
with 3 mL of 10% w/v potassium hydroxide. Then,
the bee bread pellet was ground with a glass stick,
centrifuged at 3,000 rpm for 2 minutes, and the
supernatant was discarded. The pollen sediment
was added to 3 mL of distilled water and

centrifuged at 3,000 rpm for 2 minutes, three times.
Furthermore, the sediment was added by 3 mL of
acetic acid: sulfuric acid in a 9:1 ratio, boiled at
100°C for 3 minutes, centrifuged at 3,000 rpm for 2
minutes, and washed using 3 mL distilled water as
well. Next, 3 mL of each alcohol series (75%, 95%,
and absolute ethanol, respectively) was added to the
pollen sediment, centrifuged, and discarded.
Absolute ethanol was added to the pollen sediment
one more time, followed by benzene. The samples
were gently mixed and moved to the vials. Then, 0.5
mL of silicone oil was added to each vial. The vials
were opened overnight in a fume hood for benzene
evaporation and kept the pollen sediment at room
temperature.

One drop of pollen sediment from the
acetolysis process was mounted on a glass slide and
fixed with a cover slide with paraffin at 60 °C on a
slide warmer. Palynological analysis and
photographs were performed to identify the
botanical families using a 100- and 400-
magnification ~compound light  microscope
(Olympus C21, Japan) connected with the Optika
digital camera and Optikam WiFi 7083, WiFi
version 1.0 software (Optika, Italy).

Table 1 Color of bee bread pellets from bee bread in Apis cerana’s cells and Tetragonula pegdeni’s pots

. Sample
Bee species nop Color of bee bread pellets
Apis cerana Al

divdh s

AC2
So & G fo &8 N
\ = -
AC3
Tetragonula ST6
pegdeni
ST7
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Table 1 Cont.
. Sample
Bee species nop Color of bee bread pellets
ST8
@ &l ® &
. A .
g P ®
ST10
ST11

Table 2 Plant family identification of pollen acetolysis from bee bread in Apis cerana’s cells and Tetragonula pegdeni’s pots

Bee bread samples

Plant families Apis cerana Tetragonula pegdeni
AC1 AC2 AC3 ST6 ST7 ST8 ST10 ST11

Acanthaceae . + N + + . .
Amaranthaceae + ++
Annonaceae +
Asteraceae ST - - + B +
Balsaminaceae +
Caprifoliaceae + +
Cucurbitaceae +
Dipterocarpaceae + + N . .
Euphorbiaceae + + + + +
Fabaceae - ++ + +H+ ++ -+ ++ -
Fagaceae + + + +
Ginkgoaceae + +
Juncaceae + + + + + + +
Lamiaceae +
Liliaceae + .
Malvaceae + + - + +
Meliaceae + + N
Musaceae + +
Oleaceae N
Orobanchaceae + +
Papaveraceae "
Poaceae + - + -+ -+ e+ +
Rosaceae + . N
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Table 2 Cont.

Plant families

Bee bread samples

Rutaceae Apis Tetragonula
. + ++ ++
cerana pegdeni
Sapindaceae AC1 AC2 AC3 ST6 ST7 ST8 ST10 ST11
Symplocaceae + + +
Verbenaceae - + +
Vitaceae ++ + + At
Xyridaceae - - et et et et Htt
Remarks: - represented not detected pollen grains.
+, ++, +++, ++++ represented level of relative density (%) of pollen grains in bee bread samples: + (1-25),

++ (26-50), +++ (51-75), ++++ (76-100).

8.000

7.000 1
6.000
5.000

4.000
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Protein content (g/100g)
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d
| I I
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Bee bread samples

|:| Bee bread from Apis cerana

- Bee bread from Tetragonula pegdini

C

ST10 ST11

Figure 1 The bar graph shows the average total protein contents (g/ 100 g) of bee bread from three Apis cerana (in white color)
and five Tetragonula pegdeni colonies (in black). Lowercase symbolsa, b, ¢, d, e and f represented statistics
significant between colonies at the P < 0.05 of the one-way ANOVA and Duncan’s test.

4. Results
4.1 Bee bread pellet color of A cerana and T.
pegdeni

Three bee bread samples of A. cerana in
AC1, AC2 and AC3 showed the different colors of
bee bread pellets in AC2 comprising eight colors.
The AC2 bee bread pellets were a diverse pollen
grain mixture with yellow, orange, brown, and dark
brown colors. In contrast, AC1 samples showed
four colors which consisted of yellow to light
brown. In addition, the AC3 sample showed two
colors but orange color was the dominant one. Five
stingless bee samples showed six different colors of
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bee bread pellets in the ST8 and ST10 samples, five
colors in the ST7 samples and three colors in the
ST6 and ST11 samples. The bee bread pellets were
highly diversified in their colors, of which light-
yellow, yellow, red, brown, and dark-brown colors
were dominant (Table 1).

42 Total protein contents and botanical
identification of A cerana and T. pegdeni bee
bread

The results of the total protein content of
eight bee bread samples were only from the

Bradford assay. The results showed the comparison
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of the total protein contents of the three samples of
bee breads in honey bee combs and five samples of
stingless bee pots from the same area in
Chanthaburi province. There was a difference in the
average of the protein contents among three bee
breads from A. cerana samples, approximately
4.12+2.79 g/100g which was higher than T. pegdeni
bee bread, approximately 2.02 +0.35 g/100g. The
highest total protein content was found in the AC3
with 7.03+0.54 g/100g and the AC1 with 3.86+0.05
0/100g, respectively, whereas the AC2 was the
lowest protein content with 1.48+0.14 g/100g
which was lower than the five stingless bee
samples. Regarding T. pegdeni, the highest protein
content was the ST7 (2.60+0.13 g/100g), and the
lowest one was the ST6 (1.78+0.43 g/100g)
followed by the ST11 (1.88+0.18 g/100g). The
highest and lowest protein contents in the ST6 and
ST7 (and ST11), respectively. There were
statistically significant with the ST8 and ST10, i.e.,
the protein content in the ST8 contained 2.37+0.19
g/100g and 2.38+0.12 g/100g in the ST10 (Figure 1
and Table 4).

The pollen characteristics from acetolysis
method showed the diversity of food plants of
honeybees and stingless bees (Figure 2-4). The light
microscopy analysis of pollen grain characteristics
from both A. cerana (AC) and T. pegdeni (ST) bee
bread samples showed in Figure 2 and separated
only AC samples (Figure 3), and ST samples in

Figure 3 and Figure 4, respectively. The plant origin
was identified to 28 plant families. There were 21
unknown pollen forms dividing to 9 in AC and 12
in ST bee bread samples. The food plant origin of
pollen from all bee bread samples was in Fabaceae
which were dominant in AC1, ST8 and ST11.
Contrarily, Liliaceae was dominant in AC2 sample,
Asteraceae was dominant in AC3 sample, and
Xyridaceae was dominant in all of ST bee bread
samples. Moreover, Sapindaceae was dominant in
ST7 and ST10 bee bread samples. ST10 was also
found in the Acanthaceae (Table 2). In terms of
plant resources, nine pollen types from the
Fabaceae family contain high-protein plant
resources. There were 2 major pollen types at the 1%
and 2" types in all samples. The 3" to 9™ pollen
types were small amount in samples (Table 3). The
AC3 was found only the 2" pollen type, not found
the 1% and other Fabaceae. Nevertheless, the AC3
showed the highest total protein content, found the
major family Asteraceae which was a monofloral in
bee bread pellets (Table 4). Contrast to the AC2
showed the lowest protein content which was found
in 17 plant families and dominant pollen in family
Liliaceae. The dominant food plant families for
stingless bee were Xyridaceae mixing with the
Fabaceae or Sapindaceae. These results showed that
A. cerana and T. pegdeni forage in different food
plants, but they overlapped with some plant
resources in the same area.

Table 3 The Fabaceae pollen types in bee bread of Apiscerana'scells and Tetragonula pegdeni-s pots

Fabaceae pollen types

1st 2nd 3rd 4th 5th 6th 7th 8th gth
Samples ", . =
s ) @ 2
b U . o - ‘;Q-J
Apis cerana
AC1 - ++ +
AC2 +++ + + +
AC3 - +
Tetragonula pegdeni
ST6 ++ ++ +
ST7 +++ ++ +
ST8 ++ -+ + +
ST10 + ++ + + +
ST11 - + +

Remarks: - represented not detected pollen grains.

+, ++, +++, ++++ represented level of relative density (%) of pollen grains in bee bread samples: + (1-25),

++ (26-50), +++ (51-75), ++++ (76-100).
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Table 4 Comparison of the total protein content average (mean+SD) and pollen identification from bee bread

. Pollen types in bee bread
Total protein contents

Bee species Samples

Mean +5D @/100g) No.'o.f Dominant of plant families
families
Apis cerana AC1 1.48+0.14 7 Fabaceae
AC2 3.86+0.05 15 Liliaceae
AC3 7.03+£0.54 7 Asteraceae
Tetragonula pegdeni ST6 1.78+0.43 8 Xyridaceae
ST7 2.60+0.13 14 Sapindaceae, Xyridaceae
STS8 2.37+0.19 12 Fabaceae, Xyridaceae
ST10 2.38+0.12 19 Sapindaceae, Xyridaceae
ST11 1.88+0.18 8 Fabaceae, Xyridaceae

Figure 2 Light microscopy of pollen grains from bee bread of Apis cerana and Tetragonula pegdeni:
1. Acanthaceae, 2. Asteraceae, 3. Caprifoliaceae, 4. Dipterocarpaceae, 5. Euphorbiaceae,
6-8. Fabaceae, 9-10. Fagaceae, 11: Juncaceae, 12. Malvaceae,
13. Meliaceae, 14. Poaceae, 15. Verbenaceae
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Figure 3 Light microscopy of pollen grains from bee bread of Apis cerana: 1. Amaranthaceae,
2. Annonaceae, 3. Balsaminaceae, 4. Fabaceae, 5. Juncaceae, 6-7. Lamiaceae,
8-10. Liliaceae, 11. Musaceae, 12. Sapindaceae

20 ym

Figure 4 Light microscopy of pollen grains from bee bread of Tetragonula pegdeni: 1. Asteraceae, 2. Cucurbitaceae,
3-6. Euphorbiaceae, 7-11. Fabaceae, 12. Ginkgoaceae, 13. Malvaceae, 14. Meliaceae, 15. Oleaceae, 16. Orobanchaceae, 17.
Papaveraceae, 18. Poaceae, 19. Rosaceae, 20. Rutaceae, 21. Sapindaceae, 22. Symplocaceae, 23. Vitaceae, 24-25. Xyridaceae
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5. Discussion

Almost all of the bee bread of T. pegdeni
from one pot was the same color. While one cell of
A. cerana bee bread was a mixture of pollen pellets.
Moreover, these results indicated that A. cerana and
T. pegdeni might forage on different flowering plant
resources in the same area. Analysis of pollen
colors could give an insight into its floral origin of
their food sources, but a single pollen color does not
indicate the monofloral source (Almeida-Muradian
et al., 2005). Bee pollen or bee bread color is also
associated with their phenolic content. The pollen
color is attributed to the presence of flavonoid
which relatively depends on the plant source
(Mohammad et al., 2021). Moreover, the protein
concentration depends on the botanical origin of
pollen. The protein levels are varied across different
geographical locations and between bee species
(Taha et al., 2019; Mohammad et al., 2021). The
results revealed that the protein content of bee bread
from A. cerana ranged between 1.48+0.14 and
7.03£0.54 ¢/100g, whereas it ranged between
1.78+0.43 and 2.60+0.13 ¢/100g in T. pegdeni.
Belina-Aldemita et al. (2019) quantified the total
free amino acids in T. biroi stingless bee from the
Philippines and found mean values of only 1.83
g/100g bee bread. Although protein content
decreases from fresh pollen to bee bread, the amino
acid concentration remains unchanged in fresh
pollen, bee pollen, and bee bread (Human &
Nicolson, 2006; Nicolson & Human, 2012).

A correlation between the food plant
diversity and bee foraging, the pollen grains of A.
cerana and T. pegdeni bee bread were identified to
29 plant families (Table 2) with five dominant
families,  Asteraceae, Fabaceae, Liliaceae,
Sapindaceae, and Xyridaceae (Table 4). In honey
bee bread, the highest protein content bee was
found in the AC3 (Figure 1), correlated with
relative density of pollen grains of Asteraceae. The
protein content in AC1 was higher than AC2 which
the former contained major pollen from
Acanthaceae and Fabaceae whereas Fabaceae and
Liliaceae were dominant families for the latter
(Table 2). In stingless bee bread, the range of
protein content was nearby in all samples which
found the dominant pollen sources from Fabaceae
and monocot families, Liliaceae, Poaceae and
Xyridaceae. Pollen morphology is species-specific;
therefore, it provides valuable information on the
pollen’s botanical origin and plants preferentially
visited by the bees (Ibrahim et al., 2012; Thakodee
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et al., 2018). In addition, the analysis of protein
from pollen load of honey bee (A. mellifera) in
Spain is due to the fact that the different species that
integrate the pollen type flower on different dates,
and thus have a pollen with different characteristics.
Honey bees varied their use of the different plants
species depending on what flowers were available
to them at the time. The pollen of the plant species
that reached relatively higher percentages in the
pollen spectrum are also those that have the highest
protein content (de S&-Otero et al., 2009). This
helps beekeepers plan and manage suitable
landscape for bee foraging. Moreover, identifying
plant origin also contributes to a better
understanding of bee’s nutritional source, and bee
products made from these plants, eventually, give
commercial value to it (de Souza et al., 2019). It is
interesting to monitor the bee behaviour and the
plant species used as pollen sources and to
determine the individual protein content of each
plant species (Mohammad et al., 2020; 2021).

6. Conclusion

The results indicated the difference of pollen
sources of A. cerana and T. pegdeni which forage
to their colonies. The A. cerana, bee bread showed
three dominant food plant families, namely
Asteraceae, Fabaceae, and Liliaceae. Regarding
dicotyledon plants, bee breads of A. cerana from
Asteraceae contained higher total protein contents
than that from Fabaceae. On the contrary, the bee
bread from Liliaceae as monocotyledon sources has
the lowest protein contents. According to the food
plant preference, family Xyridaceae was dominant
in stingless bee pots. Moreover, forage pollen of the
T. pegdeni was major from dicotyledon families
such as Fabaceae and Sapindaceae, mixed with
Xyridaceae. The total protein contents of T. pegdeni
bee breads were closely related with A. cerana bee
bread which had family Liliaceae as its additional
food plant resource. It is interesting the bee
behaviour and the plant species used as pollen
sources. This research suggests that examining the
bee foraging behaviour and origin of botanical plant
sources play an important role in the future
development of the nutrient of bee bread from
honey bees and stingless bees in Thailand.
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