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overall, to increasing life quality. These principles stands on 
the knowledge that functional foods, enriched with specific 
compounds, provide high nutritional or physiological ben-
efits to the consumers [2, 3].

Bread is an important part of the worldwide daily diet, 
made mainly from grain-based carbohydrates. The nutri-
tional quality of this cereal-based food is often poor in pro-
tein, vitamins, minerals, but also limited in essential amino 
acids and fatty acids [4, 5]. Enrichment of wheat-based con-
ventional breads with natural constituents is an appealing 
mechanism for improving the consumer’s health due to their 
daily and affordable consumption. [6]. Several examples of 
this approach were already explored, such as the enrich-
ment of bread with fruits, nuts or seeds [7], incorporation of 
Brassica leaves to increase the amount of health-promoting 
secondary metabolites resultant from the degradation of 
flavonoids and chlorophyll [8], the addition of seaweeds to 
reduce the level of carbohydrate digestion [9] or the combi-
nation of wheat flour and grasshopper powder to enrich the 
protein content of bread and soften texture [10].

Bee products are also a potential source of natural ingre-
dients for functional foods and for bread making: bee pol-
len and bee bread seems two excellent options due to their 

Introduction

People awareness on the impact of the diet in the individ-
ual health status is becoming a crucial factor that induces 
changes in the consumption choices for functional foods 
[1]. Recent studies showed that consumers choose func-
tional foods due to their desire for a healthy lifestyle, to pro-
tect themselves from diseases, to enhance their life span, 
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Abstract
Consumers are making their lifestyle healthier by changing diet, so food producers are exploring the enrichment of daily 
products using natural additives with nutraceutical properties. The addition of bee products is a good example, enabling 
a positive input in nutrients at the same time that the phytochemical substances present on it, may add complementary 
bioactive functions. This study centred on formulating recipes for traditional bread, incorporating bee products such as bee 
pollen and bee bread. The fortified breads revealed a coherent increase on protein and lipid content, while the fibre value 
depends on the type of bee product added. The enrichment seems also to induce changes in the physical properties, with 
the fortified breads becoming yellow-brownish colour and firming, due to the increase in the protein content, at the same 
time that some reduction in elasticity is observed. The sensorial perception, tested to assess the market product accept-
ability, gave encouraging outcomes with high scores for bee bread enrichment. It is relevant to highlight that the recipes 
used can be classified as “low salt content” bread, with salt values below 130 mg/100 g.
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nutritional value [11]. Bee pollen results from the collection 
of flower pollen by honey bees, which they mix with their 
own secretions and nectar, and afterwards transport to the 
hive as agglutinated pellets. It has a composition rich in car-
bohydrates (40–85%), proteins and amino acids (14–30%) 
and lipids (1–10%) [12]. Other minor compounds such as 
vitamins, minerals, carotenoids and phenolic compounds 
are also present [13]. Once inside the beehive, bees pack the 
pollen pellets in the combs and preserve it with a small layer 
of honey, where it undergoes biochemical changes turning 
into bee bread [11]. Bee bread goes through an anaerobic 
fermentation process caused by the action of moisture, 
temperature (35 °C), different enzymes from bee glandular 
secretions and some microorganisms such as Pseudomonas, 
Lactobacillus, Saccharomyces, that are naturally present 
in pollen [14]. With this process, the outer layer of pollen 
breaks down, giving a greater bioavailability to bee bread 
[15]. When compared with pollen, the acidity is higher in 
bee bread due to the presence of lactic acid [11]. Also, bee 
bread has essential amino acids, minerals, fatty acids and 
carotenoids [15].

In previous studies, the anti-inflammatory, anticarcino-
genic, anti-atherosclerosis and anti-allergic [11] activities 
of bee products, especially bee pollen and bee bread, have 
been confirmed, showing good results when these prod-
ucts are introduced in the daily consumption. Although the 
nutritional and bioactive properties of bee pollen and bee 
bread provide these bee products a great potential as ingre-
dients for food functionalization, they have been neglected 
in bread making. Indeed, to our knowledge, there is only 
one reported study on gluten-free bread enriched with bee 
pollen, with positive outputs in technical, sensorial and 
nutritional characteristics [16]. Therefore, the objective of 
this work is to develop traditional wheat breads enriched 
with bee pollen and bee bread, and evaluate changes in the 
nutritional value, technological properties and microbial 
stability. The consumer’s preference was also evaluated by a 
sensory panel, in order to find which product have the high-
est potential to be introduced in the market.

Materials and methods

Chemicals and reagents

Ethanol, methanol, sodium phosphate, potassium phosphate, 
potassium ferrocyanide, trichloroacetic acid, acetonitrile, 
formic acid, sulphuric acid, diethyl ether, sodium hydrox-
ide, petroleum ether, and gallic acid were purchased from 
Fisher Scientific (Pittsburgh, PA, USA). Megazyme TDF kit 
(Megazyme K-TDFR-200 A, Wicklow, Ireland) was used 
for total dietary fibre (TDF) quantification. Peptone water 

(PW), Dichloran Rose Bengal Chloramphenicol (DRBC), 
Iron Sulphite Agar (ISA) and Plate Count Agar (PCA) were 
purchased from HiMedia (Mumbai, India). Water was sub-
jected to a treatment in a Milli-Q water purification system 
(TGI pure system, Houston, TX, USA).

Bee pollen and bee bread samples

Bee pollen (BP) and bee bread (BB) samples were obtained 
from Apis mellifera iberiensis hives located in Trás-os-
Montes region, in the north of Portugal, during the spring-
summer season of 2019. Bee pollen was collected with 
pollen traps placed in front of the beehive entrance, while 
bee bread was extracted from frames inside the beehive. The 
separation of bee bread from the wax comb required a pre-
vious freezing procedure of the frames (24 h) following a 
mechanical crush of the wax. After the collection process, 
both bee pollen and bee bread were cleaned manually from 
debris, wax and dead bee parts, and then grounded, homog-
enized, lyophilized, and kept in the freezer (-20 ºC) until use 
in bread making.

For botanical origin assessment of the bee products, 
about one gram of BP and BB samples, previously mixed 
and homogenized, were placed in a vial with distilled water, 
allowed to soften slightly and vigorously vortexed. Then, 
200 µL of the mixture were removed from the mixture 
and centrifuged for 15 min at 1000 g. After the centrifuga-
tion, the pellet was subjected to the acetolysis procedure in 
accordance to Louveaux et al. [17] with the recommended 
modifications from Von der Ohe et al. [18]. Counts and 
identifications were achieved using an optical microscope 
(Nikon Microphot – FXA, Melville, NY, USA). More than 
1,200 grains per preparation were counted.

Bread making

Breads were prepared using a home-making bread machine 
(Tefal bread maker XXL, Windsor, Berkshire, UK). The 
selected bread-making protocol included dough prepara-
tion (140 min) and baking (20 min). The wheat flour and 
yeast used were purchase from Lallemand, Setúbal, Portu-
gal, through a local bakery, Nopabril LDA, from Bragança, 
Portugal. The breads were prepared following the bakery 
own recipe, using the quantities of each ingredient as listed 
in Table 1. For enriched bread the standard formulation was 
modified: a proportion of the flour (1%, 3% or 5%, flour 
basis) was replaced by bee pollen or bee bread. Bread pre-
pared without addition of bee products was used as control.
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Nutritional analysis

The nutritional composition of the raw ingredients and 
breads were analysed following the official AOAC meth-
ods [19]. The water content was evaluated with 2 g of the 
sample on a PMB Moisture Analyser (Kingston, Milton 
Keynes, U.K.). Ash content was estimated through the 
incineration of samples (2 g) in a muffle (Biotech - Optic 
Ivymen System, Madrid, Spain), at 550 ± 5 °C, according to 
the AOAC 942.05 procedure. The protein content was eval-
uated through Macro-Kjeldahl nitrogen determination using 
a copper catalyst in 1  g of sample [20], using a Kjeldahl 
steam distillation unit (Pro-Nitro A, Selecta, Barcelona, 
Spain) following the AOAC 920.87 method and applying N 
x 6.25 as the conversion factor.

For lipids, 2 g of sample was mixed with petroleum ether 
in a Soxhlet apparatus for 4 h. The resulting extracts were 
then evaporated to dryness, under reduced pressure, and the 
residues were weighed, expressing the lipid content, as dry 
weight, in mass percentage [21].

Total dietary fibre (TDF) was quantified following the 
AOAC 985.29 method [22]. Briefly, 1 g of dried sample was 
mixed with 12.5 mL of phosphate buffer followed by 12.5 
µL of α-amylase solution, and kept at 100 °C for 30 min. 
Subsequently, 25 µL of protease solution was added and 
incubated for 30  min at 60  °C. Finally, a new incubation 
under the same conditions was performed after the addition 
of 50 µL of amyloglucosidase solution. The total available 
carbohydrates (without fibre) and energy were obtained by 
calculation using the following expressions [21, 23, 24]: 
Total available carbohydrates (%) = 100 − (g ashes + g pro-
teins + g lipids + dietary fibre); Energy (kcal) = 4 × (g pro-
tein + g carbohydrate) + 2 × (g dietary fibre) + 9 × (g lipids).

Mineral profile

The mineral composition was evaluated by flame ioniza-
tion atomic absorption spectroscopy (FAAS) using a Perkin 
Elmer PinAAcle 900T Spectrometer (Waltham, MA, USA).

The sample preparation was carried out through micro-
wave-assisted extraction, using a MARS 5 Digestion 
Microwave System (CEM Corporation, Matthews, NC, 

USA). Approximately 0.5 g of the sample was weighed into 
a PTFE digestion tube followed by the addition of 10 mL 
of concentrated nitric acid. The digestion was performed by 
setting the ramp temperature program: 15 min until 200 ºC 
with a power of 1200 W, followed by an additional 15 min 
at the same temperature and power conditions. Finally, once 
cold, the digested mixture was quantitatively transfer to a 
50 mL flask, diluted with deionized water and analysed by 
FAAS, with prior treatment for specific elements. For the 
determination of potassium and sodium, the sample was 
diluted in a cesium chloride solution (1 g.L− 1); for calcium 
and magnesium, the sample was diluted in a lanthanum 
chloride solution (1 g.L− 1); while iron, manganese and cop-
per were directly analysed. The quantification of the ele-
ments was achieved by comparing the absorbance responses 
for pure analytical solutions.

Physical characterization

Specific volume

The specific volume of bread samples was measured 
according to the American Association of Cereal Chem-
ists (AACC) with some modifications, following the rape-
seed displacement method [25] and applying the following 
equation:

Volume (bread) = Volume (PP) × ((weight of the rape-
seed “inside” the PP) / (weight of the rapeseed that enters 
the PP with bread on it)). PP refers to the parallelepiped 
form used on the test.

Colour

The colour was analysed with a portable colorimeter CR400 
from Konica Minolta (Chiyoda, Tokyo, Japan). The mea-
surements were performed in three different points on the 
bread crumb and crust. The colour was recorded in the 
CIELAB system, which consists of a lightness component 
(L*) and two chromatic components, a* value representing 
green (− a) to red (+ a) and b* value representing blue (− b) 
to yellow (+ b) colours [23]. The equipment was calibrated 
using a standard white plate (L* = 93.3, a* = −0.53 and 

Table 1  Formulations used to prepare the different bread samples
Ingredients Control BP 1% BP 3% BP 5% BB 1% BB 3% BB 5%
Flour (g) 520.0 514.8 504.4 494.0 514.8 504.4 494.0
Water (mL) 300 300 300 300 300 300 300
Yeast (g) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Salt (g) 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Bee bread (g) 5.2 15.6 26.0
Bee pollen (g) 5.2 15.6 26.0
Total 826.5 826.5 826.5 826.5 826.5 826.5 826.5
BP – Bee pollen; BB – Bee bread
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Total viable count

Total viable counts (TVC) were determined according to the 
procedure described in ISO 4833-1:2013 [28]. Suspensions 
were inoculated in PCA by the pour plate technique: 1 mL 
of each suspension was pipetted into a 9-cm diameter Petri 
plate and mixed with 15 mL of melted PCA. Plates were 
then incubated at 30 °C for 72 h, in reversed position, and 
the colonies counted (plates having between 15 and 300 col-
onies). The results were expressed as log10 colony-forming 
units per gram of sample (log10 CFU/g), as described in ISO 
7218:2007 [29]. The limit of quantification (LOQ) was 1.0 
log10 CFU/g.

Yeasts and moulds

Yeasts and moulds were counted using the procedure 
described in ISO 21527-1:2008 [30]. Dilutions were inocu-
lated in DRBC using the spread plate technique: 0.2 mL of 
each suspension were pipetted onto a plate containing 15 
mL of the DRBC medium, spread with a disposable loop, 
and incubated at 25 °C, for 5 days, in the upright position. 
Yeast and mould colonies were counted separately after 
2 and 5 days of incubation, respectively, in plates having 
less than 150 colonies. The results were expressed as log10 
CFU/g. The LOQ was 1.7 log10 CFU/g.

Spores of sulphite-reducing clostridia

The determination of spores of sulphite-reducing clostridia 
(SRC) followed the procedure described in ISO 15213:2003 
[31], with some modifications. Five mL of the initial sus-
pension (10− 1) were transferred into a 50 mL Falcon tube 
and dipped in a water bath at 80 °C for 10 min. After the 
heat-treatment, the suspension was immediately cooled in 
a water bath and mixed with 25 mL of iron sulphite agar 
(ISA). After solidification of the medium, the tube was filled 
with ISA to create anaerobiosis and incubated at 30 °C for 
24 h to 48 h (final counting at 48 h). The number of black 
spots obtained in the tubes was counted. The results were 
expressed as CFU/g. The LOQ was 2 CFU/g.

Statistical analysis

All analyses were performed in triplicate and the data were 
denoted as mean ± standard deviation (SD). The results were 
analysed using GraphPad Prism version 8 (San Diego, CA, 
USA). One-way analysis of variance and Tukey’s multiple 
comparison test was conducted to see whether there was a 
statistical significance. p < 0.05 was considered significant.

b* = 4.13). The colour difference (ΔE*) was calculated as 
described by the following equation [26]:

∆E∗ =

√(
L∗
standart − L∗

sample

)2

+
(
a∗standart − a∗sample

)2

+
(
b∗standart − b∗sample

)2

Texture profile analysis (TPA)

The texture was evaluated with a Stable Micro Systems 
TA.XT Plus Texture Analyser (Vienna Court, Godalming, 
UK) applying the method described in the literature [23] 
with a 5  kg load cell. A P/35 aluminium cylinder probe 
(35 mm diameter) was used to for the TPA which is a test 
that imitates the chewing action by performing two com-
pressions of the matrix. Results from the analysis were pro-
cessed via a macro in order to reach the different parameters 
of texture, such as hardness, cohesiveness, springiness, 
adhesiveness, chewiness, and resilience.

Sensory evaluation

The consumer acceptability was assessed with the applica-
tion of an attribute sensory test using a hedonic rating, allow-
ing to identify the reasons for the preference and rejection of 
the bread samples through the individual attributes. A panel 
composed of 15 volunteers (with ages ranging from 20 to 50 
years) was asked to evaluate the samples and rate their pref-
erences using a 9-point hedonic scale (1 = extremely dislike; 
9 = extremely like) [16]. The breads were rated based on the 
acceptance of their colour, taste, smell, texture, mouthfeel, 
and overall acceptance. Breads were prepared on the same 
day of the sensory evaluation.

Microbial analysis

Sampling

The microbial analysis of the breads was performed in the 
raw dough and in cooked breads at two specific time peri-
ods: immediately after baking and 3 days after. The prepara-
tion followed the procedure described in ISO 6887-1:1999 
[27]. Samples were taken from 3 different parts of the dough 
and breads, under sterile conditions. Ten g of sample were 
weighed into a stomacher bag, mixed with 90 mL of pep-
tone water (PW) and homogenized using a Stomacher 400 
(Seward type 400, Liofilchem, Teramo, Italy) for 60 s. The 
obtained suspensions were further diluted to concentrations 
from 10− 1 to 10− 5.
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Nutritional analysis

The nutritional value for the individual ingredients and 
for the breads was assessed through the analysis of water, 
ash, lipid, protein and fibre contents, and the outputs can 
be found in Table 2. The water content was similar for BP 
and BB, with values in the range of 13–15%. In general, 
these bee products, after harvesting, can show a water 
content up to 30%, which may favour the development 
of undesired yeast and moulds, so its storage requires the 
removal of humidity to values below 4–8% [11, 32]. Our 
values revealed relatively low water contents which is con-
sistent with the climatic conditions during the production 
season of the samples (summer). For the fermenting yeast 
and flour, the moisture content was lower, 4% and 9%, 
respectively, which are common values for these types of 
ingredients [33, 34]. The ash content for the ingredients var-
ied between the minimum of 0.7% for the flour, to the 6% 
observed for the yeast, with the bee products revealing an 
intermediate value, around 3%, consistent with the typical 
values observed for these bee products [32]. The agreement 
between the obtained nutritional parameters for BP/BB and 
the results described on previous studies was also observed 

Results and discussion

Palynological analysis

The chemical composition of pollen is highly dependent on 
its botanical origin, so it is important to evaluate the flo-
ral sources that may contribute to the bee products used as 
functional ingredients. A total of 11 pollen types, above 3%, 
were identified in the bee pollen and bee bread samples. 
Figure  1 shows the most representative, with the detailed 
relative predominance of the pollen types available in the 
supplementary material, Table S1. All samples were clas-
sified as multifloral due to the absence of any taxa with a 
relative frequency greater than 80% [32]. Indeed, Cytisus 
striatus and Crepis capillaris were detected as accompany-
ing pollen for bee pollen samples, with a relative predomi-
nance of 21% and 17%, respectively, while Castanea sativa 
and Rubus sp., also as accompanying pollen, were found 
in the bee bread samples at 39% and 18%, respectively. 
The observed botanical profile disclose the plants’ diversity 
around the apiaries where the bee products were collected 
and are common of the north-eastern Portugal [21].

Fig. 1  Microscopic view of the most frequent pollen types seen in bee pollen and bee bread samples. Castanea sativa (A); Plantago sp. (B); Rubus 
sp. (C); Crepis capillaris (D); Cytisus striatus (E); and Jasione montana (F)
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variation, however, did not return a statistical significance 
in the energy value.

Mineral profile

Pollen is a natural product with a rich mineral composition, 
which is connected to the geographical and botanical origin 
through the plant species, the soil type, and the climatic con-
ditions [37]. To quantify the mineral content, we explored 
atomic absorption methods with microwave assistance, and 
the results are expressed in Table  3. BP and BB showed 
similar profiles, understandable since they share a common 
origin, with potassium as the most relevant macronutrient, 
above 4 g/kg, but also with a significant amount of calcium 
and magnesium, 400–600  mg/kg. Comparable studies on 
Serbian and Greek BP [38, 39] and Malaysian BB [40], 
showed similar levels for those macronutrients, with some 
variability resulting from the botanical and geographical 
origin. A closer comparison between the two bee products 
only detected statistical differences for iron, with bee bread 
presenting the double amount, around 225 mg/kg.

For the enriched bread, potassium was also observed 
as the major macronutrient, but now in the same range as 
sodium, 1–2 g/kg (100–200 mg/100 g). Indeed, sodium was 
the sole mineral that increased significantly, by a factor of 
20 times, in comparison to the bee products, which is due 
to the baking soda (NaCO3) used on the bread doughs, but 
mainly due to the added salt (NaCl) used to improve flavour 
[41]. The amount of added salt in bread is an issue of current 
debate in many countries due to its excessive use in food 
processing, particularly in bakery, and its impact in heart 
diseases [42, 43]. The Portuguese legislation set a maxi-
mum value of 550 mg/100 g of sodium in bread [44], but 

[21, 32, 35, 36], with values around 5% for lipids, 22% for 
proteins and 4–6% for fibres, leading to a total available car-
bohydrates close to 65% and an energy value slightly above 
400 kcal/100 g. The higher carbohydrate content in pollen is 
justified mainly due to the polysaccharides cell wall mate-
rial, while for bee bread, there is an extra source due to the 
addition of honey by the honeybee during the storage pro-
cess [11, 21].

Comparing the nutritional value of bee products with the 
other ingredients, the flour is significantly poorer in proteins 
and lipids, while the yeast stands out for the rich content in 
proteins and fibres, leading to an energy reduction of 10%.

Through the analysis of the fortified breads results, 
Table  2, it is possible to observe a small but not statisti-
cally significant increase in the water and ash content when 
compared with the unfortified breads. Concerning the lipid 
content, enrichment with BP and BB has shown a significant 
increasing trend, with BB5% revealing the highest value. 
Also, the increase in the protein content of the functional 
breads was proportional to the added percentage of bee 
products, with the BP5% and BB5% breads presenting the 
highest values. A similar behaviour was described by Conte 
et al. [5], with the improvement in the protein content in 
gluten-free breads fortified with bee pollen. The increasing 
percentage of added BP lead also to a gain in the fibre con-
tent of the enriched breads, however, for BB-added breads 
the behaviour was the opposite. These different patterns are 
justified by the higher fibre content in flour, when compared 
to the BB, but lower if compared to BP.

The global trends on the individual nutritional param-
eters resulted in a statistically significant decrease of the 
total available carbohydrate value for the enriched breads, 
with BP5% and BB5% showing the lowest amount. This 

Table 2  Nutritional parameters for ingredients and bread samples, expressed in dry matter
Sample Water (%) Ash (%) Lipid (%) Protein (%) Fibre (%) Total available 

carbohydrates 
(%)

Energy 
(kcal/100 g)

Flour 3.8 ± 0.2c 0.7 ± 0.0c 1.8 ± 0.5b 10.9 ± 1.2c 5.1 ± 1.1b 81.8 ± 2.8a 397.2 ± 0.6b

Yeast 9.2 ± 0.7b 5.9 ± 0.1a 1.2 ± 0.1b 44.5 ± 0.5a 12.7 ± 0.7a 35.5 ± 0.5c 356.3 ± 1.9c

BP 14.9 ± 0.4a 3.1 ± 0.1b 5.7 ± 0.6a 22.5 ± 1.0b 6.0 ± 1.3b 62.7 ± 2.8b 403.8 ± 0.8a

BB 13.0 ± 0.5a 3.1 ± 0.0b 5.4 ± 0.2a 22.3 ± 0.6b 4.2 ± 0.5b 65.0 ± 0.8b 405.9 ± 1.7a

Control 34.3 ± 2.9a,A 0.3 ± 0.1a,A 0.1 ± 0.0c,B 10.5 ± 0.2b,C 1.3 ± 0.0b,B 87.9 ± 0.9a,A 397.2 ± 0.6a,A

BP 1% 37.0 ± 0.4a 0.4 ± 0.2a 0.2 ± 0.1c 11.9 ± 0.6a 1.1 ± 1.2b 87.2 ± 0.6a 397.1 ± 2.5a

BP 3% 36.4 ± 2.0a 0.7 ± 0.3a 0.4 ± 0.1b 12.4 ± 0.6a 1.9 ± 0.8a,b 85.4 ± 0.9b 395.3 ± 2.2a

BP 5% 35.2 ± 0.4a 0.5 ± 0.1a 0.7 ± 0.2a 12.7 ± 0.1a 3.0 ± 0.6a 83.9 ± 0.4b 394.7 ± 2.7a

BB 1% 37.6 ± 3.0 A 0.3 ± 0.1 A 0.1 ± 0.1B 12.3 ± 0.1B 1.7 ± 0.1 A 88.5 ± 1.6 A 399.0 ± 0.5 A

BB 3% 37.9 ± 2.5 A 0.3 ± 0.0 A 0.3 ± 0.4 A,B 12.6 ± 0.4 A,B 1.3 ± 0.2B 85.8 ± 0.2B 396.6 ± 0.4 A

BB 5% 37.7 ± 2.7 A 0.4 ± 0.1 A 0.5 ± 0.1 A 12.8 ± 0.2 A 0.7 ± 0.0 C 86.3 ± 0.3B 397.2 ± 0.3 A

BP – Bee pollen; BB – Bee bread. Results are expressed on dry weight, except water content. Each value is the mean ± standard deviation, 
n = 3. In each column, different capital letters (A-C) mean statistical differences (p < 0.05) among the control and enriched bread samples with 
bee bread, while lowercase letter (a-c) mean statistical differences (p < 0.05) among the control and enriched bread samples with bee pollen, or 
between ingredients
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Physical characterization

Specific volume

Specific volume is one of the parameters that affect bread 
quality. A high ratio of volume per weight, which represents 
aeration of the bread loaf, is required, and, from an eco-
nomic outlook, strongly influences consumer’s choice [46, 
47].

Figure  2, shows the comparison between control and 
enriched breads. Although the observed changes are small, 
the loaf volume seems to be reduced for BP bread samples, 
while for BB bread it remains close to the control. It is 
known that the interaction between gluten and fibre may 
limit the gas retention during the dough fermentation pro-
cess [48], and so, the rising in fibre content in BP breads, 
Table 2, could explain these differences.

Colour analysis

Colour formation in bread is called browning and is attrib-
uted to non-enzymatic browning reactions, which include 

there are several initiatives at the national and international 
levels to promote the reduction of salt intake and set maxi-
mum values for bread at around 400 mg/100 g [43, 45]. In 
comparison, the breads under study, with salt values lower 
than 130 mg/ 100 g, can be classified as “low salt content”. 
Besides, magnesium is observed as the third macronutrient 
in the studied breads, at levels of 22–32 mg/100 g (6–9%) of 
the recommended dietary allowance) [41], and three times 
higher than calcium. Iron, manganese and copper, as micro-
nutrients, were found only at low quantities, < 3 mg/100 g, 
Table 3. All the mineral levels are within the ranges com-
monly observed across the globe for breads.

The fortification of bread with bee products did not pro-
duce marked changes on the mineral composition of bread. 
Even though we observed some increment trend on K, Ca, 
Mg and Fe with the increased addition of BP and BB, those 
variations are not statistically significant in most cases. 
This may be due to the large deviation observed between 
replicates, what could hide the potential impact in mineral 
enrichment that would be expected when adding the bee 
products.

Table 3  Mineral content of bee pollen, bee bread and control and enriched breads (mg/kg)
Sample K Na Ca Mg Fe Mn Cu
BP 4485 ± 229a 52 ± 1a 464 ± 5a 642 ± 53a 105 ± 7b 81 ± 6a 11 ± 1a

BB 4153 ± 182b 58 ± 5a 516 ± 68a 632 ± 100a 225 ± 12a 90 ± 6a 11 ± 2a

Control 1770 ± 228a,A,B 1229 ± 159a,A 86 ± 12a,B 271 ± 40a,A,B 21 ± 1a,C 10 ± 2a,A 1.3 ± 0.3a,B

BP 1% 1792 ± 247a 1115 ± 137a 106 ± 20a 301 ± 29a 28 ± 8a 11 ± 2a 1.4 ± 0.3a

BP 3% 1823 ± 254a 1294 ± 345a 107 ± 24a 296 ± 43a 28 ± 2a 14 ± 2a 1.9 ± 0.4a

BP 5% 1960 ± 330a 1285 ± 39a 127 ± 26a 319 ± 52a 28 ± 2a 13 ± 2a 1.7 ± 0.3a

BB 1% 1634 ± 231 A,B 1148 ± 69 A,B 89 ± 18B 222 ± 25B 24 ± 2B,C 12 ± 2 A 3.2 ± 0.9 A

BB 3% 1286 ± 230B 932 ± 63B 110 ± 18 A,B 251 ± 9 A 32 ± 2 A,B 14 ± 0 A 2.7 ± 0.2 A

BB 5% 2009 ± 272 A 1226 ± 113 A 138 ± 24 A 306 ± 29 A 35 ± 8 A 14 ± 2 A 1.5 ± 0.3B

BP – Bee pollen; BB – Bee bread. Results are expressed on dry weight. Each value is the mean ± standard deviation, n = 3. In each column, dif-
ferent capital letters (A-B) mean statistical differences (p < 0.05) among the control and enriched bread samples with bee bread, while lowercase 
letter (a-b) mean statistical differences (p < 0.05) among the control and enriched bread samples with bee pollen, or between raw bee products

Fig. 2  Specific volume for the 
control and enriched bread sam-
ples with: (A) bee pollen (BP) 
and (B) bee bread (BB). Different 
letters (a-c) indicates significant 
differences (p < 0.05)
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of lightness, and a* e b* are the horizontal axes defining 
green/red (-60/60) and blue/yellow (-60/60) chromaticity, 
respectively [50].

Observing the colour results, Table 4, a decrease in the 
L* value was noticed in the crusts of BP enriched breads, 
while a* and b* values increased. The same pattern was 
detected in the BB enriched breads. For the crumb colour 
of BP enriched breads, a decrease of the L* and a* values 
were observed from the control bread to BP5%, while the 
b* value increased. For BB enriched breads, the crumb 
colour analysis showed a decrease in the L* values, while 
both a* and b* values increased. The obtained results are 
in accordance with previous studies which were focused 
on functional bread enriched with bee pollen [16]. Yellow-
brownish colour of bee pollen and bee bread is essentially 
related to the accumulation of carotenoids [51]. In terms of 

caramelization and Maillard reactions, during the bread-
making process [48, 49]. Complex reactions like caramel-
ization come into existence by heating the carbohydrates, 
while the Maillard reactions occur between the carbonyl 
group of reducing carbohydrates and the amino group of 
free amino acids [49]. Visually, as the ratio of bee pollen 
and bee bread increased, the colour of the breads became 
darker. In breads enriched with BP dominated a relatively 
yellowish colour, while BB fortified breads became brown-
ish. The colour was homogeneous when observing the bread 
slices, which was the result of mixing the substitute BP and 
BB with the flour in dry, Fig. 3.

The CIELAB colour system was applied to character-
ize the fortified breads colour, independent of the observer. 
The CIELAB system is an approximately uniform three-
dimensional colour scale, extensively used to evaluate food 
colours. In this scale, the coordinate L* measures de degree 

Table 4  Crust and crumb colour index of control and enriched bread samples
Crust Colour Crumb 

Colour
Sample L* a* b* ΔE Sample L* a* b* ΔE
Control 73.1 ± 5.5a,A 3.4 ± 2.0b,C 24.3 ± 2.9c,C 70.3 Control 68.4 ± 2.4a,A -0.7 ± 0.2a,D 15.9 ± 1.2d,D 63.5
BP 1% 73.2 ± 4.9a 3.0 ± 1.5b 25.4 ± 3.1c 70.8 BP1% 63.8 ± 2.6b -1.3 ± 0.7b 20.4 ± 1.4c 60.2
BP 3% 69.6 ± 5.8a 6.1 ± 2.4a 29.5 ± 4.6b 69.1 BP3% 61.1 ± 1.9b -2.0 ± 0.2c 25.78 ± 1.2b 59.5
BP 5% 61.5 ± 4.1b 5.1 ± 4.6a,b 32.5 ± 2.0a 63.0 BP5% 58.2 ± 2.4c -1.3 ± 0.9b 31.7 ± 1.4a 59.4
BB 1% 73.1 ± 5.5 A,B 3.8 ± 1.1 C 25.3 ± 3.0B,C 69.6 BB1% 62.4 ± 3.4B -0.5 ± 0.3 C 20.9 ± 0.8 C 59.0
BB 3% 69.0 ± 2.5B 5.6 ± 7.7B 27.0 ± 2.9B 67.6 BB3% 55.7 ± 2.7 C 0.4 ± 0.4B 24.5 ± 1.1B 54.0
BB 5% 63.0 ± 7.4 C 7.4 ± 9.3 A 30.5 ± 1.7 A 63.7 BB5% 53.8 ± 2.5 C 1.5 ± 0.4 A 27.5 ± 1.3 A 53.6
BP – Bee pollen; BB – Bee bread. Each value in is the mean ± SD, n = 3. In each column, different capital letters (A-D) mean statistical dif-
ferences (p < 0.05) among the control and enriched bread samples with bee bread, while lowercase letter (a-d) mean statistical differences 
(p < 0.05) among the control and enriched bread samples with bee pollen

Fig. 3  Images of baked sample slices for control and enriched breads with bee pollen (BP) and bee bread (BB).
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breads usually have low adhesiveness [23]. In accordance, 
the results on our study were also low, below 0.2 gsec, and 
with no statistical variance with the addition of bee products. 
Springiness is a desired property for bakery products like 
muffins and bread and may refer high quality [54], which 
represents the condition of the food returning to its original 
shape after the implementation of a deforming force applied 
on it [23]. The results on Table 5 show that, comparing to 
the control, the enrichment of bread reduce the elasticity 
value for the crumb, however, it seems independent of the 
percentage of fortification and whether is BB or BP.

The other two texture parameters under analysis, resil-
ience and cohesiveness, were quite uniform for all breads, 
with no statistical difference, which reflects a relative com-
pressive capacity and recovery [55] for the different bread 
formulations, Table 5.

Sensory evaluation

The sensory scores obtained with the consumer panel for 
colour, taste, smell, texture, mouthfeel, and overall accep-
tance are given in Fig. 4. The enrichment of bread with bee 
pollen seems to improve the evaluation scores on taste, tex-
ture and aroma, while the changes in colour are less appre-
ciated by the consumers. This visual perception on colour, 
particularly for BP5%, seems to contribute significantly to 
the decision on the overall acceptance, leading the panellists 
to set the following preference pattern: BP3%> BP1%> 
Control > BP5%, although very close to each other.

The best evaluation scores were observed in the breads 
enriched with bee bread, with an improvement comparing 
with the control, for all the parameters under evaluation. 
The reason why the breads enriched with BB were more 

consumer’s preferences, the changing in the bread colour 
can be a desirable attribute of the enriched bread.

Texture profile analysis

The results for the bread crumb and crust texture profile 
analysis (TPA) are given in Table 5. The TPA parameters, 
such as hardness, adhesiveness, resilience, cohesiveness, 
springiness and chewiness of the fortified bread samples 
were evaluated and compared with control bread. Hardness 
as the first conspicuous textural parameter is highly related 
to moisture and fat content [23, 52] and so it is coherent 
to see, in all cases, higher values for crust compared with 
crumb, Table 5. The incremental addition of bee products 
seems to cause an increase in the hardness of the enriched 
breads, but while the values for BB and BP fortified breads 
are similar for crumb, the hardness of the crust seems to 
rise more significantly with the addition of bee pollen. The 
exception is for the lower additions of BB (1 and 3%), 
which produced softer crust than the control bread, but 
become harder at higher percentages of BB. Previous stud-
ies refer that the addition of protein can enhance the link-
ages with the swollen starch granules of bread [53] and so, 
the observed increase in the protein content of the enriched 
breads, Table 2, could justify the bread firming. The chewi-
ness of crumb and crust followed the same trend as hard-
ness, with increment as the amount of bee pollen and bee 
bread becomes higher. Chewiness represents the time and 
effort of milling a food until ready to swallow [52], and it 
seems that this effort is lower for bread fortified with BB 
compared with BP.

The sense of the food sticking to the surface of mastica-
tion is measured through the adhesiveness parameter, and 

Table 5  Texture parameters of enriched bread samples
Samples Hardness (g) Adhesiveness 

(g.sec)
Resilence (%) Cohesiveness 

(%)
Springiness (%) Chewiness 

(-)
Crumb Control 748 ± 282b,B 0.1 ± 0.3a,A 49 ± 9a,B,A 0.8 ± 0.0a,A 97.5 ± 1.7a,A 1205 ± 166b,A

BP 1% 1092 ± 180b 0.1 ± 0.2a 54 ± 8a 0.8 ± 0.0a 96.5 ± 3.6a 1367 ± 261b

BP 3% 2320 ± 464a -0.1 ± 0.5a 38 ± 6c 0.7 ± 0.0a 95.5 ± 2.0a 1884 ± 397a

BP 5% 1985 ± 628a -0.1 ± 0.2a 49 ± 4ba 0.8 ± 0.1a 97.5 ± 2.3a 1648 ± 266b,a

BB 1% 828 ± 205B 0.1 ± 0.1 A 56 ± 2 A 0.9 ± 0.9 A 100.6 ± 5.9 A 884 ± 294B

BB 3% 1693 ± 396 A -0.1 ± 0.2 A 46 ± 5B 0.8 ± 0.1 A 97.0 ± 1.8 A 1459 ± 304 A

BB 5% 1985 ± 628 A 0.1 ± 0.4 A 48 ± 4B 0.8 ± 0.0 A 103.8 ± 11.0 A 1460 ± 353 A

Crust Control 1503 ± 233b,A -0.1 ± 0.5a,A 27 ± 2a,b,B 0.6 ± 0.1a,A 87.3 ± 1.8a,A 592 ± 134b,A

BP 1% 1458 ± 446b -0.4 ± 0.6a 30 ± 9a,b 0.6 ± 0.1a 87.9 ± 4.6a 760 ± 209b

BP 3% 2767 ± 468a -0.9 ± 0.9a 24 ± 4b 0.5 ± 0.5a 87.1 ± 4.8a 1170 ± 216a

BP 5% 3034 ± 574a -0.3 ± 0.2a 33 ± 7a 0.6 ± 0.1a 91.2 ± 1.4a 1391 ± 448a

BB 1% 1116 ± 274B -0.3 ± 0.3 A 33 ± 6 A 0.7 ± 0.1 A 88.3 ± 3.6 A 573 ± 138 A

BB 3% 1318 ± 469B -0.4 ± 0.5 A 25 ± 4B 0.5 ± 0.0 A 87.3 ± 3.6 A 727 ± 290 A

BB 5% 1980 ± 503 A -0.1 ± 0.2 A 30 ± 5 A,B 0.6 ± 0.1 A 88.6 ± 2.9 A 761 ± 385 A

BP – Bee pollen; BB – Bee bread. Each value in is the mean ± SD, n = 3 In each column, different capital letters (A-C) mean statistical dif-
ferences (p < 0.05) among the control and enriched bread samples with bee bread, while lowercase letter (a-b) mean statistical differences 
(p < 0.05) among the control and enriched bread samples with bee pollen
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and 5% revealed a small decrease. In all cases, there were 
no yeasts detected after cooking. The disappearance of the 
yeast is justified by the high heating process and may be 
reflected in the bread shelf life. Moulds were not detected in 
any case, which may be due to the high temperatures of the 
baking process but also due to the time length of the study 
(up to 3 days of storage). Other authors referred that mould 
formation in bread became evident after 7 days [57].

Spores of sulphite-reducing clostridia (SRC)

Clostridium perfringens are anaerobic, spore-forming 
pathogenic bacteria which produce enterotoxins that can 
cause diarrhoea in humans. C. perfringens spores can resist 
the baking process, germinate in the bread and, depending 
on the quantity, a significant part may inclusively survive 
the stomach acid conditions [58]. SRC are also indicators 
of other spore-forming anaerobic and pathogenic bacteria 
like Clostridium botulinum. In our results, Fig. 5, raw dough 
contained low amounts of sulphite-reducing Clostridia, 
however, they were not detected in the cooked samples, 
making the products safe for consumption.

Conclusions

The contribution of bread to the daily diet is so significate 
that several fortification approaches have been attempted by 
the bakery industry to improve the health benefits of this 
food product. This study explores the incorporation of bee 
pollen and bee bread in traditional bread recipes, while eval-
uating its impact in the nutritional value, physical proper-
ties, consumer’s acceptability and microbial stability.

Bee pollen and bee bread are known for their richness 
in protein, lipid and mineral content, so it was predictable 
that its incorporation as flour substitute would input some 
changes on the nutritional composition of the fortified 

liked may be linked to the sweetness resulting from the 
honey present in the composition of the bee bread. It is also 
interesting to notice that, in general, the scores rise with the 
percentage of BB added particularly for texture and mouth-
feel, with a raise of almost 2 points between control and 
BB5%. For the bread fortified with BB, the negative impact 
on colour was not observed, and so, the panellists set the fol-
lowing preference pattern: BB5%> BB3%> BB1 > Control.

Microbial stability

Total viable counts

The total viable count (TVC) estimates the population of 
live microbial loads for food quality assurance, and accord-
ing to WHO Standard (1994), the acceptable range of 
TVC is 5.3 log10 CFU/g [56]. From Fig.  5, it is possible 
to observe that, for the doughs, either in control or forti-
fied doughs, the values are close to each other and within 
the range of 7.7–7.9 log10 CFU/g. However, the microbial 
counts decrease significantly after cooking, to values within 
the mentioned acceptable range, and maintains a similar 
level after three days. The type of bee product does not 
seem to cause different trends on the TVC values, however, 
for the higher amounts of BP or BB (5%), the fortification 
seems to incite an inhibition on microbial growth. Usually, 
bee pollen and bee bread are considered as contestable for 
foods due to its microbial activity, but the cooking process 
seems to improve the microbial quality of both bee products 
as food ingredients.

Yeasts and moulds

Yeast and moulds were only observed on the doughs, with 
values around 7.5 ± 0.3 log10 CFU/g. While for the forti-
fied BB dough there was no significant differences between 
the three formulations, for BP enrichment the doughs for 3 

Fig. 4  Sensory analysis profile of control and enriched bread with: (A) bee pollen and (B) bee bread
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with the best scores given for the bread enriched with 5% 
of BB. These outputs, together with the microbial stability 
observed on the bread after the cooking process, are good 
indicators for the future introduction of these new products 
on the market as functional daily foods.
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breads. Indeed, the progressively increased incorporation 
of bee products also increased the protein of the enriched 
breads up to 20%, while the amount of lipids raised from 
0.1 to 0.7%. The impact on the fibre content of bread was 
not equal, with a different trend between the fortified breads 
with bee pollen (reinforce fibre content) and bee bread 
(weakened fibre content), linked with the fibre level on the 
raw material. For minerals, although there was an incremen-
tal trend, this behaviour did not cause statistically signifi-
cant changes. It is relevant to highlight that the recipes used 
can be classified as “low salt content” bread, with salt values 
below 130 mg/100 g.

The enrichment with bee products seems also to induce 
some changes in the physical characteristics of the bread, 
particularly in colour. The bread crust and crumb lose some 
lightness with the increasing amount of BP or BB, together 
with a yellowing or browning shift, respectively. The tex-
ture profile of bread is also affected, with the fortified bread 
becoming firming, due to the increase in the protein content 
of the enriched breads, at the same time that some losing in 
elasticity is observed.

From the consumer’s point of view, the nutritional and 
physical changes of the enriched breads with bee products 
received a very good acceptability from the sensory panel, 

Fig. 5  A) and B): Total viable 
counts (TVC) for control and 
enriched breads with bee pollen 
and bee bread, respectively; C) 
and D): Yeast counts for control 
and enriched breads with bee pol-
len and bee bread, respectively; 
E) and F): Spores of sulphite-
reducing clostridia (SRC) counts 
for control and enriched bread 
with bee pollen and bee bread, 
respectively. Different letters 
(a-c) indicates significant differ-
ences (p < 0.05)
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