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Honeybee-collected pollen is gaining attention as functional food for human consumption, due to
antiproliferative, antiallergic, antibiotic, antidiarrheic and antioxidant activities. Among the different
bioactive compounds, flavonoids from bee-collected pollen are currently recognised as powerful antiox-
idant and antiradical molecules. Traditional conservation methods influence pollen organoleptic proper-
ties as well as the contents of nutrients and nutraceutical compounds. Here, freeze-drying (FD) was
proposed as a novel conservation method, estimating its adequacy as drying process by the evaluation
of changes in free and total amino acids and proline as well as in their ratios. Honeybee-collected
chestnut pollen was taken into consideration and the level of rutin, as main flavonoid, was considered
as marker compound highlighting the maintenance of pollen nutraceutical properties. Results showed
that FD influenced rutin level, depending on the FD duration. However, the free proline to free amino acid
ratio was always below 80%, and the free amino acid to total amino acid ratio remained unaltered
indicating the adequacy of the FD treatment, which did not affect the nutritional value of chestnut pollen.
Overall, this study shed light on the nutraceutical profile of honeybee-collected chestnut pollen, high-
lighting the promising potential of FD as a novel method to treat pollen for human consumption.
� 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Beekeeping leads to the production of important foods for
human consumption (Buratti et al., 2007; Benelli et al., 2014;
Canale et al., 2014a,b; El-Aidy et al., 2015; Khan et al., 2018; Meo
et al., 2017; Zoccali et al., 2017). In particular, honeybee-
collected pollen is gaining attention as functional food, due to
antiproliferative, antiallergic, antibiotic, antidiarrheic and antioxi-
dant activities (Graikou et al., 2011; Marghitas et al., 2009;
Medeiros et al., 2008). This bioactive potential mainly depends
on high content of several compounds, such as essential amino
acids, antioxidants, vitamins and lipids (Soares de Arruda et al.,
2013; Krystyjan et al., 2015; Almeida et al., 2016; Campos et al.,
2003, 2008; Soares de Arruda et al., 2013; Mărgăoan et al., 2014;
Conte et al., 2017). Among the different bioactive compounds, fla-
vonoids from bee-collected pollen are recognised as powerful
antioxidant and antiradical molecules (Almaraz-Abarca et al.,
2007; Leja et al., 2007; Silva et al., 2006).

Honeybee-collected pollen contains a relatively high amount of
water (i.e. from 15 to 30%, w:w), which should be lowered in order
to enhance its physicochemical stability and reduce the risk of
microbial development. The nutritional value of fresh pollen can
be altered by conditioning processes (i.e. artificial drying) carried
out with poorly standardized methods (Canale et al., 2016). To
avoid the risk of formation of Maillard’s compounds pollen-
drying process should be done at low temperatures, with short
exposure times (Collin et al., 1995). Moreover, the drying process
could negatively affect antioxidants, with consequent reduction
of the functional value of the final product (Serra Bonvehì et al.,
2001).
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Therefore, novel and reliable technologies are needed to pro-
long the pollen shelf life, leading to high quality food with signifi-
cant levels of bioactive compounds.

Recently, Canale et al. (2016) showed that microwave-assisted
drying offers important advantages for the conservation of bee pol-
len. In this framework, here we analysed the potential of freeze-
drying (FD) as a novel conservation method to reduce water con-
tent in chestnut pollen for human consumption. Different times
of drying were taken into consideration. Markers of quality for
honeybee pollen are needed to warrant the nutritional and biolog-
ical properties required in the European market. In this context,
minimum levels of rutin, a glycosylated flavonoid, free amino acids
and proline have been suggested to standardise the commercial
quality of honeybee-collected pollen (Serra Bonvehì et al., 2001).
Accordingly, the adequacy of FD process of chestnut pollen was
evaluated determining the changes in free and total amino acids
and proline as well as in their ratios and the level of rutin.
2. Materials and methods

2.1. Pollen freeze-drying

Honeybee-collected chestnut pollen was collected by a bee-
keeper during July 2015 in chestnut orchards (44 �06022.700N
10 �24002.700E, Castelnuovo Garfagnana, Lucca, Italy), using a pollen
trap (A. Metalori, Italy). Pollen samples were frozen (�20 �C) and
transferred to the laboratories within 2 h for conditioning. Pollen
floral origin was identified by colour and light microscope exami-
nation (Erdtman, 1969). Chestnut pollen was identified by compar-
ison with pollen atlas databases (Erdtman, 1969; Mărghitas� et al.,
2009). The presence of chestnut pollen grains in the collected pol-
len samples was 84.60 ± 3.85% (mean ± SD, n = 20, 5 replicates).
After freeze-drying, analytical results were compared with the
fresh untreated pollen sample (UP).

Pollen FD was carried out using a lyophiliser Heto PowerDry
�

LL1500 following the method recently described by Conte et al.
(2017). During the whole FD process, the temperature inside the
condensation chamber was �115 �C, with full vacuum. After FD
treatment for 270, 420 or 540 min, a thermal gravimetric analysis
(TGA) was carried out, to evaluate the residual water content.
Then, the samples were stored in freezer at �20 �C, waiting for
the analyses.
2.2. Rutin quantification by HPLC analysis

The extraction was performed as reported by Canale et al.
(2016). Pollen samples (0.5 g) were sonicated with 80% methanol
for 30 min, followed by 30 min stirring at 4 �C and 15 min centrifu-
gation at 14000g, 4 �C. The pellet was extracted two additional
times without sonication. A total of 15 ml of 80% methanol was
used. The extracts were pooled together and filtered (0.45 lmMin-
isart filters, Sartorius Stedim Biotech, Goettingen, Germany).

Rutin was quantified by HPLC (Spectra System P4000 and UV
6000 LP photodiode array detector, Thermo Fisher Scientific, Wal-
tham, MA) using a Prodigy LC-18 RP column (5 mm particle size,
250 � 4.6 mm, Phenomenex Italia, Castel Maggiore, Italy). Elution
was carried out using 5% formic acid in water (solvent A) and 5%
formic acid in methanol (solvent B). The flow rate was set at
1 ml min�1, and gradient was as follows: 0–5 min 95% solvent A,
5–10 min 95–88% solvent A, 10–13 min 88% solvent A, 13–
35 min 88–71% solvent A, 35–50 min 71–54% solvent A, 50–
52 min 54–20% solvent A, 52–57 min 20% solvent A, 57–60 min
20–0% solvent A, 60–70 min 0–95% solvent A, followed by 5 min
re-equilibration in the initial condition before the next injection.
Rutin was quantified at 340 nm using a curve of commercial stan-
dard in the range 1–100 ppm (Sigma Aldrich Chemical Co., St.
Louis, MO).
2.3. Total and free amino acid extraction

Free amino acid fraction was obtained as previously reported in
Canale et al. (2016). Briefly, 0.1 g bee pollen was homogenized with
80% ethanol by mortar and pestle, followed by a sonication for
5 min. and a centrifugation at 12100 g for 15 min. The super-
natants of two subsequent extractions were collected and vacuum
dried. Samples, dissolved in MilliQ water, were filtered and used
for the determination of free proline and free amino acids.

Total amino acid fraction was obtained incubating bee pollen
(0.1 g) with 6 N HCl at 110 �C for 24 h. After cooling, samples were
filtered and vacuum dried as previously described (Canale et al.,
2016). After re-suspension in MilliQ water, the extracts were used
for the determination of total proline and total amino acids.
2.4. Free and total proline determination

Proline was detected in the free and total amino acid fractions
essentially following Magné and Lahrer (1992). This procedure,
which allows the elimination of carbohydrate interference, makes
use of 1% ninhydrin in 60% acetic acid. The chromophore, devel-
oped after incubation of samples at 100 �C for 1 h, was extracted
by addition of toluene, and absorbance was recorded at 520 nm.
A calibration curve in the range 3–30 mg proline was applied.
2.5. Free and total amino acid determination

Free and total amino acids were measured as previously
reported in Canale et al. (2016). A 4% ninhydrin solution in ethy-
lene glycol was used. After incubation at 100 �C for 20 min, 50%
isopropanol was added as a diluents and absorbance was read at
570 nm. A calibration curve in the range 3–30 mg leucine was
applied. Since for this reaction, the relative color yield for proline
was reported as zero, to calculate free and total amino acids in
the samples it was necessary to sum the amounts derived from
the detection at 570 nm with those of proline detected at 520 nm.
2.6. Data analysis

Data on rutin and amino acid content were subjected to one-
way analysis of variance (ANOVA) followed by Tukey’s HSD test
at a 95% confidence level to evaluate the effect of the different
FD treatments. We used NCSS 2000 statistical software (NCSS Sta-
tistical Software, Kaysville, UT, USA). All analyses were replicated
on three independent samples.
3. Results and discussion

The TGA conducted at 120 �C on chestnut pollen freeze-dried
for 270, 420 or 540 min showed that the lyophilisation progres-
sively reduced the water content in the treated samples, leading
to a residual water content values ranging from 7 to 13%, as
reported in Fig. 1.

The rutin concentration was significantly affected by FD treat-
ment (F3,12 = 25.99, P < 0.001), which induced a decrease in rutin
level depending on the FD duration and the consequent residual
water content. The longest treatment (540 min) allowed the main-
tenance of the initial rutin concentration, while the intermediate
(420 min) and, mainly, the shortest (270 min) treatments led to
pollen showing severely reduced rutin levels (�26.5 and �72.5%,
respectively) (Fig. 2).



Fig. 1. Decrease of residual water content in honeybee-collected chestnut pollen
after freeze-drying treatments with different duration, UP = untreated pollen.

Fig. 2. Rutin concentration of honeybee-collected chestnut pollen before (UP = un-
treated pollen) and after the freeze-drying treatment, carried out for 270, 420 or
540 min. Data are means of three replicates ± SE. Above each column, different
letters indicate significant differences among treatments (ANOVA followed by
Tukey’s HSD test, P � 0.05).
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Due to rutin sensitivity to long storage periods and to excessive
heating during drying process, this flavonoid is considered a mar-
ker of quality for honeybee pollen (Canale et al., 2016). Serra
Bonvehì et al. (2001) suggest that a minimum quantity of 20 mg
rutin /100 g is needed to meet the nutraceutical and biological
properties and to standardize the commercial quality of pollen in
the European market. The untreated C. sativa pollen contained a
good amount of rutin (about 32 mg/100 g). Despite a significant
reduction, samples freeze-dried for 420 min retained appreciable
rutin levels, higher than the reported quality limit. Conversely, a
shorter FD (270 min) did not allow the maintenance of the
required quality standard. Differences among the treatments could
depend on the different residual water content, which negatively
affects rutin content. Canale et al. (2016) recently dehydrated C.
sativa pollen by microwave-assisted drying. Despite the pollen
residual moisture (4–15%) was like that obtained in the present
experiment, rutin did not showed significant variations, irrespec-
tive of microwave power and treatment time (Canale et al.,
2016). Factors other than residual moisture are probably involved
in accounting for this different response. An opposite effect of dif-
ferent post-harvest conditioning technologies was also observed
on pollen lipids. Conte et al. (2017) indeed observed no damaging
action due to FD on bee-collected chestnut and willow pollen,
while microwave-based treatments led to a reduction of pollen
tocopherols.
Maillard’s reactions, which lead to a decrease in organoleptic
value of pollen, can be avoided if a correct drying is performed.
The use of FD allowed maintaining in all samples a minimum
quantity of 2% of free amino acid content (Table 1) as required
for the standardization of the commercial pollen in the European
market (Serra Bonvehì et al., 2001). Even if the percentage of free
amino acid to total amino acid ratio did not change with FD, the
amounts of free amino acids almost doubled at the intermediate
(420 min) and longest (540 min) treatment (Table 1) indicating
the higher presence of highly assimilable proteins since, in the
form of free amino acids, they are ready to be used directly by
the body. Moreover, the free proline to free amino acid ratio was
always below 80%, indicating that this treatment did not affect
the nutritional value of the bee pollen (Serra Bonvehì and Lòpez
Alegret, 1986) as previously observed when a microwave-
assisted drying was applied (Canale et al., 2016). In contrast with
the microwave-assisted drying treatment, with FD free proline
increased and total proline was subjected to a decrease in compar-
ison with the control levels only in the sample with the highest
moisture content (270 min). The maintenance of the free amino
acids to total amino acids ratio is indicative of the adequacy of
FD as drying process which preserved proteins from proteolytic
events (Table 1). Total amino acids were quantified at 30 g/100 g
DW (data not shown), a value three times higher the minimum
estimated for proteins of dried pollen by Campos et al. (2008)
and indicative of the high nutritional properties of chestnut pollen.
4. Conclusions

Overall, bee-collected pollen is gaining attention as functional
food for human consumption. Among the different bioactive com-
pounds, flavonoids of bee-collected pollen are recognised as pow-
erful antioxidant and antiradical molecules. This research shed
light on FD as an alternative drying method to treat honeybee-
collected chestnut pollen for human consumption. Honeybee-
collected chestnut pollen was taken into consideration and the
level of rutin, as main flavonoid, was considered in the mainte-
nance of its nutraceutical properties. We observed that the FD
treatments for 420 and 540 min maintained rutin and amino acid
parameters in the range required for the standardization of the
commercial pollen in the European market. The fact that pollen
can contribute significantly to human protein needs, together with
the health benefits due to the presence of flavonoids, with special
reference to rutin, explains the more and more attention due to
pollen as a possible superfood.
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Table 1
Impact of freeze-drying on honeybee-collected chestnut pollen: free proline, total proline, free amino acids and total amino acids content after freeze-drying treatment lasting
270, 420 or 540 min.

Parameter UP FD 270 min FD 420 min FD 540 min

Free Pro (mg/g DW) 16.31 ± 1.35 c 22.44 ± 0.82 b 27.55 ± 0.62 a 26.16 ± 0.40 a
Total Pro (mg/g DW) 44.58 ± 1.83 b 36.74 ± 2.91 c 47.42 ± 1.70 ab 51.00 ± 1.94 a
Free Pro/Total Pro (%) 36.58 b 61.08 a 58.09 a 51.29 a
Free AA (mg/g DW) 24.67 ± 0.92 c 34.48 ± 0.71 b 43.22 ± 0.68 a 41.50 ± 0.97 a
Free AA/Total AA (%) 12.90 a 13.48 a 13.63 a 13.87 a
Free Pro/Free AA (%) 66.11 a 65.10 a 63.74 a 63.04 a

UP = untreated pollen.
FD = freeze-drying.
Pro = proline.
AA = amino acids.
Values are means ± standard errors.
Within a row, different letters indicate significant differences among treatments (ANOVA, Tukey’s HSD test, P � 0.05).
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