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Artigo

This study evaluated the stability of vitamins C, E and B-carotene in six samples of bee pollen after their process, and in a one-year

period of storage. After the pollen’s process, there was a 67.1% increase for vitamin C (p <0.05), an 18.7% loss for vitamin E and

15.6% for B-carotene. Storage in freezer was the most efficient condition for the vitamins conservation; the loss in storage at room

temperature (exposed or protected from light) was similar. Vitamin E appears to be better preserved during storage when compared

to vitamin C and B-carotene.
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INTRODUCTION

According to Normative Instruction No. 3, from January 19,
2001, from the Ministry of Agriculture, Livestock and Food Supply
(Ministério de Agricultura, Pecudria e Abastecimento - MAPA), bee
pollen is defined as the result of the agglutination of flower pollen,
nectar and honeybee salivary substances, carried out by worker bees
and collected at the hive’s entrance.' The bee pollen contains proteins,
carbohydrates, lipids and minerals in its composition. It also contains
the antioxidant vitamins (vitamins C, E and B-carotene, as pro-vitamin
A), those from B complex and vitamin D.>?

Due to the high moisture level found in the composition of bee
pollen, the process of dehydration is essential, since this moisture
causes its rapid fermentation and deterioration.* The contents of
vitamins from pollen and other foods can suffer alterations with
processing and storage.’ Almeida-Muradian e al.,in their analysis
of samples (n = 10) of dried bee pollen collected in the Southern
Region of Brazil, observed the absence of B-carotene (pro-vitamin
A) and vitamin C (ascorbic acid), stating that this failure can be
explained by their sensitivity to high temperatures which may have
been used in the drying process of pollen pellets.® Oliveira, on the
other hand, in the assessment of the contents of these vitamins in
fresh pollen and their behavior after the process of dehydration,
concluded that there was a loss of antioxidant vitamins (vitamin
C, E and B-carotene, as well as pro-vitamin A) after the process
of dehydration of pollen.”

There are no doubts about the beneficial actions of bee pollen to
human health. Nevertheless, there are basic questions pending to be
clarified in order to ensure the quality of the product for consumption,
from the monitoring of its production, preparation and storage.® The
Normative Instruction No. 3 of MAPA does not foresee the expiration
date of dried bee pollen.! Barreto ef al., while gathering information
on package for preservation of dried bee pollen from seven different
Brazilian states, found expiry periods on the labels of these packages
ranging from six months to three years.’

Barreto, in assessing the shelf life of dried bee pollen through
sensory and centesimal composition analysis, concluded that this shelf
life varies depending on the storage temperature.'® According to the
organoleptic analysis, the pollen has become unfit for consumption
after 240 days at room temperature and after 360 days in temperatures
of -12 °C. Because foods are not necessarily consumed immediately
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after their manufacturing, such as in the case of pollen, and since the
content of vitamins can be affected by several factors such as the type
of packaging and the conditions and time of storage, this study aims
to evaluate the stability of antioxidant vitamins (vitamins C, E and
[-carotene) of dried bee pollen over a one-year period of storage.

EXPERIMENTAL
Material

Six different batches of recently collected bee pollen samples
were obtained directly from the commercialization warehouse of
bee products “PRONATU Laboratory of Natural Products Ltd.”
located in the State of Sao Paulo (city of Pariquera-Acu). The
samples were collected between 23/02/2007 and 09/04/2007,
with a one-week space between batches. 15 hives of bees Apis
mellifera were used. In the company, each sample was homoge-
nized in order to withdraw 200 g of fresh pollen to be sent to the
laboratory. The remaining pollen was subject to the process of
drying in a laboratory sterilizer from the brand Ballardin® adjus-
ted to the temperature of 45 °C for approximately 6 h. The dried
samples were sent to the laboratory in their trade packaging (45
g transparent plastic).

The batches were designated by letters of the alphabet (A,
B, C, D, E and F). The fresh samples received were analyzed at
once and the batches of dehydrated pollen were divided as the
following: 4 packages were analyzed immediately upon entry, in
order to compose the Time 0; 4 packages were stored in freezer,
and tests were conducted 6 months after the acquisition (Timel)
and after a year of storage (Time 2); 4 packages were stored at
room temperature, and tests were conducted six months after
the acquisition (Time 1) and after a year of storage (Time 2); 4
packages were also stored at room temperature, but these were
protected from light exposure with the use of aluminum foil, and
tests were conducted 6 months after the acquisition (Time 1) and
after a year of storage (Time 2).

Methods

Determination of vitamin C

This has been achieved using an adapted titulometric method,
based on the reduction of 2,6-dichlorophenol-indophenol (DCPIP)
by ascorbic acid, according to AOAC."



Vol. 33, No. 3

Determination of Vitamin E

This has been achieved by high-performance liquid chromatogra-
phy (HPLC), as described by Presoto, Rios and Almeida-Muradian
and Oliveira.”?

Determination of the total Carotenoids and B-carotene

This has been achieved by open column chromatography (OCC),
as described by Rodriguez-Amayae Oliveira, in the samples that com-
posed the Time 0.7 After 6 and 12 months of storage, the B-carotene
was quantified by HPLC, based on the procedure described by Ribeiro
et al., with some adjustments.'*

Statistical analysis

After observing the normal distribution and homogeneity of the
variance, the following tests were adopted: Student’s t test to com-
pare the average concentrations of vitamins in fresh and dehydrated
pollen; Bidimensional Analysis of Variance (Two-way ANOVA) fol-
lowed by Duncan test, in order to make the comparison regarding the
stability of vitamins (C, E and B-carotene) of bee pollen in different
time conditions (0, 6 and 12 months) and storage conditions (light,
dark and freezer). The results were expressed as an average of the
results in triplicate + standard deviation. All statistical analysis was
performed using the program Statistica, with the adoption of a 5%
significance level (p <0.05)."

RESULTS AND DISCUSSION
Analysis of fresh and dehydrated pollen
In the analysis that were carried out, the three vitamins proposed

in this work have been identified (vitamin C, E and B-carotene, as
pro-vitamin A) as shown in Tables 1 and 2.
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It is observed that the concentration of vitamin C from the
fresh samples, that is, those with higher humidity, is smaller than
the processed samples from the same batch, with a statistically
significant difference between them (p = 0.037325). It is suspected
that the ascorbic acid, which is more unstable in solution, has
been rapidly degraded in the fresh samples during their storage,
in the day the pollen was dried, transported to the laboratory and
stored in freezer prior to analysis (total of approximately 5 to 6
days). This fact was also observed by Oliveira, who found higher
levels of vitamin C in samples of dried bee pollen, concluding
that during the period of storage of fresh bee pollen in freezer,
losses of vitamin C occurred and that the process of dehydration,
while promoting vitaminic loss, successively, helps conserve the
levels of this vitamin.”

The results found in this study are similar to those described by
Szczesna et al., who observed average values of vitamin C of 140 pg/g
(n = 2) in Polish samples of bee pollen.!® Oliveira, however, found
superior results when she analyzed the content of vitamin C in samples
of pollen (n = 10) that came from the town of Pindamonhangaba, Sao
Paulo. The values founded ranged from 273.9 to 560.3 pg/g in the
fresh samples and from 152.8 to 542.2 g/g in the processed samples.’

The concentration of vitamin E in bee pollen ranged from 19.43
to 43.00 pg/g in the fresh samples and from 16.27 to 38.64 Lg/g in
the processed samples. Similar results were found by Oliveira rang-
ing from 13.5 to 42.5 pg/g in the fresh samples and from 8.2 to 32.4
ng/g in the processed samples.” The process of dehydration of the bee
pollen was responsible for an average loss of 18.7% of the contents
of vitamin E, but with no statistically significant difference between
fresh and processed samples.

The concentration of total carotenoids of fresh bee pollen ranged
from 27.08 to 344.6 Lg/g and in the processed samples from 25.34 to
268.5 ng/g. As for the B-carotene, the results ranged from 3.77 t0 99.27

Table 1. Concentration of vitamins C and E in samples of fresh and dehydrated bee pollen and its loss after processing

Vitamin C (ug/g)* Vitamin E (ug/g)*
Batches Fie*sh Dehy*cirated ip;z::zrzt%ijr)l— Fresh Dehydrated ]E;S)S
A 14+0.25 114+ 1.62 87.7 43.00 +3.61 38.64 £2,72 10.2
B 52+2,47 124 +£3.94 58.1 19.43 £ 1.70 16.27£0.38 16.3
C 119 +1,96 340+ 114 65.0 25941221 20.54 £1.30 20.8
D 67 £0,46 126 £4.88 46.8 22.47+0.65 18.42 £ 0.47 18.0
E 15£0,76 127 £2.08 88.2 28.18 £ 1.12 21.06 £ 1.76 253
F 62+2.16 144 +4.49 56.9 37.19+1.42 32.27+1.53 13.2

*The tests were carried out in triplicate and the results expressed in Average + Standard Deviation. **Averages with a statistically significant difference

(p <0.05), according to the Student’s t-test.

Table 2. Concentration of total carotenoids, 3-carotene and its pro-vitaminic A value in samples of fresh and dehydrated bee pollen and its loss due to processing

Total Carotenoids (ug/g)*

-carotene (ug/g)* Pro-vitamin A

Batches
Fresh Dehydrated % (loss) Fresh Dehydrated % (loss) (ng/e)

A 4277+ 2.97 40.62 +4.89 5.0 6.96 = 0.44 6.65+0.29 4.5 0.55
B 27.08 = 1.64 25.34+1.20 6.4 3.77+0.10 3.14£0.09 17.5 0.26
C 36.31£4.97 33.95+2.95 6.5 5.95+0.35 5.05+0.03 15.1 0.42
D 344.6 £24.6 268.5+14.9 22.1 99.27 £2.45 77.88 £5.01 21.6 6.48
E 1384+ 14.6 103.3+9.2 25.4 29.84 £2.59 25.19+1.80 15.6 2.10
F 137.1£6.0 1172+£16.8 14.5 22.13+£0.83 17.83+£1.91 19.4 1.49

*The tests were carried out in triplicate and the results expressed in Average * Standard Deviation.
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lg/g in the fresh samples and from 3.14 to 77.88 Lg/g in the processed
samples. Similar results were found by Oliveira with concentrations of
total carotenoids ranging from 4.6 to 178.7 pg/g and B-carotene rang-
ing from 32.3 and 90.48 pg/g in the processed samples, with special
attention given to the absence of B-carotene in the samples collected in
the month of April, 2005.” Muniategui e al., on the other hand, showed
values of 0.49 to 242.6 L1g/g in total carotenoids sample and obtained on
average 10 g/g of B-carotene in trade samples of Spanish bee pollen.?

In the present work, the process of dehydration of the bee pollen was
responsible for an average loss of 13.3% of the content of total carot-
enoids and 15.6% in the content of B-carotene. However, there was no
statistically significant difference between fresh and processed samples,
both for total carotenoids and for the B-carotene. Oliveira observed loss
of 40.4% in the content of total carotenoids and 56.5% in the content of
[B-carotene after the processing of bee pollen (n = 10) with a statistically
significant difference.” Szczesna et al., however, did not observe any loss
of pro-vitamin A after bee pollen dehydration process (n = 1).!°

The percentage of B-carotene found in fresh bee pollen ranged from
14 to 29% compared to total carotenoids. The pro-vitaminic A value
of processed samples ranged from 0.26 to 6.48 g of retinol (12 pg of
[B-carotene corresponding to 1 g of retinol). According to document
n° 31 from the Ministry of Health, from January 13, 1998, in terms of
labelling, solid foods are considered to be a source of a certain vitamin or
mineral if they provide 15% of the dietary reference intake (DRI) in the
specified portion of the product.'” The DRI of vitamin A for men is 900
pg/day and for women 700 pg/day.'® Therefore, in terms of labelling, only
batch D can be considered a source of this vitamin, due to the amount of
[B-carotene that is contains. The recommended daily portion of 25 g
of dry bee pollen would supply 162 pg of retinol, that is, 18% of the
recommended daily intake for men and 23% for women.

Comparison of methodology for analysis of B-carotene (OCC x
HPLC)

The OCC is a good technique for determining quantity and it is
also very useful for separation and purification of carotenoids to be
used as patterns in the methods by HPLC." The HPLC, however, is a
technique with greater power of resolution, better reproducible with
reusable column and carried out under controlled conditions, without
unsuitable exposure to air and light, besides allowing the analysis of
a large number of samples in less time." In view of this, and with
the possibility of analyzing samples of pollen after six and twelve
months of storage by HPLC, tests were carried out to confirm the
compatibility of methods and allow the continuance of the experiment
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using HPLC for analysis of B-carotene instead of OCC. The results of
the tests to compare the methods showed that there is no statistically
significant difference (p = 0.591696) between them, according to the
Student’s t-test. These results are presented in Table 3.

Table 3. Comparison of the contents of B-carotene (ug/g) in bee pollen, using
OCC and HPLC

Batch Méthod*

(Sample) occ HPLC
A (Freezer) 5.92 0.39 5.11+0.33
A (Dark) 3.59 +0.20 3.13 +0.07
A (Light) 3.52+0.29 3.30+0.28

*Results expressed in dry base though the Average + standard deviation of
analysis in triplicate, not showing significant difference between the averages,
according to the Student’s t-test.

Porcu and Rodriguez-Amaya, in analyzing samples of acerola,
showed that the content of B-carotene obtained by the methods of
chromatography in open column and high performance liquid chro-
matography did not differ significantly, showing the reliability of both
methods for quantification of B-carotene.” Almeida-Muradian et al.
also observed equivalence between the OCC and HPLC methods
in analyzing samples of leafy vegetables (n = 5).”! The same was
observed by Adewusi and Bradbury when analyzing the content of
carotenoid in cassava, concluding in his study that the OCC method
is suitable for determination of major carotenoids in foods, since there
was no difference in results when analyzed by HPLC.?

Analyzes of dehydrated bee pollen after 6 and 12 months of
storage

The analyzed batches were stored in three different ways: at room
temperature with exposure to light, at room temperature protected from
light, and in freezer. The samples were stored in transparent plastic
packaging and labeled according to the one sent by the commercial-
ization warehouse. The results for the analysis of vitamin C (ascorbic
acid), vitamin E (o-tocopherol) and B-carotene after six and twelve
months of storage are expressed in Tables 4, 5 and 6, respectively.

According to Table 4, we can observe that the storage at room
temperature, both in the samples exposed as in the ones protected from
light, was responsible for an average loss of 50% in the concentration
of vitamin C. When exposed to light, there was an average reduction

Table 4. Concentration of vitamin C (ug/g) in samples of dehydrated bee pollen after six and twelve months of storage

Condition*
- 0 Light Dark Freezer
ime

Batch ug/e 6 months 12 months 6 months 12 months 6 months 12 months
/ Loss / Loss / Loss ' Loss / Loss / Loss
Hg/g (%) Hg/g (%) Hg/g (%) Hg/g (%) Hgrg (%) Hg/g (%)
A 114 £ 1.62° 53+ 1.44° 535 50+2.80° 565 64+4.53> 440 61+4.04° 463 76+£530° 334 72+984° 372
B 124 £ 3.942 84+7.24% 322 84+5.16° 31.8 84+3.76° 31.8 83%+0.53> 331 99+£7.31* 202 91+12.8° 26.6
C 340+ 11.5° 148 £6.68° 56.5 106+2.26° 68.8 90+5.11° 736 76+£572° 77.7 301£9.11* 11.5 284+239° 16.6
D 126 +4.88* 47+£6.52° 627 45+£3.07° 64.0 47 £0.53° 624 40+1.32° 68.6 91+841* 278 87+4.88" 30.7
E 127 £2.08* 52+235% 592 44+282% 654 44+295° 656 41+£352° 679 98+7.54* 228 91%587° 283
F 144 +4.49* 79+395° 449 81+4.17° 43.8 75+£1.92° 479 78+4.21° 46.0 125+248* 133 118%+6.21° 184

* Results expressed in dry base though the Average + standard deviation of analysis in triplicate. Comparisons of pollen stability under different conditions

of time and storage made by Two-way ANOVA followed by Duncan. Statistically significant differences are indicated by the different letters in the columns.
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of 52 and 55% after 6 and 12 months of storage, respectively. When
protected from light, this loss was similar: 54 and 59% after six and
twelve months of storage, respectively. According to the statistical
test performed, there were significant differences (p<0.05) between
these two conditions when compared to concentrations of vitamin
at Time 0. However, there was no difference between the periods
of analysis (6 and 12 months) in both conditions of storage at room
temperature. This suggests that when stored at room temperature,
vitamin C is rapidly lost, probably due to oscillations in temperature,
and, after this initial sharp loss, it becomes quite stable during the
storage process.

In the samples that were stored in the freezer, the average per-
centage of loss was lower, about a half (22% in 6 months and 26%
in 12 months) when compared to the losses that occurred in storage
at room temperature. However, for initial concentrations of vitamin
C, there was only statistically significant difference (p<0.05) after
twelve months of storage in freezer. These results indicate that, taking
into account the retention of vitamin C as an index of quality and
shelf life of food, it is recommended to store the samples of dried
bee pollen in the freezer until consumption.

In relation to vitamin E, Table 5 shows that the storage condi-
tions do not account for drastic losses in its concentrations. When
stored in freezer, the average percentages of reduction were 5 and
13% after 6 and 12 months respectively. Under room temperature
conditions, however, there was an average reduction of vitamin
around 10% after 6 months of storage, both when exposed to and
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protected from light and, after 12 months of storage, the average
losses were 18 and 15% when exposed to light and protected from
light, respectively.

Table 6 shows the behavior of B-carotene over a year under the
conditions studied. It can be observed that when stored at room tem-
perature and protected from light, the percentage of loss of -carotene
in bee pollen ranged from 39 to 91% after 6 months of storage and 59 to
76% after 12 months. When protected from light, at room temperature,
the percentages were similar to those found when exposed to light, in
both periods studied. Meanwhile, when stored in a freezer, there was
an average loss of 11 and 12% on the concentration of B-carotene in
the samples after 6 and 12 months respectively, indicating that this is
the best way to store bee pollen when its preservation is taken into
consideration. However, according to the statistical test used, there were
no significant differences between the studied conditions, or between
periods (6 and 12 months).

Szczesna et al., assessed the stability of vitamins in bee pollen
from Poland and showed losses of 37 and 90% in the content of vi-
tamin C (n = 2) after 6 and 12 months respectively, of storage at 20
°C."“However, there was no loss of vitamin when the samples were
stored for six months at —20 °C, but there was a loss after 12 months
of storage at that temperature (45%). As for the concentration of pro-
vitamin A in the samples (n = 1) of pollen, the authors observed no
loss after six months of storage in any of the conditions (20 and —20
°C) and found only small percentages of reduction (3 and 5%) after
12 months in these temperatures (20 and —20 °C).'¢

Table 5. Concentration of vitamin E (ug/g) in samples of dried bee pollen after six and twelve months of storage

Condition*
Light Dark Freezer
Time 0
Batch ug/g 6 months 12 months 6 months 12 months 6 months 12 months
y Loss y Loss / 0S¢ y Loss y 0SS y Loss
ug/g (%) ug/g (%) ug/g (%) ne/g (%) ng/g (%) ug/g (%)
A 38.6 £2.72 36.7+0.40 5.1 242+1.04 374 374+087 32 2721076 296 375+2.1 23 2441076 36.7
B 16.3+0.38 15.8+0.53 2.8 159+0.74 25 16.8 £ 0.50 - 16.3+1.67 - 16.0+1.73 - 16.3 £0.14 -
C 20.5+1.30 18.8 £1.08 84  20.7+1.19 - 187+1.11 88 198+1.89 34 22.0%1.20 - 22.1+0.39 -
D 18.4+0.47 21.4+0.53 - 16.0+0.09 133 20.8+0.13 - 20.3+1.44 - 24.2+0.04 - 17.5+1.89 52
E 21.1+1.76 18.0+0.44 146 158+0.69 250 17.0+x0.57 194 152+2.16 280 19.0£192 9.7 164%£0.53 22.1
F 32.3+1.53 239+£0.75 26.1 22.1+£095 31,5 240%x128 256 229+242 290 268+£198 17.1 269+2.68 16.6

*Results expressed in dry base though the Average + standard deviation of analysis in triplicate. Comparisons of bee pollen stability under different conditions

of time and storage made by Two-way ANOVA followed by Duncan.

Table 6. Concentration of B-carotene (ug/g) in samples of dried bee pollen after six and twelve months of storage

Condition *

Light Dark Freezer
Time 0
Batch ug/g 6 months 12 months 6 months 12 months 6 months 12 months
/ Loss y Loss / Loss ' Loss y Loss y Loss
Hg/'g (%) ne/g (%) ne/g (%) ne/g (%) ne/g (%) ne/g (%)
A 6.65+0.29 330+£0.28 504 261£0,14 60.8 3.13+£0.07 53.0 159+0.03 760 5.11+£033 232 459+£0.30 31.1
B 3.14£0.09 191+£008 39.1 128+£0,03 59.3 1.87£0.06 403 095+0.07 699 3.05+£008 2.8 3.10£0.18 14
C 5.05+0.03 199+£022 60.7 182%£0,14 639 196%+0.14 61.1 153+0.06 69.7 441+£022 127 457£0.18 9.6
D 77.9+501 394+£0.57 494 189%040 757 434%+0.66 442 184+053 763 77.6+228 04 729£0.75 6.5
E 2524180 125+£0.65 503 6.67%£0,07 73.5 11.5+0.75 542 585+025 768 207+1.15 179 233+£0.22 7.5
F 178191 9.00+045 495 5.13+£0,06 71.2 952+026 464 503+023 71.8 16.1+£0.11 99 149+0.32 16.5

*Results expressed in dry basis though the Average + standard deviation of analysis in triplicate. Comparisons of bee pollen stability under different conditions

of time and storage made by Two-way ANOVA followed by Duncan.
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CONCLUSIONS

In face of the results presented here, it can be concluded that
the storage in freezer was the most efficient condition for the con-
servation of the three vitamins, and the loss during storage at room
temperature when exposed to light and protected from light was
similar. When considering the three conditions studied, the vitamin
E appears to be better preserved during storage when compared to
vitamin C and B-carotene.
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