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ABSTRACT

Pigments are anti-oxidants, which play an important role in protecting against many diseases. In
this study, pigments of different bee pollen types (Sunflowers, Clover, Sesame and Maize) were
determined with ethanol solvent and stored under freeze condition. Sunflower bee pollen had the highest
amounts of the studied 23 pigments except three pigments. Maize bee pollens were superior to sunflower
bee pollen in its content of the three exception pigments (Isozeaxanthin, Zeaxanthin and B- Zeaxanthin).
In Sunflower bee pollen there were no significant differences between fresh bee pollen and those stored
for 6 months in most of pigments as compared with 12 months storage. Sunflower bee pollen either fresh
or stored for 6 months produced the highest values of Isozeaxanthin, Lutein, Lycopene, Violaxanthin,
Zeaxanthin, 8- APO- B- Carten- 8- al, o — Carotene, B — Carotene and y — Carotene compared to 12
months storage. However pigments of clover or sesame bee pollen were the lowest compared to
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INTRODUCTION

Pollen is an important product of the honeybee
colony that is harvested by bees. It's transmitted to hives in
the form of pollen loads and called bee pollen. This
product contains many important substances such as
volatile amino acids, phenolic compounds, vitamins and
pigments that play a powerful role as antioxidants
(Lazaridou et al., 2004 and Nayik et al., 2014).

The nutritional value of pollen is assessed based on
protein concentration and amount of essential amino acids
(Roulston and Cane, 2000). Pollen is the only source of
protein where bees collect them from plants and store them
inside the cells until needing in the development of
offspring and thus the development of the whole colony
(Andelkovi¢ et al., 2012). Bee pollen have antioxidants
that differently changed according to the types of flowers,
geographical area, climatic conditions and storage
(Zuluaga et al., 2015).

Many of the biological properties of pollen are
associated with the antioxidant effect, which results from
the presence of many polyphenols, vitamins E and C, and
beta-carotene where antioxidant activities can disrupt free
radicals and protect the body from the negative effects of
its activity. (Gulcin, 2012)

The appearance of yellow and red colors in pollen
load is mainly estimated by the presence of pigments such
as flavonoids and carotenoids (Stanley and Linskens,
1974). The importance of pigments is not only to the fact
that they distinct colors of bee products, but to the greatest
importance as antioxidants especially carotenoids (Owayss
et al., 2004). Also Bee pollen is rich in natural carotenoid
pigments as lycopene and eaxanthin (Pascoal et al., 2014).
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The principal carotenoids found in bee pollen after
saponification are lutein and B-cryptoxanthin, while -
carotene is detected in small or trace amounts (Méargdoan et
al., 2014). Carotenoids have important roles in human
health, B-Carotene frame is the main source of vitamin A
and its dietary intake may reduce the risk of different types
of degenerative diseases (Milani et al., 2017). The bee
pollen is a healthful food product with a high nutritional
profile and therapeutic characteristic. The storage
conditions or period may affect its composition and
characteristics Campos et al., 2003; Anjos et al., 2019. The
aim of this investigation is study the effects of storage
periods on pigments of four bee pollen types

MATERIALS AND METHODS

Six honey bee, Apis mellifera L., colonies headed
with queens of 1 ® Carniolan hybrid were used in Fayoum
governorate, during 2017. Pollen grains of Sunflower
(Hilianthus annuus), clover (Trifolium alexandrinum),
Sesame (Sesamum indicum) and maize (Zea maize) were
collected by placing pollen traps at the entrance of
Langstroth's bee hives. Collected pollen pellets were
separated (depending on color) and then identified
microscopically according to Louveaux et al, 1978
technique.

Identification of pollens

For identification a representative sample of each
pollen type was examined by a light microscope slide
where it mounted in glycerin jelly and compared with
already prepared slides of pollen made from nearly opened
anthers of flowering plants growing at the research region.
Spectrophotometric determinations of pigments. All the
tested pigments were done at food safety and quality
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control lap. Fac. Agric., Cairo Univ., Giza, Egypt. Using
calorimetrically ~ determined by  spectrophotometer
(Spectronic 20, Bausch & Lomb) for different types of bee
pollen either fresh or stored at -20 °C for 6 and 12 months.
The following parameters were determined:

Anthocyanin. Anthocyanin was estimated using a method
described by Fuleki and Francis (1968) as follows:
Samples of 3g of bee pollen were mixed with ethanol 95%
and HCL 1.5N (85:15 v/v), made up to 100ml then filtered.
The absorbance of the extracted solution was measured at
535 nm against a blank. Total anthocyanin was calculated
(ug/g) by the following equation:

0O.D.535xD.V.x100/F.W. x 1/98.2
Where; 0.D. = optical density (absorbance) of the diluted sample,

D.V. = diluted volume (ml) of the extract prepared for O.D.
measurements and F.W. = fresh weight (g) of the sample.

Xanthophyll. These pigments were determined according
to the modification of the spectro colorimetric procedure

given by Bacot (1954): In a porcelain mortar, 3g of bee
pollen were well mixed with 30 ml of 80% ethanol then
ground and filtered. The filtrate was made up to 100ml
with 80% solvent.
Xanthophyll =2026.1 x O.D. 474 — 2288.6 x O.D. 485 + 0.0036
(A) — 0.06518 (B).

Where;
O.D. = optical density (absorbance) of the diluted sample.
Carotenoids: Carotenoids were also estimated according
to the methods of Britton (1995); the amount of each
present pigment was calculated from the equation:

X =Ay (A ., x 100);

where X = the mass of carotenoids (g), y = the volume of solution
1%

(ml), A= the measured absorbance, and A, == the specific
absorption coefficient, that is, the absorbance (nm) of a solution of 1g
of that carotenoids in 100ml of solution. Absorptions used were listed
in Table (2).

Table 1. Light absorption maxima of some carotenoids determined in tested bee pollen types

Pigments A max(nm) Pigments A max (nm)
Antheraxanthin 444 Isozeathanyhin 451
Astaxanthin 485 Isocryptoxanthin 450
8'-APO-B-carotene 8' - al 463 Lactucaxanthin 440
Canthaxanthin 474 Lutin 5,6-epoxide 442
o — Carotene 444 Lycopene 472
[B-carotene 450 Neoxanthin 439
v- Carotene 460 Violaxanthin 440
g-Carotene 440 [-Zeacarotene 428
&-Carotene 399 Zeaxanthin 450
B-Cryptoxanthin 450 Lutein 445
Crocetin 423 Neurosporene 440
Citranxanthin 335

Statistical analysis

Data were analyzed using SAS software program
(SAS, 2001). Randomized complete design with three
replications was used. Duncan's test was used to separate
treatment means at P <0.05.

RESULTS AND DISCUSSION

Pigments extracted with ethanol from different Bee
pollen types

According to results in Table (2) there were
significant differences in amount of pigments of sun
flower, clover, sesame and maize bee pollen. Sun flower
bee pollen recorded the highest values in most of pigments
expected Isozeaxanthin, B- Zeaxanthin and Zeaxanthin
wher maize bee pollen revealed the highest values of these
exceptions as 265.40+2.07 mg/g, 219.61+4.27 mg/g and
312.43+2.07 mg/g, respectively.
Moreover, clover bee pollen showed the lowest values in
Isocryptoxanthin (31.18+1.46 mg/g), Isozeaxanthin (38.06
+1.02 mg/g), Lactucaxanthin (31.71+1.26 mg/g), Lutein
(41.02+£1.30 mg/g mg/g), Neoxanthin (44.53+£2.72 mg/g),
Neurosporene (19.06+0.41 mg/g), Antheraxanthin (40.12+
0.75 mg/g), Astaxanthin (36.88+1.03 mg/g), & — Carotene
(44.95+0.94 mg/qg) and Citraxanthin (56.96+1.09 mg/qg).

While sesame showed the lowest Lutein-5, 6-
epoxide (40.91+0.38), Violaxanthin(48.32+0.69),
Canthaxanthin  (45.05£0.58 mg/g), a Carotene
(59.37+1.34 mg/g), kB — Carotene(60.94+0.49 mg/g) and -
Carotene(53.81+0.54 mg/g) values.
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Pigments of bee pollen types as affected by storage
period

Results in Table 3 clarify revealed significant
differences between fresh Sunflower bee pollen and 12
months storage in Isozeaxanthin, Lutein, Lycopene,
Violaxanthin, Zeaxanthin, 8- APO- B- Carten- 8- al, a —
Carotene, B — Carotene and y - Carotene values which
recorded mean values as 87.48+0.18, 92.96x0.58,
121.51+2.25, 105.99+1.25, 103.29+0.22, 126.33+0.36,
130.82+0.97, 152.9740.73 and 128.71+0.57 mg/g,
respectively for fresh bee pollen. For 12 months storage the
same bee pollen pigments recorded 82.53+1.22,
87.89+1.54, 102.60+3.75, 97.02+1.65 ~ 97.22+1.23,
11497+ 3.35, 11563 +3.17, and 132.78+2.20 and
117.70+2.18 mg/g, respectively.

No significant differences between fresh bee pollen
and six months storage in all sunflower bee pollen
pigments.The results of clover bee pollen showed
significant differences in values of Neurosporene, 8 —
Carotene, & — Carotene and Crocetin between fresh and 12
months storage. Fresh bee pollen recorded the highest
values of above pigments as follow 19.06+0.41 mg/g, and
17.05£0.53 mg/g , 134.18+3.03 mg/g and 116.93+2.52
mg/g, 44.95+0.94 mg/g and 40.88+0.52 mg/g, 69.39+0.62
mg/g and 50.87+ 4.53 mg/g, respectively. Furthermore, no
significant differences were observed in the rest pigments
between fresh and 12 months storage. Also no significant
differences in pigments were recorded among fresh and six
months storage.
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Table 2. Pigments (mg/g) of four bee pollen types

Pigments Bee pollen types
Sunflower Clover Sesame Maize

R -Cryptoxanthin 85.42+0.53a 43.40+1.63c 40.77+0.74c 63.21+0.62b
Isocryptoxanthin 80.59+0.28a 31.18+1.46d 37.65+0.30c 59.50+1.97b
Isozeaxanthin 87.48+0.18b 38.06+1.02d 46.30+0.91c 265.40+2.07a
Lactucaxanthin 97.94+ 1.00a 31.71+1.26d 39.92+0.25¢ 60.77+1.25b
Lutein 92.96+0.58a 41.02+ 1.30d 48.31+0.77c 60.10+0.28b
Lutein-5,6- epoxide 89.87+0.39% 49.18+1.53c 40.91+0.38d 60.12+0.22b
Lycopene 121.51+2.25a 81.78+1.66b 38.44+1.14c 78.92+1.24b
Neoxanthin 87.80+1.21a 44.53+2.72d 51.29+1.27¢ 72.19+0.73b
Neurosporene 50.62+0.88a 19.06+0.41c 29.29+0.19b 50.01+0.71a
Violaxanthin 105.99+1.25a 58.86+1.52¢ 48.32+0.69d 66.28+ 0.22b
B- Zeaxanthin 93.25+0.64b 60.28+1.02c 54.12+0.58¢ 219.61+4.27a
Zeaxanthin 103.2940.22b 48.79+1.65¢ 52.82+1.38¢c 312.43+2.07a
Antheraxanthin 91.46+0.79a 40.12+ 0.75d 43.44+0.62¢ 67.68+1.37b
APO- B- Carten- 8- al 126.33+0.36a 62.53+1.34c 61.84+0.43c 89.43+1.01b
Astaxanthin 90.12+0.46a 36.88+1.03d 42.88+1.52¢ 50.44+0.24b
Canthaxanthin 96.12+0.40a 51.30+0.92¢ 45.05+0.58d 56.41+0.71b
a— Carotene 130.82+0.97a 100.63+2.09b 59.37+1.34d 88.20+0.76¢
R — Carotene 152.97+0.73a 134.18+3.03b 60.94+0.49d 96.45+0.27¢
y — Carotene 128.71+0.57a 76.71+1.86¢ 53.81+0.54d 90.92+0.39b
& — Carotene 115.81+0.58a 44.95+0.94d 56.20+1.09¢ 93.04+ 0.59b
¢ — Carotene 123.91+0.52a 58.06+4.95¢ 58.54+0.66¢ 78.45+0.94b
Citraxanthin 111.1640.22a 56.96+1.09d 62.05+0.65¢ 90.58+0.48b
Crocetin 89.35+0.72a 69.39+0.62b 48.06+ 0.21c 70.14+0.35b

Means followed by the same litter(s) in the same row are not significant differences (P<0.05).

Table 3. Effect of storage period on pigments (mg/g) on bee pollen types

Fresh 6 months 12months Fresh 6 months

12months  Fresh 6 months12months Fresh 6 months 12 months

Pigments Sun Flower Clover

Sesame Maize

R—Cryptoxanthin  854+05a 85.1+3.1a 815+ 38a 434+16a 429+15a
Isocryptoxanthin -~ 80.6+0.3a 80.2+18a 764+15a 31.1+14a 311+14a
Isozeaxanthin 875+02a 87.3+19a 825+12b 380+10a 37.8+1.0a
Lactucaxanthin -~ 97.9+10a 974+34a 924+17a 317+l2a 315+13a

Lutein 930:05a G27+14a 878+15h 410+ 13a 409+13a
t&t‘;‘i’&fe‘ 898:03a 894+1la 875:17a 491+15a 490+15a
Lycopene 1215222 11944242 1026+37b 817+16a 813+15a
Neoxanthin 878+12a §77+17a 839+30a M5:27a 4427

Neurosporene 506+08a 509+22a 47.3+21a 19.0+04a 189+0.3a
Violaxanthin 1059+1.2a 1053+31a 97.0+16b 588+15a 584+l4a
B- Zeaxanthin 932+06a 931t1.7a 904+02a 60.2+1.0a 60.0+09a
Zeaxanthin 1032+0.2a 1032+16a 97.2+12b 487+16a 485tl7a
Antheraxanthin 914+0.7a 91.3t12a 87.0+15a 40.1+0.7a 40.0+0.7a
SO 1263103 12581260 1149:33 625:13a 622+13a

en-8-al
Astaxanthin 90.1+04a 900t12a 854+26a 36.8+1l0a 36.6+1.0a
Canthaxanthin 96.1+04a 959+1.7a 91.1+24a 51.3+09a 51.1+09a
o— Carotene 130.8+0.9a 130.2+3.1a 1156+3.7b 100.6+2.0a 100.1+1.7a

396+13a 40.7+0.7a 40.7+16a 385+1.7a 632+06a 63.0xl1la 595+05b
288+14a 37.6+03a 375+16a 360+05a 595+19a 59.3+15a 56.3+13a

350+0.3a 46.3+09a 46.2+14a 43.9+1.1a 2654+20a 2629+2.3a 220.8+7.4b

30.1+0.1a 39.9+0.2a 390.8+19a 38.7400a 60.7+12a 605+20a 564+12a
390+15a 48.3+0.7a 48.1+18a 458+06a 60.1+02a 59.9+09%a 56.5+2.0a

45.1+22a 40.9+0.3a 408+16a 39.0+06a 60.1+02a 60.0+lda 57.1+lla

769+09a 384+l.1a 382+13a 365+1l1a 789+l2a 787+18a 746+0.6a
409+32a 512+12a 51.1+25a 482+17a 721+07a 719+20a 69.3+1.3a
170+05b 29.2+0.1a 29.2+06a 27.3+11a 50.0+0.7a 498+12a 47.2+15a
55.7+26a 48.3+0.6a 48.2+19a 464+0.7a 66.2+02a 649+13a 615+0.3b
579+12a 54.1+05a 54.1+16a 50.6+0.3a 219.6+4.2a 216.7+30a 1965+1.2b
459+02a 52.8+1.3a 525+15a 51.3+2.2a 3124+20a 307.5+33a 257.5£32.8b
37.7+14a 434+06a 433+14a 41.7+0.7a 676+13a 675+18a 64.0+20a

58.8+08a 61.8+04a 614+1.3a 585+03p 894+10a 89.3+l5a 86.6+19a

343+20a 428+15a 42.7+13a 411+14a 504+02a 503+0.7a 46.7+14b
488+13a 45.1+05a 448+1.7a 424+08a 564+0.7a 564+18a 52.0+09a
96.2+16a 59.3+13a 59.1+12a 552+19a 882+0.7a 88.1+l2a 84.2+22a

38— Carotene 152940.7a 1525+2.8a 132.742.2b 134.1+30a 132.8+2.6a 1169+25b 60.9+04a 60.7+05a 57.6+14a 964+02a 96.3+21a 83.0+65a

y - Carotene 1287+05a 1283+14a 117.7+21b 76.7+18a 762+17a
& - Carotene 1158+05a 1152432a 107.1+55a 449+09a 44.7+08a
£—Carotene 1239+05a 1232+4.1a 1141+30a 580+49a 57.0+4.9a
Citraxanthin 111.1+02a 1109+45a 1020+45a 56.9+10b 56.7+0.9b
Crocetin 89.3+0.7a 89.3+22a 846+27a 69.3+06a 69.0+05a

73019 538+05a 53.7+14a 514+0.7a 90.9+03a 908+05a 86.8+15b
408+05b 56.2+1.1a 56.7+1.9a 54.6+05a 930+05a 929+16a 88.6+18a

529+1.7a 585+06a 58.3+11a 556+06a 784+09a 784+22a 735+24a
66.9+2.1a 62.1+06a 61.6+18a 589+09a 905+04a 905+1l5a 87.7+15a

50.8+4.5b 48.1+0.2a 47.8+1.3a 444+15a 70.1+03a 700+08a 66.5+1.3b

Means followed by the same litter(s) in the same row in each bee pollen type are not significantly different (P<0.05).

In case of sesame bee pollen there were significant
differences between fresh (61.84+0.43 mg/g) and 12
months storage (58.50+0.33 mg/g) in 8- APO- B- Carten-
8- al only. While the rest pigments were not significantly
different. No significant differences were observed
between fresh and six months storage.

Maize bee pollen showed significant differences in
R - Cryptoxanthin, lIsozeaxanthin, Violaxanthin, B-
Zeaxanthin, Zeaxanthin, Astaxanthin, y - Carotene and
Crocetin for fresh and 12 months storage. For fresh and 12

months storage the values of above-mentioned pigments
were as following 63.21+0.62 mg/g and 59.51+0.58 mg/g,
265.40+2.07 mg/g and 220.81+7.44 mglg, 66.28+ 0.22
mg/g and 61.58+0.35 mg/g, 219.61+4.27 mg/g and
196.59+1.21 mg/g, 312.43+2.07 mg/g and 257.56+32.85
mg/g, 50.44+0.24 mg/g and 46.78+1.44 mg/g, 90.92+0.39
mg/g and 86.82+1.52 mg/g, 70.14+0.35 mg/g and
66.50+1.36 mg/g, respectively. However, the rest pigments
were not significantly different. Also, no significant
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differences were observed between fresh and six months
storage.

Through the obtained results in this study about
impact of storage period on hee pollen pigments of
different types it was found no significant effects of
storage till six months on bee pollen pigments in
comparison with fresh bee pollen of all types. Sunflower
bee pollen was the best in terms of containing more
pigments than other bee pollen types. These results are in
line with those of Keller, et al., 2005 a, b. which revealed
that white and red clover (Trifolium, repens and pratense),
corn (Zea mays), rape (Brassica napus) and sunflower
(Helianthus sp.) yielded on average more than 60% of the
total collected pollen from different locations of
Switzerland.

Muniategui et al., 1990 in four samples of fresh
bee-collected pollen reviewed 50-150 pg/g of carotene and
140-400 pg/g of xanthophylls. B-carotene content reached
to 0.05-0.08% of dry weight. B-carotene content ranged
from 0.8 to 315 mg /100g lipids. Bogdanov et al., 2003
showed that from a microbiological and sensory point of
view pollen remains stable until 1.5 years of storage at
room temperature. Under these conditions pollen keeps its
sensory and microbiological quality for a storage period of
2 years, if stored in a cool, dry and dark place.

Owayss et al., 2004 referred to the importance of
pigments (colorants) as antioxidants and markers of the
origin of bee products. Stojko A., et al. 2012 concluded
that, 12-month storage of bee pollen decreased the
concentration of polyphenols in all three types of extracts,
and these changes depend on the storage conditions.
Pollen loses a considerable amount of its antioxidant
activity (about 59%) after one year. This loss might be due
to the decrease of phenolic compounds. Campos et al.,
2016 stated that the nutritional value of bee pollen varies
considerably between the plant species and is also highly
influenced by the storage method.

Anjos et al., 2019 indicated to the conditions of bee
pollen storage may affect its composition. Carotenoids
have been successfully gained more popularity because of
their diverse functions particularly in food and
pharmaceutical industries; including their role as pro-
vitamin A ingredients, effective antioxidants (Moreira et
al., 2018), anti-tumor and anti-cardiac (Rostamabadi et al.,
2019), anti-ageing and anti-inflammatory properties
(Neville et al.,, 2013 and Kaulmann and Bohn, 2014).
Vegetables and fruits are the main sources of carotenoids
which are necessary for immune system activity,
antioxidant activities, and intracellular communication
(Khalid et al., 2018). Carotenoids not only in plants but
also play vital functions in human body such as antioxidant
and anti-inflammatory properties, enhancing immune
response and preventing from many chronic diseases
(Herndndez et al., 2018).

CONCLUSION

Bee pollen is a product of the honeybee colony,
high in nutritional value and has high medicinal value and
used as a dietary supplement for food and pharmaceutical
industries. From the obtained results of storage different
bee pollen sources. It could be concluded that, among the
four tested bee pollen types (Sunflower, clover, sesame and

12

maize) Sunflower bee pollen was the best type contained
pigments. For the effect of storage period on pigments, it
was noted that no significant differences appeared among
the bee pollens stored 6 months and fresh pollens. On the
other hand, there are significant differences in pigments of
12 months storage and fresh pollens.

REFERENCES

Andelkovi¢ B., Jevti¢ G., Mladenovi¢ M., Markovi¢ .,
Petrovi¢ M., and Nedi¢ N. (2012). Quality of pollen
and honey bee bread collected in spring. Journal of
Hygienic Engineering and Design, 1: 275-277.

Anjos O., Paula V., Delgado T. and Estevinho L. (2019).
Influence of the storage conditions on the quality of
bee pollen. Zemdirbyste- Agriculture, 106 (1): 87-
94. DOI 10.13080/z-2.106.012

Bacot A. M. (1954). The chemical composition of
representive grades of the 1952 and 1954 crops of
flue crude tobacco. U. S. Government printing
office, Washington, D.C., USA.

Bogdanov S., Bieri K., Gremaud G., Iff D., Kénzig A,
Seiler K., Stockli H. and Zircher K.(2003).
Bienenprodukte; 23 B Pollen. Swiss Food Manual
(Schweiz Lebensmittelbuch): 1-6.

Britton G. (1995). In Carotenoids, VVol. 1B: Spectroscopy
(Britton, G; Liaaen— Jensen, S. and H. Pfander,
eds. ) Birkhauser, Basel, Boston and Berlin, pp. 13
—-62.

Campos M. G., Webby R. F., Markham K. R., Mitchell K.
A. Cuhna A. P. (2003). Age-induced diminution of
free radical scavenging capacity in bee pollens and
the contribution of constituent flavonoids. J. Agric.
Food Chem., 51: 742-745.

Campos M.G., Olena L. and Anjos O. (2016). Chemical
composition of bee pollen. Cardoso S. M. et al.
(eds). Chemistry, biology and potential applications
of honeybee plant-derived products. Bentham
eBooks, p. 67-88. https://doi.org/l 0.2174/
9781681082370116010006

Fuleki I. and Francis F. J. (1968). Quantitative methods for
anthocyanin.1-Extraction and determination of total
anthocyanin in carnberries.J.Food Sci.,33:72 — 77.

Gulcin 1. (2012): Antioxidant activity of food constituents:
an overview. Arch. Toxicol., 86, 345-391.

Hernandez S. J., Avellaneda E. Z., Igbal H. and Chanes
W.J. (2018). State of the art extraction
methodologies for bioactive compounds from algal
biome to meet bioeconomy challenges and
opportunities. Molecules, 23(11): 2953.

Kaulmann A. and Bohn T. (2014).Carotenoids,
inflammation, and oxidative stress-implications of
cellular signaling pathways and relation to chronic
disease prevention.Nutrition research,34(11):907-29.

Keller 1., Fluri P. and Imdorf A. (2005a). Pollen nutrition
and colony development in honey bees - part |. Bee
World 86 (1): 3-10.

Keller 1., Fluri P. and Imdorf A. (2005b). Pollen nutrition
and colony development in honey bees - Part Il.
Bee World 86 (2): 27-34.

Khalid M., Bilal M., Igbal H.M. and Huang D. (2018).
Biosynthesis and biomedical perspectives of
carotenoids with special reference to human health-
related applications. Biocatalysis and Agricultural
Biotechnology, 17:399-407.


https://doi.org/10.2174/9781681082370116010006
https://doi.org/10.2174/9781681082370116010006

J. of Plant Prot. and Path., Mansoura Univ., Vol. 11 (1), January, 2020

Lazaridou A., Biliaderis C. G., Bacandritsos N. and
Sabatini A. G. (2004). Composition, thermal and
rheological behavior of selected Greek honeys.
Journal of Food Engineering, 64(1): 9-21.

Louveaux J., Maurizio A. and Vorwhol G.
(1978). Methods of Melis- sopalynology. Bee
World, 59: 139-157.

Margdoan R., Marghitas L.A., Dezmirean D.S., Dulf F.V.,
Bunea A., Socaci S.A. and Bobis, O. (2014).
Predominant and secondary pollen botanical origins
influence the car- otenoid and fatty acid profile in
fresh honeybee-collected pollen. J. Agric. Food
Chem., 62: 6306-6316.

Milani A., Basirnejad M., Shahbazi S. and Bolhassani A.
(2017). Carotenoids: biochemistry, pharmacology
and treatment. Br. J. Pharmacol. 174:1290-1324.

Moreira M.D., Melo M.M., Coimbra J.M., dos Reis K.C.,
Schwan R.F. and Silva C.F. (2018).Solid coffee
waste as alternative to produce carotenoids with
antioxidant and antimicrobial activities. Waste
management 9(82):93.

Muniategui S, Sancho M.T., Lopez J., Huidobro J.F. and
Simal J. (1990). Determination of carotenes from
bee - collected pollen by high performance
liquid chromatography. J. Apic. Res., 29 (3): 147-
150.

Nayik G.A., Shah T.R., Muzaffar K., Wani S.A., Gull A,
Majid, I. and Bhat, F. M. (2014). Honey: Its history
and religious significance: A review. UJP, 3, 5-8.

Neville C.E., Young L.S., Gilchrist S.E., McKinley M.C.,
Gibson A. and Edgar J.D. (2013). Effect of
increased fruit and vegetable consumption on
physical function and muscle strength in older
adults. Age, 35(6):2409-2422.

Owayss A.A., Rady M.M. and Gadallah F.M. (2004).
Pigmentation of some honeybee, apis mellifera .,
products. Fayoum J. Agric. Res. & Dev., 18(2): 121
-132.

Pascoal A., Rodrigues S., Teixeira A., Feas X. and
Estevinho L.M. (2014). Biological activities of
commercial bee pollens: antimicrobial,
antimutagenic, antioxidant and anti-inflammatory.
Food Chem Toxicol, 63:233-239

Rostamabadi H., Falsafi S.R. and Jafari S.M.
(2019).Nanoencapsulation of carotenoids within
lipid-based nanocarriers. Journal of controlled
release, 298:38-67.

Roulston T. H. and Cane J. H. (2000). Pollen nutritional
content and digestibility for animals. Plant
Systematics and Evolution, 222(1-4): 187-209.

SAS (2001). User Guide: Statistics (Release 8.02). SAS
Institute, Cary, NC, USA.

Stanley R.G. and Linskens H.F. (1974). Pollen: biology,
biochemistry, management. In: Stanley, R.G.,
Linskens, H.F. (Eds.), Pollen Pigments. Springer-
Verlag, Berlin, pp. 223-246.

Stojko R. , Stec A., Kurzeja E., Gawronska M. and Goral
P. K. (2012) .The Effect of Storage of Bee Pollen
Extracts on Polyphenol Content. Polish Journal of
Environmental Studies 21 (4): 1007-1011.

Zuluaga C. M., Serrato J.M. and Quicazan M. C. (2015).
Chemical, nutritional and bioactive characterization
of Colombian bee-bread. Chemical Engineering
Transactions, 43: 175-180.

Clisall (e W) gina o Jadll U Gigaa (e ddlida £ 65 Al ol @ 00

Zallu Jole Uiy o T o gl plaud

15 3 - 5_ALAN daala A, 3l A0S —cifasaall g ApalaiBY) <l pdal) and!

28 Jadle B4 - ) A g agaa —Jadll & gay and?

G ol i, Al o a8 Al o2 (8 il 31 (e el (e BB 8 ala 50 el 5 50uSOU Baliaal) o gall (e ksl e
G s sinal o iy 553 5 ansandl ol aadll e a5 4 dbas @)Y dadll Al g (B asa sl Clasall e el Gyl s
ledle Jeaniall i) o of Ailida 4pn 9o J) ghal die Clapall (DAY J Y1 Cude A 5l o3 (b aadind B8y Sl i) 3 jlay il
038 (5 sina & oY) 8 5 U A g S i i OB acle sy 3 ) il alies b oY) S Guadll die 8 G
el Al 0 3355 A Sl eedll sbie P g G Ragine 3558 2L Al (B- Zeaxanthins Zeaxanthin  <Isozeaxanthin) <xsal
Ol gina (B aggina o Gl jedl A sadd A jAAl 5 as Jal) puedl) e Al g Claaall (e lalsiae 8 ple Baal 3T e Al
Isozeaxanthin, Lutein, Lycopene, Violaxanthin, Zeaxanthin, 8- APO- B- Carten- 8- al, o — Carotene, R — :4dull clawall
osalll e 533 e de gaanall Jail) AU o g 43 JEally JBY) S avsand] 5 aves il # & G ses Lt Carotene and y — Carotene.
Cilbuall il 33 ‘("“M“A‘ ca.)u),\“‘uw\ BIEN ‘Cum Ggn plae oAl Gl y@ ;4:”.1.” <lalsl

13



