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ABSTRACT
The study was conducted to determine the fatty acids and B vitamins concentrations of bee-pollen from the major 
pollen sources in Al-Ahsa, Saudi Arabia. The highest concentration of total lipids was obtained from bee-pollen 
collected from summer squash. The fatty acids analysis of fresh bee-pollen showed that the tested bee-pollen 
samples were rich in palmitic (C16:0), stearic (C18:0), oleic (C18:1), linoleic (C18:2), linolenic (C18:3), arachidic (C20:0), 
behenic (C22:0), and lignoceric (C24:0) acids. The amount of fatty acids was varied and well correlated with the 
origin of the samples. Among the fatty acids, oleic content showed high value in bee-pollen from alfalfa and date 
palm. The contents of stearic and linolenic fatty acids were found in high ratio in pollen collected from summer 
squash. The concentration (mg/100g) of B vitamins ranged from 0.04 to 0.77 (B3), 0.03 to 0.77 (B6), 0.03 to 2.33 
(B9) and 0.05 to 2.50 (B12) in bee-pollen collected from the five plants sources. Overall, fatty acids composition of 
pollen containing both the unsaturated and saturated showed considerable variations affected by the plant species from 
which pollen was collected. It was concluded, that the fatty acids composition and vitamin B of bee-pollen can be 
correlated with the botanical origin.
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INTRODUCTION
Honey is the main source of carbohydrates 
in bee-food. The other important nutrients 
namely proteins, lipids, minerals and 
vitamins are obtained from pollen (Almeida-
Muradian et al., 2005; Human and Nicolson, 
2006; Mărghitaş et al., 2009; and Taha, 
2015a and b). Furthermore, pollen is the 
main source of survival, reproduction and 
the productivity of the colony (Morais et al., 
2011). Meanwhile, honey bees development, 
nutrition and reproduction are due to the 
fatty acids present in pollen (Manning, 2001; 
and Szczesna, 2006). Two main factors the 
botanical origin and the environment are 
greatly influence the pollen composition 
(Szczesna et al., 2002).
The concentration of lipids in collected 
pollen is varied depended on the plant 
species. The range of ether-extractable 
material was ranged from 0.80 % to 18.90 % 
in dry collected pollen (Roulston and Cane, 
2000). Whereas, the lipids contents were 
low in pollen collected from different plant 
species and when mixed with bee substances 
(Campos et al., 1996; Abo-Lila et al., 1998; 
and Al-Jabr and Nour, 2001). Besides, pollen 

is a reliable source of bee nutrition (Dimou 
and Thrasyvoulou, 2009). 
The fatty acids provide O2 to blood for 
cellular division and hemoglobin synthesis 
(Youdim et al., 2000; and Yehuda et al., 
2002). Among the various fatty acids, oleic 
and palmitic are the major components of 
body fat up to 60 % in worker bees, 40 % in 
larvae and 58 % in queen pupae (Manning, 
2001). Besides, oleic (C18:1), linoleic (C18:2) 
and linolenic (C18:3) are the main fatty acids 
along with dominant mineral concentration 
of potassium, phosphor, calcium and 
magnesium in the pollen (Bonvehi and 
Jorda, 1997). 
It has been reported that pollen collected by 
honey bees contains less than 10 % of total 
lipid contents. Whereas, the fat contents of 
fresh pollen are higher compared to either 
stored or honey bee collected pollen (Human 
and Nicolson, 2006). Many researchers 
found that lipids composition of pollen 
depend on the botanical and geographical 
origin (Muniategui et al., 1991; Roulston 
and Cane, 2000; Szczesna, 2006; and Taha, 
2015b). Also, bee-pollen contains high 
contents of long-chain fatty acids with 
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predominant level of linoleic (18:2n-6), 
α-linolenic (18:3n-3), and palmitic (16:0) 
(Szczesna, 2006). Furthermore, the fat 
composition of pollen is different depended 
on the geographical origin and some contains 
high concentration of unsaturated fatty acids 
(Human and Nicolson, 2006; and Szczesna, 
2006). Generally, growth and health of 
insects depends on the vitamins present in the 
pollen containing some organic compounds 
(Ball, 1994; and de Arruda et al., 2013). 
Very few data are available upon the fatty 
acids content in Saudi bee-pollen. The aim 
of this study is to determine fatty acids and 
B vitamins composition of pollen collected 
from the major sources of Al-hasa Oasis, 
eastern region of Saudi Arabia.

MATERIALS AND METHODS
The study was carried out at the Agricultural 
and Veterinary Training and Research 
Station, King Faisal University, Al-hasa 
province (Saudi Arabia). The geographical 
location of the site is at latitude 25° 25′ 46″ 
N and longitude 49° 37’ 19” E and 121 m 
above sea level. Five colonies (each of nine 
combs) of Apis mellifera jemenitica having 
a set of equal strength (brood, stored food, 
and bee population) were used for pollen 
collection throughout the year. 

Pollen collection  
Bee-pollen was collected twice a week from 
a trap at the entrance of hives from January 
to December in 2014. The fresh pollen 
was dried at 40°C for 2 hours. The bee-
pollen was hand sorted by appearance and 
color. The floral origin of each fraction was 
identified by microscopical examinations 
(Vorwhol, 1981).We identified the pollen 
types according to their size and shape by 
comparison with pollen reference slides 
made by (Taha, 2015a). Pollen samples 
containing mainly monofloral pollen loads 
from summer squash (Cucurbita pepo 
Thunb), date palm (Phoenix dactylifera 
L.), sunflower (Helianthus annuus L.), rape 
(Brassica napus L.), and alfalfa (Medicago 
sativa L.) were selected as major sources 

(Taha, 2015 a,b), and stored at -21°C until 
analyzed.

Analysis of pollen
Pollen samples were analyzed for different 
parameters by following the appropriate 
methods. A sample of 2.00 g was used for 
determination of the lipids using a Soxhlet 
extractor with diethyl ether as the solvent 
(Folch et al., 1957). Fatty acids and their 
fractions with the methods of Bligh and Dyer 
(1959); Szczesna (2006) by utilization of a 
Hewlett-Packard 5890 gas chromatograph. 
Overall, the concentration of different fatty 
acids was calculated on dry weight basis. 

Composition of different vitamins
Bee-pollen contains various types of B 
vitamins which were determined by using 
HPLC following the standard analytical 
procedures. For example: Vitamin B3 and B6 
were determined by following the method of 
Szczesna and Rybak-Chmielewska (1998), 
Vitamin B9 was determined by the procedure 
described by Stanley and Linskens (1974), 
and Vitamin B12

 was determined by  methods 
described by Bogdanov (2004) and Antakli 
et al. (2014).

Statistical analysis
Experimental data were analyzed by 
analysis of variance (ANOVA) according 
to SAS PROC GLM ver. 9.1 (2003). 
Duncan’s Multiple Range Test was applied 
for comparing means using 0.05 significance 
level, (Duncan, 1955). The following model 
was used; 
Yij=µ+Bi+eij
where yij is the dependent variable
u is the overall mean 
Bi is the Plant source (summer squash, date 
palm, sunflower, rape, and alfalfa).
eij is the random error assumed to be normally 
distributed with zero mean and variance σ2e.
Due to missing observations, data of behenic 
acid were analyzed by T-test. Meanwhile, 
data of the lignoceric acid were not analyzed 
because it was detected in bee-pollen from 
date palm only. 
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RESULTS AND DISCUSSION

Lipids and Fatty Acids 
The content of lipids found in present study 
ranged from 2.20 to 6.13%. Similar results 
were obtained by (Rogala and Szymaś, 2004) 
for Polish pollen, (Taha, 2015a and b) for 
Saudi bee-pollen, but lower than the values 

obtained by Singh et al. (1999), Carpes et al. 
(2009),  and Martins et al. (2011)  Mărgăoan 
et al. (2012). Furthermore, analysis of the 
lipid content of bee-pollen indicated that 
the highest amount (6.13%) of extracted 
lipids was found in summer squash pollens, 
while the lowest value (2.20%) was obtained 
from date palm pollen (Table 1). 

Table 1. Saturated, unsaturated and essential fatty acids of bee-pollen from selected botanical origins.

Essential fatty 
acids (%)

Unsaturated/
Saturated ratio

Unsaturated 
fatty acids (%)

Saturated fatty 
acids (%)

Lipid content 
(%)Botanical origin

17.07c1.96a66.15a33.83e3.23cAlfalfa

11.54d1.04d51.00d48.98b2.20dDate palm

36.16a1.78b63.99b35.99d4.37bRape

33.50b0.91e47.74e52.23a6.06aSummer squash

36.19a1.45c59.10c40.87c4.96bSunflower

**********Significant

Different letters in same column indicate significant difference. ** indicate p<0.01.

The high lipid levels in sunflower pollen 
were confirmed by Nicolson and Human 
(2013) and Taha (2015a and b). The present 
investigation showed significant differences 
in concentrations among fatty acids in 
various bee pollen (Table 1). The maximum 
concentration of saturated fatty acids (SFAs) 
was 52.23% in summer squash, 48.98% in 
date palm; followed by sunflower (40.87%) 
and 35.99% in rape; whereas the least value 
33.83% was registed  in alfalfa. On the 
other hand, the maximum concentration 
of unsaturated fatty acids (USFAs) was 
66.15% in alfalfa, 63.99% in rape; followed 
by 59.10 % in sunflower and 51.00% in date 
palm; whereas the lowest value 47.74% was 
remarked in summer squash (Table 1). Data 
in Table 1 showed that the ratios of USFAs/
SFAs differed significantly among different 
botanical origins. The highest ratio was 
1.96 in alfalfa, 1.78 in rape; followed by 

sunflower with 1.45 and 1.04% in date palm; 
whereas 0.91 was the lowest ratio in summer 
squash. Similar views were expressed by 
Bonvehi and Jorda (1997); Szczesna (2006); 
and Mărgăoan et al., (2014) who reported a 
maximum ratio of 1.82 with a mean value 
of 1.43. Similar views were expressed by 
many researchers who reported that different 
levels of various fatty acids depend on the 
pollen source, geographical origin, age 
and nutritional status of plants required for 
the development and brood of honey bees 
(Manning, 2001; and Morais et al., 2011). 
The highest concentration (36.19%) of 
essential fatty acids was found in sunflower, 
whereas the least value (11.54%) was 
obtained from date palm.
Mean concentration of all the fatty acids 
was significantly (p<0.01) different in all the 
bee-pollen samples (Table 2).
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Table 2. Fatty acid content (%) of pollen from selected botanical origins.

Significant
Concentration (%)

Fatty acid
SunflowerSummer 

squashRapeDate 
palmAlfalfa

**30.10a11.23e17.38c13.34d27.49bPalmitic (C16:0)

**7.77c29.28a14.97b4.72e6.34dStearic (C18:0)

**22.91d14.24e27.83c39.46b49.08aOleic (C18:1)

**27.40a3.68d7.14b4.92c7.62bLinoleic (C18:2)

**8.79c29.82a29.02a6.62d9.45bLinolenic (C18:3)

**3.00d9.28a3.64b3.22cNDArachidic (C20:0)

**ND2.44bND18.34aNDBehenic (C22:0)

NDNDND9.36NDLignoceric (C24:0)ـــ

**66.87d77.02b78.96a55.72e72.49cSum of C18:0, C18:1, C18:2, C18:3 

The means of each row followed by a different letter are significantly different. ** indicate p<0.01. ND= non-
detected.

The order of abundance of various fatty acids 
in the bee-pollen was oleic acid (C18:1) from 
(14.24% to 49.08%) followed in descending 
by palmitic acid (C16:0) from 11.23% to 
30.10% > linolenic acid (C18:3) from 08.79% 
to 29.82% > stearic acid (C18:0) from 04.72% 
to 29.28% > linoleic acid (C18:2) from 3.86% 
to 27.40%. Small and miniscule amounts 
of behenic (C 22:0) from 02.44% to 18.34%, 
arachidic (C20:0) from 03.00% to 09.28% 
and lignoceric (C24:0) (09.36%). Total of 
fatty acids were also significantly (p < 0.01) 
different among botanical origins. Rape 
(78.96%) and summer squash (7.02%) had the 
highest fatty acids concentrations, followed 
by alfalfa (72.49%) and sunflower (66.87%), 
while date palm came lastly (55.72%) 
(Table 2). The dominant fatty acids in pollen 
collected from different sources in this study 
were  palmitic (C16:0), oleic (C18:1), linoleic 
(C18:2), and α-linolenic (C18:3) acids which 
agree with findings of  (Szczesna 2006; and 
Mărgăoan et al., 2014). 
In the present study, oleic and lignoceric 
acids were significantly different in the 
bee-pollen which are similar to the results 
of Szczesna, (2006), and Barissova et al., 
(2010). In another study, the dominant fatty 
acid in pollen from Brazil was arachidic acid 

(Bastos et al., 2004). On the other hand, the 
concentration of long-chain saturated fatty 
acid found in this study was less than 1.5 % 
which similar with the findings of Szczesna 
(2006).
Previously many investigations reported 
that the concentration of different fatty acids 
vary with the location and sources of pollen 
(Roulston and Cane, 2000; Manning, 2001; 
Human and Nicolson, 2006; Szczesna, 2006; 
Barissova et al., 2010, and Mărgăoan et al., 
2014).

B Vitamins 
Data in Table 3 show the concentration 
range of vitamin B3 (niacin) from 0.04 to 
0.77 mg/100g, vitamin B6 (pyridoxine) from 
0.03 to 0.77 mg/100g, vitamin B9 (folic acid) 
from 0.03 to 2.33 mg/100 g and vitamin 
B12 (cobalamin) from 0.05 to 2.50 mg/100 
g in bee-pollen collected from different 
sources. Folic acid (B9) was found to be 
the most abundant estimated vitamin and 
represented by 90.90, 60.30 and 75.16% of 
total determined B vitamins for date palm, 
rape and alfalfa, respectively. Furthermore, 
cobalamin (B12) was found to be the 
predominant vitamin in bee-pollen from 
summer squash which estimated as 83.06% 



Scientific Journal of King Faisal University (Basic and Applied Sciences)Vol.18 (2)          Dec. 2017 (1439H)

45

of total determined B vitamins. Moreover, 
sunflower was characterized with high level 
(44.76%) of B3 (niacin) and B6 (pyridoxine). 
These results agreed with those of Stanley 
and Linskens (1974), Szczesna and Rybak-
Chmielewska (1998), Campos et al., (2008), 
and de Arruda et al., (2013) who reported 
varying concentrations of all forms of 
vitamins useful for human consumption. In 
addition, they observed that concentration 
variation among different vitamins may 
be due to soil type, location, plant species, 

climate and handling procedures. These 
results bring new information on fatty acids 
and B vitamins compositions of pollen 
as well as the botanical sources visited by 
pollen-collecting bees. The data will help 
regulatory bodies establish parameters of 
quality control for pollen produced in Saudi 
Arabia. Further studies are necessary to 
discriminate the effects of botanical origin 
versus processing and storage conditions on 
pollen unsaturated/saturated fatty acid ratios.

Table 3. B Vitamins (mg/100g) contents of bee-pollen in relation to botanical origin.

Botanical origin B3
(Niacin)

B6
(Pyridoxine)

B9
(Folic acid)

B12
(Cobalamin)

Sunflower 0.77±0.005a 0.77±0.001a 0.13±0.001d 0.05±0.001d

Summer squash 0.04±0.001e 0.44±0.001c 0.03±0.001e 2.50±0.002a

Date palm 0.05±0.001d 0.03±0.001e 1.50±0.010c 0.07±0.001c

Rape 0.17±0.001b 0.33±0.001d 1.90±0.020b 0.75±0.001b

Alfalfa 0.14±0.001c 0.65±0.002b 2.33±0.010a 0.06±0.001cd

Significant ** ** ** **

The means of each column followed by a different letter are significantly different. ** indicate p<0.01. 
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علاقة محتوى الأحما�ض الدهنية ومجموعة فيتامين )ب( في حبوب لقاح نحل الع�سل بالأ�صل النباتي

سعد ناصر القحطاني

قسم زراعة الأراضي القاحلة، كلية العلوم الزراعية والأغذية، جامعة الملك فيصل

استلام 7 أبريل 2016م - قبول 9 يونيه 2016م

الملخص
ــل  ــل العس ــن نح ــاح م ــوب لق ــن )ب( في حب ــة فيتام ــة ومجموع ــاض الدهني ــزات الأحم ــر تركي ــرض تقدي ــة بغ ــذه الدراس ــت ه أجري
المجموعــة مــن المصــادر النباتيــة الرئيســية لحبــوب اللقــاح في الأحســاء، المملكــة العربيــة الســعودية. أشــارت نتائــج التجربــة إلى أن أعــى 
تركيــز مــن الدهــون الكليــة تــم الحصــول عليــه مــن حبــوب اللقــاح المجموعــة مــن نبــات الكوســة. أظهــرت نتائــج تحليــل الأحمــاض 
الدهنيــة في حبــوب اللقــاح أنهــا كانــت غنيــة بالأحمــاض الدهنيــة البالميتيــك، واســتياريك، والأولييــك، واللينولييــك، واللينولينيــك، 
والأراكيديــك، وبيهينــك، وليجنوســرك. وقــد اختلفــت كميــة الأحمــاض الدهنيــة بشــكل ملحــوظ متأثــرة بالمصــدر النبــاتي. وأوضحت 
الدراســة أن محتــوى حامــض الأولييــك كان مرتفعًــا في حبــوب اللقــاح المجموعــة مــن البرســيم الحجــازي ونخيــل البلــح، ووجــدت 
الأحمــاض الدهنيــة الســتياريك، واللينولييــك بمحتــوى عــالٍ في حبــوب اللقــاح المجموعــة مــن الكوســة. كذلــك أظهــرت الدراســة أن 
تركيــز )مجــم/ 100جــم( مجموعــة فيتامــن )ب( في حبــوب اللقــاح المختــرة تراوحــت بــن 0.04 – 0.77 )ب3(، و 0.03 – 0.77 )ب6(، 

و0.03 – 2.33 )ب9(، و 0.05 – 2.50 )ب12(. 
وعمومــاً فــإن تركيــب الأحمــاض الدهنيــة في حبــوب اللقــاح أظهــرت تباينـًـا في محتــوى الأحمــاض الدهنيــة المشــبعة وغــر المشــبعة متأثــرة 
ــة ومجموعــة فيتامــن )ب( في  ــه حبــوب اللقــاح. ويمكــن اســتنتاج أن تركيــب الأحمــاض الدهني ــاتي الــذي جمــع النحــل من ــوع النب بالن

حبــوب اللقــاح قــد يكــون مرتبطًــا بالأصــل النبــاتي.
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