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ABSTRACT  

Bee pollen obtained from (Trifolium alexanderinum L.) has been collected and extracted by 
ethanol (70%). Ethanol extract was further fractionated by solvents of increasing polarities such as 
petroleum ether (pet. ether) and ethyl acetate (EtOAc). Five subfractions of petroleum ether and three 
subfractions of ethyl acetate with three different concentrations (20%, 50% and 90%) were tested for 
their antioxidant activity, total phenolic and flavonoid contents. The highest value of total phenolic 
were detected in the EtoAc fractions and ranged from (2.65 ±0.07 to 3.4 ±0.14µg GAE/ml) while the 
total phenolic content of petroleum ether fractions were ranged from (0.3   ±0.14 to 0.9 ±0.14 µg 
GAE/ml). Total flavonoids were also studied, EtOAc fractions exhibited the highest total flavonoid 
values (2.05 ±   0.07 to 2.35   ±   0.07 µg QE/g), while the total flavonoid content of petroleum ether 
fractions were lower than EtOAc subfractions with values ranged from 0.0525 ±   0.003 to 0.175   ±   
0.03µg QE/g. Additionally, the antimicrobial activities of all subfractions were also evaluated. 

 

Keywords: Trifolium alexanderinum L., bee pollen, Antioxidant, Total phenolic, Total flavonoids, 
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Introduction 

Bee  pollen  derives  from  the  mixing  of  flower  pollens  with  nectar  and  salivary 
substances of the honeybees (Apis mellifera). In their collecting excursions, the bees gather pollen 
grains from the flowers into pollen capsules on their back legs by means of numerous filaments 
(Guiné. 2015). Bee pollen is used in the hive to feed the bees in all their stages of development. The 
particles of pollen constitute the most significant source  of proteins to guarantee the survival of the 
bees (Almeida-Muradian et al., 2005). Pollen contains nutritional compounds like carbohydrates, 
proteins, amino acids, lipids especially unsaturated fatty acids, vitamins, minerals, phenolic 
compounds and flavonoids (Katarzyna et al., 2015). The phenolic composition of pollen principally 
consists of flavonol glycosides and  hydroxycinnamic acids (Campos et al., 1997). This composition 
tends to be species-specific (Almaraz-Abarca et al., 2004), and has been related to the therapeutic 
properties (antibiotic, antidiarrhoeic and antioxidant) of pollen (Carpes et al., 2009). Flavonoids are 
particularly beneficial, acting as antioxidants and giving protection against cardiovascular disease, 
certain forms of cancer and age‑related degeneration of cell components and their polyphenolic 
nature enables them to scavenge injurious free radicals such as superoxide and hydroxyl radicals 
(Dewick, 2001). The capacity of flavonoids to act as antioxidants depends upon their molecular 
structure. The position of hydroxyl groups and other features in the chemical structure of flavonoids 
are important for their antioxidant and free radical scavenging activities (Pal et al., 2009). A free 
radical is defined as any atom or molecule possessing unpaired electrons. Antioxidants are agents 
which scavenge the free radicals and prevent the damage caused by reactive oxygen species (ROS). 
Antioxidants can greatly reduce the damage due to oxidants by neutralizing the free radicals before 
they can attack the cells prevent damage to lipids, proteins, enzymes, carbohydrates and DNA. A wide 
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range of antioxidants from both natural and synthetic origin has been proposed for use in the 
treatment of various human diseases (Sannigrahi et al., 2009). The objective of this study is to 
determine the antioxidant, antimicrobial activities, total phenolic and total flavonoid contents in bee 
pollen subfractions. The total phenolic content was estimated by Folin-Ciocalteau method and total 
flavonoid content was estimated by AlCl3 method respectively. Finally, the antioxidant activities of all 
samples were evaluated by DPPH (1,1-diphenyl-2-picrylhydrazyl) assay. 

 
Materials and Methods 
 
Bee pollen extraction 

Bee pollen of (Trifolium alexandrinum L.) about 4 kg were grinded and extracted with ethyl 
alcohol (EtOH 70%), the extract was filtered and concentrated under reduced pressure. The dried 
residue about 100g was suspended in water and then fractioned with pet. ether and EtOAc. Then all 
solvents were evaporated till dryness under reduced pressure. Five subfractions of petroleum ether 
fraction and three subfractions of EtOAc fraction (20%, 50% and 90%) were examined to determine 
their antioxidant, antimicrobial activities, total phenolic and total flavonoids. 

 
The obtained subfractions were subjected to the following tests:- 
 
1-DPPH radical scavenging activity  

DPPH free radical scavenging activity of all fractions was analyzed according to Matsushige 
et al. (1996) 1ml of methanol solution for each extract (100µg/ml) was added to 1ml of methanol 
solution of DPPH (60µM). The prepared solutions were mixed and left for 30min at room 
temperature. The optical density was measured at 520nm using a spectrophotometer.  

 
2-Total phenolic contents 

Total phenolic content was determined according to the Folin-Ciocalteau colorimetric method 
according to Singleton and Rossi, (1965) Gallic acid was used as a standard for the calibration curve. 
The sample 0.5mL and 2mL of sodium carbonate 75g/L were added to 2.5mL of 10% Folin-
Ciocalteau reagent. After 30min of reaction at room temperature, the phenolic content was measured 
at 765nm. 

 
3- Total flavonoids content  

 Total flavonoid contents were determined by the AlCl3 calorimetric method described by 
(Quettier-Deleu et al., 2000) using quercetin as the reference standard. Briefly, the test sample of 
ethanol solution (150μL) was mixed with 2% aluminium chloride (150μL). After 15 min of 
incubation at room temperature, the total flavonoids were measured at 435nm using 
spectrophotometer.  

 
4-Antimicrobial activities of different fractionated extracts 

 The antimicrobial activity of different extracts was determined according to Barry. (1976) 
and Abdel-Aziz et al. (2014) by the agar cup plate method. Four different tested microorganisms 
namely: Staphyloc occus aureus (S. aureus, G+ve bacterium), Escherichia coli (E. coli, G-ve 
bacterium), Candida albicans (C. albicans, yeast) and Aspergillus niger (A. niger, fungus) were used. 
Nutrient agar plates were heavily seeded uniformly with 0.1ml of 105-106 cells/ml in case of bacteria 
and yeast. A Czapek-Dox agar plate seeded by 0.1ml of the fungal inoculum was used to evaluate the 
antifungal activities. The hole (1cm diameter) was made in media by gel cutter (Cork borer) in sterile 
conditions. Then, one drop of melted agar was poured into hole and allowed to solidify to make a base 
layer. After that specific amount of tested sample (0.1ml) was poured into the hole.                                         
The plates were kept at low temperature (4°C) for 2-4 hours to allow maximum diffusion. The plates 
were incubated at 37°C for 24 hours for bacteria and at 30oC for 48 hours in upright position to allow 
maximum growth of the microorganisms. The antimicrobial activity of the test agent was determined 
by measuring the diameter of zone inhibition expressed in millimeter (mm).  
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Results and Discussion 
 
1-DPPH free radical scavenging activity 
 

DPPH free radical scavenging activity is one of the most widely used methods for screening 
the antioxidant activity of plant extract (Fig.1) shows the antioxidant activities of some bee pollen 
subfractions .  

 

 
Fig.1: DPPH-free radical scavenging activity of bee pollen ethanol extract and its 

subfractions. 
 

The extraction of antioxidant substances of different chemical structure, was achieved using 
solvents of different polarities. The EtOAc subfractions produced the highest radical scavenging 
activity when compared with pet.ether subfractions.  The highest DPPH scavenging activity was 
observed in EtoAc subfraction 3 (93%), followed by EtOAc subfraction 2 (88%) then EtoAc 
subfraction 1 (85%). Petroleum ether exhibited moderate activity in all subfractions (67, 64, 56, 54 
and 64%), respectively. For a long time, bee pollen was considered as a good source for human 
nourishment with high energy (Pascoal et al., 2014). The antioxidant activity of different bee pollen 
fractions was determined using a methanol solution of DPPH reagent which is very stable free radical. 
Unlike in vitro generated free radicals such as the hydroxyl radical and superoxide anion, DPPH has 
the advantage of being unaffected by certain side reactions, such as metal ion chelation and enzyme 
inhibition. The deep purple colour generally fades when antioxidant molecules quench DPPH free 
radicals (i.e. by providing hydrogen atoms or by electron donation, conceivably via a free-radical 
attack on the DPPH molecule) and convert them into a colourless-bleached product. (Amarowicz et 
al., 2003). In this study, eight subfractions were employed to compare their antioxidant activities and 
to determine the most effective extraction solvent (Fig. 1). Non-polar solvent fractions, petroleum 
ether showed little activity in our assays, compared with EtOAc fractions. The obtained results 
indicate that the free radical scavenging activity may be attributed to the high contents of phenolics 
and flavonoids with a higher reducing capacity (Denre 2014). The reducing ability of a compound 
generally depends on the presence of reductants (Duh et al., 1999) which have been exhibited 
antioxidative potential by breaking the free-radical chain, donating a hydrogen atom (Gordon 1990). 
The obtained results suggest that polyphenolic components within the ethyl acetate extract of bee 
pollen play an important role in scavenging of free radicals, and the scavenging activity is increased 
with the increasing concentration of the fraction. At the higher concentration (90%), the reducing 
power of ethyl acetate extract of bee pollen was 93% which indicate that ethyl acetate extract is an 
electron donor and could react with free radicals convert them to more stable products, and terminate 
radical chain reaction. Similar results were reported by Damir et al. (2014), who showed that bee 
pollen ethyl acetate fraction is an electron donor and could react with free radicals and terminate 
radical chain reaction. 
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2-Total phenolic and flavonoid contents 
The bee pollen contains considerable amounts of phenolic compounds. Total phenolic contents 

were detected in the EtOAc fractions ranged from 2.65 ±0.07 to 3.4 ±0.14 µg GAE/ml (Table 1, 
Fig.2), while the total phenolic content of petroleum ether fractions ranged from 0.3   ±0.14 to 0.9 
±0.14µg GAE/ml. Regarding to the total flavonoids, the highest values were detected in EtOAc 
fractions (2.05 ± 0.07 to 2.35 ± 0.07 µg QE/g). The total flavonoid content of petroleum ether 
fractions ranged from 0.0525 ±   0.003 to 0.175   ±   0.03µg QE/g (Fig.3). Phenolic  compounds  and  
polyphenols  are  the  most  abundant  constituents  in  plants.  It can be assembled as a huge series of 
molecules containing at least one aromatic ring bearing hydroxyl and other constituents including 
their functional derivatives. These are able to absorb free radicals and can chelate metal ions that 
could catalyze formation of reactive oxygen species which promotes lipid peroxidation. Polyphenols 
and flavonoids have great importance because they help human body to fight against diseases. The 
ability of flavonoids to act as potent antioxidants depends on their molecular structures, the position 
of hydroxyl group and other features in its chemical structure. They are abundantly found in plants as 
their glycoside (Rajanandh and Kavitha, 2010). The recovery of the polyphenols contents in  different  
plant  samples  is  influenced  by  the  polarity  of  extracting  solvents  and  the solubility of those 
compounds in the solvent used for the extraction process. The antioxidant activity of phenolic 
compounds depends on their chemical structure, which can be determined by the action of these 
molecules as a reducing agent (Sharififar et al., 2008). Flavonoids a subgroup of polyphenolic 
compounds are described as powerful antioxidant and free-radical scavengers. Flavonoid compounds 
inhibit in vitro lipid peroxidation through scavenging the superoxide anion and hydroxyl radicals at an 
early stage. They terminate chain radical reaction by donating hydrogen ion to a peroxy radical. 
Subsequently, the radical form of flavonoids will react with free radicals to terminate the propagating 
chain (Cao et al., 1997). Therefore, the ability to scavenge hydroxyl radical increases with the number 
of hydroxyl groups present in the B ring, especially at the positions 3′ and 4′. The presence of 
hydroxyl groups at the C5 and C7 positions in the A ring, C3′ and C4′ in the B ring, as well as C3 in 
the C ring enhances the inhibition of lipid peroxidation (Mishra et al., 2013). Bee pollen has high 
content of flavonoids (Reinli and Block 1996). The flavonoids of pollen extract play an important role 
in the antioxidant and radical scavenging properties of pollen (Jannesar et al., 2017).  It was 
demonstrated that radical scavenging activity of bee pollen extract correlate with their total amount of 
phenolic and flavonoid compounds (Stewart et al., 2000). Petroleum ether extracts contains 
considerably smaller concentration of phenols.  High solubility of phenols in polar solvents provides 
high concentration of these compounds in the extracts obtained using polar solvents for the extraction 
(Mohsen and Ammar, 2008). The concentration of flavonoids in plant extracts depends on the polarity 
of solvents used in the extract preparation (Min and Chun-zhao, 2005).  
 
Table 1: Total phenolic and flavonoid contents of bee pollen subfractions. 

Bee pollen fraction 
Total  Phenolic contents 

mg/g GAE 

Total  Flavonoid  contents 

mg/g QE 

Pet.ether subfraction1 

Pet.ether subfraction 2 

pet.ether subfraction 3 

pet.ether subfraction 4 

pet.ether subfraction 5 

EtoAc subfraction 20% 

EtoAc subfraction 50% 

EtoAc subfraction 90% 

0.45 ± 0.07 

0.65 ± 0.07 

0.9   ± 0.14 

0.45 ± 0.07 

0.3   ± 0.14 

2.65 ± 0.07 

2.95 ± 0.21 

3.4   ± 0.14 

0.075± 0.03 

0.0525±0.003 

0.175±0.03 

0.125 ± 0.03 

0.125±0.03 

2.05 ±0.07 

2.15 ±0.07 

2.35 ±0.07 
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Fig 2: Total phenolic contents of bee pollen subfractions. 
 

 

    Fig. 3: Total flavonoid contents of bee pollen subfractions. 
 

3-Antimicrobial activities 
 The antimicrobial activities of bee pollen on four different test microorganisms namely: S. 

aureus (G+ve), E. Coli (G-ve), C. albicans (yeast) and A. niger (fungus) by using cup plate method 
has been studied (Table 2 and Fig 4). In five petroleum ether subfractions, subfraction number 5 
exhibited the highest clear zones against S. aureus (19mm), followed by subfraction number 1 
(15mm).While the other pet. ether subfractions could not inhibit the growth of S. aureus and no clear 
zone appeared. On the other hand, subfraction number 5 exhibited the highest clear zones against E. 
coli (18 mm) followed by subfraction number 1 (12mm). While the other pet.ether subfractions could 
not inhibit the growth of E. coli and no clear zone appeared. With respect to C. albicans, pet. ether 
subfraction 5 exhibited a clear zone represented by 20mm, followed by subfractions 1, 3, 4 with clear 
zones of 16, 13, 12 mm, respectively. No clear zone has been noticed with subfraction 2. Regarding to 
antifungal activity it vary from moderate inhibitory properties to no activity. Pet. ether subfractions 1 
and 2 didn't give antifungal activity against A. niger, while subfractions 5, 3, 4 exhibited activities of 
22, 12, 11mm, respectively. In comparison with subfraction 5 of petrolium ether it has been found that 
subfraction 5 had activity against the four tested microorganisms, while subfraction 2 has no activity 
against all test microorganisms. In case of EtOAc subfractions, subfraction 90% exhibited the highest 
clear zones against S. aureus (19 mm), followed by subfraction 20% (16mm) and subfraction 50% 
(12mm). Subfraction 90% exhibited the highest clear zones against E. coli (16 mm) followed by 
subfraction 20% (14mm) and subfraction 50% (13mm). With respect to C. albicans, subfraction 90% 
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exhibited the highest clear zones against C. albicans (17mm) followed by subfraction 50% (15mm) 
and subfraction 20% (14mm). Whereas, the activity against fungi vary from moderate inhibitory 
properties to no activity, in subfractions 90% and 50% the  clear zone represented by 16mm and 
12mm, respectively. On the other hand, subfraction 20% could not inhibit the growth of fungus A. 
niger and no clear zone appeared. All EtoAc subfractions had antimicrobial activity against the four 
test microbes except subfraction 20% against A. niger. The search for new substances with high 
antibacterial properties has been one of the most intensive efforts of this time. It is known that plant 
produce certain chemicals which are naturally toxic to bacteria but not to humans. Extracts of bee 
products have been reported to possess antibacterial activity (Laïd et al., 2003). It is an established 
fact that intensive use of antibiotics is often followed by the development of resistance strains. 
Because of this drug resistance, the search for new antibiotics continues unabated increase of 
microbial resistance is a world health problem (Gerding et al., 1991). Development of new 
antibacterial principles to substitute with inefficient ones is a major weapon to combat the problem. 
The findings of the present study showed that there were differences between the antimicrobial 
activities of petroleum ether fraction and ethyl acetate fraction. Ethyl acetate Fractions were more 
active than petroleum ether fractions indicating that fractionation enhanced the considered biological 
activities of these fractions. This may be due to the exclusion by fractionation of some constituents of 
the extract which may tend to dilute the active principle and reduce its activity.  
 
Table 2: The antimicrobial activities of different bee pollen subfractions against different test 

microorganisms. 

Serial no 
Sample 
Name 

Zone of inhibition (ᶲmm) 

Staphylococcus 
aureus 

Escherichia 
coli 

Candida 
albicans 

Aspergillus 
niger 

1 Pet ether 
subfraction 1 

15 12 16 0 

2 pet ether 
subfraction 2 

0 0 0 0 

3 pet ether 
subfraction 3 

0 0 13 12 

4 pet ether 
subfraction 4 

0 0 12 11 

5 pet ether 
subfraction 5 

19 18 20 22 

6 EtoAc subfraction 
20% 

16 14 14 0 

7 EtoAc subfraction 
50% 

12 13 15 12 

8 EtoAc subfraction 

90% 
19 16 17 16 

 Neomycin 

(100µg/100µl) 
19 20 22 0 

 Cyclohexamide 

(100µg/100µl) 
0 0 0 32 

0= No activity   Table 2:  the antimicrobial activities of different bee pollen subfractions against different test 
microorganisms. 

 
On the other hand, fractionation may have increased the concentrations and the activities of 
antimicrobial principle in these fractions (Tamokou et al., 2009). The overall results of this study can 
be considered as very promising in the perspective of new drugs discovery from plant sources, when 
considering the medical importance of tested microorganisms as well as the high level of 
neurodegenerative diseases associated with oxidative stress. About 77% of immune-deficient patients’ 
death is attributable to microscopic fungi, such as Candida species and Cryptococcus neoformans 
(Mohammed et al., 1999). Such findings trace the importance of discovery new substances against 
which these organisms are sensitive. Generally, some tested samples in this study prevented the 
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growth of each microbial strain. Also, the polar extracts of bee pollen (EtoAc extract) exhibited 
promising antibacterial activity against all tested bacterial strains and high activity against C.albicans 
(yeast) and A. niger (fungus).  
 

 
Fig. 4:  The antimicrobial activities of different  bee pollen subfractions against different test 

microorganisms. 
  



Curr. Sci. Int., 8(2): 236-244, 2019 
ISSN: 2077-4435 

243 

Conclusion 
       These provided results suggested that bee pollen contained polyphenolic and flavonoid 
components which may become attractive and promising treatment for metabolic diseases and it has 
highly antioxidant activity. Extraction of bee pollen with different solvents leads to the production of 
extracts with different biological activities. Further fractionation of extracts and purification resulted 
in the skeleton identification of the most effective pure compound that could be responsible for the 
bee pollen biological activity. The antimicrobial activities of pollen extracts were evaluated and the 
activity was differed according to the solvent used. The ethyl acetate extract was found to be the most 
active samples in this study could be useful for the development of new antimicrobial and antioxidant 
substances. 
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