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Summary

Introduction: Coffee bee pollen contains some precious bioactive compounds, especially phenolic com-
pounds. This material is easily found in many regions in Vietnam and is quite useful for human health. 
Objective: The main aim of this study was to determine the best extraction conditions for the total poly-
phenol content (TPC) and antioxidant capacity (AC) of coffee (Coffea robusta L. Linden) bee pollen with 
microwave-assisted extraction (MAE). 
Methods: TPC and AC of extract of coffee (C. robusta) bee pollen were determined using  Folin-Ciocal-
teu (FC) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, respectively. In addition, micromorphology of 
sample was observed using scanning electron micrographs (SEM). 
Results: The findings showed that all factors strongly affected the efficiency of the extraction process. The 
best extraction conditions obtained were ethanol concentration of 60% (v/v), solid to solvent ratio of 1/30 
(w/v), extraction time of 7 min, and a microwave power of 314 W. 
Conclusion: The highest TPC and AC obtained were 13.73 mg GAE/g DW and 10.08 µmol TE/g DW with 
aqueous ethanol as the solvent at the optimal extraction condition. In addition, the microstructures of the 
material changed insignificantly under microwave irradiation.
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INTRODUCTION

A mixture called bee pollen consists of pollen, sa-
liva, nectar, wax, and honey; it is collected from 

monofloral or polyfloral pollens by honey bees. The 
beehives use these bee pollens as their major food 
source. Farmers usually put the pollen traps in front 
of the entrance of the hive to collect the raw bee 
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pollen in the honey bee farm [1, 2]. Hence, the qual-
ity of bee pollen depends on the chemical composi-
tion of pollen. Recently, bee pollen has been used 
by food handlers as a  source of healthy nutrients 
[3], with large amounts of many ingredients, such 
as carbohydrates, protein, lipid, fiber, and phenolic 
compounds [4]. In addition, this material has many 
benefits to human health, such as its antioxidant, 
antibacterial, anti-inflammatory, anticarcinogenic, 
and antiallergic properties [2].

Currently, the extraction of bioactive compounds 
from the plant has been popular with many different 
methods. For instance, Yen and Quoc [5] extracted 
the total steviosides content from Stevia rebaudiana 
Bertoni leaves using ultrasound-assisted extraction 
(UAE); Quoc and Muoi [6] used a  microwave to 
isolate phenolic compounds from Polygonum mul-
tiflorum Thunb. roots, and Pinelo et al. [7] extracted 
phenolic compounds from grape pomace using the 
conventional method. Essentially, the use of micro-
wave-assisted extraction (MAE) is a good solution 
due to the short extraction time, the high yield ob-
tained, and its ease of use.

In Vietnam, the coffee plant (C. robusta) has been 
widely cultivated, especially in Gia Lai, Daklak, Da-
knong, Lam Dong province. The Vietnamese con-
sume a  large amount of coffee (nearly 162,000 tons 
in 2020) [8]. Therefore, the bee pollen from coffee is 
also potential food for humans in the future, thus, the 
nutritional exploitation of this material is quite nec-
essary, especially for phenolic compounds. However, 
until now, no previous literature has mentioned this 
issue. For this reason, the purpose of this study was 
to research the effect of MAE conditions on the total 
polyphenol content (TPC) and antioxidant capac-
ity (AC) of coffee bee pollen (CBP) from this plant 
and to obtain a better understanding of the chemical 
components and microstructure of this material.

MATERIALS AND METHODS

Chemicals and sample preparation

Folin-Ciocalteu (FC) and Trolox (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid) rea-
gent were purchased from Sigma-Aldrich (USA), 
while 2,2-diphenyl-1-picrylhydrazyl (DPPH) was 
purchased from Alfa Aesar (England). All other 
chemicals and solvents used in this study were of 
analytical reagent grade.

CBP pellets originated from Daklak province 
(Vietnam) and the sample was collected in February 

(2021). The initial materials were solar-dried un-
til the moisture was less than 10% and packed in 
a polyethylene (PE) bag. Next, they were stored at 
29±1oC. The CBP pellets were ground into a  fine 
powder (less than 0.6 mm particle size) and then 
stored in a PE bag for further experiments.

Extraction methodology

Firstly, the MAE process was conducted by liquid–
solid extraction using various solvents (water, 50% 
(v/v) aqueous ethanol, and 50% (v/v) aqueous ace-
tone) in a microwave oven (Whirlpool, China). Then, 
in a specific experiment, the sample (2 g) was extract-
ed with the best solvent at concentrations of 40, 50, 
60, 70, and 80% (v/v), with solid to solvent (SS) ratios 
of 1/15, 1/20, 1/25, 1/30, and 1:35 (w/v); extraction 
times of 1, 3, 5, 7, and 9 min; and microwave powers 
of 244, 314, 383, and 453 W. Then, the extract was 
filtered through Whatman filter paper (No. 4) and 
made up to 100 ml with extraction solvent. The ob-
tained extracts were analyzed for the total polyphenol 
content (TPC) and antioxidant capacity (AC).

Determination of the TPC

The TPC was determined by the FC assay according 
to the procedure of Quoc and Muoi [9]. 0.1 ml of the 
obtained extracts reacted with 1.5 ml of FC solution 
(10%, v/v) and kept for 5 min. Next, 4 ml of sodium 
carbonate solution (20%, w/v) was added, and then 
made up to 10 ml with distilled water. The mixture 
was kept for 30 min in dark. The results are based 
on calibration curves obtained with gallic acid as 
a standard agent and the absorbance was determined 
at 738 nm. The TPC is expressed as mg gallic acid 
equivalent per gram of dry weight (mg GAE/g DW).

Determination of the AC

The AC was measured by the DPPH assay according 
to the procedure of Quoc and Muoi [9]. In this study, 
0.1 ml of the obtained extract reacted with 4 ml of 
0.1 mM DPPH solution in ethanol. The mixture was 
made up to 5 ml with ethanol (96%, v/v) and kept for 
30 min in dark. Trolox was used as the standard and 
an absorbance at 517 nm was used to measure the 
AC. The obtained AC was expressed in Trolox equiva- 
lent antioxidant capacity and determined as μmol of 
Trolox per gram of dry weight (μmol TE/g DW).
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Scanning electron micrographs (SEM)

A scanning electron microscope (SEM) (Jeol JSM-
6400, Japan) was used to evaluate the micromor-
phology of the samples and residues after the MAE 
process. SEM was determined at 5 kV and at a vacu-
um pressure of 0.04 Pa.

Data analysis

The experimental results were analyzed by the one-
way analysis of variance (ANOVA) method and 
significant differences among the means from tripli-
cate analyses at p<0.05 were determined by Fisher’s 
least significant difference (LSD) procedure using 
Statgraphics software (Centurion XV). The values 
obtained were expressed in the form of a  mean ± 
standard deviation (SD). The experiment with the 
best results from the previous one was used for the 
next experiment.

Ethical approval: The conducted research is not re-
lated to either human or animal use.

RESULTS AND DISCUSSION

Effects of the type of solvent on the total poly-
phenol content (TPC) and antioxidant capacity 
(AC) in the coffee bee pollen (CBP) extract

At first, the CBP sample was extracted with the fol-
lowing three solvents: distilled water, 50% (v/v) aque-
ous ethanol, and 50% (v/v) aqueous acetone. All ex-
periments were carried out at a SS ratio of 1/20 (w/v), 
an extraction time of 5 min, and with a microwave 
power of 314 W. The effects of the solvent on the TPC 
and AC in the extract are presented in table 1. The 
highest efficiency of MAE was reached when using 
50% aqueous ethanol. The results showed that the 
highest TPC and AC values were 10.98 mg GAE/g 
DW and 7.85 µmol TE/g DW, respectively. According 
to Tan et al. [10], the increase in the polarity of the 
solvents was arranged in the following order: acetone 

> ethanol > water. Based on the obtained results, an 
increase in the polarity of the solvents can lead to an 
increase in the TPC and AC in this study. This proves 
that the MAE efficiency significantly depends on the 
polarity of the solvents and the solubility of different 
typical phenolic groups.

A  previous study also pointed out that alcohol 
(ethanol) is the suitable solvent for the extraction 
of phenolic compounds in bee pollen, especially the 
phenolic acid group (vanillic acid, protocatechuic 
acid) and flavonoids group (rutin, quercetin) [11]. 
In addition, Galan et al. [12] indicated that ethanol 
is a  strong microwave absorber; it can easily con-
vert microwaves to heat, stimulate, and improve 
the extraction yield. Ethanol is also a safe, low-toxic 
solvent with a reasonable price, and it can be used 
widely in food technology.

The TPC in the CBP of this study was high-
er than the results reported by Kostić et al. [13], 
who extracted polyphenols from sunflower pollen 
(244.44 mg/kg DW) using 50% aqueous ethanol by 
the conventional extraction method. This difference 
may be explained by the fact that there were differ-
ent chemical components of the material and vari-
ous extraction methods. According to the presented 
data, we can conclude that 50% aqueous ethanol is 
of great importance to achieving high yields.

Effect of the ethanol concentration on the total 
polyphenol content (TPC) and antioxidant ca-
pacity (AC) in the coffee bee pollen (CBP)

Experiments were carried out with the following 
factors: a SS ratio of 1/20 (w/v), an extraction time of 
5 min, and a microwave power of 314 W. The etha-
nol concentrations were adjusted from 40 to 80% 
(v/v). The obtained results are shown in table 2.

Basically, the TPC increased slightly as the aque-
ous ethanol concentration increased from 40 to 
60% and steadily dropped for the rest of the con-
centrations. The tendency of AC was similar to that 
of TPC; however, the AC in the extract dropped 
dramatically for the 70 and 80% aqueous ethanol. 
Both TPC and AC in the extract peaked for the 60% 

Table 1. 
Effect of the type of solvent on the extraction efficiency

Solvent Distilled water Ethanol [50%] Acetone [50%]
TPC [mg GAE/g DW] 10.62±0.18b 10.98±0.05c 10.07±0.09a

AC [µmol TE/g DW] 5.52±0.12a 7.85±0.09c 6.12±0.13b

Different lowercase letters in the same row represent a statistically significant difference (p<0.05) between various treatments.
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aqueous ethanol (11.37 mg GAE/g DW for TPC and 
8.29 µmol TE/g DW for AC).

The TPC and AC values in this study are in agree-
ment with the findings reported by Chirinos et al. 
[14]: solvents with very high or very low polarity do 
not exhibit good extraction efficiency. The combina-
tion of water with other organic solvents creates var-
ious polar mediums. A suitable polar medium can 
improve the extraction yield of polyphenols. This 
also proved that the phenolic compounds in CBP 
easily dissolve in a solvent that has a medium polar-
ity. Ethanol concentrations from 50 to 60% (v/v) are 
commonly used in the extraction of polyphenols in 
plant materials. For instance, Galan et al. [12] and 
Rzepecka-Stojko et al. [15] extracted phenolic com-
pounds from sea buckthorn leaves and bee pollen 
in Poland, respectively. From the results obtained, it 
appears that an ethanol concentration of 60% is the 
optimal condition for subsequent experiments.

Effect of the solid to solvent (SS) ratio on the 
total polyphenol content (TPC) and antioxidant 
capacity (AC) in the coffee bee pollen (CBP)

The fixed parameters in this experiment included 
an ethanol concentration of 60%, an extraction time 
of 5 min, and a microwave power of 314 W. The SS 
ratios investigated were from 1/5 to 1/35 (w/v). The 
SS ratio is one of the most important factors that 
strongly affects the extraction efficiency of CBP. An 
optimal ratio may improve the TPC and AC in the 
extract and enhance economic efficiency.

Table 3 shows that the TPC and AC gradually 
increased with an increasing amount of solvent, 

up to 1/30 (w/v), and slowly decreased at the ratio 
of 1/35 (w/v). The best TPC and AC values were 
13.69 mg GAE/g DW and 9.71 µmol TE/g DW at a ra-
tio of 1/30 (w/v). The optimal SS ratio of 1/30 (w/v) 
obtained in this study is similar to that found in the 
study reported by Zhao et al. [16], where the authors 
extracted polyphenols from Melastoma sanguineum 
fruit. Besides, it is different from the study of Al-
Farsi and Lee [17], who optimized the polyphenol 
extraction process from date seeds using a sample to 
solvent ratio of 1/60 (w/v). These differences may be 
due to the different contents of the chemical compo-
nents or the sizes of the extraction materials.

According to Al-Farsi and Lee [17], the high 
amount of solvent may promote an increase in 
a concentration gradient, leading to an increase in 
the diffusion rate of the soluble components in the 
initial material, resulting in greater extraction yield. 
On the contrary, a small amount of solvent cannot 
completely dissolve bioactive components because 
the chance of their exposure to solvent decreases. 
This also causes a lower extraction yield. Essentially, 
the extraction yields continue to rise once equilib-
rium is reached at a suitable ratio [18]. Through the 
above analysis, the SS ratio of 1/30 (w/v) was chosen 
as the optimal extraction ratio.

Effect of the extraction time on the total poly-
phenol content (TPC) and antioxidant capacity 
(AC) in the coffee bee pollen (CBP)

In order to investigate the influence of different ex-
traction times on the TPC and AC in the extract, 
several extraction times (1, 3, 5, 7, and 9 min) were 

Table 2. 
Effect of ethanol concentrations on the extraction efficiency

Ethanol concentrations [%, v/v] 40 50 60 70 80
TPC [mg GAE/g DW] 10.70±0.09b 10.96±0.08c 11.37±0.08d 10.72±0.17b 9.38±0.01a

AC [µmol TE/g DW] 5.10±0.07c 7.48±0.14d 8.29±0.09e 4.01±0.13b 0.04±0.04a

Different lowercase letters in the same row represent a statistically significant difference (p<0.05) between various treatments.

Table 3. 
Effect of solid to solvent (SS) ratios on the extraction efficiency

SS ratios [w/v] 1/15 1/20 1/25 1/30 1/35
TPC [mg GAE/g DW] 10.78±0.09a 11.33±0.09b 11.90±0.11c 13.69±0.19e 13.34±0.16d

AC [µmol TE/g DW] 5.25±0.13a 8.22±0.13b 8.29±0.14b 9.71±0.14d 9.30±0.12c

Different lowercase letters in the same row represent a statistically significant difference (p<0.05) between various treatments.
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investigated, keeping the other three factors con-
stant (an ethanol concentration of 60%, a SS ratio of 
1/30 (w/v), and a microwave power of 314 W).

Extraction time is the main factor that influenc-
es the efficiency of polyphenol extraction. As seen 
in table 4, the yield of polyphenols increased from 
12.36 to 13.79 mg GAE/g DE for TPC and from 
7.19 to 10.21 µmol TE/g DW for AC in the extract 
when the extraction time increased from 1 to 7 min, 
respectively. Then, both the TPC and AC decreased 
slightly for longer extraction time.

The increase in extraction time leads to higher 
extraction efficiency because the solvent can eas-
ily penetrate the cell membrane and enhance the 
transfer rate from the cell to the solvent. The bioac-
tive compounds in the raw materials diffuse easily 
from the plant cell to the solvent. However, at longer 
times, these compounds could be hydrolyzed and 
oxidized because they are exposed to light and oxy-
gen in an ambient environment; therefore, the ex-
traction yield will be reduced [19].

Basically, the extraction time in the MAE process 
is quite low (usually less than 10 min). This result is 
consistent with the reports of Hayat et al. [20] and 
Wu et al. [21], who extracted polyphenols from citrus 
mandarin peels (49 s) and potato downstream wastes 
(2 min) using MAE, respectively. In addition, the ex-
traction time in MAE is lower than that used in other 
methods. For instance, Quoc and Muoi [22] extract-
ed polyphenols from Polygonum multiflorum Thunb. 
root using pectinase-assisted extraction for 80 min 
and Aybastier et al. [23] extracted polyphenols from 
blackberry leaves using UAE for 105 and 117 min.

Consequently, the extraction time of 7 min was 
considered suitable to gain maximum TPC and AC 
for the polyphenol extraction from CBP.

Effect of the microwave power on the total po-
lyphenol content (TPC) and antioxidant capa-
city (AC) in the coffee bee pollen (CBP)

From the results obtained above, the fixed factors in 
this experiment included an ethanol concentration 
of 60%, a SS ratio of 1/30 (w/v), and an extraction 
time of 7 min. The microwave power was 244, 314, 
383, and 453 W. The extraction efficiency is shown 
in table 5.

Table 5 shows the variation in TPC and AC ac-
cording to the different microwave powers. The ten-
dency of TPC increased from 11.93 mg GAE/g DW 
at 244 W to 14.10 mg GAE/g DW at 383 W and then 
decreased at higher microwave powers. However, the 
change in TPC values between 314 and 383 W is not 
significantly different (p>0.05), while the AC values 
steadily dropped from 10.18 mg µmol TE/g DW at 
244 W to 8.93 µmol TE/g DW at 453 W. The AC val-
ues at 244 and 314 W vary insignificantly. Therefore, 
the microwave power of 314 W is the best choice for 
this experiment. Compared to other previous studies, 
the optimal microwave power in this study is lower 
than that in the study reported by Kaderides et al. [24], 
where the authors extracted polyphenols from pome-
granate peels at 600 W. The microwave power in our 
study is also higher than that found in a report record-
ed by Hayat et al. [20], who optimized MAE of phe-
nolic acids from citrus mandarin peels at 152 W. This 
can be explained by the fact that the extraction yield 
may depend on the structure of the materials.

An increase in microwave powers can lead to an 
rapid increase in the temperature. In addition, at high 
temperatures, the solvent’s surface tension and viscos-
ity will decrease. The solubility and diffusion coeffi-
cient of the components in the materials also increase. 

Table 4. 
Effect of extraction time on the extraction efficiency

Time [min] 1 3 5 7 9
TPC [mg GAE/g DW] 12.36±0.11a 12.50±0.13a 13.55±0.09b 13.79±0.13c 13.42±0.09b

AC [µmol TE/g DW] 7.19±0.12a 7.73±0.14b 9.75±0.07d 10.21±0.12e 8.80±0.12c

Different lowercase letters in the same row represent a statistically significant difference (p<0.05) between various treatments.

Table 5. 
Effect of microwave power on the extraction efficiency

Microwave power [W] 244 314 383 453
TPC [mg GAE/g DW] 11.93±0.03b 13.73±0.37c 14.10±0.29c 11.74±0.11a

AC [µmol TE/g DW] 10.18±0.07c 10.08±0.14c 9.55±0.12b 8.93±0.12a

Different lowercase letters in the same row represent a statistically significant difference (p<0.05) between various treatments.
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The solvent easily penetrates into the material layer, 
resulting in an increase in the exposure between the 
material and the solvent. Therefore, the extraction 
efficiency significantly improves. However, polyphe-
nols are thermally sensitive compounds. Hence, they 
easily degrade at high microwave powers [24, 25].

Scanning electron micrographs (SEM) of the 
coffee bee pollen (CBP) before and after extrac-
tion process

Figure 1A, B shows that the CBP pellets were ground 
into many CBP grains (20–30 µm particle size). They 
stick together due to nectar and honey and form some 
bigger blocks. On the surface of the grains, there are 
some slight clefts. Under the irradiation of the mi-
crowave, the particle size of CBP grains is almost un-
changed. However, CBP grains seem to appear with 
more wide clefts, wrinkles, and are incoherent (fig. 
1X, Y). The change in the structure of CBP is not sig-
nificant due to the particle size is quite small.

According to Kaderides et al. [24], microwaves 
create an increase in the internal pressure inside 
the sample, stimulating cell rupture and destroy-
ing the sample surface. Consequently, the bioactive 
compounds were easily released into the solvent. 
Compared to other studies, the significant change in 

the structure of the extraction material after micro-
wave treatment was found in previous observations 
for tobacco leaves and pumpkin seeds, reported by 
Zhou et al. [26] and Jiao et al. [27], respectively.

CONCLUSION

In general, the results presented in this study show 
that the TPC and AC extracted from the CBP were 
significantly affected by the type of solvent, SS ra-
tio, solvent concentration, irradiation time, and mi-
crowave power. The best extraction conditions for 
the phenolic compounds of CBP were an ethanol 
concentration of 60% (v/v), SS ratio of 1/30 (w/v), 
extraction time of 7 min, and microwave power 
of 314 W. In addition, the microstructure of CBP 
changed insignificantly under microwave treatment. 
Basically, the CBP are a  potential phytochemical 
source for the functional food market. 
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