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ABSTRACT

Background: Honey, pollen, and propolis are among the products that bees process and derive from plants and flowers.
Propolis is a resinous material that bees gather from the buds and bark of some trees and small plants. Propolis from tem-
perate climates mainly contains phenolic compounds, in contrast with propolis from tropical climates, which mainly contains
terpenes. This study aimed to determine, characterise, and quantify the phenolic content of raw propolis from Burundi.
Methods: In this study, a total of 6 samples were collected from the provinces of Rumonge, Cibitoke, and Ruyigi in Burundi.
Fifteen phenolic compounds (caffeic acid, ferulic acid, epigallocatechin gallate, isoferulic acid, cinnamic acid, caffeic acid
phenethyl ester, gallic acid, apigenin, chrysin, galangin, quercetin, kaempherol, rutin trihydrate, naringenin, and pinocem-
brin) were used as high-performance liquid chromatography (HPLC) standards for qualitative and quantitative analyses of
the propolis samples.

Results: Among the 15 phenolic compounds checked, only 1 - gallic acid — was detected at a measurable level using an
HPLC-diode array detector system.

Conclusion: In addition to terpenes, propolis found in sub-Saharan Africa may contain phenolic compounds. Further ad-

vanced investigation of sub-Saharan African propolis is required for more detailed characterisation.

INTRODUCTION

oneybees process and produce various substances

from plants and flowers, such as honey, pollen, and
propolis." The products are components of foods and
cosmetics, and they have applications in both tradition-
al and medical practice.'”

Propolis is a resinous material collected by honey-
bees from buds and cracks in the bark of certain plants,
typically from poplar, beech, horse chestnut, birch and
conifer trees. Bees mix this substance with beeswax and
bee enzymes (p-glycosidase) that they secrete during
propolis collection.®” Propolis contains mainly resin and
plant balsam, beeswaxes, essential oils, as well as organ-
ic and mineral compounds.’ Honeybees use propolis to
plug holes, straighten inner walls, and soften the walls of
their hives for protection against external invaders and
hive temperature regulation. Propolis is useful for fend-
ing off potential fungal and microbial infections.””'*!!

In veterinary medicine, propolis is mostly used
for its antimicrobial properties. It is also used to en-
hance livestock growth and productivity.” For exam-
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ple, propolis has been reported to increase weight gain
among chickens, subsequently improving meat quality.
Propolis also increases egg laying rates among laying
hens.”'*!* Furthermore, propolis has positive effects on
livestock feed consumption.*!* It can also be used in vet-
erinary medicine to treat canine fungal otitis and der-
mal mycosis infections as well as bovine dermatophy-
tosis.””'¢

Propolis is also an ingredient of cosmetic creams
and lotions. It can be used in shampoos and hair lotions,
acne treatments, shaving products, deodorants, antiper-
spirants, as well as antidandruff and sebum-stabilising
agents.” In addition to its pharmaceutical uses, propolis
may be used as a food preservative, owing to its natural
antioxidant and antibacterial effects.”’

Despite its beneficial properties, propolis also has
adverse effects, particularly when used by or adminis-
tered to sensitive individuals and in high doses. In hu-
mans, it can cause allergic and other adverse reactions,
including contact dermatitis or oral mucositis.'"'”'®
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Data about bees and bee products are available from al-
most every known period of human history.”” Propolis has
been used by the Egyptians, Greeks, Persians, Arabs, and Ro-
mans since ancient times. Moreover, most religious books
have spoken about bees and honey.** Propolis has been used
in traditional and modern medicine as an alternative and
supportive treatment for its antibacterial, antifungal, anti-in-
flammatory, antiviral, antioxidant, gastroprotective, neuro-
protective, anti-ulcerative, antispasmodic, chelator, immu-
no-modulatory, and sedative properties. It has also been used
to treat and prevent acne, allergies, liver disease, diarrhoea,
diabetes, pain, ageing, malaria, and heart disease."*7*!"4

More than 300 active compounds have been identified
in propolis, with the composition varying by season, plant
source, bee species, and altitude.® The most important com-
ponents with pharmacological activity in propolis are flavo-
noids, like flavones, flavanols, flavanone, and various pheno-
lic and aromatic substances.***%*!! Flavonoids are not toxic
when consumed in fruits and vegetables; they are potentially
useful compounds for the human body and protect plants
against microbial infection and insect infestation.”

Many countries have investigated the chemical compo-
sition of their indigenous propolis and identified its biophar-
maceutical effects. For instance, propolis has been extensive-
ly studied in Europe and South America (especially in Brazil),
and there are ongoing detailed studies in China, Japan, Tai-
wan, and Turkey, among other countries.® However, studies
on African propolis are few and limited to North African
countries, such as Morocco, Algeria, and Egypt.”

African vegetation is suitable for beekeeping and, there-
fore, suitable for propolis production. However, there is a lack
of data related to African propolis, and in some countries and
regions, including Burundi, there is no available information
about the chemical content of the local propolis. Neverthe-
less, research on propolis in sub-Saharan Africa has shown
that, in general, African propolis - like the propolis found
in other tropical regions - is rich in terpenoids, including
a-amyrine, p-amyrin, a-amyryl acetates, p-amyryl acetates,
n-alkanes, n-alkenes, methyl n-alkanoates, and long-chain
wax esters, among other compounds.”

The price of propolis varies according to its source and
quality. For example, Chinese propolis is offered for sale at
about €25 to €50 euros per kg, while the Brazilian propolis is
offered at higher prices (€100 to €150 euros per kg).”!' For this
reason, propolis production can be beneficial for a nation’s
economy in general and particularly profitable for beekeep-
ers. However, for this to be the case, the propolis produced
must be of good quality and have the desired pharmacolog-
ical effects. It is, therefore, necessary to carry out chemical
analyses of total phenolic content to assess propolis quality
for consumer use. This study aimed to identify, quantify, and
characterise the presence of phenolic compounds in Burun-
dian propolis.
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METHODS

Sample Collection

A total of 6 propolis samples were randomly collected from
3 provinces in Burundi by placing at least 4 propolis traps in
each province. First, in Rumonge Province, samples were col-
lected from the Rumonge (2 samples) and Buyengero (2 sam-
ples) communes. Second, in Cibitoke Province, 1 sample was
collected from Murwi. Finally, in Ruyigi Province, 1 sample
was collected from Kinyinya. Propolis samples were collected
using plastic propolis traps (42 x 49.5 cm) (Civan Incorpora-
tion, Bursa, Turkey). Propolis traps were placed on the hive in
place of the inner cover for a month during the spring season.
Propolis samples were immediatey stored in a refrigerator be-
fore any analysis.

Instruments, Chemical Reagents, and Standards

All reagents used for this study - including methanol, ace-
tonitrile, ethanol, and formic acid - were high-performance
liquid chromatography (HPLC)-quality grade. A PURELAB
flex 4 (ELGA LabWater, Buckinghamshire, UK) system was
used to purify water. For quantitative analyses, we used HPLC
coupled with diode array detector (DAD) (Shimadzu Corpo-
ration, LC-20 AD/SPD-M20A, Tokyo, Japan) analysis. A vacu-
um drier system (Jouan Inc., RC 10-10, Winchester, VA, USA)
was used to concentrate propolis extracts.

The standards of phenolic compounds used in the anal-

yses were:

1. Caffeic acid (3,4-dihydroxycinnamic acid,
trans-3,4-dihydroxycinnamic acid; molecular
weight: 180.16, Chemical Abstracts Service
[CAS] number: 331-39-5; Sigma-Aldrich, C0625,
>98%)

2. Epigallocatechin gallate ((-) -cis-2-(3,4,5-tri-
hydroxyphenyl)-3,4-dihydro-1 (2H)-benzopy-
ran-3,5,7-triol 3-gallate, (-) -cis-3,3 EG, 4-, 5,5
fla, 7-hexahydroxy-flavane-3-gallate, EGCG,
Teavigo; molecular weight: 458.37, CAS number:
989-51-5; Santa Cruz, sc-200802, >98% )

3. Trans-isoferulic acid (trans-3-(3-hydroxy-
4-methoxyphenyl) acrylic acid, trans-3-hy-
droxy-4-methoxycinnamic acid; molecular
weight: 194.1, CAS number: 25522-33-2; Fluka,
05407, 298%.

4. Ferulic acid (3-hydroxy-4-methoxycinnamic
acid, caffeic acid 3-methyl ether, coniferic acid;
molecular weight: 194.18, CAS number: 537-98-
4; Fluka, 52229, 99%)

5. Trans-cinnamic acid (trans-3-phenylacrylic
acid, trans-cinnamate, trans-3-phenylacrylate;
molecular weight: 148.16, CAS number: 140-10-
3, Sigma-Aldrich, C80857,>99%)
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6. Caffeic acid phenetyl ester (CAPE) (2-phenyleth-
yl caffeate; molecular weight: 284.31, CAS num-
ber: 104594-70-9; Sigma-Aldrich, C8221,>97%)

7. Gallic acid (3,4,5-trihydroxybenzoic acid; mo-
lecular weight: 170.12, CAS number: 149-91-7,
Sigma-Aldrich, G7384,>97.5%)

8. Apigenin (4 in, 5,7-trihydroxyflavone, narin-
genin chalcone; molecular weight: 270.24, CAS
number: 520-36-5, Fluka, 42251, >95%))

9. Chrysin (5,7-dihydroxyflavone; molecular
weight: 254,24, CAS number: 480-40-0; Sig-
ma-Aldrich, C80105,97%)

10. Galangin (3,5,7-trihydroxyflavone; molecular
weight: 270.24, CAS number: 548-83-4, Sig-
ma-Aldrich, 282200, 95%)

11. Quercetin hydrate (3,3,4’,5,7-pentahydroxyfla-
vone; molecular weight: 302.24, CAS number:
849061-97-8; Sigma-Aldrich, 337951, >95%)

12. Kaempherol (3,4 35, 5,7-tetrahydroxyflavone;
molecular weight: 286.24, CAS number: 520-18-
3, Fluka, 96353, >99%)

13. Rutin trihydrate (quercetin-3-rutinoside trihy-
drate, vitamin P trihydrate; molecular weight:
664.56, CAS number: 250249-75-3; Fluka, 78095,
>95%)

14. Naringenin (45,7-trihydroxyflavanone; molec-
ular weight: 272.25, CAS number: 67604-48-2;
Fluka, 52186, >95%)

15. Pinocembrin (S-5,7-dihydroxyflavanone, di-
hydrochrysin, galangin flavanone; molecular
weight: 256.25, CAS number: 480-39-7; Fluka,
P5239,>95%)

Analysis

During analysis, 70% (V/V) ethanol was used as a solvent.
Phenolic compound standards were dissolved in methanol to
prepare stock solutions at 1 pg/ml. Each phenolic compound
standard was injected individually into the HPLC system to
determine its main peak, time of arrival, and spectrum. Next,
mixed phenolic solutions were prepared by mixing the fi-
nal concentrations of the phenolic compound solutions to
a concentration of 48 pg/ml. The mixed phenolic solutions
were diluted with methanol to form calibration curves, and 5
different intermediate solutions were prepared at concentra-
tions of 3, 6, 12, 24, and 48 pg/ml. The correlation coefficients
(R?) of the calibration curves varied between 0.967 and 0.999
depending on the phenolic composition. The limit of quanti-
fication values of the phenolic compounds ranged from 2.46
to 7.56 pg/ml, and the limit of detection values varied from
0.82 to 3.36 pg/ml.
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TABLE 1. Mobile Phase Flowchart

Time. min Mobile Phase Mobile Phase
! A, % B, %

0.01 Start
0.02 90 10
3 75 25
15 70 30
60 50 50
70 40 60
80 10 90
85 40 60
90 75 25
95 90 10
104 Stop

Sample Extraction and Analysis

Propolis extraction was done at a dilution rate of 1:9, mainly
using the extraction method described by Orug et al.® Raw
propolis samples were frozen at —20°C for 30 minutes, then
ground into powder using a De'Longhi KG49 electric coffee
grinder (De'Longhi, Treviso, Italy). Powdered propolis sam-
ples were thoroughly mixed, and 2 g of each sample was
weighed for extraction. Then, 18 ml of 70% ethanol was add-
ed to obtain a propolis-ethanol extract (PEE). This mixture
was first stirred with an orbital shaker (SL-350, Niive, Ankara,
Turkey) for 1 hour, followed by ultrasonication in an ultra-
sonic bath (Sonorex RK100, Bandelin, Berlin, Germany) for
15 minutes. This process was carried out twice. The mixture
was then filtered, first using grade 1 rectangular filter pa-
per and then grade 1 Whatman filter paper (125 mm). The
obtained PEE was preliminarily collected in weighed emp-
ty tubes and then concentrated using a vacuum drier. After
drying the PEE, the tubes were weighed again, and the dry
weights were calculated. The amount of dry PEE per tube was
recorded, and the tubes were stored at —20°C until the HPLC-
DAD analysis stage. The dry PEE was solved with methanol
(1:10, w:v) and filtered through a polyvinyl difluoride syringe
filter (Millipore Millex-HV, 0.45 pm), and 5 pl injected into
the HPLC-DAD system.

We mainly used the methods described by Pellati et a
for HPLC-DAD analysis. The PEE samples were prepared in
tubes and filtered again through 0.45 pm polyvinyl difluoride
(Millipore Millex-HV, 0.45 pum), and 5 pl of the obtained solu-
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TABLE 2. Characteristics of Collected Samples

Color Aromatic Scent
Location Sticky Consistency Weight, g
Red Black Brown Strong Weak  Very Weak
Rumonge 1 Yes Yes Yes 56
Rumonge 2 Yes Yes Yes 87
Buyengero 1 Yes Yes Yes 64
Buyengero 2 Yes Yes Yes 98
Murwi Yes Yes Yes 86
Kinyinya Yes Yes Yes 128
TABLE 3. Burundian Propolis Component Concentrations
Concentration, pg/g,
Compound According to Geographic Origin
Rumonge 1 Rumonge 2 Buyengero 1 Buyengero 2 Murwi Kinyinya
GAL 33 832 163 31 - 22
ECKG - -
KA - .
FR - -
IFR - -
QE - -
SA - -
NR - -
AP - -
KF - -
CR - -
PN - -
GL - -
CAPE - -
RT - -

Abbreviation: GAL, gallic acid; EGGG, epigallocatechin gallate; KA, caffeic acid; FR, trans-ferulic acid; IFR, isoferulic acid; QE, quercetin; SA, cinnamic acid; NR,
naringenin; AP, apigenin; KF, kaempherol; CR, chrycin; PN, pinocembrin; GL, galangin; CAPE, caffeic acid phenethyl ester; RT, rutin trihydrate

East Africa Science 2019 | Volume 1 | Number 1

46



http://www.eahealth.org

Quantification of Gallic Acid in Raw Propolis from Burundi

www.eahealth.org

tion was injected into the HPLC-DAD system automatically.
The method is gradient where mobile phase A (deionised wa-
ter plus 0.1% formic acid, V/V) and mobile phase B (HPLC
grade acetonitrile plus 0.1% formic acid, V/V) were used as
solvent carriers (Table 1). The mobile phase’s total flow rate
was 1 ml/min between 80 and 90 bar of pressure on the pump
with a total injection volume of 5 ul at temperatures between
25°C and 33°C. During the analyses, the column tempera-
ture was kept at 30°C. Detection of the propolis content was
carried out at a wavelength of 270 nm, and the compounds
were obtained by identification and comparison of retention
time values and peaks of samples and standards.

The propolis extraction and HPLC-DAD analysis proce-
dures were carried out at Uludag University’s Department
of Pharmacology and Toxicology within the Faculty of Vet-
erinary Medicine, in Bursa, Turkey. The phenolic compound
concentrations in the dry PEEs were calculated in pg/g.

RESULTS AND DISCUSSION

Analysed propolis samples were sticky, red, black, and brown
with a slight aromatic smell (Table 2). There were also differ-
ences between the participating communes in terms of the
propolis sample volumes collected, and, overall, the volume
of propolis samples collected was small (Table 3). During col-
lection, propolis was generally found in the edge sections of
the traps used for harvesting, with the middle sections be-
ing empty or slightly waxy. Propolis is typically described as
having a fibrous, matte, sticky, and bright appearance, with
colours ranging from red, yellow, and green to dark brown de-
pending on the plant source and region; our propolis samples
matched these characteristic descriptions. Many researchers
have also described the aromatic scent of propolis.**#2033-37

Among all of the samples collected, only gallic acid was
determined at a measurable level. The mean gallic acid con-
centration was 216.2 pg/g (Table 3), which is low compared to
propolis found in temperate regions. In this study, according
to the method used, chromatogram peaks were weak, small,
and low in number and mainly appeared from 1 minute up
to 15 minutes. This finding is in contrast to observations re-
ported by Orug et al®, who - using the same methods as we
did - investigated propolis samples from the temperate cli-
mate of Turkey and found that peaks were consistent, high,
and numerous; their chromatogram peaks appeared between
1 minute and 70 minutes.

Gallic acid is a phenolic compound with antibacteria
and antitumour® activity. The constituent phenolic com-
pounds found in Burundian propolis are quantitatively and
qualitatively different from the propolis components found
in temperate climates. Previous studies conducted in sub-Sa-
haran Africa have revealed propolis from this region to con-
tain a high terpenoid content.** This has been confirmed by
researchers, such as Zhang et al,® who investigated propolis
samples from Uganda, Tanzania, Malawi, Zambia, South Afri-
ca, Cameroon, Nigeria, and The Gambia. They concluded that
African propolis was rich in diterpenoids and triterpenoids.
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Papakroni et al*® found, for the first time, triterpenes, such
as lupennon, p-amirin and lupeol, diprenyl-flavonoid lon-
chocarpol, and 6,8-diprenyl-eriodictyol in propolis samples
from the Democratic Republic of Congo. Rushdi et al*’ found
a-amyrin, p-amyrin, a-amyryl acetates, p-amyryl acetates,
n-alkanes, n-alkenes, methyl n-alkanoates, and long-chain
wax esters in propolis samples from Ethiopia.

CONCLUSION

The absence of phenolic compounds other than gallic acid
in Burundian propolis samples from is in concordance with
studies that have reported terpenoids as the main constitu-
ents of propolis found in tropical areas, including sub-Sahara
Africa. Despite the limitations of our study - including the
small number of samples and narrow geographical distribu-
tion of propolis — the detection of gallic acid is important in
terms of propolis quality and consumption and can be looked
at as a starting point for designing new methods for charac-
terising and quantifying the phenolic content of propolis
from sub-Saharan Africa.
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