DOI: 10.5937/FFR1901083A

PHENOLIC CONTENT AND /N VITRO ANTIOXIDANT CAPACITY OF
MONO- AND POLYFLORAL HONEYS ORIGINATING FROM SERBIA

Milica T. Atanackovi¢ Krstonosi¢, Jelena M. Cveji¢ Hogervorst, Veliko S. Krstonosi¢, Mira P. Mikuli¢*

UDK 638.162:[547.56:66.094.3.097.8 (497.11)

Short communication

University of Novi Sad, Faculty of Medicine, Department of Pharmacy, 21000 Novi Sad,
Hajduk Veljkova 3, Serbia

*Corresponding author
Phone /Fax: +38121422760
E-mail address: mira.bursac@mf.uns.ac.rs

ABSTRACT: Honey is a natural product of complex composition, recognized for its humerous health
benefits. It is believed that honey is especially valuable for prevention of diseases associated with
oxidative stress. Antioxidative properties of honeys are mainly attributed to phenolic compounds. The
aim of this paper was to determine total phenolic content (TPC) and antioxidant capacity (ICsp) in 19
Serbian honeys originating from five different floral sources — three monofloral (acacia, lime,
sunflower) and two polyfloral types (meadow and forest). Analyses were performed
spectrophotometrically using Folin-Ciocalteu method for total phenolic content determination and
DPPH’ test for antioxidative capacity. Polyfloral honeys on average had up to two times higher total
phenolic content as well as antioxidant capacity than monofloral. The highest phenolic content and
antioxidative capacity were observed in forest (58.35 mg GAE/100 g) and meadow honeys (0.015
g/mL), respectively. Acacia honeys distinguished with the lowest values obtained in both tests (17.36
mg GAE/100 g; 0.067 g/mL). Additionally, significantly high negative correlation coefficient between
TPC and ICs, values was noticed in monofloral honeys (p<0.05).
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INTRODUCTION

Honey is a natural product which has been
consumed for centuries because of its high
nutritive value and recognized health be-
nefits (Alvarez-Suarez et al., 2010a). It is
produced by bees (Apis mellifera) from
nectar of plants, or from honeydew. Blos-
som or nectar honey is derived from the
nectar of plants while honeydew honey co-
mes from the secretions of living parts of
plants or excretions of plant-sucking in-
sects (Pita-Calvo and Vasquez, 2017). Ge-
nerally, honey presents a complex mixture
of over 200 compounds. It consists of car-
bohydrates (70-80% w/w) - mainly glucose
and fructose, water (10-20% w/w) and
other minor components such as organic
acids, mineral salts, vitamins, proteins, en-
zymes, phenolic compounds and free

amino acids (Ouchemoukh et al., 2007).
Honeys can be classified as monofloral or
polyfloral. Monoflorals are products of one
plant species containing mainly its nectar
with minor presence of nectar from other
botanical sources. Polyflorals originate
from several plant sources, and they can
be considered as a blend of few mono-
floral honeys with significant nectar or ho-
neydew contribution from different plants
(Gasi¢ et al., 2014).

Antibacterial, anti-fungal and anti-inflam-
matory traits of honey are well known and
it has been used in traditional medicine
even for wound healing (Basualdo et al.,
2007). Nowadays, it is recognized that me-
chanism of anti-inflammatory action is
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complex and could be the result of syner-
gistic effect of different compounds, in-
cluding phenolics. There are also studies
that indicate that honey can help in certain
gastrointestinal problems like gastric ulcer
and gastritis and exert a hypoglycaemic
effect (Erejuwa et al., 2010).

It has been shown that honey, if admini-
stered alone or in combination with con-
ventional therapy, has beneficial effect in
diseases associated with oxidative stress
(Erejuwa et al.,, 2012). Antioxidant pro-
perties of honey are mainly attributed to
phenolic compounds which act through
stabilization of cell membrane reducing li-
pid peroxidation. Phenolic compounds are
the main plant secondary metabolites.
Their content is rather variable and mainly
depends on floral source and geographical
origin of honey. They can be classified to
phenolic acids and their derivates (e.g.
syringic, vanillic, coumaric, cinnamic, gallic
acid...) and flavonoids (hesperetin, narin-
genin, luteolin, kaempferol, quercetin...).
Other compounds that can express anti-
oxidant activity include certain enzymes
(glucose oxidase and catalase), ascorbic
acid, proteins and carotenoids (Alvarez-
Suarez et al., 2010b). Generally, honey is
considered as a potential health-promoting
food and a rich source of antioxidants with
beneficial effects on human health.

Beekeeping and honey production is de-
veloping branch of agriculture in Serbia. In
order to examine the radical scavenging
traits of Serbian honeys, the aim of this pa-
per was to determine total phenolic con-
tent and antioxidant capacity in 19 honeys
originating from five different floral sources
(three monofloral and two polyfloral) pro-
duced in two beekeeping regions in Ser-
bia.

MATERIALS AND METHODS

Honey samples were collected on territory
of Republic of Serbia (Vojvodina and Cen-
tral Serbia) in cooperation with Beekeeper
organization of Serbia. They were cate-
gorized into five groups according to floral
origin — monofloral: group A - acacia ho-
neys with 5 samples (A1-A5); group L —
lime honeys with 3 samples (L1-L3); group
S — sunflower honeys with 3 samples (S1-
S3); and polyfloral: group M — meadow ho-

neys with 5 samples (M1-M5) and group F
— forest honeys with 3 samples (F1-F3).
The samples were also observed as mo-
nofloral (acacia, lime and sunflower honey)
and polyfloral (meadow and forest honey).

All  spectrophotometrical measurements
were performed on Agilent 8453 UV-
Visible Spectroscopy System (Germany).
For sample preparation Vortex-2 genie
(Scientific industries, INC. Bohemia, N.4.
11716, model: G-560 E, USA) was used.
Chemicals used were: Folin-Ciocalteu
(FC) reagens - Fluka Biochemika (Swi-
tzerland); anhydrated sodium carbonate —
Sinex laboratory (Belgrade); gallic acid
monohydrate - Alfa Aesar (Lancaster); 1,1-
diphenyl-2-pikrylhydrazyl radical (DPPH®) -
Sigma Co.-St Louis (USA); ethanol (95-96
vol %) - ZORKA Pharma a.d. (Sabac).

Honey samples (1 g) were diluted in dis-
tilled water (10 mL) and stirred on a mag-
netic stirrer for 20 minutes. The obtained
extracts were filtered through a cellulose
membrane filter. All measurements were
performed in triplicate.

Total phenolics content (TPC) was deter-
mined using Folin-Ciocalteu reagent, with
modified spectrophotometrical method (Mi-
mica-Dukic¢ et al., 1994) with gallic acid as
the standard. Concentrations of total phe-
nolics were expressed as milligram of gal-
lic acid equivalents per 100 g of honey (mg
GAE/100 g of honey). Radical scavenging
activity was evaluated spectrophotometri-
cally after reaction with 2,2-diphenyl-
1picrylhydrazyl (DPPH’) free radical (So-
ler-Rivas et al., 2000). Radical scavenging
capacity (RSC) was calculated according
to formula: %RSC=100-(Asample X
100/Apank). Data were presented as inhi-
bitory concentration (ICs, value) — concen-
tration of sample in g/mL necessary for in-
hibition of 50% of DPPH radical.

Obtained data were analyzed using MS
Excel and Origin 8.1. programs. The dif-
ferences were considered significant at
level 0.05.

RESULTS AND DISSCUSION

Obtained values for TPC in monofloral and
polyfloral honeys varied from 13.39 to
29.07 and from 2395 to 83.09 mg
GAE/100 g, respectively (Table 1). Ave-
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rage phenolic content of monofloral ho-
neys (lime, sunflower and acacia) was
21.96 mg GAE/100 g while for polyfloral
(meadow and forest) this value was 44.84
mg GAE /100 g. Polyfloral honeys also
had two times higher antioxidant activity
(average I1Cso value was 0.021 g/mL),
comparing to monofloral samples with ave-
rage ICs, of 0.044 g/mL. Average TPC
values obtained for polyfloral samples
were 36.74 for meadow, and 58.35 mg
GAE/100 g for forest honeys (Figure 1).

Previously obtained results for total phe-
nolic content of polyfloral Serbian honeys
were 3-139 mg GAE/100 g (Gasi¢ et al.,
2014), 38.5 mg GAE/100 g (Vuli¢ et al.,
2015) and 19.78 mg GAE /100 g (Cana-
danovi¢ Brunet et al., 2014) which is in ac-
cordance with the results from this study.

Similar TPC values for polyfloral honeys
produced in Europe were noticed. Wil-
czynska (2010) reported phenolic content
from 37.05 to 53.05 mg GAE/100 g in 7
polyfloral honeys from Poland. Total phe-

nolic contents in 7 polyfloral Croatian ho-
neys were in the range of 20.20-90.75 mg
GAE/100 g (Piliac-Zegarac et al., 2009)
while TPCs in 7 multifloral honeys from
Romania were from 23-125 mg GAE /100
g (Al et al., 2009). Still, lower values have
also been observed for Slovenian poly-
floral honeys (multifloral 12.68-18.46, fo-
rest 19.23-27.05 mg GAE /100 g) (Berto-
ncelj et al.,, 2007). The TPC values ob-
tained in our polyfloral samples were also
similar with those obtained from others
parts of the world. Some of the reported
values include polyfloral honeys from Tur-
key (average 29.54 mg GAE/100 g) (Can
et al., 2015). The same trend was noticed
for multifloral honeys from Burkina Faso
with TPC values from 32.6 to 93.7 mg
GAE/100 g (Meda et al., 2005). On the
other hand, Sanchez et al. (2012) obtained
higher values of TPC for multifloral Chilean
honeys (58-119 mg GAE/100 g). In gene-
ral, polyfloral honeys (forest and meadow)
had higher phenolic content than mono-
floral (acacia, lime, sunflower) (Figure 1).

Table 1.
Antioxidant capacity (ICsg) and total phenolic content (TPC) of honey samples (mean+SD)
Sample* Location ICso TPC
(g/mL) (mg GAE/100 g)

Monofloral honeys

Acacia
Al Uzice 0.120+0.007 13.39+0.42
A2 Lazarevac 0.074+0.003 14.19+0.25
A3 Aleksinac, Jastrebac 0.080+0.006 17.61+0.74
Ad VrSac 0.035+0.003 18.04+0.58
A5 Sremski Karlovci 0.027+0.004 23.59+0.46

Lime
L1 Novi Sad, Popovica 0.028+0.001 22.30+£0.68
L2 Sremski Karlovci 0.028+0.006 26.32+0.92
L3 Erdevik, Ljuba 0.025+0.005 28.13+0.63

Sunflower
S1 Plandiste, Vrsac 0.023+0.004 29.70+1.02
S2 Sombor 0.018+0.003 22.34+0.78
S3 Kikinda 0.024+0.005 25.98+0.95

Polyfloral honeys

Meadow
M1 Jasenovo 0.016x0.002 38.04+1.11
M2 Lazarevac 0.015+0.002 33.061£0.93
M3 Aleksinac, Jastrebac 0.004+0.000 50.90+0.85
M4 Gornji Milanovac 0.024+0.003 23.94+1.26
M5 Veternik 0.014+0.001 37.75+0.85

Forest
F1 Fruska gora 0.023+0.004 83.09+1.45
F2 Maja honey, Simanovci 0.030+0.009 67.98+0.92
F3 Timo honey, KnjaZzevac 0.045+0.008 23.98+1.05

*A-acacia; L-lime; S-sunflower; M-meadow; F-forest
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Figure 1. Average total phenolic content of different honey types
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Figure 2. Antioxidant activity of different honey types

The highest phenolic content was ob-
served in forest honeys (58.35 mg
GAE/100 g), while the lowest was in
acacia (17.36 mg GAE/100 g) which was
presented in Figure 1. Statistical ANOVA
analysis of TPC data showed that samples
did not differ based on botanical origin.
The only significant difference (p<0.05)
was noticed between acacia and forest
samples (Figure 1). These two honey ty-
pes were also the brightest (acacia ho-
neys) and the darkest (forest honeys)
samples. A Slovenian study confirmed that
forest honeys (fir, forest and chestnut ho-
neys) are usually dark-colored, while
acacia is a light-colored honey (Bertoncelj

et al., 2007).

It has been shown that these dark colored
honeys have more phenolic compounds
compared to light colored (acacia, rape,
itd) (Wilczynska, 2010; Bueno-Costa et al.,
2016). This is in accordance with our re-
sults, although it should be emphasized
that chromatic properties of samples were
not determined in this study. Previously, it
was also reported that dark-colored honey
samples have high level of pigments, pol-
len, phenolic compounds and minerals
(Bertoncelj et al., 2007). Pontis et al.
(2014) showed that darker honey samples
had higher amounts of phenolics, flavones,
and flavonols and increased antioxidant
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activity, while the correlation between TPC
and honey color was the highest from all
tested parameters.

Average TPC values of monofloral honeys
were around 26 mg GAE/100g for lime and
sunflower, while acacia honeys had lower
phenolic content (Figure 1). Data reported
in literature for Serbian monofloral honeys
are 23.96-27.44 for lime, and 16.18-20.04
mg GAE/100 g for acacia honeys (Vuli¢ et
al., 2015; Canadanovié-Brunet et al., 2014;
Savatovi¢ et al., 2011). These values are
similar to those obtained for lime and
acacia honeys from this study. Reported
values for lime honey from Poland include
19.25 (Kus et al., 2014) up to 47.14 mg
GAE/100 g (Wilczynska, 2010). Polish
acacia honey contained 14.2 mg GAE/100
g which is also comparable to our findings.
A study performed on acacia, sunflower
and lime honeys from Romania showed
TPC values similar to those obtained for
our samples of same floral origin (Al et al.,
2009). On the other hand, Bertoncel; et al.
(2007) noticed lower values of phenolic
content in honeys from Slovenia (acacia
2.57-6.79, lime 9-15.9 mg GAE/100 g).

The radical scavenging activity of indivi-
dual honey samples varied between
0.004-0.12 g/mL (Table 1). The highest
average antioxidative potential was ob-
served in polyfloral meadow honeys (0.015
g/mL), while the lowest was in monofloral
acacia (0.067 g/mL) (Figure 2). ANOVA
test analysis of antioxidant activity showed
that samples are not grouped according to
floral origin. The only statistically signifi-
cant difference (p<0.05) was noticed bet-
ween ICsy values of acacia and meadow
samples (Figure 2). It is difficult to directly
compare these results with other literature
data, because of the differences in data
presentation. Still, some similar trends in
samples from the region can be observed.
Vuli¢ et al. (2015) tested lime, acacia and
polyfloral honeys, and polyfloral had by far
the highest antioxidant potential, while the
lowest was in acacia honeys. On the other
hand, Savatovi¢ et al. (2011) showed that
lime honey had the highest antioxidant
activity compared to acacia and multifloral
honey. Analysis of honeys with four dif-
ferent antioxidant tests showed that poly-
floral forest sample exhibited the highest

antioxidant capacity while the lowest was
in the acacia sample. Experiment perfor-
med on Turkish honeys confirmed the lo-
west average antioxidant activity of acacia
honeys, while multifloral and lime honeys
had similar antioxidant potential (Can et
al., 2015). Czech mea-dow samples had
lower antioxidant activity than forest (Lach-
man et al., 2010), which was not the case
in our study.

Correlation between antioxidant activity
and total phenolic content for all individual
samples did not show statistical signify-
cance (R=-0.45; p=0.054). Similar trend
was observed in publication concerning
Brazilian honeys which also established
that there was no correlation between total
phenolic content and antioxidant activity
determined by DPPH’ test. More specifi-
cally, this study showed that there was
positive correlation between TPC and ac-
tivity obtained using ABTS® test. Even
though it was also not significant, it is con-
sidered as an important result (Bueno
Costa et al., 2016).

On the other hand, in monofloral honeys
significant high negative correlation coef-
ficient between TPC and ICs, values was
noticed (R=-0.82; p=0.002). Study pre-
formed on Cuban monofloral honeys also
demonstrated significant correlations bet-
ween TPC values and antioxidant activity
(Alvarez-Suarez et al., 2010a). Gorjanovi¢
et al. (2013) obtained significant corre-
lations between total phenolic content and
antioxidant activity of honeys assessed
with four different tests. Results of Kus et
al. (2014) also demonstrated that there
were significant correlations between TPC
and antioxidant activity assessed with
FRAP and DPPH" test. Analysis of few
Serbian honeys also showed that there is
high correlation between TPC and anti-
oxidant potential determined with DPPH’
(Savatovi¢ et al., 2011).

Additionally, no statistically significant cor-
relation was established between TPC and
antioxidant capacity of polyfloral honeys
(R=-0.12; p=0.77), which could imply that
other compounds beside polyphenols con-
tribute to their antioxidant activity. Since
honey is a very complex natural mixture
with various factors that influence its com-
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position it is challenging task to elucidate
the role of certain non-phenolic com-
pounds on antioxidant potential. It is also
indicated that although phenolic com-
pounds have significant antioxidant poten-
tial, there may be synergistic or antago-
nistic effects between phenolic and non-
phenolic compounds (Savatovi¢ et al.,
2011). The other constituents such as as-
corbic acid, a-tocopherol, carotenoids
could possibly contribute to the total anti-
oxidant activity. Also, importance of an-
tioxidant capacity of some free amino
acids and their correlation with radical sca-
venging activity of honey was pointed out
(Meda et al., 2005).

CONCLUSIONS

Performed study on honeys from different
locations in Serbia showed that polyfloral
samples on average had up to two times
higher total phenolic content as well as an-
tioxidant capacity than monoflorals. The
highest phenolic content and antioxidative
capacity was observed in forest and mea-
dow honeys, respectively. These values
were the lowest in monofloral acacia ho-
neys, which statistically differed only from
the highest results obtained for polyfloral
samples in both tests. Generally, ANOVA
test analysis of TPC and antioxidant ac-
tivity showed that samples did not group
according to floral origin. In monofloral ho-
neys significant high negative correlation
coefficient between TPC and ICs, values
was noticed. However, further studies of
the individual phenolics in Serbian honeys
are needed in order to get better insight
into composition of these important health
beneficial compounds.
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CAAPXAJ ®EHOJIA M /N VITRO AHTUOKCUOATUBHUN KANALUMUTET MOHO-
U NONTUDJIOPAJTHUX Y3OPAKA MEOQA CA TEPUTOPUJE CPBMJE

Mwunuua T. AtaHaukosuh KpctoHowwuh, JeneHa M. LiBejuh XorepsopcT, Bersko C. KpctoHowuh,
Mwupa 1. Mukynuh*

YHusepsuteT y HoBom Cagy, MeanumHckn dakyntet, Kateapa 3a chapmauujy, 21000 Hoeu Cag,
Xajoyk BerbkoBa 3, Cpbuja

CaxeTtak: Mez je npupogHM NPOU3BOS, CIIOXEHOr cacTaBa, MO3HaT Mo CBOjUM GraroTBOPHUM
JejctBuma Ha rbyacko 3gpaerbe. Cmatpa ce ga vma 3HauvajHy ynory y npeBeHuuju oborbera
MoBe3aHUX Ca OKCMAATUBHUM CTPecoM. AHTMOKCMAATUBHA CBOjCTBA Meda Ce Y BEeuKOj mepwu
npunucyjy deHonHnum KomnoHeHTama. Liurb oBor papa je ogpehuBame cafgpXkaja yKynHux dpeHona
(TPC) n anTnokcupatmeHor kanaumteta (ICsp) y 19 y3opaka mena ca Teputopuje Cpbuje Koju notudy
n3 net dnopanHux u3Bopa — TpU MoOHodopanHa (barpemoB, nWMoOB, CYHLIOKPETOB) M [ABa
nonudpnopanHa (NMBagcku, Wymckn). AHanusa je BpLleHa cnektpodoTomMeTpujckn npumeHomM Folin-
Ciocalteu meTone 3a oapehuBatse ykynHux ceHona n DPPH’ Tecta 3a ogpehuBarse aHTUOKCH-
AaTuMBHOr kanauuteTta. lMonudnopanHn ysopum MManu cy y Npoceky A0 ABa nyta Behu cagpxaj
YKYMHUX dpeHona Kao U aHTUOKCMAATMBHU KanauuTeT Yy ogHOCY Ha MoHodnopanHe. Hajsehu cagpxa;j
YKynHUX peHona v Hajseha aHTMOKCMAaTMBHa aKTMBHOCT 3abenexeHe cy kog wymckor (58,35 mg
GAE/100 g) u nuBagckor (0,015 g/mL) meaa, pegom. Y3opum GarpemoBor meaa nsgBojunu cy ce no
HajHWKMM BpeaHOCTUMA UCMUTMBaHUX napameTapa y oba tecta (TPC 17,36 mg GAE/100 g; ICsg
0,067 g/ml). dopatHO, ycTaHOBIbeHa je 3HadajHa HeraTuBHa kopenauuwja usmehy TPC u 1Cs
BpeAHOCTU koA, MoHodbnopanHux ysopaka meaa (p<0,05).

Krby4yHe peun: wymcku med, nusadcku med, baspemos med, nurnog meod, CyHUOKpemoes Med,
cadp:kaj yKyrnHux gpeHona

Received: 19 February 2019
Received in revised form: 25 March 2019
Accepted: 5 April 2019



