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Antioxidant activities, total phenolic and flavonoid contents of honey
collected from different botanical origins
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Abstract: In this study, it is aimed to determine the presence of antioxidant capacity, total phenolic and flavonoid contents in
six different types (multiflora, pine, chestnut, sunflower, acacia, citrus) and eventually 65 samples of honey from different parts of
Turkey. Pollen analysis of all honey samples in the laboratory was carried out to determine the purity (> 65-70%) of the plant source.
Total phenolic content determined in honey samples was found the highest value in pine honey 166.46 + 5.80 (mgGAE / 100 g honey)
while the lowest value was found in flower honey with (106.04 + 9.55). The level of flavonoid contents of the groups was lowest on
the flower and citrus honey (1.3 £ 0.2 and 1.6 + 0.1) and the highest value were on chestnut and pine (2.7+0.4 and 2.8 + 0.2) were
detected. Comparing the radical scavenger activity in honey groups, the activity of chestnut honey was the highest (100.54 + 22.72).
The results of this study show that the phytochemical structure and biological activity of honey are completely different from each
other depending on the plant source. On the other hand, it is possible to say that the antioxidant, phenolic, and flavonoid values are
high, which is a good indicator of the quality and naturalness of honey.
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Farkl botanik kaynaklardan elde edilen ballarin antioksidan aktiviteleri, toplam fenolikleri ve
flavonoid igerikleri

Ozet: Bu calismada, Tiirkiye’nin gesitli bolgelerinde iiretilmis 6 farkli gesit (yayla, am, kestane, aygicegi, akasya, narenciye)
toplam 65 bal numunesinde toplam fenolik asit, flavonoid diizeyi ve total antioksidan aktivitesi incelenmistir. Laboratuvarda tim bal
numunelerinin polen analizi yapilarak bitki kaynaginin saflik derecesi (>%65-70) tespit edilmistir. Bal 6rneklerinde belirlenen total
fenolik igerigi 166,46 + 5,80 (mgGAE/100g bal) ile en yiiksek deger ¢am balina ait iken, en az 106,04 + 9,55 ile ¢icek balinda
bulunmustur. Gruplar arasi flavonoid igerigi en diisiik diizey ¢i¢ek ve narenciye balinda sirastyla (1,3 £ 0,2 ve 1,6 £ 0,1), en yiiksek
deger ise kestane ve ¢am balinda (2,7+0,4 ve 2,8 + 0.2) tespit edilmistir. Bal gruplarinda yapilan radikal siipiiriicii aktivitesinin
karsilastirilmasinda ise kestane balin aktivitesinin en yiiksek oldugu (100,54 + 22,72) ortaya konulmustur. Calismanin sonuglari, balin
fitokimyasal yapisi ve biyolojik aktivitesinin bitki kaynagina bagli olarak birbirinden tamamen farkli oldugunu gostermektedir. Diger
taraftan bu degerlerin yiiksek olmasi balin kalitesinin ve dogalliginin iyi bir gdstergesi olacagini sdylemek miimkiindiir.

Anahtar sozciikler: Antioksidan, bal, balarisi, fenolik asit, flavonoid.

according to the geography the plant is grown in, soil
fertility, rainfall, light, altitude and a great number of other

Introduction
For centuries, bees and bee products have been used

for therapeutical purposes. Today, they maintain their
actuality in the field of supportive therapy and show a fast
development under the name of apitherapy. Honey, which
is one of the apitherapy products and one of the oldest
nutritional sources of mankind, is a sweet product which
bees collect from flower nectars or from secretions of
some insects living on plants and store in honeycombs by
exposing them to enzymatic change (3, 6, 22). The
formation and composition of honey produced naturally
differ significantly according to regions and sources of the
plant (23). The composition of plant nectar differs

environmental factors (14, 24). In other words, the quality
and biochemical characteristics of honey differ according
to the source of nectar (8, 13, 22). Studies conducted show
that the antioxidant activity of natural foods is higher than
food products with synthetic structure (18). For this
reason, daily intake of antioxidant food is important and
required for free radicals which form as a metabolism
product in the organism. In addition to being a food
product and source of energy, honey is also important for
human health as a natural antioxidant source due to
various phytochemicals it includes (3, 12, 17).
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Antioxidant compositions of honey are enzymatic
(glucose oxidase, catalase, peroxidase) or non-enzymatic
(phenolic acids, flavonoids, ascorbic acid, tocopherol,
carotenoids) (18, 19). Phenolic acids contribute
significantly to the antioxidant activity of honey (1, 17).
Flavonoids have a significant antioxidant and anti-
inflammatory  function by providing free-radical
scavenging, inhibiting cyclooxygenase and lipooxygenase
enzymes, chelating transition metals such as iron and
copper, protecting o-tocopherol at LDL and providing
oxidizable ascorbic acid regeneration (16). The rates of
these compositions in  honey differ significantly
depending on the source flora honey is collected from and
the structure of the geographical areas (8, 12, 23). For this
reason, every honey has a different apitherapic value. The
present study researches the biological activities of honey
obtained from different regions and plant sources of
Turkey.

Materials and Methods

Sampling: The study was conducted with a total of
65 honey samples from different regions of Turkey (11
sample meadow honey from the provinces of Erzurum and
Sivas, 11 sample pine honey from Mugla, 11 sample
chestnut honey from Sinop, 11 sample Acacia honey from
Trabzon, 10 sample from citrus tree honey from Antalya
and 11 sample sunflower honey from Samsun). Pollen
analyses of all samples were made in the laboratory and
purity degree of plant sources was found (>65-70%).
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Biochemical analysis: Calculation of the total
antioxidant effect in the samples was made according to
the free radical scavenging effects of the prepared extracts
on DPPH (1,1-diphenyl-2-picrylhydrazyl) in honey by
using an indirect method. As a result of DPPH radical
scavenging activity, 1C50 values were assessed as mg/ml.
The measurement was made according to Meda and
Dimins method modified at 520 nm with a
spectrophotometer (9, 21). AA [%] = (Abs cont-Abs
sample)/ Abs cont.X100. Total phenolic concentration
level was read at 750 nm in spectrophotometer with Folin-
Ciocalteau method and the total phenol amount was
calculated as equivalent to mg gallic acid in 100 gram
extract (4, 9). The Dowd method was used in total
flavonoid analysis. In this method, honey solutions
prepared based on quercetin (mgQE/100gr) concentration
in mg in a kilogram of honey were read at 415 nm with a
spectrophotometer (9, 21).

Statistical analysis: The data obtained from the
study were evaluated with the variance analysis
(ANOVA) technique in factorial order and the differences
between the means were determined by Duncan multiple
comparison test. Statistical evaluations were made using
the SPSS statistical program (26).

Results
Average values of total phenolic, flavonoid levels
and antioxidant activity found in honey samples of groups
are given in (Table 1, Figurel).
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antioxidant analysis results in honey samples

Table 1. Means and standard errors of total phenolic (mg GAE/100 g), flavonoid QE/100 g) and antioxidant (mg/ml) in honeys samples

produced from different botanical origins.

Samples Total (Min-Max) Total phenolic (Min-Max) Antioxidant, (Min-Max)
flavonoid DPPH-scs,

Citrus tree honey 16+0.1 1.2-1.9 113.77 £4.27 100.21-120.62 152.65 + 4.96 140.40 -163.91
Chestnut honey 27+04 14-40 138.27+19.31  97.64-206.22  100.54 +22.72 41.05 -165.03
Sunflower honey 1.8+05 1.7-2.0 127.27+13.54  88.03-127.33 167.33 £9.69 135.40 -198.81
Pine honey 2.8+0.2 2.1-36 166.46 £ 5.80 149.37-186.11 145.48+16.49 93.61 -206.38
Meadow honey 1.3+0.2 05-1.9 106.04 £ 9.55 68.85-130.94  270.86 £51.22  136.17 -506.38
Acacia honey 21+04 1.3-35 143.71+16.99  71.16-183.06  108.91 +54.00 69.34 -142.55
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The highest total phenolic composition was found in
pine honey with 166.46 + 5.80 (MgGAE/100g honey),
while the lowest value was found in flower honey with
106.04 + 9.55. While the intergroup flavonoid
composition lowest value was found in flower and citrus
honey (1.30 + 0.2 and 1.6 £ 0.1), the highest value was
found in chestnut and pine honey (2.7 £0.4 and 2.8 £ 0.2).
Radical scavenging activity comparison of honey groups
showed that chestnut honey had the highest activity
(100.54 £ 22.72) As a result of the analysis of variance,
there was a significant difference between the honey
samples (P <0.01).

Discussion and Conclusion

Phenolic acids and flavonoids, which are
components of honey, are important due to their
antimicrobial, antioxidant, anticancer and antioxidative
effects and their being associated with human and animal
health and on the other hand due to being a criterion for
honey’s being refined (1, 5, 6, 22). The concentration of
these compounds which significantly affects honey’s
therapeutic activity differs according to plant flora which
constitutes the sources of honey (11).

In the present study, it was found that total phenolic
composition differed between 106 - 166 mgGAE/100 g in
all honey samples. While the lowest concentration was
found in flower honey, the highest concentration was
found in pine honey (Figurel). Similarities and
differences are seen between our study results and the
results of the studies previously conducted. While total
phenolic acid concentration was reported as 32.59-114.75
mgGAE/100 gr and an average of 74.38 + 20.54 in South
African honey samples (21), phenolic acid concentration
was reported as 36.26-102.80 mgGAE/100g and an
average of 65.31+19.50 in a study conducted with Nigeria
honey (5). Vit et al., (28) reported in their study that
phenolic matter amount differed between 38.15 and
182.10 mgGAE/100 g in Venezuela honey. Total phenolic
amount in Yemeni honey obtained from different regions
and different plants differed between 56.32 and 246.21
mg/100g (1). In a study conducted on the honey in the
Indian Bengal region, it was reported that gallic acid rates
per 100 g honey differed between 9.9 + 0.6 and 44.7 + 2
mg (7). In a study conducted with different honey from
Slovenia, the total phenolic composition was found as
241.4 mg/kg in fir tree honey, as 233.9 mg/kg in chestnut
honey and as 44.8 mg/kg in acacia honey (4). In studies
conducted on acacia honey, total phenolic compositions
differ significantly among countries. While Iranian acacia
honey total phenolic content was found as 22.9-65.5 mg
gallic acid/g (15), it was found as 627 + 44.03 in Germany
acacia honey (2). In a study conducted on the honey of

Black Sea flora, average phenolic content was found as
0.224 mg as gallic acid equivalent for 1 g honey sample
(12).

In the study, while the lowest average total flavonoid
(mgQE/100g honey) value of honey was found in flower
honey with an average of 1.3 £ 0.2 the highest value was
found in chestnut honey with an average of 2.7 + 0.4. Ina
study conducted on Indian honey, quercetin (mg/100g )
amount was found to be between 5.12 + 0.23 and 19.4
1.38 (Das et al., 2013). In Brazilian multiflora and citrus
honey, quercetin (mg/100g) composition was reported as
1.96 + 1.53 and 0.17 + 0.15, respectively (20). In a study
conducted on Malesian honey, flavonoid average value
was reported as 5.42 + 0.62 (19). In China unifloral honey,
flavonoid average value was reported to differ between
9.41 and 102.1 (10). In a study conducted in South Africa,
the total flavonoid composition average was reported as
2.57 £2.09in 27 honey samples (21). In a study conducted
on pine honey in our country, total flavonoid level was
found as 22.80 + 2.45 on average in QE/Kg honey
equivalent (25). In the present study, this value was found
as 2.8 = 0.2 in the same honey type.

In the study, total antioxidant activity was found as
100.54 £ 22.72 in chestnut honey and as 270.86 £ 51.22 in
multiflora flower honey. When studies conducted in many
countries were examined in terms of their similarities and
differences of these values, it was found that radical
scavenger DPPH average 1C50 = 23.92 + 1.12 mg/mL in
Indian honey (7), the same value was found as 10.0 + 1.8
and 10.7 + 2.2, respectively in Slovenian chestnut and
flower honey (4); average antioxidant activity was found
as 31.96 + 18.07 in chestnut honey in Brazilian multifloral
honey and as 15.22 + 10.75 in citrus honey (20), while
antioxidant activity was reported as 35-122 in China
unifloral honey (10). Ertirk et al. (11) found IC50 values
as between 29.388 and 458.450 mg/mL as a result of the
DPPH radical scavenging activity test in Black Sea flora
honey in our country.

Some studies show a correlation between the
phenolic compound level and antioxidant activity in some
types of honey; however, since flavonoids have hydroxyl,
they are oxidized very quickly. For this reason, despite
structural similarities, the difference between antioxidant
activities depends on hydroxylation and methylation
degree (1). In our study, no correlation was found between
groups. It is possible to say that this is because in addition
to flavonoid and phenolic acid, the presence of Vitamin E
and C and carotenoids may have influenced total
antioxidant activity (27).

Consequently, our observations that phytochemical
structure and biological activity of honey differ
completely depending on the origins of the plant.
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