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Abstract The bioactive compounds and antioxidant activities of three floral honey samples
produced by honey bees Apis dorsata, Apis indica and Trigona iridipennis in two locations in
southwest India (the west coast and the Western Ghats) were investigated. Bioactive
compounds are assessed, including total phenolics, tannins, flavonoids and vitamin C. The
antioxidant potential evaluated included, total antioxidant activity, reducing power, ferrous ion-
chelating capacity and free radical-scavenging activity. The current study showed a higher
content of total phenolics and flavonoids in A. indica and T. iridipennis than Apis dorsata. Total
phenolics, flavonoids and vitamin C in Western Ghats honey samples are higher than in many
monofloral and multifloral honey samples evaluated in different parts of the world. In the
present study, honey samples of A. dorsata and T. iridipennis possessed substantial antioxidant
activity, proving their ethnic or traditional uses for therapeutic purposes. Further investigation
on the beneficial properties of the honey samples for medicinal, bioactive and nutritional
purposes from the Western Ghats and its vicinity is warranted.

Keywords: Antioxidant activity, Bioactive compounds, Floral honey, Honey bees,
Nutraceutical potential

Introduction

Floral honey has an extended history of applications and serves as an
essential ingredient in various recipes as a sweetener, flavour enhancer and for
its medicinal significance. Honey is produced by the insects belonging to the
order Hymenoptera (bees, wasps and bumblebees) and is highly valued in rural
communities as a rich source of energy, medicinal potential and diverse
secondary products (Zamudio et al., 2010; Khan et al., 2014; Puscion-Jakubik
et al., 2020). Apis indica produces blossom honey or floral honey using the
nectars of flowers, while honeydew honey is another type prepared from the
secretion of honeydew by plant-sucking insects e.g., aphids (Havsteen, 2002;
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Adebiyi et al., 2004). Bees convert the flower nectar into honey through
regurgitation, followed by evaporation and storage in wax combs as a primary
nutritional source in an organized manner within the beehive. The flavour,
nutritional valve and medicinal properties of honey differs depending on the
kinds of flowers from which the nectar was drawn by the honey bees
(Arawwawala and Hewageegana, 2017; Viteri et al., 2021; Amor et al., 2022;
Pham et al., 2022; Salomon et al., 2022).

As a natural product, honey has wide applications in medicine as well as
in nutraceutical sources. During the past decade, there has been a tremendous
upsurge in the application of honey in traditional systems of medicine (Thomas
et al., 2001; Wilkinson and Simpson, 2001; Aliafo-Gonz&ez et al., 2019). The
therapeutic uses of honey as a folk remedy as well as its recent applications
have been studied by several researchers (e.g., Aljadi and Kamaruddin, 2004;
Wang et al., 2015; Chen et al., 2019). Apitherapy, or the medicinal use of
honey bee products, has recently focused attention on preventive medicine in
treating specific disease conditions to promote overall human health and
wellbeing (Gheldof et al., 2002; Brighenti et al., 2019; Salomon et al., 2022).

Floral honey is one of the important natural products used to treat or
cure a variety of diseases like arthritis, cancers (breast, cervical and colon),
cough, diabetes, hepatic steatosis, influenza, mucositis, osteoporosis and ulcers
(see Puscion-Jakubik et al., 2020). Investigations have shown that honey
stimulates immunity within a wound, which leads to anti-inflammation activity
(Tonks et al., 2003; Medhi et al., 2008; Islam et al., 2017; Salomon et al.,
2022). Al-Waili (2004) demonstrated that ingested honey has anti-
inflammatory properties. They have also demonstrated that honey prevents the
reactive oxygen species (ROS)-induced oxidation of low-density lipoprotein
(LDL) in vitro, resulting in cardiovascular protection. Honey is well known for
its antineoplastic function against bladder cancer (Moundo et al., 2001;
Sewllam et al., 2003; Hegazi and El-Hady, 2009; Ahmed et al., 2018). Owing
to the higher quantities of flavonoids and quercetin in the honey samples, it has
a promising effect in treating cardiovascular diseases (Khalil and Sulaiman,
2010).

One of the remarkable properties of honey is its antibacterial activity
(Bueno-Costa et al., 2016; Pham et al., 2022). Natural honey possesses
bactericidal activity against many pathogens, like Escherichia coli,
Helicobacter pylori, Pseudomonas aeruginosa, Salmonella, Staphylococcus
sureus and Shigella (Chowdhury, 1999; Alvarez-Suarez et al., 2010; Stobener
et al., 2019; Pham et al., 2022). Six honey samples collected from the Western
Ghats of India possess antibacterial activity against Gr+ve and Gr-ve bacteria
(Shubharani et al., 2013). Honey serves as an excellent prebiotic owing to its
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composition (e.g., maltulose, maltotriose, turanose, panose, melezitose,
raffinose, inulobiose and ketostose) to stimulate the probiotic microbes in the
gastrointestine (Leite et al., 2000; Mei et al., 2010). Being a nutraceutical
source (minerals, vitamins, dietary fibre, carbohydrates and metabolites), honey
has several applications in nutrition, functional foods (e.g., prebiotics) and
medicine. The objective of research finding was to analyze the bioactive
potential of three honey samples collected from the southwest coast as well as
the Western Ghats of India.

Materials and methods
Honey samples

Three wild floral honeys formed by Apis dorsata, A. indica and Trigona
iridipennis were sampled in three replicates from the Sirsi region of the
Western Ghats of Karnataka (Uttara Kannada District; 14<28-29'N, 74 43-45'E;
1700-1744 m asl) during summer (February-April, 2020). During the summer,
the same wild honey samples were collected in triplicate from the Bantwala
region on Karnataka’s west coast (Dakshina Kannada District; 12<41'N, 75<3-
4'E; 118-121 m asl) during summer (February-April, 2020). They were
preserved in glass containers at laboratory temperature (26-28<C) and
assessment was performed within one month of sampling.

Bioactive components

Total phenolics

The total phenolic content of honey was evaluated using the procedure
developed by Rosset et al. (1982). The honey sample (1-3 mg) and alcohol
(50%, 10 ml) were added by mixing, kept in a hot water bath (95<C, 10 min)
and after cooling, centrifuged (2000 rpm, 20 min) to get the supernatant. The
extraction was repeated, pooled and the volume was made to be 20 ml. The
extract (0.5 ml) was diluted with 0.5 ml distilled water before being incubated
for 10 minutes at laboratory temperature (2621 <C) with sodium carbonate (in
0.1 N NaOH, 5 ml). Added the Folin-Ciocalteau's reagent (diluted 1:2, 0.5 ml)
and read the absorbance (765 nm; UV-VIS Spectrophotometer-118, Systronics,
Ahmedabad, Guijarat, India). Similarly, the distilled water was added to honey
samples and processed as standard. The total phenolics were noted as mg gallic
acid (standard) equivalents per gram (mg GAESs/g).
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Tannins

The tannin component of honey was evaluated based on Burns (1971).
The honey sample was added (1-3 mg) in 50% alcohol (10 ml) for tannin
extraction using a rotating shaker (28<C, 24 hr), followed by centrifugation
(1500 rpm) to get the supernatant. Added the vanillin hydrochloride (5 ml: 4%
in methanol + 8% concentrated HCI in methanol at the ratio of 1:1) to 1 ml
extract and incubated for 20 min at laboratory temperature (261 <C) to measure
the absorbance at 725 nm. Similarly, the distilled water was added to the honey
samples. The tannic acid content in methanol as the standard was noted as mg
tannic acid (standard) equivalents (mg TAEs/g).

Flavonoids

The flavonoid was assessed using the colorimetric method by Chang et
al. (2002). Honey sample (1-3 mg) was extracted using alcohol (1.5 ml) and
aliquots (0.5 ml) were blended with aluminium chloride (10%, 0.1 ml) as well
as potassium acetate (1M, 0.1 ml). The volume was made up to 3 ml using
distilled water, followed by incubation (30 min, laboratory temperature,
261 <C). Similarly, the distilled water was added to honey samples and
processed. The quercetin dihydrate served as a standard and absorbance was
measured (415 nm) to note the flavonoid content in mg (mg QEs/g).

Vitamin C

The vitamin C content of honey was assessed by Roe (1954). The honey
sample (1-3 mg) was extracted by trichloroacetic acid (TCA, 5%, 10 ml) and
the aliquot of extract (0.2 ml) was made up to 1 ml by TCA (5%) and blending,
followed by addition of chromogen (1 ml) (dinitrophenyl hydrazine thiourea
copper sulphate solution: five parts of 5% thiourea + five parts of 0.6% copper
sulphate + ninety parts of 2% 2,4-dinitrophenylhydrazine in H,SO,4). After 10
minutes in a boiling water bath, the mixture was cooled, sulphuric acid (65%, 4
ml) was added. It was incubated at laboratory temperature (26+1<C) for 10
minutes, and absorbance at 540 nm was measured. Similarly, the distilled
water was added to honey samples and processed. Ascorbic acid and vitamin C
are measured in mg of ascorbic acid equivalents per gram (mg AAEs/qg).

Antioxidant activity
Samples of honey (0.1-0.5 mg) were extracted with methanol (30 ml)
using a rotating shaker (150 rpm, 48 hr). After centrifugation, the supernatant

was transferred to a pre-weighed Petri dish to evaporate at laboratory
temperature (26+1<C). The weight of the extract was determined
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gravimetrically and dissolved in a known quantity of ethanol (1 mg/ml) and
distilled water (1 mg/ml) to evaluate various antioxidant properties.

Total antioxidant activity

The total antioxidant activity (TAA) was evaluated by the procedure
developed by Prieto et al. (1999). Added a mixture of reagents (28 mM sodium
phosphate + 4 mM ammonium molybdate in 0.6 M sulfuric acid) to the
alcoholic extract and distilled water extract of honey (1-0.5 mg/ml; 0.1 ml),
followed by 90 min incubation in a hot water bath (95 <C). The absorbance was
assessed (695 nm) and TAA was noted in uM equivalents of ascorbic acid (UM
AAESs/g).

Reducing power

The reducing power (RP) of the extract was evaluated using the method
proposed by Oyaizu (1986) with a minor modification. The alcohol extract and
distilled water extract in varied concentrations (0.1-0.5 mg/ml) in phosphate
buffer (0.2 M, pH 6.6) and potassium ferricyanide (1%, 2.5 ml) were added,
followed by incubation in a hot water bath (50<C, 20 min). Later, added TCA
(10%, 2.5 ml) to the mixture, followed by centrifugation (3000 rpm, 10 min).
The supernatant (2.5 ml) was blended with an equal quantity of double distilled
water and ferric chloride (0.1%, 0.5 ml). Absorbance was assessed (700 nm).

Ferrous ion-chelating capacity

The ferrous ion-chelating capacity (FCC) was evaluated by the method
developed by Hsu et al. (2003). Alcohol or distilled water extract (0.5-2.5
mg/ml) was blended with 2 mM ferrous chloride (0.1 ml) as well as 5 mM,
ferrozine (0.2 ml). The volume was made up to 5 ml using methanol, incubated
(laboratory temperature, 261 <C, 10 min) and the absorbance was measured
(562 nm). Ther sample without the addition of the extract served as a control to
note the ferrous ion-chelating capacity.
Asse

) 100
362
where A, the absorbance of sample; and A, the absorbance of control.

Ferrous ion chelating activity (%) = (l -

Free radical-scavenging activity

The DPPH radical-scavenging activity (RSA) of samples was assessed on
the method by Singh et al. (2002). Different concentrations of extracts (0.5-2.5
mg/ml) were made up to 1 ml by alcohol or distilled water and the reagent was
added (0.001 M DPPH in methanol, 4 ml). The contents were blended,
followed by incubation in the dark (laboratory temperature, 261 <C, 20 min).
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Control consisted of reagents without extract and the absorbance was measured
(517 nm) to note the DPPH RSA:

. s siapcr UGS TT ST
Free radical-scavenging activity (%) = TN 100
<317

where, A., the absorbance of control; and As, the absorbance of the sample.
Data analysis

Using Statistica version # 8.0 (StatSoft, 2008) of a Student’s T-test was
determined the difference in bioactive compounds and antioxidant activities
between alcohol and distilled water extracted samples (StatSoft, 2008).

Results
Bioactive components

Total phenolics

The total phenolics of honey on the west coast and in the Western Ghats
were higher in alcohol compared to the aqueous extract, except for T.
iridipennis of the Western Ghats (Figure 1). At 3 mg/ml, total phenolics were
the highest in the alcohol extract of T. iridipennis (19.6 mg GAEs/g) of the
Western Ghats, followed by A. indica (18.5 mg GAEs/g). On the west coast, it
was the highest in A. indica, and followed by A. dorsata (15.8 and 14.8 mg
GAEs/q, respectively).

Tannins

The tannin content was higher in alcohol compared to the aqueous extract
in all the honey samples except for T. iridipennis of the Western Ghats (Figure
2). At 3 mg/ml concentration, it was the highest in the A. dorsata of the
Western Ghats, and followed by the same species on the west coast of 5.9 and
5.8 mg TAEs/g, respectively.

Flavonoids

The flavonoids were higher in alcohol compared to the aqueous extract in
all honey samples from the west coast and the Western Ghats, except for A.
dorsata from the Western Ghats (Figure 3). At 3 mg/ml concentration, it was
the highest in A. indica of the west coast, and followed by T. iridipennis of the
west coast of 1.3 and 1.2 mg QEs/g, respectively.
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Figure 1. Total phenolics in honey samples at different concentrations
extracted in alcohol and distilled water (*, p<0.05; **, p<0.01; ***, p<0.001;
WC, west coast; WG, Western Ghats)
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Figure 2. Tannin content in honey samples at different concentrations extracted
in alcohol and distilled water (*, p<0.05; WC, west coast; WG, Western Ghats)
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Figure 3. Flavonoids in honey samples at different concentrations extracted in
alcohol and distilled water (*, p<0.05; WC, west coast; WG, Western Ghats)
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Figure 4. Vitamin C content in honey samples at different concentrations
extracted in alcohol and distilled water (*, p<0.05; WC, west coast; WG,
Western Ghats)
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Vitamin C

The vitamin C content was higher in alcohol compared to the aqueous
extract of all the honey samples from the west coast as well as the Western
Ghats (Figure 4). At 3 mg/ml concentration, it was the highest in A. indica,
followed by T. iridipennis of 4.3 and 4.2 mg AAEs/qg, respectively.

Antioxidant potential

Total antioxidant activity

The total antioxidant activity (TAA) was higher in the aqueous than the
alcohol extract in honey (Figure 5). At 0.4 mg/ml concentration, TAA was the
highest in A. dorsata, and followed by T. iridipennis of the west coast of 0.27
and 0.24 mM AAEs/qg, respectively.

Reducing power

The reducing power (RP) was higher in the aqueous extract compared to
the alcohol extract in all the honey from the west coast and Western Ghats
(Figure 6). At 0.5 mg/ml concentration, RP was the highest in A. dorsata of the
west coast and T. iridipennis of the Western Ghats in absorbance of 0.27 and
followed by T. iridipennis of the west coast in absorbance of 0.24.

Ferrous ion-chelating capacity

The ferrous ion-chelating capacity (FCC) was higher in the alcohol
compared to the aqueous extract in all honey except for T. iridipennis of the
Western Ghats (Figure 7). The FCC was the highest at 2.5 mg/ml concentration
in A. dorsata, and followed by A. indica of the Western Ghats of 80.3 and
471.2%, respectively.

Free radical-scavenging activity

The DPPH radical-scavenging activity (RSA) was higher in the alcohol
than the aqueous extract in all honey samples (Figure 8). The DPPH RSA was
the highest at 2.5 mg/ml concentration in A. dorsata, and followed by T.
iridipennis of the west coast of 44.1 and 43.2%, respectively.
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Figure 5. Total antioxidant activity (TAA) of honey samples at different
concentrations extracted in alcohol and distilled water (*, p<0.05; WC, west
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Figure 6. Reducing power (RP) of honey samples at different concentrations
extracted in alcohol and distilled water (*, p<0.05; **, p<0.01; WC, west coast;
WG, Western Ghats)

958



International Journal of Agricultural Technology 2023 Vol. 19(3):949-966

Apis dorsata (W) %5 mom! Apis dorsata (WG) =05 mgimi
% 81.25 mgiml % 803 RS
75 025 mg/m! wotnt

025 mg/mi

65 86 126

Alcohol Water
Apis indica (WC)
50
» 75
~ 60 o
5 = E 5 412
% 143 E» s
1
15 4p 87 ' 33 M7 15 86 ¢
) —--D—--D— 0
Alcohol Water Alcohol Water
i@ Trigona iridipennis (WC) » Trigona iridipennis (WG)
1£]
z 60
Prgt)
8 326
3 186 15
15 92 37 18
0
Alcohol Water Alcohol Water

Figure 7. Ferrous ion-chelating capacity (FCC) of honey samples at different
concentrations extracted in alcohol and distilled water (*, p<0.05; WC, west
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Discussion
Bioactive components

Several studies have been performed on the nutritional, bioactive
components, antimicrobial activities and medicinal values of honey samples
obtained from the market, monofloral honey and multifloral honey from
different parts of the world (Pham et al., 2022; J(nior et al., 2022; Nedic¢ et al.,
2022). Phenolic acids in honey consist of benzoic, chlorogenic, Gallic, caffeic
cinnamic acids and other compounds known for their antioxidant function
(Moniruzzaman et al., 2014; Nedic¢ et al., 2022). The honeys obtained from the
Apis and Trigona are endowed with rich nutrients as well as therapeutic
potential (Amin et al., 2018). Trigona honey is rich in antioxidants and
possesses the ability to reduce inflammation as well as microbial infection
(Kwapong et al., 2013; Haron et al., 2022; Salomon et al., 2022).

Total phenolics

The total phenolics from the six honey samples from the Western Ghats
were studied by Shubharani et al. (2013). The present study showed a higher
content of total phenolics than the report by Shubharani et al. (2013). Similarly,
the total phenolic contents of three types of honey samples in our study were
higher compared to the honey of Apis mellifera collected worldwide (Durovi¢
et al., 2022; Viteri et al., 2021; Amor et al., 2022), eleven floral honey samples
from Vietnam (Pham et al., 2022), six honey samples from Tunisia (Boussaid
et al., 2018) and many monofloral as well as polyfloral honey samples from
Serbia and Brazil (JUnior et al., 2022; Nedi¢ et al., 2022). However, our honey
samples showed a lesser quantity of total phenolics compared to the honey
samples from Turkey (Kaya and Yildirim (2021). The total phenolic content of
honey by T. iridipennis in our study was higher when compared to the T.
fiebrigi of Argentina (Salomon et al., 2022) as well as Trigona sp. from
Malaysia (Haron et al., 2022).

Tannins

The tannin content was higher in the alcohol extract than the aqueous
extract in all the honey samples studied except for T. iridipennis in our study.
At this concentration, 3 mg/ml, it was the highest in the A. dorsata of the
Western Ghats compared with the same species on the west coast. Tannin
content of honey in our study is significantly lower than the honey samples
reported by (Oriolowo et al., 2019), but higher than the honey samples of
Ethiopia studied by Amabye and Mekonen (2016) and tannins in ethanolic
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extracts are comparable to the eight honey samples from S& Paulo (Catelani et
al., 2016). However, there were no tannins in the 10 monofloral honey samples
from Jawa and Sumbawa, as reported by Yelin and Kuntadi (2019). According
to Sagona et al. (2021), high levels of tannins will have a negative impact on
honey bees’ immunity as well as metabolism, which leads to a reduction in
their lifespan. According to our findings, aqueous extract has lower tannin
levels than ethanol extract, which may have a minor impact on honey bees.

Flavonoids

Kaya and Yildirim (2021) found a wide range of flavonoids in honey
samples using a qualitative assay. Our study showed a higher content of
flavonoids in honey samples when compared to the total flavonoids of honey
samples from the Western Ghats studied by Shubharani et al. (2013). The
flavonoid contents of honey samples in our study are also higher than several
monofloral honey samples from Brazil (JUnior et al., 2022), Tunisia (Boussaid
et al., 2018) and Algeria (Amor et al., 2022). Compared to a study of some of
the Turkish honey samples by Kaya and Yildirim (2021), the honey of A. indica
and T. iridipennis in our study possess higher quantities of flavonoids. The
flavonoid contents of T. iridipennis in our study were also higher than T.
fiebrigi of Argentina which reported by Salomon et al. (2022) and Trigona sp.
in Malaysia (Haron et al., 2022). Flavonoids in honey consist of catechin,
kaempferol, myricetin and naringenin and those constituents are known for
their antioxidant activity (Moniruzzaman et al., 2014). The flavonoid content of
honey samples from Malaysia was strongly correlated with ferric-reducing
activity as well as DPPH radical-scavenging activity (RSA) (Chua et al., 2013).

Vitamin C

Water-soluble vitamins in the honey samples e.g., vitamin C was
correlated with free radical-scavenging activity (RSA), as reported by Chua et
al. (2013). Honey samples containing vitamin C are known to prevent the
metabolic disorder dyslipidaemia in a rat model (Adeyomoye et al., 2021).
Vitamin C content in honey samples is known to be antibacterial owing to
triggering the intracellular production of reactive oxygen species (ROS) in
bacterial cells (Majtan et al., 2020). The vitamin C content of our honey
samples was shown to be higher when compared to the honey samples from
Poland studied by Sawicki et al. (2020). A substantial quantity of vitamin C in
the honey samples in our study indicated its health benefits, such as antioxidant
potential as well as antimicrobial activities.
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Antioxidant potential

Honey serves as an important functional food due to its antioxidant, anti-
inflammatory, antimicrobial, antitumor and anti-mutagenic properties (Otero
and Bernolo, 2020). Antioxidant properties of honey such as total antioxidant
activity, ferric-reducing capacity, radical-scavenging activity were correlated to
the contents of various compounds like flavonoids, ascorbic acid, carotenoids,
b-carotene, lycopene and reducing sugars as compared to Aljadi and
Kamaruddin (2004), Ferreira et al. (2009), and Islam et al. 2017). These
properties are critically important for the prophylactic capacities of honey and
for the treatment of several diseases (Chua et al., 2013; Bueno-Costa et al.,
2016; Ahmed et al., 2018; Amin et al., 2018).

Free radical-scavenging activity

Kaya and Yildirim (2021) studied the honey samples from Turkey for
their antioxidant potential of total antioxidant and DPPH radical-scavenging
activities, and RSA. Six honey types collected from the Western Ghats were
studied for their antioxidant activities for DPPH (2,2-diphenyl-1-
picrylhydrazyl) radical-scavenging and ABTS (2, 2'-azinobis (3-
ethylbenzothiazoline-6-sulfonic acid) (Shubharani et al., 2013). The flavonoid
content of honey samples from Malaysia was strongly correlated with ferric
ion-reducing capacity (FCC) as well as DPPH RSA (Chua et al., 2013).

The DPPH RSA of the honey samples in our study was higher than that
of Apis mellifera honey which reported by Durovi¢ et al. (2022), and other
honey samples of A. mellifera worldwide (Viteri et al., 2021). The DPPH RSA
of the honey samples were compared with the Western Ghats by Shubharani et
al. (2013), except for one honey sample, our study showed less in DPPH RSA.
Similarly, the DPPH RSA was found to be lower in our honey samples as
compared to the honey samples from Turkey which studied by Kaya and
Yildirim (2021). Similarly, the reducing power (RP) of all the honey samples at
0.5 mg/ml of aqueous extract was higher than the RP of five honey samples
from Turkey (Kaya and Yildirim, 2021).

In summary, the current study was found to be higher levels of total
phenolics, flavonoids and vitamin C in Western Ghats honey samples than in
many monofloral and multifloral honey samples. The tannin content was
relatively low which may not influence the lifespan of the honey bees. The total
antioxidant activity and reducing power were shown to be higher in the aqueous
extract than the ethanol extract, while it was opposite for ferric ion-chelating
and DPPH radical-scavenging activities. The honey samples of A. dorsata and
T. iridipennis from the Western Ghats possess substantial antioxidant activities,
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and proved their ethnic uses for therapeutic purposes. Further investigations on
the nutritional, bioactive and therapeutic properties of honey samples from the
Western Ghats are needed and highly rewarding to understand the nutraceutical
and health significance.

Acknowledgements

The authors are grateful to Mangalore University and the Department of Biosciences,
Mangalore University for extending the facilities to carry out this study. We are thankful to Dr.
Mahadevakumar, S., Botanical Survey of India, Port Blair, India, for rendering technical
service. We are grateful to reviewers for constructive suggestions.

References

Adebiyi, F. M., Akpan, I., Obiajunwa, E. L. and Olaniyi, H. B. (2004). Chemical physical
characterization of Nigeria honey. Pakistan Journal of Nutrition, 3:278-81.

Adeyomoye, O. I, Olaniyan, O. T., Adewumi, N. and Anyakudo, M. M. (2021). Honey
supplemented with vitamin C prevents dyslipidaemia and oxidative stress induced by
exposure to lead acetate in Wistar rats. Indian Journal of Physiology and Pharmacology,
65:229-236.

Ahmed, S., Sulaiman, S. A., Baig, A. A., lIbraim, M., Liagat, S. et al. (2018). Honey as a potential
natural antioxidant medicine: An insight into its molecular mechanisms of action. Oxidative
Medicine and Celular Longevity, 8367846. 10.1155/2018/8367846

Aliafp-Gonzdez, M. J., Ferreiro-Gonzdez, M., Espada-Bellido, E., Palma, M. and Barbero, G. F.
(2019). A screening method based on visible-NIR spectroscopy for the identification and
quantification of different adulterants in high-quality honey. Talanta, 203:235-241.

Aljadi, A. M. and Kamaruddin, M. Y. (2004). Evaluation of the phenolic contents and antioxidant
capacities of two Malaysian floral honeys. Food Chemistry, 85:513-518.

Alvarez-Suarez, J. M., Tulipani, S., Romandini, S., Bertoli, E. and Battino, M. (2010). Contribution
of honey in nutrition and human health: a review. Mediterranean Journal of Nutrition and
Metabolism, 3:15-23.

Al-Waili, N. S. (2004). Effects of daily consumption of honey solution on hematological indices and
blood levels of minerals and enzymes in normal individuals. Journal of Medicinal Food,
6:135-140.

Amabye, T. G. and Mekonen, F. (2016). Phytochemical and biochemical composition of wild honey
a case study in eastern zone areas in Tigray, Ethiopia. Journal of Nutrition, Health & Food
Engineering, 4:487-492. 10.15406/jnhfe.2016.04.00141

Amin, F. A. Z., Sabri, S., Mohammad, S. M., Ismail, M., Chan, K. W. et al. (2018). Therapeutic
properties of stingless bee honey in comparison with European bee honey. Advances in
Pharmaceutical Science, 6179596. 10.1155/2018/6179596

Amor, B. S., Mekious, S., Benfekih, L. A., Abdellattif, M. H., Boussebaa, W. et al. (2022).
Phytochemical characterization and bioactivity of different honey samples collected in the
Pre-Saharan region in Algeria. Life 12: 927. 10.3390/1ife12070927

Arawwawala, L. D. A. M. and Hewageegana, H. G. S. P. (2017). Health benefits and traditional uses
of honey: A review. Journal of Apitherapy, 2:9-14.

Boussaid, A., Chouaibi, M., Rezig, L., Hellal, R., Dons¥ F. et al. (2018). Physicochemical and
bioactive properties of six honey samples from various floral origins from Tunisia. Arabian
Journal of Chemistry, 11:265-274.

963



Brighenti, V., Licata, M., Pedrazzi, T., Maran, D., Bertelli, D. et al. (2019). Development of a new
method for the analysis of cannabinoids in honey by means of high-performance liquid
chromatography coupled with electrospray ionization-tandem mass spectrometry detection.
Journal of Chromatography A, 1597:179-186.

Bueno-Costa, F. M., Zambiazi, R. C., Bohmer, B. W., Chaves, F. C., Silva, W. P. et al. (2016).
Antibacterial and antioxidant activity of honeys from the state of Rio Grande do Sul, Brazil.
LWT Food Science and Technology, 65:333-340.

Burns, R. (1971). Methods for estimation of tannins in grain sorghum. Agronomy Journal, 63:511-
512.

Catelani, T. A., Bittar, D. B., Pezza, L. and Pezza, H. R. (2016). A rapid and eco-friendly method for
determination of hydrolysable tannins and its application to honey samples. Food Analytical
Methods, 9:m 2552-2559. 10.1007/s12161-016-0454-1

Chang, C., Yang, M., Wen, H. and Chern, J. (2002). Estimation of total flavonoid content in propolis
by two complementary colorimetric methods. Journal of Food Drug Analysis, 10:178-182.

Chen, C. T., Chen, B. Y. and Nai, Y. S. (2019). Novel inspection of sugar residue and origin in
honey based on the 13C/12C isotopic ratio and protein content. Journal of Food Drug
Analysis, 27:175-183.

Chowdhury, M. (1999). Honey: is it worth rubbing it in? Journal of the Royal Society of Medicine,
92:663. 10.1177/014107689909201227

Chua, L. S., Rahaman, N. L. A., Adnan, N. A. and Tan, T. T. E. (2013). Antioxidant activity of three
honey samples in relation with their biochemical components. Journal of Analytical Methods
in Chemistry, 313798. 10.1155/2013/313798

Durovi¢, V., Mandi¢, L., Mijatovi¢, M., Mileti¢, N., Radovanovi¢, M. et al. (2022). Comparative
analysis of antibacterial and antioxidant activity of three different types of honey. Acta
Agriculturae Serbica, 27:115-120.

Ferreira, 1. C., Aires, E., Barreira, J. C. and Estevinho, L. M. (2009). Antioxidant activity of
Portuguese honey samples: Different contributions of the entire honey and phenolic
compounds. Food Chemistry, 114:1438-1443.

Gheldof, N., Wang, X. H. and Engeseth, N. J. (2002). Identification and quantification of antioxidant
components of honeys from various floral sources. Journal of Agricultural and Food
Chemistry, 50:5870-5877.

Haron, H., Talib, R. A., Subramaniam, P., Arifen, Z. N. Z. and Ibrahim, M. (2022). A comparison of
chemical compositions in Kelulut honey from different regions. Malaysian Journal of
Analytical Sciences, 26:447-456.

Havsteen, B. H. (2002). The biochemistry and medical significance of the flavonoids. Pharmacology
& Therapeutics, 96:67-202.

Hegazi, A. G. and El-Hady, F. K. A. (2009). Influence of honey on the suppression of human low
density lipoprotein (LDL) peroxidation (in vitro). Evidence-Based Complementary and
Alternative Medicine, 6:113-121.

Hsu, C. L., Chen, W., Weng, Y. M. and Tseng, C. Y. (2003). Chemical composition, physical
properties and antioxidant activities of yam flours as affected by different drying methods.
Food Chemistry, 83:85-92.

Islam, M. R., Pervin, T., Hossain, H., Saha, B. and Hossain, S. J. (2017). Physicochemical and
antioxidant properties of honeys from the Sundarbans Mangrove Forest of Bangladesh.
Preventive Nutrition and Food Science 22, 335-344. 10.3746/pnf.2017.22.4.335

Jlnior, D. S. P., Almeida, C. A,, Santos, M. C. F,, Fonseca, P. H. V., Menezes, E. V. et al. (2022).
Antioxidant activities of some monofloral honey types produced across Minas Gerais
(Brazil). PLoS ONE, 17:€0262038. 10.1371/journal.pone.0262038

Kaya, B. and Yildirim, A. (2021). Determination of the antioxidant, antimicrobial and anticancer
properties of the honey phenolic extract of five different regions of Bingd province. Journal
of Food Science and Technology, 58:2420-2430.

964



International Journal of Agricultural Technology 2023 Vol. 19(3):949-966

Khalil, M. I. and Sulaiman, S. A. (2010). The potential role of honey and its polyphenols in
preventing heart diseases: a review. African Journal of Traditional Complementary and
Alternative Medicine, 7:315-321.

Khan, I. U., Dubey, W. and Gupta, V. (2014). Medicinal properties of honey: a review. International
Journal of Pure and Applied Bioscience, 2:149-156.

Kwapong, P. K., llechie, A. A. and Kusi, R. (2013). Comparative antibacterial activity of stingless
bee honey and standard antibiotics against common eye pathogens. Journal of Microbiology
and Biotechnology Research, 3:9-15.

Leite, J. D. C., Trugo, L. C., Costa, L. S. M., Quinteiro, L. M. C., Barth, O. M. et al. (2000).
Determination of oligosaccharides in Brazilian honeys of different botanical origin. Food
Chemistry, 70:93-98.

Majtan, J., Sojka, M., Palenikova, H., Bucekova, M. and Majtan, V. (2020). Vitamin C enhances the
antibacterial activity of honey against planktonic and biofilm-embedded bacteria. Molecules,
25:992; doi:10.3390/molecules25040992

Medhi, B., Puri, A., Upadhyay, S. and Kaman, L. (2008). Topical application of honey in the
treatment of wound healing: a meta-analysis. JK Science 10: 166-169.

Mei, S. J., Nordin, M. M. and Sani, N. A. (2010). Fructooligosaccharides in honey and effects of
honey on growth of Bifidobacterium longum BB 536. International Food Research Journal,
17:557-561.

Moniruzzaman, M., Yung An, C., Rao, P. V., Hawlader, M. N., Azlan, S. A. et al. (2014).
Identification of phenolic acids and flavonoids in monofloral honey from Bangladesh by high
performance liquid chromatography: Determination of antioxidant capacity. BioMed
Research International, 737490. 10.1155/2014/737490

Moundo, M. A., Padila-Zakour, O. I. and Worobo, R. W. (2001). Antimicrobial activity of honey
against food pathogens and food spoilage microorganisms. New York State Agricultural
Experimental Station, 1:61-71.

Nedi¢, N., Nesovi¢, M., Radisi¢, P., Gasi¢, U, Baosi¢, R. et al. (2022). Polyphenolic and chemical
profiles of honey from the Tara Mountain in Serbia. Front. Nutrition, 9:941463.
10.3389/fnut.2022.941463

Oriolowo, O. B., John, O. J., Abubakar, D. S., Jonah, T. M. and Ismaila, D. (2019). Anti-nutritional
composition of honey samples from four Northern states of Nigeria. Nigerian Journal of
Basic and Applied Science, 27:32-38.

Otero, M. C. B. and Bernolo, L. (2020). Honey as Functional Food and Prospects in Natural Honey
Production. In: Egbuna, C. and Dable-Tapas, G. (eds.). Functional Foods and Nutraceuticals,
Springer Nature Switzerland AG, pp. 197-210.

Oyaizu, M. (1986). Studies on products of browning reactions: antioxidative activities of products of
browning reaction prepared from glucosamine. Japanese Journal of Nutrition, 44:307-315.

Pham, T. N., Nguyen, T. V., Le, D. T., Diep, L. M. N., Nguyen, K. N. et al. (2022). Phenolic
profiles, antioxidant, antibacterial activities and nutritional value of Vietnamese honey from
different botanical and geographical sources. AgriEngineering, 4:1116-1138.

Prieto, P., Pineda, M. and Aguilar, M. (1999). Spectrophotometric quantitation of antioxidant
capacity through the formation of a phosphomolybdenum complex: specific application to
the determination of vitamin E. Anal Biochem, 269:337-341.

Puscion-Jakubik, A., Borawska, M. H. and Socha, K. (2020). Modern methods for assessing the
quality of bee honey and botanical origin identification. Foods, 9:1028.
10.3390/fo0ds9081028

Roe, J. H. (1954). Chemical determination of ascorbic, dehydroascorbic and diketogluconic acids.
In: Glick, D. (ed.). Methods of biochemical analysis, Volume 1. InterScience Publishers,
New York, pp.115-139.

965



Rosset, J., B&locher, F. and Oertli, J. J. (1982). Decomposition of conifer needles and deciduous
leaves in two Black Forest and two Swiss Jura streams. International Revew Gesamten
Hydrobiollogie, 67:695-711.

Sagona, S., Minieri, S., Coppola, F., Gatta, D., Casini, L. et al. (2021). Effects of chestnut
hydrolysable tannin enrichment in the artificial diet of forager bees, Apis mellifera, Journal of
Apicultural Research, 60(3). 10.1080/00218839.2021.1960744

Salomon, V. M., Brodkiewicz, I. Y., Gennari, G. P., Maldonado, L. M., Romero, C. M. and Vera, N.
R. (2022). Argentine stingless bee honey: bioactive compounds and health-promoting
properties. Natural Resources for Human Health, 2:236-245. 10.53365/nrfhh/144727

Sawicki, T., Baczek, N. and Starowicz, M. (2020). Characterisation of the total phenolic, vitamins C
and E content and antioxidant properties of the beebread and honey from the same batch.
Czech Journal of Food Sciences, 38:158-163.

Sewllam, T., Miyanaga, N., Onozawa, M., Hattori, K., Kawai, K. et al. (2003). Antineoplastic
activity of honey in an experimental bladder cancer implantation model: in vivo and in vitro
studies. International Journal of Urology, 10:213-2109.

Shubharani, R., Anita, M., Mahesh, M. and Sivaram, F. (2013). Antioxidant and Antibacterial
Activity of Different Floral Honeys from Western Ghats of Karnataka. International Journal
of Pharmaceutical Science Review and Research, 20:104-108.

Singh, R. P., Murthy, C. K. N. and Jayaprakasha, G. K. (2002). Studies on antioxidant activity of
pomegranate (Punica granatum) peel and seed extracts using in vitro methods. Journal of
Agricultural and Food Chemistry, 50:81-86.

StatSoft (2008). Statistica Version # 8. StatSoft Inc, Tulsa, Oklahoma.

Stobener, A., Naefken, U., Kleber, J. and Liese, A. (2019). Determination of trace amounts with
ATR FTIR spectroscopy and chemometrics: 5-(hydroxymethyl) furfural in honey. Talanta,
204:1-5.

Thomas, K. J., Nicoll, J. P. and Coleman, P. (2001). Use and expenditure on complementary
medicine in England: a population based survey. Complementary Therapies in Medicine,
9:2-11.

Tonks, A. J., Cooper, R. A., Jones, K. P., Blair, S., Parton, J. and Tonks, A. (2003). Honey
stimulates inflammatory cytokine production from monocytes. Cytokine, 21:242-247.

Viteri, R., Zacconi, F., Montenegro, G. and Giordano, A. (2021). Bioactive compounds in Apis
mellifera monofloral honeys. Journal of Food Science, 2021:1-31. 10.1111/1750-3841.15706

Wang, S., Liu, J., Yong, W., Chen, O., Zhang, L. et al. (2015). A direct competitive assay-based
aptasensor for sensitive determination of tetracycline residue in honey. Talanta, 131:562-569.

Wilkinson, J. M. and Simpson, M. D. (2001). High use of complementary therapies in a New South
Wales rural community. Australian Journal of Rural Health, 9:166-171.

Yelin, A. and Kuntadi (2019). Phytochemical identification of honey from several regions in Java
and Sumbawa. American Institute of Physics Conference Proceedings, 2120:080024.
10.1063/1.5115762

Zamudio, F., Kujawska, M. and Hilgert, N. I. (2010). Honey as medicinal and food resource.
Comparison between polish and multiethnic settlements of the Atlantic forest, Misiones,
Argentina. The Open Complementary Medicine Journal, 2:58-73.

(Received: 20 October 2022, accepted: 30 April 2023)

966



