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Abstract

The physiochemical and biological properties of honey are directly associated to its floral origin. Some current commonly used
methods for identification of botanical origin of honey involve palynological analysis, chromatographic methods, or direct
observation of the bee behavior. However, these methods can be less sensitive and time consuming. DNA-based methods have
become popular due to their simplicity, quickness, and reliability. The main objective of this research is to introduce a protocol
for the extraction of DNA from honey and demonstrate that the molecular analysis of the extracted DNA can be used for its
botanical identification. The original CTAB-based protocol for the extraction of DNA from plants was modified and used in
the DNA extraction from honey. DNA extraction was carried out from different honey samples with similar results in each
replication. The extracted DNA was amplified by PCR using plant specific primers, confirming that the DNA extracted using
the modified protocol is of plant origin and has good quality for analysis of PCR products and that it can be used for botanical

identification of honey.
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1 Introduction

Honey is a complex natural substance produced when
nectar or sweet secretions from plants surrounding the apiary
are collected, modified, and stored in the honeycombs by
eusocial bees (BARONI et al., 2009). Honey can be classified
as unifloral (when a single plant species is the source of nectar)
or multifloral (when honey is a blend of nectar collected from
more than one plant species) (MENDES et al., 2009).

Several types of honey have been used for centuries for its
nutritional and medical proprieties (VIUDA-MARTOS et al.,
2008; FERREIRA etal., 2009; SOCHA et al., 2009; PETERSON;
DWYER, 1998; LIBERATO et al., 2013). The chemical
constituents and biological properties of honey depend on the
nectar source. As a result, honey from different geographical
locations with different source of nectar has different nutritional
and biological properties (WANG; LI, 2011). Certain plants may
produce compounds toxic to humans (KOCA; KOCA, 2007).
Therefore, it is important to associate any particular honey with
its plant of origin.

There are a number of methods available for the
determination of botanical and geographical origins of honey
(ANKLAM, 1998). Pollen analysis is traditionally used to
determine the geographical origin of honey since pollen reflects
the vegetation type from where the nectar has been collected
by the bees (SODRE et al., 2007; BARTH, 2004). This approach
involves the microscopic examination of pollen present in
honey, which is a very tiresome process and requires skilled
labor, which is rare. Other methods include chemical analysis
using chromatographic techniques (STANIMIROVA et al.,

2010) and analysis of the physical and sensory characteristics of
the honey (LIBERATO et al., 2013). The chemical constituents
of honey may undergo modifications due to time and storage
conditions reducing the dependability of these methods of
analysis.

With advances in molecular genetics, techniques based on
DNA have become the method of choice since they tend to be
quick, precise and more reliable. Pollen and other plant-derived
components present in honey can serve as the source of DNA,
which can be used for the identification of the botanical origin
of honey using DNA technology.

DNA extraction from plants poses unique challenges
associated with the disruption of plant cell wall and presence
of compounds such as tannins, phenols, and complex
polysaccharides in the plant cell lysate that can affect DNA
quality inhibiting downstream reactions.

CTAB- and SDS-based methods are the two most widely
used methods for extracting DNA from plants, These methods
involve plant cell lysis by the use of CTAB or SDS followed by
DNA purification and DNA precipitation (MOYO et al., 2008;
SHARMA; PUROHIT, 2012; FLEISCHMANN; HEUBL, 2009).

In this manuscript, we describe a CTAB-based DNA
extraction method as described by Diversity Array Technology
(2011), which was successfully modified and utilized for the
extraction of DNA from honey. To our knowledge, this is the first
report of a DNA extraction from honey. It is also demonstrated
that the extracted DNA is enough for PCR amplification and
can be used for botanical identification.
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DNA extraction from honey

2 Materials and methods

2.1 Sample preparation

The honey samples utilized in this research were collected
in the state of Sergipe, Brazil. Three different samples belonging
to different apiaries were utilized, and DNA extractions were
carried out repeatedly producing the same results. 70g of each
honey was diluted in140 mL of sterilized water and centrifuged
at 9500 g for 20 minutes. The supernatant was discarded, and
the sediment containing the pollen and other plant components
was utilized for DNA extraction.

2.2 Reagents and solutions

The DNA extraction protocol described in this study
includes three different stock solutions: Extraction Buffer stock:
0.35M Sorbitol, 0.1M TrisHCI pH 8, and 5mM EDTA pH 8,
stored at 4 °C; Lysis Buffer stock: 0.2M TrisHCI pH 8, 0.05M
EDTA pH 8,2M NaCl, and 2% CTAB, stored at 4 °C; and Sarcosy!
stock: 5% (w/v), stored at room temperature; and also one fresh
buffer working solution: 0.5% (w/v) Sodiumdisulphite, 2% (w/v)
PVP-40, 41.7% (v/v) Extraction buffer stock, 41.7% (v/v) Lysis
Buffer stock, and16% (v/v) Sarcosyl. The fresh working solution
is freshly prepared before DNA extraction and can be stored for
4-5 days at room temperature. This solution will separate out
into two layers and, therefore, it should be mixed by agitation
well before using.

2.3 DNA extraction

The sediment obtained after centrifugation of the honey
sample was dissolved in 1 mL of fresh buffer working solution
and transferred to a 1.5 mL microtube. The tubes were incubated
in a water bath at 37 °C overnight and mixed by inverting every
20 minutes for the first 1 to 2 hours. On the next day, 1 mL of
chloroform-isoamyl alcohol was added in the ratio of 24:1,
and the tubes were mixed well and slowly for 30 minutes by
inversion. The mixture was centrifuged at 4000 g for 20 minutes,
and the water phase was transferred to a fresh tube. Equal
volume of ice cold propanol was added to the mixture which
was left at 4 °C overnight. The mixture was then centrifuged at
4000 g for 30 minutes at room temperature. At this stage, the
nucleic acids formed a white precipitate. The supernatant was
discarded, and the precipitate was washed with 1 mL of 70%
ethanol, air dried for 15-20 minutes, and dissolved in 25 pl of
TE (IM TrisHCI, 0.5M EDTA pH8). The DNA dissolved in TE
was stored at —20 °C. The integrity of the extracted DNA was
analyzed by running approximately 5 pl of the extracted DNA on
0.8 % agarose gel, and the gel was visualized after being stained
with SYBR green (Sybr Green I, LCG Biotecnologia, Brazil).

2.4 PCR

The DNA extracted from 70g of honey was diluted
107! times, and 1 pl of the diluted sample was used for PCR
amplification in 20 pl final volume using Taq DNA Pol 2X Master
Mix Red (Ampliqon, Denmark) and plant DNA barcoding
primers (CHEN etal., 2010) in 0.5 uM final concentration. PCR
was performed using the following conditions: 95 °C/5 minutes
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followed by 40 cycles of 94 °C/30 seconds, 55 °C/30 seconds, 72
°C/45 seconds, and a final extension at 72 °C/10 minutes. 5 ul
of PCR product was then run on 1.5% agarose gel, stained with
SYBR green, and visualized under UV light.

3 Results and discussion

Honey is produced from plant nectar after being modified
by different substances produced by honeybees by dehydration
and by maturation in the honeycombs. The original DNA
extraction protocol by Diversity Array Technology is meant
for DNA extraction from plant, especially fresh samples. It uses
CTAB to lyse cells and contains PVP and N-lauroyl sarcosine to
remove polyphenols during cell lysis. PVP binds to polyphenolic
compounds and can be separated by centrifugation in the
chloroform:isoamylalcohol extraction step. N-lauryl sarcosine is
used as an antioxidant to prevent the oxidation of polyphenolic
compounds during cell lysis which irreversibly binds and
damages nucleic acids (FLEISCHMANN; HEUBL, 2009;
COUCH; FRITZ, 1990). Two steps of the original protocol were
modified in the current research to be utilized for honey from
which the DNA is expected to be fragmented and denatured, and
there is a small amount of starting material. Firstly, during the
cell lysis step, a temperature of 37 °C was used instead of 65 °C.
This was done to reduce the negative impact of high temperature
on the already degraded DNA present in the honey. In addition,
the incubation time during this step was increased; the original
protocol indicated from 1-2 hours, but the protocol proposed
in the present study indicates an overnight incubation. This
results in a longer incubation time increasing the exposure of
the cells with the lysis buffer and hence a more complete cell
lysis can be obtained. The second modification was made in the
alcohol precipitation step, in which the tubes were incubated at
4 °C overnight after addition of ice cold propanol instead of just
mixing the tubes by inversion after addition of isopropanol. This
was carried out also for slow and complete DNA precipitation
because DNA with low molecular mass and less concentration
is expected to precipitate faster and more easlily under these
conditions. Figure 1 shows the gel electrophoresis of the total
DNA extracted from three different honey samples (lanes1-3).
Total DNA in lane 1 is from honey stored at 4 °C for a long
period of time, and hence it is highly fragmented.

The DNA extracted from the three honey samples including
the fragmented DNA, as shown in Figure 1 (lanel), could be
easily amplified by PCR (Figure 2) demonstrating that the
DNA extraction from honey using the modified protocol
proved adequate. Only two reports (VALENTINIL; MIQUEL;
TABERLET, 2010; LAUBE et al. 2010) utilizing DNA-based
methods for analysis of composition and geographical location
of honey have been published so far. Both of these reports
describe the use of commercial available kits (QiagenGmbH,
Hilden ,Germany) for DNA extraction from honey. The use of
common laboratory reagents for DNA extraction instead of
commercially available kits, as described in previous reports,
make this extraction process more cost effective.

The choice of primers for PCR is very important during the
amplification of DNA from honey, like it occurs with processed
food. Due to DNA fragmentation, primers that amplify short
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Figure 1. Total DNA extraction from honey.

Figure 2. PCR amplification using plant barcoding primers. Lane 1
and lane 6: plant DNA; Lanes 2-5 DNA from honey; lane 7: fungal
DNA; lane 8: bacterial DNA; lane 9: DNA from honey bee; lane 10:
deionized water.

fragments always work better than those that amplify long
fragments (GALIMBERTT et al., 2013). Plant barcoding primers
which amplify a region of approximately 0.4 Kb of rRNA were
utilized in this study to amplify total DNA from honey. The
PCR band from honey (lanes 2-5) matched in size with the
PCR band from plant DNA (lanel and lane 6), suggesting that
the source of this DNA band generated from honey is a plant
component present in the honey. Total DNA from bacteria,
fungi, and bees were used as controls during PCR analysis to
rule out the possibility of the existence of an amplified band from
honey corresponding to bacteria, fungi or bee. The amplified
DNA from honey after sequencing can be used for a variety
of analysis on a molecular level, including identification of its
botanical origin and determining the presence or absence of
desired plant species. This approach can also be used for the
analysis of other apicultural products.
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4 Conclusion

This study describes for the first time a traditional protocol
for the extraction of DNA from honey without the need of a
commercial kit. PCR amplification using the extracted DNA
from honey as a template confirmed that the extracted DNA is
of good quality and can also be used for honey traceability and
molecular identification.
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