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Abstract:

Honey is a natural, sweet, and syrupy fluid which has been used in Vietnam

in a variety of ways; as a food supplement, beauty product, and natural drug.
However, quality control and characterization of honey are blind problems.
Consumers, and even market management committees, must believe in the
producer’s quality standards without using any special techniques to evaluate
the botanical origins of honey in the Vietnamese market. The chemical
composition and physical properties of natural honey vary per plant species
of which the honey bees scrounged. Longan flower-honey has a high price and
is commercially produced in Yen Bai, Bac Giang, and the more well-known
Hung Yen Province in Vietnam, and now is being confused with original flower
honey. In this work, a total of 57 honey samples (longan and non-longan)
from different geographic and botanical origins have been analysed in terms
of "TH-NMR spectroscopy, coupled also with multivariate statistical analysis
methods. Principal component analysis followed by icoshift algorithm analysis
comes about as a proficient device in recognising '"H-NMR spectra of longan
honey samples.

Keywords: botanical origin, chemometrics, classification, ' H-NMR, identification,
Vietnamese honey.
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source of vitality, and its antibacterial
and antioxidant capacities [2, 3]. Bees
are considered to produce honey to serve
as their main source of food during times
of scarcity or harsh weather conditions.
Bees transform pollen from flowers and
trees of various kinds to produce honey,
including both in-house trees and forest
trees.

Introduction

As stated in the Codex Alimentarius
Commission, honey is defined as a
characteristic substance created by
honey bees and is comprised of water
and sugars, primarily fructose and
glucose [1]. Other minor compounds
include proteins, amino acids, flavours
and aromatic molecules, pigments,

vitamins, and numerous unpredictable
parts  establishing  nutritious and
organoleptic qualities. Honey is a global
product due to its promptly accessible
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Currently, Vietnam ranks sixth in
the world in regards to honey export.
According to the Vietnamese Beekeepers
Association, in 2013, the total domestic
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production of honey was more than
48,000 tonnes, with 37,000 tonnes
exported. Recently, the honey export
growth rate has steadily increased at a
high rate (14%) [4]. Due to high market
demand for forest honey, which often
demands a much higher price, local
producers often mix honey from various
original and botanical sources, including
lychee, coffee, Melaleuca leucadendron
L., and especially longan; they have been
known to also mix money with sugar.

Longan (Dimocarpus longan) is an
evergreen fruit crop grown in tropical and
subtropical climates and is considered as
a traditional fruit of Vietnam, having its
main production areas in the south: Tien
Giang, Ben Tre, Dong Thap, Vinh Long,
Can Tho, and Ba Ria-Vung Tau; and in
the north: Bac Giang, Lao Cai, Yen Bai,
Thai Nguyen, Phu Tho, Son La, Hung
Yen, and Thanh Hoa. In 1997, the total
area planted with longan was 60,000
ha, and grew to reach to 75,200 ha in
2002 [5]. Because of a higher price of
longan honey than synthesised honey, it
is necessary to control the honey quality
and authenticity in order to preserve
the production areas, to develop quality
standards, and to protect consumers from
commercial speculation. Vietnamese
officials are encouraging the development
of new analytical methods to control and
verify quality specification for honey
with different botanical origins, quality
controls, and original trademarks.

As of late, numerous different studies
have been published to develop new



methodologies and diverse analytical
techniques to evaluate either different
or equal botanical and geographical
origin of honey [6, 7]. Among the
greater analytical methods applied in
food characterization, nuclear magnetic
resonance (NMR) is accepted as a
powerful and trusted method [6-8] due
to its non-destructible aspects, high
reproducibility, and sensitivity as shown
across a large range of utilizations. In
contrast with chromatography, NMR
requires a small amount of sample
and simple sample preparation, so
it can be used to perform metabolite
characterization of honey for -either
geographical assessment or botanical
assessment [9, 10].

The 'H-NMR spectra of poly floral
and honey samples were recorded and
geographically  characterised  [11].
The classification of Brazilian honey’s
botanical origin by Principal Component
Analysis and Hierarchical Cluster
Analysis also using NMR analysis
were investigated [12]. Independent
component analysis had been also used
to discriminate manuka honey from
other floral honey types [13]. Factor
analysis and general discriminant
analysis was successfully applied to
detect Honey Adulteration by Sugar
Syrups [14]. The icoshift algorithm is
based on the shift of spectral intervals,
and is employed across all spectra
simultaneously. The icoshift program
is an open source and highly efficient
program designed to solve signal
alignment problems in metabolomic
analysis [15]; however, it has not yet
been applied to the "H-NMR spectra of
honey.

In this work, the 'H-NMR spectra
of honey in water solvent was applied
using a pulse sequence NOESYPRI1D
to saturate the signal of the solvent. The
advantage of this method is that it has
low cost and easy usage to prepare. A
total of 57 honey samples coming from
Vietnamese longan and other botanical
origins were studied. By using Principal

components analysis (PCA) combined
with mean-centering calculation and
icoshift tool, 'H-NMR spectra have been
used for building a model and identifying
longan honey among different honey
samples.

Materials and methods
Materials and sample collections

A total of 57 honey samples were
collected on the trading market. The
original and botanical information of
the samples was recognised based on
its packaging and onsite information.
Among the samples, there were 18
longan honey samples, 10 non-longan
honey samples (coming from other
fruits) and 29 test samples recognised as
non-identified samples.

NMR analysis

An NMR solvent was prepared from
double distillated deionized water and
deuterated water (9:1 in volume). A 0.1
ml of the sample was dissolved in 0.3 ml
of the H O/D,O solvent. The 'H-NMR
spectra were recorded at 300 K using
a Bruker Advance 500 MHz (Bruker
Biospin, Germany) operating at 11,7
T with a 5 mm BBFO probe. Solvent
suppression was achieved by applying
a presaturation scheme with low-power
radiofrequency irradiation. The number
of data points was 32 K, acquisition time
was 2.04 s, the number of scans was 8
and spectral width was 8,012,820 Hz.
An exponential function of LB 0.3 was
applied before Fourier transformation,
and the phase and baseline were
automatically corrected using Topspin
3.2 (Bruker Biospin, Germany).

Statistical methods

NMR data was aligned, changed
over into Excel 2016 (Microsoft)
then transported into Matlab R2016a
(The MathWorks, USA) for statistical
analysis. Principal component analysis
(PCA) was performed with mean-
centering as a data pretreatment.

PCA is a chemometric standout
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method amongst unsupervised ones
used in analysing NMR data. It is an
essential statistical tool for introductory
examinations of extensive data sets to
investigate likely patterns, classifications
and identification of outliers. The goal
of the principal component analysis
is to explain the maximum amount of
variance with the fewest number of
principal components [11]. This method
includes a dimensional reduction of the
data set using a smaller number of axes.
These components (PCs) are shown
graphically as a score plot, which is a
summary of the relationship among the
observations. Coefficients, by which
the original variables are multiplied
to obtain the PCs, are represented
in loading plots that summarise the
variables (chemical shift data points) -
which is a means to interpret the patterns
seen in the score plot [16]. Samples (or
observations) that were similar, or highly
correlated with one another, were closed
in the same group, whereas samples that
were dissimilar, or uncorrelated, were
clustered in different groups. The higher
eigenvalues, the more information of
PCs contains the original data matrix
[17].

One of the most common normalising
methods is mean-centering, which
calculates the mean of each column and
subtracts this from the column itself.
Another way of interpreting mean-
centered data is that each row of the
mean-centered data includes only the
differences of each row from the average
sample in the original data matrix. In
other words, mean-centering involves
the subtraction of the variable averages
from the data.

Icoshift toolbox for Matlab is an open
source tool provided by the University
of Copenhagen. The icoshift algorithm
represents a powerful and versatile
tool used for dealing with all kinds of
signal alignment problems. It allows
the researcher to choose among a large
variety of options, from fully automated
corrections of the whole NMR spectrum
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to supervised and targeted interventions
covering only selected spectral regions
[15].

Results and discussions

Chemical characterization of honey
samples

Fig. 1 represents a complete spectrum
of a longan honey sample from 0 to 9
ppm in chemical shift. The spectra of 57
honey samples were combined in Fig. 2.
It can be seen that, the main compounds
show their dominant resonances at

regions of 1-2 ppm and from 3 to 5.5
ppm. The spectra were exported as text
files from Topspin software into Matlab
software to study the characteristics,
identification and classification.

To  specify compounds that
characterise each part of the spectra, the
whole spectra was divided into three
main regions: 1-3 ppm, 3-5.5 ppm, and
6-8 ppm as shown in Fig. 3. The first
region, 1-3 ppm, shows the appearance
of two main peaks: lactic acid (1
ppm) and acetic acid (2.1 ppm). The

region 3-5.5 ppm shows the percent of
carbohydrates, and dominant resonances
of main monosaccharides, like: (o - and
B - glucopyranose, B - fructopyranose, o
- and B - fructofuranose). For instance,
o and B - anomeric hydrogen of
glucopyranose could be recognised at
5.2 and 4.6 ppm [17]. The last region,
6-8 ppm, represents formic acid and
some the aromatic amino acids including
tyrosine, phenylalanine; in here, almost
peaks have the too small intensity and
are not convergent.

9 8 7 6 6} 4 2 1 0
ppm
Fig. 1. A complete NMR spectrum of a longan honey sample.
ul
| | | | I I I |
9 8 7 6 5 4 2 1 0
ppm

Fig. 2. The NMR combined spectra of 57 honey samples.
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(A)

pPpm
(B

ppm
Fig. 3. "TH-NMR spectra of honey samples in different regions corresponding to each group. (A) Acetic and lactic region;
(B) Carbohydrate region; (C) Aromatic region.
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It can be seen in the above figures,
each honey sample gives us the
differences in the concentrations of
carbohydrate compounds, amino acids,
lactic acids, and acetic acids. From this
point of view, it can be proposed that
the PCA method can be employed to
discriminate longan flower honey and
non-longan flower honey.

Chemometric application
Spectra transforming:

Figure. 2 shows the complexity and
considerable deviation of each spectrum
compared to others; it leads to the use
of normalisation and mean-centering to

Figure. 4A and 4B are the PCA
score plots of the 1-3 ppm and 6-8 ppm
regions, respectively. In these plots,
it was impossible to distinguish the
longan honey samples from others, due
to the group-less distribution of them
[18]. These results indicated that the
concentrations of amino acids could not
be used to discriminate honey samples
with different origins because of their
low quantities. Also, lactic and acetic
acids are not able to distinguish the
origins of honey because the amounts
of these compounds vary due to the
unprofessional collection, extracting
and preserving techniques of farmers.
However, lactic and acetic acids may

Data pretreatment method:

Figure. 5A represents the PCA score
plot of the 3-5.5 ppm region. It can be
seen that PC1 describes 26.23%, while
PC2 describes 19.09% of the total
variability; the samples are grouped into
three clearly distinct clusters, and one
of the figures has all 18 longan honey
samples. It is highly possible that honey
samples were botanically classified
by their difference in carbohydrates
ratio so that the glucose and fructose
concentration can lead to a longan origin
of honey. Compared to the PCA score
plot without using data treatment by
mean-centering (Fig. 4B), the increasing

standardise the data as well as subtract | consist of the information and the | of the -eigenvalue is almost two-
the variable averages. preservation time and conditions [19]. fold.
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Fig. 4. PCA score plots of the "H-NMR spectra range: (A) 1-3 ppm and (B) 6-8 ppm regions.
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Fig. 5. PCA score plots of 3-5.5 ppm regions, with data pretreatment by: (A) mean-centering; (B) not treating and (C)
range scaling.
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Fig. 6. '"TH-NMR spectra of 57 honey samples obtained with: (A) before using Icoshift algorithm; (B) after using Icoshift
algorithm.
Icoshift application:
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Fig. 7. PCA score plot of sample’s spectra in the range of 3-5.5 ppm after

icoshift.
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longan honey samples belonged in the
circle, whereas non-longan honey samples
belonged on the outside (Fig. 7). It suggests
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Fig. 8. PCA score plot of initial 57 honey samples and 2 test samples (T1 and T2).

that unknown samples’ sources can be
clearly identified based on their locations
on the score plot.

Identification of unknown samples

For two unknown samples (T1 - a
longan honey and T2 - coffee honey),
the botanical sources can be classified as
follows:

- Collect the data of 'H-NMR
spectrum of a honey sample in the range
of 3-5.5 ppm.

- Extract the data into a spectrum
of the data matrix and add the spectra
(intensity vs. ppm) to the original data
together with the 57 studied samples.

- Run the data pretreatment and PCA
in the Matlab software.

The score plot obtained in Fig. 8
suggests that sample T1 is longan honey
whereas T2 is not.

Conclusions

The 'H-NMR spectra of honey
samples in water solvent has been
successfully applied for the classification
of botanical origin of honey (longan
flower honey or non-longan one).
The 'H-NMR data was pretreated by
using the mean-centering algorithm.
The PCA application was followed by
icoshift algorithm which suggests good
results in the classification of original
longan honey based on the reference
data of 57 honey samples in the range
of carbohydrate 3-5.5 ppm. The longan
honey (test sample) was grouped in

its cluster showing suitable results to
identify if an unknown sample is longan
honey or not. The application of the data
of 57 honey samples and PCA showed
the appropriate results in the recognition
of two test samples belonged to longan
honey or non-longan honey. It can be
seen that "TH-NMR spectroscopy coupled
with multivariate methods followed
icoshift algorithm is a useful method of
classifying the botanical of honey in the
Vietnamese market. Therefore, it will
be necessary to look after more reliable
samples to develop a complete, quick
and simple method for commercial
application.
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