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Eleven honey samples were tested, and triplicate analyses were done for each. To mimic fraudulent honey products and asses the ability of
the method to detect corn syrup adulteration, an experiment was performed in which honey samples were diluted with a series of increasing
corn syrup concentrations, up to and including 100% corn syrup by mass, prior to sample extraction. Analysis was performed using the SCIEX
X500R QTOF system, operated in both positive and negative polarity modes. The data independent acquisition strategy was used, with
SWATH® Acquisition employed in order to collect high resolution precursor and product spectral information for all ionisable constituents

in the samples. Endogenous species such as flavones and phenols are also able to be characterised as part of a profile of different honey
varieties, by using the same SWATH data and statistical approach. Implications of this work extend to both honey authenticity testing as well
as product quality assurance and ‘omics’ type discovery work on natural products.

Demand for honey is global, and the supply
of this commodity is being challenged by
diminishing production and bee colony
collapse. Likely, these factors have contributed
to honey being ranked in sixth place amongst
the ten most frequently adulterated food
items by the European Commission in 2013
[1]. Honey adulteration remains a significant
concern with a rising number of cases of
fraudulent products or labelling [2, 3].

A common way honey is adulterated by
dilution with cheaper syrups produced from
substances such as high-fructose corn syrups.

Dilution, along with fraudulent labelling,
can occur in instances where honey
products have disparate value due to rarity
or other unique properties. Screening for
such fraudulent or adulterated products
involves analysing different physicochemical
parameters or morphological assessments.
Examples include morphological pollen
analysis for the botanical origin of honey

or the C4 isotope test for the presence

of corn-derived sugars. But each of these
current practices has limitations in feasibility
or scaling; a method which can find multiple
markers for adulteration with minimal
preparation and reduces subjectivity in the
data processing would allow for greater
confidence and reliability in screening honey
products for imposters.

Data analysis approaches
for detection of adulterants

A workflow which allows for the screening
of many honey samples for target markers

of fraudulent dilution represents a unique

and advantageous approach to this
problem. In the world of analytical mass
spectrometry, and indeed in other areas of
food testing, a targeted approach, which
involves testing for known chemical species,
leverages multiple reaction monitoring
(MRM) data acquired on a triple quadrupole
mass spectrometer. This is often treated

as the ‘gold standard’ in data quality and
quantitative performance. However, it
necessitates that the targets being screened
for are already known. So before an MRM
method can become a standard practice for
adulterant detection, we must first discover
what the target species for identifying
fraudulent honey should be.

Using a mass spectrometer with high mass
resolution and mass accuracy, a nontargeted
workflow was developed. Common in the
‘omics’ disciplines, this type of approach
intends to identify and characterise reliable
marker compounds. These data could then
be transferred to a targeted approach for
routine monitoring [4]. By collecting high-
resolution mass spectral data using sequential
window acquisition of all theoretical fragment
ion spectra mass spectrometry (SWATH
Acquisition) data-independent acquisition on
a Quadrupole Time-of-Flight System (SCIEX
X500R QTOF), it is possible to profile large
numbers of components across samples to
characterise different floral origins of honey, as
well as identify honey which has been diluted

with corn syrup.

A spectral library of natural compounds
(SCIEX Natural Products Library 2.0) was
used to identify some of the characteristic
components of different honey samples and

see how these components’ occurrence vary
between honey origins. The verified MS/
MS library allows for the rapid deployment
of this nontargeted approach. Furthermore,
there is a capacity to append new
compounds to this library.

Experimental

Honey samples were collected from local
producers, and represented a range of
different origins of production. The sample
variety was important to ensure that
different floral types of honey products
were captured, to explore the capacity

of the method for characterisation of
product profiling. In addition, experiments
were designed to mimic fraudulent honey
products by diluting the samples with corn
syrup, and the ability of the method to
detect markers of adulteration was assessed.
This involved a series of increasing corn
syrup dilution levels, up to and including
100% corn syrup by mass.

Reverse-phase liquid chromatography
was employed for separation, and used a
UHPLC system (ExionLC™ AD LC, SCIEX)
for sample introduction to the QTOF
system. Separation was achieved using

a Phenomenex Luna Omega Polar C18
(150%4.6 mm, 3 um) analytical column.
This column performs well for retention
and separation of low molecular weight
and highly polar species. A flow rate of
0.3 mL/min was used, as it is compatible
with this particle size. Combined with the
long gradient (45 minutes) this is a typical
approach for truly nontargeted analysis




in which establishing good peak profile
elution and resolution means getting the
highest quality spectral data from the data-
independent acquisition (DIA) strategy.

Mobile phases consisted of 0.1% formic acid
in water (A) and 0.1% formic acid in methanol
(B) at a flow rate of 1 mL/min and a column
temperature of 25°C. The chromatographic
time gradient is shown in Table 1.

Table 1: LC gradient conditions used for LC separation.

Time (min) B (%)
0 5
38 100
41 100
41.1 5
45 End
Table 2: Source parameters.
Parameter Setting
Curtain Gas (CUR) 40 psi
Collision Gas (CAD) 11
lon Source (IS) 5500 / -4500 v
lon Source
Temperature (TEM) So0°c
Gas Source 1 (GS1) 60 psi
Gas Source 2 (GS2) 60 psi

For MS, the SCIEX X500R QTOF system
was operated in both positive and negative
polarity modes. The following MS source

conditions were used.

SWATH, a data-independent strategy for
acquiring spectral data on compounds

in the sample, was employed to obtain
high-quality MS/MS spectra with 38
different precursor mass windows. The
accumulation for the TOF MS is 0.1 sec and
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the accumulation time for the TOF MS/

MS is 0.025 sec. Data processing involved
statistical analysis using MarkerView
software (MarkerView Software, SCIEX), and
qualitative compound identifications using
the natural products spectral library.

Results

Differentiating between honey variants with
Principal Component Analysis (PCA)

In this workflow, the statistical analysis software
will first pick all the features present in the TOF
MS data, each feature identified as an m/z and
retention time pair. The feature profiles across
the different samples can then be statistically
compared to find differences between sample
sets and identify features which are uniquely
present (up-regulated) or uniquely absent
(down-regulated) in a particular sample.

A principal component analysis (PCA) is a
common approach to visualising how these
feature profiles distinguish sample sets

from each other, and was used to show the
chemical differentiation of the honey samples
from different floral origins. In Figure 1, the
PCA plot demonstrates how honey from
clover, orange blossom, and wildflower mix,

are all chemically different from each other and
form clusters on the PCA plot. This indicates
that these have chemical signatures unique

to each floral origins. Additionally, pure corn
syrup clusters separately from the honeys in the
plot as well, indicating that there are chemical
differences between corn syrup and honey that
this method is able to detect and measure.

Figure 1 also shows corn syrup data in the
same PCA plot. It can be seen that that corn
syrup has a highly differentiated profile from
the honey samples in that its clusters far
from the authentic honey in the PCA plot. In

Normalized MTR Supervised PCA

Honey (Mixture of flowers)

o g e 3

Honey (Orange Blossom)

Figure 1: Principal component analysis of honey variants.
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practical applications, this type of analysis
may serve two foreseeable purposes: to
compare an unknown honey sample against
a model built from data acquired for a large
population of known authentic samples,

or to profile honey to investigate unique
markers which may be present in different

products of varying origins or processes.

Investigating unique markers using t-test

A t-test was performed to make a pair-

wise comparison of all the classes, using

m/z features to represent unique markers.
The t-test indicates how well each variable
distinguishes the two groups, and plotting a
volcano plot of the m/z features (Figure 2) can
allow for quickvisualisation of the difference
in signal (log fold change between the two
compared sets) and greatest statistical
significance (lowest p-value).

Library searching for compound candidate ID

A primary advantage of acquiring data using
SWATH Acquisition is the collection of MS/
MS spectral information for every detectable
precursor in the defined mass range. This
allows product ion spectral information to
be searched and verified in our database.

A Natural Products Library, was utilised to
identify some of the characteristic components
of the different honey samples and see

how these components’ occurrence varied
between honey origins. Table 3 shows seven
natural products identified with a match score
of at least 75 out of 100 in at least one honey
sample. The corresponding mass error for all
was within S5ppm (most within Tppm except
when the level was very close to noise).

These seven natural products identified
in the honey samples were then imported
into SCIEX OS Software as a targeted
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Log (Fold Change) versus p-value for Com Synp 1o Horey

in Corn Syrup vs all Honey

Figure 2: Volcano plot (p-value vs. log fold change) constructed from t-test comparison of corn syrup sample set to the combined set of all honey. The green box shows features

with the most significant upregulation in the honey versus the corn syrup. The red box shows features with the most significant upregulation in corn syrup vs. all honey.

components list. These targeted
components list could then be applied

to honey samples to achieve relative
quantitation of these species in the different
honey varietals. Figure 3 shows the amount
of each of these compounds as represented
by the chromatographic peak area in the
different kinds of honey as well as in the corn
syrup and extraction blank. While the profile
of these flavonoids and other compounds
varies between honey types, they do not
appear to be present in either corn syrup or
extraction blank. Different honey samples
appear to have different polyphenol profiles.
Error bars represent a standard deviation
about the mean of triplicate analyses.

Markers for corn syrup adulteration

The PCA and t-test analyses allowed for
the evaluation of features unique to the
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corn syrup versus all honeys. Four of these
features with the greatest signal intensity
were selected. A series of dilutions of a
honey sample with corn syrup was used

to demonstrate the ability to plot the
response of these m/z features and thus
illustrate a quantitative capacity to measure
honey dilution with corn syrup. While the
exact structure identification of these four
compound features is unknown, the workflow
proposed in this study was employed to
achieve this information and be able to
show this potential for developing methods
for accurate honey screening. Figure 4
shows how the response of these features
drops predictably with decreasing corn
syrup dilution. This suggests that marker
features discovered using nontargeted
QTOF methods can transfer to targeted
screening methods utilising MRM data, or
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Figure 3: Relative amounts of polyphenols detected in 11 different honey samples.

that characteristic features of other common
adulterants might also be discovered.

Key findings from the study:

* SWATH Acquisition allows for the
collection of spectral data for all ionisable,
detectable constituents in the honey sample

e Data can be used to profile honey commodities
and identify unique chemical markers

® The selected software and validated MS/MS
library allow for the tentative identification of
naturally occurring constituents in honey

® MarkerView Software with PCA and t-test
statistical analyses to find differentiating
chemical features in the complex honey
and corn syrup matrices

e Shows that markers unique to corn syrup
can be identified and used to screen and
quantify dilution of honey products with
corn syrup (Figure 4)

Conclusion

This study shows the potential for using

a QTOF system to investigate honey
chemical profiles and develop targets

for adulterant screening. The proof of
concept demonstrated by this proposed
workflow can not only help determine the
chemical “fingerprint” of a honey blend

but also detect and identify possible
fraudulent compounds. Exploration of both
endogenous natural products and introduced
adulterants alike is demonstrated. This mass
spectrometric approach represents significant
increase in versatility and reliability over
current practices.
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Table 3: Natural compounds identified in honey using MS/MS.

Compound Name Structure Description Ref.
HO o O
Pinocembrin O Flavanone, antioxidant 5
OH ©
OH
o HO 0 O Flavone, aglycone of natural
Apigenin | i 6
glycosides
OH O
Y
HO. OH =/
. ~ .
Cardamomin [ | Chalconoid 7
/
o o
Flavonoid common to fruits,
Luteolin vegetables, and herbs used in 6
traditional medicine
OH
Quercetin HO O 2 I ‘ Plant flavonoid used as medicine 6
OH
OH ©
) HO o O Flavone found in
Chrysin | 6
honey and flowers
OH O
HO o
|C |
Tectorigenin H,CO Isoflavone found in some lilies 8
OH © -




