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Foreword
Recent media attention regarding alleged honey adulteration and quality issues has raised
some concerns in the Australian honey industry. There are concerns that the analytical
techniques used to identify adulterated honey samples, as well as those techniques which
measure honey quality, need to be reviewed to determine which methods are suitable.
It is important that all Australian honey industry stakeholders (including Australian honey
producers, processors, wholesalers and retailers) are aware of the current issues to assist in
determining the industry’s approach to ensure the problem is overcome.
This literature review, funded by the AgriFutures™ Honey Bee and Pollination Program,
aims to identify and review current and new analytical techniques for honey analysis, and the
limitations of these techniques. This includes the determination of limitations of different
analytical techniques, given the particular floral characteristics of Australian derived honey,
as well as the effect of supplementary feeding on analytical results. A review of national and
international regulatory policies and guidelines on honey testing and the determination of
honey chemistry was also completed.
This report is an addition to AgriFutures Australia’s diverse range of over 2000 research
publications and it forms part of our Honey Bee and Pollination RD&E Program, which aims
to support research, development and extension that will secure a productive, sustainable
and more profitable Australian beekeeping industry and ensure the pollination of Australia’s
horticultural and agricultural crops.
Most of AgriFutures Australia’s publications are available for viewing, free downloading or
purchasing online at: www.agrifutures.com.au.

John Harvey
Managing Director
AgriFutures Australia
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Executive Summary
What the report is about
This report provides a comprehensive overview of the analytical methods available for the
detection of adulteration or fraudulent activity in honey supply chains. The report discusses
the advantages and disadvantages of each analytical technique, how they are being used in
other countries and the applicability of the methods to Australian honey.

Who is the report targeted at?
The report is targeted at Australian honey producers, processors, wholesalers and retailers.
It is important that all levels of the Australian honey industry are aware of the current issues
and that they are involved in overcoming issues as they arise.

Where are the relevant industries located in Australia?
The Australian honey industry consists of a small number of medium to large producers and
many small producers. Production levels vary with seasonal conditions; however the volume
of honey produced is generally around 30,000 tonnes per annum, with a total value of $100150 million. Production areas are generally spread across the southern part of the continent,
with NSW typically producing about 40% of the total production.
A coordinated approach to deciding the best methods for determining the authenticity of
Australian honey and therefore assuring consumers that Australian honey will benefit the
Australian honey industry at all levels.

Background
Recent negative media coverage regarding the presence of apparent adulterated honey in
Australian supermarkets has raised concerns for the industry. However, some of the
analytical methods used to identify adulteration in honey have inherent problems, especially
when used for Australian honey samples, as analytical methods and “typical” ranges have
been established with honeys from other countries, mainly in Europe and Asia. These
analytical methods are not necessarily appropriate for Australian honey and may produce
misleading results because of the origin or diversity of flora available in Australia for honey
production.

Aims/objectives
This review was undertaken to investigate the different analytical techniques available to
determine the authenticity and quality parameters of honey and how these may be applied to
Australian honey. Australian honey producers, processors, wholesalers and retailers will
benefit from the findings in this review.
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Results/key findings
While there are many different analytical techniques for the determination of adulteration in
honey, two particular methods, isotope ratio mass spectrometry (IRMS) and Nuclear
Magnetic Resonance (NMR) spectroscopy are the main techniques to have gained
acceptance in some regions in the past. However, these methods have inherent problems.
The IRMS technique only detects adulteration from C4 sugars, so samples adulterated with
sugars with the same isotopic ratio as honey, such as rice or wheat, are unable to be
detected. There is also some concern that inter and intra-laboratory errors occur with this
method, causing some concern about the accuracy and precision of the method. While
considerable effort has gone into developing a database for NMR spectroscopy analysis,
most of the honey used in the database has been sourced from Europe, Asia, North and
South America and relatively few from Australia. As a result, Australian honey which is
analysed using the NMR spectroscopy technique generally does not conform to the
database and therefore produces erroneous reports.
Analytical techniques such as liquid chromatography - isotope ratio mass spectrometry (LCIRMS), infrared spectroscopy (such as NIR, MIR and Raman), liquid chromatography - mass
spectrometry (LC-MS) and gas chromatography - mass spectrometry (GC-MS) for
investigating various chemical compounds or markers in honey have been investigated in
this review. There are opportunities to further investigate some of these techniques to
determine their suitability for Australian honey.

Implications for relevant stakeholders
It is important the Australian honey industry, including stakeholders such as producers,
wholesalers, retailers, exporters and policy makers work toward developing systems which
can be used to determine the authenticity of Australian honey, thereby regaining consumer
confidence.

Recommendations
It is recommended that the Australian honey industry adopts some immediate strategies to
regain consumer confidence in honey. These include:


The development of a chemistry based quality assurance program/code of practice
based on simple quality tests. Although these programs may not necessarily include
complicated analytical techniques to identify adulteration, they have been used in
other industries, such as the Australian olive industry, to improve the overall quality of
the products and have gained acceptance from industry and consumers.



Market surveillance to determine compliance with domestic and international
regulations. Screening methods using technology such as near infrared (NIR), mid
infrared (MIR) or Raman spectroscopy could be developed and used to undertake
some of the analyses, providing a quick, inexpensive alternative for producers to
have their honey tested.
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Medium to long term strategies should include:


The standardisation of methods for the detection of adulteration in honey.



Participation in proficiency programs and ring-tests to ensure results are accurate
and precise.



The industry should determine which analytical techniques are most useful and
create a representative database of Australian honey for future reference. It is
possible that NMR spectroscopy will gain broader acceptance in food industries
including the honey industry.



The Australian honey industry should determine if there are opportunities to include
more Australian honey in the international database, or if a more viable alternative is
to develop a local Australian database.



Some studies have shown that supplementary feeding practices can have an effect
on the so called “indirect adulteration” of honey. Some experiments should be
conducted to determine guidelines to prevent this type of adulteration from occurring.



The Australian honey standard is very broad compared to some international
regulations. It is recommended that an Australian standard for honey should be
developed to reflect the composition of honey produced in this country. A significant
amount of data should be generated to get a clear understanding of the general
composition of Australian honey before ranges or limits are created.
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Introduction
The Australian Honey Industry is a diverse industry made up of a number of large producers
and many small producers which contribute $100-150 million to the Australian economy per
annum. Recent attention in the Australian media regarding honey adulteration has
diminished consumer confidence in Australian honey production. In September 2018, a
report shown on ABC television detailed a study that was commissioned by law firm King &
Wood Mallesons, which collected 28 samples from supermarket shelves in Australia on
behalf of a client. These samples were subsequently sent to Germany for analysis using
Nuclear Magnetic Resonance (NMR) spectroscopy conducted by Quality Services
International (QSI). Results indicated 12 of the 28 samples were adulterated. All samples
passed the Elemental Analyser-Isotope Ratio Mass Spectrometry (EA-IRMS) test. In
October 2018, media focus shifted to a study conducted by Macquarie University, which
suggested that up to 27% of imported honeys and 18% of Australian honeys were
adulterated according to the EA-IRMS (Zhou et al., 2018). Anecdotal evidence suggests a
15 to 30% decrease in sales following the media interest; costing the industry upwards of
$10 million. However, some of the analytical methods used to identify the adulteration in
honey have inherent problems when used for Australian honey, because they use 'typical
ranges' established for honey from other countries, mainly in Europe and Asia. These
honeys do not necessarily reflect the origin or diversity of flora available in Australia for
honey production. Government agencies and regulators from around the world, including the
EU, the United Kingdom and Australia have indicated that some of the databases used for
authenticating honey need further validation and verification prior to being accepted as
standard methods of analysis. Consequently, in this review we investigate the different
analytical techniques available to determine the authenticity and quality parameters in
honey, and how these could be applied to Australian honey.
Research using instrumental techniques such as NMR spectroscopy, EA-IRMS, liquid
chromatography-isotope ratio mass spectrometry (LC-IRMS), infrared spectroscopy (such as
NIR, MIR and Raman), liquid chromatography-mass spectrometry (LC-MS) and gas
chromatography-mass spectrometry (GC-MS) for investigating various chemical compounds
or markers in honey has been evaluated. These techniques, as well as more traditional
benchtop analysis for honey, such as those recommended by the International Honey
Commission and Codex Alimentarius, have been considered for analysing Australian honey.
It is important to note that much of the research in the peer-reviewed literature has been
undertaken outside Australia and that due to Australia’s unique flora and varied climate, the
results from this work may not be applicable to the local context. Therefore the review will,
wherever possible, report on the most suitable analytical methods for the Australian honey
industry for use in measuring honey adulteration and quality, as well as determining the
unique chemical composition of Australian honeys.
The main constituents of honey are sugars and water, comprising approximately 65–80%
and 15–20% of the total volume, respectively. The minor components in honey include
proteins, pigments, vitamins, amino acids, trace minerals, phenolic compounds, organic
acids, enzymes and various volatile compounds as well as traces of DNA from bee and
botanical sources (Yao et al., 2003; Al et al., 2009).
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The standard used for honey in Australia is the Food Standards Australia New Zealand
(FSNZA) Food Standards Code Standard 2.8.2. This standard provides a definition for
honey as:
“honey means the natural sweet substance produced by honey bees from the nectar of
blossoms or from secretions of living parts of plants or excretions of plant sucking insects on
the living parts of plants, which honey bees collect, transform and combine with specific
substances of their own, store and leave in the honeycomb to ripen and mature” (FSANZ,
2015).
The Codex (CODEX, 2001) and European Communities (EC, 2001) standards have similar
descriptions for honey, with only slight variations in wording that do not affect the overall
definition. The Codex and EC standards also have descriptions for honey based on the
mode of production (e.g. comb, chunk, drained, extracted, pressed and filtered honey),
baker’s honey and monofloral honeys.
Honey is further described in the aforementioned standards as “consisting essentially of
different sugars, predominantly fructose and glucose as well as other substances such as
organic acids, enzymes and solid particles derived from honey collection. The colour of the
honey can vary from nearly colourless to dark brown. The consistency can be fluid, viscous
or partly to entirely crystallised. The flavour and aroma vary, but are derived from plant
origin” (CODEX, 2001; EC, 2001). There are also details regarding the presence of
additives, processing and chemical or biochemical treatments.
The Australian, Codex and EC standards describe composition and quality standards
required for honey, which are summarised in Table 1. The Codex and EC standards are
much more comprehensive than the Australian standard, with specific criteria for electrical
conductivity, free acidity, hydroxymethylfurfural (HMF) content and diastase activity.
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Monitoring honey quality – requirements
under CODEX and EU standards
Sugar content
Honey is mainly composed of sugars, accounting for about 95% dry weight. The relative
amounts of fructose and glucose, as well as fructose:glucose and glucose:water ratios, are
useful for the classification of some honeys as well as indicating adulteration has occurred
when used in conjunction with other analytical methods (Persano Oddo et al., 2004).
The non-specific sugar content can be measured as apparent reducing sugars and apparent
sucrose by titration, according to the International Honey Commission method 7.1
'Determination of apparent reducing sugars and apparent sucrose' (IHC, 1997). Specific
sugars (fructose, glucose, sucrose, turanose and maltose) and saccharides are measured
by high-pressure liquid chromatography (HPLC) using the International Honey Commission
method 7.2 'Determination of sugars by HPLC'. Determination of sugars added to honey
(authenticity) is measured using AOAC 977.20 for sugar profile and AOAC 991.41 for stable
isotope ratio analysis (AOAC, 1999a).
Generally, fructose content in honey will range between 30-45 g/100g, the glucose content
ranges between 25-35 g/100g and the fructose:glucose ratio ranges between 1.1 to 1.3,
although this is affected by floral sources and climatic conditions and can vary considerably
(Ajlouni et al., 2010; Tornuk et al., 2013; Sakač et al., 2019). Care should be taken to
determine if reported results are in fresh honey or if they have been adjusted to a dry weight
content. The sucrose content of genuine honeys is usually lower than 5%. Sucrose content
can be high due to early harvest as the transformation of sucrose into glucose and fructose
by enzymatic reaction will be incomplete. Overfeeding of sugar syrup to the hive during
spring can also lead to high levels of sucrose in the honey (Pita-Calvo et al., 2017).

Moisture
Honey moisture is used to determine the capability of honey to remain stable and resist
spoilage by yeast fermentation (Umesh Hebbar et al., 2008); the higher the moisture
content, the higher the probability that the honey will ferment during storage. Moisture can
also affect the physical properties of the honey, including viscosity and crystallisation. Honey
moisture is measured using a refractometer according to AOAC method 969.38B (AOAC,
1999a). Refractometers measure the degree to which light changes direction when passing
through a liquid, called the angle of refraction. This is compared against established
refractive angle values to determine different concentrations in solutions.

Water insoluble solids
Determining the presence of insoluble matter is an important measure to detect impurities in
honey, with low levels indicating good processing and production practices. The insoluble
matter is expressed as a percentage by weight, using the International Honey Commission
method 8 'Determination of insoluble matter' (IHC, 1997).
10

Electrical conductivity
Electrical conductivity of honey is affected by ash and acid contents, with higher
concentrations leading to higher conductivity values. The botanical origin of honey can be
determined by its conductivity (El Sohaimy et al., 2015), although some blossom honeys,
e.g. lavender and Eucalyptus, show considerable natural variation, therefore some
exceptions need to be made. The electrical conductivity of honey is expressed as
milliSiemens per cm (mS/cm) and is measured using the International Honey Commission
method 2 'Determination of electrical conductivity' (IHC, 1997).

Free acid
High free acidity values can indicate the fermentation of honey by yeast. During
fermentation, glucose and fructose are converted to alcohol and carbon dioxide. The alcohol
is converted to acetic acid in the presence of oxygen, which increases the free acidity of the
honey (Ajlouni et al., 2010). Free acidity and lactones are determined by titration and the
results combined to determine total acidity, according to the International Honey
Commission method 4.1 'Determination of pH and of free acidity by titration to pH 8.3' or
method 4.2 'Determination of pH, free acidity, lactones and total acidity–equivalence point'
(IHC, 1997).

Diastase activity
Diastase (amylase) is an enzyme found naturally in honey. Diastase converts starch to
short‐chain sugars and the enzyme’s activity gives an indication of possible heating and/or
inadequate storage conditions (Nousias et al., 2017). The enzyme is degraded when the
honey is heated, therefore the Codex standard indicates minimum values (CODEX, 2001).
Determination of diastase activity is measured using the AOAC method 958.09 (AOAC,
1999a), or the International Honey Commission method 6.1 'Determination of diastase
activity after Schade' or method 6.2 'Determination of diastase activity with Phadebas'. The
Schade method is a measurement of the colour produced when the enzyme reacts with
starch in the presence of iodine. The measurement is taken at intervals and a plot of
absorbance against time is used to determine the time taken to reach a specified
absorbance (0.235). A calculation is then used to determine the Diastase number. The
Phadebas uses a tablet, which contains starch and blue dye, which is hydrolysed by the
diastase enzyme, with the resulting colour change measured at 620 nm. Comparisons of
honey with low diastase values (0 to 6 Diastase Number) show good correlation between
each analytical method (R2=0.927), while higher range values (8 to 40 Diastase Number)
also show good correlation (R2=0.987) between the methods (IHC, 1997).

Hydroxymethylfurfural content
Hydroxymethylfurfural (HMF) is formed as a result of the decomposition of sugars, mainly
fructose. In normal pH conditions found in honey, HMF is slowly formed, however the
quantity of HMF increases when the honey is heat treated, as well as over time during
storage at elevated temperatures. HMF is the most consistent marker of honey freshness
11

and quality (Belay et al., 2017). HMF can also be used as an indicator of adulteration with
invert sugar. The presence of more than 200 mg/kg of HMF is considered an indicator of
adulteration by invert sugar from acid hydrolysis, while the presence of 500 mg/kg in
considered as conclusive evidence of adulteration (Zabrodska et al., 2015). HMF is
measured by HPLC with UV detection using the AOAC method 980.23 (AOAC, 1999a) or
the International Honey Commission method 5.1 'Determination of hydroxymethylfurfural by
HPLC'.
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Table 1 Summary of composition and quality criteria for Australian and international honey standards.
Standard

Moisture
(%)

Fructose
and
glucose
content
(sum)
(g/100 g)

Sucrose
(g/100 g)

Water
insoluble
solids
content
(g/100 g)

Electrical
conductivity
(mS/cm)

Free acid
(mEq/kg)

Diastase
activity

Hydroxymethylfurfural
content mg/kg

(Schade
scale)

Food Standard
Australia and New
Zealand (FSNZA)
Standard code 2.8.2
(FSANZ, 2015)

<21

>601

-

-

-

-

-

-

Codex standard 12-1981
(rev.2 2001) (CODEX,
2001)

<20

>60

<5

<0.1

<0.8

<50

>8

<40

European communities
Council Directive
2001/110/EC (EC, 2001)

<20

>60

<5

<0.1

<0.8

<50

>8

<40

Note: criteria shown are for blossom or nectar honey. Monofloral honey (e.g. lavender, red gum and leatherwood) will have slightly different criteria, which can be found in the
respective standards.
1Referred to as reducing sugars in FSNZA standard code 2.8.2.
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Honey production
Many books, scientific articles and industry publications describe honey production in great
depth. As the purpose of this review is to consider the chemical testing of honey, only a
rudimentary outline of honey production will be included.
The primary source of energy for bees is in the form of carbohydrates, namely nectar. Nectar
is principally composed of sucrose, natural enzymes and minerals. The sucrose is converted
by the natural enzymes, as well as enzymes in the bee's gut, to fructose and glucose. The
nectar is passed from bees via mouth-to-mouth, and then the colony works by using various
techniques such as fanning their wings to gradually reduce the moisture level of the liquid
until it is less than 20%. The honey is then capped with beeswax and sealed in the comb.
The fructose:glucose ratio varies according to the source of the nectar (RIRDC, 2005).
While the energy source for a bee colony comes from honey, other nutrients come from
pollen, such as protein, minerals and fats. Bee pollen varies widely in composition and is
affected by different floral sources, geographical areas, climate and seasonal conditions
(Campos et al., 2008). Good quality pollen is essential for the survival of a bee colony as
well as an important component for brood rearing.
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Australian honey
The majority of Australian honey is produced from native vegetation, mostly in the southern
half of the continent. Natural vegetation is dominated by Eucalyptus (Myrtaceae) or the
closely related Corymbia and Angophora genera in warmer climates (RIRDC, 2015). Some
agricultural crops, such as canola, are also important in the production of honey in Australia
(Sniderman et al., 2018). The main pollination period in Australia is from August to October,
with the main honey production period lasting from October until March (RIRDC, 2015).
While there are some relatively recent peer-reviewed articles available describing the
chemical composition of Australian honey, these are usually restricted to specific
geographical regions, such as a study by Ajlouni et al. (2010), which also only investigated a
limited number of honey samples. Other researchers have investigated specific components
such as flavonoids (Martos et al., 2000), or bee type (e.g. native stingless bee) (Oddo et al.,
2008). Hence, it is somewhat difficult to determine the general chemical composition of
Australian honeys based on the amount of information available in peer-reviewed journals.
However, more detailed information about honey produced in other continents is available,
indicating ranges in the components such as fructose, glucose, sucrose, electrical
conductivity, free acidity, diastase activity and HMF content, which gives a good baseline on
the general chemical composition of the honey products from those areas (Missio da Silva et
al., 2016).
Active honeys have become more popular in recent times due to their antimicrobial
behaviour in preventing infections and treating wounds. Most honeys have high osmolarity,
low pH and the presence of hydrogen peroxide which exerts an anti-microbial effect
(Cokcetin et al., 2016). The hydrogen peroxide is produced in the honey from the reaction of
glucose and oxygen in the presence of glucose oxidase, an enzyme produced by bees
(Carter et al., 2006; Irish et al., 2011). Exceptional therapeutic activity has been shown in
honeys produced from Jarrah (Eucalyptus marginate) and Marri (Corymbia calophylla) (Irish
et al., 2011).
Honey that is derived from Leptospermum species found in Australia and New Zealand also
has antimicrobial behaviour due to the activity of methylglyoxal (MGO), which forms from a
compound found in nectar called dihydroxyacetone (DHA) during the ripening of the honey.
The most well-known honey of this type is Manuka honey produced from Leptospermum
scoparium, which is the sole Leptospermum species found in New Zealand, as well as in
parts of Australia. There are more than 80+ Leptospermum species found in Australia and
they produce varying levels of MGO in honey. The MGO level is affected by factors such as
the DHA content of the nectar, the extent of the Leptospermum bloom and the foraging
behaviour of bees (Cokcetin et al., 2016). Methylglyoxal contents are not consistent during
the storage period because dehydroxyacetone in honey gradually converts to methylglyoxal.
Although the exact mechanism of conversion is unknown, MGO is probably generated from
the DHA by the process of the Maillard reaction, therefore it can be artificially increased
through moderate heating or prolonged storage of the honey (Kato et al., 2014). Manuka or
Leptospermum honeys are referred to as non-peroxide activity (NPA) active honeys. The
Australian Manuka Honey Association (AMHA) has established the following criteria for
Manuka honey produced in Australia, which carries the AMHA logo:


> 85 mg/kg methylglyoxal (MGO)
15




> 170 mg/kg dihydroxyacetone (DHA)
> 50 mg/kg methylglyoxal leptosperin.

Supplementary bee feeding practices in Australia
Supplementary bee feeding is carried out to ensure the survival of colonies, especially in
circumstances when the usual natural supplies of nectar and pollen are sparse or nonexistent, such as in winter or during drought conditions. There are very detailed manuals
such as RIRDC’s publication 'Fat bees, Skinny bees: a manual on honey bee nutrition for
beekeepers' (RIRDC, 2005), which explain when/what/how to provide supplementary feed to
bees. For the purpose of this review, it is sufficient to say that supplementary feeding is
carried out in Australia, with varying levels and types of feeding depending on the location of
the beehives, time of year and seasonal conditions.
In general terms, to satisfy the carbohydrate demands of the colony, sugar syrup is fed to
the bees as a replacement for nectar. In most cases, this is simply refined white sugar mixed
with water in appropriate ratios based on the needs of the colony. High fructose corn syrups
(HFCS) are used for supplementary feeding in other countries; however, due to lack of
availability these syrups are generally not used in Australia. Pollen supplements and
substitutes are made available to bee colonies in the form of patties or powders. Individual
beekeepers have their own 'recipes', or there are commercial supplements available. Most
mixtures consist of a protein source, e.g. yeast (to provide vitamin B complex) as well as
vitamin, mineral and amino acid supplements. Protein sources vary, but can include soy,
sunflower or canola meal or cereal flour such as sorghum or triticale (RIRDC, 2005).
Alternatively, pollen can be trapped and stored, or bought commercially, and fed to the
colony as required.
Research in Turkey has shown that colonies fed varying levels of sugar syrups (HFCS),
glucose, sucrose and beet sugar, generally produced honey with high levels of the syrups’
constituent sugars (e.g. fructose in HFCS, sucrose in sugar syrups), especially if the sugar
concentration was > 50 g/100 g and it was fed at a rate of > 20 L/colony. When glucose and
fructose concentrations in the syrups were balanced (fructose 40–45 g/100 g and glucose
30–35 g/100 g) the resultant fructose:glucose ratios were similar to that found in regular
honey. Proline, electrical conductivity, free acidity, vitamins and enzyme contents decreased
when the colonies were fed with syrups at a rate of > 20 L/colony, compared to colonies
gathering nectar from floral sources. HMF was generally low (< 11 mg/kg) for all honeys,
regardless of feeding (Guler et al., 2017). A different study by researchers at the same
university showed that total flavonoids and total phenolics are also significantly decreased
when a colony is fed sugar syrup (Nisbet et al., 2018). While these studies were relatively
limited in the number of different colonies and treatments, they do give some insight into how
the composition of honey is affected by supplementary feeding.
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Current and new analytical techniques for
honey analysis
Adulteration and authentication analysis
There are many different analytical techniques available to determine the quality and
authenticity of food. The authenticity and adulteration testing of food can include:




determination of substitution by cheaper but similar ingredients
extension of foods using adulterants or blending
the origin of the food e.g. geographic and/or botanical origin or method of production
(Esslinger et al., 2014; Guler et al., 2014).

It is important to distinguish the different types of analytical approaches for food
authentication. Historically, targeted methods were used to authenticate foods and they
usually detect only one compound or one group of compounds at a time (Table 2). Targeted
methods are generally very sensitive and are preferable in authenticity issues when there is
a primary marker to determine authentication or adulteration. These analytical methods are
generally carried out using traditional chemistry methods that involve sample preparation to
isolate a compound or group of compounds and subsequent treatment to allow
measurement. However, advanced techniques such as isotope-ratio mass spectrometry
(IRMS, discussed later) have recently become more popular. Non-targeted analytical
techniques, such as chemical fingerprinting, often accompanied by multivariate statistics
(chemometrics), have become increasingly important in authenticating foods. These
techniques can detect numerous unspecified data points, which are then compared to
established databases with results from verified authentic foods that have been measured in
traditional ways. For this approach to be successful, substantial effort, time and money must
be invested to ensure the database is representative of the expected natural variation of the
food (Esslinger et al., 2014).
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Table 2 Description of techniques used for food authentication.
Authentication
method

Principle

Advantages

Disadvantages

Traditional
targeted
approach

 Targeted analysis of
single compounds or
groups of compounds

 High sensitivity and selectivity

 Time consuming (e.g.
sample preparation)

(e.g. HMF in
honey)

 Qualitative or
quantitative

 Simple data analysis

 Only known compounds are
detected

 Univariate data
analysis
Targeted
profiling
(e.g. stable
isotope
analysis)

 Targeted analysis of a
group of compounds,
or

 High sensitivity and selectivity

 Compound databases for
spectra comparison
(identification of compounds)
required

 Non targeted analysis
and subsequent
identification of
compounds

 Sample databases for
authentication based on
multivariate modelling
required

 Qualitative and/or
quantitative
 Multivariate data
analysis
Non-targeted
food
fingerprinting
(e.g. NMR)

 Non-targeted analysis
of spectral fingerprint

 Time consuming (e.g.
sample preparation)

 Simple sample preparation

 Qualitative and/or
semi-quantitative

 Detection of unexpected
additives or deviation from
'normal' is possible

 Multivariate data
analysis

 Investigation of multiple
objectives is possible
 Additional analysis to detect
individual components
responsible for spectral
variation not necessary.

 Substantial sample
databases for authentication
are required
 Regional or botanical
differences can lead to false
positives for poorly
represented samples

Adapted from Esslinger et al. (2014) and Ballin et al. (2019).

Honey is consumed with minimal processing – generally only centrifugation, filtration and
slight heating are applied prior to packing, therefore the finished product is a complex
mixture of natural substances including sugars, lipids, organic acids, minerals and vitamins.
As a result, determining the honey's authenticity is a complex analytical task. There are
many forms of adulteration of honey, with the most common including addition of water,
sucrose, fructose, glucose, or a mixture of those components, either natural (such as corn or
rice syrup) or synthesised. Alternatively, lower grade honey can be added, or product from a
region or botanical origin that is cheaper. Traditionally, the determination of common
physiochemical parameters such as sugar content (sucrose, fructose, glucose and other
minor sugars), enzyme activities (diastase, invertase), hydroxymethylfurfural (HMF) and
sensory analysis have been used as indicators of adulteration (Naila et al., 2018). However,
these tests are usually not sensitive enough to definitively prove adulteration has occurred.
Confounding factors include the significant variations of honey components due to the
geographical and botanical origin of the honey, environmental factors and the practice of
blending honeys from various sources (geographic and botanical), which further complicates
the boundaries or limits in place for chemical testing of honey.
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Methods of analysis for honey
Isotope Ratio Mass Spectrometry (IRMS)
The first EA-IRMS methods for honey were established in the early 1980s and published as
an AOAC method (AOAC, 1999b). The principle is based on the changes of the 13C isotope
due to the different photosynthetic pathways of C3 plants (most of the sources of nectar for
bees) and C4 plants (sugar cane, corn) (Padovan et al., 2007). The process of CO2 fixation
during photosynthesis differs between plants and can occur via different pathways, including
the Calvin and Bensen cycle (C3) and the Hatch-Slack cycle (C4). The C3 and C4 plants
have distinct carbon isotope ratios (δ13C) produced by the different photosynthetic cycles (22‰ to -33‰ for C3 plants and -10‰ to -20‰ for C4 plants). Therefore isotope ratios can
be used to distinguish between sugar sources and hence detect adulteration of honey with
C4 sugars (Padovan et al., 2003; Padovan et al., 2007; Chen et al., 2013; Soares et al.,
2017).
The δ13C values of isolated honey protein and the honey are determined by combusting the
samples in an elemental analyser (EA) to produce carbon dioxide, nitrogen and water, then
measuring the 13C/12C ratio in the carbon dioxide with an isotope ratio mass spectrometer.
Authentic honey will show very similar (< 1‰ difference) honey protein and bulk honey
isotope values. The honey protein isotopic value serves as an internal standard for the pure
honey as it is effectively diluted when sugar syrup is added to the honey, because syrup
does not contain any measurable protein. If C4 sugars are added, the isotopic values for the
bulk honey will change, while the δ13C of the protein remains the same. The more C4 sugars
that are added, the greater the difference between δ13C protein and δ13C honey. Honey will
be classified as adulterated if the difference exceeds the natural variation between both
values, which is usually 1‰. The following equation is also used to determine if honey
contains > 7% C4 sugars:
C4 Sugars (%) = ((δ13C protein-δ13C honey)x100/((δ13C protein-(-9.7))
Where:
δ13C protein = δ13C values for protein
δ13C honey = δ13C values for honey
-9.7‰ = the average δ13C value for corn syrup (AOAC, 1999b).
This procedure has some disadvantages, such as the adulteration with C3 sugars derived
from wheat, rice or sugar beet cannot be detected because the isotopic values of the nectar
from which the honey is produced are also derived from C3 plants. There has been some
concern expressed regarding the contradicting test results from laboratories providing this
analysis (EC, 2018). This has led to some loss of credibility in the test to determine if
adulteration has occurred. In order to overcome these issues, it is important that the method
be standardised, with laboratories undertaking the analysis encouraged to participate in
laboratory proficiency programs.
The addition of liquid chromatography, coupled with stable isotope ratio mass spectrometry
(LC-IRMS), allows for the separation of the individual sugar components (fructose, glucose
and sucrose) followed by the determination of δ13C values of the sugars and protein, which
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can show adulteration with C3 and C4 sugars (Cabañero et al., 2006). Elflein et al. (2008)
further developed the method to include sugars such as di- and tri- saccharides. The
parameters measured include:
δ13Cfru (isotopic ratio of fructose determined by LC-IRMS)
δ13Cglu (isotopic ratio of glucose determined by LC-IRMS)
δ13Cds (isotopic ratio of disaccharides determined by LC-IRMS)
δ13Cts (isotopic ratio of trisaccharides determined by LC-IRMS)
δ13Choney (isotopic ratio of the bulk honey determined by EA-IRMS)
δ13Cprotein (isotopic ratio of the protein extracted from honey determined by EA-IRMS).
Using the results from these analyses, purity parameters with proposed limits for authentic
honey were developed. These included:
Δδ13Cfru-glu = + 1.0‰
Δδ13Cmax = + 2.1‰
Where:



Δδ13Cfru-glu is the difference between the isotopic ratios of fructose and glucose
Δδ13Cmax is the maximum difference observed between all possible isotopic ratios
measured (∆δ13Cfru-ds / ∆δ13Cfru-ts / ∆δ13Cfru-protein / ∆δ13Cglu-ds / ∆δ13Cglu-ts / ∆δ13Cglu-protein / ∆δ
13
Cds-ts / ∆δ13Cds-protein / ∆δ13Cts-protein)

Supplementary feeding sugar syrups to bee colonies can lead to indications of indirect
honey adulteration when analysed using EA-IRMS (Cordella et al., 2005; Ruiz-Matute et al.,
2010c). Results are similar to those of direct adulteration with C4 sugars found in honey
produced this way when compared to control colonies that were allowed access to natural
forage. Low level supplementary feeding (5 L/colony - 2.5 litres fed twice) with 67% sugar
syrup) is generally undetectable by this method, however levels above 20 L/colony (2.5 litres
fed eight times) indicate adulteration of the honey (Guler et al., 2014). It is essential that
beekeepers are careful not to contaminate the honey from hives with residual sugar from
supplementary feeding as this will alter the δ13C values (Elflein et al., 2008). Overfeeding of
sugar syrup may also lead to bees storing the sucrose solution in the hive (rather than
consumption), leading to false positive indications of adulteration (Rogers et al., 2010).
As protein is extracted from the honey to use as an internal standard (AOAC, 1999b), care
must be taken to avoid contamination by sources such as pollen and dust particles.
Supplementary protein feeding can affect the δ13C values of the protein extracted from
honey. Common protein supplement additives such as yeast (-24‰) and soy flour (-25 to 27.5‰) have similar isotopic values to honey proteins. Although the supplements are usually
consumed by the bees, it is possible that some contamination can occur, either from
regurgitation by the bees or contamination from feeding containers (Rogers et al., 2014b). It
should also be noted that using the protein value of the honey as an internal standard can
have disadvantages in some cases. Pollen sources such as Acacia and lavender have been
shown to have lower protein contents than other species (Somerville et al., 2006), which
leads to possible inconsistencies with the determination of honey authenticity (Elflein et al.,
2008). The δ13C protein value can also be affected by contamination with insoluble material,
including excess pollen and dust particles. This contamination, which is co-extracted with the
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protein during the extraction and washing process that is part of the analytical procedure,
can lead to false positive reports of adulteration (Rogers et al., 2014b).
Leptospermum honey has been shown to fail the EA-IRMS method for honey adulteration,
even though the honey is clearly shown to be unadulterated (i.e. false positives). This is
most likely due to an effect activated in the presence of higher levels of dihydroxyacetone
(DHA) and/or methylglyoxal (MGO) found in Leptospermum honey. The conversion of DHA
to MGO (the active compound in Leptospermum honey) as the honey matures causes
isotopic fractionation, resulting in an increase of apparent C4 sugars in Leptospermum
honey (Rogers et al., 2014b; Dong et al., 2016). Generally, higher prices are paid for honey
with higher levels of MGO, therefore, in order to maximise MGO levels, honey producers
may be tempted to store their honey for protracted periods. If this is done at ambient, or a
slightly elevated temperature, the apparent C4 sugars will increase (due to the isotopic
fractionation leading to lower δ13C protein values) resulting in more false positive
occurrences of C4 adulteration (Rogers et al., 2014a). While there was evidence in the
literature to show that the results from the C4 or EA-IRMS analysis of Leptospermum or
Manuka honey regularly report false positives, no evidence was found that this was
occurring for other active honeys such as Jarrah or Marri.

Nuclear Magnetic Resonance Spectroscopy
Nuclear magnetic resonance (NMR) spectroscopy is an analytical technique used to
determine the molecular structure of samples, which are then compared to spectral libraries.
This technique has many applications in food, including quality control and determining
content and purity of products. The NMR technique is based on a physical property of some
nuclei, known as “nuclear spin”. That is, the nuclei of an atom are positively charged
particles in motion generating a magnetic field around themselves (a 'magnetic moment').
Each of these magnetic moments is randomly oriented, and this can be exploited by the
NMR technique. An NMR experiment involves placing a sample in a strong magnetic field.
This forces the nuclear magnetic moments to align parallel to the applied field. A short
electromagnetic pulse is applied to the sample, which has the effect of forcing the magnetic
moments from their equilibrium position (which is parallel to the magnetic field) and into a
perpendicular plane. Each nuclei responds differently to the electromagnetic pulse and this
provides information about the atoms present in the molecule, as well as their position
(Segre, 2005). High magnetic field instruments are very expensive to purchase, require
specialised infrastructure (such as a magnetically shielded room away from all other
analytical equipment), highly skilled operators, and have ongoing consumables costs such
as liquid nitrogen and helium. In natural products chemistry, instruments can collect signals
from a range of nuclei: 1H, 2H, 13C, 15N, 17O and 31P. However, because hydrogen atoms
are so prevalent in nature, most work on food is carried out by monitoring 1H nuclei – socalled “proton NMR spectroscopy” or 1H-NMR spectroscopy.
In recent times, NMR spectroscopy has received general acceptance as a useful method for
the characterisation of food due to the high reproducibility and sensitivity of the technique.
NMR spectroscopy has been successfully used for authenticity screening in wine and fruit
juices. Initially the so-called site-specific natural isotopic fractionation (SNIF-NMR) was used
in the honey industry as a complementary analytical technique for EA-IRMS in order to
detect C4 sugar adulteration as well as the botanical differentiation of different types of
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honeys (Dinca et al., 2015), however this technique was not sensitive enough to detect
adulteration with C3 sugars.
More recently, 1H-NMR spectroscopy has increasingly been used to determine adulteration
in honey. Using this technique, untargeted profiling of all substances in the honey and their
concentration is performed and compared to authentic honeys in a spectral library. Honeys
showing atypical 1H-NMR profiles (a transgression from the ranges found in typical authentic
honey) are considered to be adulterated (del Campo et al., 2016). It should be noted that the
1
H-NMR method cannot identify the source of the adulteration – only that adulteration has
occurred. In complex matrices such as honey, the NMR analysis results in spectra that can
contain several thousand data points. Major compounds such as sugars show intense peaks
in some regions of the spectra, which not only overlap with each other, but can also obscure
minor components such as organic acids (Maes et al., 2012). A process called
chemometrics (or mathematical/statistical treatment of chemical data) is used for 'spectral
deconvolution' or separation of the spectra to resolve peaks (Monakhova et al., 2014).
Bruker, a scientific instrument manufacturer, along with laboratory partners Quality Services
International (QSI) and Alnumed, have developed an NMR “global’ database using the 400
MHz instrument called Honey ProfilingTM, to generate reports from the significant amount of
data generated by the 1H NMR method. Honey ProfilingTM 1.0 was released in 2015 with a
database containing approximately 3,500 samples. Honey ProfilingTM 2.0, released in
October 2018, was a far more comprehensive database, with approximately 18,000 samples
in the database. The honeys used in the database include:
 > 50 geographical regions and > 100 botanical origins
 1900 adulterated honeys
 Sample completely traceable to source
 Monofloral and polyfloral from single country source
 Monofloral and polyfloral blends from different countries
 The majority of honey was sourced from Europe, North and South America and Asia
(Figure 1).
2.6% 1.4%

16%
Europe
North/South America
Asia
53%
27%

Australia and Oceania
Africa

Figure 1 Regions from which 18,000 samples used for Honey ProfilingTM 2.0 database were sourced
(Spengler et al., 2019)
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A further breakdown of countries from which honey was sourced for the database
include:
o > 1000 China, Ukraine, Argentina, France
o > 500 Spain, Germany, Mexico, Cuba, Romania, Chile
o > 200 samples from New Zealand, Brazil, Vietnam, Thailand, India, Turkey
o > 100 samples from USA, Guatemala, Austria, El Salvador, Serbia, Tanzania

Bruker has indicated that the number of samples in the database from each region or
country reflects the level of production from that region /country. Hence, <100 samples from
Australia are included in the database, despite the floral diversity of Australian honey being
higher than most other honey producing countries.
Honey Profiling 2.0TM uses targeted analysis for the quantification of 36 compounds including
sugars, acids, and amino acids. It reports values for all common quality parameters as well
as DHA and MGO for Manuka. For the detection of sugar syrups, up to 60 markers per
sample are used. There is a false positive report of approximately 2.3%.
In the development of the software, QSI compared NMR results with wet chemistry
(benchtop) analysis including pollen analysis and organoleptic analysis for botanical and
geographical origins, EA-IRMS, LC-IRMS, sugar composition (HPLC), markers for beet and
rice sugar addition (LC-MS), oligosaccharides (HPLC) and foreign enzymes (e.g. amylase)
(Spengler et al., 2019).
While the NMR databases have been established in overseas laboratories, the geographic
and floral origins of these honeys have been generally restricted to countries with higher
honey production volumes and much different floral sources to those available in Australia.
Bruker is currently in the process of developing a standard method for publication with the
AOAC, however, until a standard method is developed and published, validation of the
method will remain an issue. Government agencies, including the European Commission
(EC) and the Australian Competition and Consumer Commission (ACCC), have indicated
that the NMR databases currently in use need to be validated and the samples used to build
the database should be traceable and authentic before the method will be more generally
accepted as a reliable test for honey adulteration (ACCC, 2018; EC, 2018).
Some researchers have used targeted profiling to build individual or ‘local’ databases for
determining honey quality in some circumstances where certain chemical markers are
present. (Spiteri et al., 2015). The 1H-NMR technique has been used to quantitate
compounds such as carbohydrates (glucose, fructose, sucrose), carboxylic acids (acetic,
formic, lactic, malic and succinic acids), amino acids (alanine, phenylalanine, proline and
tyrosine), ethanol and hydroxymethylfurfural. Satisfactory results have been reported with
Limits of Detection (LOD) and Limits of Quantification (LOQ) generally comparable to
traditional benchtop techniques (Spiteri et al., 2015; del Campo et al., 2016; Schievano et
al., 2017). Spiking experiments have been carried out with known adulterants such as sugar
syrups being added to honey at various concentrations to determine 'marker peaks' in the
spectral lines of adulterated honeys. Currently, adulteration levels of > 10% can be detected
using the 1H-NMR method (Spiteri et al., 2015), although as chemometric techniques
continue to develop these levels of detection could improve. Musharraf et al. (2016) used
NMR spectroscopy to determine a marker for adulterant brown rice syrup (B.R.S.) in honey.
Good linearity (R2=0.97) was achieved between the percentage of B.R.S. added to the
honey and the area of the peak. Studies such as this are important for establishing protocols
for identifying adulterant markers and determining detection limits.
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Researchers have also used NMR spectroscopy to develop databases to discriminate
between honey from a specific region and all other regions, for example honey produced in
the Sao Paulo region of Brazil (Boffo et al., 2012). Work is also being carried out to
discriminate between botanical origin in specific regions (Schievano et al., 2019), as well as
between conventional and organic honey (Consonni et al., 2019). These databases have
reported high rates of accuracy, showing > 95% predication accuracy in binary classification
models and R2 > 0.92 with low standard errors for prediction models.
Donarski et al. (2010) were able to show that Manuka honey was immediately differentiated
from other honeys by the presence of methylglyoxal (MGO) and dihydroxyacetone (DHA)
using the 1H-NMR method. This work was further built on by Spiteri et al. (2017), who were
able to identify and quantify leptosperin, a chemical marker found exclusively in Manuka
honey. Spiteri et al. (2017), who built a database using 264 authentic honey samples (254
from New Zealand, 10 from Australia) were also able to discriminate between Manuka honey
sourced from Australia due to the presence of markers in the Australian honeys, which were
thought to come from Eucalyptus sources.
In order to ensure that a dataset such as that used for Honey Profiling 2.0TM for the
determination of adulteration in honey is representative of all honeys, it should include
spectral variability of all honeys, sourced from various origins across production years, floral
sources and geographical production areas. Some challenges with using the 1H-NMR
method with a “global” database for honey authentication include:
1. The creation of a comprehensive and representative database that fully reflects the
natural variability of honey composition from all producing countries, including the
effects of seasonal variation and blending. While smaller, individual databases can
be created, the financial cost, as well as the time taken to establish a database which
was representative of a market such as the Australian honey industry, would be
substantial.
2. The capital costs for acquiring the instrumentation required and the ongoing
operational and maintenance costs, which are substantial.

Infrared spectroscopy based methods
Development of so-called 'vibrational' spectroscopic techniques is useful in determining food
authenticity as they allow complex chemical information to be determined from the samples
being scanned. There is a range of these techniques available, including near-infrared (NIR),
mid-infrared (MIR) and Raman spectroscopy. The range of wavelengths for near-infrared
(NIR) is between 750 and 2,500 nm (13,400 to 4,000 cm-1), while for the mid-infrared (MIR),
the spectral range is from 2,500 to 25,000 nm (4,000 to 400 cm-1). In simple terms, these
methods measure the difference between light signals input and output after the interaction
of light with the sample. Depending on the molecules present, the detection of absorption,
transmission, reflectance and scattering of the light from the sample will result in a spectrum
or spectral peaks. These can then be compared, using various statistical techniques, to
previously established databases which have been constructed using results from traditional
methods of analysis (Trifkovi et al., 2017). These techniques are non-destructive and can be
used for screening large numbers of samples. The term Fourier Transform can be used as
an addition to the acronyms (e.g. FT-NIR, FT-IR, FTIR-ATR) which refers to the way the
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emitting source is managed to reduce 'noise' or background interference and give a cleaner
signal (Lohumi et al., 2015).
Due to the complexity of the honey matrix, in most cases these analyses are combined with
advanced chemometric techniques such as principal component analysis (PCA), hierarchical
cluster analysis (HCA), linear discriminant analysis (LDA) or partial least squares regression
(PLS) to develop a predictive model with the required accuracy (Ferreiro-González et al.,
2018). It is sometimes difficult to compare results from different researchers as different
statistics are presented in scientific reports. Statistical terms can include:


R2 - describes how well the data points fit the statistical model (the line of
regression). Values range from 0 to 1. A 100% accurate model would have an R2 of 1
with all samples lying on the regression line.



Standard error of prediction (SEP) – a measure of the precision of the prediction i.e.
a measure of the average difference between predictions of a range of samples and
their analysis values.



Residual prediction deviation (RPD) - This is equal to the SEP divided by the
standard deviation of the compositional values (determined via wet-chemistry) of the
samples in the test set. An RPD < 2 is considered insufficient for applications,
whereas a value for RPD between 2 and 2.5 makes approximate quantitative
predictions possible. An RPD > 3 indicates an excellent prediction.



Standard error of cross-validation (SECV) - is the error due to differences between
analysis values and-predicted values within the validation sets.

The accuracy of the models is dependent on the number of samples used to generate the
dataset and the variation in spectra, as well as the components being measured. Cozzolino
et al. (2011) provided a comprehensive overview of the IR techniques available for the
analysis of adulterants and quality in honey, which is a useful reference for the Australian
honey industry.
Near-infrared Spectroscopy (NIR)
Zhu et al. (2010) used NIR techniques to detect the addition of fructose and glucose in 135
honey samples (68 authentic, 67 adulterated) from six floral origins in China. The samples
were adulterated at levels of 7, 14, 21 and 28% w/w with a 50:50 glucose:fructose mix.
Various data pre-treatments and data modelling methods were applied with a best prediction
accuracy of 95.1% against a validation set. Guelpa et al. (2017) used a set of monofloral
honey samples from South Africa ((n= 44) and imported honey (n=12)) to develop a
calibration using NIR. South African honey samples were adulterated with sugar (n=14) and
imported honey (n=14). Using this calibration, they were able to correctly classify 93.1% of
authentic South African honeys and 100% of imported and adulterated honeys. They
observed that distinct clusters were evident when analysing the data and future research
could concentrate on further discriminating the honeys into subgroups. They also noted that,
despite the diverse regional and floral origin of South African honeys, authentic South
African honeys had enough shared characteristics that they were able to be differentiated
from imported and adulterated honeys.
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Ruoff et al. (2007) used 421 honey samples from Germany and Switzerland across seven
seasons, as well as small numbers of samples from other countries for cross-validation, to
develop NIR calibrations for quality parameters in honey. Satisfactory calibrations were
developed for water, glucose, fructose and sucrose, as well as total monosaccharides,
fructose:glucose and glucose:water ratios and free acidity. Calibrations for
hydroxymethylfurfural (HMF) have been developed, however multiple studies have reported
poor calibration statistics (R2 < 0.7, SEP > 10), possibly due to the low levels of HMF present
in honey (Qiu et al., 1999; Ruoff et al., 2007; Cozzolino et al., 2011). More recently,
researchers in Italy have developed a calibration for HMF, and although only a small number
(n=41) of monofloral honey samples were used, the accuracy of the calibration was
considered to be very good (R2 = 0.98, RPD = 3.3) (Apriceno et al., 2018), with similar
results achieved by Ayvaz (2017) (R2 = 0.93, RPD = 2.2). NIR calibrations for other quality
parameters have shown mixed results, with good calibrations for electrical conductivity (R2 =
0.88, SECV = 0.21) and colour (R2 = 0.94, SECV = 0.007) (Cozzolino et al., 2003), while
calibrations for proline (R2 = 0.349, SEP = 192) and pH (R2 = 0.330, SEP = 0.4) were
generally unsuccessful (Qiu et al., 1999; Ruoff et al., 2007). Moisture measurements by FTNIR in the transflection mode were deemed accurate, with standard errors of prediction
between (R2 = 0.98-1.00, SEP = 0.16–0.3% w/w) and SECV of between 0.08–0.3% w/w (Qiu
et al., 1999; Garcia-Alvarez et al., 2000; Cozzolino et al., 2003).

Mid Infrared Spectroscopy (MIR) or Fourier Transform Infrared Spectroscopy (FT-IR)
Mid Infrared Spectroscopy (MIR) and Fourier Transform Infrared Spectroscopy (FT-IR) are
common names for the same analysis, i.e. the spectral range used by this technology is from
2,500 to 25,000 nm (4,000 to 400 cm-1). Attenuated total reflectance (ATR) is a technique
used in conjunction with IR spectroscopy whereby solid and liquid samples can be analysed
directly without any preparation.
Mid infrared spectroscopy (MIR) has been used to develop calibrations for determining the
botanical and geographical origins of honey. Ruoff et al. (2006b) showed that MIR, using an
attenuated total reflectance (ATR) cell, showed very good prediction accuracy regarding the
botanical origin of 11 monofloral honeys from Switzerland and Germany, with prediction
errors ranging from < 0.1% for polyfloral honeys to 8.3% for some monofloral honeys. The
same authors also showed that the ATR-MIR was useful for determining the geographical
origin of honey, although they noted that larger datasets are needed to obtain more accurate
results. Gok et al. (2015) were able to show that FTIR-ATR could be used to discriminate
between honeys of different floral origins produced in Turkey, including polyfloral honeys. In
the same study, honey which was indirectly adulterated, i.e. produced from bees fed sugar
syrup, was able to be identified.
FTIR-ATR has been used to detect and quantify different sugar adulterants in honeys (corn
syrup, high fructose corn syrup and invert sugars). Irudayaraj et al. (2003) were able to show
a correct classification of 93.75% in a binary classification model based on adulteration of
clover honey with cane syrup in concentrations from 1–25% (w/w). Gallardo-Velázquez et al.
(2009) obtained good prediction accuracies for quantification of sugar adulterants with R2
between 0.975 and 0.999 and SEP ranging from 1.5–3.0% depending on the prediction
model used.
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Calibrations using FTIR-ATR for the quantification of individual sugar content, including
fructose and glucose, have been found to be satisfactory for routine screening (ranges for
R2 between 0.82-0.90, RPD 2.4-3.03) except for maltose (R2 = 0.61, RPD = 1.59) (Anjos et
al., 2015). Ruoff et al. (2006a) were able to develop calibrations for water (R2 = 0.989, SEP
= 0.24), electrical conductivity (R2 = 0.979, SEP = 0.05), glucose (R2 = 0.943, SEP = 0.90),
fructose (R2 = 0.841, SEP = 1.2), sucrose (R2 = 0.907, SEP = 0.3), total monosaccharides
(R2 = 0.816, SEP = 2.1), fructose:glucose ratio (R2 = 0.975, SEP = 0.03), glucose:water
ratio (R2 = 0.942, SEP = 0.06), pH (R2 = 0.868, SEP = 0.16), and free acidity (R2 = 0.958,
SEP = 2), using 144 honey samples from Switzerland, including unifloral and honeydew
honeys. However, calibrations for the quantitative determination of HMF were unsuccessful
(R2 = 0.249, SEP = 6).
A study that used FTIR-ATR for predicting MGO in Australian honeys (n = 109) showed that
while good correlations were achieved (R2 = 0.75), the SECV was relatively high (SECV =
225) and RPD relatively low (RPD = 1.8). The authors noted that more work would be
needed to develop the method commercially, however it could be a convenient replacement
for other time consuming, expensive laboratory tests for MGO (Sultanbawa et al., 2015).

Raman Spectroscopy
Raman spectroscopy differs slightly from NIR and MIR (FT-IR) in that it measures the light
scattered from a sample, rather than the light that is transmitted through a sample.
Studies on Romanian honeys (n = 56) have shown that Raman spectroscopy can be used to
identify adulteration with fructose, glucose, inverted sugar, hydrolysed inulin syrup and malt
must in different concentrations between 5 and 50%. Correct classification of authentic and
adulterated honeys in binary classification models ranged between 83 and 100%, depending
on the type of adulterant and the statistical model used (Oroian et al., 2018b). Li et al. (2012)
used Raman spectroscopy to detect honey adulterated with high fructose corn syrup (HFCS)
and maltose syrups. Spectra were collected from authentic honeys (n = 74) of 10 botanical
origins, as well as 132 HFCS adulterated honeys and 150 maltose syrup adulterated
honeys, prepared in the laboratory to develop a binary classification model. Classification of
authentic honeys showed an accuracy of 91% overall.
Özbalci et al. (2013) used Raman spectroscopy to determine fructose (R2=0.965), glucose
(R2 = 0.965), maltose (R2 = 0.956), and sucrose (R2 = 0.978), concentrations in honey, with
pure solutions of the carbohydrates used to develop the calibration models. A total of 90
samples, including 22 monofloral honeys, Turkish honeys, as well as blends of those honeys
were used as a validation set.
FT-Raman spectroscopy has been used to develop calibrations for EC (R2 = 0.938, RPD =
4.2), ash (R2 = 0.941, RPD = 4.2), total acidity (R2 = 0.998, RPD = 28.4), pH (R2 = 0.985,
RPD = 8.2), reducing sugars (R2 = 0.992, RPD = 11.6), HMF (R2 = 0.990, RPD = 10.4),
proline (R2 = 0.994, RPD = 12.8), diastase index (R2 = 0.993, RPD = 12.8), apparent sucrose
(R2 = 0.973, RPD = 6.4), total flavonoids (R2 = 0.992, RPD = 11.2) and phenolic content (R2
= 0.999, RPD = 31.7). However, the sample set were all from one floral source (Lavender) in
Portugal (n = 100), therefore variability in samples would not have been as significant as in
honey from multifloral sources (Anjos et al., 2018).
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Oroian et al. (2018a) used Raman spectroscopy to develop a binary classification model for
the botanical classification based on honeys of different botanical origins: acacia, tilia,
sunflower, polyfloral and honeydew (n = 76) in Romania, with 83.33% correctly crossvalidated from the calibration.
Pollen analysis (Melissopalynology)
Pollen analysis can be used to demonstrate the botanical and geographic origin of honeys;
therefore it can be used as a tool in the detection of fraudulent or adulterated honeys
(Sniderman et al., 2018). This is particularly important when claims are made about floral
sources of honeys on labels, or claiming honeys are from particular regions, as regulatory
bodies such as the Food and Drug Administration (FDA) in the United States require proof of
these claims (FDA, 2018).
For pollen analysis, 10 g of honey is mixed with 20 mL of warm water (40 °C) and then
centrifuged twice at 2,000 rpm for 10 min. The sediment is dried, mounted on a slide and
stained with fuschin-alcohol solution. The slides are then observed under the microscope for
the pollen identification (Kerkvliet et al., 1995). Pollen grains are identified by shape and
morphological characteristics. Classifications are described as:





Predominant pollen >45%
Secondary pollen 16–45%
Important minor pollen 3–15%
Minor pollen <3% (Naila et al., 2018).

Pollen analysis is undertaken by highly trained personnel, identifying and counting pollen
grains in diluted honey samples using specialised equipment. Due to the vast majority of
Australian commercial honeys being produced from indigenous vegetation, it could be used
in a suite of analyses to authenticate both geographical and floral source claims. Sniderman
et al. (2018) were able to show that Australian honeys could be differentiated from honey
produced in New Zealand, South America and the Mediterranean based on pollen types. As
indicated by this study, honey from a particular region will have expected pollen profiles.
There is potential to use pollen detection as an indicator of honey adulteration in conjunction
with other analytical methods.
Due to the tedious nature of pollen counting as well as the need for highly trained analysts,
this method is not suitable for rapid screening of multiple samples for adulteration. Other
shortcomings include the removal of pollen during filtration of the honey as well as problems
differentiating similar pollen grains (Minaei et al., 2017). More recently, DNA testing of pollen
has been used to help identify floral sources and thus authenticate honey. For example,
regulations in New Zealand require that a DNA marker from Manuka pollen, along with four
chemical compounds (3-phenyllactic acid, 2′-methoxyacetophenone, 2-methoxybenzoic acid
and 4-hydoxyphenyllactic acid) are present in prescribed amounts for the identification of
monofloral Manuka honey (MPI, 2017).
Chromatography
Chromatographic techniques are used to separate and quantify components in complex
matrices, including food. Most modern chromatographic techniques use liquid
chromatography (LC) or gas chromatography (GC) to undertake the separation of the matrix,
with various detectors used based on the compound being analysed.
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Liquid Chromatography (LC)
High performance liquid chromatography (HPLC) is used to determine the quality and
authenticity of honey, usually with targeted analysis to determine specific markers from
adulterants, or to determine concentrations of compounds that may indicate adulteration.
The addition of rice syrup to honey has increasingly become a problem, as it cannot be
detected using methods such as IRMS as it is produced from a C3 plant. Rice syrup has a
characteristic compound, 2-acetylfuran-3-glucopyranoside (or AFGP), which can be used as
a marker of honey adulteration by rice syrup as it is not found naturally in honey. The
compound is relatively easily identified in honey using HPLC and gives a clear indication of
adulteration if present at concentrations > 10% (Xue et al., 2013).
Du et al. (2015) developed a method using ultrahigh performance liquid chromatography/
quadrupole-time of flight mass spectrometry (UPLC-QTOF-MS) for the detection of honey
which had been adulterated with sugar syrups. Acacia, rape, linden, jujube, multifloral honey
(n = 20) and Manuka (n = 6) were adulterated at varying concentrations with corn syrup, rice
syrup, sugar beet syrup, sugar cane syrup and high-fructose corn syrups. Additionally, a bee
feeding experiment was carried out where the same syrups were fed to colonies, with the
resulting honey analysed. The results showed that this analytical method could be used for
the detection of sugar syrups in honey at concentrations > 10%, with various markers used
such as AFGP for rice syrup and difructose anhydrides (DFAs) in other sugar syrups. The
results from the bee feeding experiments showed that after feeding on sugar syrups for three
days, the resultant honey showed the same markers as the direct adulterants had, at about
60% of the concentration of the direct adulteration.
A relatively simple method using HPLC with a refractive index detector for the detection of
honey adulteration with starch syrup has been developed. A characteristic peak present in
the adulterated honey down to 2.5% (w/w) adulteration is not present in authentic honey,
therefore this could be a useful marker in screening tests if adulteration with starch syrup is
suspected (Wang et al., 2015).
Gašić et al. (2014) used UPLC-Linear Trap Quadrupole Mass Spectrometry (UPLC-LTQMS) to identify 24 flavonoids, 10 phenolic compounds and two abscisic acids in 58 polyfloral
honeys from five different regions of Serbia. Using multivariate statistical analysis, the
researchers were able to differentiate the honeys according to their geographic origin.
Similarly, work carried out using UPLC-MS/MS on honey from six floral origins from China
showed that honeys are able to be differentiated into floral groups according to their
flavonoid and phenolic composition (Shen et al., 2018).
A method for the analysis of amino acids for discrimination of floral and botanical origin of
honeys using solid phase extraction pre-preparation followed by separation by LC has been
developed (Rebane et al., 2010). This method, coupled with chemometrics, was used by
researchers in Poland to discriminate between different floral types of honey (six floral
sources, n = 3) (Janiszewska et al., 2012) as well as in Turkey (17 floral sources n = 3 to 7)
(Kivrak, 2015). Due to the relatively small amounts of samples for each floral source, more
work would need to be done to build a comprehensive database for discriminate floral
sources in Australia.
A rapid method using reverse phase HPLC with diode array detection for determining l MGO
and DHA in Australian honey has been developed (Windsor et al., 2012). This method is
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useful in not only showing the conversion of DHA to MGO in honey over time, but also the
relative concentrations of the compounds.
Gas Chromatography (GC)
Gas chromatography (GC) is used to determine quality and adulteration in honey. While GC
can be used for the determination of sugars in honey (Sanz et al., 2004; Bertelli et al., 2010),
most of the recent work has focussed on the volatile fraction of honey for floral or
geographical characterisation. Gas chromatography-quadrupole time of flight mass
spectrometry (GC-QTOF-MS) was used to determine the volatile and semi-volatile
composition of honeys from the same botanical source but different geographic origins.
Results indicated that the honeys could be discriminated based on their geographic origins
according to their volatile composition, even if they were from the same floral source (Agila
et al., 2012).
Gas chromatography with flame ionisation detector (FID) and mass spectrometry has been
used to determine disaccharide, trisaccharide and tetrasaccharide composition in honeys, as
well as detecting adulteration with high fructose syrups (Ruiz-Matute et al., 2010a; RuizMatute et al., 2010b). Elflein et al. (2008) also proposed that because oligosaccharides are
not present in high concentrations in authentic honeys, their presence is indicative of the
presence of exogenous sugars and therefore a limit of < 0.7% oligosaccharides should be
applied.
Nozal et al. (2004) developed both GC-FID and GC-MS methods for the detection of amino
acids in honey. Based on statistical treatment of 74 honeys of four botanical origins
(eucalyptus, rosemary, orange and heather), 88% of the studied honeys could be correctly
classified into the correct botanical origin based on amino acid concentration.
Aliaño-González et al. (2019) have developed a method using headspace-gas
chromatography-ion mobility spectrometry (HS-GC-IMS) coupled with chemometrics to
determine if adulteration with HCFS has occurred, while Gerhardt et al. (2018) used the same
technique to determine floral sources. While this technique is relatively new, it shows some
promise as either an alternative or complementary technique to NMR spectroscopy.
Conventional chromatographic methods will continue to be used for determining honey sugar
composition, amino acid composition and HMF concentration, as well as some of the less
conventional analyses already mentioned. However, they will continue to be limited due to
the targeted approach for specific limit or markers, as well as costly and time-consuming
sample preparation. Untargeted analysis coupled with chemometrics offer the best alternative
for determining authenticity in a matrix as complex as honey.
Molecular detection of adulteration in honey
A significant amount of research has been carried out to understand genetic diversity and
structure of honey bee populations. However, only a limited amount of literature in this area
is available on honey adulteration. The review focuses on various molecular methods used
to authenticate origin of honey (pollen origin as well as honey bee species). Biochemical,
immunological and molecular markers have been used as alternatives for botanical and
geographical honey identification (Won et al., 2009; Schnell et al., 2010; Valentini et al.,
2010; Soares et al., 2018b). Sodium dodecyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE) was used to differentiate honey produced by Asian and European bees based
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on their specific protein profiles (Lee et al., 1998; Ramon-Sierra et al., 2015). Zhang et al.
(2019a) used an SDS-PAGE protein pattern from beeswax to authenticate honey from Asian
and European bees. The protein pattern revealed three species-specific bands (15.0 to 29.4
KDa) in Asian honey and six species-specific bands in European honey (13.8 to 33.1 KDa).
In addition to protein analysis, molecular markers have also been employed for identification
of DNA in honey samples, which relies on the pollen DNA present in the honey. There are
well-established protocols for DNA isolation from honey, which has been used for various
applications including for monitoring the health of honey bee colonies (Giersch et al., 2009).
Soares et al. (2017) comprehensively reviewed different methods of DNA isolation as well as
analytic tools for authentication of honey. DNA approaches such as DNA barcoding, TaqMan
probes, PCR amplification, high melt curve analysis and next generation sequencing e.g. Ion
Torrent next generation sequencing have been used for identification of pollen DNA as well
as other additives (Utzeri et al., 2018). Since honey contains DNA of bee and plant (pollen)
origin, therefore, DNA based markers are recognised as highly efficient and accurate
identification methods. However, the majority of these molecular tools provide the qualitative
assessment rather than quantitative estimate of adulteration. Nevertheless, quantitative PCR
can determine the relative abundance of adulteration. Kast et al. (2017) estimated the
concentrations of baker’s yeast (S. cerevisiae) in honey. In this study, authors screened 200
Swiss honey samples and revealed the presence of baker’s yeast in 4.5% of the samples.
These results were based on both microscopy and quantitative PCR tests. Sobrino-Gregorio
et al. (2019) used conventional and real time PCR DNA amplification to detect and quantify
adulteration of honey with rice syrup. Several specific genes in rice syrup were targeted
(SPS2, PLD1 and PLD2), with adulteration levels down to about 2–5% able to be detected
using this technique. It was suggested further research is necessary to determine if these
methods can be used for the detection of other types of syrups in honey, however, the
limiting factor will be the levels of DNA that can be extracted from the syrups that have been
used in the adulteration.
High value honey, especially derived from rose, Manuka and lavender is sought by the
consumers due to their flavour, taste and properties (Soares et al., 2018a). However, it is often
targeted for adulteration due to their premium price and demand in the market place. The
pollen grains of some plant species such as Leptospermum and kanuka (Kunzea ericoides)
are morphologically similar, therefore, microscopic tests are unreliable and not robust. In order
to reliably test the origin of a pollen source, Laube et al. (2010) developed species-specific
real-time PCR assays with TaqMan™ probes to detect relevant species in Corsican honey
(acacia, broom, citrus, clover, heather, eucalyptus, lavender, linden, oak, olive, rape, rockrose,
rosemary, sunflower, and sweet chestnut). McDonald et al. (2018) also developed speciesspecific DNA markers from pollen of Leptospermum. It is mentioned that manuka honey
contains at least 70% pollen grains of Leptospermum (Moar, 1985). This method, in addition
to other lab-based tests, is being used to authenticate Manuka honey.
DNA barcoding methods have also been used to determine the origin of honey. For example,
Internal Transcriber spacers (ITS2), rbcLA, and COI gene-based sequences were used to
determine the origin of honey (botanical and honey bee species) (Bruni et al., 2015; Hawkins
et al., 2015; Prosser et al., 2017). Based on cytochrome C oxidase genes, Kim et al. (2017)
developed an immuno-chromatographic assay method to analyse the duplex PCR product for
discriminating honey from Asian and European bees. The DNA sequences of primers for the
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duplex PCR were determined by comparing mitochondrial cytochrome C oxidase gene subunit
1 of the two honey bee species.
Soares et al. (2018b) developed species-specific primers targeting tRNAleucox2 intergenic
region to detect Asian bee DNA by PCR. They also used high resolution melt analysis
targeting 16S rRNA genes and discriminated Asian honey from European honey.
Mitochondrial DNA has also been used for authentication of honey originated from Asian and
European bees. Soares et al. (2018a) targeted the plastidial matK gene to differentiate honey
from Lavandula species. The results were confirmed with the DNA sequencing analysis.
Zhang et al. (2019b) targeted major royal jelly protein genes and used real time PCR and melt
curve analysis in order to reduce time and cost for testing.
Despite the development of DNA based tests, the uptake and implementation of such
techniques and official control is limited (Soares et al., 2017). Also, DNA based tests will not
be able to identify if the honey is adulterated with desired pollen by the producer. Therefore, it
is recommended that these methods be validated and used in conjunction with other chemical
tests to authenticate the honey.
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Conclusions
Honey is a complex matrix, therefore developing analytical methods to determine authentic
honeys based on floral and geographic sources, as well as determining if the honey is free
from adulterants, is a complicated task. Furthermore, Australia has the most diverse flora in
the world; hence the composition of honey produced in Australia is extremely complex.
Standard analytical methods and associated databases, as well as regulatory limits for
honey components, have been developed in regions such as Europe, therefore in some
cases, authentic Australian honey does not conform and is incorrectly determined to be
adulterated.
Each analytical method discussed in this review has some advantages and disadvantages
which need to be thoroughly considered prior to implementation by the Australian honey
industry. The Australian honey industry has recently experienced some negative media
exposure regarding the authenticity of their product. This could be used as an opportunity to
develop protocols to enable honey producers to have their products tested and verified as
authentic Australian honey, which will in turn, increase consumer confidence in the products.
Honey and olive oil produced in Australia have many similarities. The industries are similar in
size, generally worth around $100–150 million per year. Both products are consumed with
only minor processing. Due to the complex matrices of both products, adulteration with
cheaper products or incorrect designation of origin sometimes occurs. Methods for the
detection of adulteration are complex and expensive, and constantly evolving as new
adulteration methods evolve. Australia’s unique environmental and geographic conditions
affect both honey and olive oil; therefore methods of detection, which have been shown to
work in other regions, may not necessarily be suitable for the Australian product.
Consequently, it may be useful for the Australian honey industry to follow some of the
strategies employed by their counterparts in the Australian olive industry, which are included
in the following recommendations.
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Recommendations
Some consideration should be given to the strategies and practices used to increase
consumer confidence by ensuring minimum quality levels are being met and that
adulteration is detected when it occurs. Medium to long term strategies, as well as those that
can be achieved in a shorter time period include:
Medium/long term strategies
1. Standardised methods are needed to detect adulteration in honey
Where possible, standardised/harmonised analytical methods should be used to
undertake laboratory analysis. New analytical methods are constantly being
developed or improved for the determination of adulteration of authenticity of honey.
As promising new methods are developed, it is important that national and
international peak bodies for honey, as well as international standard organisations
such as Codex, assess the methods to determine applicability.
2. Laboratory proficiency programs and ring-tests
Laboratories engaged to carry out quality and/or adulteration testing should ensure
results are reliable and repeatable. Participation in laboratory proficiency programs
will improve results. When laboratory proficiency programs are unavailable, certified
reference materials should be used with analysis. It would be advisable to use
laboratories with ISO17025 accreditation. Any new methods that are developed also
need to be properly validated and verified, including involvement in inter-laboratory
ring tests
3. Development of a database for the chemical composition of Australian honey
Australian honey samples that are sent for adulteration analysis, using instrumental
techniques such as NMR spectroscopy and EA/LC-IRMS (C3/C4), tend to show
significant variability between results for the same sample, both within and between
laboratories. This could be due to differences or variations in the analytical methods,
sampling procedures or, as is the case with NMR analysis, that the Australian
product does not conform to the databases developed using European and Asian
honeys, mainly because of the differences in its floral and geographic origin. In order
to get a better understanding of the variability of Australian honey, a coordinated
sampling of a diverse range of Australian honeys to develop a database that is
representative of the Australian product should be undertaken.
The Australian honey industry should decide which analytical results are most useful
to create a representative database for Australian honey, as well as deciding which
analytical techniques (targeted or non-targeted) are most relevant. Industries such as
the Macadamia industry have chosen to undertake this so-called benchmarking
approach with successful outcomes.
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4. NMR database
NMR is a powerful analytical tool and the untargeted analytical technique used for
identifying adulteration in honey has the obvious advantages of being quick with
relatively little sample preparation. The global Bruker Honey ProfilingTM 2.0 database
tends to misclassify Australian honeys, most likely due to the small number of
samples from Australia (< 100 in a database of 18,000 samples) that are included in
the database. If the Australian honey industry decides to pursue this technology, it is
important that many more samples from Australia are included in the database.
A local “Australia specific” NMR database could be developed in Australia, however
the costs would likely be substantial, and the ability of the database to discriminate
honeys may be limited. Therefore the Australian honey industry needs decide the
best alternative for this technology given the resources available. Honey from all
growing regions, and including all the variables that might affect honey composition
such as time of harvest and pollen flow would need to be included. Samples from
across seasons would also be needed to account for seasonal effects. Bruker have
acknowledged that there is an issue with variability between laboratories undertaking
the analysis, which they attribute to handling and interpretation errors. These issues
need to be overcome to ensure consistent results and improve confidence in this
technique, both from a regulatory and consumer viewpoint. Training, inter-laboratory
proficiency testing and ensuring laboratories are using standardised methods could
help overcome these issues.
5. An Australian standard for honey
Australian honey differs from that produced overseas because of its unique floral
sources and environmental conditions. Therefore an Australian standard for honey
should be developed to reflect the composition of honey produced in this country. A
significant amount of data should be generated to get a clear understanding of the
general composition of Australian honey before ranges or limits are created. A
comprehensive database of all analytical parameters included in the standard for all
Australian honeys would need to be developed, so that appropriate ranges/limits
could be included in the standard to best reflect the variation in authentic Australian
honey.
6. Representation by competent technical authorities at international standard
meetings
Representation by competent technical authorities, including diplomatic/trade
authorities such as the Department of Foreign affairs and Trade (DFAT) as well as
laboratory specialists, at international standard meetings (e.g. CODEX
International Honey Council) is important. This gives the Australian industry a chance
to join discussions that can directly affect the industry.
7. Supplementary feeding guides
Supplementary feeding, while necessary to ensure the survival of bee colonies, can
have an effect on the results of adulteration testing, sometimes giving incorrect
indications due to the timing of the feeding or insufficient maintenance of hives. It is
important to ensure that feeding guidelines are being followed to prevent this from
happening. Experiments could be conducted to determine guidelines for exclusion of
supplementary feeding to prevent incorrect adulteration test results.
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Short term strategies

1. Chemistry based quality assurance program/code of practice
Due to the recent negative media attention, some consumers have lost confidence in
the quality of Australian honey. While it is important that work continues to develop
analytical techniques for the detection of adulteration in honey, it is worth considering
a quality assurance program that measures basic quality parameters in honey. A
quality assurance program where honey producers are encouraged to have their
product analysed by a certified/accredited laboratory could be developed. Honeys
that meet certain prerequisites could then be issued with logos to identify quality
status, thus regaining consumer confidence in the product. The current quality
assurance program, B-QUAL, which is administered by the Australian Honey Bee
Industry Council (AHBIC) is based around HACCP guidelines for product integrity,
regulatory compliance and biosecurity. A chemistry-based quality assurance program
would be different to this already established program and could be run either in
parallel to that system or as a stand-alone program.
The Australian olive industry developed a quality code of practice – now called
OliveCare. General quality tests, free fatty acids (FFA), peroxide value (PV) and UV
absorbance (UV abs), as well as sensory analysis were established as minimum
testing criteria. These, along with product traceability requirements, are required for
the right to use the Australian Olive Association (AOA) quality mark/seal used on
product labels. Even though these are basic quality tests and do not necessarily
indicate whether the sample has been adulterated, this system has gained general
acceptance from industry and consumers. If a similar program was developed for the
Australian honey industry, consultation between experts from industry and laboratory
service providers could determine which analytical methods are best suited for such
a program.
2. Market surveillance and/ or Choice review
A program using funding generated from the producers levy, could carry out annual
market surveillance programs where domestic and imported product are tested for
compliance with domestic and international regulations. This program would be a
relatively quick, cost effective way to begin to restore confidence in the Australian
honey industry. There may be a need for different criteria for different types of honey,
however, it cannot be made too complex to use. A similar program (OliveCare) has
been use by the Australian olive industry, with the results being a general
improvement of the quality of olive oil found on supermarket shelves.
Reports by reputable consumer advocate programs, such as Choice, can also have a
significant impact in increasing consumer awareness of the quality of products and
could be used as a marketing tool for the quality of Australian honey.

3. Quick, inexpensive screening methods
Screening methods using technology such as NIR have been developed in numerous
agri-food industries for quality analysis, with the main advantages being low cost,
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quick, reliable results for chemical composition. This literature review revealed what
has been done overseas using this type of technology with honey. It would be worth
investigating the use of this technology for Australian honey. Due to the complexity of
honey composition and the diversity of the Australian honey product due to the large
number of floral sources, some thought must be given to the different categories or
groups that separate calibrations may need to be made e.g. multifloral, particular
common monofloral honeys and blends. If a calibration/set of NIR calibrations could
be developed for Australian honey, this would give growers a cheap alternative for
testing their honey, which would be especially useful when used in a quality
assurance program such as that mentioned previously.
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Appendices
Method

References

Comments

Elemental Analysis
– Isotope Ratio
Mass Spectrometry
(EA-IRMS)

AOAC, 1999b;
AOAC, 1999c;
Padovan et al. 2003;
Cordella et al. 2005;
Padovan et al. 2007;
Ruiz-Matute et al.
2010c;
Chen et al. 2013;
Rogers et al. 2014a;
Soares et al. 2017

Based on the
changes of the 13C
isotope due to the
different
photosynthetic
pathways of C3
plants (most of the
sources of nectar for
bees) and C4 plants
(sugar cane, corn).

Advantages

Disadvantages

Can the disadvantages
be overcome?
C3 and C4 plants have The adulteration with
Methods should be
distinct carbon isotope
C3 sugars derived
standardised, with
ratios produced by the
from wheat, rice or
laboratories
different photosynthetic
sugar beet cannot
undertaking the
cycles therefore can be
be detected because
analysis encouraged to
used to detect
the isotopic values
participate in laboratory
adulteration
of the nectar from
proficiency programs
which the honey is
Guidelines for feeding and
produced are also
hive maintenance to
derived from C3
reduce incorrect
plants
adulteration test results
Contradicting test
results from
laboratories
providing this
analysis
Results can be affected
by supplementary
feeding of bees.
Some sugar syrups
can change the
δ13C of the honey,
while supplementary
protein feeding can
alter the δ13C of the
protein extract
Leptospermum honey
false positives

38

Method

References

Liquid
chromatography
stable isotope ratio
mass spectrometry
(LC-IRMS)

Cabañero et al. 2006;
Elflein et al. 2008

Nuclear magnetic
resonance (NMR)

Comments

Untargeted profiling
of all substances in
the honey and their
concentration is
performed and
compared to
authentic honeys in
a spectral library

Maes et al. 2012;
Monakhova et al. 2014;
Dinca et al. 2015;
del Campo et al. 2016

Targeted profiling for
'local' database

Advantages

Disadvantages

Allows for the
Similar issue to EAseparation of the
IRMS with
individual sugar
contradicting results
components, which can
be used to determine
C3 and C4 adulteration
High reproducibility and Proprietary databases
sensitivity of the
with minimal
technique;
samples from
successfully used for
Australia.
authenticity screening in EU, UK, USA have
wine and fruit juices
indicated that until
the method is
independently
verified and
validated it will not
be used in a
regulatory capacity
The capital costs for
acquiring the
instrumentation
required and the
ongoing operational
and maintenance
costs are substantial
Detects markers for
Relies on individual
adulterants, floral or
databases with
geographic origin
relatively few samples,
tending to be for a very
specific production
area. - relatively
expensive and time
consuming compared
to global database

Can the disadvantages
be overcome?

Introduce more
Australian samples into
the 'global' database

The creation of a
comprehensive and
representative database
that fully reflects the
natural variability of
honey composition,
including the effects of
seasonal variation and
blending
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Method

References

Infrared
spectroscopy
based methods

Cozzolino et al. 2011;
Trifkovi et al. 2017;
Ferreiro-González et
al. 2018

Allows complex chemical
information to be
determined from the
samples
Is non-destructive and
can be used for
screening large
numbers of samples

Near-infrared
Spectroscopy (NIR)

Qiu et al. 1999;
Ruoff et al. 2007;
Zhu et al. 2010;
Cozzolino et al. 2011;
Guelpa et al. 2017
Ruoff et al. 2006b;
Gok et al. 2015;
Sultanbawa et al. 2015

Has been used to
develop calibrations for
individual components

Mid Infrared
Spectroscopy (MIR)
or Fourier
Transform Infrared
Spectroscopy (FTIR)

Comments

Advantages

Very good prediction
accuracy and useful
for determining the
geographical origin of
honey
Promising technique for
predicting MGO in
Australian honeys;
could be a convenient
replacement for other
time consuming,
expensive laboratory
tests for MGO

Disadvantages
Accuracy of the
models used is
dependent on the
number of samples
used to generate the
dataset and the
variation in spectra as
well as the
components being
measured
Poor calibration
statistics for some
components

Can the disadvantages
be overcome?
Samples used for
calibrations should have
a wide range

Large datasets are
needed to obtain
accurate results
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Method

References

Raman
Spectroscopy

Li et al. 2012;
Oroian et al. 2018b

Pollen analysis
(Melissopalynology)

Sniderman et al. 2018

Comments

Advantages
Good correlation
statistics for
determining the
concentration of
adulterants in the
sample
Potential to use pollen
detection as an
indicator of honey
adulteration in
conjunction with other
analytical methods

Disadvantages

Needs highly trained
personnel using
specialised
equipment; tedious
Removal of pollen
during filtration of
the honey as well as
problems
differentiating similar
pollen grains

Can the disadvantages
be overcome?

Could be used in a suite
of analyses to
authenticate both
geographical and floral
source claims
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Method

References

Comments

Liquid
Chromatography
(LC)

Rebane et al. 2010;
Janiszewska et al.
2012;
Windsor et al. 2012;
Xue et al. 2013;
Gašić et al. 2014;
Du et al. 2015;
Kivrak, 2015;
Wang et al. 2015; Shen
et al. 2018

Used to determine
the quality and
authenticity of
honey, usually with
targeted analysis to
determine specific
markers from
adulterants, or to
determine
concentrations of
compounds which
may indicate
adulteration

Advantages

Disadvantages

Can the disadvantages
be overcome?

Can be used to detect
Targeted analysis only
sugar syrups in honey
reveals specific
at concentrations
adulteration
>10%
Time consuming, costly,
Honeys are able to be
skilled operators
differentiated into
floral groups
according to their
flavonoid and
phenolic composition
Analysis can show the
conversion of DHA to
MGO in honey over
time, but also the
relative
concentrations of the
compounds
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Method

References

Gas
Chromatography
(GC)

Nozal et al. 2004;
Sanz et al. 2004;
Elflein et al. 2008;
Ruiz-Matute et al.
2010a;
Ruiz-Matute et al.
2010b;
Agila et al. 2012

Molecular detection

Lee et al. 1998;
Giersch et al. 2009;
Won et al. 2009;
Schnell et al. 2010;
Valentini et al. 2010;
Ramon-Sierra et al.
2015;
Kast et al. 2017;
Soares et al. 2018b;
Zhang et al. 2019a

Comments

Advantages

Disadvantages

Can the disadvantages
be overcome?

The presence of
oligosaccharides is
indicative of the
presence of
exogenous sugars
Honeys could be
discriminated based
on their geographic
origins according to
their volatile
composition, even if
they were from the
same floral source

There are wellestablished
protocols for DNA
isolation from honey
which has been
used for various
applications
including for
monitoring the health
of honey bee
colonies as well as
discriminating pollen
sources (e.g.
Manuka)

DNA based markers are Only a limited amount
recognised as highly
of literature in this
efficient and accurate
area is available on
identification methods
honey adulteration
Will not be able to
identify if the honey
is adulterated with
desired pollen by the
producer
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