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The pollen analysis to classify monofloral honey is an unresolved challenge specially when the pollen is under-
represented as the case of citrus honey. Thus, this study assesses the validity of the volatile fraction to differ-
entiate types of honey, with special attention to markers compounds of citrus honey that could permit their
distinction. Unsupervised analysis (PCA and HCA) showed that the volatile fraction of honey containing Citrus sp.
pollen, undoubtedly differentiates it from other types of honey. An OPLS model focused on citrus honey selected

5 volatile compounds (of the 123 found in all samples by GC-MS) as significant predictors of the currently used
value of methyl anthranilate obtained by HPLC. The joint detection of 4 lilac-aldehydes and the volatile methyl-
anthranilate has the advantage of providing more precise information. Therefore, it could be proposed as a
consistent marker to ensure the correct classification of citrus honey, fostering its labelling reliability.

1. Introduction

Agri-food fraud continues to be of great concern in the EU, with a
20% increase in cases compared to 2019 as reflected in the 2020 Annual
report “The EU Agri-Food Fraud Network and the Administrative Assistance
and Cooperation System” (European Union Commission, 2021). In this
document, honey continues to be one of the most affected food cate-
gories after fats/oils and fish/fishery products with 51%, 34% and 25%,
respectively. This situation is reflected in the annual reports of the Rapid
Alert System for Food and Feed and specially in emerging situations,
such as the COVID-19 pandemic and Brexit (Brooks, et al., 2021) where,
for the specific case of honey, the notifications are mostly due to the
incorrect labelling. Consequently, the consumer may in fact feel cheated
or misinformed with what it is shown on the label (Machado et al.,
2022). Sometimes fraud can be “easily recognized” when there is a
legislation or regulation in place. An example of this may be the regu-
lation adopted by some nations that requires detailing on the packaging
all the countries of origin where the honey comes from (B.O.E., 2020).
However, oddly enough, there are other aspects included on the label,
such as the monoflorality (of great commercial importance), where the
consumer must accept the given without the support of an international
standardized regulation, with exceptions of local regulations or quality

marks (D.0.G.V., 2002). To make matters worse, the procedure for the
monofloral classification of a honey is an unresolved challenge. This is
because the melissopalynological analysis, by optical microscopy, which
it is carried out is far from being considered a routine method. This
method based on the identification and quantification of the pollen
grains of the different botanical species, is laborious, tedious, time
consuming and requires expert analysts making its analysis extremely
complex, resulting in its high price in accredited laboratories. Further-
more, this technique has a high level of subjectivity making analysis
even more complicated in some monofloral honeys in which the target
pollen is under-represented such as citrus honey. For this reason, the
search for objective techniques to find a true definition of a monofloral
honey is more than a challenge, it is a necessity. This would provide
regulatory agencies, beekeepers and agents involved in commercial
transactions with an objective tool that would easily clarify the un-
certainties associated with the incorrect classification of the monofloral
honeys. Furthermore, it will ensure the application of correct labeling
procedures and therefore, more transparency for consumers. Therefore,
it is advisable to focus the efforts on the optimization of objective
analytical techniques that could unequivocally define its monoflorality
(Karabagias, et al., 2020).

Honey is a very complex matrix that contains a vast number of
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Table 1

Detailed information of the pollen analysis of honey samples including the percentage of the main pollen and other accompanying pollens that are also present in the
samples. Sample codes were assigned considering the first three letters and its corresponding percentage of the most abundant pollen followed by the three letters of
the second most abundant pollen present.

Sample Detailed information of the pollen analysis

Codes
Main pollen: Citrus sp. (Methylantranilate presence confirmated)

Cit 5-Bras 5% Citrus sp., 18% Brassicaceae, Umbeliferae, Echium sp., Prunus dulcis, Rosmarinus officinalis.

Cit 8-Bras 8% Citrus sp., 12% Brassicaceae, Umbelliferae, Helianthus annuus, Prunus dulcis, Rosmarinus officinalis.

Cit 24-Bras 24% Citrus sp., 19% Brassicaceae, Echium sp., Castanea sativa, Taraxacum type, Leguminosae, Umbelliferae, Prunus dulcis, Ericaceae.

Cit 10-Bras 10% Citrus sp., 8% Brassicaceae, Echium sp., Rosmarinus officinalis, Taraxacum type, Prunus dulcis.

Cit 13-Bras 13% Citrus sp., 10% Brassicaceae, Echium sp., Prunus dulcis, Anthyllis sp.

Cit 7-Prun 7% Citrus sp., 5% Prunus dulcis, Echium sp., Rosmarinus officinalis, Castanea sativa, Anthyllis sp., Salix sp., Olea europaea, Thymus sp., Brassicaceae, Carduus type,
Leguminosae.

Cit 16-Ech 16% Citrus sp., 21% Echium sp., Umbelliferae, Eucalyptus sp., Palmaceae, Helianthus annuus.

Cit 6-Ech 6% Citrus sp., 14% Echium sp., Rosaceae, Umbelliferae, Eucalyptus sp., Palmaceae, Brassicaceae, Taraxacum type, Helianthus annuus, Rosmarinus officinalis,
Leguminosae.

Cit 3-Ech 3% Citrus sp., 31% Echium sp., Helianthus annuus, Brassicaceae, Taraxacum type, Carduus type, Lavandula stoechas.

Cit 20-Bras 20% Citrus sp., 18% Brassicaceae, Taraxacum type, Echium sp., Prunus dulcis, Leguminosae, Rosmarinus officinalis, Erica sp., Umbelliferae.

Cit 15-Bras 15% Citrus sp., 21% Brassicaceae, Ceratonia siliqua, Lavandula stoechas, Prunus dulcis, Rosmarinus officinalis, Leguminosae, Thymus sp., Taraxacum type, Helianthus
annuus, Carthamus sp., Erica sp., Rosaceae.

Cit 7-Bras 7% Citrus sp., 11% Brassicaceae, Taraxacum type, Echium sp., Prunus dulcis, Leguminosae, Rosmarinus officinalis, Erica sp., Umbelliferae.

Cit 25-Ech 15% Citrus limon, 10% Citrus sp., 26%Echium sp., Brassicaceae, Anthyllis sp., Palmaceae, Ceratonia siliqua, Taraxacum type, Carduus type.

Cit 3-Eric 3% Citrus sp., 12% Erica sp., Leguminosae, Hypecoum sp., Prunus dulcis.

Cit 8-Bras 8% Citrus sp., 23%Brassicaceae, Taraxacum type, Leguminosae, Prunus dulcis, Rosmarinus officinalis, Carduus type.

Cit 16-Gen 16% Citrus sp., 9% Genista type, Brassicaceae. Palmaceae, Taraxacum sp.

Cit 12-Bras 12% Citrus sp., 8% Brassicaceae, Taraxacum sp.

Cit 42-Ech 42% Citrus sp., 15% Echium sp., Leguminosae

Cit 18-Umb 18% Citrus sp., 11% Umbelliferae, Pistacia sp., Quercus sp., Olea sp., Echium sp., Erica sp., Hieracium sp., Taraxacum sp., Echium sp.

Cit 2-Ech 2% Citrus sp., 27% Echium sp., Helianthus annuus, Brassicaceae, Leguminosae, Eucalyptus sp., Erica sp., Umbelliferae, Carduus type.

Cit 1-Ech 1% Citrus sp., 29% Echium sp., Brassicaceae, Leguminosae, Erica sp.
Main pollen: Helianthus annuus

Hel 18-Xan 18% Helianthus annuus, 7% Xanthium sp., Onobrychis sp., Leguminosae, Thymus sp.

Hel 34-Ono 34% Helianthus annuus, 4% Onobrychis sp., Thymus sp., Xanthium sp., Leguminosae, Centaurea cyanus.

Hel 35-Ono 35% Helianthus annuus, 8% Onobrychis sp., Thymus sp., Xanthium sp., Leguminosae

Hel 37-Ono 37% Helianthus annuus, 9% Onobrychis sp., Leguminosae, Thymus sp., Xanthium sp., Centaurea cyanus

Hel 17-Xan 17% Helianthus annuus, 9% Xanthium sp., Onobrychis sp., Leguminosae, Thymus sp.

Hel 30-Lav 30% Helianthus annuus, 2% Lavandula latifolia, Taraxacum type, Genista type, Thymus sp., Centaurea sp., Brassicaceae, Liliaceae, Prunus sp., Rosmarinus officinalis,
Citrus sp.

Hel 31-Leg 31% Helianthus annuus, 12% Leguminosae, Xanthium sp., Onobrychis sp., Thymus sp., Brassicaceae, Rosaceae, Asteraceas, Labiatae
Main pollen: Lavandula latifolia

Lav 2-Hel 2% Lavandula latifolia, 8% Helianthus annuus

Lav 7-Car 1% Lavandula latifolia, 8% Carduus sp., Rubus sp., Cytisus sp., Helianthus annuus, Taraxacum type.

Lav 5-Hel 5% Lavandula latifolia, 5 % Helianthus annuus, Rubus sp., Rosmarinus officinalis

Lav 8-Hel 1% Lavandula latifolia, 3% Helianthus annuus
Main pollen: Echium sp.

Ech 63-Hel 63% Echium sp., 6% Helianthus annuus, Leguminosae, Erica sp., Rubus sp., Centaurea sp.

Ech 53-Hel 53% Echium sp., 6% Helianthus annuus, Leguminosae, Erica sp., Rubus sp., Centaurea sp.

Ech 58-Hel 58% Echium sp., 13% Helianthus annuus, 2% Lavandula latifolia, Genista type, Ceratonia siliqua, Brassicaceae, Thymus sp., Taraxacum type, Erica sp., Prunus dulcis,
Carthamus sp.

Ech 50-Hel 50% Echium sp., 17% Helianthus annuus, 3% Lavandula latifolia, Ceratonia siliqua, Trifolium sp., Genista type, Thymus sp., Erica sp., Carthamus sp., Lavandula stoechas

Ech 58-Lav 58% Echium sp., 1% Lavandula latifolia, Rubus sp., Carthamus sp., Thymus sp., Lavandula stoechas, Helianthus annuus

Ech 49-Rub 49% Echium sp., 25% Rubus sp., 1% Lavandula latifolia, Leguminosae, Rosmarinus officinalis, Erica sp., Thymus sp., Lavandula stoechas, Brassicaceae, Prunus dulcis,
Helianthus annuus

Ech 30-Hel 30% Echium sp., 19% Helianthus annuus, Leguminosae, Erica sp., Lavandula latifolia

Ech 83-Hel 83% Echium sp., 6% Helianthus annuus, Brassicaceae, Umbelliferae, Lavandula stoechas, Asteraceae, Prunus dulcis, Centaurea jacea

Ech 89-Hel 89% Echium sp., 5% Brassicaceae, Carduus type, Erica sp., Prunus dulcis, Helianthus annuus, Umbelliferae, Lavandula latifolia

Ech 72-Hel 72% Echium sp., 4% Helianthus annuus, Umbelliferae, Brassicaceae, Trifolium sp., Asteraceae, Erica sp.

Ech 71-Ros 71% Echium sp., 9% Rosmarinus officinalis, Anthyllis sp., Brassicaceae, Lavandula stoechas, Thymus sp., Helianthus annuus, Prunus dulcis

Ech 71-Hel 71% Echium sp., 9% Helianthus annuus, Trifolium sp., Lavandula stoechas, Carduus type, Campanula sp., Centurea cyanus, Eryngium sp., Carduus type

Ech 80-Lav 80% Echium sp., 1% Lavandula stoechas, Trifolium sp., Castanea sativa, Lotus sp., Carduus type, Taraxacum type, Eucalyptus sp., Genista type

Ech 78-Eric 78% Echium sp., 2% Erica sp., Trifolium sp., Castanea sativa, Lotus sp., Carduus type, Taraxacum type, Helianthus annuus.

Ech 66-Hel 66% Echium sp., 1% Helianthus annuus, Astragalus sp., Eucalyptus sp., Umbelliferae, Brassicaceae, Centaurea sp., Leguminosae, Prunus sp.

Ech 56-Euc 56% Echium sp., 13% Eucalyptus sp., 4% Helianthus annuus, Brassicaceae, Umbelliferae, Centaurea sp., Taraxacum type, Lavandula stoechas, Carduus type

Ech 56-Bras 56% Echium sp., 12 % Brassicaceae

Ech 68-Lav 68% Echium sp., 6% Lavandula stoechas, Leguminosae, Taraxacum type, Brassicaceae, Umbelliferae, Helianthus annuus, Carduus type, Trifolium sp.

Ech 57-Hel 57% Echium sp., 8% Helianthus annuus, Eucalyptus sp., Brassicaceae, Leguminosae, Lavandula stoechas, Castanea sativa, Citrus sp.

Ech 93-Tri 93% Echium sp., 2% Trifolium sp., Cytisus sp., Carduus type, Taraxacum type, Helianthus annuus, Lavandula stoechas, Brassicaceae

Ech 72-Hel 72% Echium sp., 3% Helianthus annuus, 2% Citrus sp., Le, Leguminosae, Eucalyptus sp., Erica sp., Umbelliferae, Carduus type
Main pollen: Thymus sp.

Thy 19-Ono 19% Thymus sp., 12% Onobrychis sp., Centaurea cyanus, Genista type, Prunus sp., Hypecoum sp., Rosmarinus officinalis, Erica sp., Brassicaceae, Lavandula stoechas,
Leguminosae

Thy 22-Ono 22% Thymus sp., 20% Onobrychis sp., Cytisus sp., Centaurea cyanus, Leguminosae, Brassicaceae, Erica sp., Rosmarinus officinalis, Asteraceae

Thy 10-Ono 10% Thymus sp., 5% Onobrychis sp., Vicia type, Brassicaceae, Cytisus sp., Centaurea cyanus, Prunus sp., Rosmarinus officinalis, Leguminosae

Thy 7-Lav 7% Thymus sp., 2% Lavandula latifolia, 14% Helianthus annuus, Leguminosae, Ceratonia siliqua, Rosmarinus officinalis, Brassicaceae.

Thy 5-Lav 5% Thymus sp., 3% Lavandula latifolia, Leguminosae, Helianthus annuus, Ceratonia siliqua, Rosmarinus officinalis, Brassicaceae.

Thy 37-Rom 37% Thymus sp., 2% Rosmarinus officinalis, Onobrychis sp., Brassicaceae, Borago sp., Citrus sp., Anthyllis sp., Leguminosae, Echium sp.

(continued on next page)
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Sample Detailed information of the pollen analysis

Codes

Thy 17-Ono 17% Thymus sp., 10% Onobrychis sp., Brassicaceae, Rosmarinus officinalis, Rosaceae, Hypecoum sp., Taraxacum type, Asteraceae, Lavandula stoechas

Thy 12-Lav 12% Thymus sp., 1% Lavandula latifolia, Echium sp., Hypecoum sp., Brassicaceae, Helianthus annuus, Umbeliferae, Citysus sp., Eucalyptus sp., Leguminosae

Thy 4-Vic 4% Thymus sp., 2% Vicia type, Echium sp., Leguminosae, Rosmarinus officinalis, Brassicaceae, Helianthus annuus, Centaurea cyanus, Castanea sativa, Lavandula latifolia,
Carthamus sp.

Thy 18-Lav 18% Thymus sp., 6% Lavandula latifolia, Onobrychis sp., Rubus sp., Echium sp., Vicia type, Genista type, Erica sp., Carduus type, Prunus sp.

Thy 8-Lav 8% Thymus sp., 2% Lavandula latifolia, Carthamus sp., Cytisus sp., Helianthus annuus, Rosaceae, Onobrychis sp., Leguminosae, Brassicaceae, Centaurea sp.

Thy14-Vic 14% Thymus sp., 7% Tipo Vicia, 4% Carthamus sp., 3% Lavandula latifolia, Onobrychis sp., Rosmarinus officinalis, Cytisus sp., Leguminosae, Helianthus annuus,
Brassicaceae, Echium sp., Citrus sp.

Thy 11-Lav 11% Thymus sp., 1% Lavandula latifolia, Onobrychis sp., Brassicaceae, Leguminosae, Helianthus annuus, Carthamus sp., Rosmarinus officinalis, Centaurea cyanus,
Rosaceae
Main pollen: Eucalyptus sp.

Euc 71-Ret 71% Eucalyptus sp., 9% Retama sphaercarpa, Echium sp., Rosmarinus officinalis, Erica sp., Umbelliferae

Euc 58-Ech 58% Eucalyptus sp., 3% Echium sp., Lotus sp., Trifolium sp., Helianthus annuus, Anchusa sp.

Euc 56-Leg 56% Eucalyptus sp., 16% Leguminosae

Euc 77-Cas 77% Eucalyptus sp., 17% Castanea sativa, Astragalus sp., Liliaceae, Brassicaceae, Rosmarinus officinalis

Euc 64-Bra 64% Eucalyptus sp., 10% Brassicaceae, Salix sp., Thymus sp., Centaurea cyanus, Rosmarinus officinalis, Artemisia sp., Umbeliferae, Asteraceae, Hypecoum sp., Lotus sp.,
Echium sp.

Euc 39-Ech 39% Eucalyptus sp., 23% Echium sp., 8% Helianthus annuus, Brassicaceae, Trifolium sp., Umbelliferae, Lavandula stoechas, Taraxacum type, Leguminosae, Thymus sp.,
Erica sp., Xanthium sp., Fragaria vesca.

Euc 26-Ech 26% Eucalyptus sp., 18% Echium sp., 3% Helianthus annuus, Umbeliferae, Astragalus sp., Brassicaceae, Trifolium sp., Taraxacum type, Lavandula stoechas, Carduus
type, Leguminosae, Rosaceae

Euc 50-Cas 50% Eucalyptus sp., 23% Castanea sativa, 4% Helianthus annuus, Echium sp., Hypecoum sp., Brassicaceae, Prunus dulcis, Asteraceae, Leguminosae.
Main pollen: Rosmarinus officinalis

Ros 32-Bra 32% Rosmarinus officinalis, 7% Brassicaceae, Erica sp., Genista type, Ceratonia siliqua, Prunus dulcis, Hypecoum sp., Thymus sp., Citrus sp.

Ros 12-Bra 12% Rosmarinus sp., 12% Brassicaceae.

Ros 17-Pru 17% Rosmarinus officinalis, 9% Prunus dulcis, 1% Thymus sp., Echium sp., Leguminosae, Brassicaceae, Helianthus annuus, Umbelliferae, Lavandula stoechas

Ros 17-Cer 35% Ceratonia siliqua, 17% Rosmarinus officinalis, Brassicaceae, Erica sp., Prunus type, Helianthus annuus, Trifolium sp., Echium sp.

Ros 12-Pru 32% Prunus dulcis, 12% Rosmarinus officinalis, Anthyllis sp., Brassicaceae, Prunus sp., Leguminosae, Hypecoum sp., Asteraceae

Ros 23-Thy 23% Rosmarinus officinalis, 9% Thymus sp., Echium sp., Onobrychis sp., Brassicaceae, Prunus sp., Lavandula stoechas, Centaurea cyanus, Asteraceae, Lavandula latifolia,
Citrus sp.

Ros 22-Pru 22% Rosmarinus officinalis, 11% Prunus dulcis, Brassicaceae, Leguminosae, Erica sp., Echium sp., Thymus sp., Eucalyptus sp., Asteraceae

Ros 18-Pru 18% Rosmarinus officinalis, 10% Prunus dulcis, Brassicaceae, Leguminosae, Thymus sp., Eucalyptus sp., Asteraceae

Ros 28-Thy 28% Rosmarinus officinalis, 2% Thymus sp., Brassicaceae, Anthyllis sp., Leguminosae, Erica sp., Lavandula stoechas, Prunus dulcis, Hypecoum sp., Trifolium sp., Citrus sp.

Ros 93-Thy 93% Rosmarinus officinalis, 1% Thymus sp., Brassicaceae

compounds, including among others phenolics (Liang, et al., 2009) and
volatiles (Escriche et al, 2017; Karabagias, et al., 2017). Many of these
volatile compounds are characteristic of the basic aroma/flavor of this
foodstuff and, therefore, are common in almost all types of honey. Be-
sides, certain monofloral honeys have attributed characteristic odour
and flavour nuances, that can be related to other own specific volatile
compounds. Hence, it would be very interesting to find the appropriate
markers that unmistakably define a precise monofloral honey; a task not
resolved yet despite it has been the subject of research in recent years
(Zhao, et al., 2022).

Methyl anthranilate is an important compound in the case of citrus
honey, as it is found in the citrus blossom nectar. However, this com-
pound is not considered in any legislation although it is used as a
“bargaining chip” in the trade for this variety of honey, without a
consensus of a minimum level required (Juan-Borrds, et al., 2015). It
should also be noted that, despite the problems associated with the low
presence of Citrus sp. pollen in citrus honey (being this type of pollen
underrepresented), there is a double taxation in its commercial trans-
action requirements, demanding a minimum citrus pollen content (be-
tween 10 and 20%), together with a specific methyl anthranilate level
(not lower than 2 mg kg™1). This value of methyl anthranilate is
commercially mandatory although it has been proven that citrus honeys
from some countries usually do not reach this level (Papotti et al., 2009,
Juan-Borras, et al., 2015). Nevertheless, methyl anthranilate does not
have to be the only useful compound to characterize citrus honey since
in the organoleptic perception other sensory nuances are perceived
different from those of this compound (da Costa, et al., 2018; Seraglio,
et al., 2021). The issue is objectively discerning these compounds from
the large number of those that may be present in the volatile fraction of
any other honey. That is why the objective of this study is to estimate the
validity of the volatile fraction in the differentiation of types of honeys,
with special attention to citrus honey and the target compounds that
could allow for their distinction.

2. Material and methods
2.1. Honey samples

A total of 104 different honeys were used in the present study. In
2020 and 2021, 84 samples were collected from different Spanish bee-
keepers. Honeys with predominant pollen of Eucalyptus sp. came from
the North of the country, Helianthus annuus, Lavandula latifolia, Echium
sp. and Thymus sp. from central Spain and those of Rosmarinus officinalis
and Citrus sp. were harvested in the South and in the East. The latter
having been provided by Melazahar Cooperativa Apicola and by experi-
mental beehives located in citrus fields property of Sant Vicent Ferrer de
Benaguasil Cooperativa in Pedralba (Valencian Region). The pollen con-
tent of all samples was analyzed in LABMIEL (Quality Control of honey
and Bee Products Laboratory of Universitat Politecnica de Valencia, Spain),
where the present study was carried out. This is an accredited laboratory
in pollen analysis methodology as per ISO 17025 (ISO/IEC 17025:2017,
2017), in addition to being experienced in providing this type of service
to companies of the beekeeping sector. Another set of 20 samples
collected in 2022 were provided by the experimental beehives
mentioned before and the Ministry of Spanish Agriculture and Fishing,
Food and Environment, after they were classified as monofloral of citrus
honey following the standard pollen criteria by the laboratory of this
Ministry. The purpose of these last samples from 2022 was to verify the
validity of what was observed for citrus honeys with the samples from
2020 and 2021. Both institutions have an agreement dealing with the
characterization of the most important Spanish monofloral honeys (B.O.
E. 2018).

The data of pollen analyses obtained by LABMIEL from each sample
are shown in Table 1, which includes the information corresponding to
the percentage of the main pollen, together with other accompanying
pollens that are also present in the samples. Each sample has been
assigned a code considering the first three letters and its corresponding
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percentage of the most abundant pollen followed by the three letters of
the second most abundant pollen present. For example, the code Euc 71-
Ret, can be read as “Euc” refers to Eucalyptus sp., 71 represents the
percentage of this pollen and “Ret” represents Retama sphaercarpa. In
this table it can be seen as: Euc 71-Ret (71% Eucalyptus sp., 9% Retama
sphaerocarpa, Echium sp., Rosmarinus officinalis, Erica sp., Umbelliferae).
The 84 honey samples analysed were classified into seven groups
considering the criterion of the predominant pollen present in each of
them. The only exception was for the groups Citrus sp. and Lavandula
stoechas, which received special consideration since these pollens are
underrepresented. This is mainly due to the extended use of hybrid va-
rieties of citrus trees and lavender plants, which are characterized by
their small amounts of pollen production (Persano-Oddo and Piro, 2004;
Escriche et al., 2011; Juan-Borras et al., 2015; Escriche et al., 2017).

In the specific case of Citrus sp. group, in this study, all the honey
samples in which this type of pollen was present were included along
with the confirmation of the presence of methyl anthranilate analysed
by HPLC (MA-HPLC) at whatever level. Referring to Lavandula stoechas
group, honeys that contained this pollen were included. However, in
most cases very little quantity of this type of pollen was observed
(although all these honeys had the typical organoleptic characteristics of
this type of honey). With all this, in no way do these seven groups
represents the monoflorality of the samples, their only purpose (based
on precise criteria) is to assign each sample a reference code.

2.2. Melissopalynological analysis

In LABMIEL, the pollen analysis was performed following the Inter-
national Commission for Bee Botany recommendations (Von der Ohe,
et al., 2004). The specific method is detailed by Escriche, et al. (2023).
Briefly, after dissolving the honey in acidulated water, centrifuging
twice, and decanting the supernatant, a small amount of the precipitate
was placed on a slide, dried and sealed with glycerin. At least 500 pollen
grains were counted, at magnifications of x 400-1000, in an optical
microscope (Zeiss Axio Imager, Gottingen, Germany) with Axiocam 305
Color, Zeiss camera. The analyst identified and attributed the different
pollen grains morphology to a specific botanical species (Carretero,
1989; Saenz-Lain & Gomez-Ferreras, 2000). After, the percentage of
each type of pollen was calculated considering the total number of
pollen grains counted.

A specific image software (HoneyApp), engineered by the Institute of
Industrial Computing and Control Systems (AI2) at the Universitat
Politecnica de Valencia, was used to assist in the labelling and annota-
tion of the different pollen grains.

2.3. Methyl anthranilate analysis

Methyl anthranilate was analyzed and validated by HPLC as
described by Juan-Borras et al., 2015. An acid hydrolysis, followed by a
solid phase extraction with copolymer cartridges (500 mg, 6 mL)
Extrabond Polymeric EBH (Scharlab, Spain) was performed. The HPLC
analysis was conducted using an Agilent 1100 series HPLC system
equipped with: auto-sampler, inline degasser, quaternary pump, diode-
array detector (DAD) and the ChemStation software. The mobile phase
was water MilliQ quality (solvent A) and acetonitrile HPLC-Grade Pro-
labo VWR, Darmstadt, Germany (solvent B). The gradient was: an iso-
cratic step with 30% B (from O to 3.1 min), then 42% B at 5.5 min, 90% B
(2 min), and the re-equilibration of the column in 3 min. A flow rate of
1.0 mL/min was applied and 5 pL of sample were injected. The chro-
matographic separation was performed using a Kinetex C18 column
(150 x 4.6 mm, 5 pm) (Phenomenex) at 30 °C. The methyl anthranilate
(purity > 99%, Merck, Darmstadt, Germany) was monitored at 335 nm.
Quantification was performed applying matrix calibration curves ob-
tained from spiked fortified blank samples, that is, the standards were
added into the matrix before the extraction. The blanks were polyfloral
samples honey with proved absence of methyl anthranilate and Citrus sp.
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pollen.

Before each batch of samples, a quality control was injected (a spiked
blank sample with a final concentration of 2 mg/kg) to check the quality
of the results as well as the stability of the analytical procedure. The
stock standard solution of methyl anthranilate (1 mg/mL) and the
working standard solution (0.1 mg/mL in HpSO4 1 M) were stored at
—20 °C + 4 °C, respectively.

2.4. Volatile compounds analysis

The analysis was carried out using solid-phase micro-extraction
(SPME) and gas chromatography/mass spectrometry (GC/MS) as
described by Escriche et al. (2021). The honey volatile compounds were
trapped (30 min, 50 °C and 250 rpm) in a fiber (DVB/CAR/PDMS,
divinyl benzene/carboxen/polydimethylsiloxane, 50/30 um), Subse-
quently, the fiber was placed into the injection port of the GC/MS
chromatograph (Agilent Intuvo 9000 gas chromatograph coupled to an
Agilent 7000 Series GC/TQ triple quadrupole detector and an electron
ionization source at 70 eV) with a DB WAX column (Agilent HP-5MS, 30
m x 0.25 mm x 0.25 pm). The mass spectra were acquired in TIC mode
(mass range m/z 40-280). The MassHunter Workstation software was
used for the data acquisition and analysis.

The identification of the compounds was done considering: mass
spectra, retention times, calculated relative retention indices (RI) and
where possible authentic standards (Sigma-Aldrich, St Louis, MO; Acros
Organics, Geel, Belgium and Fluka Buchs, Switzerland). When authentic
standards were not available, a tentative identification was carried out
by comparing their mass spectra (considering at least a match factor
80%) with the spectral data from the National Institute of Standards and
Technology 2002 library, the linear retention indices and the data
published in the literature (Shimoda, et al., 1996; Bianchi, et al., 2007;
Goodner, 2008). These indices were obtained injecting a mixture of a
homogenous series of alkanes (C8-C20, Fluka Buchs, Schwiez,
Switzerland). The deconvolution base peak area (average value for three
replicates), and not the concentration, was considered to estimate the
abundance of each volatile compound (Verzera, et al., 2014).

2.5. Statistical analysis

Principal component analysis (PCA) and Hierarchical Cluster Anal-
ysis (HCA) were applied to identify underlying patterns in the set of
volatile compounds and relationships among groups of samples. The
initial data matrix contained the areas of the 123 volatile compounds
identified in the 84 honey samples. Only volatile compounds were
included in this data matrix. This data set was imported into the sta-
tistical environment R (v4.2.1) to perform the PCA and HCA analyses.
Previously, the area values were scaled by z-score standardization. HCA
was performed from PCA scores to facilitate the identification of groups
by means of uncorrelated variables. Squared Euclidean distance was
used as similarity measure, and Ward’s conglomeration method were
selected for the identification of clusters.

Subsequently, Orthogonal Partial Least Squares (OPLS) analysis was
carried out by SIMCA® version 17 software (Umetrics, Umea, Sweden,
https://umetrics.com) in the subset of 21 citrus honey samples collected
during 2020 and 2021. OPLS, a supervised learning method, was used
for analyzing the regression model between a selection of 84 volatile
compounds with non-zero variability in citrus and methyl anthranilate-
HPLC, applying a default 7-fold internal cross-validation. To improve
the generalizability of these results, an additional OPLS model was
estimated using another data matrix consisting of the 21 citrus samples
collected during 2020-2021 (training set) and another 20 citrus samples
collected during 2022 (test set). In both cases, performance was
expressed by the R2(x) parameter, which represents goodness of fit, and
by the Q?, the predictive ability parameter. Variable Importance Pro-
jection (VIPs) was assessed to evaluate predictive ability of markers.
This is a widely used procedure for variable selection not associated with


https://umetrics.com

L Escriche et al.

statistical significance values (Chong & Jun 2005). VIPs are dimen-
sionless (without units of measurement), since they are calculated as the
weighted sum of squares of the PLS weights, divided by the amount of
variance explained in each latent variable or dimension. VIP plots show
the bars with the VIP values sorted in descending order and confidence
intervals derived from Jack-Knifing (Umetrics, Umea, Sweden,
https://umetrics.com). The regularization of the three components of
the VIP vector (predictive VIP, orthogonal VIP and total VIP) allows the
selection of variables, with VIP > 1, as those with the greatest influence
on 'Y (MA-HPLC in this work) (Farrés, et al., 2015; Giannetti, et al., 2017;
Biancolillo, et al., 2022). Additionally, to confirm the reliability of these
models, two-hundred-permutation-tests were also carried out as well as
cross-validation ANOVA (Lindgren, et al., 1996; Triba et al., 2015).

3. Results and discussion
3.1. Clustering of honey samples by unsupervised analysis

In the volatile fraction of the 84 honey samples (from 2020 and
2021) 123 volatile compounds were identified (Table S1). In this table,
these samples were clustered into seven groups considering the criterion
of the predominant pollen as previously explained in Material and
Methods. The data (mean, standard deviation, maximum, minimum)
were expressed as deconvolution base peak areas. Figure S1 shows an
example of the typical chromatograms (TICs) volatile profiles of the
seven groups of honeys considered. With a glance, considerable

Dim2 (11.5%)

Dim1 (13.6%)

Citrus sp. (100%)

Thyme (71.4%)
Eucalyplus (14 3%)
Rosmarinus (14.3 %)
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variations can be observed among these chromatograms as a conse-
quence of the presence or absence of certain chromatographic peaks, as
well as differences in their relative levels. This reveals that the volatile
fraction of each type of honey has its own peculiar characteristics,
hence, a further in-depth analysis of this fraction compounds could be
useful for differentiating types of honey.

Principal Component Analysis (PCA) was initially performed to
assess the relationship between the set of volatile compounds found in
the honey samples. The first four components (PC1, 13.6%; PC2, 11.5%;
PC3, 8.3% and PC4, 6.9%) explained the amount of variability present in
the raw data and the identification of outliers. The volatile compound
scores graph presented in Fig. 1(a) shows that all honeys are distributed
along the first component placing thyme samples at negative values and
those of citrus at positive values, whereas the rest of the samples are
located around the zero mark. The loading plot shows that certain
compounds are to some extent responsible for this differentiation
(Figure S2).

HCA (Hierarchical Cluster Analysis) was also performed (Fig. 1b) for
unsupervised analysis as an exploratory tool to reveal natural groupings
among the honey samples using PCA scores, as previously explained in
Material and Methods section. This figure shows the relative frequencies
or proportions of the different honey groups. According to the corre-
sponding dendrogram, 3 clusters were identified (cluster sizes: 21, 7 and
55 samples, respectively). A well differentiated first cluster consisting of
all the Citrus sp. samples (100%) was obtained. The second cluster is
mainly composed by 71.4% of the Thymus sp. samples, 14.3% of the

DONd'009VDd 24030y

Groups
___________________________ Cltrus
Echium
Eucaliptus
Helianthus
Lavender

Rosemarnnus

Thyme

Echium (36.4%), Rosmariny.
Thyme (14,5%), Eucalyptus (12

Fig. 1. (a) Volatile compound scores from Principal Component Analysis (PCA). (b) Dendrogram from Hierarchical Cluster Analysis (HCA).
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Eucalyptus sp. and 14.3% of the Rosmarinus officinalis; while in the third
cluster there was no clear predominant presence of any of the six groups
(36.4% Echium sp., 16.4% Rosmarinus officinalis, 14.5%, Thymus sp.
12.7% Eucalyptus sp. 12.7% Helianthus annuus, 7.2% Lavandula latifolia).
The independence contrast between “cluster of classification” and the
“predominant pollen criteria” confirmed that both variables were signifi-
cantly dependent (X2 2 = 101.15, df = 12, p < 0.001). Therefore, the
proportion of honey samples classified according to their predominant
pollen content varies significantly depending on the cluster. These dif-
ferences are especially remarkable for citrus honey samples (100% in
cluster 1 vs. 0% in clusters 2 and 3). Both PCA and HCA have proven to
be useful to reveal the predominant influence of the volatile fraction on
the differentiation of this type of honey rather than others. Recently,
these chemometric methods have been successfully applied together for
the classification of different food matrices such as citrus fruits (Jahani
et al., 2022) or aromatic herbs (Rivera-Pérez et al., 2022) according to
their volatile fraction.

The above results demonstrate that the volatile fraction of the honey
that contains Citrus sp. pollen has clearly differentiating characteristics
from other types of honey attributable to the nectar collected (to a
greater or lesser extent) by the bees from the orange blossom trees. This
finding could be especially useful to correctly attribute the mono-
florality of citrus honey, since its pollen is underrepresented, which
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makes it difficult to catalogue based solely on the percentage of this type
of pollen (Escriche et al, 2023). In this sense, it is worth exploring the
identification of specific compounds of its volatile fraction since it is
directly related to its organoleptic perception.

3.2. Markers for identification of citrus samples

The relationship between methyl anthranilate obtained by HPLC
(MA-HPLC) and the nectar of the citrus blossom is manifested in the fact
that only the samples that contain pollen of Citrus sp. present values
significantly different from zero in this parameter in contrast to the rest
of the groups defined according to Table SI(ANOVA: F = 39.35, p ~
0.000). A further step in the present work was to examine whether there
is a relationship between the value of MA-HPLC and the compounds
identified in the volatile fraction of citrus samples (among which the
methyl anthranilate has also been identified). For this, an OPLS analysis
has been carried out for MA-HPLC (dependent variable) and for the
volatile fraction of citrus (matrix of predictor variables). As a result of
this model, two components were identified that provided acceptable
performance (Goodness of prediction: Q% = 0.604, goodness of fit: R2 Y =
0.802). Fig. 2 shows the biplot analysis where the code of each citrus
sample includes the pollen percentage of Citrus sp. pollen, as indicated in
Table 1, and its calculated MA-HPLC value in brackets. Citrus samples
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Fig. 2. OPLS biplot of honey samples (with pollen of Citrus sp.) and volatile compounds identified as relevant predictors of methyl anthranilate (HPLC). The code of

each sample shows the pollen percentage of Citrus sp. and the MA-HPLC value.
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Fig. 3. Variable Importance Projection (VIP) of the identified volatile compounds from the OPLS model for methyl anthranilate (HPLC) prediction.

with high MA-HPLC values are at the top of the graph, while samples
with low MA-HPLC values are at the bottom. On the other hand, Fig. 3
shows the volatile compounds ordered according to the Variable
Importance Projection (VIP) obtained from the model and allows iden-
tifying 14 compounds as reliable markers for citrus honey (VIP score >
1.00): including 1-p-menthene-9-al; lilac aldehyde B; lilac aldehyde C;
lilac aldehyde D; lilac aldehyde A; dill ether; trans-linalool oxide II;
methyl anthranilate (volatile); limonene; ethyl linaool; hotrienol; oxir-
ane 2-(1,1-dimethylethyl)-3-ethyl; 2(3H)-furanone 5-ethenyldihydro-5-
methyl and p-mentha-1-en-9-ol). It is noteworthy that 8 of these 14
compounds have VIP values near 2 (VIP ~ 2), among which is the
methyl anthranilate preceded by 7 of them.

Permutation plots were examined to prove that the values of the
quality parameters (R? and Q?) did not depend highly on the subset of
citrus samples (2022) used for validation. The plot obtained with this
test (Figure S3.a) showed the correlation coefficient between the orig-
inal and the permuted MA-HPLC versus the cumulative R? and Q2. The
permutations test confirmed that there was no superposition of the re-
sults since the intercept of the Q2 line took negative values (QZ: —-1.39).
In addition, the points generated by the random permutations in the left
section of the graph were always below the original values in the right
sector of the chart. It is evident that considering all these compounds to
characterize a citrus monofloral can provide additional information to
that obtained exclusively with MA-HPLC.

3.3. Markers validation of citrus samples

The previous section has confirmed not only the relevance of methyl
anthranilate (volatile) but also that of the other 7 compounds previously
highlighted. However, the generalizability of the importance of these
compounds as citrus markers cannot be guaranteed beyond the citrus
subsample collected in this study in 2020-2021. Therefore, a new model
was carried out that included samples from 2022. Only samples that met
the Spanish commercial transaction requirement were included: 2 >
mg/kg of MA-HPLC and Citrus sp. pollen > 10%. Therefore, validating

the model with honey samples that meet this requirement favors the
generalization of the results when applying it to other citrus honey
samples and other harvest years.

Therefore, this new OPLS model was carried out using another data
matrix consisting of 10 citrus samples collected during 2020-2021
(training set) and another 9 citrus samples collected during 2022 (test
set). Of the 14 volatile compounds identified as VIPS in 2020-2021, 8 of
them (methyl anthranilate; lilac aldehydes A, B, C and D; trans linalool
II; dill ether and ethyl linalool) were detected again in the volatile
fraction of the samples collected in 2022. The identification of these 8
compounds in both harvests (2020/2021 and 2022) confirm their rele-
vance as potential citrus markers. Therefore, these eight compounds
were considered as predictor variables of MA-HPLC in this OPLS model.

It is not surprising that there are small differences in the identified
compounds among years. It can be attributed to the natural variability of
the composition of the nectar. This is influenced by the flowering period
of the main plant (orange citrus tree in this case) and the flowers of the
plants that grow near them (up to 3 km which is the distance a bee can
go to look for nectar). These variations in the period and type of flow-
ering are mainly due to environmental factors such as climate, tem-
perature, rainfall, which in a certain way affects the composition of the
nectar, even if the honey has been collected in the same season and
period of the year (Erickson, 1975; Deiana, et al., 2022).

Fig. 4 shows the OPLS biplot with the simultaneous relationship
between scores and loadings expressed using correlation scaling. The
code of each sample shows the pollen percentage of Citrus sp. and its MA-
HPLC value in brackets. The high proximity between MA-HPLC and
volatile methyl anthranilate points out the strong correlation between
both variables. In addition, it is noteworthy that both are in the 100%
correlation zone where the sample with the highest levels of MA-HPLC
(4.5) is also located. In the 50-75% correlation zone, the four lilac
aldehyde are positioned together with citrus samples with high but
slightly lower values of MA-HPLC (up to 4.1). In general, samples with
lower MA-HPLC are located in the lower correlation zone, where the
other 3 compounds are placed.
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Fig. 4. OPLS biplot of honey samples in accordance with commercial requirements (pollen of Citrus sp. > 10% and MA-HPLC > 2 mg/kg) and volatile compounds
validated as relevant predictors. The code of each sample shows the pollen percentage of Citrus sp. and the MA-HPLC value.

Fig. 5 shows the contribution of each compound to this OPLS model
through VIP scores. Methyl anthranilate (volatile) and lilac aldehydes
(A, C, D and B) were highlighted by a VIP score > 1.00. Correlations
between these VIP markers and MA-HPLC were significant in all cases
(p-values < 0.05) with correlation coefficients between 0.43 and 0.46
for lilac aldehyde compounds and 0.84 for methyl anthranilate com-
pound (volatile). In contrast, compounds with VIP < 1.00 (trans linalool
oxide II, dill ether and ethyl linalool) did not significantly correlate with
MA-HPLC (p-values ~ 0.50). This model explained a cumulative 93.2%
of the total variance and consisted of one predictive component and two
orthogonal components with high-quality performance parameters
(R%Y = 0.748, Q2 = 0.566). The validation plot obtained after two
hundred permutations of this model showed that the Q? line had a
negative intercept on the y axis (QZ: —1.39) (Figure S3.b). In addition,
the values of the cumulative R? and Q? generated by random permuta-
tions on the left were lower than the original values on the right.
Therefore, overfitting could be discarded, and the model was reliable (Li
et al., 2022).

Along with the cross-validation procedure applied to the OPLS
model, the p-CV-ANOVA is user friendly and quick to estimate its

significance. In this case, the p-value of 0.074 can be considered
acceptable since the model was built using a reduced number of samples
and this test has low statistical power with small datasets as previously
reported by Eriksson, et al., (2008). Nevertheless, it can confirm the
reliable predictive ability of the OPLS model for MA-HPLC in further
citrus samples. As a result, a total of 5 of the 123 initially considered
volatile compounds, play a crucial role to guarantee the correct classi-
fication of a monofloral citrus honey. The presence of these five selected
compounds in this type of honey has been previously reported (Castro-
Vazquez et al., 2009; Escriche et al., 2011). Other authors also found
high proportions of lilac isomers in citrus honeys from Morocco, Greece,
Egypt and Spain, although these compounds could not help the
geographic discrimination of these honeys (Karabagias, et al., 2017).
This reaffirms the fact that these compounds have to do more with the
blossom citrus itself than with its botanical and geographical environ-
ment. More recently, Karabagias, et al. (2020) found Greek citrus honey
to contain an important presence of certain specific aldehydes, such as
the lilac aldehydes, and the ester methyl anthranilate. These findings are
in line with what other authors already claimed regarding methyl
anthranilate being an undisputed marker of citrus honey, as it is
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identified only in this monofloral honey (Juan-Borras et al., 2015).

Despite the proven importance of these compounds in the volatile
fraction of citrus honey, is the first time that their joint relevance as a
marker group for this monofloral honey has been proposed.

4. Conclusions

This paper has outlined the importance of the information provided
by the volatile fraction as an objective tool in the differentiation of types
of honey, particularly when they contain pollen of Citrus sp. This
outcome could be especially useful to correctly attribute the mono-
florality of citrus honey, since its underrepresented pollen makes its
cataloguing difficult using the conventional criteria for the rest of
monofloral honeys (based on the percentage of pollen). The predictive
model built for citrus honey samples, demonstrates the possibility of
using as a marker a set of 5 volatile compounds (4 lilac aldehydes and
the volatile methyl anthranilate) determined by means of the GC-MS as
the ultimate non-subjective analytical technique. The joint detection of
these compounds would provide broader information in contraposition
with a single compound (methyl anthranilate by HPLC). The strong
correlation among them confirms the suitability of this proposal,
without contradicting the current use of MA HPLC. These results high-
light the need to rethink the exclusive use of the methyl anthranilate as
commercial standard for the marketing of citrus honeys. The findings
obtained so far shed new light on the gap in scientific knowledge about
adequate and accurate markers for monofloral honeys. To guarantee the
generalization of the conclusions based on the goodness of fit and the
predictability of the model, it would be recommendable to incorporate
more samples of citrus honey collected in the coming years, as well as
different geographical areas. This will allow the reconsideration of the
here proposed chemical markers and even determine the feasibility of
including new ones.

CRediT authorship contribution statement
Isabel Escriche: Funding acquisition, Project administration,

Conceptualization, Supervision, Writing — review & editing. Andrea
Conchado: Formal analysis, Methodology, Writing — original draft. Ana

Food Research International 168 (2023) 112699

9 SdIA S

Sud g0

Lilac aldehyde B -
Dill ether -
Ethyl linalool -

@
bl
x
(=}
B
S
©
<
-

;
w
c
£

Fig. 5. Variable Importance Projection (VIP) of the validated volatile compounds obtained from the OPLS model for methyl anthranilate (HPLC) prediction.

Maria Peral: Investigation, Resources. Marisol Juan-Borras: Investi-
gation, Formal analysis.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

Data will be made available on request.

Acknowledgments

This work is part of Spanish project PID2019-106800RB-I100 (2019)
with financial support from the Ministerio de Ciencia e Innovacién
(MCIN), Agencia Estatal de Investigacion MCIN/AEI/10.13039/
501100011033/. It has been also part of the project AGROALNEXT/
2022/043, funded by the Next Generation European Union and the Plan
de Recuperacion, Transformacion y Resiliencia of the Spanish Government,
with the support of Generalitat Valenciana.

The authors would like to thank the CRUE-Universitat Politecnica de
Valencia for providing the funds for open access publication.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.foodres.2023.112699.

References

Bianchi, F., Careri, M., Mangia, A., & Musci, M. (2007). Retention indices in the analysis
of food aroma volatile compounds in temperature-programmed gas chromatography:
Database creation and evaluation of precision and robustness. Journal of Separation
Science, 30, 563-572. https://doi.org/10.1002/jssc.200600393

Biancolillo, A., Aloia, R., Rossi, L., & D’Archivio, A. A. (2022). Organosulfur volatile
profiles in Italian red garlic (Allium Sativum L.) varieties investigated by HS-SPME/


https://doi.org/10.1016/j.foodres.2023.112699
https://doi.org/10.1016/j.foodres.2023.112699
https://doi.org/10.1002/jssc.200600393

L Escriche et al.

GC-MS and chemometrics. Food Control, 131, Article 108477. https://doi.org/
10.1016/j.foodcont.2021.108477

B.O.E.. (2018). Boletin Oficial del Estado (Spain), Resolucién de 4 de junio de 2018, de la
Direccion General de la Industria Alimentaria, por la que se publica el Convenio con
el Instituto Universitario de Ingenieria de Alimentos para el Desarrollo de la
Universitad Politécnica de Valencia, para la caracterizacion de las principales mieles
monoflorales espanolas Accessed 5 November 2022 BOE-A-2018-8493. Ministerio de
Agricultura y Pesca, Alimentacion y Medio Ambiente., 150, 63347-63353 https://www.
bing.com/search?q=B.0.E.+%282018%29.+Convenio+con+el+Instituto-
Universitario+de+Ingenier%C3%ADa-de-+Alimentos+para+el+Desarrollo-+de-+la
+Universitad+Polit%C3%A9cnica+&qs=n&form=QBRE&sp=-1&pq=b.o.e.+-%
282018%29.+&sc=0-15&sk=&cvid=4A2C096ACB764B649955DA9E9060B827 #.

B.O.E. (2020). Boletin Oficial del Estado (Spain). Real Decreto 523/2020, de 19 de mayo,
por el que se modifica el Real Decreto 1049/2003, del 1 de agosto, por el que se
aprueba la Norma de calidad relativa a la miel. Ministerio de la Presidencia,
Relaciones con las Cortes y Memoria Democratica n° 173 de 22 de junio. 43006-
43008. https://www.boe.es/boe/dias/2020/06/22/pdfs/BOE-A-2020-6513.pdf.
Accessed 5 November 2022.

Brooks, C., Parr, L., Smith, J. M., Buchanan, D., Snioch, D., & Hebishy, E. (2021).

A review of food fraud and food authenticity across the food supply chain, with an
examination of the impact of the COVID-19 pandemic and Brexit on food industry.
Food Control, 130, Article 108171. https://doi.org/10.1016/j.foodcont.2021.108171

Castro-Vazquez, L., Diaz-Maroto, M. C., Gonzalez-Vinas, M. A., & Pérez-Coello, M. S.
(2009). Differentiation of monofloral citrus, rosemary, eucalyptus, lavender, thyme
and heather honeys based on volatile composition and sensory descriptive analysis.
Food Chemistry, 112(4), 1022-1030. https://doi.org/10.1016/j.
foodchem.2008.06.036

da Costa, A. C. V., Sousa, J. M. B., da Silva, M. A. A. P., dos Santos Garruti, D., &
Madruga, M. S. (2018). Sensory and volatile profiles of monofloral honeys produced
by native stingless bees of the Brazilian semiarid region. Food Research International,
105, 110-120. https://doi.org/10.1016/j.foodres.2017.10.043

Deiana, V., Tuberoso, C., Satta, A., Pinna, C., Camarda, L., Spano, N., ... Floris, I. (2022).
Relationship between markers of botanical origin in nectar and honey of the
strawberry tree (Arbutus unedo) throughout flowering periods in different years and
in different geographical areas. Journal of Apicultural Research, 54(4), 342-349.
https://doi.org/10.1080,/00218839.2016.1164540

Carretero, J. L. (1989). Andlisis polinico de la miel (1st ed.). Madrid, Espana: Multi-Prensa.

Chong, I. G., & Jun, C. H. (2005). Performance of some variable selection methods when
multicollinearity is present. Chemometrics and intelligent laboratory systems, 78(1-2),
103-112. https://doi.org/10.1016/j.chemolab.2004.12.011

D.0.G.V. (Valencian Region Regulation) No. 4167 (2002). Reglamento de la Marca de
Calidad CV para miel de azahar y romero, in: Diario Oficial de la Generalitat
Valenciana. Area de publicaciones de la Presidencia de la Generalitat Publishing.

Erickson, E. H. (1975). Variability of floral characteristics influences honey bee visitation
to soybean blossoms 1. Crop Science, 15(6), 767-771. https://doi.org/10.2135/
cropscil975.0011183X001500060008x

Eriksson, L., Trygg, J., & Wold, S. (2008). CV-ANOVA for significance testing of PLS and
OPLS® models. Journal of Chemometrics: A Journal of the Chemometrics Society, 22
(11-12), 594-600. https://doi.org/10.1002/cem.1187

European Union Commission. (2021). Annual Report: The EU Agri-Food Fraud Network and
the Administrative Assistance and Cooperation System (pp. 1-21). Brussels, Belgium:
European Union Commission Accessed 5 November 2022.

Escriche, 1., Kadar, M., Juan-Borras, M., & Domenech, E. (2011). Using flavonoids,
phenolic compounds and headspace volatile profile for botanical authentication of
lemon and orange honeys. Food Research International, 44(5), 1504-1513. https://
doi.org/10.1016/j.foodres.2011.03.049

Escriche, 1., Sobrino-Gregorio, L., Conchado, A., & Juan-Borrds, M. (2017). Volatile
profile in the accurate labelling of monofloral honey. The case of lavender and thyme
honey. Food Chemistry, 226, 61-68. https://doi.org/10.1016/j.
foodchem.2017.01.051

Escriche, 1., Juan-Borras, M., Visquert, M., Asensio-Grau, A., & Valiente, J. M. (2021).
Volatile profile of Spanish raw citrus honey: The best strategy for its correct labeling.
Journal of Food Processing and Preservation, 46(6), €16200.

Escriche, 1., Juan-Borras, M., Visquert, M., & Valiente, J. M. (2023). An overview of the
challenges when analysing pollen for monofloral honey classification. Food Control,
143, Article 109305. https://doi.org/10.1016/j.foodcont.2022.109305

Farrés, M., Platikanov, S., Tsakovski, S., & Tauler, R. (2015). Comparison of the variable
importance in projection (VIP) and of the selectivity ratio (SR) methods for variable
selection and interpretation. Journal of Chemometrics, 29(10), 528-536. https://doi.
org/10.1002/cem.2736

Giannetti, V., Mariani, M. B., Mannino, P., & Marini, F. (2017). Volatile fraction analysis
by HS-SPME/GC-MS and chemometric modeling for traceability of apples cultivated
in the Northeast Italy. Food Control, 78, 215-221. https://doi.org/10.1016/].
foodcont.2017.02.036

Food Research International 168 (2023) 112699

Goodner, K. L. (2008). Practical retention index models of OV-101, DB-1, DB-5, and DB-
Wax for flavor and fragrance compounds. LWT-Food Science and Technology, 41(6),
951-958. https://doi.org/10.1016/j.1wt.2007.07.007

ISO, IEC 17025:2017. (2017). General requirements for the competence of testing and
calibration laboratories. Geneva: International Organization for Standardization/
International Electrotechnical Committee.

Jahani, R., van Ruth, S., Yazdanpanah, H., Faizi, M., AliAbadi, M. H. S., Mahboubi, A., &
Kobarfard, F. (2022). Isotopic signatures and patterns of volatile compounds for
discrimination of genuine lemon, genuine lime and adulterated lime juices. Food
Control, 136, Article 108837. https://doi.org/10.1016/j.foodcont.2022.108837

Juan-Borras, M., Periche, A., Domenech, E., & Escriche, 1. (2015). Correlation between
methyl anthranilate level and percentage of pollen in Spanish citrus honey.
International Journal of Food Science & Technology, 50(7), 1690-1696. https://doi.
org/10.1111/ijfs.12827

Karabagias, I. K., Louppis, A. P., Karabournioti, S., Kontakos, S., Papastephanou, C., &
Kontominas, M. G. (2017). Characterization and geographical discrimination of
commercial Citrus spp. honeys produced in different Mediterranean countries based
on minerals, volatile compounds and physicochemical parameters, using
chemometrics. Food Chemistry, 217, 445-455. https://doi.org/10.1016/j.
foodchem.2016.08.124

Karabagias, I. K., Badeka, A., & Kontominas, M. G. (2020). A decisive strategy for
monofloral honey authentication using analysis of volatile compounds and pattern
recognition techniques. Microchemical Journal, 152, Article 104263. https://doi.org/
10.1016/j.microc.2019.104263

Li, Z., Wy, C., Xu, B., Wang, H., Song, P., Liu, Z., & Chao, Z. (2022). Gender
Discrimination of Flower Buds of Mature Populus tomentosa by HPLC Fingerprint
Combined with Chemometrics. International Journal of Analytical Chemistry., 2022.
https://doi.org/10.1155/2022/1281521

Liang, Y., Cao, W., Chen, W. J., Xiao, X. H., & Zheng, J. B. (2009). Simultaneous
determination of four phenolic components in citrus honey by high performance
liquid chromatography using electrochemical detection. Food Chemistry, 114(4),
1537-1541. https://doi.org/10.1016/j.foodchem.2008.11.024

Lindgren, F., Hansen, B., Karcher, W., Sjostrom, M., & Eriksson, L. (1996). Model
validation by permutation tests: Applications to variable selection. Journal of
Chemometrics, 10(5-6), 521-532.https://doi.org/10.1002/(SICI)1099-128X
(199609)10: 5 /6<521::AID-CEM448>3.0.CO;2-J.

Machado, A. M., Tomas, A., Russo-Almeida, P., Duarte, A., Antunes, M., Vilas-Boas, M.,
... Figueiredo, A. C. (2022). Quality assessment of Portuguese monofloral honeys.
Physicochemical parameters as tools in botanical source differentiation. Food
Research International, 157, Article 111362. https://doi.org/10.1016/j.
foodres.2022.111362

Papotti, G., Bertelli, D., Lolli, M., Sabatini, A. G., & Plessi, M. (2009). Methyl anthranilate
content in italian citrus honeys determined by HS-SPME-GC. International Journal of
Food Science and Technology, 44, 1933-1938. https://doi.org/10.1111/j.1365-
2621.2009.02001.x

Persano-Oddo, L., & Piro, R. (2004). Main European unifloral honeys: Descriptive sheets.
Apidologie, 35, 38-81. https://doi.org/10.1051/apido:2004049

Rivera-Pérez, A., Romero-Gonzalez, R., & Frenich, A. G. (2022). Fingerprinting based on
gas chromatography-Orbitrap high-resolution mass spectrometry and chemometrics
to reveal geographical origin, processing, and volatile markers for thyme
authentication. Food Chemistry, 393, Article 133377. https://doi.org/10.1016/j.
foodchem.2022.133377

Saenz-Lain, GOmez-Ferreras, 2000. Mieles espanolas: caracteristicas e identificacion
mediante el analisis del polen. Ed. Mundi-Prensa, Madrid. ISBN: 9788471148773.

Seraglio, S. K. T., Schulz, M., Brugnerotto, P., Silva, B., Gonzaga, L. V., Fett, R., &
Costa, A. C. O. (2021). Quality, composition and health-protective properties of
citrus honey: A review. Food Research International, 143, Article 110268. https://doi.
org/10.1016/j.foodres.2021.110268

Shimoda, M., Wu, Y., & Osajima, Y. (1996). Aroma Compounds from Aqueous Solution of
Haze (Rhus succedanea) Honey Determined by Adsorptive Column Chromatography.
Journal of Agricultural and Food Chemistry., 44, 3913-3918. https://doi.org/10.1021/
jf9601168

Triba, M. N., Le Moyec, L., Amathieu, R., Goossens, C., Bouchemal, N., Nahon, P.,
Rutledge, N., & Savarin, P. (2015). PLS/OPLS models in metabolomics: The impact
of permutation of dataset rows on the K-fold cross-validation quality parameters.
Molecular BioSystems, 11(1), 13-19. https://doi.org/10.1039/C4MB00414K

Verzera, A., Tripodi, G., Condurso, C., Dima, G., & Marra, A. (2014). Chiral volatile
compounds for the determination of orange honey authenticity. Food Control, 39,
237-243. https://doi.org/10.1016/j.foodcont.2013.11.012

Von Der Ohe, W., Oddo, L. P., Piana, M. L., Morlot, M., & Martin, P. (2004). Harmonized
methods of melissopalynology. Apidologie, 35(Suppl. 1), 18-25. https://doi.org/
10.1051/apido:2004050

Zhao, L., Ren, C., Xue, X., Lu, H., Wang, K., & Wu, L. (2022). Safflomin A: A novel
chemical marker for Carthamus tinctorius L. (Safflower) monofloral honey. Food
Chemistry, 366, Article 130584, https://doi.org/10.1016/j.foodchem.2021.130584

10


https://doi.org/10.1016/j.foodcont.2021.108477
https://doi.org/10.1016/j.foodcont.2021.108477
https://www.bing.com/search?q=B.O.E.%2b%25282018%2529.%2bConvenio%2bcon%2bel%2bInstituto%2bUniversitario%2bde%2bIngenier%25C3%25ADa%2bde%2bAlimentos%2bpara%2bel%2bDesarrollo%2bde%2bla%2bUniversitad%2bPolit%25C3%25A9cnica%2b%26qs=n%26form=QBRE%26sp=-1%26pq=b.o.e.%2b%25282018%2529.%2b%26sc=0-15%26sk=%26cvid=4A2C096ACB764B649955DA9E9060B827%23
https://www.bing.com/search?q=B.O.E.%2b%25282018%2529.%2bConvenio%2bcon%2bel%2bInstituto%2bUniversitario%2bde%2bIngenier%25C3%25ADa%2bde%2bAlimentos%2bpara%2bel%2bDesarrollo%2bde%2bla%2bUniversitad%2bPolit%25C3%25A9cnica%2b%26qs=n%26form=QBRE%26sp=-1%26pq=b.o.e.%2b%25282018%2529.%2b%26sc=0-15%26sk=%26cvid=4A2C096ACB764B649955DA9E9060B827%23
https://www.bing.com/search?q=B.O.E.%2b%25282018%2529.%2bConvenio%2bcon%2bel%2bInstituto%2bUniversitario%2bde%2bIngenier%25C3%25ADa%2bde%2bAlimentos%2bpara%2bel%2bDesarrollo%2bde%2bla%2bUniversitad%2bPolit%25C3%25A9cnica%2b%26qs=n%26form=QBRE%26sp=-1%26pq=b.o.e.%2b%25282018%2529.%2b%26sc=0-15%26sk=%26cvid=4A2C096ACB764B649955DA9E9060B827%23
https://www.bing.com/search?q=B.O.E.%2b%25282018%2529.%2bConvenio%2bcon%2bel%2bInstituto%2bUniversitario%2bde%2bIngenier%25C3%25ADa%2bde%2bAlimentos%2bpara%2bel%2bDesarrollo%2bde%2bla%2bUniversitad%2bPolit%25C3%25A9cnica%2b%26qs=n%26form=QBRE%26sp=-1%26pq=b.o.e.%2b%25282018%2529.%2b%26sc=0-15%26sk=%26cvid=4A2C096ACB764B649955DA9E9060B827%23
https://www.bing.com/search?q=B.O.E.%2b%25282018%2529.%2bConvenio%2bcon%2bel%2bInstituto%2bUniversitario%2bde%2bIngenier%25C3%25ADa%2bde%2bAlimentos%2bpara%2bel%2bDesarrollo%2bde%2bla%2bUniversitad%2bPolit%25C3%25A9cnica%2b%26qs=n%26form=QBRE%26sp=-1%26pq=b.o.e.%2b%25282018%2529.%2b%26sc=0-15%26sk=%26cvid=4A2C096ACB764B649955DA9E9060B827%23
https://www.boe.es/boe/dias/2020/06/22/pdfs/BOE-A-2020-6513.pdf
https://doi.org/10.1016/j.foodcont.2021.108171
https://doi.org/10.1016/j.foodchem.2008.06.036
https://doi.org/10.1016/j.foodchem.2008.06.036
https://doi.org/10.1016/j.foodres.2017.10.043
https://doi.org/10.1080/00218839.2016.1164540
http://refhub.elsevier.com/S0963-9969(23)00244-2/h0045
https://doi.org/10.1016/j.chemolab.2004.12.011
https://doi.org/10.2135/cropsci1975.0011183X001500060008x
https://doi.org/10.2135/cropsci1975.0011183X001500060008x
https://doi.org/10.1002/cem.1187
http://refhub.elsevier.com/S0963-9969(23)00244-2/h0070
http://refhub.elsevier.com/S0963-9969(23)00244-2/h0070
http://refhub.elsevier.com/S0963-9969(23)00244-2/h0070
https://doi.org/10.1016/j.foodres.2011.03.049
https://doi.org/10.1016/j.foodres.2011.03.049
https://doi.org/10.1016/j.foodchem.2017.01.051
https://doi.org/10.1016/j.foodchem.2017.01.051
http://refhub.elsevier.com/S0963-9969(23)00244-2/h0085
http://refhub.elsevier.com/S0963-9969(23)00244-2/h0085
http://refhub.elsevier.com/S0963-9969(23)00244-2/h0085
https://doi.org/10.1016/j.foodcont.2022.109305
https://doi.org/10.1002/cem.2736
https://doi.org/10.1002/cem.2736
https://doi.org/10.1016/j.foodcont.2017.02.036
https://doi.org/10.1016/j.foodcont.2017.02.036
https://doi.org/10.1016/j.lwt.2007.07.007
http://refhub.elsevier.com/S0963-9969(23)00244-2/h0110
http://refhub.elsevier.com/S0963-9969(23)00244-2/h0110
http://refhub.elsevier.com/S0963-9969(23)00244-2/h0110
https://doi.org/10.1016/j.foodcont.2022.108837
https://doi.org/10.1111/ijfs.12827
https://doi.org/10.1111/ijfs.12827
https://doi.org/10.1016/j.foodchem.2016.08.124
https://doi.org/10.1016/j.foodchem.2016.08.124
https://doi.org/10.1016/j.microc.2019.104263
https://doi.org/10.1016/j.microc.2019.104263
https://doi.org/10.1155/2022/1281521
https://doi.org/10.1016/j.foodchem.2008.11.024
http://refhub.elsevier.com/S0963-9969(23)00244-2/h0145
http://refhub.elsevier.com/S0963-9969(23)00244-2/h0145
http://refhub.elsevier.com/S0963-9969(23)00244-2/h0145
http://refhub.elsevier.com/S0963-9969(23)00244-2/h0145
https://doi.org/10.1016/j.foodres.2022.111362
https://doi.org/10.1016/j.foodres.2022.111362
https://doi.org/10.1111/j.1365-2621.2009.02001.x
https://doi.org/10.1111/j.1365-2621.2009.02001.x
https://doi.org/10.1051/apido:2004049
https://doi.org/10.1016/j.foodchem.2022.133377
https://doi.org/10.1016/j.foodchem.2022.133377
https://doi.org/10.1016/j.foodres.2021.110268
https://doi.org/10.1016/j.foodres.2021.110268
https://doi.org/10.1021/jf9601168
https://doi.org/10.1021/jf9601168
https://doi.org/10.1039/C4MB00414K
https://doi.org/10.1016/j.foodcont.2013.11.012
https://doi.org/10.1051/apido:2004050
https://doi.org/10.1051/apido:2004050
https://doi.org/10.1016/j.foodchem.2021.130584

	Volatile markers as a reliable alternative for the correct classification of citrus monofloral honey
	1 Introduction
	2 Material and methods
	2.1 Honey samples
	2.2 Melissopalynological analysis
	2.3 Methyl anthranilate analysis
	2.4 Volatile compounds analysis
	2.5 Statistical analysis

	3 Results and discussion
	3.1 Clustering of honey samples by unsupervised analysis
	3.2 Markers for identification of citrus samples
	3.3 Markers validation of citrus samples

	4 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgments
	Appendix A Supplementary data
	References


