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Abstract: Background: This work aimed to perform a comprehensive investigation of organic
Moroccan honeys obtained from plants of euphorbia, arbutus, and carob, based on the determination
of physico-chemical profiles and volatile fingerprints. Methods: The selected analytical approach
involved different techniques, including physico-chemical procedures for determination of humidity,
acidity, diastase activity; solid-phase microextraction (SPME) coupled to GC-MS for aromatic fraction
exploration; and ICP-MS for multi-element analysis. Results: The results obtained from the physico-
chemical analyses were highly comparable to those of other commercial honeys. In 50% of samples
investigated, the diastase number was just above the legal limit fixed by Honey Quality Standards.
The analysis of the volatile fraction highlighted the presence of numerous compounds from the
terpenoid group along with characteristic molecules such as furfural, isophorone, and derivatives. In
most cases, VOCs were distinct markers of origin; in others, it was not possible to assess an exclusive
source for bees to produce honey. Conclusion: The results contributed to place the three varieties
of honey investigated among the commercial products available in the market. Many variables
determined returned positive indications about quality and safety of these special honeys.
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1. Introduction

According to the Codex Alimentarius, “honey is the natural sweet substance produced
by honey bees from the nectar of plants or from secretions of living parts of plants or
excretions of plant sucking insects on the living parts of plants” [1]. Honey is regarded as
a natural sweetener, being composed of about 95% sugars and several other components,
including proteins (mostly enzymes), minerals, phenolics, and organic acids. However,
honey composition greatly depends on a varied list of factors, such as floral source, original
raw material (nectar, honeydew, secretion), site of production, season, etc. Beyond its use
as a food, honey has a long tradition in ethnomedicine and pharmacognosy [2]. Numerous
are the ailments treated with honey or mixtures containing honey: wounds and ulcers,
cardiovascular disease, microbial infections, and inflammation [2]. Ultimately, honey has
also been demonstrated to inhibit in vitro proliferation of cancer cells [3]. Most part of its
health-promoting effects have been attributed to the polyphenolic content and therefore
to a significant antioxidant power [4]. Statistics show that the annual production volume
of natural honey worldwide amounted to 1.77 million tons in 2020, with China as the
leading producer [5]. From an overview of the works on honey published in the last ten
years, it appears that the main focuses of research have been (i) composition; (ii) bioactivity
(antioxidant and antimicrobial); (iii) definition of markers of origin and authenticity (i.e.,
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phenolics, minerals, floral volatiles, sugars); (iv) determination of quality parameters (i.e.,
hydroxymethylfurfural, namely HMF, and diastase activity) [6–8]. The predominant tech-
niques used for honey investigation include gas and liquid chromatography, spectroscopy,
solid-phase microextraction (SPME), and physico-chemical procedures, all with the support
of statistical analysis [9,10]. Generally, gas chromatographic analyses have been coupled to
SPME as a sampling technique. The latter is a solventless sample preparation methodology
that has been widely applied in the last years for the determination of volatiles released
by a honey matrix [11–14]. Advantages of the technique include friendliness, rapidity, eco-
sustainability, very low sample handling, analytical sensitivity and selectivity. On the other
hand, SPME-GC-MS requires specific expertise both in the use of instrumental apparatus
and in the interpretation of data. With respect to HPLC, it has been demonstrated to be
a valid tool for the elucidation of phenolic fractions in honey [15,16]. For instance, mono-
and multidimensional LC techniques have been shown to be powerful tools for the study
of the phenolic profile of Serbian propolis [17], whereas another study investigated the
stability of polyphenols in honey by means of LC-MS/MS [18]. Another tool for the analysis
of polyphenols and other bioactives in honey is Fourier-Transform Infrared Spectroscopy
(FTIR), a versatile, fast, and non-invasive technique that provides structural elucidation
of honey constituents [19–21]. Nonetheless, the exploitation of advanced technologies for
the chemical exploration of honey has been constantly supported by chemometrics, such
as principal component analysis, cluster analysis, and linear and partial least squares dis-
criminant analysis [22–25]. Investigations have been conducted toward the clarification of
the chemical and biological properties of peculiar unifloral honeys, such as manuka, citrus,
and eucalyptus, as well as honey from stingless bees [26–29]. The aim of the present work
was to carry out a comprehensive investigation on some honeys from the Moroccan market
obtained from plants of Euphorbia, strawberry tree, and carob. Besides the conventional
physico-chemical parameters (i.e., acidity, humidity, refractive index, diastase), the volatile
fingerprints were explored by means of SPME-GC-MS.

2. Materials and Methods
2.1. Samples

Six honey samples were investigated and are described in Table 1. Honeys were
produced and sold by local cooperatives in Morocco, with the exception of one sample (#5)
produced in France. All samples were declared “organic” by the producer and were kept at
room temperature (20 ◦C) in a cool and dry place until analysis.

Table 1. Description of the investigated honey samples.

Sample ID Cooperative/Brand Botanical
Source Place of Production Year of

Production

#1 Rimota Euphorbiaceae Tiznit (Souss,
South Morocco) 2021

#2 Al baraka Euphorbiaceae Guelmin
(South Morocco) 2021

#3 Rimota Ceratonia siliqua
L. (carob tree)

Sidi Ifni
(South Morocco) 2021

#4 Al baraka Ceratonia siliqua
L. (carob tree) Khenifra (Morocco) 2021

#5 Miel factory Arbutus unedo L.
(strawberry tree)

La Balagne
(Corse, France) Not reported

#6 Bellota Arbutus unedo L.
(strawberry tree) Ouazzane (Morocco) Not reported
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2.2. Physico-Chemical Parameters

Each analysis was carried out in triplicate.
Refractive index, water content (humidity), and Total Soluble Solids (TSS) were de-

termined by means of an Abbe refractometer, measuring the refractive index at 20 ◦C.
Values of humidity were extrapolated from Wedmore’s formula [30]. Honey samples were
homogenized by stirring thoroughly (3 min); in the case of crystallized honey, this was
heated in a thermostatic bath at 40 ◦C. TSS is measured in Brix degrees (by switching the
reader of the refractometer), and it basically indicates the quantity of sugars present in
honey. The procedure for its determination was in accordance with international harmo-
nized methods [31].

The electrical conductivity was measured on a 20% (DW) honey solution at 20 ◦C
in accordance with a previously described methodology by means of a pH/conductivity
meter (Eutech PC700, Thermo Fisher Scientific Inc., Waltham, MA, USA) [32]. Honey
samples were prepared as reported above for humidity. Successively, 20 g (DW) of honey
was weighed and diluted with water until reaching a 100 mL volume. An immersion
conductivity cell was immersed in this solution, and the reading was registered. The
same equipment was used for pH determination. The pHmeter (resolution 0.01 units)
was immersed in a 133 ppm (mg/L) honey solution (reference buffer solutions at pH 4
and pH 9). Free, combined, and total acidity values were measured by the titrimetric
method [33]. Free acidity (FA) was obtained by titrating honey (130 ppm solution) with
0.05 N sodium hydroxide solution to pH 8.5. Combined acidity (CA) was measured by
adding to the honey solution 10 mL NaOH solution and backtitrating with 0.05 N hydrogen
chloride to pH 8.3. Total acidity (TA) is regarded as the sum of free and combined acidities.

The diastatic activity was photometrically quantified using the Phadebas® Honey
Diastase Test (Phadebas, Lund, Sweden) [34]. The method is based on the use of an insoluble
substrate made of starch bearing a blue dye. The substrate is hydrolyzed by α-amylase,
yielding blue particles that promptly solubilize in water. The blue dye is determined
spectrophotometrically by setting the absorbance at a 620 nm wavelength. The value of
absorbance is proportional to the diastatic activity, which is expressed as diastase number
(DN). One DN corresponds to the amount of enzyme that converts 0.01 g of starch to the
prescribed endpoint in one hour at 40 ◦C. For the expression of the results, the following
equation was used:

DN = 28.2·∆A620 + 2.64 (1)

where ∆A620 is the difference between sample absorbance and blank absorbance. If (1) gave
values < 8, then the following equation was used:

DN = 35.2·∆A620 − 0.46 (2)

2.3. Multi-Element Analysis

With the exception of mercury (Hg), all the elements were determined by means
of a Thermo Scientific iCAP-Q ICP-MS system, equipped with an autosampler ASX520
(Cetac Technologies Inc., Omaha, NE, USA). Analyses were run in triplicate. Samples were
preliminarily digested in a closed-vessel microwave digestion system (Ethos 1, Milestone,
Italy). Stock standard solutions of all the target analytes were purchased from Fluka (Milan,
Italy) and Thermo Scientific and used as internal standards for calibration (validation data
available in Table S1).

2.3.1. Sample Preparation

An aliquot of 500 mg honey was accurately weighed into acid-washed vessels, added
with 1 mL of 0.5 ppm Rhenium solution, and digested with 7 mL of 69% v/v HNO3 and
1 mL H2O2. The instrumental settings were 10 min at 1000 W up to 200 ◦C, and then held
at 20 min. Afterwards, the extracts were filtered through 0.45 µm filters.
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2.3.2. ICP-MS Conditions

The RF power was set at 1550 W; plasma gas flow rate was 14 L min−1; auxiliary gas
flow rate was 0.8 L min−1; carrier gas flow rate was 1.1 L min−1; helium collision gas flow
rate was 4.7 mL min−1; spray chamber temperature was 2.7 ◦C; sample depth was 5 mm;
sample introduction flow rate was 0.93 mL min−1; nebulizer pump was 0.1 rps; extract lens
was set at 1 voltage, 1.5 V.

Monitored isotopes were 7Li, 9Be, 11B, 23Na, 24Mg, 27Al, 39K, 48Ti, 51V, 52Cr, 55Mn, 56Fe,
59Co, 60Ni, 63Cu, 66Zn, 75As, 80Se, 88Sr, 98Mo, 107Ag, 114Cd, 121Sb, 138Ba, 205Tl, and 208Pb.

Integration times were 0.5 s/point for As, V, Se, and Fe; 0.01 s/point for Na, Mg, and
K, and 0.1 s/point for other elements. All samples were analyzed in batches, with blank
samples and known standards.

2.3.3. Analysis of Mercury

For the determination of Hg, a direct analyzer DMA-80 (Milestone s.r.l., Bergamo, Italy)
was used according to the US EPA 7473 method [35]. About 0.1 g of each honey sample
was put in a specific cuvette and submitted to a temperature increase from 60 ◦C to 650 ◦C
in about 5–6 min, allowing for sample thermal decomposition, in oxygen or air atmosphere.
Hg and other present species were then released and transported by a gas flow. The Hg was
selectively trapped on a gold-containing amalgamator, whereas the decomposition fumes
were fluxed away to avoid signal distresses. By heating the amalgamator, Hg was released
and transferred to the lecture cell for its determination via atomic absorption spectroscopy
at a 253.7 nm wavelength. Hg was finally calibrated by means of an equation built with Hg
1000 mg/L certified standard (CZECH Metrology Institute Analytika).

2.4. Volatile Fingerprint
2.4.1. SPME-GC Parameters

The flavor fingerprint of honey samples was determined by headspace solid-phase microex-
traction (HS-SPME) followed by gas chromatography (GC) coupled to FID and MS detection
systems. The SPME fiber consisted of a Divinylbenzene/Carbon WR/Polydimethylsiloxane
80 µm coating (Agilent Technologies, Santa Clara, CA, USA). Following method optimiza-
tion, 1.0 g of honey was put into a 10 mL headspace crimped vial, added with 3 mL water,
and stirred. After an equilibration period for 10 min at 50 ◦C, the fiber was exposed to
sample headspace for 20 min at 50 ◦C; during fiber exposure samples were stirred at a speed
of 300 rpm. Then, the fiber was thermally desorbed into the GC injection port and set
at a temperature of 250 ◦C for 5 min. GC-FID analyses were performed on a GC-2010
(Shimadzu, Milan, Italy) equipped with a Zebron-5 ms capillary column, 30 m × 0.25 mm
ID × 0.25 µm df (Phenomenex, Torrance, CA, USA). The oven program temperature was
from 50 ◦C (1 min) to 250 ◦C (held 1 min) at 4 ◦C·min−1, to 300 ◦C (held 10 min) at
10 ◦C·min−1. The injection port was equipped with a narrow inlet liner (0.75 mm ID,
Agilent Technologies). Sample injection took place in splitless mode, with a 5 min sampling
time, and then using split ratio 20:1. Carrier gas (He, 210.0 KPa, pressure control mode) was
used at a linear velocity of 30 cm·s−1. An FID detector (300 ◦C) was used, and gas flows
were 40 mL·min−1 for hydrogen and 400 mL·min−1 for air. Data handling was performed
by means of GCsolution 2.32 software.

2.4.2. Mass Spectrometry

For mass spectrometric analysis, a GCMS-TQ8030 (Shimadzu, Kyoto, Japan) was used.
The instrument was equipped with the same Zebron-5 ms capillary column and operated
at the same experimental conditions as reported above. The MS set-up was as follows:
ion source, 200 ◦C; interface temperature, 250 ◦C; electron multiplier voltage, 1.0 kV; mass
range, 40–400 amu. For qualitative analysis, mass spectral databases were: FFNSC2 (Wiley),
Adams 4th edition (Allured), and NIST11, each provided with Retention Index parameters,
as an aid to identification. Experimental Retention Indices were measured by injecting an
HS-SPME extract from a laboratory-made solution of n-paraffins ranging from n-hexane
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to n-hexadecane (concentration range: 5.0–50.0 ppm). Specifically, to avoid the SPME
fiber oversaturation caused by lower boiling point paraffins, the solution was prepared by
adding to a 25 mL volumetric flask, 0.125 mg/each of C6, C7, C8, and C9; 0.25 mg/each of
C10, C11, and C12; 12.5 mg/each of C13, C14, and C15; and finally adding C16 as the main
solvent until reaching volume.

3. Results and Discussion
3.1. Physico-Chemical Parameters
3.1.1. Humidity

Relative humidity (or moisture) is an extremely important parameter to be assessed
in honey analysis. It provides information on pedoclimatic conditions, soil characteris-
tics, beekeepers’ manipulation, and post-harvest processing [36]. As can be seen from
Figure 1, humidity ranged from 16.57% (sample #5, arbutus) to 19.93% (sample #4, carob),
in compliance with the literature [37] and with Codex Alimentarius (humidity should
be ≤20%) [1].
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Figure 1. Brix degrees, refractive index, humidity percentage, and conductivity measured in the three
types of honey. Values are means of triplicate determinations.

3.1.2. Total Soluble Solids (TSS)

Moisture is reversely correlated to TSS, which is the expression of the content of
sugars (predominantly) and minerals. Figure 1 shows that TSS values (◦Brix) were in
the range 78.53–81.67, with the minimum found in carob (sample #4) and the maximum
in strawberry tree (sample #5). These values are in accordance with the literature for
commercial honeys [38]. Generally, for values > 80 ◦Brix and <20% water, a honey is
considered of high quality and displays a better stability during storage. According to this,
the lowest quality sample in our set was carob honey (#4).
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3.1.3. Refractive Index (RI)

The analysis carried out with the refractometer gave the same value for the whole
set of samples, with only a slight fluctuation for sample #5 (1.49◦/1.5◦). These data are in
agreement with those reported for authentic honeys [39].

3.1.4. Acidity and pH

Free acidity (FA) in honey is given by the presence of organic acids, such as tartaric,
oxalic, and acetic. These acids are in a variable state of equilibrium between their free and
combined form, with the latter represented by lactones. For this reason, another parameter,
total acidity (TA), which takes into account both FA and combined acidity (CA), is generally
measured, in order to neutralize FA and LA fluctuations. Table 2 reports the FA, CA, and
TA values for honey samples. Euphorbia reported values much lower compared to other
honeys of the same species produced in Morocco, namely 24 meq·kg−1 vs. 50 meq·kg−1 [37].
High accordance was found between the actual data and those reported in the literature for
carob samples [40]. No previous data on acidity could be found for arbutus samples. The
pH values are reported in Table 2. Although not yet regulated, this parameter expresses
the ability of honey to fight microbial contamination. In fact, microorganisms generally
need a neutral environment, while in honey the pH ranges between 3 and 5. As shown
in Table 2, the pH range in our samples was 4.37–4.81; this finding is comparable to that
published for Moroccan honeys [37].

Table 2. Data obtained from the determination of acidity in the six honey samples.

Honey Samples Free Acidity
(meq·kg−1)

Combined
Acidity

(meq·kg−1)

Total Acidity
(meq·kg−1) pH

Euphorbia (sample #1) 11.99 ± 2.63 12.15 ± 1.99 24.14 ± 1.91 4.47 ± 0.09

Euphorbia (sample #2) 13.65 ± 1.26 11.15 ± 1.44 24.32 ± 1.87 4.45 ± 0.27

Carob (sample #3) 29.15 ± 1.05 4.49 ± 2.64 33.65 ± 1.96 4.50 ± 0.11

Carob (sample #4) 13.65 ± 0.56 7.49 ± 0.33 21.15 ± 2.64 4.78 ± 0.08

Arbutus (sample #5) 18.81 ± 1.25 5.16 ± 2.92 23.98 ± 1.92 4.81 ± 0.21

Arbutus (sample #6) 10.33 ± 1.042 9.66 ± 2.19 20.01 ± 2.27 4.37 ± 0.16

3.1.5. Diastase

The diastase activity was evaluated for each honey sample investigated. In Figure 2,
the results of experimental determinations are expressed as diastase number (DN), which
is defined as the amount of enzyme that converts 0.01 g of starch to the prescribed end-
point in one hour at 40 ◦C under the conditions of the test [41]. The honey samples
analyzed showed DN values between 3.86 (Euphorbia #2) and 10.58 (Carob #3). Owing
to its heat sensitivity, diastase (α and β amylase) may be considered as a valid indicator
of honey quality; moreover, this enzyme enriches the nutraceutical function of honey [42].
Diastase is capable of breaking down glycosidic linkages in oligo and polysaccharides, i.e.,
starch into simple sugars. Diastase content is particularly influenced by storage conditions
(including high temperature) and the decrystallization process. In fact, heating represents
one of the crucial steps during commercial processing, because it prevents the undesirable
crystallization, reduces moisture content, and eliminates the microorganisms responsible
for fermentation and spoilage [43]. A low level of diastase is an indication of inappropriate
heat treatment and fraudulent practices related to the use of industrial sugars, as in the
case where honey bees are fed with glucose [44]. In 50% of honey samples investigated the
DN values were above and below (sample #1) 8, which corresponds to the legal limit of
DN fixed by Honey Quality and International Regulation Standards [45]. Values below this
threshold, such as those found in both Euphorbia samples and Carob #4, may be related to
human manipulation. A novel and interesting approach consists of the correlation between
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diastase activity and honey geobotanical origin [46]. Looking at the literature, the DN
values measured in twelve carob honeys coming from Sicily were, on average, equal to
19.93 ± 2.81; this is significantly higher than the DN levels of this study [40]. Comparable
values (on average 10.53 ± 0.81) were previously detected in several carob honeys coming
from Morocco [47]. This comparison supports the hypothesis that diastase levels might be
correlated to the geographical origin of honey. However, in the present work, DN values
for Euphorbia samples lower than those reported for other Moroccan Euphorbia honeys
(on average 12.67 ± 0.76 and 37.40 ± 1.51, respectively) were found [47,48].
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Figure 2. Evaluation of diastase activity in honey samples.

3.2. Multi-Element Analysis
3.2.1. Macroelements

The mineral profile is significantly useful for the evaluation of the nutritional value
of honey. Moreover it can be considered as a potential indicator of geographical origin
as well as an important biomarker for environmental pollution with heavy metals [49,50].
The soil composition, the botanical origin, along with anthropogenic factors (beekeeping
practices), environmental pollution, and honey processing, exert a significant influence on
the mineral profiles of honey. In fact, the elements are translocated to plants and flowers
through the root system, pass to the nectar, and then to the honey obtained from it [51]. In
this work, the concentration of 21 elements was determined. The mean levels of macro (Na,
Mg, Ca, and K) and micro (Al, Mn, Zn, B, and Fe) elements are represented in Figure 3a,b,
respectively. The mean content of the remaining micro elements (Li, Ba, Ni, Se, Sb, Sr, Cr,
Cu, Hg, As, Cd, and Pb) are reported in Table 3. The dominant element found in all honey
samples was potassium. Both carob samples showed the highest levels of K, Na, Ca, and
Mg, while both arbutus samples showed the lowest concentrations of the same elements.
The macroelements determined in this work were also the most abundant as found in
various unifloral honeys from Spain and Italy [52,53].

Comparable mean values of Ca (126.11 mg·kg−1), K (1882.22 mg·kg−1), and Mg
(53.51 mg·kg−1) were detected in several arbutus Croatian honeys [47]. Moroccan carob
honey showed much higher concentrations of Na, which varied in the range of 367.52 to
855.24 mg·kg−1, and a comparable level of K, with a wide variation ranging from 644.02 mg·kg−1

to 1883.15 mg·kg−1 [54]. In the same work, higher Ca values, ranging from 129.35 mg·kg−1

to 688.43 mg·kg−1, were detected [47]. Regarding Euphorbia honey, the mean levels of K
(334.31 mg·kg−1), Na (40.22 mg·kg−1), and Mg (41.21 mg·kg−1) in Moroccan honey were
all lower than our estimation [48]. On the contrary, the average Ca content (117.91 mg·kg−1)
was higher than that found in the present work [48]. In all three varieties of honey investi-
gated, the Mg concentrations exceeded the maximum limit set by the Codex Alimentarius:
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25 mg·kg−1 of Mg in honey [1]; it was also higher than that reported for multifloral honey
from the Mediterranean area, probably due to the abundant presence of this element in the
soil of North Africa [55].
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Table 3. Contents of microelements (expressed as mean ± standard deviation) in the investigated honey samples. Each sample was analyzed in triplicate (n = 3).

Honey
Samples

Microelements Mean ± Standard Deviation

Li (mg·kg−1) Ba
(mg·kg−1)

Ni
(mg·kg−1)

Se
(mg·kg−1)

Sb
(mg·kg−1) Sr (mg·kg−1) Cr

(mg·kg−1)
Cu

(mg·kg−1)
Pb

(mg·kg−1)
As

(mg·kg−1)
Cd

(mg·kg−1)
Hg

(µg·kg−1)

Euphorbia
(sample #1) 0.035 ± 0.004 0.097 ± 0.003 0.051 ± 0.004 0.040 ± 0.003 0.095 ± 0.007 0.210 ± 0.006 0.091 ± 0.004 0.059 ± 0.003 0.023 ± 0.002 <LOD 0.010 ± 0.001 0.347 ± 0.001

Euphorbia
(sample #2) 0.023 ± 0.003 0.092 ± 0.002 0.046 ± 0.005 0.044 ± 0.002 0.111 ± 0.004 0.195 ± 0.003 0.102 ± 0.003 0.039 ± 0.003 0.028 ± 0.001 <LOD 0.009 ± 0.002 0.217 ± 0.001

Carob
(sample #3) <LOD 0.066 ± 0.002 0.108 ± 0.006 0.033 ± 0.002 0.086 ± 0.008 0.158 ± 0.004 0.053 ± 0.002 0.569 ± 0.007 0.028 ± 0.006 <LOD 0.030 ± 0.005 1.485 ± 0.002

Carob
(sample #4) <LOD 0.064 ± 0.002 0.083 ± 0.005 0.034 ± 0.002 0.102 ± 0.002 0.173 ± 0.003 0.065 ± 0.002 0.699 ± 0.011 0.067 ± 0.006 <LOD 0.021 ± 0.005 0.126 ± 0.002

Arbutus
(sample #5) <LOD 0.034 ± 0.003 0.031 ± 0.006 0.043 ± 0.002 0.118 ± 0.003 0.134 ± 0.004 0.037 ± 0.003 0.031 ± 0.002 <LOD <LOD <LOD 0.352 ± 0.002

Arbutus
(sample #6) <LOD 0.033 ± 0.003 0.026 ± 0.003 0.034 ± 0.002 0.126 ± 0.005 0.126 ± 0.004 0.039 ± 0.004 0.038 ± 0.003 <LOD <LOD <LOD 0.274 ± 0.002

LOD
(µg/Kg) 0.001 0.004 0.001 0.042 0.002 0.003 0.001 0.014 0.002 0.001 0.001 0.001
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3.2.2. Microelements
Quantitative Analysis

Microelements such as Fe, B, Mn, Zn, Al, Cu, Li, Ba, Se, Cr, and Ni are essential for
a wide range of physiological processes and have certain nutritional benefits. However,
these elements have a specific range of intake; excessive exposure may induce acute and
chronic toxicity [56]. The concentrations of Fe, B, Zn, Mn, and Al were significantly higher
in both carob samples, while they were very low in arbutus honey samples. Euphorbia
samples were in the middle, with Fe and B levels comparable to those of carob honey, while
Al, Mn and Zn levels were similar to those found in arbutus honeys. In all samples, Fe
concentrations were below the maximum limit allowed in honey (15 mg·kg−1) and fixed
by the Codex Alimentarius [1]. In addition, lower amounts of Fe, Mn, Zn, and Al in both
Euphorbia samples were found compared to the values reported in previous studies on the
same variety of honey [48]. The contents of Fe and Zn in both carob samples were much
higher than those measured elsewhere for Moroccan carob honey [54]. It is interesting to
note that the carob samples investigated displayed significant levels of zinc. The latter
is known to be involved in numerous metabolic pathways in humans by actively taking
part in the proper functioning of the endocrine and exocrine pancreas, spermatogenesis,
and testosterone metabolism [57]. Concerning arbutus honey, higher mean values of
Al (2.23 mg·kg−1), B (8.36 mg·kg−1), Fe (2.84 mg·kg−1), Mn (0.572 mg·kg−1), and Zn
(2.20 mg·kg−1) were detected in the same type of honey but produced in Croatia [47]. All
the three varieties of honey here investigated were a poor source of Se when compared to
Turkish and Spanish honeys of different botanical origin, where a concentration of Se in
a range from 0.020 to 0.927 mg·kg−1 was assessed [58].

Toxic Elements

Hg, Pb, As, and Cd are regarded as potentially toxic elements. In particular, Pb,
Cd, and Hg have been included in the European Regulation that sets maximum levels
of certain contaminants in foodstuffs [59]. The European Union Directive 2014/63/EU
does not mention contaminants such as potentially toxic elements. Only recently did the
European Commission issue a Regulation that introduces the maximum admitted level for
Pb content in honey, set at 100 µg·kg−1 [60]. In this work, the levels of Hg and As were
below the LOD in all samples. The contents of Pb were in a range between 0.023 mg·kg−1

(Euphorbia sample #1) and 0.067 mg·kg−1 (carob sample #4), while the concentration of Cd
was 0.010 mg·kg−1 (Euphorbia sample #1) and 0.030 mg·kg−1 (carob sample #4).

Nutritional Value

A nutritional and risk estimation of honey consumption was made for the analyzed
honeys, relying on the most recent EFSA data on Dietary Reference Values (DRV) for
essential elements and on the Tolerable Intake (TI) and Benchmark Doses (BMD) for non-
essential elements. Calculation was based on the daily average consumption data for the
Moroccan population (14.1 g/day) [61]. The nutritional contribution of elements from the
three varieties of honey investigated was, on average, low, with DRV ranging from 0.0001%
for Zn, Fe, B, Mn, Cu, Se, and Sr, to 0.8% for K. The EFSA Panel on contaminants in the
food chain proposed a set of non-essential (toxic or potentially toxic) element intake levels
expressed as kg of body weight and defined as tolerable weekly intake (TWI), tolerable
daily intake (TDI), or benchmark dose (BMD), which are considered safe or free of risk of
adverse health effects [62,63]. Regarding the exposure assessment of non-essential elements,
the contribution given by regular consumption of these three types of honey to the dietary
intake is considered negligible. Therefore, the consumption of these varieties of honey can
be considered safe for human health.

3.3. Volatiles Distribution

A great part of the metabolic pathways in food is affected by environmental conditions
(e.g., temperature, humidity, and light exposure, among others). These biochemical reac-
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tions end up in the production of metabolites, part of which are volatile. For this reason,
the analysis of the volatile fraction of honey is an important tool not only for descriptive
purposes but also for obtaining information on its processing and manufacturing and
hence its quality [64]. As an example, heat treatment triggers Maillard reactions, whose
products are low boiling pyrazines and furans released into the headspace. SPME sample
preparation techniques coupled with GC allowed the determination of a rich volatile profile
for each honey sample. Figure 4 shows the GC fingerprints of Euphorbia honey, namely
samples #1 and #2. As can be derived from Table 4, the two Euphorbia honeys share
around 35% constituents. Within this fraction, worthy of mention are octane, nonanal, and
decanal, which were quantified as 22%, 19.2%, and 9.8% in sample #1; furfural, p-cymene,
and linalool, present at 6.1%, 9.2%, and 12.6% in sample #2. Although identified in both
samples, these volatiles show remarkable differences in terms of quantity. In addition,
numerous compounds were found only in one sample at a noticeable level. In particular,
sample #2 reported a variety of terpenoids, such as limonene, p-cymene, α-terpinene,
(Z)-β-ocimene, γ-terpinene, which provides a composition similar to a citrus essential oil.
However, a comparison of the actual data with previous reports is not feasible, due to the
lack of publications on Euphorbia honey analyzed by means of SPME-GC. Nonetheless,
the presence in Euphorbia honey of some volatiles treated as honey markers must be
emphasized. These are furfural, benzaldehyde, nonanal, isophorone, and decanal [64].

J. Exp. Theor. Anal. 2023, 1 11 
 

 

3.3. Volatiles Distribution 

A great part of the metabolic pathways in food is affected by environmental condi-

tions (e.g., temperature, humidity, and light exposure, among others). These biochemical 

reactions end up in the production of metabolites, part of which are volatile. For this rea-

son, the analysis of the volatile fraction of honey is an important tool not only for descrip-

tive purposes but also for obtaining information on its processing and manufacturing and 

hence its quality [64]. As an example, heat treatment triggers Maillard reactions, whose 

products are low boiling pyrazines and furans released into the headspace. SPME sample 

preparation techniques coupled with GC allowed the determination of a rich volatile pro-

file for each honey sample. Figure 4 shows the GC fingerprints of Euphorbia honey, 

namely samples #1 and #2. As can be derived from Table 4, the two Euphorbia honeys 

share around 35% constituents. Within this fraction, worthy of mention are octane, nona-

nal, and decanal, which were quantified as 22%, 19.2%, and 9.8% in sample #1; furfural, 

p-cymene, and linalool, present at 6.1%, 9.2%, and 12.6% in sample #2. Although identified 

in both samples, these volatiles show remarkable differences in terms of quantity. In ad-

dition, numerous compounds were found only in one sample at a noticeable level. In par-

ticular, sample #2 reported a variety of terpenoids, such as limonene, p-cymene, α-ter-

pinene, (Z)-β-ocimene, γ-terpinene, which provides a composition similar to a citrus es-

sential oil. However, a comparison of the actual data with previous reports is not feasible, 

due to the lack of publications on Euphorbia honey analyzed by means of SPME-GC. 

Nonetheless, the presence in Euphorbia honey of some volatiles treated as honey markers 

must be emphasized. These are furfural, benzaldehyde, nonanal, isophorone, and decanal 

[64]. 

 

Figure 4. GC-MS profiles of honey samples obtained from Euphorbiaceae plant family. 
Figure 4. GC-MS profiles of honey samples obtained from Euphorbiaceae plant family.



J. Exp. Theor. Anal. 2023, 1 12

Table 4. Volatile distribution determined in honey samples by means of HS-SPME-GC. Values are
means of triplicate analyses and are expressed as raw area percentage ± standard deviation.

RIexp RIdb Compound Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 Sample #6

782 788 Octene 0.41 ± 0.01 - - - - -

800 800 Octane 22.01 ± 0.15 2.51 ± 0.11 24.01 ± 1.42 10.09 ± 0.24 - -

839 842 Isovaleric acid - - 0.18 ± 0.01 - - -

846 845 Furfural 0.69 ± 0.05 6.10 ± 0.19 1.41 ± 0.39 2.57 ± 0.16 0.16 ± 0.02 0.02 ± 0.00

812 814 Ethyl lactate - - - - - 0.17 ± 0.02

864 863 Hexanol - - 2.15 ± 0.19 - - -

866 865 Butyrone - - 0.35 ± 0.02 - - -

882 885 Ethyl butyl ketone - 0.06 ± 0.01 - - - -

900 900 Nonane 2.03 ± 0.12 0.24 ± 0.04 0.69 ± 0.04 3.33 ± 0.36 - -

904 906 Heptanal 1.10 ± 0.14 - - - - -

910 907 Butyl propionate - 0.81 ± 0.05 - - - -

913 909 2-Acetylfuran 0.31 ± 0.04 - - - 0.21 ± 0.02 -

914 913 2-Heptanol - - 0.31 ± 0.06 - - -

930 932 α-Pinene 2.55 ± 0.13 0.10 ± 0.03 0.23 ± 0.03 0.12 ± 0.03 - -

935 941 γ-Butyrolactone - - - 1.28 ± 0.23 0.07 ± 0.02 -

939 942 2-Methylpropylbutyrate - - 0.33 ± 0.04 - - -

958 960 Benzaldehyde 0.39 ± 0.08 0.17 ± 0.02 0.87 ± 0.08 1.26 ± 0.13 0.29 ± 0.03 0.01 ± 0.01

962 959 Heptanol - 0.10 ± 0.02 0.68 ± 0.04 0.44 ± 0.06 - -

973 968 Bois de rose oxide - 0.47 ± 0.05 - - - -

981 986 6-Methyl-5-hepten-2-one 0.26 ± 0.03 0.37 ± 0.03 - 0.26 ± 0.04 - -

992 991 trans-Dehydrolinalool
oxide - 0.28 ± 0.02 - - - -

994 991 Myrcene - - - 0.16 ± 0.02 - -

994 991 2-Pentylfuran 0.47 ± 0.05 - - - - 0.18 ± 0.04

980 978 β-Pinene - - - - - 0.30 ± 0.06

991 994 Mesitylene - 0.18 ± 0.04 - - - -

997 1000 δ-2-Carene - - - - - 0.06 ± 0.02

1008 1006 Octanal 3.01 ± 0.13 0.90 ± 0.06 - 1.98 ± 0.13 0.21 ± 0.03 -

1010 1008 δ-3-Carene 0.48 ± 0.04 - - - - -

1020 1018 α-Terpinene - 0.77 ± 0.08 - - - 0.45 ± 0.08

1026 1025 p-Cymene 0.23 ± 0.04 9.22 ± 0.23 0.16 ± 0.02 1.16 ± 0.13 - -

1030 1030 Limonene - 13.30 ± 0.34 - 5.61 ± 0.34 - -

1032 1030 2-Ethylhexanol 1.66 ± 0.29 - 1.18 ± 0.19 - - -

1032 1032 Eucalyptol 1.39 ± 0.17 - - - - -

1034 1035 (Z)-β-Ocimene - 0.16 ± 0.04 - 0.11 ± 0.01 - -

1037 1036 Phenylacetaldehyde 1.25 ± 0.07 0.24 ± 0.04 0.20 ± 0.03 0.84 ± 0.08 0.27 ± 0.05 -

1052 1054 γ-Terpinene - 5.40 ± 0.22 - - - -

1061 1059 (2E)-Octenal - - - - - -

1066 1069 cis-Sabinene hydrate - - - - - -

1069 1069 cis-Linalool oxide 0.58 ± 0.09 0.81 ± 0.04 13.30 ± 0.27 - - -

1080 1076 Octanol 1.02 ± 0.09 - - - - -

1086 1084 trans-Linalool oxide 1.85 ± 0.20 - 2.56 ± 0.10 - - -

1089 1086 Terpinolene - 1.50 ± 0.11 - 1.21 ± 0.25 0.14 ± 0.02 -

1090 1084 3-Acetyl-2,5-dimethylfuran - - - - 0.04 ± 0.01 0.02 ± 0.01

1092 1088 Butyric anhydride - - 0.40 ± 0.04 - - -
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Table 4. Cont.

RIexp RIdb Compound Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 Sample #6

1095 1090 Heptylmethyl ketone - - - 0.37 ± 0.02 - -

1103 1101 Linalool 2.01 ± 0.10 12.59 ± 0.41 2.34 ± 0.47 6.07 ± 0.27 - -

1111 1107 Nonanal 19.25 ± 0.64 4.78 ± 0.29 16.04 ± 0.54 8.13 ± 0.22 1.32 ± 0.13 0.30 ± 0.08

1048 1044 β-Isophorone - - - - - 14.19 ± 0.29

1120 1116 Phenylethanol - 0.12 ± 0.02 - - - -

1125 1123 Isophorone 1.91 ± 0.12 0.21 ± 0.04 0.39 ± 0.04 0.91 ± 0.06 71.39 ± 0.55 60.90 ± 0.43

1142 1140 4-Ketoisophorone 1.07 ± 0.12 0.14 ± 0.02 - 0.48 ± 0.07 2.45 ± 0.26 0.88 ± 0.08

1148 1146 2-Hydroxyisophorone - - - - 4.02 ± 0.21 1.14 ± 0.12

1156 1154 Nerol oxide - 0.50 ± 0.06 0.12 ± 0.03 - - 0.38 ± 0.06

1160 1155 Menthone - 0.67 ± 0.05 - - 2.86 ± 0.09 -

1171 1164 Propiophenone - - - - 0.20 ± 0.02 0.20 ± 0.02

1173 1165 Nonanol - - 0.27 ± 0.05 - - 0.59 ± 0.02

1176 1174 trans-Linalool oxide
(pyranoid) - - 0.19 ± 0.04 - - -

1178 1175 Isoamyl acetoacetate 0.54 ± 0.07 - - - - 0.04 ± 0.01

1181 1180 Terpinen-4-ol - 0.58 ± 0.05 - - - -

1183 1181 p-Ethylbenzaldehyde - 0.52 ± 0.04 - - - -

1183 1181 (Z)-Ethyllinalool 1.39 ± 0.06 - - - - -

1187 1186 α-Terpineol - 2.35 ± 0.09 4.24 ± 0.39 1.23 ± 0.14 - -

1192 1190 Methyl salicylate - - 0.99 ± 0.17 - - -

1994 1192 Octanoic acid - - - 1.78 ± 0.22 - -

1197 1194 Dihydrocitronellol 2.20 ± 0.12 - - - - -

1210 1201 Safranal - 0.25 ± 0.05 - - - -

1211 1201 Decanal 9.82 ± 0.27 1.77 ± 0.04 0.61 ± 0.04 9.30 ± 0.17 1.26 ± 0.08 0.76 ± 0.12

1223 1220 α-Terpinyl methyl ether - - 1.49 ± 0.15 - - -

1228 1225 Hydroxymethylfurfural 0.75 ± 0.04 1.53 ± 0.21 - 2.07 ± 0.15 0.53 ± 0.06 0.13 ± 0.02

1236 1233 Pulegone - 12.28 ± 0.36 - - - -

1239 1234 2,3,6-Trimethylphenol - - - - 0.90 ± 0.05 -

1245 1241 3,4,5-Trimethylphenol 0.48 ± 0.07 1.11 ± 0.08 0.15 ± 0.04 - 6.95 ± 0.34 0.30 ± 0.03

1249 1246 Ethylphenyl acetate - - - - - 0.03 ± 0.01

1250 1247 Cuminaldehyde - - - 0.33 ± 0.08 - -

1250 1250 Linalyl acetate - - - 0.87 ± 0.08 - -

1251 1250 Thymoquinone - 0.48 ± 0.04 - - - -

1264 1265 (2E)-Decenal - 0.22 ± 0.04 - 0.40 ± 0.02 - -

1271 1268 Geranial - 0.62 ± 0.04 - - - -

1287 1289 Thymol - 7.83 ± 0.29 - - - -

1291 1289 Nonanoic acid 0.27 ± 0.04 - 3.30 ± 0.33 5.98 ± 0.23 - 0.02 ± 0.01

1299 1294 2-Undecanone - - - 0.26 ± 0.02 - -

1301 1297 Ethyl nonanoate - - 0.16 ± 0.03 - - 0.02 ± 0.01

1304 1300 Carvacrol 1.44 ± 0.13 - - - - -

1308 1309 Undecanal 0.39 ± 0.02 0.25 ± 0.03 0.11 ± 0.02 0.59 ± 0.07 - 0.03 ± 0.02

1331 1334 Methyl anthranilate - - - 0.11 ± 0.02 - -

1338 1340 Piperitenone - 0.23 ± 0.03 - - - -

1342 1344 3-Hydroxy-4-phenyl-2-
butanone - - 1.33 ± 0.11 - - -
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Table 4. Cont.

RIexp RIdb Compound Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 Sample #6

1345 1346 α-Terpinyl acetate - - - 0.14 ± 0.01 - -

1355 1356 Eugenol - - - 0.17 ± 0.02 - -

1362 1361 (Z)-β-Damascenone - - 0.06 ± 0.01 - 2.78 ± 0.30 13.93 ± 0.23

1365 1364 Decanoic acid - 0.60 ± 0.04 1.46 ± 0.10 5.65 ± 0.22 0.10 ± 0.01 0.10 ± 0.02

1382 1379 (E)-β-Damascenone 0.55 ± 0.06 0.20 ± 0.02 1.54 ± 0.11 - 1.02 ± 0.10 -

1396 1395 Ethyl decanoate - - 0.06 ± 0.01 - - 0.03 ± 0.01

1400 1400 Tetradecane - - 0.04 ± 0.01 - - -

1412 1410 Dodecanal 0.66 ± 0.05 0.17 ± 0.02 0.73 ± 0.10 4.41 ± 0.18 - -

1419 1417 (E)-Caryophyllene - - - 1.72 ± 0.14 - -

1424 1421 (E)-α-Ionone 0.54 ± 0.07 - 0.12 ± 0.03 - - -

1428 1426 6-Methyl-6-(5-methylfuryl)-2-
heptanone 3.79 ± 0.11 - - - - -

1436 1434 Neryl acetone 0.44 ± 0.04 0.26 ± 0.03 0.46 ± 0.09 0.83 ± 0.08 - 0.02 ± 0.01

1478 1476 Dodecanol - - - 0.08 ± 0.02 - -

1493 1479 ar-Curcumene 0.65 ± 0.07 0.14 ± 0.02 0.54 ± 0.07 1.03 ± 0.08 0.23 ± 0.06 0.19 ± 0.03

1495 1493 α-Zingiberene - - - 0.74 ± 0.05 - -

1505 1503 BHT 0.68 ± 0.03 0.54 ± 0.09 0.59 ± 0.03 2.14 ± 0.20 - 0.16 ± 0.03

1510 1508 β-Bisabolene - 0.19 ± 0.03 - 0.62 ± 0.04 - -

1526 1521 β-Sesquiphellandrene - - - 0.86 ± 0.09 - -

1559 1553 Thymohydroquinone - 0.02 ± 0.01 - - - -

1588 1581 Dodecanoic acid - - 0.07 ± 0.02 1.28 ± 0.15 - 0.02 ± 0.02

1595 1594 Ethyl dodecanoate - - 0.11 ± 0.02 - - -

1600 1600 Hexadecane - - 0.04 ± 0.02 - - -

1612 1614 Tetradecanal - - 0.06 ± 0.02 0.28 ± 0.06 - -

1622 1621 epi-Cedrol - - - - - -

1648 1650 cis-Methyldihydrojasmonate - - 0.23 ± 0.05 0.09 ± 0.01 - -

1669 1673 trans-2-Tetradecenal - - - - - -

1672 1670 (3Z)-Hexenyl salicylate - - 0.12 ± 0.04 - - -

1778 1773 Tetradecanoic acid - - 0.87 ± 0.09 1.29 ± 0.14 0.00 ± 0.01 0.03 ± 0.01

1785 1784 Pentadecanol - - - 0.14 ± 0.03 - -

1799 1794 Ethyl tetradecanoate - - - - - -

1810 1805 2-Ethylhexyl salicylate - - 0.23 ± 0.03 0.75 ± 0.11 - -

1835 1832 Farnesyl acetate - - - 0.29 ± 0.04 - -

1850 1845 Galaxolide - - - 0.42 ± 0.08 - -

1874 1869 Pentadecanoic acid - - 0.65 ± 0.01 0.59 ± 0.04 0.03 ± 0.01 -

Total Area 90.52 ± 2.04 94.84 ± 1.81 88.72 ± 3.66 92.79 ± 3.17 97.42 ± 2.24 95.61 ±1.44

RIexp—Retention Index experimentally measured on a Zebron-5ms capillary column; RIdb—Retention Index
from published data (FFNSC 2; Adams 4th edition; NIST webbook).

The analysis carried out on carob honey samples evidenced a 34% fraction of volatiles
shared by samples #3 and #4, whose chromatograms are shown in Figure 5. The typical
volatile markers of honey were determined also in this case in both carob samples, e.g.,
furfural, benzaldehyde, linalool, and isophorone. Conversely, specific compounds were
present only in one sample, such as linalool oxides, methyl salicylate (a balsamic substance),
hexanol, 2-ethylhexanol, and (E)-β-damascenone (sample #3); whereas γ-butyrolactone,
terpenoids, hydroxymethylfurfural, and octanal were determined only in sample #4, which
also reported a higher amount and a variety of aldehydes/acids (i.e., decanal). From
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a literature survey, only one paper could be found that focuses on the volatile compo-
sition of carob honey; less than twenty compounds of our study find confirmation [65].
For instance, furfural, benzaldehyde, phenylacetaldehyde, damascenone, and methyl an-
thranilate were major volatiles identified in both the works. However, a considerable
number of volatile markers have not been reported, in particular terpenoids and their
oxygenated derivatives [65]. This mismatch can be easily justified by the different tech-
nique used for volatile investigation, namely headspace analysis. This extraction procedure
lacks sensitivity toward low concentrated molecules. About 36% was the fraction of com-
mon volatiles shared by the two samples of arbutus honeys, samples #5 and #6, whose
chromatograms are shown in Figure 6. Compared to the other honey samples, arbutus
showed a better quantitative matching when considering common couples of compounds.
Only for 3,4,5-trimethylphenol (TMP) and (Z)-β-damascenone a remarkable difference was
observed—6.95% vs. 0.30% for TMP, and 2.78% vs. 13.9% for (Z)-β-damascenone, in sample
#3 and #4, respectively. Four volatiles were determined only in this type of honey, namely
ethyl lactate, β-isophorone, and two monoterpenoids. Surprisingly, with the exception of
sample #5, in all the other honey samples butylated hydroxytoluene (BHT) was detected.
This phenol is categorized as a synthetic antioxidant additive and must be reported on
the label when added to food and cosmetics [66]. However, in none of the honeys where
it was found was BHT labelled, even though such honeys were declared as natural and
pure. Hydroxymethylfurfural (HMF) is a product of Maillard reactions, generally found in
honey after heat treatment or a long period of storage. HMF was detected at low levels in
four samples, while a conspicuous amount was determined in carob honey (sample #4).
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The main conclusions that can be addressed from SPME-GC analysis are the following:
in order to establish botanical/geographical markers, it is mandatory to analyze a statis-
tically significant number of samples. In fact, as SPME is a sensitive technique, it was
possible to establish the presence of very low concentrations of volatiles, as shown in
previous studies [67–69]. This allowed emphasis of a remarkable variability of sources
for the making of honey, despite what was labelled by the producer. In other words, the
technique showed that bees do not suck nectar or honeydew strictly from one source.

4. Conclusions

The three varieties of Moroccan honey investigated revealed physico-chemical profiles
and volatile fingerprints that place them within the commercial category. The physico-
chemical parameters of the analyzed samples showed compatibility with the values re-
ported in the Codex Alimentarius for genuine honeys. In particular, humidity ranged
from 16.6% to 19.9%, while the inversely correlated TSS values ranged from 78.5◦ to 81.7◦

Brix. According to the grading system of the US Department of Agriculture, honeys with
such values have better stability during storage [70]. With respect to diastase activity, four
samples out of six showed DN values (mean value 8.67) above 8, the minimum threshold
fixed by the Honey Quality and International Regulation Standard [45]. The monitoring of
this parameter provided useful information on the quality of the product, in particular with
regard to the storage and handling conditions of the product but also its geobotanical origin.
Through multi-element analysis, a variety of micro- and macroelements were determined;
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in particular, Na (120.5 mg·kg−1), K (819.8 mg·kg−1), and Mg (69.6 mg·kg−1) displayed
concentrations comparable to those of other commercial honeys from Morocco [51]. In
terms of exposure to potentially toxic elements, the contribution given by regular consump-
tion of these three types of honey to the dietary intake is negligible. Finally, for the first
time the volatile fingerprint was assessed in the species investigated, highlighting a rich
composition (total quantified fraction, from 88.72 ± 3.66% to 97.42 ± 2.24%) with character-
istic presence of markers in many cases (i.e., furfural, isophorone, and damascenone). To
this end, the SPME preconcentration technique was shown to be a suitable and sensitive
technique. Significant differences were found in the volatile fraction of the same types of
honey, suggesting the importance of further investigation on a wider collection of samples.
Indeed, honey is a product of bee metabolism, and the techniques used for its sampling and
analysis (SPME-GC-MS) are adequately sensitive to point out that, beyond the variability
due to the animal origin, other factors must be taken into account, such as geographical
origin, time of harvest, manufacturing procedures, and storage conditions.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jeta1010001/s1. Table S1: Analytical parameters for method valida-
tion in multi-element analysis.
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