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A B S T R A C T   

Our aim in this study was to outline phenolic and color characteristic that characterize the labeled unifloral resin 
spurge (Euphorbia resinifera) honey. With respect to phenolic composition, 17 phenolic compounds have been 
analyzed in the 29 honey samples. The proposed markers (syringic acid, ethyl gallate, m-coumaric acid and 
naringenin) might help to the enhancement of this honey type and thus, guarantee its commercial value. The 
color characterization by diffuse reflectance spectrophotometry revealed typical values of light amber honey 
(lightness ranged from 36 to 70 units, and chroma from 18 to 30 units). On the other hand, many correlations 
between the color attributes and phenolic acids, total phenolic compounds, caffeic acid, p- and m-coumaric acids 
and hesperidin have been demonstrated, also, correlation between phenols, color parameters and percentage of 
pollen of E. resinifera has been found. This study is one of the rare researches which have correlated the CIELAB 
color parameters with the individual phenolic acids and flavonoid compounds within the same unifloral honey.   

1. Introduction 

Traditionally, the pollen analysis has been used to identify the 
botanical origin of the honey. Nevertheless, many researchers suggest 
that physicochemical characteristics could be more exhaustive and 
precise in the characterization of the honey (Karabagias, Halatsi, Kar-
abournioti, Kontakos, & Kontominas, 2017). In this way, the use of 
phenolic compound analysis in the identification and characterization of 
honeys has been suggested and has since been used as tool for studying 
the botanical and geographic origins of honeys. In addition, the quan-
titative analysis of phenolic compounds, comprising phenolic acids and 
flavonoids in honey is not only to assess their potential markers of 
botanical origin, but also for their contributions to overall bioactivity of 
honey (Pasupuleti, Sammugam, Ramesh, & Gan, 2017; The National 
Honey Board, 2003). On the other hand, and despite their importance, 
no official method with respect to phenols assessment on honey was 
suggested so far. 

Different methods were carried out to determine phenolic com-
pounds in honey (Ciulu, Spano, Pilo, & Sanna, 2016). The analysis of 

phenols in honeys is always complex, because to the large number of 
compounds present in slight quantities and to the complexity in the 
preparation and analysis of the sample. The combination of solid-phase 
extraction cartridges for sample preparation and high performance 
liquid chromatographic (HPLC) analyses has been successfully applied 
for the determination of phenolic compounds in honey (Pascual-Maté, 
Osés, Fernández-Muiño, & Sancho, 2018). In recent times, a patent 
advancement in chromatographic performance was obtained by the 
establishment of techniques as rapid-resolution liquid chromatography 
(RRLC) or ultra-performance liquid chromatography (UHPLC) (Cam-
pone et al., 2014; Gašić et al., 2015; Kečkeš et al., 2013; Stinco, Bení-
tez-González, Hernanz, Vicario, & Meléndez-Martínez, 2014; Stinco, 
Benítez-González, Meléndez-Martínez, Hernanz, & Vicario, 2019; 
Trautvetter, Koelling-Speer, & Speer, 2009). 

Many phenolic compounds have been considered as a biomarkers, e. 
g. methyl syringate for asphodel honey (Tuberoso et al., 2009), homo-
gentisic acid for strawberry tree honey (Rosa et al., 2011), phenyllactic 
acid for thistle (Galactites tomentosa) honey, kaempherol for rosemary 
honey, and caffeic, p-coumaric and ferulic acids for chestnut honey 
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(Gómez-Caravaca, Gómez-Romero, Arráez-Román, Segura-Carretero, & 
Fernández-Gutiérrez, 2006; Tomás-Barberán, Ferreres, Blázquez, 
Garcia-Viguera, & Tomás-Lorente, 1993). 

On the other hand, industrial processing methods, temperature and/ 
or time of storage or relation of honey color to the botanical origin have 
been subject of several studies (Gonzales, Burin, & del Pilar Buera, 1999; 
Wilczyńska, 2014). Additionally, the influence that the pollen grains and 
mineral content have on honey color were also explored 
(González-Miret, Terrab, Hernanz, Fernández-Recamales, & Heredia, 
2005; Terrab, Escudero, González-Miret, & Heredia, 2004). 

The genus Euphorbia contains irritant latex (called euphorbium) and 
a large number of them were used for medicinal purposes. Resin spurge 
(Euphorbia resinifera Berg; Fig. 1), is an endemic species of the Middle 
Atlas mountains (Morocco), like medicinal plant, it comprises a great 
contents of resiniferatoxin and lot of triterpenoids, which are used 
against pain treatment and cancer (Appendino & Szallasi, 1997; Fat-
torusso, Lanzotti, Taglialatela-Scafati, Tron, & Appendino, 2002; Leong 
& Copenhaver, 2018, pp. 861–868; Wang et al., 2016). Resin spurge 
honey is considered one of as among the most appreciated honey types 
(Ricciardelli D’Albore, 1998), because it’s peppery taste and pungent 
aroma (Agricultural Ministry of Agriculture Ministry of Morocco, 2015), 
and cosmetic attributes (Benlyas, Alem, & Filali-Zegzouti., 2016; Khiati 
et al., 2013). E. resinifera honey is Protected Geographical Indication 
(PGI) produced in unique covered area (wild and spontaneous plant) 
over than 8.000 ha (Agricultural Ministry of Agriculture Ministry of 
Morocco, 2015). 

Our aim is to provide suitable phenolic and chromatic markers for 
the authentication and characterization of the E. resinifera honey. Thus, 
(1) the development and validation of UHPLC method for the determi-
nation of phenolic compounds, and (2) the CIELAB color attributes were 
carried out in 29 unifloral resin spurge honey samples. Furthermore, 
many statistical approaches have been achieved to explore the correla-
tion between the different phenolic compounds analyzed, color and 
pollen contents. 

2. Materials and methods 

2.1. Honey samples 

29 samples of unifloral E. resinifera honey have been purchased in the 
PGI zone between 2013 and 2014. The uniflorality of the samples was 
previously achieved by the melissopalynological study (Terrab et al., 
2022), which set the percentage of pollen of E. resinifera required in >
20% to be considered unifloral of resin spurge. 

2.2. Phenolic compounds 

2.2.1. Standards and reagents 
The extraction and chromatographic solvents were of analytical and 

HPLC grade. Acetonitrile, methanol, and ethyl acetate were purchased 
from Merck, Darmstadt (Germany). Formic acid was procured from 
Fluka. Water was purified in a Nanopure®DiamondTM system (Barnsted 
Inc. Dubuque, IO). Gallic acid, p-hydroxybenzoic acid, vanillic acid, 
caffeic acid, syringic acid, ethyl gallate, p-coumaric acid, m-coumaric 
acid, ferulic acid, hesperidin, naringenin, naringin, pinocembrin, quer-
cetin, quercetrin, chrysin and galangin were obtained from Sigma 
Aldrich (Madrid, Spain). 

2.2.2. Extraction procedure 
Following the method described by Gheldof, Wang, and Engeseth 

(2002), the extraction process has been made but with some modifica-
tions. Honey (1 g) was dissolved in 3 mL of acidified water (pH 2) and 
filtered through a column of Amberlite XAD-2 SPE (300 mg; 20–60 mesh 
size, SUPELCO-Sigma-Aldrich, USA), which was previously conditioned 
with 3 mL of methanol, ultrapure water, and acidified water (pH 2). The 
column was washed with 3 mL of water and acidified water (pH 2) to 
remove sugar and polar compounds and phenolic compounds were 
eluted with 3 mL of methanol. Under reduced pressure this extract was 
concentrated to dryness. The residue obtained was dissolved in 500 μL of 
water and extracted with ethyl acetate (500 μL x 3). Under reduced 
pressure the organic extracts have been combined and concentrated. The 
residue has been first mixed in 200 μL of 0.01% formic acid, then fil-
trated through a hydrophilic PVDF Millex-HV 0.45 μm syringe filter 

Fig. 1. Image illustrating the honey production area of labeled resin spurge honey: Euphorbia resinifera (Morocco). (Photo: Mouj@nni®).  
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(Millipore, Bedford, MA, USA), and lastly analyzed by UHPLC. 

2.2.3. Ultra high performance liquid chromatography conditions (UHPLC) 
Analyses were carried out in an Agilent Technologies UHPLC 1260 

Infinity chromatograph (Agilent Technologies, Palo Alto, CA, USA) 
equipped with a diode-array detector, which was set to scan from 200 to 
770 nm, and a C18 Eclipse plus column (1.8 μm, 5 cm × 2.1 mm) using 
an injection volume of 1 μL. The mobile phase (Solvent A) was 0.01% of 
formic acid in water and acetonitrile (solvent B) at the following 
gradient: 0–5 min, 5% B linear; 5–20 min 50% B linear; 20–21 min, 
washing and re-equilibration of the column. The temperature of the 
column was set at 20 ◦C and the flow rate was 1 mL/min. The identifi-
cation has been realized by comparison of their chromatographic and 
UV/vis spectroscopic characteristics with those of standards. 

2.2.4. Analytical parameters 
The external standard calibration approach has been used, from the 

areas of the chromatographic peaks obtained by DAD detection at 280 
nm at 370 nm, in order to quantify the 17 phenolic compounds. Line-
arity of the method has been cheeked considering the detector response 
to diverse concentrations of phenolic compounds using linear regres-
sion. The different phenolic standards have been prepared in acetonitrile 
at [100 mg/mL], and the calibration curves have been made up of six 
dilutions of the stock solutions in formic acid (0.01%). By the use of the 

Microcal Origin ver. 3.5 software (Origin Lab Corporation, North-
ampton, MA, USA), the limit of quantification (LOQ) and detection 
(LOD) have been estimated from the calibration curves. The LOQ have 
been assessed as ten times the relative standard deviation (RSD) of the 
analytical blank rates, whereas, the LOD have been estimated as three 
times the RSD. 

The repeatability (precision) was evaluated by the relative standard 
deviation of six independent assays performed under the same analytical 
conditions in the shortest period of time (UNE 82009–1:1998). 

A recovery analysis has been carried out to corroborate the validity 
of the technique. For this, a standard solution has been made up in 
acetonitrile at [30 mg/L] of phenolic acids and 50 mg/L of flavonoids. 
To check the recovery of the different phenols, the sample of honey was 
spiked with 20 μl of standards solution and then extracted following the 
method developed in section 2.2.2. Lastly, the samples were checked by 
means of the UHPLC method proposed. The recovery rate has been 
estimated by the ratio (C1/C2) × 100, for each phenolic compound, 
where C1 is the means of measured concentrations in sample, and C2 is 
the amount of the analyte added to honey (UNE 82009 Standards). All 
honey samples have been extracted in duplicate, whereas, in order to get 
the averages, the standards and honey samples have been loaded three 
times. 

Fig. 2. Chromatograms of a mixture of standards 
at different wavelengths (A) 280 nm and (B) 320 
nm. 1. gallic acid (tr: 0.69 min), 2. p-hydrox-
ybenzoic acid (tr: 2.28 min), 3. vanillic acid (tr: 
3.80 min), 4. caffeic acid (tr: 4.52 min), 5. syrin-
gic acid (tr: 5.39 min), 6. ethyl gallate (tr: 6.11 
min), 7. p-coumaric acid (tr: 6.18 min), 8. m- 
coumaric acid (tr: 7.18 min), 9. ferulic acid (tr: 
7.38 min), 10. hesperidin (tr: 8.90 min), 11. nar-
ingin (tr: 9.73 min), 12. naringenin (tr: 11.69 
min), 13. pinocembrin (tr: 14.46 min), 14. quer-
cetin (tr: 9.86 min), 15. quercetrin (tr: 11.22 min), 
16. chrysin (tr: 14.43 min), 17. galangin (tr: 
14.89 min).   
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2.3. Color parameters 

The reflectance spectra were measured directly on the honey with a 
CAS-140B spectroradiometer equipped with a ISP 80–111 sphere inte-
gration (Instrument Systems, Munich, Germany) and a IS-Specwin 1.8 
data collection station (Instrument System, Munich, Germany) set to 
calculate in the visible spectra. Using the CromaLab® software, the 
spectra were integrated (Heredia, Álvarez, González-Miret, & Ramírez, 
2004). The CIELAB uniform color space has been considered, and the 
color attributes have been calculated, lightness (L*) and the CIELAB 
color coordinates, a* and b*. The hue angle (hab) and the chroma (C*ab), 
two color parameters correlated to tone and saturation, respectively, 
have been also determined. 

2.4. Statistical analysis 

Statistica v.8.0 software has been used for the statistical treatment of 
the data. Relationships between CIELAB color attributes and phenolic 
content were studied by both simple and multiple regressions computed 
by GLM. Correlations between phenolic content, color and percentage of 
Euphorbia resinifera pollen by pattern recognition techniques, e.g., Linear 
Discriminant Analysis (LDA), have been performed. In that case, sta-
tistically significant level was considered at p < 0.05. 

3. Results and discussion 

3.1. Analysis of phenolic compounds 

3.1.1. Analytical characteristic 
Using a mixture of standards and a honey extract, various attempts 

have been achieved in chromatographic conditions in order to get 
appropriate separation of the different phenols in the extracts. Chro-
matograms in the optimized conditions can be shown in Fig. 2. 17 
phenolic compounds can be separated with the developed method in 20- 
min run. Three groups can be differentiated: 1) benzoic acids (gallic, p- 
hydroxybenzoic, vanillic, syringic acids and ethyl gallate); (2) hydrox-
ycinnamic acids (ferulic, caffeic and p- and m-coumaric), and (3) fla-
vonoids (quercetin, quercetrin, chrysin, galangin, naringenin, naringin, 
hesperidin and pinocembrin). 

The validation of the different parameters of each calibration curve 

can be seen in Table S1 (see Supplementary materials). High linearity 
(r2 > 0.99) in the range of concentrations has been found in all the 
curves. Vanillic acid shows the lowest LOD and LOQ (0.07 ng and 0.23 
ng, respectively), while naringin shows the highest ones (1.32 ng and 
4.39 ng, respectively). 

The mean recovery of the standards has been made to determine the 
validity of the method. The values of recovery ranged between 37 and 
87% for caffeic and p-coumaric acids, respectively. The repeatability 
was evaluated by considering the relative standard deviation. RSD 
values ranged between 0.26 and 11.55% for pinocembrin and caffeic 
acid, respectively. 

3.1.2. Analysis of phenolic compounds in Euphorbia resinifera honeys by 
UHPL method 

17 phenols were recognized and quantified as phenolic acids i.e. (1) 
benzoic acids (gallic, p-hydroxybenzoic, vanillic, syringic acids and 
ethyl gallate); (2) hydroxycinnamic acids (caffeic, ferulic, p- and m- 
coumaric acids), and (3) flavonoids (quercetin, quercetrin, chrysin, 
galangin, naringenin, naringin, hesperidin and pinocembrin). Phenolic 
composition can be seen in Table 1 and shows that the predominant 
chemical compounds are hydroxycinnamic acids (43% of total phenolic 
compounds) followed by benzoic acids (42% of total phenolic com-
pounds). Flavonoids are present in lower concentration (15% of total 
phenolic compounds). 

In general, all of the 29 honey samples showed a common phenolic 
profile characterized by acids like gallic (0.019–0.204 mg/100g), p- 
hydroxybenzoic (0.041–0.518 mg/100g), vanillic (0.023–0.488 mg/ 
100g), syringic (0.087–13.389 mg/100g), ethyl gallate (0.081–1.350 
mg/100g), caffeic (nd-0.288 mg/100g), p-coumaric (0.089–0.836 mg/ 
100g), m-coumaric (0.412–10.415 mg/100g) and ferulic (nd-0.048 mg/ 
100g). The most abundant acids in the 29 samples were three, syringic 
(mean = 1.101 mg/100g), ethyl gallate (mean = 0.605 mg/100g) and 
m-coumaric (mean = 1.856 mg/100g), being p-hydroxybenzoic and p- 
coumaric present in intermediate contents (mean = 0.203 and 0.273 
mg/100g, respectively). Other acids present in all the 29 honeys samples 
but in low quantities are gallic and vanillic (mean = 0.075 and 0.105 
mg/100g, respectively). Regarding the flavonoids, it should be noted the 
high concentration of the naringenin in the samples (mean = 0.448 mg/ 
100g), whereas the other seven flavonoid compounds detected were 
presents in few honey samples, with mean contents ranging from 0.065 
mg/100g for pinocembrin to 0.001 mg/100g for quercetin (for more 
details see Table S2). 

Studies done on phenolic compounds in Euphorbia honey are very 
scare, but Boutoub et al. (2021) identified 10 phenols in six samples of 
Euphorbia honey and detected abscisic, p-hydroxybenzoic, p-coumaric 
and gallic acids, and naringenin and quercetin in the two E. resinifera 
honey samples analyzed, but without given any concentration of them. 
Also, Kıvrak and Kıvrak (2017) evaluated 32 phenolic compounds in 
nineteen different honey types from Turkey, being euphorbia honey 
(without specifying the species) one of the honey types with the highest 
phenolic content (50.16 mg/100g). 

Researchers conducted on unifloral honeys around the Mediterra-
nean have found phenolic compounds that characterizing many honey 
types. E.g., Erica honeys from Portugal are recognized by the presence of 
syringic, o-coumaric, p-hydroxybenzoic and ellagic acids, whereas, 
Lavandula honeys by high concentrations of gallic acid (Andrade, Fer-
reres, & Amaral, 1997). Perna, Intaglietta, Simonetti, and Gambacorta 
(2013) have found in italian unifloral honeys high concentrations for 
gallic acid in eucalyptus and sulla honeys (mean = 5.3 and 4.01 
mg/100g, respectively), and high concentration for ferulic acid and 
gallocatechin in chustnut honey (mean = 1.66 and 6.61 mg/100g, 
respectively). In Serbian unifloral honey high contents of gallic acid has 
been found in sunflower honey, and in buckwheat honey a greater 
content of apigenin has been found (Kečkeš et al., 2013). Whereas, in 
Greeck unifloral honeys Karabagias et al. (2014) found high amount of 
myricetin in honeydew and thyme honeys, and syringic acid in thyme 

Table 1 
Phenolic acids, flavonoids and phenols contents of the 29 Euphorbia resinifera 
honey samples analyzed (mg/100 g).   

Mean SDa Min Max 

Gallic acid 0.075 0.041 0.019 0.204 
p-Hydroxybenzoic acid 0.230 0.116 0.041 0.518 
Vanillic acid 0.105 0.080 0.023 0.488 
Syringic acid 1.101 2.514 0.087 13.389 
Ethyl gallate 0.605 0.282 0.081 1.350 
Caffeic acid 0.034 0.055 nd 0.288 
p-Coumaric acid 0.273 0.149 0.089 0.836 
m-Coumaric acid 1.856 2.015 0.412 10.415 
Ferulic acid 0.005 0.013 nd 0.048 
ΣPhenolic acidsb 4.284 3.461 1.440 17.502 
Naringenin 0.448 0.176 0.068 0.764 
Naringin 0.010 0.026 nd 0.125 
Hesperidin 0.019 0.049 nd 0.152 
Pinocembrin 0.065 0.100 nd 0.400 
Chrysin 0.010 0.028 nd 0.103 
Galangin 0.010 0.027 nd 0.112 
Quercetrin 0.027 0.094 nd 0.504 
Quercetin 0.001 0.004 nd 0.021 
ΣFlavonoidsb 0.597 0.291 0.108 1.296 
ΣPhenolsb 4.881 3.640 1.806 18.798  

a SD: Standard deviation. nd: not detected. 
b Σ, Phenolic acids, ΣFlavonoids, ΣPhenols total: sum of all individual 

phenolic acids, flavonoids, and phenolic compounds, respectively. 
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honey (mean = 4.27 mg/100g). As well, Tomás-Barberán, Martos, Fer-
reres, Radovic, and Anklam (2001) found high amounts of quercetin in 
sunflower honey, hesperitin in citrus honey and kaempferol in rosemary 
honey, and confirming the result of previous works in which these 
compounds as markers of these honey types. 

The relative high amounts of syringic acid, ethyl gallate, m-coumaric 
acid and naringenin all together are uncommon in any type of honey. 
Thus, syringic acid have been found in some unifloral honey almost 
always in low amounts, e.g. in acacia, honeydew and buckwhert honeys 
(mean < 0.07 mg/100g, Biesaga & Pyrzyńska, 2013; Dimitrova, Gev-
renova, & Anklam, 2007), in Australian manuka and kanuka honeys 
(mean = 0.134 and 0.135 mg/100g, respectively, Stephens et al., 2010), 
or in Yemeni jujube honey (mean = 0.172 mg/100g, Wabaidur et al., 
2015), although, Michalkiewicz, Biesaga, and Pyrzynska (2008) re-
ported syringic acid value of 1.80 mg/100g for heather honey. The 
highest values were detected in Chinese jujube and longan and in 
Turkish euphorbia honeys (mean = 4.250, 8.910 and 34.47 mg/100g, 
respectively; Kıvrak & Kıvrak, 2017; Zhao et al., 2016). 

Regarding the m-coumaric acid and naringenin, all studies have 
found low to very low amounts for these compounds, in acacia and 
chestnut the mean m-coumaric acid varied from 0.141 to 0.202 mg/ 
100g, respectively (Dimitrova et al., 2007), and in lavender and heather 
honeys the mean ranged from 0.06 to 0.11 mg/100g (Andrade et al., 
1997), whereas the naringenin were found in very few unifloral honey 
and always with low quantities <0.05 mg/100g (e.g. acacia, honeydew, 
buckwheat and jujube honeys; Biesaga & Pyrzyńska, 2013; Wabaidur 
et al., 2015), while Campillo, Viñas, Férez-Melgarejo, and Hernán-
dez-Córdoba (2015) quantified this flavonoid in one sample purchased 
as rosemary (0.49 mg/100g), but without a melissopalynological 
confirmation. Finally, the ethyl gallate with a potent action against 
Streptococcus mutans (Gabe et al., 2019) has almost never been detected 
in honeys, while Bayram et al. (2020) quantified the ethyl gallate in 
various honey samples from different regions of Turkey but in very few 
concentrations. 

3.2. Color parameters 

The color of honey is very wide and can be ranged from white to a 
dark red (Shafiee, Minaei, Moghaddam-Charkari, Ghasemi-Varnam-
khasti, & Barzegar, 2013). The results of the CIELAB color attributes can 
be seen in Table S3. The lightness (L*) presented values ranging from 32 
to 64 units (mean = 46.2 units), the chroma (C*ab) from 10 to 30 units 
and hue (hab), the qualitative attribute of color, between 43 and 80◦

(mean = 65.9◦). Fig. 3 illustrates the location of each honey sample on 
the (a*, b*)- diagram and lightness. The samples were situated in a wide 
range of chroma and hue angles values. The CIELAB color characteristics 
of E. resinifera honeys show generally low values of chroma (mean C*ab 
= 21.6 units), a* (mean = 7.7) and b* (mean = 19.9). When comparing 
our color parameters results with those of honeys with similar variety 
like Euphorbia officinarum or E. regis-jubae (Bettar et al., 2019), we can 
conclude that parameters as chroma (mean = 44.4 and 74.8 units for 
E. officinarum and E. regis-jubae, respectively) or b* (mean = 32.9 and 
72.2 units for E. officinarum and E. regis-jubae, respectively), could 
perfectly differentiate our honey type from that of similar botanical 
origin. Other studies done in color of light (e.g. acacia, linden or rape), 
or amber-to-dark (e.g. eucalyptus, thyme or avocado) unifloral honeys 
using CIELAB color space, have found values of color attributes as C*, a* 
or b* which could be distinguish these honey types from our resin spurge 
honey (Scripcă, Norocel, & Amariei, 2019; Terrab, Díez, & Heredia, 
2003; Terrab, González-Miret, & Heredia, 2004). 

3.3. Statistical analysis 

3.3.1. Phenols vs color 
Simple correlations have been applied to found relationships be-

tween the different CIELAB color attributes and the phenolic compounds 
(Table S4). Correlations (p < 0.05) between some color parameters (L*, 
b*, C*ab, hab) and the phenolic acids (r = − 0.385, − 0.402, − 0.404 and 
− 0.402, respectively), and total phenolic compounds (r = − 0.371, 
− 0.390, − 0.394 and − 0.388, respectively) have been found. 

Fig. 3. Distribution of the Euphorbia resinifera honey samples within the CIELAB color space (a* b* -diagram) and lightness (L*).  
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Considering the individual phenol compounds significant relationships 
(p < 0.05) have been detected between b*, C*ab and caffeic and p-cou-
maric acids, and between L*, b*, C*ab, hab and m-coumaric acid (r =
− 0.400, − 0.377, − 0.371 and − 0.394, respectively). With respect to the 
flavonoid compounds, significant correlations have been detected only 
between hesperidin content and L*, a*, b*, C*ab, and hab (r = − 0.409, 
− 0.386, − 0.410, − 0.404 and − 0.396, respectively). 

Research on honeys that have correlated color to phenols are 
frequent, the majority of these correlations have been made applying the 
Pfund method for color measurements and total phenolic and flavonoid 
contents, and very scare researches linked the CIELAB color parameters 
with the individual phenol and flavonoid compounds (Becerril-Sánchez, 
Quintero-Salazar, Dublán-García, & Escalona-Buendía, 2021) between 
unifloral honey, and non within the same unifloral honey. Thus, in 
Algerian honey a high correlation between phenolic compounds and 
color (R2 = 0.693) has been found (Rebiai & Lanez, 2014). Highest 
phenolic and flavonoid values have been found in dark amber honeys 
(Al-Farsi, Al-Amri, Al-Hadhrami, & Al-Belushi, 2018). Also, a high 
positive relationship between color and both phenolic contents and 
flavonoid, has been found in honeys from different origins (Smetanska, 
Alharthi, & Selim, 2021). In the same way, Ferreira, Aires, Barreira, and 
Estevinho (2009) found a correlation between the color intensity and 
phenolic contents in honey samples from Portugal, and Moniruzzaman, 
Sulaiman, Khalil, and Gan (2013) detected a strong correlation between 
the color intensity of some Malaysian unifloral honeys and both phenolic 
and flavonoid contents. Daci-Ajvazi, Mehmeti, Zeneli, and Daci (2017) 
found that dark brown honeys from Kosovo show a larger phenol con-
centrations with respect to the light yellow ones, and exhibiting high 
correlation (r = 0.711) between phenol content and color. Similarly, 
Beretta, Granata, Ferrero, Orioli, and Facino (2005) noticed significant 
correlation between phenol content and color intensity in 14 commer-
cial unifloral honey samples. In honeys from Mexico, a high correlation 
between color and flavonoid content values has been found 
(Balcázar-Cruz et al., 2019), showing a great correlation between a 
darker honeys and flavonoid content, which was also concluded in 
Argentinean honey from Chaco region (Cabrera, Perez, Gallez, Andrada, 
& Balbarrey, 2017), and in Brazilian multifloral honeys (Pontis, Costa, 

Silva, & Flach, 2014). In different Polish unifloral honeys, relationship 
between p-hydroxybenzoic acid and color intensity has been detected 
(Puścion-Jakubik, Karpińska, Moskwa, & Socha, 2022). Lastly, correla-
tions made between CIELAB color parameters and total phenol and 
flavonoid contents on five Galician unifloral honeys (NW Spain) shown 
significant negative correlation between L*, b*, C* and hue and poly-
phenol and flavonoid content, however, positive correlation have been 
found between polyphenol and flavonoid content and a* (Escuredo, 
Rodríguez-Flores, Rojo-Martínez, & Seijo, 2019). 

3.3.2. Phenols and color vs pollen content 
As we mentioned, Terrab et al. (2022) established >20% of pollen of 

E. resinifera to consider an uniflorality of this honey variety, thus 21 
samples had percentage > at 20% and eight samples lower than 20%. To 
establish differences between these two groups of samples with respect 
to their color and phenolic compounds, ANOVA and LDA were per-
formed to evaluate the influence of the percentage of pollen from 
E. resinifera present in the 29 honey samples analyzed. High significance 
differences (p < 0.05) were found in the honey samples according to the 
percentage of pollen from E. resinifera, with benzoic acids (p < 0.002; R2 

= 0.306) having the highest weight in this difference. 
Regarding the LDA, a forward iterative inclusion of the different 

parameters has been made to select the color and phenol variables with a 
greater discrimination, being the lambda of Wilks the criterion for the 
selection. The LDA analyses have been achieved considering the per-
centage of pollen of E. resinifera if it is <20% or >20%. The variables 
selected by LDA were gallic acid, vanillic acid, p-coumaric acid, quer-
cetin, a* and L* (see Table S5). p-value < 0.01 has been found in three 
variables, gallic and p-coumaric acids and a*. The program calculates 
the canonical variable which best discriminates correlations between 
the two group of honey samples (according to the percentage of 
E. resinifera pollen <20% or >20%), and their coefficients. In Table S6 
we can observe the cumulative proportion of total dispersion as well as 
the standardized coefficients for the canonical variable. The coordinate 
a* and p-coumaric acid are the two variables which contribute for the 
majority of the discrimination between the group of samples. Because 
that solely two groups have been considered, only one classification 

Fig. 4. Linear Discriminant Analysis (LDA) of the two group of honey samples according to their percentage of E. resinifera pollen as shown by a scatter diagram 
representing the projections of the points of each honey sample on the plane formed by the sole canonical variable. 
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function linked to flavonoids, vanillic acid, chrysin (positive sign) and 
a*, L*, p-coumaric acid, gallic acid, pinocembrin and quercetin (negative 
sign), have been carried out, which achieved in a good separation among 
the honey samples (Fig. 4). In Table 2 it can be see the validity of the 
Classification functions (data not shown) according to the settlement % 
of the cases in their corresponding group. We can see that all the samples 
with percentage of E. resinifera pollen > at 20% were accurately assigned 
into their correct group, while the honey samples with % of E. resinifera 
pollen < at 20% shown lower agreement percentage (<75%). 

The use of statistical approach corroborates the effectiveness of the 
melissopalynological and physicochemical analysis, as phenolic com-
pounds and color parameters, in diagnosing the uniflorality of this 
honey type. Although the majority of the honey samples were distrib-
uted into corresponding group, except for two honey samples, which 
presented lower concentration of gallic and p-coumaric acids. Re-
searches on less studied unifloral honeys should maintain especially 
those where the pollen % necessary to consider the uniflorality of honey 
are doubtful. 

4. Conclusions 

The evaluation of the physicochemical characteristic helps to raise 
the value of this labeled honey type, from commercial point of view, 
also, it will assure even more the standing of this unifloral honey in the 
EU catalog of protected foods (EU Communication 2013/C 232/05, 
2013). In the last years, researches on foods that contain phenolic 
compounds were crucial, and their presence in honey, as markers, al-
lows the authentification of the botanical origin. Thus, in our research 
the analysis of phenolic acid and flavonoids allows the separation of 17 
phenolic compounds, which four of them (syringic acid, ethyl gallate, 
m-coumaric acid and naringenin) could be considered as biomarkers of 
this honey variety. Also, many correlations between the chromatic at-
tributes and phenolic acids, total phenolic compounds, caffeic acid, p- 
and m-coumaric acids and hesperidin have been demonstrated. Lastly, 
correlation between phenols, color parameters and percentage of pollen 
of E. resinifera has been established. 
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Biesaga, M., & Pyrzyńska, K. (2013). Stability of bioactive polyphenols from honey 
during different extraction methods. Food Chemistry, 136(1), 46–54. https://doi.org/ 
10.1016/j.foodchem.2012.07.095 

Boutoub, O., El-Guendouz, S., Manhita, A., Dias, C. B., Estevinho, L. M., Paula, V. B., 
et al. (2021). Comparative study of the antioxidant and enzyme inhibitory activities 
of two types of Moroccan Euphorbia entire honey and their phenolic extracts. Foods, 
10(8), 1909. 

Cabrera, M., Perez, M., Gallez, L., Andrada, A., & Balbarrey, G. (2017). Colour, 
antioxidant capacity, phenolic and flavonoid content of honey from the Humid 
Chaco Region, Argentina. Phyton, 86, 124. 
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