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A B S T R A C T   A R T I C L E   I N F O 

We analyzed five Moroccan honey varieties: cedar, 
euphorbia, eucalyptus, carob, and thyme, focusing on their 
physicochemical and phytochemical properties. Using gas 
chromatography-mass spectrometry, high-performance 
liquid chromatography, and X-ray fluorescence, we 
measured key parameters like pH, refractive index, moisture 
content, and Brix degree, comparing them to Codex 
Alimentarius standards. The chemical composition varied 
significantly between samples. We also evaluated 
antioxidant capacity through DPPH and total antioxidant 
assays. Methyl hepta-2,4-dienoate was predominant in 
euphorbia and eucalyptus honey, while 3-methoxy-2-
methyl-cyclohex-2-enone was unique to carob honey. All 
samples contained polyphenols like caffeic acid and 
naringenin. Carob honey has high fructose and glucose levels 
and exceptional antioxidant capacity. These findings 
highlight the health-promoting potential of Moroccan kinds 
of honey for food and nutraceutical applications. 
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1. INTRODUCTION 
 

Honey, a complex biological substance (Tomczyk et al., 2020, Cohen and Weihs, 2010), 
serves as a natural sweetener rich in energy Stihi et al. (2016) and has been used for millennia 
(Kamal & Klein, 2011). It is made from nectar that honeybees, Apis mellifera, gather from 
different flowers (Trisha et al., 2023, Pereira et al., 2023). Recent scientific interest has grown 
due to its health benefits and identifying over 200 bioactive components (Hossain et al., 
2022). Ancient societies harnessed honey’s medicinal properties for wound healing, sunburn 
treatment, blood pressure reduction, and soothing throat inflammations (Duru & Duru, 
2021). 

Honey offers diverse nutrients, including water. (Cianciosi et al., 2018), sugars, amino acid 
compounds, different vitamins, active enzymes, organic acids, phenols, pigments, volatile oils, 
and a wide range of aromatic compounds (Terzo et al., 2020, Alghamdi et al., 2020). 

The sensory, chemical, and physical significantly impact honey quality (Finola et al., 2007). 
The primary constituents of honey largely consist of sugars, with approximately 95 to 97% of 
its dry weight composed of monosaccharides (Gela et al., 2021). The dominant sugars in 
honey are fructose (38%) and glucose (31%), contributing to its nutritional qualities (Bastos & 
Alves, 2003, Alvarez-Suarez et al., 2010, Hussein et al., 2014, Doner, 1977, Duru & Duru, 
2021). 

It is well established that honey possesses various beneficial properties such as anti-
inflammatory effects. Markelov & Trushin (2006), antioxidant activity (Chua et al., 2013, Aljadi 
& Kamaruddin, 2004), and even antibiotic potential (Rikohe et al., 2023). The varying 
concentrations of phenolic compounds in different honey types influence their antioxidant 
levels (Moniruzzaman et al., 2012, Gheldof et al., 2002). Consequently, honey stands out as a 
natural source of vital antioxidants for human health (Yamani & Ali, 2023). A particularly 
accurate and effective technique for identifying these phenolic compounds is high-
performance liquid chromatograph y with diode array detection (HPLC-DAD). This method 
allows precise identification and quantification of phenolic compounds. (Zhang et al., 2023, 
Chen et al., 2011, Marini et al., 2011, Regos & Treutter, 2010, Zhang et al., 2013). 

To ensure quality and authenticity, authorities establish guidelines based on botanical and 
geographical origins. These guidelines are intended to protect honey's competitiveness in the 
market and guarantee its quality (Castro-Vázquez et al., 2010, Ballabio et al., 2018). While 
melissopalynological analysis identifies floral sources, its limitations necessitate 
supplementing or replacing them with other techniques (Patrignani et al., 2018, Stanimirova 
et al., 2010). Unfortunately, this analytical procedure alone cannot reliably ensure the 
characterization of honey’s floral source due to its cost and time-consuming nature. 
Additionally, its dependability may be restricted by the analyzer's capabilities, which 
significantly impact its effectiveness (Castro-Vázquez et al., 2014, Costa et al., 2018). 
Therefore, it is imperative to either supplement or completely replace this analysis with other 
techniques, such as physicochemical, organoleptic, and chromatographic methods.  

In recent decades, gas chromatography-mass spectrometry (GC-MS) has been widely used 
to determine the volatile profile of honey (Castro-Vázquez et al., 2010, Devi et al., 2018, 
Escriche et al., 2009, Castro-Vázquez et al., 2014, Soria et al., 2008, Juan-Borrás et al., 2014). 
Another valuable technique is the energy dispersive X-ray fluorescence (ED-XRF) technique, 
which accurately determines the concentrations of elements (K, Ca, Ti, Cr, Mn, Fe, Ni, Cu, Zn, 
Rb, and Sr) in honey samples. ED-XRF, utilizing a range of tubes and radionuclide sources, 
demonstrated adequate precision for identifying specific elements in biological samples like 
honey (Khuder et al., 2010). 
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Based on our previous studies (Errich et al., 2021; Sabbani et al., 2021; Nasri et al., 2021; 
El Ati et al., 2022; Maarouf et al., 2022; Hamdaoui et al., 2021; Boutebib et al., 2023; Laita et 
al., 2024; Ech-Chihbi et al., 2024; Sellam et al., 2024), this work aimed to define specific 
physicochemical characteristics, including water content, pH, refractive index, acidity index, 
saponification index, and Brix degree. Additionally, it focused on analyzing the phytochemical 
profiles of Moroccan honey using analytical techniques such as HPLC-DAD, GC-MS, and 
EDXRF. These analyses were conducted based on the floral richness of the honey samples. 
Furthermore, the study evaluated the antioxidant capacity of the honey varieties. Ultimately, 
this research contributes to the valorization of different honey samples. 

2. METHODS 
2.1. Chemical Reagents 

The following compounds were purchased from Sigma-Aldrich: ascorbic acid, gallic acid, 
chlorogenic acid, caffeic acid, cinnamic acid, p-coumaric acid, benzoic acid, naringenin, rutin, 
kaempferol, and 2,2-diphenyl-1-picrylhydrazyl (DPPH). Methanol, sulfuric acid, hydrochloric 
acid, ethanol, acetonitrile, and sodium hydroxide (NaOH) were also used. All chemicals used 
in this study were analytical grade. 

2.2. Honey Samples 

Five distinct honey samples were collected between 1 April and 30 September 2022 from 
modern and healthy hives strategically placed across diverse eco-geographical regions in 
Morocco. These regions included Oulad Barhil, Ait Ba Amran, Agadir, Tiznit, and Errachidia as 
shown in Figure 1 and detailed in Table 1. Each sample was weighed 250 g and was carefully 
transported to our laboratory in February 2023. Then, they were stored at room temperature. 
To ensure accuracy and consistency, we conducted all tests within three months of obtaining 
the samples. 

Table 1. Honey samples, origins, and floral sources. 

Sample 
code 

Sample name Location Latitude Longitude Altitude (m) 

M 1 Cedar Oulad Barhil 30°38'47.029" N 8°28' 47.737" W 491.00 

M 2 Euphorbia Ait Ba Amran 31°22'48" N 8°33'0" W 665.23 

M 3 Eucalyptus Agadir 30°25'39.9180'' N 9°35'53.1852'' W 74.00 

M 4 Carob Tiznit 29°41'48.8436'' N 9°43'59.5128'' W 1200.00 

M 5 Thyme Erachidia 31°55'38.05" N 4°25'42.593" W 1009.00 

 

 

Figure 1.  Geographical location of honey samples. 
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2.3. Evaluation of Physicochemical Characteristics 

    We did measurements of parameters, such as humidity, pH, saponification index, 
acidity index, Brix degree, and refractive index, which are part of the physicochemical 
studies. These analyses were carried out three times to guarantee the accuracy and 
reliability of the results. 

2.3.1. Moisture Content 

Two methods were used to evaluate the moisture content of honey samples. First, 1 g of 
homogenized honey was placed in a Petri dish and heated in an oven at 105°C for at least 3 h 
to ensure complete evaporation of water. After cooling, the dried honey was weighed, and 
the difference between the initial and final masses provided the moisture content. 

2.3.2. Refractive index 

In the second method, a refractometer was employed to determine the refractive indices 
of the honey samples at room temperature. The Wedmore table was used to calculate the 
moisture percentage. This approach allowed us to get an accurate assessment of the honey’s 
water content (Hussein et al., 2014). 

2.3.3. Determination of pH 

The pH of the honey samples was measured using a pH meter (Bante, instruments, 920). 
Using buffer solutions, a calibrated pH meter with pH values of 4.00, 7.00, and 9.00 was used 
to measure the pH directly. In a 250 mL beaker, 10 g of honey was dissolved in 75 mL of 
distilled water and stirred using a magnetic stirrer. This approach aligned with the 
methodology described by other reports (Damto et al., 2023), and adhered to guidelines for 
sample preparation. 

2.3.4. Acidity value  

To prepare the titrant solution, first make a standardized alcoholic mixture of KOH with a 
concentration of 0.01 M KOH, according to Aloune et al. (2012). Next, get the samples of 
honey ready for analysis. To dissolve 0.5 g of honey, add 5 mL of ethanol to it. For titration, 
the sample material is added to phenolphthalein, a colored indicator. The KOH titrant solution 
is then added gradually until the indicator's color changes, indicating that the acid has been 
neutralized. 

Following other reports (Alloune et al., 2012), the acidity value was calculated using the 
equation (1): 

𝐴𝑐𝑖𝑑𝑖𝑡𝑦 𝑣𝑎𝑙𝑢𝑒 (
𝑚𝑔𝐾𝑂𝐻

𝑔
) =  𝐼𝐴 =

(𝑉𝐾𝑂𝐻 𝑥 𝑁𝐾𝑂𝐻 𝑥 56,1)

𝑚𝑒
       (1) 

where V is the KOH titrant solution volume (measured in mL), N is the KOH titrant solution's 
normalcy, 56.1 is the KOH's molar mass denoted by M of KOH, and Me is the weight (g) of the 
honey sample under test. 

2.3.5. Saponification value 

We gave 2 g of honey for analysis. Next, we made a standard solution of potassium 
hydroxide (KOH) with a concentration of 0.5 M. We combined the honey sample and 25 mL 
of the KOH solution for the saponification reaction. The esters in the honey were converted 
into soap and alcohol by this saponification reaction. The mixture contained an excess of 
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potassium hydroxide after the saponification reaction. The excess KOH must then be titrated 
with hydrochloric acid (HCl) (0.5 M). 

    Following Aloune et al. (2012), the saponification value is calculated using the following 
formula (Equestion 2): 

Saponification value (mg KOH/g) = IS = ((V0 – V1) x NHCl x 56,1)/me                 (2) 

where V0 is the volume of 0.5 N of HCl used in the blank test (measured in mL), V1 is the 
volume of the test with 0.5 N of HCl (measured in mL), NHCl is the potassium hydroxide titrant 
solution's normalcy, and 56.1 is the potassium hydroxide equivalent mass, Me is the mass of 
the honey sample under test (measured in g). 

2.3.6. Total soluble (Brix) 

Refractometric analysis was used to measure the total soluble solids, which were 
expressed as degrees Brix on a scale from 0 to 90 degrees. 

2.4. Phytochemical studies 
2.4.1. Evaluation of phenolic compounds by HPLC-DAD 

The honey samples were prepared in the physical measurement room of the Faculty of 
Sciences of University Mohamed IV in Oujda, using high-performance liquid chromatography 
coupled with a UV-visible detector (Shimadzu Corp., Kyoto, Japan) connected to a UV PDA 
Waters 2996 detector (210–400 nm), somewhat modified from the method developed by 
(Amarowicz et al., 2005). An SPD-M 10 A photodiode array detector, an SCTL 10 A system 
controller, and an LC-10AD pump made up the system. The reverse-phase column Alliance 
ew2695, C18 (250*4.0 mm, 5 μm) was injected with 20 μl of each sample. The mobile phase 
composition was found to be 4% aqueous acetic acid (A) and methanol (B) (v/v) from 0 to 10 
min, 20-40% B at 10-15 min, 40-60% B at 15-20 min, and 60% B at 20-25 min. The HPLC 
analysis was carried out using a linear gradient elution. There was a 1.0 mL/min flow rate. The 
wavelengths that the diode detector used were 288 and 320 nm. The HPLC's Empower 
software was utilized to examine the peak's areas and heights. Many chemicals, including 
gallic acid, caffeic acid, rutin, naringenin, kaempferol, and benzoic acid, were used for the 
HPLC profile. After preparing analytical standards in DMSO (1 mg/ml), 10 μl were injected into 
the system using the previously mentioned protocol (Dalli et al., 2021). 

2.4.2. Measurement of sugars by HPLC-DAD 

The quantification of fructose, glucose, and sucrose was carried out following the 
standardized procedures established by the International Honey Commission (Bogdanov et 
al., 2002), with a few minor adjustments. 

1 g of honey was combined with 4 mL of distilled water, and the mixture was shaken for 
30 minutes at room temperature. For 10 minutes, the samples were centrifuged at 4000Xg. 
A 0.45 µm filter was used to filter the supernatants, which were then put in a vial for analysis. 
Using high-performance liquid chromatography (HPLC) (Agilent Technologies 1200 series) 
with an ELSD detector (Agilent Technologies 1200 Series ELSD) operating at 40 °C and 3.5 bar 
of pressure, the contents of glucose, fructose, and sucrose were ascertained. At a 
temperature of 30°C, separation was accomplished using an HPLC column Spherisorb NH2 (5 
μm, L × I.D. 25 cm × 3.2 mm). Acetonitrile/Water (85/15) (v/v) was used in an isocratic elution 
system with a flow rate of 1 mL/min and an analysis time of 20 minutes. The results were 
expressed in mg per 100 g of dry matter and were computed using an external calibration 
curve. 
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2.4.3. Identification of Chemical Compounds by (GC-MS) 

The NF T60-233 standard protocol was followed in the preparation of the methyl esters of 
honey fatty acids (Loukili et al., 2021). A Shimadzu GC program (Kyoto, Japan) with an MS 
QP2010 coupled with a BPX25 capillary column containing a 5% diphenyl and 95% 
dimethylpolysiloxane phase (30 m × 0.25 mm inner diameter × 0.25 µm film thickness) was 
used to perform their separation and identification. The carrier gas was selected to be pure 
helium (99.99%) at a steady flow rate of 3 mL/min. The temperatures of the injection, ion 
source, and interface were all set to 250°C. The temperature program for the column oven 
went from 50°C (held for 1 minute) to 250°C (10 °C/min), with another 1 minute for holding 
time. Sample components were ionized at an energy of 70 eV in the EI mode (70%) of 
ionization. 40 to 300 m/z was the mass range that was scanned. Splitless mode (90:1) was 
used to inject 1 μl of each prepared extract diluted with the appropriate solvent. The sample 
was analyzed in a single run. Ultimately, the compounds were identified through the 
comparison of retention times with standards and mass spectra fragmentation with 
information from the NIST compounds 147, and 198 databases. Data processing and 
collection were done using LabSolutions (version 2.5) (Loukili et al., 2021). Detailed 
information regarding how to read GC-MS is reported elsewhere (Subagyono et al., 021; Diass 
et al., 2023; Nugraha & Nandiyanto, 2021). 

2.4.4. Elemental Composition Determination (EDXRF) 

The experiment was carried out using the Shimadzu X-ray Fluorescence Energy Dispersion 
Spectroscopy (EDX-7000) instrument to interpret the analysis of illicit liqueur samples. The X-
ray source has been set at 50 kV, 144 uA for Al-U, and 15 kV, 999 uA for NaSc. The collimator 
was set to 3 mm for each sample. Fluorescence allows for the simultaneous detection of many 
elements to be analyzed. This apparatus analyzed the samples in less than 1 minute. 

2.5. Antioxidant Activities 

The antioxidant activity was studied by the DPPH (2,2-diphenyl-1-picrylhydrazyl) test and 
the measurement of total antioxidant capacity (TAC). 

2.5.1. Study of Antioxidant Activity Using the DPPH Test  

The DPPH radical scavenging potential was explored based on previous studies (Ferreira et 
al., 2009). However, a modified version of the previously approved DPPH free radical 
scavenging assay was used to evaluate the antioxidant activity of the honey sample (Damto 
et al., 2023). To do this, 0.5 mg of DPPH was dissolved in 25 mL of methanol to create a DPPH 
solution. By calculating their antioxidant capacity relative to ascorbic acid (AAEAC), the 
antioxidant compounds found in the honey samples were evaluated (Trisha et al., 2023). 
Butylated hydroxytoluene (BHT) was frequently used as a standard reference in earlier 
research. However, for our investigation, we decided to use ascorbic acid or vitamin C. 

For comparison's sake, an ascorbic acid reference solution at a concentration of 10 mg/ml 
was employed. 30 mg of honey and 1 mL of methanol were combined to create the honey 
solution. 0.75 mL of this methanolic honey solution was then added to 1.5 mL of the DPPH 
solution. Using a UV-Vis spectrophotometer, the decrease in the DPPH solution's absorption 
following the addition of an antioxidant was calculated at 517 nm (Flieger & Flieger, 2020). 

The equation used to evaluate the radical scavenging activity (%RSA) is as follows Equation 
(3): 

%RSA = ((ADPPH – AS) 100)/ADPPH          (3) 
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Where ADPPH is the DPPH solution's initial absorbance. The absorbance of the solution 
after a specific quantity of the test sample has been added is known as AS. 

2.5.2. Measurement of Total Antioxidant Capacity (TAC) 

The ability of the honey samples to reduce ammonium molybdate was used to assess their 
overall antioxidant capacity. Their total antioxidant potential is estimated using this method 
(El Menyiy et al., 2020). The assay method is based on the conversion of molybdenum (VI) to 
molybdenum (V) by the sample, resulting in the formation of a subsequent coating of 
molybdenum (V) (Al-Hindi and Shehata, 2014). To achieve this, 100 μL of the honey sample 
was combined with 1 mL of a reactive solution that contained 0.6 M sulfuric acid, 28 mM 
sodium phosphate, and 4 mM ammonium molybdate. After shaking the reaction tubes, they 
were placed in a water bath and heated to boiling (95 °C for 90 min). The absorbance at 695 
nm was measured after the sample cooled to room temperature. The values obtained were 
analyzed concerning a calibration curve (1- 200 µg/mL) established for ascorbic acid. The 
calibration curves were linear (y = 0.0091x + 0.0188; R² = 0.9875). 

3. RESULTS AND DISCUSSION 
3.1. Examination of Physicochemical Properties 

The physicochemical parameters of the five Moroccan honeys, namely, cedar, euphorbia, 
eucalyptus, carob, and thyme, are presented in Table 2. The variables that can also affect the 
moisture content of honey include temperature, the relative humidity of the climate in a 
particular area, the conditions inside the beehives, and the time of harvest (Gomes et al., 
2010). The outcomes obtained for the underwater content using the two methods closely 
resemble each other. Accordingly, the water content of the samples made using the 
traditional method ranged from 15.45% (carob honey) to 18.7% (eucalyptus honey). 
According to the second method, it ranged from 17.2% (carob honey) to 19.8% (euphorbia 
honey). These findings confirm that carob honey has the lowest humidity rate among the 
other samples, which contradicts the findings of Belhaj et al. (2015) Who discovered that the 
moisture content of carob honey is typically high (20.58%). Additionally, we noticed that, out 
of all the samples examined, samples M2 (euphorbia honey) and M3 (eucalyptus honey) had 
the highest moisture content. Eucalyptus honey has a moisture content that is quite similar 
to what the recommended norms suggest (Belhaj et al., 2015). It is important to remember 
that this value is lower than the 20% maximum tolerated limit for honey set by the Codex 
Alimentarius (Ciric et al., 2018). We have been able to comprehend the storage conditions, 
ascertain the possibility of honey fermentation, and assess the influence of climate and honey 
extraction and preservation methods thanks to this analysis (Amri et al., 2008). 

Most honey has an acidic pH, typically falling between 3.42 and 6.10 (Islam et al., 2022). 
All of the samples (M1 through M5) that were tested showed acidity as well, the pH values of 
honey samples M3 (eucalyptus honey), M4 (carob honey), and M5 (thyme honey) are almost 
identical to the findings of the pH ranges from 3.90 (carob honey) to 4.56 (thyme honey) 
(Belhaj et al., 2015), but with slight differences. On the other hand (Mohamed et al., 1981), 
the average pH of eucalyptus honey is 5.36, and that of thyme honey is 6.2, according to 
reports, which is different from the values we measured. According to reports that have been 
published, the ideal pH range is 3.2 to 4.5 (Meda et al., 2005). No sample examined went over 
the upper limit permitted by Belhaj et al. (2015), this might be regarded as a freshness 
indicator. 

The acidity index values of the examined honey samples ranged from 31.70 to 39.60 mg 
KOH/kg of honey. The measurements of free acidity varied between 20.3 ± 0.4 and 60.8 ± 0.4 
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meq/kg. Regarding the 2001 Codex guidelines (Meda et al., 2005), the five honey samples 
that were analyzed met the established criteria for acidity index values. These results were 
also lower than the permitted 50 meq/kg limits (Chakir et al., 2016). High levels of free acidity 
were detected in some honeydew kinds of honey from Morocco. Díez et al. (2004), suggesting 
a tendency toward fermentation. 

The results of the saponification index point to a comparatively low-fat content in the 
different honey samples. These indices ranged from 5.64 mg KOH/g (for carob honey) to 8.54 
mg KOH/g (for thyme honey). 

Sugars make up most of the honey's dry weight more than 90% of it. Additionally, honey 
contains at least 25 different types of sugars, all of which are closely related to the product's 
maturation stage and botanical source (Ng et al., 2023). The total sugar content of honey is 
directly correlated with the total amount of soluble matter because of its high sugar 
saturation. Thus, there is a strong correlation between the total amount of soluble solids in 
honey and its overall sugar concentration (Ng et al., 2021, Manikis & Thrasivoulou, 2001, 
Smanalieva & Senge, 2009). The concentration of soluble matter varies among the different 
honey samples (M1-M5), with Brix degrees varying from 59.75 to 76.25. When comparing 
Sample M4 (carob honey) to the other samples (M1 to M4), the Brix degree indicates a higher 
concentration of soluble solids in Sample M4. This indicates that sample M4's honey contains 
more sugars or other soluble compounds than the other samples under examination. 

Our results showed that each honey sample possesses unique properties depending on the 
region of origin. For example, carob honey from Tiznit has the lowest moisture content 
(15.45% ± 0.21) and the highest Brix degree (76.25 ± 1.02), while euphorbia honey from Ait 
Ba Amran has the highest moisture content (18.13% ± 0.14). Similarly, the levels of acidity and 
saponification indices vary significantly between samples, highlighting the influence of local 
geographical conditions on the chemical composition and properties of the honey. 

These differences underscore the importance of conducting regional studies to better 
understand and value the specific characteristics of Moroccan honey. 

Overall, the composition of honey exhibits significant variability due to a combination of 
local and environmental factors. Key contributors include the bee species responsible for 
honey production, the extraction techniques employed, and the specific floral sources from 
which bees collect nectar (Young & Blundell, 2023). Several critical parameters, such as 
moisture content, pH, and acidity, directly impact honey quality (Zapata-Vahos et al., 2023). 
Additionally, climatic conditions and the types of flowers available to bees play a crucial role 
in shaping the composition of honey. In the context of Moroccan honey production, diverse 
floral origins contribute to the rich tapestry of honey varieties (Abu-Tarboush et al., 1993). 
Moroccan honey production involves various types of floral origins (Devillers et al., 2004). 
Researchers have extensively explored these parameters, particularly in the northwest region 
of Morocco (Malika et al., 2005, Terrab et al., 2003). 

These differences underscore the importance of conducting regional studies to better 
understand and value the specific characteristics of Moroccan honey. 

Overall, the composition of honey exhibits significant variability due to a combination of 
local and environmental factors. Key contributors include the bee species responsible for 
honey production, the extraction techniques employed, and the specific floral sources from 
which bees collect nectar (Young & Blundell, 2023). Several critical parameters, such as 
moisture content, pH, and acidity, directly impact honey quality (Zapata-Vahos et al., 2023). 
Additionally, climatic conditions and the types of flowers available to bees play a crucial role 
in shaping the composition of honey. In the context of Moroccan honey production, diverse 
floral origins contribute to the rich tapestry of honey varieties (Abu-Tarboush et al., 1993). 
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Moroccan honey production involves various types of floral origins (Devillers et al., 2004). 
Researchers have extensively explored these parameters, particularly in the northwest region 
of Morocco (Malika et al., 2005, Terrab et al., 2003). 

Table 2. Physicochemical characteristics of honey samples. 

Sample M1 M2 M3 M4 M5 Norm* 
Moisture 
content (%) 

17.07 ± 
0.53 a 

18.13 ± 
0.14 b 

17.00 ± 
0.01 a 

15.45 ± 
0.21 c 

16.32 ± 
0.28 d 

≤ 20 (Young and Blundell, 

2023) 

pH 4.03 ± 
0.13 a 

4.55 ± 
0.17 b 

4.05 ± 
0.28 a 

3.90 ± 
0.24 a 

4.56 ± 
0.17 b 

3.3 - 4.6 (Benaziza-
Bouchema & Schweitzer, 
2010) 

Refractive 
index 

1.4910 1.4870 1.4900 1.4935 1.4925 1.4865 (Bogdanov et al., 
2002) 

Acidity 
(mgKOH/g) 

31.70 ± 
0.56 a 

35.41 ± 
0.36 b 

33.07 ± 
0.63 a 

39.65 ± 
0.17 c 

37.21 ± 
0.62 c 

≤ 50 (Young & Blundell, 
2023) 

Saponificatio
n (mgKOH/g) 

7.55 ± 
2.34 c 

6.81± 2.97 
b  

6.68 ± 
1.03 b 

5.64 ± 
2.32 a 

8.54 ± 
2.56 d 

- 

Degree Brix° 60.75 
±0.92 a 

59.75 ± 
0.87 a 

60.90 ± 
0.97 a 

76.25 ± 
1.02 c 

69.50 ± 
0.59 b 

≤ 83 (Conti et al., 2014) 

M1: cedar honey, M2: euphorbia honey, M3: eucalyptus honey, M4: carob honey, and M5: thyme honey. 
* The composition criteria of honey according to the Codex Alimentarius. Each value is the mean ± SD 
of three repetitions. The means in the same row, followed by the same letter(s) are not statistically 
different (p > 0.05) using the LSD test. 

 
3.2. Phytochemical Study Results 
3.2.1. Phenolic Compound Analysis 

To examine the phenolic compounds, present in the honey samples, the High-Performance 
Liquid Chromatography with Diode Array Detector (HPLC-DAD) method was used. The results 
obtained are documented in Table 3 and were compared against standards based on 
retention time and ultraviolet spectra. 

The results indicated the presence of various phenolic compounds. The most prevalent 
ones were found in all analyzed samples and ranged from 4.47 to 37.08% for chlorogenic acid 
and 19.43 to 59.52% for caffeic acid. Benzoic acid, which is only measured in M2, M3, and M4 
and ranges from 17.23 to 27.49%, comes after these two acids. While M1 (euphorbia honey) 
and M5 (thyme honey) have higher percentages of caffeic acid (34.45 to 59.52%), the M4 
(carob honey) and M3 (eucalyptus honey) samples have higher percentages of chlorogenic 
acid (36.12 to 37.08%). 

Honey contains polyphenols primarily in the form of flavonoids, phenolic acids, and their 
derivatives. It is well known that these substances give honey its antimicrobial and antioxidant 
qualities [76]. These compounds can serve as chemical attractants for pollinators, like bees, 
in the kingdom of plants, and they also affect the flavor and color of honey in humans [77]. 
Numerous studies have emphasized the existence of different phenolic compounds, like gallic 
acid, caffeic acid, chlorogenic acid, and p-coumaric acid, that possess antioxidant qualities 
[65]. These substances have been linked to consequences like cytoplasmic and nucleotide 
leakage, increased permeability of the cell membrane, harm to the integrity of the cell 
membrane, and disruption of bacterial DNA binding and the cell membrane [78-80]. 

Contrasting our findings with the polyphenol content of Tuscany honey samples by 
Mattonai et al., [81], we have observed that similar results have been obtained for the p-
coumaric and benzoic acids. Contrary to what we discovered in our Moroccan samples, the 
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Tuscany samples showed significantly lower concentrations of coffee acid. Be aware that our 
Moroccan sample lacks rutin, except for sample M1 (cedar honey); rutin is found in multiple 
Tuscany samples, though. Different phenolic compounds, such as ferulic acid, sinapic acid, 
hesperidin, and quercetin, have been found in Tuscan honey samples, but have not been 
found in Moroccan samples. 

Our findings indicate the distinct phenolic profiles of each honey sample, further 
illustrating the unique properties influenced by their geographical origins. For instance, 
caffeic acid is most abundant in thyme honey (M5) from Errachidia (59.52%), while 
chlorogenic acid is predominantly found in carob honey (M4) from Tiznit (37.08%). These 
differences highlight the significant variation in phenolic composition among the different 
types of honey, emphasizing the importance of regional studies to fully understand and utilize 
the unique characteristics of Moroccan honey. 

The study by Tafere et al., [82] mentions that the composition of honey varies not only 
according to the floral source but also due to seasonal and environmental factors, which 
significantly affect its chemical composition. 

Furthermore, the variation in the availability of specific flowers during different seasons 
can alter the levels of phenolic compounds and other antioxidants in honey, affecting its 
antioxidant capacity Tafere et al., [82]. 

We conclude that the floral, geographic, and climatic characteristics of a given place have 
a significant impact on the polyphenol content of bee products, including honey, royal jelly, 
and bee bread, as well as the chemical composition and floral origin of the bees Tafere et al., 
[83]. 

Table 2. Phenolic compounds in honey samples determined by high-performance liquid 
chromatography with diode array detection. 

N° Compound TR (min) Phenolic compounds (%) 
M1 M2 M3 M4 M5 

1 Gallic acid 2.91 10.17 12.53 17.33 1.56 1.1 
2 Chlorogenic acid 3.83 9.96 27.94 37.08 36.12 4.47 
3 Caffeic acid 4.84 34.45 29.55 19.43 37.19 59.52 
4 Cinnamic acid 12.53 nd nd 0.14 nd 4.00 
5 p-Coumaric acid 21.81 nd 2.49 1.34 1.95 6.69 
6 Naringenin 23.23 29.18 nd 7.25 nd 1.82 
7 Rutin 25.27 16.24 nd nd nd nd 
8 Benzoic acid 26.51 nd 27.49 17.23 23.19 nd 
9 Kaempferol 29.02 nd nd 0.21 nd nd 

TR: retention time, nd: not detected, M1: cedar honey, M2: euphorbia honey, M3: eucalyptus 
honey, M4: carob honey, and M5: thyme honey. 

 
3.2.2. Sugar content quantification  

Fructose and glucose are the main sugars in each sample, as the table illustrates. In all the 
examined samples, trace amounts of sucrose in low concentrations were measured, ranging 
from 0.56 to 7.86 g/100g of honey. The primary sugars found in honey's sweet composition 
are fructose and glucose (Aljohar et al., 2018). The European regulations and the Codex 
Alimentarius set standards that these results meet. They concur with (Zammit Young & 
Blundell, 2023). According to Table 2, sample M2 (euphorbia honey) had the lowest fructose 
concentration (29.22% ± 0.81), while sample M4 (carob honey) had the highest fructose 
concentration (42.64% ± 4.15). The main sugar that gives honey its sweet flavor is fructose 
(Gomes et al., 2010). There are minor differences between these and Joshi et al.'s results 
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(45.93%) (Joshi et al., 2000), Erjuwa et al. (2012) (21-43.5%), Kucuk et al. (2007) (7.7-43,9%), 
and the monofloral Ethiopian honey studied by Belay et al. (2017) (43.1%). This implies that 
the predominant sugar in naturally high-grade honey is fructose. Table 4 shows the glucose 
levels in our study, which varied from (22.77% ± 0.20) to (32.96% ± 1.34). The glucose average 
that was highest in M4, carob honey, was noted. This finding may have multiple explanations, 
such as the production of honey from particular plant sources, bee feeding with syrup, or 
possible contamination of honey by artificial ingredients high in glucose (Damto et al., 2023). 

Table 3. Sugar content in various honey samples (g/100g). 

 
M1 M2 M3 M4 M5 Norm* 

Fructose 32.02±0.52 a 29.22±0.81 b 31.75±0.58 a 42.64±4.15 c 37.72±0.19 d ≥ 60 
(Bogdanov et 

al., 1999) 
Glucose 27.17± 0.08 a 22.77±0.20 c 24.80±0.17 d 32.96±1.34 b 30.53±0.47 a ≥ 60 

(Bogdanov et 
al., 1999) 

Sucrose 1.09±0.01 a 7.86±0.15 d 4.31±0.05 b 0.56±0.08 c 1.25±0.02 a ≥ 5 (Bogdanov 
et al., 1999) 

*Composition criteria of honey according to the Codex Alimentarius; Each value is the mean ± SD of three 
repetitions. The means in the same row, followed by the same letter(s) are not statistically different (p > 0.05) 
using the LSD test. 

 

In comparison to other studies, Kucuk et al. (2007) and Amri et al. (2008), reported glucose 
concentrations ranging from 20.3 to 40.2% and from 34.9 to 40.2%, respectively. Our findings 
fall within these ranges, suggesting modest consistency. Notably, all the honey samples 
examined had glucose levels within the Codex's tolerance (Nombré et al., 2010). When 
glucose content exceeds 40%, honey tends to crystallize more quickly than when fructose 
content is higher (Damto et al., 2023). 

3.2.3. Volatile compound analysis  

The primary volatile compounds found in the different samples from GC-MS 
chromatography are presented in Table 5. Numerous volatile compounds were found to be 
present, with 2-Propene-1,1-diol diacetate being the most prevalent. It was quantified in all 
analyzed samples, with a range of 3.8 to 17.06%. Other compounds that were found to be 
present included hepta-2,4-dienoic acid, methyl ester and 2,2,4-Trimethyl-5-oxo-2,5-dihydro-
3-furancarboxylic acid. Measuring 3,4-dihydro-2,5-dimethyl-2H-Pyran-2-carboxaldehyde, the 
range of 25.1 to 38.84% is limited to samples M4 and M5. Stearic acid, or octadecanoic acid 
methyl ester, is only measured in M5 at a 14.28% percentage. As a result, it is evident that 
every honey sample has a unique composition. Only the n-hexadecanoic acid, methyl ester, 
which is detected only in M1 with a very low percentage, and the octa decanoic acid methyl 
ester, which is detected in M1 with a low percentage but in M5 with a percentage of 14.28%, 
are saturated fatty acids.  

Our findings indicate the distinct volatile profiles of each honey sample, further illustrating 
the unique properties influenced by their geographical origins. For instance, 3,4-dihydro-2,5-
dimethyl-2H-Pyran-2-carboxaldehyde is most abundant in thyme honey (M5) from Errachidia 
(38.84%), while hepta-2,4-dienoic acid, methyl ester, is predominantly found in euphorbia 
honey (M2) from Ait Ba Amran (56.83%). These differences highlight the significant variation 
in volatile composition among the different types of honey, emphasizing the importance of 
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regional studies to fully understand and utilize the unique characteristics of Moroccan 
honeys. 

Table 4. Chemical volatile compound profiles analyzed by gas chromatography-mass 
spectrometry. 

N° Compound TR (min) 
Percentage of volatile compound 
M1 M2 M3 M4 M5 

1 N, N-Dimethyl-4-nitroso-3- (trimethylsilyl) aniline 4.40 nd nd nd 3.58 nd 
2 Dimethyl 2-oxomalonate 7.47 nd nd nd 20.22 1.60 
3 2-Propene -1,1-diol, diacetate 9.28 3.80 16.04 17.06 15.65 15.20 
4 4-Octanol, 7-methyl-, acetate 9.46 nd nd nd 3.74 2.71 
5 Butanedioic acid, dimethyl ester  10.27 nd nd nd 2.25 nd 
6 n-Undecane 11.51 nd nd nd 6.04 nd 
7 3,4-dihydro-2,5-dimethyl-2H-Pyran-2-carboxaldehyde 12.68 nd nd nd 25.10 38.84 
8 Hepta-2,4 -dienoic acid, methyl ester 12.78 24.13 56.83 53.30 23.42 nd 
9 2,2,4-Trimethyl-5-oxo-2,5-dihydro-3-furancarboxylic 

acid  
14.43 14.11 21.10 26.85 nd 18.49 

10 2-Propanol, 1,1-dimethoxy-, acetate 15.53 5.65 2.41 1.44 nd 0.50 
11 alpha,-Methylene butyrolactone 15.75 3.49 0.38 nd nd nd 
12 E-14-Hexadecenal 16.3 1.99 0.47 nd nd nd 
13 Trimethyl citrate 16.41 1.54 1.27 0.93 nd 0.44 
14 trimethyl -Silanol 16.97 1.18 0.64 nd nd 0.22 
15 Hexanedioic acid, 3-methyl-, bis (1-methylpropyl) ester 17.48 1.26 nd nd nd nd 
16 7-Dimethyl (prop-2-enyl) silyloxytridecane 17.64 1.19 nd nd nd nd 
17 Allyl (2-tetrahydrofurylmethoxy) dimethylsilane 18.04 1.43 nd nd nd nd 
18 1-Hydroxy-2,4-di-tert-butylbenzene 18.19 2.82 nd nd nd nd 
19 alpha,-Octadecene 18.98 2.72 nd nd nd nd 
20 1-Octadecanol 21.37 2.60 nd nd nd nd 
21 n-Hexadecanoic acid, methyl ester (palmitic acid) 22.86 2.21 nd nd nd nd 
22 Dibutyl phthalate 22.89 2.85 nd nd nd nd 
23 Octyl butyl phthalate 23.40 3.03 nd nd nd nd 
24 n-Eicosanol 23.53 2.44 nd nd nd nd 
25 1,2-Benzenedicarboxylic acid, bis (2-methylpropyl) 

ester 
23.60 2.17 nd nd nd nd 

26 Pyruvic aldehyde dimethyl acetal 24.53 nd 0.58 0.40 nd 7.72 
27 3-methyl -4-Hexen-2-one 24.65 10.47 0.28 nd nd nd 
28 Octadecanoic acid, methyl ester (stearic acid) 24.89 2.38 nd nd nd 14.28 
29 1-Docosene 25.52 4.82 nd nd nd nd 

 
Honey's aroma, flavor, taste, and texture are all known to be significantly influenced by the 

organic compounds found in honey (Manickavasagam et al., 2024). The entomological, 
geographic, and botanical origins of volatile organic compounds affect their type and 
composition; as a result, these compounds may serve as chemical markers (Manickavasagam 
et al., 2024). The development and growth of the human body depend heavily on fatty acids. 
Their roles include acting as structural elements of the lipids that make up cell membranes 
and taking an active part in processes like gene expression and intercellular communication 
(Jarukas et al., 2020). 

3.2.4. Elemental Composition (EDXRF) 

Five samples of natural honey were analyzed for their EDXRF spectra, and Table 6 contains 
the elemental concentration results. 
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Table 5. Mineral composition of honey samples determined by energy dispersive X-ray 
fluorescence. 

Sample 
Mineral (%) 

K S Si Ca Cu Pd P Hf Ag Fe 
M1 25.60 ± 

0.35 d 
24.60 ± 
0.76 d 

20.76 ± 
0.78 c 

11.91 ± 
0.61 b 

8.72 ± 
0.32 a 

8.38 ± 
0.56 a 

- - - - 

M2 18.09 ± 
0.45 b 

18.23 ± 
0.67 b 

- 
35.88 ± 
0.87 c 

- - 
13.07 ± 
0.54 a 

- - - 

M3 19.78 ± 
0.27 c 

- - 
33.95 ± 
0.53 d 

10.79 ± 
0.62 a 

- 
17.29 ± 
0.23 b 

18.17 ± 
0.48 b 

- - 

M4 18.90 ± 
0.67 b 

18.45 ± 
0.56 b 

28.40 ± 
0.42 d 

24.44 ± 
0.47 c 

9.79 ± 
0.85 a 

- - - - - 

M5 17.64 ± 
0.87 e 

11.87 ± 
0.42 d 

13.50 ± 
0.64 d 

34.90 ± 
0.48 f 

5.90 ± 
0.59 b 

- 
4.87 ± 
0.21 b 

- 
9.36 ± 
0.31 c 

2.36 ± 
0.04 a 

K: potassium, S: sulfur, Si: silicon, Ca: calcium, Cu: cupper, Pd palladium, P: phosphorus, Hf: hafnium, Ag: silver, 

and Fe: iron; Each value is the mean ± SD of three repetitions. The means in the same row, followed by the 

same letter(s) are not statistically different (p > 0.05) using the LSD test. 

 
Numerous minerals are present, according to the results, with calcium (Ca) ranging from 

11.91 to 35.88% and potassium (K) ranging from 18.09 to 25.60% being the two most common 
ones. All samples had sulfur (S), except for M3 (eucalyptus honey). All samples showed 
copper, except for M2 (euphorbia honey). The sample with the highest potassium content, 
M1 (cedar honey), has a content of 25.60%, while M3 (eucalyptus honey) has a content of 
19.78%. The quantification of calcium (Ca) is based on M2 (euphorbia honey), which has a 
high amount of Ca (35.88%), and M5 (34.90%). 

Our results demonstrate the unique mineral composition of each honey sample, further 
emphasizing the influence of geographical origin. For example, cedar honey (M1) from Oulad 
Berhil has high levels of potassium (25.60%) and sulfur (24.60%), whereas thyme honey (M5) 
from Errachidia has significant amounts of calcium (34.90%) and silver (9.36%). These 
differences in mineral content highlight the importance of regional studies to better 
understand and utilize the unique characteristics of Moroccan honeys. 

Ismail et al. (2021) conducted similar studies on Saudi Arabian honey. They found 
potassium (K) percentages ranging from 9 to 48.9%. The results we found fall within this 
range. However, they found low percentages of calcium (Ca) (between 1.6 and 5.57%), while 
we found higher percentages. 

3.2.5. Antioxidant Activity 

Antioxidants are of interest to researchers because of their potential to treat oxidative 
stress-related diseases and preserve food quality (Ouahabi et al., 2023). One of the quickest 
ways to evaluate the total activity of hydrogen and electron release from specific 
antioxidants, as well as health-promoting antioxidant dietary supplements, is the DPPH 
radical scavenging test (Beretta et al., 2005).   

The variation of inhibition percentage with honey concentration (0- 40 mg/mL) is shown in 
Figure 2. The IC50 DPPH method values and the TAC method results are presented in Table 
7. Ascorbic acid, a common antioxidant compound, is used for comparison. 

The smallest IC50 value indicates a stronger antioxidant activity. Thus, based on the 
calculation of the inhibitory concentration at 50% and by comparison with the IC50 value of 
ascorbic acid, which is presented as a standard, it can be concluded that the analyzed samples 
exhibit notable antioxidant activity. Carob honey (M4) shows the highest antioxidant activity 
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with an IC50 value of 5.20 mg/ml, followed by sample M1 (cedar honey) and M5 (euphorbia 
honey). These results are confirmed by the second TAC method, which also shows that carob 
honey (M4) has the highest antioxidant activity. 

 

Figure 2. Percentage inhibition of DPPH at various honey sample concentrations. 

Table 6.  Antioxidant activity of the honey samples. 

Sample DPPH scavenging capacity 
IC50 (mg/mL) 

Total antioxidant capacity* 
 

M1 6.21 ± 0.74 c 183.16 ± 0.43 d 
M2 7.89 ± 0.27 d 117.89 ± 0.95 b 
M3 8.59 ± 0.82 e 104.51 ± 0.24 a 
M4 5.20 ± 0.83 b 194.94 ± 0.82 d 
M5 6.71 ± 0.62 c 164.50 ± 0.21 c 

IC50 (AA) 0.34 ± 0.13 a 253.82 ± 0.36 e 

* Total antioxidant capacity expressed in mM ascorbic acid equivalents/mg honey; Each 
value is the mean ± SD of three repetitions. The means in the same row, followed by the 
same letter(s) are not statistically different (p > 0.05) using the LSD test. 
 

Our results highlight the antioxidant capacities of different honey samples. Carob honey 
(M4) from Tiznit exhibited the lowest IC50 value (5.20 ± 0.83 mg/mL), indicating the highest 
DPPH scavenging activity, while it also showed the highest total antioxidant capacity (194.94 
± 0.82 mM ascorbic acid equivalents/mg honey). In contrast, eucalyptus honey (M3) from 
Agadir had the highest IC50 value (8.59 ± 0.82 mg/mL) and the lowest total antioxidant 
capacity (104.51 ± 0.24 mM ascorbic acid equivalents/mg honey). These variations 
underscore the significant differences in antioxidant properties among the various types of 
honey, influenced by their geographical and floral origins. 

The results obtained for the identification of polyphenols by HPLC-DAD liquid 
chromatography indicate a slightly higher polyphenol content in carob honey compared to 
the other samples: chlorogenic acid (36.12%) and caffeic acid (37.19%). Similarly, for cedar 
honey (M1), this could be justified by the presence of rutin (16.24%) and caffeic acid (34.45%). 
This could explain why these samples show the highest antioxidant activity. Ascorbic acid, 
proteins, enzymes, flavonoids, phenolic acids, organic acids, and other microbiological 
components are among the substances in honey that have antioxidant properties. In human 
nutrition, it serves as a natural food source and antioxidant reservoir (Bouyahya et al., 2018). 
Because of this quality, honey may be regarded as a nutraceutical that can be used as a food 
or medication (Socha et al., 2009).  
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Because it contains bioactive compounds, honey has strong antioxidant properties that are 
essential for scavenging free radicals and shielding the body from oxidative stress (Hameed 
et al., 2024). Aging, cellular damage, and several chronic diseases are linked to oxidative 
stress. Analyzing honey's antioxidant content sheds light on the substance's potential to 
lessen oxidative damage and lower risk factors for diseases like cancer, heart disease, and 
neurological disorders (Hameed et al., 2024).

4. CONCLUSION 
 

In this study, we meticulously analyzed five distinct Moroccan honey samples, delving into 
their physicochemical characteristics, including water content, pH, acidity, saponifica-tion 
index, and Brix degree. Our findings not only allow us to evaluate the quality of these honeys 
but also establish rigorous standards that validate their superiority. The geographic and 
botanical origins of the honey significantly influence its properties. Our investigation revealed 
diverse phytochemical profiles in the samples, including volatile compounds and polyphenols. 
These compounds are important for human health due to their potent antiox-idant 
properties. Notably, carob honey stood out with exceptional antioxidant qualities. We 
assessed its antioxidant activity using both the TAC assay and the DPPH radical scavenging 
method. In summary, honey emerges as a natural treasure, brimming with remarkable 
therapeutic potential. 

5. ACKNOWLEDGMENT 
 

This work was carried out with the support of the National Center for Scientific and 
Technical Research (CNRST) as part of the 'PhD-Associate Scholarship – PASS' Program. 

6. AUTHORS’ NOTE 
  

The authors declare that there is no conflict of interest regarding the publication of this 
article. The authors confirmed that the paper was free of plagiarism. 

7. REFERENCES 
 
Abu-Tarboush, H. M., Al-Kahtani, H. A., and El-Sarrage, M. S. (1993). Floral-type identification 

and quality evaluation of some honey types. Food Chemistry, 46(1), 13-17. 

Alghamdi, B. A., Alshumrani, E. S., Saeed, M. S. B., Rawas, G. M., Alharthi, N. T., Baeshen, M. 
N., Helmi, N. M., Alam, M. Z. and Suhail, M. (2020). Analysis of sugar composition and 
pesticides using HPLC and GC–MS techniques in honey samples collected from Saudi 
Arabian markets. Saudi Journal of Biological Sciences, 27(12), 3720-3726. 

Al-Hindi, R. R., and Shehata, A. (2014). Evaluation of antioxidant and antibacterial activities 
and essential elements content of locally produced honey in Saudi Arabia. Journal of Life 
Science, 11(5), 175-185. 

Aljadi, A. and Ka     maruddin, M. (2004). Evaluation of the phenolic contents and antioxidant 
capacities of two Malaysian floral honeys. Food chemistry, 85(4), 513-518. 

Aljohar, H. I., Maher, H. M., Albaqami, J., Al-Mehaizie, M., Orfali, R., Orfali, R. and Alrubia, 
S.  (2018). Physical and chemical screening of honey samples available in the Saudi 
market: An important aspect in the authentication process and quality assessment. Saudi 
Pharmaceutical Journal, 26(7), 932-942. 

https://doi.org/10.17509/ajse.v4i3.75415


Benmehdi et al., Comprehensive Characterization of Moroccan Honey Varieties (cedar, euphorbia …  | 504 

DOI: https://doi.org/10.17509/ajse.v4i3.75415   
p- ISSN 2776-6098 e- ISSN 2776-5938 

Alloune, R., Liazid, A. and Tazerout, M. (2012). Etudes comparatives de deux plantes 
oléagineuses locales pour la production du biodiesel en Algérie. Revue des Energies 
Renouvelables SIENR, 12, 19-22. 

Alvarez-Suarez, J. M., Tulipani, S., Romandini, S., Bertoli, E. and Battino, M. (2010). 
Contribution of honey in nutrition and human health: a review. Mediterranean Journal 
of Nutrition and Metabolism, 3, 15-23. 

Amarowicz, R., Troszyńska, A. and Shahidi, F. (2005). Antioxidant activity of almond seed 
extract and its fractions. Journal of Food Lipids, 12(4), 344-358. 

Amri, A., Ladjama, A. and Tahar, A. (2008). Etude de quelques miels produits à l’est Algérien: 
aspect physico-chimique et biochimique. Synthese: Revue des Sciences et de la 
Technologie, 17, 57-63. 

Ballabio, D., Robotti, E., Grisoni, F., Quasso, F., Bobba, M., Vercelli, S., Gosetti, F., Calabrese, 
G., Sangiorgi, E., Orlandi, M. and Marengo, E. (2018). Chemical profiling and multivariate 
data fusion methods for the identification of the botanical origin of honey. Food 
Chemistry, 266, 79-89. 

Bastos, C. and Alves, R. (2003). Compostos voláteis em méis florais. Química Nova, 26, 90-96. 

Belay, A., Haki, G. D., Birringer, M., Borck, H., Addi, A., Baye, K. and Melaku, S. (2017). 
Rheology and botanical origin of Ethiopian monofloral honey. LWT, 75, 393-401. 

Belhaj, O., Oumato, J. and Zrira, S.  (2015). Étude physico-chimique de quelques types de 
miels marocains. Revue Marocaine des Sciences Agronomiques et Vétérinaires, 3(3), 71-
75. 

Benaziza-Bouchema, D. and Schweitzer, P. (2010). Caractérisation des principaux miels des 
régions du Nord de l'Algérie. Cahiers Agricultures, 19(6), 432-438. 

Beretta, G., Granata, P., Ferrero, M., Orioli, M. and Maffei Facino, R. (2005). Standardization 
of antioxidant properties of honey by a combination of spectrophotometric/fluorimetric 
assays and chemometrics. Analytica chimica acta, 533(2), 185-191. 

Bogdanov, S., Lüllmann, C., Martin, P., Von Der Ohe, W., Russmann, H., Vorwohl, G., Oddo, L. 
P., Sabatini, A.-G., Marcazzan, G. L. and Piro, R. (1999). Honey quality and international 
regulatory standards: review by the International Honey Commission. Bee world, 80(2), 
61-69. 

Bogdanov, S., Martin, P. and Lullmann, C. (2002). Harmonised methods of the international 
honey commission. Swiss Bee Research Centre, FAM, Liebefeld, 5(1), 1-62. 

Boutebib, A.B., N’diaye, A.D., Elhoumed, S.A.B., M’Baye, B.K., Ali, Y.A.E.H., Hammouti, B., and 
Semega, B.M. (2023). Assessment of iron contamination in groundwater of catchment 
area water. Indonesian Journal of Science and Technology, 8(3), 429-438. 

Bouyahya, A., Abrini, J., Et-Touys, A., Lagrouh, F., Dakka, N. and Bakri, Y. (2018). Analyse 
phytochimique et évaluation de l’activité antioxydante des échantillons du miel 
marocain. Phytothérapie, 16(S1), 220-224. 

Castro-Vázquez, L., Díaz-Maroto, M. C., De Torres, C. and Pérez-Coello, M. S. (2010). Effect of 
geographical origin on the chemical and sensory characteristics of chestnut honeys. Food 
Research International, 43(10), 2335-2340. 

https://doi.org/10.17509/ajse.v4i3.75415


505 | ASEAN Journal of Science and Engineering, Volume 3 Issue 2, December 2024 Hal 489-510 

DOI: http://dx.doi.org/10.17509/xxxx.xxxx 
p- ISSN 2775-6793 e- ISSN 2775-6815 

Castro-Vázquez, L., Leon-Ruiz, V., Alañon, M. E., Pérez-Coello, M. S. and González-Porto, A. V. 
(2014). Floral origin markers for authenticating Lavandin honey (Lavandula angustifolia x 
latifolia). Discrimination from Lavender honey (Lavandula latifolia). Food Control, 37, 
362-370. 

Chakir, A., Romane, A., Marcazzan, G. L. and Ferrazzi, P. 2016). Physicochemical properties of 
some honeys produced from different plants in Morocco. Arabian Journal of 
Chemistry, 9, S946-S954. 

Chen, N.-N., Zhao, S.-C., Deng, L.-G., Guo, C.-Y., Mao, J.-S., Zheng, H., Yang, G.-S., Lu, X. and 
Aboul-Enein, H. Y. (2011). Determination of five polyphenols by HPLC/DAD and 
discrimination of apple varieties. Chromatographia, 73, 595-598. 

Chua, L. S., Rahaman, N. L. A., Adnan, N. A. and Eddie Tan, T. T. 2013. Antioxidant Activity of 
Three Honey Samples in Relation with Their Biochemical Components. Journal of 
Analytical Methods in Chemistry, 2013. 

Cianciosi, D., Forbes-Hernández, T. Y., Afrin, S., Gasparrini, M., Reboredo-Rodriguez, P., 
Manna, P. P., Zhang, J., Bravo Lamas, L., Martínez Flórez, S. and Agudo Toyos, P. (2018). 
Phenolic compounds in honey and their associated health benefits: A review. Molecules, 
23(9), 2322. 

Ciric, J., Sando, D., Spiric, D., Janjic, J., Boskovic, M., Glisic, M. and Baltic, M. Z. (2018). 
Characterization of Bosnia and Herzegovina honey according to their physico-chemical 
properties during 2016-2017. Scientific journal" Meat Technology", 59(1), 46-53. 

Cohen, I. and Weihs, D. (2010). Rheology and microrheology of natural and reduced-calorie 
Israeli honeys as a model for high-viscosity Newtonian liquids. Journal of Food 
Engineering, 100(2), 366-371. 

Conti, M. E., Finoia, M. G., Fontana, L., Mele, G., Botrè, F. and Iavicoli, I. (2014). 
Characterization of Argentine honeys on the basis of their mineral content and some 
typical quality parameters. Chemistry Central Journal, 8, 1-10. 

Costa, A. C. V. D., Sousa, J. M. B., Da Silva, M. A. A. P., Garruti, D. D. S. and 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. 

Dalli, M., Daoudi, N. E., Azizi, S.-E., Benouda, H., Bnouham, M. and Gseyra, N. (2021). Chemical 
Composition Analysis Using HPLC-UV/GC-MS and Inhibitory Activity of Different Nigella 
sativa Fractions on Pancreatic α-Amylase and Intestinal Glucose Absorption. BioMed 
research international, 2021(1), 9979419. 

Damto, T., Birhanu, T. and Zewdu, A. (2023). Physicochemical and antioxidant 
characterization of commercially available honey sample from Addis Ababa market, 
Ethiopia. Heliyon, 9(10), E20830. 

Devi, A., Jangir, J. and K.A, A.-A. (2018). Chemical characterization complemented with 
chemometrics for the botanical origin identification of unifloral and multifloral honeys 
from India. Food Research International, 107, 216-226. 

Devillers, J., Morlot, M., Pham-Delegue, M. and Dore, J. (2004). Classification of monofloral 
honeys based on their quality control data. Food chemistry, 86(2), 305-312. 

http://dx.doi.org/10.17509/xxxx.


Benmehdi et al., Comprehensive Characterization of Moroccan Honey Varieties (cedar, euphorbia …  | 506 

DOI: https://doi.org/10.17509/ajse.v4i3.75415   
p- ISSN 2776-6098 e- ISSN 2776-5938 

Diass, K., Oualdi, I., Dalli, M., Azizi, S.E., Mohamed, M., Gseyra, N., Touzani, R., and Hammouti, 
B. (2023). Artemisia herba alba essential oil: GC/MS analysis, antioxidant activities with 
molecular docking on S protein of SARS-CoV-2. Indonesian Journal of Science and 
Technology, 8(1), 1-18  

Díez, M. J., Andrés, C. and Terrab, A.  (2004). Physicochemical parameters and pollen analysis 
of Moroccan honeydew honeys. International Journal of Food Science and 
Technology, 39(2), 167-176. 

Doner, L. W. (1977). the Sugars of Honey—A Review. Journal of the Science of Food and 
Agriculture, 28, 443-456. 

Duru, C. E. and Duru, I. A. (2021). Phytochemical evaluation and health risk assessment of 
honey from an apiary in amizi, ikuano local government area, Abia State, Nigeria. 
Scientific African, 13, E00885. 

Ech-Chihbi, E., Hajjaji, F.E., Titi, A., Messali, M., Kaya, S., Serdaroğlu, G., Hammouti, B., and 
Taleb, M. (2024). Towards understanding the corrosion inhibition mechanism of green 
imidazolium-based ionic liquids for mild steel protection in acidic environments. 
Indonesian Journal of Science and Technology, 9(2), 395-420. 

El Ati, R., Bouammali, H., El Kodadi, M., Touzani, R., and Hammouti, B. (2022). Study of the 
catecholase activity of new catalysts based on Copper (II) and heterocyclic ligands. 
Indonesian Journal of Science and Technology, 7(1), 1-18. 

El Menyiy, N., Akdad, M., Elamine, Y. and Lyoussi, B. (2020). Microbiological quality, 
physicochemical properties, and antioxidant capacity of honey samples commercialized 
in the Moroccan Errachidia region. Journal of Food Quality, 2020, 1-9. 

Erejuwa, O. O., Sulaiman, S. A. and Wahab, M. S. A. (2012). Fructose might contribute to the 
hypoglycemic effect of honey. Molecules, 17, 1900-1915. 

Errich, A., Azzaoui, K., Mejdoubi, E., Hammouti, B., Abidi, N., Akartasse, N., Benidire, L., EL 
Hajjaji, S., Sabbahi, R., and Lamhamdi, A. (2021). Toxic heavy metals removal using a 
hydroxyapatite and hydroxyethyl cellulose modified with a new Gum Arabic. Indonesian 
Journal of Science and Technology, 6(1), 41-64. 

Escriche, I., Visquert, M., Juan-Borrás, M. and Fito, P. (2009). Influence of simulated industrial 
thermal treatments on the volatile fractions of different varieties of honey. Food 
Chemistry, 112, 329-338. 

Ferreira, I. C. F. R., Aires, E., Barreira, J. C. M. and Estevinho, L. M. (2009). Antioxidant activity 
of Portuguese honey samples: different contributions of the entire honey and phenolic 
extract. Food Chemistry, 114, 1438-1443. 

Finola, M. S., Lasagno, M. C. and Marioli, J. M. (2007). Microbiological and chemical 
characterization of honeys from central Argentina. Food Chemistry, 100, 1649-1653. 

Flieger, J. and Flieger, M. (2020). the [Dpph●/Dpph-H]-Hplc-Dad method on tracking the 
antioxidant activity of pure antioxidants and goutweed (Aegopodium Podagraria L.) 
hydroalcoholic extracts. Molecules, 25, 6005. 

https://doi.org/10.17509/ajse.v4i3.75415


507 | ASEAN Journal of Science and Engineering, Volume 3 Issue 2, December 2024 Hal 489-510 

DOI: http://dx.doi.org/10.17509/xxxx.xxxx 
p- ISSN 2775-6793 e- ISSN 2775-6815 

Gela, A., Hora, Z. A., Kebebe, D. and Gebresilassie, A. (2021). Physico-chemical characteristics 
of honey produced by stingless bees (Meliponula Beccaria) from west showa zone of 
oromia region, Ethiopia. Heliyon, 7, E05875. 

Gheldof, N., Wang, X.-H. and Engeseth, N. J. (2002). Identification and quantification of 
antioxidant components of honeys from various floral sources. Journal of Agricultural 
and Food Chemistry, 50, 5870-5877. 

Gomes, S., Dias, L. G., Moreira, L. L., Rodrigues, P. and Estevinho, L. (2010). Physicochemical, 
microbiological and antimicrobial properties of commercial honeys from Portugal. Food 
and Chemical Toxicology, 48, 544-548. 

Hamdaoui, N., Rokni, Y., Asehraou, A., Mouncif, M., Mennane, Z., Omari, A., Sellam, A., 
Hammouti, B., and Meziane, M. (2023). Technological aptitude and sensitivity of lactic 
acid bacteria leuconostoc isolated from raw milk of cows: From step-by-step 
experimental procedure to the results. Indonesian Journal of Science and 
Technology, 8(2), 157-170. 

Hameed, O. M., Shaker, O. M., Ben Slima, A. and Makni, M. (2024). Biochemical profiling and 
physicochemical and biological valorization of Iraqi honey: A comprehensive analysis. 
Molecules, 29, 671. 

Hossain, M. L., Hammer, K., Lim, L. Y., Hettiarachchi, D. and Locher, C. (2022). Optimisation of 
an agar overlay assay for the assessment of the antimicrobial activity of topically applied 
semi-solid antiseptic products including honey-based formulations. Journal of 
Microbiological Methods, 202, 106596. 

Hussein, S., Yusoff, K. M., Makpol, S. and Yusof, Y. M. (2014). Does gamma irradiation affect 
physicochemical properties of honey. Clinica Terapeutica, 165, 125-33. 

Islam, M. K., Lawag, I. L., Green, K. J., Sostaric, T., Hammer, K. A., Lim, L. Y. and Locher, C. 
(2022). An investigation of the suitability of melissopalynology to authenticate jarrah 
honey. Current Research in Food Science, 5, 506-514. 

Ismail, M., Abdallah, E. M. and Elsharkawy, E. R. (2021). Physico-chemical properties, 
antioxidant, and antimicrobial activity of five varieties of honey from Saudi Arabia. Asia 
Pacific Journal of Molecular Biology and Biotechnology, 29, 27-34. 

Jarukas, L., Kuraite, G., Baranauskaite, J., Marksa, M., Bezruk, I. and Ivanauskas, L. (2020). 
Optimization and validation of the gc/fid method for the quantification of fatty acids in 
bee products. Applied Sciences, 11, 83. 

Joshi, S. R., Pechhacker, H., Willam, A. and Von Der Ohe, W. (2000). Physico-chemical 
characteristics of apis dorsata, a. cerana and a. mellifera honey from chitwan district, 
central Nepal. Apidologie, 31, 367-375. 

Juan-Borrás, M., Domenech, E., Hellebrandova, M. and Escriche, I. (2014). Effect of country 
origin on physicochemical, sugar and volatile composition of acacia, sunflower and tilia 
honeys. Food Research International, 60, 86-94. 

Kamal, M. A. and Klein, P. (2011). Determination of sugars in honey by liquid chromatography. 
Saudi Journal of Biological Sciences, 18, 17-21. 

http://dx.doi.org/10.17509/xxxx.


Benmehdi et al., Comprehensive Characterization of Moroccan Honey Varieties (cedar, euphorbia …  | 508 

DOI: https://doi.org/10.17509/ajse.v4i3.75415   
p- ISSN 2776-6098 e- ISSN 2776-5938 

Khuder, A., Ahmad, M., Hasan, R. and Saour, G. (2010). Improvement of X-Ray fluorescence 
sensitivity by dry ashing method for elemental analysis of bee honey. Microchemical 
Journal, 95, 152-157. 

Küçük, M., Kolaylı, S., Karaoğlu, Ş., Ulusoy, E., Baltacı, C. and Candan, F. (2007). Biological 
activities and chemical composition of three honeys of different types from anatolia. 
Food Chemistry, 100, 526-534. 

Laita, M., Hammouti, B., Sabbahi, R., Messaoudi, Z., and Benkirane, R. (2024). Effect of water 
regime and soil maintenance mode on vegetative growth and peach tree production. 
Indonesian Journal of Science and Technology, 9(1), 33-44. 

Loukili, E. H., Abrigach, F., Bouhrim, M., Bnouham, M., Fauconnier, M.-L. and Ramdani, M. 
(2021). Chemical composition and physicochemical analysis of opuntia dillenii extracts 
grown in Morocco. Journal of Chemistry, 2021, 1-11. 

Maarouf, F.E., Saoiabi, S., Azzaoui, K., Khalil, H., Khalil, M., El Yahyaoui, A., Saoiabi, A., 
Hammouti, B., Youssoufi, M.H., Shityakov, S., Hamed, O., Jodeh, S., and Sabbahi, R. 
(2022). Amorphous iron phosphate: Inorganic sol-gel synthesis-sodium and potassium 
insertion. Indonesian Journal of Science and Technology, 7(1), 187-202. 

Malika, N., Mohamed, F. and Chakib, E. (2005). Microbiological and physicochemical 
properties of Moroccan honey. International Journal of Agriculture and Biology, 7, 773-
776. 

Manickavasagam, G., Saaid, M. and Lim, V. (2024). Exploring stingless bee honey from 
selected regions of peninsular Malaysia through gas chromatography–mass 
spectrometry–based untargeted metabolomics. Journal of Food Science, 89(2), 1058-
1072. 

Manikis, I. and Thrasivoulou, A. (2001). The relation of physicochemical characteristics of 
honey and the crystallization sensitive parameters. Apiacta, 36, 106-112. 

Marini, F., D'aloise, A., Bucci, R., Buiarelli, F., Magrì, A. L. and Magrì, A. D. (2011). Fast analysis 
of 4 phenolic acids in olive oil by hplc-dad and chemometrics. Chemometrics and 
Intelligent Laboratory Systems, 106, 142-149. 

Markelov, V. and Trushin, M. (2006). Bee venom therapy and low dose naltrexone for 
treatment of multiple sclerosis. Nepal Journal of Neuroscience, 3, 71-77. 

Meda, A., Lamien, C., Millogo, J., Romito, M. and Nacoulma, O. (2005). Physiochemical 
analyses of Burkina Fasan honey. Acta Veterinaria Brno, 74, 147-152. 

Mohamed, M. A., Ahmed, A. A. and Mazid, M. M. (1981). Studies on Libyan honeys. Journal 
of Food Quality, 4, 185-201. 

Moniruzzaman, M., Khalil, M., Sulaiman, S. and Gan, S. (2012). Advances in the analytical 
methods for determining the antioxidant properties of honey: A review. African Journal 
of Traditional, Complementary and Alternative Medicines, 9, 36-42. 

Nasri, H., Abdellaoui, S., Omari, A., Kada, O., Chafi, A., Hammouti, B., and Chaabane, K. (2021). 
Length-weight relationship and condition factor of Trachurus trachurus found in the 
central-east region of the Moroccan Mediterranean. Indonesian Journal of Science and 
Technology, 6(3), 457-468. 

https://doi.org/10.17509/ajse.v4i3.75415


509 | ASEAN Journal of Science and Engineering, Volume 3 Issue 2, December 2024 Hal 489-510 

DOI: http://dx.doi.org/10.17509/xxxx.xxxx 
p- ISSN 2775-6793 e- ISSN 2775-6815 

Ng, W. J., Ee, K. Y., Hew, P. S., Chin, H. Y. and Chin, R. (2023). Sensory, physicochemical and 
antioxidant properties coupled with chemometric analysis of ginger (zingiber officinale 
roscoe var. bentong) enriched apis cerana honey. Food Chemistry Advances, 3, 100459. 

Ng, W.-J., Sit, N.-W., Ooi, P. A.-C., Ee, K.-Y. and Lim, T.-M. (2021). Botanical origin 
differentiation of Malaysian stingless bee honey produced by heterotrigona itama and 
geniotrigona thoracica using chemometrics. Molecules, 26, 7628. 

Nombré, I., Schweitzer, P., Boussim, J. I. and Rasolodimby, J. M. (2010). Impacts of storage 
conditions on physicochemical characteristics of honey samples from Burkina Faso. 
African Journal of Food Science, 4, 458-463. 

Nugraha, A., and Nandiyanto, A.B.D. (2021). How to read and interpret GC/MS spectra. 
Indonesian Journal of Multidiciplinary Research, 1(2), 171-206. 

Ouahabi, S., Loukili, E. H., Daoudi, N. E., Chebaibi, M., Ramdani, M., Rahhou, I., Bnouham, M., 
Fauconnier, M.-L., Hammouti, B., Rhazi, L., Ayerdi Gotor, A., Dépeint, F. and Ramdani, M. 
(2023). Study of the phytochemical composition, antioxidant properties, and in vitro anti-
diabetic efficacy of gracilaria bursa-pastoris extracts. Marine Drugs, 21, 372. 

Patrignani, M., Fagúndez, G. A., Tananaki, C., Thrasyvoulou, A. and Lupano, C. E. (2018). 
Volatile compounds of Argentinean honeys: correlation with floral and geographical 
origin. Food Chemistry, 246, 32-40. 

Pereira, T. C., Cruz, A. G., Guimarães, J. T., Cravotto, G. and Flores, E. M. M. (2023). 
Ultrasonication for honey processing and preservation: A brief overview. Food Research 
International, 174, 113579. 

Regos, I. and Treutter, D. (2010). Optimization of a high-performance liquid chromatography 
method for the analysis of complex polyphenol mixtures and application for sainfoin 
extracts (Onobrychis Viciifolia). Journal of Chromatography A, 1217, 6169-6177. 

Rikohe, I. F., Mlozi, S. H. and Ngondya, I. B. (2023). Seasons and bee foraging plant species 
strongly influence honey antimicrobial activity. Journal of Agriculture and Food Research, 
12, 100622. 

Sabbahi, R., Azzaoui, K., and Hammouti, B. (2021). An assessment of the efficacy of 
pheromone traps in managing the red palm weevil. Indonesian Journal of Science and 
Technology, 6(2), 371-384. 

Sellam, A., Zerrouki, Y., Dali, M., Maleb, A., Khalid, I., Hamdaoui, N., Hammouti, B., and 
Meziane, M. (2024). In vitro antioxidant properties of lactobacillus gasseri isolated from 
fermented milk: Isolation and preparation of strains and intracellular cell-free extracts, 
chemical testing (hydrogen peroxide, superoxide, hydroxyl radical, DPPH, ferrous ion 
chelating, and linoleic acid peroxidation). Indonesian Journal of Science and Technology, 
9(3), 611-622. 

Smanalieva, J. and Senge, B. 2009. Analytical and rheological investigations into selected 
unifloral German honey. European Food Research and Technology, 229, 107-113. 

Socha, R., Juszczak, L., Pietrzyk, S. and Fortuna, T. (2009). Antioxidant activity and phenolic 
composition of herbhoneys. Food Chemistry, 113, 568-574. 

http://dx.doi.org/10.17509/xxxx.


Benmehdi et al., Comprehensive Characterization of Moroccan Honey Varieties (cedar, euphorbia …  | 510 

DOI: https://doi.org/10.17509/ajse.v4i3.75415   
p- ISSN 2776-6098 e- ISSN 2776-5938 

Soria, A. C., Martínez-Castro, I. and Sanz, J. (2008). Some aspects of dynamic headspace 
analysis of volatile components in honey. Food Research International, 41, 838-848. 

Stanimirova, I., Üstün, B., Cajka, T., Riddelova, K., Hajslova, J., Buydens, L. M. C. and Walczak, 
B. (2010). Tracing the geographical origin of honeys based on volatile compounds profiles 
assessment using pattern recognition techniques. Food Chemistry, 118, 171-176. 

Stihi, C., Chelarescu, E. D., Duliu, O. and Toma, L. (2016). Characterization of Romanian honey 
using physico-chemical parameters and the elemental content determined by analytical 
techniques. Romanian Reports in Physics, 68, 362-369. 

Subagyono, R.D.J., Qi, Y., Chaffee, A.L., Amirta, R., and Marshall, M. (2021). Pyrolysis-GC/MS 
analysis of fast growing wood macaranga species. Indonesian Journal of Science and 
Technology, 6(1), 141-158. 

Terrab, A., Gonzalez, A. G., Díez, M. J. and Heredia, F. J. (2003). Mineral content and electrical 
conductivity of the honeys produced in northwest Morocco and their contribution to the 
characterisation of unifloral honeys. Journal of the Science of Food and Agriculture, 83, 
637-643. 

Terzo, S., Mulè, F. and Amato, A. (2020). Honey and obesity-related dysfunctions: A summary 
on health benefits. The Journal of Nutritional Biochemistry, 82, 108401. 

Tomczyk, M., Zaguła, G. and Dżugan, M. (2020). A simple method of enrichment of honey 
powder with phytochemicals and its potential application in isotonic drink industry. Food 
Science and Technology, 125, 109204. 

Trisha, S., Mortuza, M. G., Rana, J., Islam, K. H., Ferdoush, Z., Antora, R. A., Akash, S. I., Aziz, 
M. G. and Uddin, M. B. (2023). Evaluation of the physicochemical qualities and 
antioxidant properties of some bangladeshi varieties of honey: A comparative study. 
Journal of Agriculture and Food Research, 14, 100837. 

Yamani, H. A. and Ali, W. M. (2023). Medicinal plant (ocimum basilicum) based enhancement 
of honey bioactivity. South African Journal of Botany, 163, 427-432. 

Young, G.-W. Z. and Blundell, R. (2023). A review on the phytochemical composition and 
health applications of honey. Heliyon, 9(2), e12507. 

Zapata-Vahos, I. C., Henao-Rojas, J. C., Yepes-Betancur, D. P., Marín-Henao, D., Giraldo 
Sánchez, C. E., Calvo-Cardona, S. J., David, D. and Quijano-Abril, M. (2023). 
Physicochemical parameters, antioxidant capacity, and antimicrobial activity of honeys 
from tropical forests of Colombia: Apis mellifera and Melipona eburnea. Foods, 12, 1001. 

Zhang, X.-H., Qing, X.-D., Zheng, J.-J., Yu, Y., Huang, J., Kang, C. and Liu, Z. (2023). Aqueous 
two-phase systems coupled with chemometrics-enhanced HPLC-dad for simultaneous 
extraction and determination of flavonoids in honey. Food Chemistry, 19, 100766. 

Zhang, X.-H., Wu, H.-L., Wang, J.-Y., Tu, D.-Z., Kang, C., Zhao, J., Chen, Y., Miu, X.-X. and Yu, R.-
Q. (2013). fast HPLC-dad quantification of nine polyphenols in honey by using second-
order calibration method based on trilinear decomposition algorithm. Food Chemistry, 
138, 62-69.  

https://doi.org/10.17509/ajse.v4i3.75415

