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Abstract: Honey has been employed for the treatment of wounds and diseases for ancient time, 

thanks to its antimicrobial and curative properties. This study aims to present the biochemical 

characteristics, including the amount of sugar, total phenols, phenolic chemicals, antioxidant 

properties, and antibacterial activities of a specific type of French honey (Sologne summer forest) in 

comparison with a manuka honey. According to our findings, the Manuka honey tested has 23% 

fewer polyphenols total than Sologne summer forest honey. The results showed that the Sologne 

summer honey had a different polyphenols profile than Manuka honey with specific polyphenol 

like p- Hydroxybenzoic acid. Additionally, the antioxidant activity of the two honeys is comparable 

(9 μmole Trolox.g-1 honey). Furthermore, the antibacterial activity of the two honeys is comparable 

against Pseudomonas aeruginosa and Staphylococcus aureus. Our research indicates for the first time 

that there are significant nutritional and biological potentials for a French honey from the Sologne 

summer forest. 

Keywords: antioxidant; antibacterial; polyphenol; Sologne summer forest honey; manuka honey 

1. Introduction

Honey has been used for wound and disease treatment since ancient times because of its 

antimicrobial and healing properties (Bogdanov et al., 2008; Molan, 1999). Numerous studies have 

shown that honey possesses several beneficial biological activities, including antibacterial, 

antioxidant, ACE-inhibitory, antibrowning, and anti-inflammatory properties (Chang et al., 2011; Liu 

et al., 2013). Although sugars make up the majority of honey's composition, other minor ingredients 

such as proteins, minerals, and phenolic compounds also significantly contribute to the honey's 

biological activities (Moniruzzaman et al., 2013). Honey's biological activities and compositions 

differ, primarily based on its botanical and geographic origins (Alzahrani et al., 2012). It has been 

shown that there is a significant correlation between the antioxidant capacity of honey (ORAC), the 

phenolic content, and the color of honey (Brudzynski and Miotto, 2011). In other words, the darker a 

honey, the more antioxidant it is. In addition, antioxidant activity is also correlated with antibacterial 

activity against certain bacteria (Escherichia coli). Thus, chestnut and buckwheat honeys are known to 

have strong antioxidant potential.  

New Zealand Manuka honey is known for its high antibacterial activity due to its high level of 

non-peroxide compounds, with Methylglyoxal (MGO) being the primary compound responsible for 

these effects (Beitlich et al., 2014; Mavric et al., 2008). Manuka honey is effective against vancomycin-

resistant enterococci (Cooper et al., 2002) and various types of Pseudomonas aeruginosa (Roberts et al., 

2019). The non-peroxide components of honey containing hydrogen peroxide and MGO provide the 

majority of the antibacterial activity (Lu et al., 2013). Mānuka honey also has the highest antioxidant 

capacity, mainly due to polyphenolic substances like flavonoids and phenolic acids (Deng et al., 2018; 

Gheldof et al., 2002; Inoue et al., 2005). Manuka honey has been found to protect macrophage cells 

from oxidative damage by blocking the expression of inflammatory mediators (Gasparrini et al., 

2018). Additionally, 16 phenolic compounds in Manuka honey have been found to have protective 
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effects against apoptosis and oxidative damage to lipids and proteins (Alvarez-Suarez et al., 2016). In 

2018, Deng also compared the qualities of buckwheat honey (from China) to those of Manuka and 

showed that they could be equivalent in terms of antioxidant and antibacterial power. Polish 

honeydew honey is also comparable to Manuka honeys in term of antioxidant properties (Gośliński 

et al., 2020). From our knowledge, there is no published research on the biological activities of French 

honey.  

The aim of the study is to present the initial findings regarding the biochemical characteristics, 

antioxidant properties, and antibacterial activities of a specific type of French honey (Sologne 

summer forest). Additionally, the study aims to compare this honey with a Manuka honey. 

2. Material and Methods 

2.1. Honeys Samples 

Sologne summer honey were provided by Famille VACHER Compagny from an apiary in a 

chestnut forest in La Ferté Saint Aubain (France) in 2020. 1 kg of Manuka honey from New Zealand 

(MGO 400+) was supplied by KIWO (French distributor: Europ Labo F-67610 LA WANTZENAU). 

2.2. Characterization of Honeys 

Physicochemical and melisso-palynological analyses. 

The characterization analyses were carried out by AB Labo (COFRAC N°1-5527) in accordance 

with the EU methods. The electrical conductivity was measured in μS.cm-1 between 154 and 1550 in 

accordance with decree 02/15/77 P.3. Chromatographic techniques were used to analyze the sugar 

content of the honey samples. A 60% acetonitrile solution (5 mL) was used to dissolve 0.2g of honey. 

Following the dissolution, a 0.45 μm syringe filter was used to filter the mixture. To generate the 

calibration curve, a mixture of fructose, glucose, sucrose, and maltose standards was combined with 

a 60% acetonitrile solution and then diluted to different concentrations ranging from 0.5 to 30 mg/ml. 

A Waters e2695 high-performance liquid chromatography (HPLC) system with ELSD was used to 

determine the sugar content. A Phenomenex NH2 column (4.6 × 250 mm, 5.0 μm) was used for the 

separation, and the mobile phase consisted of 80/20 acetonitrile/H2O flowing at a rate of 1.0 ml/min. 

The injection volume was 10 μL, and the column was maintained at 30 °C. The quantitative pollen 

analyses were carried out by optical microscopy in a measurement range of between 9% and 93% 

(internal method of the laboratory). 

Polyphenols analyze. 

The Folin-Ciocalteu technique was used to determine the total phenolic content of honeys 

(Singleton et al., 1999). Distilled water was used to dilute honey by a factor of ten. One milliliter of 

this solution was then combined with the same amount of Folin-Ciocalteu reagent and well mixed. 

Five milliliters of a 1M sodium carbonate solution were added to the solution to make 10 mL. For a 

further hour, the reaction was incubated at room temperature in the dark. Gallic acid was employed 

at normal concentrations, and the absorbance was measured at 765 nm. The analysis was done by 

Lubrizol laboratory.  

The characterization and quantification of the main phenolic compounds was carried out by 

UPLC-DAD-MS (HPLC Agilent Tech, MS Esquire 6000 – Bruker Daltonics) by the POLYPHENOLS 

BIOTECH laboratory (France). A step of pre-purification of the samples was initially carried out on 

SPE cartridge to concentrate the sample by removing the sugar. The resulting solutions were filtered 

on PTFE (0.45 μm) and then injected (1 μL) into a column Agilent C18 column (2.1 mm × 100 mm, 1.8 

μm) at a temperature of 25°C. The solvents used are: A = H2O/HCOOH 0.1% and B = ACN/ HCOOH 

0,1% at a flow rate of 0.4ml/min. The following (min, (%) B)) elution conditions were used: 0 (1), 0.4 

(1), 2 (10), 8 (35), 9 (50), 13 (70), 16 (92), 17.2 (100), 17.4 (1), and 22.2 (1). At the output of the diode 

barrel detector, the eluance is injected into the mass spectrometer. The analyses are performed in 

negative and/or positive mode. The spectrum of LC-MS was acquired in full scan, on the entire range 

of masses (m/z) ranging from 100 to 1400. The data was processed with the software "Hystar" version 

3.0. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 December 2023                   doi:10.20944/preprints202312.1421.v1

https://doi.org/10.20944/preprints202312.1421.v1


 3 

 

2.3. Analyzes of Antioxidant and Antibacterial Activities 

Antioxidant activity 

The antioxidant activity was evaluated by an ORAC test in microplates. AAPH generates free 

radicals, which lead to the oxidation of the fluorescent indicator protein ‚-PE. Trolox (0–4 μM) was 

utilized as the standard, and all chemicals were produced in a 75 mmol/L phosphate buffer with a 

pH of 7.0. The phosphate buffer was used to appropriately dilute the honey samples. First, methanol 

was used to dissolve quercetin dihydrate (1 μM) as a positive control. Buffer (1:249, v/v) was then 

added to the mixture. The 1:1 association between Trolox and ORAC value remained unaffected 

when methanol was utilized in the control sample, blank, and standard. The reaction mixtures 

contained 100 μL of AAPH (500 mM), 40 μL of 75 mmol/L phosphate buffer (pH 7.0), 60 μL of test 

chemical, and 1000 μL of ‚-PE (0.92 nmol/L, preincubated for 15 min at 37 °C). Following the addition 

of AAPH, the plate was automatically shaken for three seconds. Fluorescence was then recorded 

every two minutes for seventy minutes using a microplate fluorescence reader FL600 (BioTek, Inc., 

VT) that was kept at 37 °C. The emission and excitation wavelengths were 565 and 540 nm, 

respectively. The ORAC values, which were reported as μmol Trolox equivalent (TE)/g, were 

computed. The results are expressed in μmole Trolox/g of honey. 

Antibacterial analyzes 

The Minimum Inhibitory Concentration (MIC) was determined by the ACM PHARMA 

laboratory in France. The two strains investigated are Pseudomonas aeruginosa CIP 82.118 (ATCC 9027) 

and Staphylococcus aureus CIP4.83 (ATCC 6538), which are typical bacteria linked to infections from 

wounds. 

Preparation of strains 

Internal cultures of bacteria are stored in inclined agar dishes following the guidelines of 

instruction I.PH.CON.007. The culture was transferred onto an inclined TSA agar. The culture was 

then incubated at a temperature range of 30-35°C for a period of 18-24 hours. A suspension of 

bacteria, with a concentration ranging from 108 to 109 CFU/ml, was prepared using densimat by 

making necessary adjustments. Consecutive dilutions were made at a ratio of 1/10 in a solution 

containing 0.85% NaCI, until a concentration of germs ranging from 101 to 102 CFU/mL was achieved. 

To ascertain the inoculum, 1 ml of the 10-7 dilution (double test) is placed in a petri dish and 

subsequently mixed thoroughly with 15-20 ml of TSA agar at a temperature of 45°C.  

To determine the minimum inhibitory concentration (MIC), a bacterial suspension containing 

105-106 CFU/mL was used to inoculate the 96-wells microplate for each bacterial strain. The 

preparation has been conducted using identical methods for both products. Multiple control 

measures were conducted simultaneously: 

- 1negative control was achieved by introducing 220 μL of unseeded Mueller Hinton broth. 

- 9 negative controls were achieved by introducing 220 μL of each dilution of each test product. 

- 1 positive control was achieved for each stain by introducing 200 μL of steril Mueller Hinton 

broth + 20 μL of a suspension of germs titrating between 105 and 106 CFU/ml. 

The determination of the Minimum Inhibitory Concentration (MIC) consists in preparing a 

range comprising 9 dilutions of honey to be tested to frame the supposed value of the MIC.  

The honey samples were prepared at different concentrations ranging from 0,7% to 90% (w/v) 

in Mueller Hinton broth. Typically, 1: 18 grams of the honey was measured and placed in a vial. Then, 

2 ml of Mueller Hinton broth were added and vortex to achieve homogenization, resulting in a thick 

solution with a dark brown color at 90%. The 90% honey solution was then diluted by the 2fold serial 

dilution method until a final concentration to 0,7%. Within a 96-wells round-bottom microplate, 200 

microliters of each product dilution were combined with 20 microliters of bacterial suspension at a 

concentration of 105-106 CFU/mL. The homogenization of the wells was achieved through the process 

of suction and repulsion. After being incubated for 18 hours at a temperature of 37°C±1°C, the wells 

were visually examined to determine if there was any disturbance or not. The wells were all tested 

using TSA gelose, and the repairing petri dishes were incubated for 24 hours at a temperature of 37°C 

± 1°C. 
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2.4. Statistical Analysis 

All statistical analyses were performed using R software (version 1.2.5033). Normality was 

determined using Shapiro-Wilk test, before using multiple comparisons tests (Mann Whitney U test 

for non-parametric data, and One or Two-Ways ANOVA with Tukey’s Post Hoc comparisons tests). 

3. Results 

3.1. Characterization of Honeys 

3.1.1. Physicochemical and Melisso-Palynological Analysis 

Sologne summer forest honeys  

The Sologne honey sample have an electrical conductivity of 815 μS.cm-1. The quantitative pollen 

analysis is mainly composed of chestnut. The percentage of chestnut pollen is 81%, rare pollens (<9%) 

are Rosaceae;  Apiaceae, Campanulaceae,  Trifolium repens, Brassicaceae Labiaceae, Phacelia,  

Helianthus annuus, Asteraceae, Centaurea cyanus, Parthenocissus Centaureae,  Ilex, Ericaceae, 

Fagopyrum, Borago officinalis, Dipsacaceae, Onagraceae, Ligustrum, and Trifolium pratense. 

The sugar concentrations are, respectively, 34.5%, 27.1%, and 0.5% for fructose, glucose, and 

sucrose. We conclude that the Sologne summer forest honey is blossom honey with a dominance of 

chestnut.  

Manuka honey 

Manuka honey has an electrical conductivity of 462 μS.cm-1. This electrical conductivity is 

slightly lower than the specification threshold for Manuka honey, which must be > 500 μS.cm-1. 

Quantitative pollen analysis of Manuka honey shows a majority of Manuka pollens. The percentage 

of pollen of interest is 64%. Rare pollens (<9%) are Asteraceae,  Salix, Rosaceae and Lotus. The pollen 

spectrum analyzed is compatible with a New Zealand origin. Finally, Manuka honey has a rate of 

40% fructose, 31% glucose, and an undetected sucrose rate. The sugar levels are therefore in line with 

expectations for Manuka honey. In conclusion, the Manuka honey used for our study is indeed from 

New Zealand but presents an atypical profile. 

The levels of sucrose (<5%) and the sum of fructose and glucose in both honeys was higher than 

60 g/100 g, which is in compliance with the Codex Standards (“Value-added products from 

beekeeping. Codex standard for honey.,” n.d.). 

3.1.2. Polyphenols Analyzes 

Total polyphenols 

Sologne summer forest honey demonstrates a polyphenol concentration of 492 mg.kg-1 (Table 1). 

The Manuka honey analyzed in this study shows a polyphenol concentration of 400 mg.kg-1 (Table 

1). Scientific literature suggests that typical values for Manuka honey range from 300 to 800 mg.kg-1. 

The sample of Manuka honey used is therefore in the low range of standard concentrations of 

polyphenols. In a study by Chang et al. (2011), the overall phenolic content of sixteen types of floral 

honeys varied from 49 to 1008 mg.kg-1 (Chang et al., 2011). Liu's research also found diverse phenolic 

content in six different floral honeys, ranging from 307 mg.kg-1 to 822 mg.kg-1 (Liu et al., 2013). Based 

on our findings, Sologne Summer honey displays a relatively high phenolic content compared to 

other floral honeys from diverse botanical and geographical sources. Furthermore, Sologne summer 

honey exhibits a significant increase in polyphenol content compared to Manuka honey (+23%), as 

indicated by statistical analysis (Anova: F1,4 = 19.71, p-value = 0.011) (Table 1). 

Table 1. Determination of total polyphenols (mg.g-1 honey) by the Folin-Cioclateu method. 

Reference Sample 
Total concentration of 

polyphenols  

E2203 Manuka Honey  0.400 ± 0.005* 
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E2204 Sologne Honey  0.492 ± 0.014 

* n = 3 replicates for each honey, Anova: F1,4 = 19.71, p-value = 0.011. 

Polyphenolic profile 

The polyphenols profile of Sologne summer and Manuka honeys are summarized in the Table 

2. 

Table 2. Characterization and quantification of polyphenols (mg.kg-1). *Different letters represent 

significative differences between concentrations of a same polyphenol (Tukey’s Post Hoc test, p > 

0.05). 

Polyphenols Sologne Honey  Manuka Honey 

Leptosin - 15.06 ± 0.44a 

p-Hydroxybenzoic acid 1.38 ± 0.04a - 

Caffeic acid 3.02 ± 0.12a 2.00 ± 0.11c 

p-coumaric acid 9.13 ± 0.51a - 

shikimic acid 7.47 ± 0.61a - 

Salicylic acid 1.98 ± 0.13a - 

Phenyllactic Acid + Dev 

Leptosin 

- 218.38 ± 6.64a 

Methoxyphenyllactic acid - 43.09 ± 0.70a 

Pinobanskine 3.26 ± 0.16a 6.28 ± 0.20c 

Chrysina 0.15 ± 0.05a - 

Pinocembrin 1.91 ± 0.09a 4.26 ± 0.15c 

We observe 8 different polyphenols in Sologne summer honey, and 6 in Manuka honey. Sologne 

summer honey is relatively rich and varied profile with, for example, the presence of p- 

Hydroxybenzoic acid, p-coumaric acid or even shikimic acid in remarkable quantities. The 

polyphenol profile of Manuka honey (Figure 1A) presents strong disparities compared to that of 

Sologne honey (Figure 1B). It also seems atypical, because usually we can find polyphenols such as 

p-hydroxybenzoic acid, p-coumaric acid, qercitin, galangin or even chrysin. Note also the very high 

concentration of phenyllactic acid, which was the main polyphenol identified in this Manuka honey. 

To establish a consistent composition associated with its source, it is imperative to conduct a 

repeatability study encompassing all the physico-chemical, organoleptic, and melliso-palynological 

analyses.   
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Figure 1. UPLC-DAD chromatogram at 280nm for Manuka honey (A) and Sologne honey (B). 

3.2. Analyzes of Antioxidant and Antibacterial Activities 

3.2.1. Antioxidant Activity 

Both Manuka and Sologne summer forest honeys have statistically equivalent antioxidant 

activities (respectively 9 and 8.4 μmole Trolox.g-1 honey, Table 3) (Anova: F1,4 = 0.08, p-value = 0.79). 

The antioxidant activity of Manuka honey is lower than expected. Usually, Manuka honeys have an 

ORAC value of 12.4–26.9 μmol TE/g (Anand et al., 2018). Several studies have demonstrated a strong 

association between the phenolic content and antioxidant activity of honey (Bertoncelj et al., 2007; 

Ferreira et al., 2009).  

Table 3. Antioxidant activity (μmole Trolox.g-1 honey). n = 3 replicates for each honey, Anova: F1,4 = 

0.08, p-value = 0.79*. 

Sample Antioxidant activity 

Manuka Honey 9.00 ± 0.52* 

Sologne Honey  8.43 ± 0.87 
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3.2.2. Antibacterial Activities 

Under the test conditions, the minimum inhibitory concentration of Sologne summer honey and 

Manuka honey are both 22.5% against the bacteria Pseudomonas aeruginosa and Staphylococcus aureus. 

Sologne summer honey and Manuka honey therefore have an equivalent antibacterial activity and 

are in line with the scientific literature (Deng et al., 2018). 

Table 4. minimum inhibitory concentration of Sologne summer honey and Manuka honey against 

the bacteria Pseudomonas aeruginosa and Staphylococcus aureus. (+) means bacterial growth 

(cloudy) and presence of bacteria growth after re-picking on culture media  (-) means no bacterial 

growth (clear) and no presence of bacteria growth after re-picking on culture media. 

Wells Positiv

e 

control 

 1 2 3 4 5 6 7 8 9 

Initial 

concentration 

of honey (%) 

90% 45% 
22.5

% 

11.2

5% 

5.62

5% 

2.81

% 

1.40

% 

0.70

% 

0.35

% 

Pseudomonas 

aeruginosa  

 

+ Honey V - 

Sologne 
- - - + + + + + + 

+ Honey 

Manuka 
- - - + + + + + + 

Staphylococcus 

aureus 

 

+ Honey V - 

Sologne 
- - - + + + + + + 

+ Honey 

Manuka 
- - - + + + + + + 

Samples negative control - - - - - - - - - 

Negative control - - - - - - - - - 

4. Conclusion 

The Sologne summer honey tested can be characterized as a blossom honey with a predominant 

presence of chestnut. The Manuka honey used in the study is sourced from New Zealand, although 

it is atypical. Although the physico-chemical and pollen analysis may deviate slightly from the 

expected standards, the antioxidant and antibacterial test results align well with the existing scientific 

literature. It was therefore used as the reference Manuka honey for the remainder of the study. The 

Sologne honey exhibits a polyphenol concentration of 492 mg.kg-1, which is 23% higher than the 

concentration of Manuka honey used in this study. The polyphenol profiles of Manuka and Sologne 

honeys exhibit significant disparities, both in terms of their biochemical composition and the 

quantities of polyphenols present. Sologne honey is characterized by distinct polyphenols, such as 

shikimic acid, or high concentrations of polyphenols known for their biological activity, such as p-

coumaric acid. Both Manuka honey and Sologne honey exhibit substantial antioxidant activity, with 

a comparable antioxidant power of 8.4 μmole Trolox/g for Sologne summer honey. Both honeys 

exhibit comparable antibacterial activity, consistent with the scientific literature (with a CMI of 22.5% 

in the trial against Pseudomonas aeruginosa and Staphylococcus aureus).  

In conclusion, even if Sologne summer and Manuka forest honeys have different biochemical 

profiles, the antioxidant and antibacterial powers of these two honeys are statistically equivalent. 
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