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 Abstract 

  
Introduction. Some elements of a honey are added by bees; 

others occur after the maturation of honey. The physicochemical 

parameters, pollen content, sugars content and organic acids content 

were determined for Romanian acacia honey. 

Materials and methods. 27 samples of acacia honey from 

2020 were examined to determine the physicochemical parameters 

(moisture, electrical conductivity, pH, free acidity, color, HMF 

content) and sugars content using the methods proposed by the 

International Honey Commission. Organic acids composition was 

determined using the method proposed by Ozcelik. 

Results and discussion. The botanical origin of all samples 

was confirmed by melissopalinological analysis, each sample 

containing more than 45% Robinia pseudocacia pollen granules. 

According to Codex Alimentarius, moisture content should be 

lower than 20%, and for the analyzed samples the moisture content 

ranged from 16,66–20,74%. The pH of the acacia honey samples 

ranged from 3.61 to 5.33. The free acidity of acacia honey analyzed 

in this study ranged from 0.32 to 4.14 meq/kg. None of the analyzed 

samples exceeded the limit imposed by legislation. All honey 

samples showed similar lightness values (29.62–46.57). The 

maximum content of HMF in the samples was 23.20 mg/kg thus 

falling within quality requirements. A value of less than 500 µS/cm 

indicates a pure floral honey, and in this study the samples of acacia 

honey had electrical conductivity values between 94.8–405 µS/cm. 

In the acacia honey samples was identified a percentage of 68.35% 

monosaccharides, and a small percentage of sucrose (maximum 

2.093%). The F/G ratio varied between 1.02 and 1.65 for the studied 

acacia samples and some samples can crystallize quickly because 

have high glucose content and the F/G ratio is about 1. In the 

samples with F/G values above 1.3 the tendency of crystallization 

is slower. Gluconic acid was the main organic acid in all samples 

(1.916–2.666 g/kg) followed by propionic and acetic acids. 

Succinic acid has the lowest concentration in the studied acacia 

honey samples. 

Conclusions. All the investigated honey samples (27 samples) 

met the quality criteria examined (moisture, pH, free acidity, HMF 

content, color and electrical conductivity) and the high percentage 

of pollen grains of Robinia pseudoacacia confirmed that the 

samples analyzed were monofloral acacia honey. 
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Introduction 

    
Honey is the natural sweet substance produced by bees (Codex Alimentarius, 2001) and 

most of its elements are derived from plants; while some are added by bees and others occur 

after the maturation of honey (Teklit and Frehiwot, 2016). The main parameters of honey 

quality, which also influences its price, derive from its botanical origin (Seisonen et al., 

2015). Monofloral honey is a high quality product, which has a unique aroma and taste, but 

is often adulterated by incorrect labeling and mixing with inferior honey (Trifković et al., 

2017; White, J. W., 2000). Monofloral honey is known to have specific therapeutic properties 

and organoleptic attributes, and for this reason is one of the foods preferred by consumers. 

Physicochemical parameters and especially the color influence the price of honey but 

also the preferences of consumers (Visquert et al., 2014). Specific rules and standards are 

needed to guarantee the identity and quality of honey so that people can consume honey 

safely and pay the right price (Danezis et al., 2016). Obtaining data on the physicochemical 

parameters of honey is important both for its characterization and for ensuring the quality of 

products on the market. 

The identification of the botanical and geographical origins of honey are indicators of 

its authenticity (Jandrić et al.,  2017; Karabagias et al., 2018). Ensuring the authenticity and 

quality of honey is of real interest in the international honey market for both regulators, 

consumers, traders and beekeepers (Sobrino-Gregorio et al.,  2017). It should be noted that 

each honey has unique organoleptic characteristics, which are closely related to its source: 

botanical and geographical (Bogdanov et al., 2008). 

   The quality criteria for honey are set out in the EU Regulation and they include 

organoleptic characteristics (appearance, color, taste, consistency, aroma and taste) and 

physicochemical characteristics (moisture, carbohydrate content, pH, acidity, minerals, 

electrical conductivity, vitamins, organic acids, hydroxymethylfurfural (HMF) content, 

proteins) (Council, E. U., 2002). These parameters are influenced by the type of nectar, 

climate, soil but also by handling practices after harvesting honey (Belay et al., 2013). When 

we refer to the floral origin of honey, we implicitly refer to the geographical area, but also to 

the flora of that area during the collection period (Kaškonienė and Veskutonis, 2010). The 

chemical composition of honey even if it has the same floral source can be quite different, 

due to different climatic conditions, soil characteristics and the presence of different minerals 

from the soil (Persano Oddo and Piro, 2004). Honey is a complex product, whose 

composition varies depending on the species of bees, the type of nectar, geographical area, 

season and storage conditions and requires a characterization that targets various analytes: 

volatile compounds, phenolic acids, flavonoids, carbohydrates, amino acids and organic 

acids. The labeling of honey with a certain botanical or geographical origin cannot be carried 

out taking into account only one type of chemical markers, but rather through a combination 

of several. 

 The most known and appreciated assortment of monofloral honey produced in Central 

Europe is acacia honey (Robinia pseudocacia) (Oroian et al., 2015). Acacia honey is 

available on the European market, being one of the most appreciated assortments for its 

appearance, light yellow color, delicate fragrance and floral aroma (Schievano et al., 2019). 

In order to be able to classify a sample of honey as authentic acacia honey, it must 

contain at least 45% granules of acacia pollen, as specified in the regulations on the quality 

of honey (Soares et al., 2017). Analysis of pollen grains in honey sediments is used as a 

benchmark to identify the botanical origin of honey (Pires et al., 2009). The main components 

of honey are sugars and their use as floral or geographical markers of honey is not common 

due to the difficulties of specifying one or more carbohydrates present in honey that can serve 
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this purpose (Kaškonienė et al., 2010). However, some authors have suggested the use of the 

amount and ratio of specific carbohydrates (fructose and glucose), as well as 

oligosaccharides, as useful indicators for the recognition of monofloral honey (Cotte et al., 

2004). Organic acids are present in small quantities in honey but are important in establishing 

the freshness and authenticity of honey (Pauliuc and Oroian, 2020). 

The purpose of this work was to determine for acacia honey the physicochemical 

parameters (melissopalynological analysis, moisture, color, pH, free acidity, electrical 

conductivity), hydroxymethylfurfural content, sugars content and organic acids content.  

This is the first study aimed at analyzing the organic acids found in acacia honey in the 

N-E area of Romania. 

 

 

Materials and methods 
 

Samples 

 

The acacia honey samples (27 samples) were purchased from the N-E part of Romania 

and come from the production of 2020. The samples were purchased directly from beekeepers 

and were liquefied at 50 ° C to be prepared for analysis. 

 

Melissopalynological analysis 

 

To identify the type of pollen that predominates in the honey sample, the pollen granules 

on a sediment spread were counted at ×40 magnification using an light microscope (Motic). 
Sediment spread was obtained by dissolving 10 g of honey in 40 mL of distilled water, 

followed by centrifugation at 4500 rpm for 15 minutes. The centrifugation process was 

repeated for another 15 minutes after the supernatant was removed and water was added (Von 

Der Ohe et al., 2004). 

 

Physicochemical analysis 

 

In order to determine the physicochemical parameters of acacia honey, the methods 

proposed by the International Honey Commission (Harmonised Methods Of The 

International Honey Commission, 2008) were used. With the help of these methods the 

following parameters were determined: moisture content (using Abbe refractometer, Leica 

Mark II Plus), electrical conductivity (using portable conductometer HQ14d, HACH, USA), 

pH (using pH meter Mettler Toledo FiveGo, Mettler Toledo, USA), free acidity (using 

TITROLINE easy, Schott Instruments, Germany) and color (using portable chromameter 

CR-400, Konica Minolta, Japan). The hydroxymethylfurfural (HMF) content was determined 

using a UV-VIS-NIR spectrophotometer SCHIMADZU UV-3600 (Schimadzu Corporation, 

Japan), according to the method proposed by White (White, 1979). 

 

Determination of sugars composition 

 

The sugars content was determined with a HPLC instrument (Schimadzu, Kyoto, 

Japan). Before being injected into the HPLC instrument the samples were prepared as 

follows: 5 g of each acacia honey sample were dissolved in 40 mL distilled water, mixed 

with 25 mL of methanol (in a 100 mL volumetric flask) and then brought to volume with 

distilled water (Harmonised Methods Of The International Honey Commission, 2008). The 
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HPLC instrument was equipped with a LC-20 AD liquid chromatograph, SIL-20A auto 

sampler, CTO-20AC column oven, and RID-10A refractive index detector. The separation 

was performed on a Phenomenex Luna® Omega 3 μm SUGAR 100 Å HPLC Column 150 x 

4.6 mm. The samples were filtered through 0.45 µm PTFE membrane filters and then injected 

in the HPLC instrument. The sample volume injection was 10 µL. The flow rate was 1.3 

mL/min and the mobile phase was acetonitrile: water (80:20, v/v); the temperature of the 

column and detector was 30 °C. 

 

Determination of organic acids 

 

Organic acids were determined using the same instrument as in the case of the sugar 

content. The method of analysis was described previously by Ozcelik et al., (2016). 0.5 g of 

acacia honey were mixed with 2.5 mL of 4% metaphosphoric acid (w/v), then the samples 

were vortexed. Then, the samples were centrifuged for 5 min at 3500 rpm using a Z216-MK 

refrigerated centrifuge (Hermle Labortechnik, Wemingen, Germany) The sample was 

injected in the HPLC instrument (Schimadzu, Kyoto, Japan) with a diode array detector.  

 

 

Results and discussion 
 

Melissopalynological analysis 

 

Since the last century, the analysis of honey pollen has been used as a method of 

authentication, but the methodology has improved and harmonized several times over the 

years (Ruoff  et al., 2006). 

 The botanical origin of all samples was confirmed using melissopalinological analysis, 

each sample containing more than 45% Robinia pseudocacia pollen granules. The percentage 

of 45% pollen grains is the indicator by which honey can be classified as monofloral 

(Consonni and Cagliani, 2015). Ma et al., (2019) detected a content of 80% pollen granules 

of Robinia pseudoacacia in honey samples from China. Dobre et al., (2013) reported a 

percentage of 58% Robinia pseudoacacia pollen in acacia honey samples from Romania.  

 Pollen analysis is not suitable for cases where the honey has been incorrectly filtered 

or has been adulterated by the addition of pollen. Therefore, melisopalinology should usually 

be supplemented by physicochemical and organoleptic analyzes. Thus, in order to classify 

honey according to its botanical origin, a global interpretation of all results is needed 

(Bogdanov et al., 2008). 

 

Moisture content 

 

The moisture of honey depends on several factors, namely: environmental factors, the 

moisture of the plant visited by the bees, the degree of maturity of the honey reached in the 

hive and the handling of beekeepers during honey harvest (Flores et al., 2015). According to 

Codex Alimentarius (Codex Alimentarius, 2001) moisture content should be lower than 20%. 

Exceeding the maximum allowed value leads to a deterioration by fermentation, due to the 

presence of yeasts and bacteria in honey (Sakač et al., 2019). The fermentation process results 

in alcohol, which in the presence of oxygen will decompose into acetic acid and water, honey 

thus having a sour taste (Prica et al., 2014). This parameter is important in determining quality 

and stability by limiting degradation during the fermentation process (El Sohaimy et al., 

2015). It is considered that a moisture content lower than 18% prevents the fermentation 
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process. However, this possibility cannot be ruled out even when honey has a moisture 

content of less than 17.1%, because there are certain predisposing factors such as: yeast 

content, honey temperature but also the availability and distribution of water after 

crystallization (Prica et al., 2014). For the analyzed samples the moisture content ranged from 

16.66-20.74% (table 1). The moisture content of samples of acacia honey studied by Ahamed 

et al., (2017) ranged between 8.8-13.85, values which were also in accordance with the Codex 

Alimentarius standard. In another study, Liberato et al., (2013) examined 22 samples of 

honey of different botanical origins from Nothern Brazil and found that the moisture 

percentage range was 13.63-20.4%. Juan-Borrás et al., (2014) studied acacia honey from 3 

different countries and reported a moisture content of 16.9% for Romanian acacia honey, 

15.9% for Spanish honey and 17% for Czech honey. 

 

pH 

 

The pH of honey is an important parameter because an acidic pH inhibits both the 

presence and growth of microorganisms and can also influence the texture of honey, its 

stability and shelf life (Karabagias et al., 2014). Organic acids are the compounds responsible 

for protecting against microbial attacks, the pH of honey beeing normally between 3.5 and 

5.5. Besides the fact that pH is an indicator of a possible microbial growth (Da Silva et al., 

2016) it also has a role in identifying the botanical origin of honey (Sanz et al., 2005). The 

geographical and floral origin influences the pH values. The acidic pH of honey depends 

largely on the amount of gluconic acid resulting from the oxidation of glucose under the 

action of glucose oxidase. In addition, different aromatic and non-aromatic acids can affect 

the pH of honey (Khalafi et al., 2016). The pH of acacia honey samples ranged from 3.61 to 

5.33 (table 1). The values were similar to those reported by Karabagias et al., (2018) for 

eucalyptus, chestnut and heather honey (pH 3.62 to 4.42). Cimpoiu et al., (2013) reported 

that the average pH value is 4.23 for acacia honey and 4.36 for polyfloral honey. 

 
Table 1  

Physical-chemical parameters, sugars content and organic acids content of acacia honey 
 

Variable Minimum Maximum Mean Std. deviation 

pH 3.610 5.330 3.980 0.365 

Acidity (meq / kg) 0.320 4.140 2.377 0.828 

Conductivity µS/cm 94.800 405.000 212.322 84.159 

Moisture (%) 16.660 20.740 18.093 1.126 

HMF (mg / kg) 0.150 23.204 4.136 5.012 

Fructose 31.986 39.818 37.062 2.148 

Glucose 20.662 33.684 25.796 2.621 

Sucrose 0.000 2.093 0.450 0.555 

F+G 53.084 68.352 62.858 3.510 

F/G 1.021 1.655 1.449 0.150 

Gluconic acid (g/kg) 1.916 2.666 2.206 0.202 

Formic acid (g/kg) 0.030 0.175 0.119 0.032 

Acetic acid (g/kg) 0.038 0.180 0.096 0.035 

Propionic acid (g/kg) 0.004 0.196 0.032 0.036 

Lactic acid (g/kg) 0.000 0.041 0.002 0.008 

Butiric acid (g/kg) 0.000 0.045 0.012 0.014 

Succinic acid (k/kg) 0.000 0.027 0.002 0.006 
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Free acidity 

 

Free acidity is given by the presence of organic acids and is the parameter that indicates 

the beginning of the honey fermentation process, therefore the maximum allowed value for 

free acidity is 50 meq acid/kg (Oroian et al., 2017; Da Silva et al., 2016). The acidity of honey 

is caused, in addition to the presence of organic acids (tartaric, citric, oxalic, acetic, etc.), by 

nectar or by secretions from bees (Yadata, 2014). The natural acidity of honey increases 

during the storage and maturation of honey, as well as during the fermentation of honey. The 

value of acidity, which is related to organic acids naturally present in honey, varies depending 

on the floral source and the bee species (de Sousa et al., 2016). Free acidity is also used to 

differentiate nectar honey from honeydew (Sanz et al., 2005). High values of free acidity 

indicate the sugar fermentation with the formation of acetic acid by hydrolysis of alcohol 

(Geană et al., 2020). 

The free acidity of acacia honey analyzed in this study ranged from 0.32 to 4.14 meq/kg. 

(table 1) None of the analyzed samples exceeded the limit imposed by legislation. Fuentes 

Molina et al., (2020) reported values for free acidity of 9.5–46 meq/kg when studying 

polyfloral honey from Chile. Balos et al., (2018) reported values for free acidity of 5.44 

meq/kg (acacia honey) – 19.33 meq/kg (forest honey). 

 

 Color 

 

 Honey color analysis is a valuable method of classifying honey as monofloral. The 

color varies from light yellow to dark brown with reddish hue or greenish hue, this color 

variation being influenced by the source of honey (Mărghitaş, 2005) The values of color 

parameters are presented in Figure 1.  

 

 
Figure 1. Color parameters (L*, hab and cab) for acacia honeys 

 

 

Depending on the floral source, honey has a specific color; for example, acacia and 

citrus flowers produce straw-colored honey, while tilia flower produces a darker honey with 

a reddish hue (Siddiqui et al., 2017). The carotenoid, flavonoid and xanthophyll pigments 

come from nectar and pollen. The color of the pollen can vary from shades of pale yellow to 

dark brown, depending on the botanical species, this significantly influencing the color of 

0

10

20

30

40

50

60

70

80

90

100

L* hab cab



─── Food Technology ─── 

─── Ukrainian Food Journal.   2021.  Volume 10. Issue 1 ─── 164 

honey (dos Santos Scholz et al., 2020). Besides its botanical origin, the color of honey can 

also be influenced by the mineral content, the climate but also by the storage conditions 

(Sakač et al., 2019). The price of honey depends largely on its color, acacia honey and citrus 

honey obtaining the highest prices (Bogdanov et al., 2004). All honey samples showed 

similar lightness values (29.62–46.57). Mădaș et al., (2019) reported values for L* of 50.19-

64 for Robinia pseudoacacia honey from Romania. Dos Santos Scholz et al., (2020) reported 

that the mean values of L* in Ortigueira honey was 52.65. 

 

   HMF content 

 

The hydroxymethylfurfural (HMF) content is a parameter that indicates the degree of 

freshness of the honey and consequently its degree of deterioration (Onur et al., 2018). Cyclic 

aldehyde HMF is absent in fresh and untreated foods. HMF content is formed by 

caramelization and Maillard reactions or by the dehydration reaction of hexose in acidic 

medium (Bouhlali et al., 2019). The main causes that can lead to increased HMF in food are 

aging, the amount of water, free acidity, botanical origin, and stress during storage (Apriceno 

et al., 2018). Therefore, HMF is a compound that occurs in large quantities in damaged 

honey, in improperly stored honey and also in honey that has undergone a strong or prolonged 

heat treatment (Önür et al., 2018). The maximum limit allowed by law is 40 mg/kg (Council, 

E. U., 2002). The maximum limit of HMF in the samples analyzed in this study was 23.20 

mg/kg thus falling within quality requirements (table 1). Juan Borras et al., (2014) identified 

a maximum value of 7.1 mg/kg of HMF content in tilia honey from Romania. 

 

Electrical conductivity 

 

 Electrical conductivity is a parameter used to control the quality of honey and to 

differentiate honeydew from floral honey. It can be used in determining the botanical origin 

by correlating with the pollen content of honey (the mineral content being brought into honey 

along with the pollen) (Kaskoniene et al., 2010). The analysis of this parameter is very often 

used, being considered a good criterion to be able to identify the botanical origin and 

implicitly the purity of honey (Balos et al., 2018). Components of honey such as organic and 

mineral acids have the ability to dissociate into ions when they are in an aqueous solution or 

conduct electricity. Light honey usually indicates a lower conductivity value than darker 

honey (Kropf et al., 2008). The maximum allowed value for floral honey is 800 µS/cm and 

values higher than 800 µS/cm are specific to honeydew (Karabagias et al., 2018). The 

electrical conductivity increases with the amount of ash and acid in the honey (El Sohaimy 

et al., 2015). A value of less than 500 µS/cm indicates a pure floral honey, with exceptions 

(Saxena et al., 2010). In this study the samples of acacia honey had values between 94.8 and 

405 µS/cm and this value confirm that the analyzed samples are pure floral honey (table 1). 

Vranić et al., (2017) reported values of electrical conductivity between 160 µS/cm and 450 

µS/cm for acacia and blossom honey samples. Mărghitaș et al., (2010) reported an average 

value of 150 µS/cm for ten samples of Robinia pseudoacacia honey. 

 

 Sugars  

 

 The sugar content of honey depends on the type of flowers visited by bees and thus 

varies with the botanical and geographical origin of honey and climatic conditions, 

processing and storage (Kaškonienė et al., 2010). The sugar content of honey and even the 

ratios between sugars are important indicators for classifying honey according to its botanical 
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origin (Nozal et al., 2005). The predominant profile of sugars such as glucose, fructose, 

sucrose and maltose have been associated with a wide variety of properties of honey, such as 

viscosity, hygroscopy, granulation and energy value (Ouchemouk et al., 2009). As shown in 

Table 1, in the studied acacia honey a percentage of 68.35% monosaccharides was identified, 

with fructose reaching a maximum of 39.81% and glucose a maximum of 33.68%. All the 

analyzed samples showed a higher fructose content. The high proportion of d-fructose than 

d-glucose is related to the nectar source and suggests the possible existence of a low glycemic 

index (Bouhlali et al., 2019). Kamboj et al., (2020) analyzed cotton honey and reported a 

fructose content of 36.98% and a glucose content of 33.91%. The analyzed acacia honey 

samples contain a small percentage of sucrose (maximum 2.093%) which is below the 5% 

limit specified by Codex Alimentarius (Codex Alimentarius, 2001). A high sucrose content 

indicates a premature harvest of honey, which means that sucrose has not been completely 

transformed by the action of the enzyme invertase into glucose and fructose (do Nascimento 

et al., 2015). The concentration of sucrose varies with the degree of maturity and the source 

of nectar (Kamboj et al., 2013). Marghitaș et al., (2010) reported for Romanian acacia honey 

a concentration of fructose between 41.12–44.52% and for glucose 26–31.41%. 

The ratio of fructose to glucose (F/G) is used to discriminate honeydew and floral honey 

(Dobre et al., 2012) and to predict the crystallization potential of honey (Laos et al., 2011). 

All types of honey that crystallize quickly have high glucose content and the F/G ratio is 

about 1 (Rajs et al., 2017) but the tendency of crystallization is slower with F/G values above 

1.3 (Dobre et al., 2012). As shown in Table 1, the F/G ratio varied between 1.02 and 1.65 for 

the studied acacia samples. Juan Boras et al., (2014) reported an F/G ratio of 1.6 for acacia 

honey and lower values of this ratio for lime honey (1.3) and sunflower (1.06), which shows 

that acacia honey crystallizes more slowly. 

 

 Organic acids content 

 

 Organic acids represent a small percentage of the total components of honey (<0.5%) 

but define the aroma, color, pH and acidity and also play an important role in the 

antimicrobial and antioxidant activities of honey (Da Silva et al., 2016). The origin of 

aliphatic organic acids in honey is partially known, although many of them can be natural 

intermediates through the metabolic pathways of microorganisms, the Krebs cycle (acids: 

citric, succinic, glutaric, fumaric and oxaloacetic) or enzymatic reactions. The acids can also 

be synthesized from glucose, fructose and sucrose in the nectar, by the enzymatic action of 

bees or can come directly from the secretion of plants and also from the excretion of insects 

that reach the plants (Mato et al., 2003; Brugnerotto et al., 2019). 

  Determining the composition of organic acids in honey can be an important parameter 

used to discriminate the botanical origin of honey (Daniele et al., 2012). The acidity of honey 

is given by the more than 30 organic acids that are obtained directly from nectar or are formed 

when nectar is transformed into honey (Da Silva et al., 2016; Mato et al., 2003). Fermentation 

and aging processes that can occur during storage lead to an increase of total acid content 

(Mato et al., 2006). The citric acid content is an essential parameter in differentiating floral 

honey from honeydew (Suarez-Luque et al., 2012).  

 The non-aromatic organic acid that is predominant in the composition of honey is 

gluconic acid and is formed by the activity of glucose oxidase during maturation or by the 

metabolic activity of certain Gluconobacter spp. (Mato et al., 2003). Gluconic acid is also 

the main organic acid in the case of the samples analyzed in this study (1.916–2.666 g/kg), 

followed by propionic and acetic acids. Suto et al., (2020) studied acacia honey and reported 

a content of 1.575 g/kg gluconic acid. In a previous study, a higher amount of gluconic acid 
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(5.62 g/kg) was identified on sunflower honey (Pauliuc and Oroian, 2020), and the same was 

observed for chestnut honey (8.90 g/kg) (Sahin and Erim, 2011). In conclusion, acacia honey 

has a lower content of gluconic acid. As shown in Table 1, succinic acid has the lowest 

concentration in the studied acacia honey samples. Suto et al., (2020) reported that succinic 

acid was detected in 16 of 25 samples (average succinic acid concentration of 0.028 g/kg). 

 

 

Conclusion 
 

The content of pollen, the physicochemical parameters, the organic acids content and 

the sugar composition of Romanian acacia honey were analyzed in this study in order to 

classify this type of honey as monofloral honey.  

All the investigated honey samples (27 samples) met the examined quality criteria 

(moisture, pH, free acidity, HMF content, color and electrical conductivity) and the high 

percentage of pollen grains of Robinia pseudoacacia confirmed that the analyzed honey 

samples were samples of monofloral acacia honey. 
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