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ABSTRACT: Adulteration of honey is a major problem in the world, due to its high nutritional value and the 

expensive cost of honey. Thus, the quality of honey produced in different regions must be assessed to protect the 

rights of consumers. The study aims to investigate the physicochemical (hydroxymethylfurfural: HMF, moisture, ash, 

electrical conductivity, pH, total acidity, diastase activity, and reduction sugar), and microbiological (clostridium 

perfringens, molds, and osmotolerant yeasts) parameters of 43 honey samples. All the honey samples were collected 

from Qazvin province, Iran. Our results demonstrate that pH and acidity values in all of the honey samples were in the 

accepted limit and other physicochemical parameters include HMF (44.18%), reduction sugar (9.30%), moisture 

(2.32%), sucrose (53.48%), diastase activity (58.13%), fructose/glucose ratio (25.58%), electrical conductivity 

(9.30%) and ash (4.65%) were below the acceptable quality level. All the honey samples were in the acceptable range 

in terms of microbial quality (yeast, fungi and, Clostridia). All the honey samples are within expected microbial levels 

but in non-standard physicochemical conditions. Our results indicate that you can use fast, inexpensive and safe tests 

for identifying the adulteration in a variety of honeys (commercial and non-commercial). These measurements should 

be widely practiced by governmental organizations determine a fair and reasonable price for each product.  

 
                          INTRODUCTION 

Honey 

Honey is a sweet and viscous liquid produced by bees 

(Apis mellifera) from plants nectar [1] that is used as a 

natural food [2, 3]. Honey has many complex compounds 

that are related to botanical and geographical origin, 

climatic conditions at harvest, climate conditions of the 

region and beekeeping management, specifically during 

honey harvest and storage [4]. This product is a valuable 

source of compounds for human such as biologically 

active substances, macro, and micro elements [5] 

carbohydrates, water, organic acids (gluconic acid, acetic 

acid, etc.), enzymes (inverts, glucose oxidase, catalase, and 

phosphatases), minerals, vitamins (ascorbic acid, niacin, 

pyridoxine, etc), proteins, pigments, antioxidant 

substances, aromatics and flavorings substances, sugar 

alcohols, colloids and phytochemicals [6-8]. Having 

antimicrobial activity, honey is capable of inhibiting the 

growth of many foodborne pathogens. Other important 

factors for the human health in honey include: anti-

inflammatory, anti-mutagenic, anti-tumor, anti-fungal, and 

anti-viral [8-13]. 

Food fraud 

Honey production is a costly process, thus producers prefer 

to produce honey with cheaper substances in order to 
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reduce the cost of honey production [14]. The most 

common fraud method is the over feeding of bees with 

sucrose, corn syrup, High Fructose Corn Syrup (HFCS), 

and inverts syrups, which are inexpensive sweeteners. The 

use of Fructose/Glucose ratio (F.G r) [15], and aldehyde 5-

HydroxyMethylFurfural (HMF) have been considered as 

important parameters in assessing the authenticity of honey 

[16]. 

Iran's geographical structure and climatic conditions is one 

of the best regions of the world for the production of 

honey. In recent years, the presence of unnatural honey in 

the global markets has become a major problem. Due to 

the increasing awareness of consumers about hygienic and 

safety foods, the importance of quality control of honey is 

necessary. Unfortunately, any particular research has been 

conducted in Qazvin province, Iran to determine the 

microbial quality and physicochemical parameters (P-

CHPs). Thus, in the current study, was conducted to assess 

the physicochemical and microbiological parameters of 

different types of honey samples (commercial and non-

commercial) to detect fraud and evaluate quality for the 

first time in Qazvin province. 

MATERIALS AND METHODS 

In the present study HMF, pH, total acidity (TA), 

reduction sugar (RS), moisture, sucrose, diastase activity 

(DA), F.G r, electrical conductivity (EC), and ash of honey 

samples were analyzed for fraud detection [17, 18]. 

Honey samples 

All of the honey samples collected from Qazvin province, 

Iran and then transferred to the food quality control 

laboratory of Food and Drug Administration Qazvin, Iran 

for analysis. 

Sampling 

Commercial honey samples were collected from packaged 

and labeled honeys (packaged by industrial companies). 

Non-commercial honey samples were collected from bulk, 

unpackaged and unlabeled honeys (packaged by 

beekeepers). All of the honey samples from 2017 to 2018 

have been collected from Qazvin province, Iran. 

 

Analytical methods to determine P-CHPs in honey 

samples 

P-CHPs of honey samples were evaluated according to the 

International Honey Commission [19]. The parameters of 

P-CHPs examined included HMF (mg kg-1), moisture (g 

100g-1), ash (g 100g-1), EC (ms cm-1), pH, TA (meq kg-1), 

DA (Gothe scale) and RS (g 100g-1) [20]. 

HMF 

HMF content in honey samples were determined by High-

Performance Liquid Chromatography (HPLC) coupled 

with UV spectrometry. A 5% (w/v) solution of the honey 

sample was prepared in distilled water and the solution 

was filtered through 0.45 mum filter paper and then 

injected into the HPLC system (WATERS _1515, USA). 

The injection volume was 20 mul, the column temperature 

25°C and detection at 280 nm [20]. 

Moisture 

Honey moisture content was determined by the 

refractometry method. All measurements were performed 

at 20°C [21]. 

Ash 

Ash content of honey samples were measured by placing a 

crucible containing honey at 100°C oven for 1 h. After 

cooling the ash was weighed. Aliquots of 5 g of honey 

were placed into a crucible and then incinerated at 500°C 

Muffle furnace for 2 h and then reweighed [19]. Finally, 

ash percentage was calculated. 

Electrical conductivity 

Honey EC was examined in a 20% (w/v) honey dilution in 

distilled water using a cyber-scan waterproof (Inolab, 

Germany) series digital conductometer [19]. 

pH and TA 

TA values were measured by the titrimetric method. The 

amount of 10 g of honey sample was dissolved in 75 ml 

distilled water, and this dilution was titrated with 0.05 M 

NaOH until the pH reached to 8.50. Then 10 ml of 0.05 M 

NaOH was added immediately and back-titrated with 0.05 

M HCl solution until the pH reached to 8.30 (based on 
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lactone acidity) and finally TA was determined. A cyber-

scan waterproof digital pH meter (Mettler, Swiss) model 

MP220 series was used to measure the pH of honey 

samples [22]. 

Diastase activity 

Honey sample to amount of 5 g was placed into a 20 ml 

beaker and diluted in 10 ml distilled water and 2.50 ml of 

acetate buffer (1.59 M, pH 5.30). This solution was 

transferred to a 20 ml volumetric flask containing 1.50 ml 

of 0.50 M NaCl. Then 10 ml of honey dilution was 

incubated in a thermostatic bath at 40°C along with a 

second flask containing 100 ml of 1% (w/v) starch 

dilution. After 5 min, 5 ml of starch dilution was added to 

the honey dilution. After 5 min, 1 ml of this combination 

was mixed with 10 ml of 0.0007 M iodine dilution, and 

DA was measured at 660 nm in a spectrophotometer 

(Shimadzu model UV-1601, Japan) [23]. 

Sugar contents 

Sugar contents (include fructose, glucose, maltose, and 

sucrose) of honey samples were analyzed by HPLC 

coupled with refractive index detector. Honey dilution to 

amount of 5% (w/v) was prepared in distilled water and 

dilution was filtered by a paper filter 0.45 mum and 

injected to HPLC system (WATERS _1515, USA) [20]. 

Microbiological parameters 

All analyses of microbiological parameters take place in a 

duplicate method. An average number of colonies, 

multiplied by the dilution factor, was considered for the 

counting of microbe colonies (include Clostridia, yeast, 

and fungi). Results were expressed as colony forming units 

(CFU) of Clostridia, yeast, and fungi per gram of honey 

samples. 

Yeast and fungi counting 

Honey sample to amount of 10 g taken from the surface of 

the container were diluted in 90 ml of phosphate buffer, 

pH 5.30, containing 0.10 g of agar. A series of dilutions 

include 10-2 and 10-3 were obtained from these solutions. 

One ml of each dilution include 10-1, 10-2, and 10-3 was 

mixed with 12 ml of culture medium (pH 3.50) that 

containing yeast extract, glucose, minerals, and 

chloramphenicol (10 mg ml-1) and then was placed in petri 

dishes. Finally, these petri dishes incubated at 25°C for 5 

days [24]. 

Clostridia counting 

Vegetative cells isolation of Clostridia (anaerobic bacteria) 

take place in Sulfite Polymyxin Sulfadiazine Agar (SPSA) 

culture media based on sulfite-reducing (Liofilchem, 

Italy). Therefore 20 g of a honey sample was suspended in 

150 ml of peptone water and then homogenized and 

centrifuged at 8500 rpm at 4°C for 60 min. The sediment 

was re-suspended in 7 ml of 1% peptone in water. Finally, 

a series of dilutions were cultured in Miller Pricket tubes 

(MPts) containing SPS culture medium, these tubes sealed 

by Vas Par and then incubated at 37°C for 48 h. Black 

colonies in SPSA culture media indicated the presence of 

Clostridia [24]. 

Isolation of spores based on sulfite-reducing Clostridia 

The above dilutions were heated at 80°C for 20 min and 

then rapidly cooled in water to acquire Clostridia spores 

based on sulfite-reducing, and cultured in MPts containing 

SPS medium. These tubes were sealed by Vas Par and then 

incubated at 45°C for 48 h [24]. 

Statistical analysis 

The mean value obtained from duplicate replications of 

each experiment were reported as mean±SD. The collected 

data were analyzed using SPSS statistical program version 

19. 

RESULTS AND DISCUSSION 

Accepted limits of physical, chemical, and microbial 

properties of honey presented in Tables 1 and 2. 

P-CHPs of honey samples (N=43) were compared with the 

Iranian national standardization organization showed in 

Figure 1.  

The values of the P-CHPs for commercial (N=10) and 

non-commercial (N=33) honey samples examined in the 

current study presented in Tables 3 and 4. 
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Table 1. Accepted limits of physicochemical properties of honey based on the ISIRI 

Parameters HMF pH TA RS
*
 Moisture Sucrose DA

**
 F.G r EC

****
 Ash 

(Unit) (mg kg
-1

) No unit meq kg
-1

 (%) (%) (%) (DN
***

) No unit (mS cm
-1

) (%) 

Accepted limit ≤40 3.5> <40 65> <20 <5 3> 0.9> <0.8 <0.6 

ISIRI: Iranian national standardization organization [25]
 *

Reducing Sugars 
**

Diastase Activity 
***

Diastase Number 
****

Electrical Conductivity 

 

Table 2. Accepted limits of clostridium perfringens, molds and osmotolerant yeasts of honey based on the ISIRI 

Parameters clostridium perfringens molds osmotolerant yeasts 

Accepted limit Negative in per 1 to 2 g 100< in per g 10< in per g 

ISIRI: Iranian national standardization organization [25] 
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Figure 1. physicochemical parameters of honey samples (N=43) in comparison with the Iranian national standard [25]. 

 

Table 3. Physicochemical properties of commercial honey samples (packed by industrial companies) (N=10) 

Parameters Min Max Mean±SD
*
 A L

**
 N-A L

***
 

HMF 0.30 334.30 127.55±109.32 
3 

(30%) 

7 

(70%) 

pH 3.93 4.70 4.38±0.27 
10 

(100%) 

0 

(0%) 

TA 10.50 14.89 13.59±1.52 
10 

(100%) 

0 

(0%) 

RS 26.80 82.00 64.10±17.41 
8 

(80%) 

2 

(20%) 

Moisture 13.80 61.65 20.98±14.34 
9 

(90%) 

1 

(10%) 

Sucrose 0.50 8.76 5.26±2.38 
5 

(50%) 

5 

(50%) 

DA 5.00 8.00 6.25±0.92 
0 

(0%) 

10 

(100%) 

F.G r 0.65 1.70 1.23±0.33 
9 

(90%) 

1 

(10%) 

EC 0.19 0.61 0.36±0.12 
10 

(100%) 

0 

(0%) 

Ash 0.08 0.51 0.30±0.18 
10 

(100%) 

0 

(0%) 

*
SD (standard deviation) 

**
acceptable limit, 

***
no acceptable limit  
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Table 4. Physicochemical properties of non-commercial honey samples (packed by beekeepers) (N=33) 

Parameters Min Max Mean±SD A L N-A L 

HMF 0.00 230.00 53.52±60.65 
21 

(63.36%) 

12 

(36.36%) 

pH 3.56 4.60 4.03±0.26 
33 

(100%) 

0 

(0%) 

TA 9.70 15.83 12.21±1.64 
33 

(100%) 

0 

(0%) 

RS 60.26 81.40 71.63±4.76 
31 

(93.93%) 

2 

(6.06%) 

Moisture 13.60 18.45 15.85±1.17 
33 

(100%) 

0 

(0%) 

Sucrose 0.09 12.90 5.89±3.38 
15 

(45.45%) 

18 

(54.54%) 

Diastase activity 1.90 4.69 3.28±0.80 
18 

(54.54%) 

15 

(45.45%) 

F.G r 0.32 3.45 1.52±0.84 
23 

(69.69%) 

10 

(30.30%) 

EC 0.10 0.98 0.46±0.24 
29 

(87.87%) 

4 

(12.12%) 

Ash 0.00 0.84 0.21±0.22 
31 

(93.93%) 

2 

(6.06%) 

In the present study, pH and TA in all the honey samples 

were at the acceptable limit and other parameters include 

HMF, RS, moisture, sucrose, DA, F.G r, EC, and ash were 

below the acceptable quality level. The highest non-

standard values were observed for parameters include DA, 

sucrose, HMF, and F.G r. 

HMF 

HMF value is a quality indicator for checking the freshness 

and high temperature processing of honey [26]. HMF is a 

by-product of fructose decomposition and it is generated 

during storage or overheating. Thus, its presence is 

considered as the spoilage of honey. The excessive HMF 

value indicates long-term storage, overheating or invert 

sugar adulteration [27]. In the current study, almost half of 

the honey samples (44.18%) were below the acceptable 

quality level. The average amount of HMF in commercial 

honey samples was measured 127.55±109.32 mg kg-1 

while in non-commercial samples it was 53.52±60.65 mg 

kg-1. 24 of 43 honey samples considered at the acceptable 

quality level (≤40 mg kg-1), although in a study which was 

undertaken in Azerbaijan [28], 4 of 53 samples exceeded 

the acceptable limit and the average amount of HMF in 34 

samples was lower than 10 mg kg-1 indicating that they 

were fresh and unheated. According to the other studies 

conducted in Argentina [29] and Uttarakhand (north 

Indian) [30], HMF value in the examined honeys were at 

the acceptable limit. Another experiment in Iran [31] 

reported HMF value of honey samples in the range of 2.20 

to 39.40 mg kg-1 and the other study in Northwestern 

Argentina [11] reported the HMF value of 13 honey 

samples in the range of 4 to 28.20 mg kg-1. The HMF 

value in all samples were below the limits established by 

the Codex Alimentarius (lower than 40 mg kg-1). In a study 

conducted on honey samples from Shariatpur, Bangladesh 

[32] the HMF content was 32.48 mg kg-1 which was much 

lower than our study samples. Low HMF value (0 to 0.20 

mg kg-1) is the indicator of freshly harvested honey, while 

high HMF value indicates the prolonged exposure of 

honey to heat or poor storage condition.  

In general, HMF content is known as an indicator of the 

freshness of honey with low HMF value. HMF content 

increases during food processing and aging. High value of 

HMF due to caramelization of carbohydrates, Maillard 

reaction, and the decomposition of fructose in the acidic 

environment can lead to changes in the composition honey 

[31]. 

pH and TA 

Honey is naturally acidic thus its pH is extremely low, 

between 3 to 4.50, which inhibits the growth of bacteria 

and other spoil-ready microorganisms [39]. The pH of 
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examined honey samples in this study were in range of 

3.56 to 4.70 that demonstrate all samples were in the 

acceptable pH range recommended by Codex Alimentarius 

(pH: 3.40 to 6.10) [39]. In Telangana, India reported pH 

values of all samples in the range of 3.70 and 3.90 [33] 

which is consistent with our study. The maximum TA was 

observed in commercial honey samples. A high strong 

negative correlation was found between pH and TA. In 

Shariatpur, Bangladesh reported pH and acidity values 4 

and 42.50 meq kg-1, respectively [32] that pH values were 

consistent with our study, while acidity values were much 

higher than our study. The values of pH examined in the 

current study were agreement with the other results 

reported in the continent of America include Brazil [34], 

Mexico [35] and Argentina and also the studies that 

conducted in other areas such as Algerian [37], Indian [38] 

and Azerbaijan [28]. It can be concluded that geographical 

conditions cannot have a significant effect on pH values. 

Maximum TA was observed in the commercial honey 

samples. TA values in all the honey samples were fall 

under the described limit of 40 meq kg-1. These results 

were in agreement with the study conducted in Azerbaijan 

[28]. The high acidity values of honey samples in the 

present study was related to the fermentation of honey 

sugars to organic acid, thus it can provide resistance 

against spoilage microorganisms. 

Total RS 

Total RS value in examined commercial honey samples 

ranged from 26.80 to 82.00%, and in non-commercial 

honey samples ranged from 60.26 to 81.40% which is in 

agreement with the standards proposed by the Iranian 

Standard Organization [25]. A study conducted in India 

reported total RS between 71 to 80 that consistent with our 

study [33]. Total RS value of commercial honey samples 

more than 80% and of non-commercial more than 93% 

were at the acceptable limit. Similar results were obtained 

in the studies conducted in Kashmir valley (north India) 

[39] and Algerian [40]. 

Moisture percentage 

The moisture percentage or water content of honey 

reported as an important quality parameter for honey since 

lower moisture content of honey demonstrate longer shelf 

life [41]. In the current study the most of honey samples 

had the level of moisture of 18.20 to 19.11 which was 

lower than the limit described by Iranian Standard 

Organization [25]. Similar results were observed in India 

[33] and Nigerian [42]. The results of our study indicate 

that honey in Qazvin province has long-term storage 

conditions. Because during storage, high humidity can lead 

to fermentation function by osmotolerant yeast. As a 

result, the pH decreases [43]. Our results were in 

agreement with the previous studies conducted in eastern 

Anatolia (Turkey) [44], China [45], Kars city (Turkey) 

[46], and Kashmir valley (north India) [39]. In a study, 

moisture content was obtained 18.35%, which 

corresponded to the international limit set by Codex 

Alimentarius, i.e. 20% [32] and in another study conducted 

in Shahr kourd, Iran, moisture content was reported ranged 

from 14.30 to 16% [31]. These results were in agreement 

with our current study. Honey moisture content was 

affected by various factors such as climatic conditions, 

nectar features, and the treatment of honey during 

extraction, storage, maturity period and harvesting time [8, 

38] thus honey quality and water content can vary widely 

from hive to hive and even from cell to cell [47]. If the 

moisture content of honey is higher, honey can be 

fermented and granulated during storage. Thus, a low 

moisture content (<20%) is necessary to increase the shelf 

life of honey during storage [48]. 

Sucrose content and F.G r 

Honey contains a concentrated water solution of two main 

sugars, include fructose and glucose, with small amounts 

of different complex sugars [11]. In the current study, the 

sucrose content and F.G r in commercial honey samples 

ranged from 0.05 to 8.76 and 0.65 to 1.70, respectively, 

and the sucrose content and F.G r in non-commercial 

honey samples ranged from 0.09 to 12.90 and 0.32 to 3.45, 

respectively. In a study, glucose, fructose, and F.G r value 

in honey samples were reported ranged from 19.20 to 

31.80%, 25.40 to 39.20%, and 1.10 to 1.50, respectively 

[31]. In a study conducted in the north-west of Spain 

reported glucose, fructose, and F.G r values of 34 honey 

samples ranged from 24.40 to 35.20, 33.10 to 42.10, and 

0.90 to 1.70%, respectively [49]. The results of the 

previous two studies were inconsistent with our study. In 

the current study, honey samples with F.G r outside the 



M. Kazeminia et al / Journal of Chemical Health Risks 13(1) (2023) 73-83 

79 

 

range was observed in the non-commercial honey samples 

more than commercial honey samples, revealing that fraud 

in non-commercial honey is more than commercial honey. 

High sucrose content in honey indicates the fraud above 

50%. Thus, it can be concluded that the measuring sucrose 

in honey will help to confirm authenticity of natural honey. 

The F.G r parameter gives information about the 

crystallization state of honey. Crystallization occurs when 

F.G r is 1.10 or less but does not occur at values greater 

than 1.50 due to the presence of higher fructose value, 

there is no tendency to crystallize. As well as, F.G r affects 

the honey taste due to fructose is much sweeter than 

glucose. This ratio can be mainly dependent on the nectar 

source [31]. 

Diastase activity 

Diastase is one of the prime enzymes found in honey. 

Diastase (a mixture of α-amylase and β-amylase) is a 

natural enzyme catalyzing the degradation of starch and 

viscosity loss in honey. DA in honey depends on the 

amount of nectar the bee processes in each period, 

geographic and floral origins of the product. DA and HMF 

content can be used as criteria to recognize the honey 

quality [50]. Diastase activity value, shows honey 

exposure to high temperature. Our study demonstrate that 

the DA value in the commercial and non-commercial 

honey samples ranged from 5 to 8 DN (Diastase Number) 

and 1.90 to 4.69 DN, respectively. DA values in the 

commercial honey samples were almost twice more than 

the non-commercial honey samples. The most of the honey 

samples demonstrate DA values within the Iranian 

Standard for DA i.e. lower than 8 DN [25]. High DA 

values in the examined honey samples may be due to 

mountain climatic conditions of Qazvin province. DA in 

honey depends on the intensity of the nectar flow and 

nectar amount processing by the honey bees. Thus, honey 

from very rich nectar sources often shows low natural 

enzyme activities. When honey is adulterated by the 

addition of inverted sucrose (also called invert syrup and 

invert sugar, is an edible mixture of two simple sugars, 

glucose and fructose, that is made by heating sucrose with 

water) or hydrolyzed starch namely HFCS, then such 

dilution of honey leads to the reduction of DN [51]. 

Generally, very low and/or very high DA, both are 

undesirable in honey. Large amounts of DA may be due to 

the formation of fermented acid, and then the acid helps 

break down the enzyme starch [50]. 

Electrical conductivity 

EC is proportional to dissolved solids values in the 

mixture. According to the Codex Alimentarius, EC is an 

advantageous parameter for distinguish the quality of 

honey sample, specifically in ensuring its floral origin for 

the correct labeling purposes [52]. In previous studies, the 

EC parameter has been used as an evaluation of eligible 

honey [53]. All of the examined commercial honey 

samples were at the acceptable limit for EC whereas, 

12.12% (4 to 29) of non-commercial honey samples were 

in unacceptable limit. EC value for the nectar honey must 

be less than 0.80 mS cm-1  according to the EU standards 

for honey [47]. In a study conducted in the Kashmir valley 

(north India) [39] was in agreement with our result, while 

another study was conducted in the Shariatpur, Bangladesh 

[32] EC values higher than our results. In a study, EC was 

reported 1.20 mS cm-1 which was higher than our result 

[52]. However, mismatch of EC values among different 

types of honey is possible due to different ecological and 

botanical conditions such as honey source (floral or 

honeydew), season, acidity, moisture, viscosity and salt 

content [54]. 

Ash 

The percentage of ash is an indicator of mineral content, 

plant origin, and quality index in the honey samples [31]. 

The average ash value in the commercial and non-

commercial honey samples were 0.30±0.18 and 0.21±0.22, 

respectively. The ash content of the most honey samples 

were at the acceptable range (95.34%). Similar values for 

honey ash content were observed in Argentina honey 

(0.11%) [55], Algeria honey (0.14%) [56], Ankara city 

(Turkey) honey (0.15%) [57], and Garmsar city (Iran) 

honey (0.28%) [58]. Differences in ash content are 

probably related to several factors, include differences in 

soil and climate conditions, the type and physiology of 

each plant, and the botanical and geographic origins of 

honey samples [31]. 
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Microbial 

All of the honey samples (commercial and non-

commercial) were in the acceptable range for microbial 

quality, include clostridium perfringens, molds, and 

osmotolerant yeasts. Similar results for honey microbial 

quality were observed in Nigerian [42] and in southwest of 

Antioquia, Colombia [59], but in a study conducted in 

Argentina, it did not match our study [29]. In general, 

honey is not a suitable medium for microbial growth due 

to its high sugar content and low water activity. 

Pearson correlation coefficients between P-CHPs 

It was interesting that a positive significant correlation 

found between pH and HMF, and between DA and TA, 

and between EC and DA measurements of commercial 

honey samples (p<0.05) (Table 5). A positive significant 

correlation was found between TA and pH, and among RS 

with sucrose and HMF, and between F.G r and DA 

measurements of non-commercial honey samples (p<0.05) 

(Table 6). 

Table 5. Correlation between physicochemical properties of commercial honey samples (N=10) 

       parameters HMF pH TA RS Moisture Sucrose DA F.G r EC 

pH 
PC

*
 .711

**
         

P-value .021
***

         

TA 
PC .599 .597        

P-value .067
***

 .069
***

        

RS 
PC .047 .223 -.073       

P-value .897
***

 .535
***

 .841       

Moisture 
PC .502 .297 .271 .096      

P-value .139
***

 .405
***

 .450
***

 .792
***

      

Sucrose 
PC .353 .385 .135 -.439 -.062     

P-value .317
***

 .272
***

 .709
***

 .204
***

 .865
***

     

DA 
PC .457 .595 .700

**
 -.171 .307 .334    

P-value .184
***

 .070
***

 .024
***

 .637
***

 .389
***

 .345
***

    

F.G r 
PC -.157 -.112 .146 -.448 -.288 -.093 .472   

P-value .665
***

 .759
***

 .688
***

 .195
***

 .419
***

 .798
 ***

 .168
 ***

   

EC 
PC .190 .435 .240 -.189 .430 -.013 .679

**
 .442  

P-value .599
***

 .209
***

 .504
***

 .602
***

 .215
***

 .972
***

 .031
***

 .201
***

  

Ash 
PC .506 .523 .604 -.382 -.154 .261 .323 .220 .200 

P-value .136
***

 .121
***

 .064
***

 .275
***

 .670
***

 .466
***

 .363
***

 .541
***

 .579
***

 

*
Pearson Correlation 

**
Correlation is significant at the 0.05 level 

***
No significant difference (p>0.05) 

Table 6. Correlation between physicochemical properties of non-commercial honey samples (N=33) 

parameters HMF pH TA RS Moisture Sucrose DA F.G r EC 

pH 
PC .458         

P-value .007         

TA 
PC .503 .924

*
        

P-value .003
**

 .000
**

        

RS 
PC -.349

*
 -.371 -.389       

P-value .046
**

 .034
**

 .025
**

       

Moisture 
PC .162 .114 .051 -.075      

P-value .369
**

 .526
**

 .779
**

 .677
**

      

Sucrose 
PC .429

*
 .298 .344 -.740

*
 .182     

P-value .013
**

 .092
**

 .050
**

 .000
**

 .311
**

     

DA 
PC -.255 -.087 -.124 .117 .198 -.174    

P-value .152
**

 .631
**

 .491
**

 .515
**

 .270
**

 .333
**

    

F.G r 
PC -.141 .126 .074 .235 -.181 -.358 .488

*
   

P-value .435
**

 .484
**

 .681
**

 .189
**

 .314
**

 .041
**

 .004
**

   

EC 
PC -.008 .260 .326 -.308 -.118 .431 -.191 -.103  

P-value .966
**

 .145
**

 .064
**

 .082
**

 .514
**

 .012
**

 .288
**

 .568
**

  

Ash 
PC -.263 .189 .081 .107 -.085 -.024 .044 .105 .152 

P-value .140
**

 .292
**

 .656
**

 .555
**

 .637
**

 .896
**

 .806
**

 .562
**

 .399
**

 

*
Correlation is significant at the 0.05 level 

**
No significant difference (p>0.05) 
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                              CONCLUSIONS 

The present study attempted to evaluate and compare the 

physicochemical and microbial properties of commercial 

and non-commercial honey samples from Qazvin province 

of Iran. The results demonstrate that most of the honey 

samples failed to meet the acceptable quality level. 

Detection of honey adulteration by means of fast, 

inexpensive, and safe tests should be widely practiced by 

responsible organizations. The parameters used to verify 

natural honey include: hydroxymethylfurfural, moisture, 

ash, electrical conductivity, pH, total acidity, diastase 

activity, and reduction sugar. At the end of the discussion, 

the government subsidies for beekeeping and honey supply 

chain can be the main incentive against honey adulteration. 
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