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Abstract
This research investigates the physicochemical properties of honey sourced from commercial brands and the natural environment of Ananthagiri Hills, Vikarabad, Telangana, India. Honey, a complex substance produced by bees, exhibits significant variability influenced by floral sources, environmental conditions, and processing techniques. The study systematically analyzes key parameters, including viscosity, moisture content, pH, free acidity, total ash content, reducing sugars, and essential minerals (iron and calcium), to evaluate both quality and nutritional value. Preliminary findings indicate marked differences between commercial and natural honey, with commercial samples generally exhibiting higher levels of reducing sugars and minerals. Specifically, the viscosity of commercial honey ranges from 6578 to 8975cP, while natural honey measures at 6470cP. Furthermore, natural honey shows a higher moisture content of 18.2 g/100 g compared to commercial samples. The pH levels across all samples range from 3.5 to 4.5, suggesting an acidic environment that aids in preservation. This study emphasizes the importance of stringent quality control in honey production and offers insights into the health benefits of honey consumption, thereby highlighting avenues for further research into its therapeutic application.
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1.	Introduction 
Honey, a biologically complex substance produced by bees from the nectar of flowers, possesses a unique chemical composition that varies significantly based on its floral source, environmental conditions, and handling methods. This variability is crucial, as it influences the physicochemical properties of honey, which include viscosity, moisture content, pH, free acidity, total ash content, reducing sugars, and essential minerals[1,2]. The historical use of honey as a medicinal product dates back to 2100-2000 BC, yet recent scientific investigations have renewed interest in its potential health benefits, including cardioprotective[3], hepatoprotective[4], hypoglycemic[5], antioxidant[6], and antimicrobial [7]effects. This study aims to conduct a systematic analysis comparing the physicochemical characteristics of honey samples from commercial brands with naturally sourced honey from the Ananthagiri Hills in Vikarabad, Telangana, India. Preliminary findings suggest significant differences between the two types, with commercial honey generally exhibiting higher levels of reducing sugars and minerals, while natural honey demonstrates a higher moisture content. The results underscore the necessity for rigorous quality control in honey production and provide a foundation for further exploration of honey's therapeutic uses, highlighting its role as a functional food rich in nutrients. This comparative analysis not only contributes to the understanding of honey's quality and nutritional value but also sets the stage for future research into its health benefits and applications.
Moreover, the therapeutic potential of honey extends into its role as a natural antioxidant, which has been substantiated by various studies demonstrating its efficacy in mitigating oxidative stress associated with diabetic complications. For instance, research indicates that honey supplementation can significantly enhance total antioxidant status and improve enzymatic activities related to oxidative defense in diabetic models[8,9]. This suggests that honey not only serves as a sweetener but also as an adjunctive therapy for managing diabetes through its hypoglycemic effects and capacity to counteract oxidative damage in vital organs such as the kidneys[9]. The implications of these findings are profound, as they highlight the necessity for integrating honey into dietary regimens, particularly for individuals at risk of chronic diseases, thus encouraging further exploration into specific types of honey that may offer enhanced health benefits based on their unique phyrotochemical profiles[9]. Honey, a biologically complex substance produced by bees from floral nectar, has been utilized for its nutritional  [10]and medicinal properties [10,11]for millennia. Its unique chemical composition varies considerably depending on factors such as floral source, environmental conditions, and processing methods, leading to significant differences in its physicochemical properties. This study focuses on a comparative analysis of honey samples sourced from commercial brands and naturally occurring honey from the Ananthagiri Hills in Vikarabad, Telangana, India. The investigation aims to systematically evaluate key physicochemical parameters, including viscosity, moisture content, pH, free acidity, total ash content, reducing sugars, and essential minerals such as iron and calcium. Preliminary findings indicate that commercial honey generally displays higher levels of reducing sugars and minerals compared to its natural counterparts, while the latter exhibits a higher moisture content. The pH levels across samples suggest an acidic environment conducive to preservation, highlighting the importance of quality control in honey production. These results underscore the necessity for stringent quality control in honey production and lay the groundwork for further exploration of honey's therapeutic uses, highlighting its role as a nutrient-rich functional food. The implications of these findings could extend beyond consumer awareness, prompting regulatory bodies to establish clearer standards for honey labeling and quality assurance. Such measures would not only enhance consumer trust but also encourage producers to adopt better practices, ultimately fostering a market that prioritizes quality and authenticity in honey products. Implementing these standards could lead to a more informed consumer base, as well as drive innovation in honey production techniques that emphasize sustainability and health benefits. The integration of advanced testing methods and transparency in sourcing could further elevate the industry's credibility, ensuring that consumers are not only aware of what they are purchasing but also confident in the health benefits associated with high-quality honey. This commitment to quality assurance would likely result in a more competitive marketplace, where consumers are empowered to make choices that align with their values regarding health and sustainability.

2.	Experimental (Methods and materials)
2.1 Samples collection 
Three commercial Indian honey brands were chosen as  standard samples and honey from natural sources was used as the experimental sample. The honey obtained from  natural sources was maintained at a temperature of 4oC. The samples were analyzed as early as possible to ensure that enzymatic changes during the storage period did not influence the composition.
2.2 Chemicals 
All  reagents used such as Sodium hydroxide, magnesium sulfate, ethylene diamine tetra acetate, potassium permanganate, sodium oxalate, Fehling's A and B solution, metaphosphoric acid and DCPIP dye were of analytical grade and procured from Merck   Mumbai, India Pvt Ltd
2.3. Evaluation of Physicochemical Parameters
The evaluation of physicochemical parameters is crucial for understanding the quality and characteristics of honey. This study employed a systematic approach to analyze various physicochemical properties of honey samples. The following methods were utilized:
2.3.1 Viscosity
Viscosity was measured using an Ostwald viscometer, which operates based on Poiseuille’s law[12]. The measurements were conducted in triplicate to ensure accuracy, and the average values were documented for analysis.
2.3.2 Moisture Content
The moisture content was determined using the heated oven technique, as outlined by the AOAC (2005) guidelines[13,14]. Samples were heated, and the moisture levels were measured in triplicate to obtain reliable average values.
 2.3.3 pH
The pH levels of the honey samples were assessed using an Elico pH analyzer, calibrated prior to use. A 10% (w/v) aqueous solution of honey was prepared for the measurement, and results were recorded in triplicate to ensure precision.
2.3.4 Acidity  Free acidity was estimated following the AOAC Official Method (1990). The results were expressed in milliequivalents per kilogram (meq/kg) and were verified by titration in triplicate to ensure accuracy.
2.3.5 Total Ash Content
Total ash content was analyzed by placing 10-gram samples of each honey type in crucibles. The samples were heated over a low flame until swelling ceased, then ashed in a muffle furnace at 640°C for 6 hours. The remaining residue was weighed, and the average ash content was expressed as a percentage by weight, based on triplicate measurements.
2.4   Chemical analysis 
2.4.1 Determination of the sugar content
The content of reducing sugars (glucose) was determined using direct titration methods with Fehling's solutions A and B.
2.5 Elemental analysis 
The mineral content, specifically iron and calcium, was evaluated through redox titration using permanganometry for iron and substitution titration for calcium.
2.6 Vitamins in honey
The presence of Vitamin C in honey was assessed using a colorimetric method, providing insight into the nutritional value of the samples.
This comprehensive evaluation of physicochemical parameters provides essential insights into the quality and nutritional value of honey, facilitating comparisons between commercial brands and naturally sourced honey.
3	Results and discussion
Physicochemical characteristics: The physicochemical analysis of honey samples from various sources, including commercial brands and natural honey, revealed notable differences in their properties. The study focused on several key parameters: viscosity, moisture content, pH, acidity, total ash content, reducing sugar levels, and mineral content. The standard values for these properties are presented in Table 1, and the specific physicochemical properties of samples CS 1-3 and NH are listed in Table 2. A detailed procedure is provided in Table S1 to table S3
Table 1 Standard values of composition of honey/100gr
	Viscosity(cP)
	10000mPa-s

	Moisture content
	15.7-26.7gm

	pH
	3.6-5.6

	Free acids
	12.9 to 58ml of 0.1N NaOH/100gm

	Total ash
	0.04-0.93gm

	Reducing sugar
	4gm

	Iron
	0.9mg

	Calcium
	0.01

	Vitamin C
	Nil



Table 2   Physicochemical properties of CS1 to CS3 and Natural honey /100g
	Commercial sample
	Viscosity(mP a-s)
	Moisture content
	pH
	Acidity meq/kg
	Total ash

	CS1
	8560
	15.7
	3.5
	14.5
	0.15

	CS2
	6578
	17.9
	3.9
	19.6
	0.19

	CS3
	8975
	16.0
	4.1
	17.8
	0.20

	NH
	6470
	18.2
	4.5
	29.0
	0.25



3.1 Viscosity
Viscosity is a critical characteristic of honey, reflecting its internal resistance to flow. At ambient temperature (approximately 21.1°C), honey generally exhibits a viscosity around 10,000 mili Pacsals (cP). However, our findings indicated considerable variability among the samples. The viscosity[15] of commercial honey samples ranged significantly, with CS3 exhibiting the highest mean viscosity at 8975 mPa-s, followed by CS1 at 8560 mPa-s, and CS2 at 6578 mPa-s. In contrast, the natural honey (NH) sample had a lower mean viscosity of 6470 mPa-s[16,17] . This variation can be attributed to factors such as sugar content[18], protein presence, and the moisture level, with lower viscosity typically correlating with higher moisture content.

 3.2 Moisture Content
Moisture content is another essential factor influencing honey quality and stability. The maximum recommended moisture content according to international standards is less than 20%.[19]. In this study, the moisture content for the analyzed samples varied, with CS1 at 15.7 g/100 g, CS3 at 16.0 g/100 g, CS2 at 17.9 g/100 g, and NH at 18.2 g/100 g. Higher moisture levels can increase the risk of fermentation and granulation[20,21] during storage, underscoring the importance of maintaining lower moisture levels for prolonged shelf life.
3.3 pH
The pH of honey samples was consistently acidic, ranging from 3.5 to 4.5[19,22]. CS1 exhibited the lowest pH at 3.5, while NH had the highest pH of 4.5. The acidity of honey is primarily due to organic acids that are in equilibrium with lactones or esters, as well as inorganic ions like phosphates [23-25], sulfates, and chlorides. and plays a vital role in flavor, microbial stability, and preservation. The low pH levels inhibit the growth of bacteria, which is critical for maintaining honey's quality over time[26].
 3.4 Acidity
The free acidity of honey levels varied among the samples, with NH displaying the highest free acidity at 29.0 meq/kg, followed by CS3 at 19.8 meq/kg [27,28]. CS1 and CS2 had lower free acidity levels of 14.5 and 17.8 meq/kg, respectively[26,29]. All samples were within the acceptable limit of less than 50 meq/kg for free acidity. This acidity is essential for honey's flavor profile and contributes to its antimicrobial properties.
3.5 Ash Content
Ash content, which reflects the mineral content of honey, varied across the samples. Commercial honey samples had lower ash levels, with CS1 at 0.15 g/100 g and CS2 at 0.19 g/100 g, while CS3 and NH had higher ash contents at 0.20 g/100 g and 0.25 g/100 g, respectively[19,30]. The mineral composition of honey is influenced by the floral sources and environmental conditions, and the observed values fall within the acceptable range. Table 3
A detailed procedure is provided in Table S4 to table S5

Table 3   Elemental analysis and reducing sugar of honey
	Samples
	Iron(0.03-4mg/100g standard)
	Calcium mg/kg(3-31%mg/100gm standard)
	Vitamin C Nil
	Reducing sugar (glucose 28-32%)

	CS1
	1.37
	7.7
	0.48
	36

	CS2
	1.03
	6.7
	0.48
	36

	CS3
	0.95
	6.3
	0.50
	39

	NH
	0.87
	6.3
	0.52
	29.9



4 Chemical Analysis
The analysis of reducing sugars in honey samples revealed significant variations in glucose content across different brands. According to the US Food and Drug Administration, pure honey can label its sugar content as "total sugars" without distinguishing between added and natural sugars. Indian standards stipulate that honey must contain at least 65% reducing sugars and no more than 5% sucrose. The dry matter of honey comprises 95-99% carbohydrates, with approximately 4-5% being fructo-oligosaccharides, which can influence its physical characteristics.The average glucose content in honey is approximately 30%, equating to about 17.1 grams of glucose per 100 grams of honey.
 In the analyzed samples, CS3 exhibited the highest glucose percentage at 39%, followed closely by CS1 and CS2 at 36%[31,32]. In contrast, the natural honey (NH) sample had the lowest glucose content at 29.9%[32-34]. Notably, the commercial samples CS1, CS2, and CS3 fell outside the standard range of 28-32% for reducing sugars, with NH being the only sample that met the expected criteria.
In addition to sugars, honey also contains other carbohydrates, water, and small amounts of vitamins and minerals, contributing to its overall nutritional profile. This analysis underscores the importance of understanding the sugar composition in honey, as it plays a crucial role in determining its quality and health benefits.

 5 Elemental Analysis
Honey is a complex substance that contains a variety of minerals and vitamins, which contribute to its nutritional profile and health benefits. The mineral content[35-37] and chemical compostion [38,39]is largely influenced by the nectar source and the geographic location of honey production. 
Iron:
Iron is present in honey in small amounts, typically ranging from 0.87 to 1.37 mg/kg. In the analyzed samples, the commercial honey samples (CS1, CS2, CS3) exhibited higher iron levels of 1.37 mg/kg, 1.03 mg/kg, and 0.95 mg/kg, respectively, compared to 0.87 mg/kg found in natural honey samples[40]. This variation in iron content highlights the influence of the floral source and environmental factors on the mineral composition of honey, as supported by multiple studies[41-44].
The calcium content in the examined honey samples ranged from 0.63 to 0.77 mg/kg. Specifically, CS1 had the highest calcium level at 0.77 mg/kg, followed by CS2 at 0.67 mg/kg and CS3 at 0.64 mg/kg[42,45]. In contrast, the natural honey sample (NH) contained 0.63 mg/kg of calcium. The presence of calcium in honey has been validated by various studies, emphasizing that the quality and mineral content are determined by the conditions under which the honey is produced and processed. A detailed procedure isgiven in table S4 and S5
Mineral content analysis showed that iron levels ranged from 0.87 mg/kg in NH to 1.37 mg/kg in CS1. Calcium content was also higher in commercial samples, with CS1 at 0.77 mg/kg compared to 0.63 mg/kg in NH. These variations highlight the influence of floral sources and environmental factors on the mineral composition of honey.
6 Vitamins
The analysis of honey samples revealed vitamin C levels between 0.48 and 0.52 mg/100 g. The NH sample exhibited the highest vitamin C content at 0.52 mg/100 g, while CS1 and CS2 both contained 0.48 mg/100 g, and CS3 had 0.50 mg/100 g. Vitamins, including B-complex and vitamin C (ascorbic acid), constitute a small fraction of honey's overall composition. Vitamin C is found in nearly all honey varieties, with its levels being influenced by factors such as processing, storage, and the floral source[46] .
Vitamin C serves as a reducing agent that can neutralize reactive oxygen species, and it also possesses pro-oxidant properties with antibacterial effects[47-49]. This dual functionality may affect the antimicrobial effectiveness of certain antibiotics[50], highlighting the importance of understanding the nutritional components of honey[51].
7.	Conclusion 
The comparative analysis of the physicochemical properties of honey samples from different sources revealed significant differences in their characteristics. Commercial honey generally exhibited higher levels of reducing sugars, calcium, and iron, while natural honey demonstrated higher moisture content. These findings underscore the necessity for stringent quality control measures in honey production to ensure safety and nutritional efficacy. Additionally, the study highlights the potential health benefits of honey, particularly its antioxidant and antimicrobial properties, warranting further research into its therapeutic applications.
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