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Chemical Characterization and Quality Assessment of Honey Produced in the Kashmir Valley


ABSTRACT
Evaluation of Chemical Properties of Honey from the Kashmir Valley” aimed to assess the chemical properties of various honey types (Robinia pseudoacacia, Multiflora, Plectranthusrogusus) across five districts in the Kashmir Valley. The research was Conducted at the Honey Purity Testing Laboratory within the Research and Training Centre for Pollinators, Pollinizers, and Pollination Management (RTCPPPM), Division of Entomology, SKUAST-K, Shalimar, during 2021-22, the investigation analyzed parameters including reducing sugars, soluble solid content (SSC), total solids (TS), hydroxymethylfurfural (HMF), ash content, and pH using OP Stat software. Statistical analysis revealed significant (P<0.05) variations in chemical properties based on honey type and district. Robinia pseudoacacia honey from Pulwama exhibited the highest reducing sugar content, while Multiflora honey from Kupwara had the lowest. Sucrose levels were highest in Plectranthusrogusus honey from Pulwama and lowest in Multiflora honey from Kupwara. Plectranthusrogusus honey from Kupwara demonstrated the highest SSC, whereas Robinia pseudoacacia honey from Anantnag showed the lowest. Plectranthusrogusus honey from Anantnag had the highest TS, while Robinia pseudoacacia honey from Srinagar had the lowest. HMF was highest in Multiflora honey from Anantnag and lowest in Plectranthusrogusus honey from Pulwama. The highest ash content was observed in Plectranthusrogusus honey from Bandipora and the lowest in Robinia pseudoacacia honey from Anantnag. All samples exhibited acidic pH values, with the highest pH recorded in Multiflora honey from Kupwara and the lowest in Plectranthusrogusus honey from Bandipora.
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INTRODUCTION
Honey bees, belonging to the genus Apis within the family Apidae and the order Hymenoptera, are recognized as one of the most crucial insects throughout human history. These eusocial insects are known for their ability to store honey and live in complex colonies with a distinct caste system (Gupta, 2014). Of the 11 species described within the genus Apis, Apis mellifera (L.), the European honey bee, is the most widely domesticated. Originally native to Europe, the Middle East, and Africa (Han, 2012), this species has been extensively distributed worldwide due to its economic significance and historical European colonization. Honey bees play a pivotal role both ecologically and economically. Their products, including honey, beeswax, propolis, and bee venom, possess medicinal properties. Additionally, their role as pollinators is critical for food production, biodiversity, and ecological balance, with over a third of the world's food crops being pollinated by bees (Mendes et al., 1998).
Global honey production totals 1,260,229 metric tons, with China, Turkey, Canada, Argentina, the USA, Iran, Ukraine, India, Russia, and Mexico as the leading producers (FAO, 2020). India’s honey production reached 120,000 metric tons in 2019-20, up from 76,150 metric tons in 2013-14, reflecting a 57.58% increase. Honey exports from India surged 109.80% from 28,378.42 metric tons in 2013-14 to 59,536.74 metric tons in 2019-20. Major export destinations include the USA, UAE, Saudi Arabia, Morocco, Canada, and Bangladesh, with exports to the USA increasing from 20,381 metric tons to 36,123 metric tons in 2018, making India the top exporter to the USA (Jitender et al., 2018).
In 2020-21, India exported 59,999.24 metric tons of honey, valued at Rs. 716.13 crore (96.77 USD million), to countries including the USA, Saudi Arabia, UAE, Bangladesh, and Canada (Anonymous, 2020). Major honey varieties from India include Rapeseed, Lychee, Sunflower, Karanj, Multi-flora Himalayan, Acacia, Wild Flora, and Mono-floral. Key honey-producing regions in India are Maharashtra, West Bengal, Uttar Pradesh, Punjab, Bihar, Kerala, Karnataka, Uttarakhand, Jammu & Kashmir, Sikkim, and Arunachal Pradesh, with current total production at 125,000 metric tons, including 887.7 metric tons from Kashmir (Anonymous, 2020).
Honey, a sweet substance made by honey bees from floral nectar, has been used therapeutically and nutritionally for over 10,000 years (Alvarez-Saurez et al., 2014). Ancient Egyptian evidence underscores its role as a key sweetener (Shende and Phadke, 1993). Honey's composition is diverse, with over 200 components including natural sugars, organic acids, amino acids, vitamins, and enzymes, and its key elements include fructose (38%), glucose (31%), and moisture (10–20%) (Saxena et al., 2010; Machado De-Melo et al., 2018). It also contains antimicrobial and antioxidant compounds (Nayik and Nanda, 2015; Mavric et al., 2008; Kacaniova et al., 2011). Honey's medicinal benefits are mentioned in religious texts and it remains a valuable alternative to pharmaceutical wound healing products (Visavadia et al., 2009). In India, honey production benefits from diverse native flora and crops, enhancing its medicinal and nutritional properties. The chemical composition of honey varies by geographical location, with differences in phytochemical accumulation even within the same plant species. Factors such as climatic conditions (e.g., sunlight and moisture), soil characteristics, and mineral content contribute to these variations, resulting in diverse compositions of honey from identical floral sources (Boussaid et al., 2018). Since, honey is known for its nutritional benefits, strict quality control is essential to ensure its authenticity and safety. Agencies such as FSSAI, BIS, AGMARK, and KVIC, alongside semi-government bodies, monitor honey quality rigorously (Visavadia et al., 2009). Quality is evaluated through physico-chemical analysis, impacting storage stability, granulation, texture, flavor, nutritional value, and medicinal properties. The International Honey Commission (IHC) sets specific quality criteria, including moisture content, electrical conductivity, reducing sugars, sucrose content, minerals, free acidity, and hydroxymethylfurfural (HMF) (Bogdanov et al., 1999).
 Despite the significant emphasis on honey quality in recent times, studies focusing on the physico-chemical properties of honey from the Kashmir Valley—known for its high-quality organic honey with distinctive color and aroma—are limited and often address only specific parameters. Therefore, this investigation aims to fill this gap by examining these critical quality aspects.
MATERIALS AND METHODS
The study was conducted across five districts within the Kashmir region, situated between latitudes 32° and 36°N and longitudes 74° and 80°E. This region is bordered by China to the north and east, Afghanistan to the northwest, Pakistan to the west, and India to the south. The topography of Kashmir is predominantly mountainous, with the Western Himalayas traversing the area. The Kashmir Valley, characterized by its moderate climate, is influenced by its geographical setting, flanked by the Karakoram Range to the north, the Pir Panjal Range to the south and west, and the Zanskar Range to the east.
The climate of the region can be broadly categorized as cool during spring and autumn, mild in summer, and cold in winter. Given the valley's considerable topographical variation, temperature differentials are notable, with cooler conditions typically observed in the elevated areas compared to the lower, flatter regions. Summer conditions are generally mild and relatively dry, although humidity levels are high and night-time temperatures are cool. Precipitation is distributed throughout the year, with no specific dry month. July is the warmest month, with mean minimum temperatures around 16°C and mean maximum temperatures reaching 32°C. Conversely, December and January represent the coldest period, with mean minimum temperatures dropping to approximately −15°C and mean maximum temperatures around 0°C.
Collection of honey samples
The honey samples weighing about 200-300g were collected from registered beekeepers from all the five districts of Kashmir valley. A total of 225 samples were collected and labelled & stored at ambient temperature in honey purity testing laboratory at Research and Training Centre for Pollinators, Pollinizers and Pollination Management (RTCPPPM) SKUAST-K wherein physiochemical analysis were carried out.
OBSERVATIONS RECORDED
Reducing sugar
Determination of reducing sugarswas carried out by High Performance Liquid Chromatography (HPLC) according to the method described by Aljohar et al 2018. Standard solutions of fructose (2g%), glucose (2g%) and sucrose (0.5g%) was prepared in HPLC grade water. Samples were prepared by dissolving 5g of honey in 25ml deionized water/HPLC grade water in a beaker. The resultant solution was filtered through 0.045µm nylon filter or Whatman filter paper No.1 in a 50ml volumetric flask. The suitable volume of solution was then transferred in HPLC vial. HPLC analysis was performed using liquid chromatography coupled with Refractive index detector. The samples were analyzed at 254nm with 0.2µRIU with pressure of 0.5MPa and flow cell volume of 10µl. Chromatographic analysis was performed with 20:80 volume/volume mixture of deionized water/HPLC grade water & acetonitrile as mobile phase. The 10µl sample was injected with a flow rate of 1.5ml/min. Temperature of the column was maintained at 25°C during the whole run. Identification of the sugar in honey sample was done by chromatograms with those obtained from sugar mixture. Peak identification was performed through retention time matching.
 SSC (Soluble Solid Content) 
It was measured using Abbe Refractometer by the method devised by Association of Official Analytical Chemists (AOAC, 1995). All the measurements were done at ambient temperature and the readings were corrected for a standard temperature of 20°C by adding the correction factor of 0.00023°C.
TS (Total Solids)
It was calculated by using a formula:
TS (%) = 100 – Moisture Content
Hydroxyl Methyl Furfural (HMF)
 It was determined by Spectrophotometer by the method devised by (White, 1979). 5g of honey sample was dissolved in 25ml deionized water and the solution was transferred to a 50ml volumetric flask. 0.5ml Carrez Solution was added to the sample solution and mixed. 0.5ml Carrez Solution Ⅱ was added and mixed. The volume was made up to 50ml with deionized water. The solution was then filtered through filter paper and first 10ml of the filtrate was discarded/rejected. Aliquots of 5ml filtered solution were put in two test tubes, to one tube 5ml of distilled water (sample solution) and to the second tube 5ml of Sodium bisulphite solution 0.2% (reference solution) was added and mixed.Absorbance of the sample solution and reference solution was measured at 284nm and 336nm respectively. HMF Content of honey was calculated by using the following equation:-
	HMF =
	(A284 –A336) ×149.7 × Sample weight

	
	Sample weight


Ash Content: 
[bookmark: _Hlk86842300]Determination of ash content was done according to the method devised by Association of Official Analytical Chemists (AOAC, 1995). Two grams of each sample was put in a previously weighed porcelain crucible and dried in an oven at 110℃ for four hours. This was done to remove moisture that would cause foaming of the honey during the early stages of ashing. After removing the crucibles from the oven, they were cooled in a desiccator for about four hours and weighed with the evaporated sample. The materials were then ashed in an electrical furnace at 600℃ for six hours, followed by cooling in a desiccator and then weighed. The ash content on dry basis was calculated according to the following equation:
	Per centage ash content on dry basis=
	C-A
	× 100

	
	B-A
	


	A= weight of the crucible
	B= weight of crucible and sample after evaporation 
	C= weight of crucible and sample after ashing.
pH
The pH of honey was determined according to the method described by the International Honey Commission (Bogdanov, 2002). Five grams of each honey sample was diluted with 50ml distilled water to make a 10% solution. The pH was measured using a digital pH meter which was calibrated at room temperature using buffer solutions at pH 4 and 7. To ensure accurate pH measurement, the instrument was calibrated every time before use and recalibrated every two or three hours to compensate for any possible loss of sensibility.
Statistical analysis
	The data was subjected to statistical analysis following Standard Statistical procedures using Statistical Software SAS (SAS, Inc.USA) Licensed to the division of Agri Statistics FOH, SKUAST-K Shalimar Srinagar.
RESULTS AND DISCUSSION
The study analyzed honey from various districts in Kashmir, focusing on chemical properties such as fructose, glucose, sucrose, total reducing sugars, soluble solid content, total solids, hydroxyl methyl furfural (HMF), ash content, and pH.
Fructose content (Table 1) varied significantly, with the highest observed in Robinia pseudoacacia honey from Srinagar (42.55%) and the lowest in multifloral honey from Kupwara (31.49%). These findings are consistent with previous research by Chakir et al. (2014) and others, highlighting the influence of both honey type and district on fructose levels. Glucose content (Table 2) ranged from 26.57% to 37.12%. The highest glucose content was found in Plectranthusrogusus honey from Pulwama, while the lowest was in multifloral honey from Anantnag. These results align with Alemayehu and Nuru (2011) and Rybak Chmielewska (2007), who suggested that variations may result from differences in plant sources and storage conditions. Sucrose content (Table 3) varied from 3.31% to 8.74%, with the highest levels in Plectranthusrogusus honey from Pulwama and the lowest in honey from Kupwara. The results exceed the Codex Alimentarius Commission's recommended maximum of 5.00%, aligning with White et al. (1962) and highlighting potential issues with honey maturity or adulteration. Total reducing sugars (Table 4) were highest in Pulwama honey (83.65%) and lowest in Kupwara (65.22%), with Plectranthusrogusus honey showing the highest levels among types. These findings are consistent with Kaur et al. (2016), who reported similar ranges, suggesting that floral sources and honey characteristics impact reducing sugar content. Soluble solid content (SSC) (Table 5) ranged from 78.12˚Brix to 81.37˚Brix, with Pulwama honey exhibiting the highest SSC and Anantnag the lowest. Plectranthusrogusus honey had the highest SSC, indicating its superior quality. Total solids (Table 6) varied between 78.79% and 82.05%, with the highest content in Plectranthusrogusus honey from Anantnag and the lowest in Robinia pseudoacacia honey from Kupwara. These results are consistent with findings by Babarinde et al. (2011) and Saxena et al. (2010), highlighting the influence of honey bee feeding practices and geographic factors. HMF content (Table 7) ranged from 0.29 mg/kg to 40.73 mg/kg, with the highest levels in Multifloral honey from Bandipora. All samples were below the Codex limit of 40 mg/kg. Variations in HMF content may be attributed to storage conditions and temperature, aligning with previous studies by Gomes et al. (2010) and others. Ash content (Table 8) ranged from 0.04% to 0.18%, with Bandipora honey showing the highest content and Anantnag the lowest. Multifloral honey from Srinagar had the highest ash content. These results are consistent with Saxena et al. (2010), indicating that ash content is influenced by beekeeping practices, nectar sources, and geography. pH levels (Table 9) were lowest in Robinia pseudoacacia honey from Bandipora and highest in honey from Kupwara. These findings are consistent with previous studies by Saxena et al. (2010) and others, demonstrating that honey is generally acidic. The acidity is crucial for honey quality, preservation, and microbial control, as noted by Mahmoudi et al. (2012).
CONCLUSION
The study revealed significant variations in honey's chemical properties across different districts in the Kashmir Valley. Fructose content was highest in Robinia pseudoacacia honey from Srinagar, while glucose levels peaked in Plectranthusrogusus honey from Pulwama. Sucrose content exceeded Codex limits in Plectranthusrogusus honey from Pulwama, suggesting possible issues with honey maturity or adulteration. Total reducing sugars and soluble solid content were highest in Pulwama honey. Total solids were greatest in Plectranthusrogusushoney from Anantnag, and HMF levels, though highest in Bandipora, remained within acceptable limits. Ash content varied significantly, with the highest levels in multifloral honey from Srinagar. pH levels were generally acidic, with the lowest in Bandipora honey. Overall, these findings highlight the impact of honey type and region on its quality and composition.
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          Table 1: Fructose content (%) in honey samples collected from different districts of Kashmir valley
	                                Districts
Honey types
	D1: Srinagar
	D2: Pulwama
	D3: Anantnag
	D4: Kupwara
	D5: Bandipora
	Mean

	C1: Robinia pseudoacacia
	42.55
	41.75
	39.21
	32.39
	38.28
	38.84

	C2: Multiflora
	37.57
	40.82
	36.94
	31.49
	39.92
	37.35

	C3:Plectranthusrogusus
	38.82
	40.17
	38.44
	33.11
	39.57
	38.02

	 Mean
	39.65
	40.91
	38.20
	32.33
	39.26
	

	C.D (p≤ 0.05)
	
	
	
	
	
	

	
	District (D) 	  : 0.217
Honey type (C) : 0.168
D×C 		  : 0.376









Table 2: Glucose content (%) in honey samples collected from different districts of Kashmir valley
	                                Districts
Honey types
	D1: Srinagar
	D2: Pulwama
	D3: Anantnag
	D4: Kupwara
	D5: Bandipora
	Mean

	C1: Robinia pseudoacacia
	32.95
	33.30
	30.28
	29.48
	34.38
	32.08

	C2: Multiflora
	31.44
	35.92
	26.57
	28.07
	29.69
	30.34

	C3:Plectranthusrogusus
	35.86
	37.12
	31.51
	29.18
	30.59
	32.85

	 Mean
	33.42
	35.45
	29.45
	28.91
	31.55
	

	C.D (p≤ 0.05)
	
	
	
	
	
	

	
	
	District (D) 		: 0.159 
Honey type (C) 	: 0.123
D×C 			            : 0.276









Table 3: Sucrose content (%) in honey samples collected from different districts of Kashmir valley
	                                Districts
Honey types
	D1: Srinagar
	D2: Pulwama
	D3: Anantnag
	D4: Kupwara
	D5: Bandipora
	Mean

	C1: Robinia pseudoacacia
	7.32
	7.44
	5.36
	3.80
	7.39
	6.27

	C2: Multiflora
	6.91
	8.17
	4.99
	3.31
	5.94
	5.87

	C3:Plectranthusrogusus
	6.42
	10.59
	7.35
	4.88
	6.83
	7.22

	 Mean
	6.89
	8.74
	5.90
	4.00
	6.73
	

	C.D (p≤ 0.05)
	
	
	
	
	
	

	
	District (D) 		: 0.134
Honey type (C) 	: 0.103
D×C 			: 0.232
	
	
	
	
	







Table 4: Total reducing sugar (%) in honey samples collected from different districts of Kashmir valley
	                              Districts
Honey types
	D1: Srinagar
	D2: Pulwama
	D3: Anantnag
	D4: Kupwara
	D5: Bandipora
	Mean

	C1: Robinia pseudoacacia
	82.02
	79.04
	74.86
	65.61
	84.33
	77.18

	C2: Multiflora
	79.19
	84.62
	68.53
	62.88
	73.14
	73.69

	C3:Plectranthusrogusus
	82.46
	87.30
	77.73
	67.18
	76.46
	78.19

	 Mean
	81.23
	83.65
	73.71
	65.22
	77.94
	

	C.D (p≤ 0.05)
	
	
	
	
	
	

	
	District (D) 		: 0.447
Honey type (C) 	: 0.346
D×C 			: 0.775
	
	
	
	







Table 5:Soluble Solid Content (°Brix) in honey samples collected from different districts of Kashmir valley
	                               Districts
Honey types
	D1: Srinagar
	D2: Pulwama
	D3: Anantnag
	D4: Kupwara
	D5: Bandipora
	Mean

	C1: Robinia pseudoacacia
	81.13
	81.81
	77.77
	77.93
	79.25
	79.58

	C2: Multiflora
	79.88
	81.04
	77.36
	78.90
	77.62
	78.96

	C3:Plectranthusrogusus
	81.29
	81.26
	79.23
	77.94
	79.62
	79.87

	 Mean
	80.77
	81.37
	78.12
	78.26
	78.83
	

	C.D (p≤ 0.05)
	
	
	
	
	
	

	
	District (D) 	  : 0.180
Honey type (C) : 0.139
D×C 		  : 0.312
	
	
	
	
	








Table 6: Total solids (%) in honey samples collected from different districts of Kashmir valley
	                Districts
Honey types
	D1: Srinagar
	D2: Pulwama
	D3: Anantnag
	D4: Kupwara
	D5: Bandipora
	Mean

	C1: Robinia pseudoacacia
	80.02
	80.19
	81.09
	78.79
	81.35
	80.29

	C2: Multiflora
	81.29
	81.25
	79.84
	79.61
	80.52
	80.51

	C3:Plectranthusrogusus
	80.36
	80.96
	82.05
	79.52
	80.45
	80.67

	 Mean
	80.56
	80.80
	81.00
	79.31
	80.77
	

	C.D (p≤ 0.05)
	
	
	
	
	
	

	
	District (D) 	  : 0.105
Honey type (C) : 0.081
D×C 		  : 0.182
	
	
	
	
	







Table 7: HydroxyMethylFurfural (mg/Kg) in honey samples collected from different districts of Kashmir valley
	Districts
Honey types
	D1: Srinagar
	D2: Pulwama
	D3: Anantnag
	D4: Kupwara
	D5: Bandipora
	Mean

	C1:Robinia pseudoacacia
	1.03
	1.44
	0.29
	4.34
	32.86
	7.99

	C2: Multiflora
	1.76
	0.98
	4.27
	7.58
	40.73
	11.06

	C3:Plectranthus rogusus
	1.79
	1.62
	6.14
	11.55
	18.40
	7.90

	 Mean
	1.53
	1.35
	3.57
	7.82
	30.66
	

	C.D (p≤ 0.05)
	
	
	
	
	
	

	
	District (D) 	  : 0.460
Honey type (C) : 0. 360
D×C 		  : 0.800
	
	
	
	
	







Table 8: Ash content (%) in honey samples collected from different districts of Kashmir valley
	                            Districts
Honey types
	D1: Srinagar
	D2: Pulwama
	D3: Anantnag
	D4: Kupwara
	D5: Bandipora
	Mean

	C1:Robinia pseudoacacia
	0.06
	0.05
	0.04
	0.06
	0.09
	0.06

	C2: Multiflora
	0.18
	0.16
	0.12
	0.12
	0.17
	0.14

	C3:Plectranthusrogusus
	0.11
	0.09
	0.09
	0.09
	0.15
	0.10

	 Mean
	0.11
	0.10
	0.08
	0.09
	0.13
	

	C.D (p≤ 0.05)
	
	
	
	
	
	

	
	District (D)	 : 0.010
Honey type (C) : 0.007
D×C 	 : 0.017
	
	
	
	
	








Table 9: pH of honey samples collected from different districts of Kashmir valley
	                                 Districts
Honey types
	D1: Srinagar
	D2: Pulwama
	D3: Anantnag
	D4: Kupwara
	D5: Bandipora
	Mean

	C1: Robinia pseudoacacia
	4.02
	3.76
	3.87
	4.28
	3.61
	3.91

	C2: Multiflora
	3.90
	3.89
	3.91
	3.96
	3.93
	3.92

	C3:Plectranthusrogusus
	3.71
	4.03
	3.77
	3.97
	3.81
	3.86

	 Mean
	3.87
	3.89
	3.85
	4.07
	3.79
	

	C.D (p≤ 0.05)
	
	
	
	
	
	

	
	District (D)       : 0.005
Honey type (C) : 0.004
D×C                  : 0.009
	
	
	
	
	




