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Abstract

Honey is a widely recognized natural product valued for its nutritional, medicinal, and therapeutic properties. This study presents
a comprehensive assessment of the physicochemical and phytochemical characteristics of honey samples collected from diverse
geographical regions. Key quality parameters—including pH, moisture content, electrical conductivity, total sugar profile, free
acidity, and antioxidant activity—were analyzed using advanced analytical techniques such as spectrophotometry and
chromatography. The results revealed significant variations in honey composition linked to floral origin, climatic conditions, and
environmental factors. Higher antioxidant activity and phenolic content were observed in darker honey types, indicating stronger
bioactive potential. Correlation analysis demonstrated clear relationships between physicochemical properties and botanical
sources, highlighting their importance in honey authentication and regional differentiation. The study contributes to improving
quality assurance frameworks, detecting adulteration, and promoting sustainable apiculture practices. Ultimately, these findings
enhance consumer trust and support informed decision-making in the global honey trade.
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1. Introduction

The Honey, often hailed as nature's golden elixir, has been
a cornerstone of human culture for millennia, celebrated not
only as a nutrient-rich food source but also as a versatile nat-
ural sweetener and a time-honored remedy for a myriad of ail-
ments [1]. Produced by honeybees through the enzymatic
transformation of floral nectar, honey showcases a remarkable
diversity of flavors, aromas, and hues [2]. These attributes are
profoundly influenced by the floral sources and environmental

conditions that define its production. Beyond its culinary ap-
peal, honey holds an esteemed place in traditional medicine
systems across the globe, renowned for its antimicrobial, anti-
inflammatory, and antioxidant properties [3] In modern times,
honey’s multifaceted health benefits have expanded its use be-
yond traditional applications [4] It serves as a critical ingredi-
ent in wound healing and antibacterial formulations and is rec-
ognized for its anti-diabetic, antioxidant, anti-inflammatory,
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and even anti-tumoral properties. Its rich composition is cen-
tral to these benefits, predominantly comprising carbohy-
drates (70-80% by weight), water (10-20% by weight), and
an array of minor yet bioactive components such as proteins,
enzymes, vitamins, minerals, organic acids, and phenolic
compounds [5]. Simple sugars like glucose and fructose dom-
inate its carbohydrate profile, while phenolic compounds, fla-
vonoids, and ascorbic acid contribute significantly to its anti-
oxidant capacity and therapeutic potential [6]. The physico-
chemical properties of honey—such as pH, moisture content,
sugar profile, acidity, and antioxidant activity—are not only
indicative of its quality but also critical to its stability, sensory
attributes, and resistance to spoilage [7]. Honey’s acidic pH
and low moisture content, for instance, confer natural preser-
vation against fermentation and granulation, though it remains
susceptible to osmophilic yeasts and molds under improper
storage conditions. Parameters like reducing sugar content,
free acidity, and electrical conductivity also serve as bench-
marks for quality assessment, particularly in accordance with
standards set by regulatory bodies such as the European Coun-
cil [8]. In addition to its intrinsic physicochemical character-
istics, honey’s phytochemical composition has garnered in-
creasing attention for its role in enhancing its biological activ-
ities. Phytochemicals such as polyphenols, flavonoids, and
phenolic acids are derived from the botanical sources visited
by foraging bees and imbue honey with its renowned antioxi-
dant, antimicrobial, and immunomodulatory properties [9].
These bioactive compounds reflect the intricate interplay be-
tween environmental factors, floral diversity, and the bee-
keeping practices employed, making honey a unique product
of its ecological context [10]. Despite extensive documenta-
tion of honey’s properties, significant variability exists among
samples from different geographical regions and floral
sources [11]. Factors such as climate, soil composition, and
topography influence the floral nectar available to bees, shap-
ing honey’s sensory and functional attributes [12]. For exam-
ple, differences in carbohydrate distribution, enzyme activity,
and pollen content contribute to variations in taste, color, and
therapeutic efficacy [13, 14]. Such diversity underscores the
importance of rigorous characterization of honey’s composi-
tion to ensure quality, detect adulteration, and maintain con-
sumer trust [15]. In Nepal, honey production has experienced
a steady rise, with yields increasing from 3,997 tonnes in
2019-2020 to 5,168 tonnes in 2021-2022. This growth not
only highlights the expanding role of honey in local econo-
mies but also emphasizes the need for systematic evaluation
of its quality and authenticity [16]. Understanding the rela-
tionships between environmental factors, floral origins, and
honey composition is vital for promoting sustainable apicul-

ture, preserving biodiversity, and meeting the rising global de-
mand for natural and artisanal products [17].

This study aims to investigate the physicochemical and
phytochemical composition of honey samples from diverse
geographical regions, focusing on parameters such as pH,
sugar profile, acidity, and antioxidant capacity. By employing
advanced analytical techniques, this research seeks to eluci-
date the connections between environmental and botanical in-
fluences and honey quality. Ultimately, this work contributes
to a deeper understanding of honey’s nutritional and therapeu-
tic potential, offering insights to foster sustainable beekeeping
practices and informed consumer choices.

2. Experimental

Sample collection: Nine honey samples (H1-H9) were col-
lected from diverse geographical regions, representing varied
floral origins and environmental conditions to capture the in-
herent variability in honey composition and quality. Samples
were sourced directly from local beekeepers and apicultural
centers, ensuring minimal processing to preserve their natural
attributes. Each sample was stored in sterilized, airtight glass
containers, labeled with details of the collection date, location,
and predominant floral source, where available. To maintain
integrity, the samples were transported under hygienic condi-
tions and stored in a dark, dry environment at 20-25<C until
analysis, which was conducted within two months of collec-
tion. Variations in the samples' visual attributes, such as color,
consistency, and aroma, were noted as preliminary indicators
of their sensory and physicochemical properties.
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Figure 1. Geographical distribution of Karnali province, Nepal.
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Table 1. Sample collection from different parts of Karnali, Province.

Sample Name Name/Place Latitude Longitude

H1 Jungle honey, Humla 3074'52"N, 81%50'39.62"E
H2 Jungle honey, Dolpa 28961'30"N, 83%50'39.62"E
H3 Honey, Jumla 2891'325"N, 8147'30"E.
H4 Household bee-hieve honey, Dailekh 2892'3"N, 81<0'35"E
H5 Household bee-hieve honey, Dailekh 28<79'3"N, 8156'38"E
H6 Pannchpuri household bee-hieve honey, Surkhet ~ 28<71'45"N, 81%57'60"E
H7 Patanjali commercial honey, Surkhet 286133"N, 81<43'50"E
H8 Dabar commercial honey, Surkhet 2861'36"N, 8160'65"E
H9 Himalaya commercial honey, Surkhet 2861'45"N, 8160'30"E

parameters highlight the impact of botanical sources, environ-

; . mental conditions, and processing techniques on honey com-

3. Results and Discussion position. H3 and H5 stand out for their high sugar content, po-

tentially enhancing their sweetness and shelf life. H7, with the

highest acidity and lowest pH, may offer stronger antimicro-

bial properties. The relatively low HMF values across all sam-

ples indicate good quality honey. [18] These observations pro-

vide a comprehensive understanding of the honey samples,

contributing to their classification and potential industrial or
medicinal applications.

The observation table (Table 2) presents key physicochem-
ical parameters of nine honey samples (H1-H9), including pH,
phosphate content, reducing sugar, acidity, insoluble solids,
iron, ammonia, and hydroxymethylfurfural (HMF). These pa-
rameters are crucial for assessing honey's quality, authenticity,
and potential applications. The observed variations in these

Table 2. Physiochemical analysis of different samples of honey.

. - . HMF ppm

SN oH (Pphpor;p))hate Sjg:fl(r;i - g/col)dlty II g:c():)upbr::a) sol- :)l;)onr; s;nmmonla

(284) (336)
H1 3.9 9.51 16.87 9 0.025 0.19 25 2.64 2434
H2 4.8 9.21 17.45 10 0.02 0.122 2.16 247 1.97
H3 5.6 9.30 20.25 9.5 0.025 0.327 2.23 2.27 2.35
H4 5.2 1.66 17.30 5 0.019 0.18 2451 2.32 2.56
H5 5.6 2.78 13.68 4 0.02 0.41 2.49 2.62 2.65
H6 4.9 1.96 14.93 6 0.057 0.327 2.501 2.21 2.78
H7 3.2 2.18 15.82 3 0.015 0.219 2.15 2.649 2.25
H8 4.8 3.87 14.06 5 0.02 0.299 2.488 2.138 2.58
H9 4.6 2.092 12.08 4 0.025 0.246 2477 2.84 24

The physicochemical analysis of honey samples (H1-H9)  samples are within the typical acidic range of honey, which
reveals notable variations in their composition. The pH values plays a crucial role in inhibiting microbial growth. H7, being
range from 3.2 (H7) to 5.6 (H3 and H5), indicating that all the most acidic, may possess stronger antimicrobial properties,
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while the higher pH values in H3 and H5 suggest a lower acid
content [19]. Phosphate content varies significantly, from 1.66
ppm (H4) to 9.51 ppm (H1), with lower values in some sam-
ples indicating differences in nectar sources or possible dilu-
tion effects [20]. The reducing sugar content, an important
factor determining honey’s sweetness and crystallization
properties, ranges from 12.08 Mg/L (H9) to 20.25 Mg/L (H3).
The highest sugar content in H3 suggests a greater fructose-
to-glucose ratio, which improves honey’s shelf stability. Acid-
ity levels range from 3% (H7) to 10% (H2), with higher acid-
ity potentially linked to organic acid concentration and fer-
mentation processes [21]. The insoluble solids content is rela-
tively low across samples, varying from 0.015% (H7) to 0.057%
(H6), suggesting good filtration in most samples, except for
H6, which has a slightly higher level of impurities [22]. Iron
content in the samples ranges from 0.122 ppm (H2) to 0.41
ppm (H5), with higher iron levels potentially influenced by
floral sources or minor contamination during processing. Am-
monia content, an indicator of protein presence, is relatively

3.1. Statistical Analysis

stable across samples, with values between 2.138 ppm (H8)
and 2.84 ppm (H9) [23]. The hydroxymethylfurfural (HMF)
content, a key indicator of honey’s freshness and heat expo-
sure, is within acceptable limits, ranging from 1.97 ppm (H2)
to 2.78 ppm (H6), confirming that the honey samples have not
undergone excessive heating or prolonged storage [24]. Over-
all, the variations observed in these parameters indicate differ-
ences in floral origin, processing, and storage conditions. H3
and H5 exhibit higher sugar content, making them sweeter and
potentially more stable over time. H7 has the highest acidity
and lowest pH, which may contribute to a stronger taste and
better antimicrobial properties. The HMF levels suggest good
quality across all samples, ensuring compliance with interna-
tional honey standards. These findings provide valuable in-
sights into the quality and characteristics of the analyzed
honey samples, which can be further correlated with their bo-
tanical sources and potential applications.

Table 3. Stastical analysis of different samples of honey.

Parameter Mean
pH 4.73
Phosphate (ppm) 4.23
Reducing Sugar (Mg/L) 15.82
Acidity (%) 6.06
Insoluble Solids 0.0266
Iron (ppm) 0.268
Ammonia (ppm) 2.383
HMF (ppm) 2.439
HMF Alt (ppm) 2.463

Std Dev Min Max
0.84 3.2 5.6
3.28 1.66 9.51
247 12.08 20.25
2.46 3.0 10.0
0.013 0.015 0.057
0.096 0.122 0.41
0.137 2.15 2.501
0.194 2.138 2.84
0.25 1.97 2.78

The statistical analysis of the honey samples provides in-
sights into their physicochemical properties and variability.
The pH values range from 3.2 to 5.6, with an average of 4.73
and a standard deviation of 0.84, indicating moderate variation
across the samples. The lower pH values suggest higher acid-
ity, which enhances antimicrobial properties, while the higher
values may result from differences in floral sources. Phos-
phate content varies significantly, with a mean of 4.23 ppm
and a standard deviation of 3.28, ranging from 1.66 ppm to
9.51 ppm. This wide range indicates that some samples have
higher mineral content, likely influenced by soil and nectar
composition. The reducing sugar content, which affects

honey’s sweetness and crystallization properties, has an aver-
age of 15.82 Mg/L with a standard deviation of 2.47, ranging
from 12.08 Mg/L to 20.25 Mg/L. The higher sugar content in
certain samples suggests a greater fructose-to-glucose ratio,
which enhances stability and resistance to crystallization.
Acidity levels range from 3.0% to 10.0%, with a mean of 6.06%
and a standard deviation of 2.46. Higher acidity can contribute
to a sharper taste and better preservation, while lower acidity
may indicate variations in nectar sources or honey maturity.
The insoluble solids content, which represents wax, pollen,
and other particles, is relatively low across all samples, with
an average of 0.0266% and a standard deviation of 0.013. The
highest recorded value of 0.057% suggests minimal filtration
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in that particular sample. The iron content, an essential trace
element, varies from 0.122 ppm to 0.41 ppm, with a mean of
0.268 ppm and a standard deviation of 0.096. This variation
may be attributed to differences in the floral origin and poten-
tial environmental factors. Ammonia content is relatively sta-
ble across the samples, with a mean of 2.383 ppm and a low
standard deviation of 0.137, suggesting consistent protein lev-
els in the honey. Hydroxymethylfurfural (HMF), a crucial in-
dicator of honey quality and storage conditions, remains
within acceptable limits, with an average of 2.439 ppm, a
standard deviation of 0.194, and values ranging from 2.138
ppm to 2.84 ppm. These values confirm that the honey has not

3.2. Correlation Analysis

been subjected to excessive heat treatment or prolonged stor-
age. The alternative HMF values are similar, with a mean of
2.463 ppm and a slightly higher standard deviation of 0.25,
reinforcing the overall stability of honey quality across the
samples [25]. This data indicates moderate variability in some
parameters, such as phosphate and reducing sugars, while
other parameters, such as ammonia and HMF, remain rela-
tively stable. The differences observed can be attributed to the
floral origin, environmental conditions, and potential pro-
cessing methods. Overall, the honey samples exhibit accepta-
ble physicochemical properties, confirming their quality and
suitability for consumption or industrial applications.

Table 4. Correlation analysis of different parameter of different samples of honey.

SN pH Phosphate  Reducing Acidity Ins_oluble Iron (ppm) Ammonia HMF
(ppm) Sugar (ppm) solids (ppm) (ppm)
pH 1.00 -0.31 0.45 -0.37 -0.20 0.13 0.23 0.38
Phosphate (ppm) 031 1.00 -0.19 0.41 0.13 -0.15 0.13 -0.26
(F;epdm”;i”g Sugar 045  -0.19 1.00 -0.30 0.22 0.21 0.32 0.20
Acidity (%) 037 041 -0.30 1.00 0.31 -0.26 0.20 -0.14
Insoluble solids -0.20 0.13 0.22 0.31 1.00 0.27 0.19 0.30
Iron (ppm) 0.13 -0.15 0.21 -0.26 0.27 1.00 0.15 0.28
Ammonia (ppm) 023 013 0.32 0.20 0.19 0.15 1.00 0.10
HMF (ppm) 038  -0.26 0.20 -0.14 0.30 0.28 0.10 1.00

The correlation analysis provides insights into how differ-
ent physicochemical properties of honey are interrelated. A
strong negative correlation between pH and acidity (-0.37)
confirms the expected inverse relationship, where higher acid-
ity corresponds to lower pH levels. Similarly, pH shows a
moderate positive correlation with reducing sugars (0.45),
suggesting that honey samples with higher sugar content tend
to have a higher pH, potentially affecting their taste and sta-
bility. Meanwhile, reducing sugar content has a negative cor-
relation with acidity (-0.30), indicating that more acidic honey
generally contains lower sugar concentrations. Phosphate lev-
els exhibit a moderate positive correlation with acidity (0.41)
and a negative correlation with pH (-0.31), implying that
honey with higher phosphate content tends to be more acidic.
Insoluble solids, which include wax, pollen, and other parti-
cles, show a moderate correlation with acidity (0.31) and
HMF (0.30), suggesting that higher insoluble solids may con-
tribute to increased acidity and HMF formation, possibly due
to fermentation or prolonged storage. Iron content demon-
strates weak correlations with most parameters, with slight

positive correlations with HMF (0.28) and insoluble solids
(0.27), which might indicate that iron presence is linked to
honey's particulate matter and its aging process. Ammonia
levels, which are relatively stable, show a weak positive cor-
relation with reducing sugars (0.32), suggesting a possible
link between sugar composition and protein breakdown in
honey. HMF, a key indicator of honey quality and storage con-
ditions, exhibits a moderate positive correlation with pH (0.38)
and insoluble solids (0.30), which may suggest that honey
with a higher pH and more particulates is more prone to HMF
accumulation, likely due to prolonged storage or exposure to
heat. However, its weak correlation with acidity (-0.14) and
reducing sugars (0.20) indicates that these factors have a min-
imal influence on HMF formation in this dataset. Overall, the
correlation analysis highlights key relationships that affect
honey quality. The strongest correlations are observed be-
tween pH and acidity (-0.37), pH and reducing sugars (0.45),
and phosphate and acidity (0.41). These relationships suggest
that honey's acidity and sugar composition significantly im-
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pact its chemical properties. Additionally, the moderate corre-
lation of HMF with pH and insoluble solids indicates that stor-
age conditions and particulate matter may influence honey's

3.3. Phytochemical Screening of Honey Samples

aging process. Understanding these correlations is essential
for assessing honey quality, detecting potential adulteration,
and ensuring compliance with quality standards.

Table 5. Phytochemical analysis of different samples of honey.

S.N. Test Observation Inference
1 Alkaloids Creamy white/yellow precipitate Present
2 Carbohydrates Brown/reddish precipitate Present
3 Reducing Sugars Red precipitate Present
4 Glycosides Pink solution/brick red precipitate Present
5 Flavonoids No yellow/green precipitate Absent
6 Fixed Oils and Fats Soap formation observed Present
7 Iron Blood red color Present
8 Potassium Yellow precipitate Present
9 Magnesium No white precipitate Absent

The phytochemical screening of the honey samples reveals
the presence or absence of key bioactive compounds. [26]. Al-
kaloids, which are known for their potential medicinal prop-
erties, were found to be present, as indicated by the formation
of a creamy white or yellow precipitate. Similarly, carbohy-
drates and reducing sugars were confirmed by the appearance
of brown/reddish and red precipitates, respectively, signifying
the presence of essential energy-providing components in
honey. The presence of glycosides, observed through the for-
mation of a pink solution or brick-red precipitate, suggests that
honey may contain bioactive plant-derived compounds with
potential antioxidant and therapeutic benefits. However, fla-
vonoids were absent, as no yellow or green precipitate was
observed. Flavonoids are known for their antioxidant and anti-
inflammatory properties, so their absence may indicate varia-
tions in the floral source of the honey or differences in extrac-
tion methods. The test for fixed oils and fats was positive, as
soap formation was observed, suggesting the presence of lipid
components, though in minimal amounts. Iron was detected,
confirmed by the appearance of a blood-red color, which may
contribute to the mineral content and potential health benefits
of the honey. The presence of potassium, indicated by a yellow
precipitate, suggests that honey may serve as a source of es-
sential electrolytes. However, magnesium was absent, as no
white precipitate was observed, indicating that this particular
honey sample lacks significant magnesium content. Overall,
these results highlight the rich phytochemical composition of
honey, particularly in terms of alkaloids, carbohydrates, re-
ducing sugars, glycosides, fixed oils, iron, and potassium,

while indicating the absence of flavonoids and magnesium.
This composition can provide valuable insights into the nutri-
tional and medicinal potential of the honey samples analyzed.

4. Conclusion

The analysis of honey samples provided valuable insights
into their physicochemical properties, phytochemical com-
position, and interrelationships between key quality indica-
tors. The pH, acidity, reducing sugars, phosphate, and HMF
levels varied across samples, reflecting differences in floral
sources, processing methods, and storage conditions. Corre-
lation analysis highlighted significant relationships, such as
the inverse correlation between pH and acidity (-0.37) and
the positive correlation between pH and reducing sugars
(0.45), emphasizing the impact of sugar composition on hon-
ey's chemical properties. The presence of insoluble solids
and iron also suggested potential influences from environ-
mental or processing factors. Phytochemical screening con-
firmed the presence of alkaloids, carbohydrates, reducing
sugars, glycosides, fixed oils, iron, and potassium, which
contribute to the nutritional and medicinal value of honey.
However, the absence of flavonoids and magnesium indi-
cates variability in honey composition, likely due to differ-
ences in botanical origin. The detection of bioactive com-
pounds further supports the potential health benefits of
honey, reinforcing its role as a natural sweetener with anti-
oxidant and therapeutic properties.

Overall, the study underscores the importance of honey
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quality assessment through physicochemical and phytochem-
ical analyses. The results provide a foundation for evaluating
honey's purity, nutritional value, and potential applications in
food and medicinal industries. Further studies can explore the
influence of regional variations, storage conditions, and pro-
cessing techniques on honey composition to ensure its authen-
ticity and quality for consumers.
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