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Abstract: Weather patterns, agricultural advancements, and technological evolution has significantly 

impacted the production of natural honey. This literature review focuses on three major themes 

involving the impact of weather patterns due to climate change on the honey yield in various regions, 

the techniques and approaches used for the detection of adulteration in the honey and the optimal 

conditions being used in honey processing to produce a quality product that builds consumers trust 

and serves the beekeepers and economy. This study adhered to PRISMA guidelines to conduct 

qualitative literature review of peer-reviewed studies published between 2010-2020. A rigorous 

screening and filtering approach as used for the selection of studies with 24 studies selected for the 

final synthesis of the literature. The findings identified the impact of weather pattern such as drought, 

rainfall and temperature fluctuations to effect the nectar quality and bee activity. Several analytical 

methods for adulteration were found to be effective such as HPLC, HPTLC, IR-MS which precisely 

detected adulterant present even in trace amounts. However, technologies like IR-MS were expensive 

and required advanced technical expertise limiting it’s utilization for small-scale settings. Optimal 

conditions for honey processing were found including temperature, crystallization parameters and 

preserving physicochemical characteristics of honey which will lead to a quality product. Machine 

learning and Artificial intelligence influenced technologies were recommended to improve the 

manufacturing and processing of honey. Study also revealed critical insights for beekeepers, 

policymakers and agriculturists to foresee the long-term impact of continuously changing climate, 

design policies that support beekeepers financially while regulating the honey manufacturing 

practices. 

Keywords: climate change, chromatography, machine learning, temprature, beekeeping, apiculture, 
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INTRODUCTION 

Natural honey processing through environmental conditions, scientific advancement, and 

innovative processing methods is a complex relationship between agriculture and advanced 

technology. It is important to know how climate impacts honey supply (Yoruk & Sahinler, 2013), 

how to detect adulteration (Yoruk & Sahinler, 2013), and how advanced honey processing 

techniques can be applied (Pascual-Mate et al., 2018) so that there's a reliable and high-quality 

honey market. This paper is geared towards analyzing and assessing these three themes. 

Weather conditions very much influence honey production because nectar flow, bee activity, and 

flower availability directly depend on weather conditions (Parachnowitsch et al., 2019). Honeybee 

foraging behavior and nectar quantity collected are strongly affected by temperature, humidity, 

and rainfall (Abou-Shaara, 2014). Since honey production is badly affected by regions 

experiencing climate instability, like prolonged droughts or excessive rain, most beekeepers would 

find it financially unfeasible to stay and start a livelihood in these areas (Yohana & Saria, 2020). 

The limited availability of flowers means less nectar and, therefore, lower honey yields, given the 

conditions of drought. However, too much rain can upset bee foraging patterns and lessen nectar 

concentration, which may affect how honey ends up being compounded and of great quality. 

Beekeepers and agriculturalists understand historical patterns in weather that can allow them to 

know when shortages may occur and prepare to minimize risk (Yohana & Saria, 2020). 

Regions prone to extreme climatic events are less likely to experience a stable supply of natural 

honey (Table 1). In some areas, droughts last too long, so nectar flow is also reduced, and honey 

yields and income for beekeepers also diminish. Like flooding, flowering plants can suffer damage, 

and bees will be shaken out of their hive stability, affecting new honey production (Walter, 2020). 

By identifying high-risk climate-related factors, such as the need for strategic relocation of 

beehives, diversification of floral sources, or adoption of climate-resilient beekeeping practices, 

one can effectively manage the impact by targeting interventions for prevention. Production losses, 

as well as in honey supply chains, can also be remedied with adaptive strategies, like 

supplementary feeding of bees and water management techniques (Sammataro & Weiss, 2013). 
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Table 1. Impact of Weather Conditions on Honey Production 

Country Historical Weather Trends Impact on Honey Production 

Argentina Frequent Droughts (2010-2024); 

20% reduction in Pampas rainfall 

30 – 40% yield decline (2022); 

reduced nectar flow 

Australia 2019-2020 bushfires (≥45°C); 

prolonged droughts 

25% drop in Manuka honey; 50,000 

hives lost. 

China Rising temperatures (+1.5°C since 

2000); erratic monsoons) 

20% lower yields (2022); delayed 

flowering in Yunnan 

India Unpredictable monsoons (2018 

Kerala floods); ˃48°C in Rajasthan 

(2022) 

50% colony losses in Punjab (2023); 

30% drop in multi-floral honey 

Mexico Droughts (2020-2023); Hurricane 

Delta (2020) 

25% export decline; hive 

destruction 

Spain (Europe) Desertification in Andalusia; ˃40°C 

heatwaves (2022) 

15 – 20% decline in lavender honey; 

25% lower yields in sunflower 

regions 

Poland (Europe) Warmer summers (+1.6°C since 

1965); delayed spring blooms 

Increased yields but shifted harvest 

timings; late-season nectar scarcity 

 

More issues affect honey distribution, including quality and even fake honey in the market. Thus, 

honey adulteration involves the dilution of natural honey with other materials, such as high-

fructose corn syrup. Not only does this deceive consumers, but it also reduces honey's potential to 

improve health and decrease its commercial worth. Honey purity can only be achieved if there are 

techniques that can determine the adulteration of different kinds of honey (Naila et al., 2018). 

Scientific testing, including chromatography and isotopic techniques (taluzeman), has had a great 

impact on honey quality measurement. These technologies help in the identification of adulterants 

and assist in the development of honey profiling (Marghitas et al., 2010). Major tests that are used 

in honey authentication include C4 sugar concentrations, pollen profile, fructose to glucose ratio, 
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honey's pH, HMF levels, fermentation activity, viscosity, moisture content, appearance, and odor.  

Honey exporting nations, including Argentina, Australia, Europe, Mexico, China, and India, are 

using such testing methods to meet the most advanced food safety standards and eliminate 

compromises to market credibility. 

Honey adulteration test is the ability to detect and prevent these fraudulent practices; it adds to the 

trust of the consumers and fair-trade practices in the honey industry. For the authenticity of honey, 

there must be stringent quality control measures and standardized testing protocols at both national 

and international levels (Table 2). Furthermore, blockchain technology and digital tracking 

systems have also successfully appeared as powerful instruments for monitoring honey production 

and maintaining traceability from hive to market. Honey sourced through these digital solutions is 

more transparent, giving consumers a beginning-to-end idea of the origin of their product and the 

standards of quality it meets. 

Table 2. Honey Authentication Parameters & Normal Ranges 

Parameter Normal Range Purpose 

C4 Sugar Concentrations C ≤ 23.5% (Pure honey) Detects corn/cane syrup adulteration 

Pollen Profile ≥ 20,000 grains/10g (varies by floral 

source) 

Verifies botanical/ geographical 

origin 

Fructose-to-Glucose Ratio 0.9 – 1.4  Detects syrup adulteration; 

crystallization tendency 

pH 3.4 – 6.1  Indicates fermentation risk; floral type 

HMF Levels ≤40 mg/kg (fresh honey); ≤80 mg/kg 

(heated/stored) 

Detects overheating/ aging 

Fermentation Activity No gas bubbles/ alcohol order Signs of spoilage (Moisture ≥21%) 

Viscosity 5000 – 10000 cP (20°C; varies by type) Assessing processing/adulteration 

Moisture Content ≤20% (EU: ≤21%) Prevents fermentation 

Appearance Clear to opaque; Color varies (e.g., amber, 

white) 

Consistency/ floral source indicator 

Odor Floral/fruity (no off-odors) Detects spoilage/ contamination 

 

One aspect that cannot be ignored is honey purity including the processing of honey contributes to 

the final quality. The stages of honey processing, such as extraction, filtration, pasteurization, and 

storage,  affect honey composition and nutritional properties (Table 3) . Traditional honey 

processing methods such as centrifugation and honeycomb-pressing are usually time-consuming 
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and labor-intensive, particularly centrifugation which requires manual effort for the extraction of 

honey which increases the likelihood of contamination and impacts the overall quality of honey 

(Kadri et al., 2017). Modern techniques such as ultrasonication, microwave, and infrared radiation 

not only reduce processing time but also increase processing efficiency while lowering operational 

costs, making them a potential choice for large-scale production (Luo et al., 2021). The bioactivity 

of honey and its natural content are affected by both traditional and modern methods which 

typically involve thermal and high-pressure processing leading to diminished nutritional quality 

and physicochemical properties of honey (Scepankova et al., 2021). However, emergent 

technologies such as thermosensation and microwave processing show promising results in 

preserving bioactive compounds of honey, ultimately increasing its nutritional value (Ramly et al., 

2021). Additionally, modern methods such as low-temperature spray drying (Samborska et al., 

2019), near-infrared spectroscopy, and electronic noses enhance the variability and texture, 

improve shelf life, and maintain the sensory properties of honey (Pita-Calvo et al., 2017).  

 

Table 3. Optimal Parameters for Honey Processing Stages 

Processing Stage Parameter Optimal/Normal Range Purpose 

Extraction Temperature 25 – 35°C (ambient to warm) Preserves enzymes, avoids HMF 

formation 

 Time ≤24 hours post-uncapping Minimizes fermentation risk 

Filtration Pore Size 200 – 400 µm (coarse) to ≤100 

µm (fine) 

Removes debris, retains pollen 

 Pressure ≤2 bar (low-pressure systems) Prevent heat buildup 

Pasteurization Temperature 60 - 65°C (max 70°C for ≤2 

minutes) 

Reduces microbes, minimizes HMF 

 Time 5 – 10 minutes Balances safety vs. nutrient loss 

Storage Temperature 10 - 20°C (cool, dark 

environment) 

Slows crystallization, prevents HMF 

rise 

 Humidity ≤60% RH Avoids moisture absorption 

 Container Food-grade stainless steel/ glass Prevents metal leaching 

 

The primary issue in processing honey is in adapting the proportion of reducing active and harmful 

hydroxymethylfurfural (HMF) content without losing beneficial bioactive compounds. The use of 

heat for pasteurization is widely practiced and will eliminate microbial loads and prevent 

fermentation efficiently. Excess heating results in the formation of Hydroxymethylfurfural (HMF), 

which is a chemical responsible for the deterioration of honey. When Honey content is high, it has 

been over-processed, and honey quality, in terms of taste, texture, and health attributes, is lost. 

High-quality honey production demands optimal processing temperatures must be determined, 

which prevents the establishment of HMF while preserving honey's bioactive components (Psaias 

et al. 2017). 

 

Optimal processing conditions for regulating the formation of HMF have been established through 

controlled experiments involving testing of the level of HMF in different honey types: Clover, 
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Acacia, Manuka, and Black Forest. Low-temperature processing, including vacuum evaporation 

and controlled thermal processing, has been found to help minimize the content of microbes while 

still maintaining the presence of honey with enzymes and antioxidants. Recent studies have used 

modern thermal analysis techniques that may be useful in identifying accurate heating parameters 

that enhance honey's longevity while maintaining its bioactive properties through the utilization 

of Differential Scanning Calorimetry (DSC) and HPLC to point out that pasteurization diminishes 

hydroxymethylfurfural (HMF) development (<40 mg/kg) but maintains antioxidants (Mehryar & 

Esmaiili, 2011). Likewise, applying Fourier-transformed infrared spectroscopy and chemometric 

techniques enabled effective identification of raw honey from honey that has been thermally 

treated (Sahlan et al., 2019). 

 

Crystallization of honey is a natural process in which honey with more glucose content (28%) 

crystallizes sooner and less than that remains liquid (Cavia et al., 2002; Venir et al., 2010) while 

the optimal temperature for honey crystallization is between 10°C and 18°C (Turhan et al., 2008). 

Honey crystallization is reflective of honey maturation which is a natural occurrence while 

consumers often misrecognize crystallization with an adulterated or unnatural product. 

Crystallization only influences the color or texture of honey while the quality remains unaffected 

(Subramanian et al., 2007). Crystallization is also an important factor in honey processing.  

Crystallization rates in different honey varieties can be different, and they affect texture, market 

preference, and storage stability (Table 4). Consumers seem to prefer crystallized honey less, so 

processing techniques have been developed to arrest or delay crystallization. Factors, including 

glucose into fructose ratio, temperature fluctuations, and storage conditions, will also control 

honey crystallization behavior. Thermodynamic parameters maybe employed to measure the 

degree of crystallization within different types of honeys (Guo et al. 2020). 

 

Table 4. Honey Crystallization Temperature Guide 

Temperature Range Crystallization Risk Impact on Honey Quality 

Below 10°C (50°F) Very High Rapid crystallization; gritty texture 

10-14°C (50-57°F) High Medium-speed crystallization 

14-18°C (57-64°F) Moderate Slow, smooth crystallization 

18-24°C (64-75°F) Low Minimal crystallization 

24-27°C (75-81°F) Very Low Prevents crystallization 

Above 27°C (81°F) Danger Zone Accelerate HMF formation, enzyme loss 

 

Coming in line with advanced manufacturing technologies in the honey processing industry has 

upped the game. Such innovations can improve honey clarity, consistency, and microbiological 

safety through ultrafiltration, high-pressure processing, and enzymatic treatments, preserving the 

nutritional properties of honey (Mehryar & Esmaiili, 2011). Instead, these techniques provide an 

alternative to conventional heat treatments and can better control the physico chemicals of honey. 

Such technologies as automated processing systems and smart monitoring technologies also help 

to increase production efficiency and maintain the required quality of honey across large-scale 

honey operations. 
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The honey industry is between tradition and progress as it evolves with agriculture and technology. 

Following the sustainability and growth of the global honey market, adopting climate-resilient 

beekeeping practices, complex adulteration detection methods, and superior honey processing 

techniques are feasible (Etxegarai-Legarreta & Sanchez-Famoso, 2022). Considering that climatic 

variability, quality assurance, and processing efficiency pose key challenges for the honey industry, 

it will be operationally expanded to mitigate the effects of environmental and market fluctuations 

(Fedosova & Kaledina, 2015). 

 

Collaboration between agricultural researchers, food scientists, and technology developers is also 

important for the development of honey production. Such interdisciplinary approaches that 

combine agronomic expertise, analytical chemistry, and engineering innovations facilitate the 

holistic understanding of honey production dynamics (Gebrehiwot, 2015). These combined efforts 

allow for the creation of sustainable beekeeping models, regulatory frameworks, and quality 

control measures that are relevant to changing consumer use and environmental considerations. 

 

This research will assess the contribution of agriculture, high technology, and climatic conditions 

towards enhancing natural honey processing and its impact on adulteration and new processing 

systems. The research discusses how variability patterns in weather influence honey production 

and seeks to establish areas where production deficits would take place and can be prevented 

through mitigation measures that would maintain honey production. The research was also carried 

out to establish state-of-the-art techniques for detection of honey adulteration as well as assessing 

the authenticity and quality of consumer products using emerging analytical methodologies. With 

these focal points covered, this research furnishes beekeepers, food technologists, as well as policy 

makers, with practical suggestions regarding how to enhance honey production, ensure quality 

management, and innovate technological utilization within the honey business. 

 

RESEARCH METHODOLOGY   

 

Study Design and Search Strategy  

The researcher used a qualitative research method to examine the contribution of agriculture and 

modern technology to natural honey processing through a systematic review of literature. In 

accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-

Analyses) guidelines, the study followed in selecting suitable sources. We searched scientific 

databases such as Scopus, Science Direct, and Google Scholar. Relevant key terms used in the 

search were honey production and climate, honey adulteration detection, advanced honey 

processing technologies, and honey quality assessment. Filtering and refining these search results 

were done for relevance and subject matter expertise using boolean operators. A first search of the 

database revealed a huge number of articles, which were then screened for further evaluation by 

applying certain inclusion and exclusion criteria.   
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Inclusion Criteria 

Parameters specific to share relevant and relevant information and research objectives were used 

in selecting studies included in this review. Studies reviewed were peer-reviewed and ranged from 

the years 2010 – 2020 to include advancements of the last decade in honey production and 

processing. Studies about the importance of climatic factors such as temperature, rainfall, and 

humidity to honey supply were included, as well as studies on trying to detect honey adulteration 

using advanced technologies like chromatographic techniques and isotopic analysis. Honey quality 

and modern honey processing technologies were considered, and articles discussing the impact of 

these technologies on honey quality were included. Only studies written in English were included 

to maintain consistency and accessibility of the review.   

 

Exclusion Criteria 

Some studies were excluded to preserve accuracy as well as the scope of the research. Articles 

before 2010 were excluded to avoid methodologies and findings that had reached their expiration 

date. The studies that did not focus on honey production, adulteration detection, and advanced 

processing technologies were not included. To avoid including very short papers (conference 

abstracts, editorials, and opinion pieces), only high-quality papers of peer review were associated 

with this study. In the screening process, duplicate studies that were present on more than one 

database were removed. Finally excluded were studies that lacked sufficient methodological 

details or statistical analyses that supported their claims.   

 

Selected Studies   

A total of 12,200 article searches were retrieved using the initial search in various databases. Thus, 

250 articles were narrowed down based on removing duplicates and screening as per titles and 

abstract, on which further review was conducted. Full-text analysis was done, and only those 

meeting all inclusion criteria were selected. Finally, 24 articles were included in this review as the 

papers directly involved the key themes of climatic impacts on honey production, honey 

adulteration detection methods, and honey processing technology innovation. The final studies 

selected were appropriate for an overview of the agricultural and technological factors involved in 

natural honey processing, as illustrated in Figure 1. 
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Figure 1: PRISMA Flowchart for the selection of studies 
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Data Extraction and Analysis  

Based on predefined themes, the selected articles were analyzed systematically to process the 

research objectives. In the first focus area, we studied the impact of weather patterns on honey 

supply with a special interest in temperature fluctuation, rainfall moval, and their relation to nectar 

production. The second theme investigated methods of detecting honey adulteration that focused 

on analytical techniques, such as chromatography, isotopic analysis, spectroscopy, etc., to verify 

the authenticity of honey. The parameters were C4 sugar levels, pollen content, fructose-to-glucose 

ratio, Hydroxymethylfuriral (HMF) levels, and moisture content. The third theme discussed 

modern honey processing technologies about optimal conditions of temperature control, 

crystallization behavior, and preservation of the honey's nutritional and medicinal properties. The 

synthesis of the extracted data helped identify trends, challenges, and opportunities related to 

honey production and processing. The findings help beekeepers, food scientists, and policymakers 

improve the quality of honey and its sustainability and exploit technology in honey production. 

 

RESULTS 

 

Theme 1: Impact of Weather on Honey Supply 

 

Across the studies, climatic factors such as temperature, rainfall, and humidity were found to have 

multidimensional effects on honeybee behavior, colony health, and honey yield. Slight temperature 

increase demonstrated favorable conditions generally along with warmer spring conditions 

correlated with increased bee emergence and floral development, which results in earlier foraging 

activity and improved honey yields (Langowska et al., 2017). Optimal temperatures ranging from 

15°C to 30°C provided support for brood development to strengthen the vitality of the colony 

(Pokhrel, 2016). Contrary to these findings, extreme temperatures were found dangerous. 

Prolonged heatwaves that surpass 35°C result in heat stress, reduced nectar secretion, and 

increased demand of energy expenditure for thermoregulation of the hive, collectively weakening 

the colony and lowering honey production (Delgado et al., 2012). Similarly, the early arrival of 

spring often results in a phenological mismatch between peak bee activity and floral bloom, this 

minimizes nectar availability during crucial foraging time (Langowska et al., 2017).  

 

The impact of rainfall was also significant on honey production. Moderate and well-distributed 

rainfall allowed the promotion of the growth of nectar-producing flora and maintenance of 

adequate hydration among hives which supports both foraging and internal hive circumstances 

(Hatjina et al., 2014; Solovev, 2020). However, excessive rainfall minimizes the count of available 

foraging days and enhances humidity within hives which collectively increases the risk of fungal 

infections and disease (Solovev, 2020). Additionally, drought conditions particularly in island 

ecosystems escalate the stress on bee colonies which reduces floral resources and nectar quality 

(Delgado et al., 2012). Humidity also influences honey yield parameters, relative humidity lies 

between (40-70%) and is related to stable nectar viscosity and colony hydration (Pokhrel, 2016). 

Conversely, high humidity (>80%) increases the likelihood of pathogen growth and the reduction 

of honey storage efficiency because of the diluted nectar (Campbell et al., 2020; Hatjina et al., 
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2014), whereas low humidity (<30%) accelerates the dehydration risk, leading to nectar 

crystallization (Delgado et al., 2012). 

 

Campbell et al. (2020) in their study demonstrated the role of machine learning algorithms 

incorporating temperature, rainfall, and NVDI data which could forecast honey yields with an 

impressive accuracy of 85% while catering to seasonal temperature variability as a critical 

influencing factor (Campbell et al., 2020). 

 

Theme 2: Detection of Honey Adulteration 

 

Findings across studies revealed the interconnection of analytical technologies for the 

identification and quantification of adulterants, particularly C4 plant-derived sugars and synthetic 

sweeteners along with the use of isotopic, chromatographic, spectroscopic, physicochemical, 

microbial, and thermal methodologies has transformed the ability of detection of even trace 

amounts of adulteration, improving both sensitivity and specificity of honey authentication 

procedures. Isotope Ratio Mass Spectrometry (IR-MS) is commonly referred to as a gold standard 

for the identification of C4 sugars such as corn and cane syrups, whereas raw honey exhibits a 

carbon isotopic ratio (δ13C) within the range of – 23.5% to – 25.5%, whereas adulterated honey 

samples exhibit δ13C greater than -21.5% indicating the presence of exogenous C4 sources. As 

per Cengiz et al. (2014), an over 7% C4 sugar content was designated as the adulteration threshold 

while verifying this deep finding with 95% confidence (Cengiz et al., 2014). This was also 

supported in the research by Siddiqui et al. (2017) where the strength of this method with analytical 

accuracy of 0.1% in measurement of δ13C was noted that is the reproducibility of the method at 

minute levels (Siddiqui et al., 2017). Isotope Ratio Analysis (13C/12C) is another accurate 

approach to differentiate the adulterated honey samples through the exploitation of isotopic 

discrepancies enabling the determination of added syrups in relatively low concentration (Tosun, 

2013) 

 

High-Performance Liquid Chromatography (HPLC) has been commonly applied to the fructose-

to-glucose ratio content in the validation for profiling for sugar compositions of honey with a 

standard F/G ratio of genuine honey samples ranging from 1.0 to 1.2 (mean 1.09 ± 0.12). However, 

adulterated samples particularly derived from cane syrups demonstrate increased ratios surpassing 

1.5-2.0. Wang et al. (2015) highlight the ability of HPLC to detect adulteration levels of starch 

syrup with minimum values of 5% and exceeding fructose concentration of 5 g/100g, underscoring 

its importance as a valuable adulteration indicator (Wang et al., 2015). Additionally, High-

Performance Thin-Layer Chromatography described by Puscas et al. (2013) demonstrated a faster 

and more efficient screening method for the detection of synthetic sugars while achieving a 

staggering sensitivity to detect 0.1% adulterant concentration with a recovery rate of 98.5% in 

spiked-up syrup samples, validating its potential for initial-stage adulteration screening (Puscas et 

al., 2013) (Figure 1). 
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Figure 1. Comparison of Honey Adulteration Detection Methods 

 

Several physicochemical parameters serve as reliable indicators of honey authenticity. The 

moisture content of of authentic honey is generally lower than 20% with a mean value reported at 

17.5 ± 1.8%. Oroian et al. (2016)  reported in their study that a moisture level exceeding 21% 

pushes forward the likelihood of fermentation, where pH value often ranges between 3.4 to 6.1, 

while values lower than 3.4 are generally associated with microbial fermentation or spoilage 

(Boussaid et al., 2015; Oroian et al., 2016). Besides, a thermally degraded product i.e. 

Hydroxymethylfurfural (5-MHF) is also under consideration as yet another quality control 

indicator. Good-quality honey has usually <10 mg/kg HMF content while results >40 mg/kg are 

indicative of heating or adulteration, extending the EU regulation. Experiments indicate that 60°C 

for 24 hours heating of honey raises 5-MHF levels from 5 mg/kg to 120 mg/kg, showing its 

potential use in the indication of thermal processing (Oroian et al., 2016). Such spectroscopic and 

thermal techniques provide additional information towards the validation of chromatographic 

outcomes (Boussaid et al., 2015; Oroian et al., 2016). 

 

Microbial profiling as reported by Pomastowski et al. (2019) using MALDI-TOF MS combined 

with 16S rDNA PCR demonstrated various microbial discrepancies among authentic and 

adulterated honey samples, while original samples had a usual <103 CFU/g, adulterated samples 

showed increased values surpassing 105 CFU/g, likely due to the contamination from added syrups 

(Pomastowski et al., 2019). Furthermore, Rheological properties, specifically viscosity highlighted 

differentiating characteristics. Oroian et al. (2016)  reported that honey viscosity lowers 

significantly with temperature from 12000 cP at 10C to 200 cP at 50°C. However, adulterated 

honey at 25°C, shows 30% lower viscosity in comparison to authentic samples, highlighting a 

compositional disuption facilitated by the dilution or additive interference (Oroian et al., 2016). 

Moreover, melissopalynological analysis for the pollen assessment was provided in the study of 

Trifkovic et al. (2017) which is a crucial technique to verify the botanical origin and floral source 

of honey (Trifković et al., 2017). 

 

Given the benefits of these methods, these still fall short in cases of rice syrup which raises 

detection challenges due to their similarity of sugar profiling with natural honey. Siddiqui et al. 

(2017) highlighted the need to collectively use several analytical methods for the improvement in 
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detection reliability (Siddiqui et al., 2017). Likewise, Trifkovic et al. (2017) highlighted the need 

for unifying machine learning and AI algorithms with traditional analytical platforms in order to 

formulate predictive models that facilitate differentiation in analogous adulteration patterns 

(Trifković et al., 2017). 

 

Theme 3: Analysis of Honey Processing Parameters 

 

Throughout studies, the conditions for honey processing showed valuable information regarding 

the influence of temperature, time, and the type of honey on the quality and stability of the honey, 

particularly with respect to the development of HMF, crystallization tendency, and preservation of 

nutrients. A number of studies showed that temperature and exposure are of significant importance 

in HMF accumulation, which a valuable parameter of thermal degradation in honey (Biluca et al., 

2014; Önür et al., 2018). HMF contents were found to rise in a linear manner with temperature as 

indicated in the Onur et al. (2018) study, highlighting higher positive correlation (R2 = 0.89) in 

Turkish honey. Their study also established that normal heating over 50°C raises MHF levels, but 

ultrasonic processing for 10 minutes at 50°C has been observed to yield relatively lower levels of 

HMF, in which alternative methods of heating play a role to treat or safeguard honey against heat 

damage (Önür et al., 2018). Biluca et al. in their research also demonstrated that stingless bee 

honey (Meliponinae) that is renowned for its high sensitivity to heat, also showed higher levels of 

HMF formation of approximately 40 mg/kg after 24 hours at 60°C. This further highlighted the 

importance of gentle processing, especially for the heat-sensitive types (Biluca et al., 2014). 

Similarly, Al-Ghamdi et al. (2019) comparing Apis mellifera and Apis florea noticed lower 

accumulation of HMF at 45°C that could be attributed to variations in the profiling of sugars since 

A.florea contains less fructose, which is more likely to be transformed into HMF upon heating 

(Al-Ghamdi et al., 2019). 

 

This was also reinforced by the findings of Eshete & Eshete (2019), which indicated the 

exponential growth of HMF in relation to increasing temperatures, 8 mg/kg at 40°C (2 hours), 25 

mg/kg at 50°C (1 hour) and 50 mg/kg at 60°C (1 hour) and its statistical outcomes of linear 

regression models indicating a high linear correlation between temperature and HMF (R2 = 0.92)  

(Eshete & Eshete, 2019). Puscion-Jakubik et al. (2020) in their research further noted that the 

accumulation of HMF was above 20 mg/kg after 30 minutes at 55°C causing structural 

transformations in honey, which were analyzed through FTIR at temperatures ≥45°C (Puścion-

Jakubik et al., 2020). Soares et al. (2017) noted the function of the variation of botanical origins 

like Makuna honey resists HMF formation much more than Acacia due to their greater antioxidant 

content, further noting volatile compounds like linalool degrades above 45°C which was identified 

with Gas Chromatography-Mass Spectrometery (GC-MS) (Soares et al., 2017). Radtke & 

Lichtenberg-Kraag also strongly emphasized 40°C for 20 minutes as an ideal condition that 

harmonizes safety as well as retention of quality. This is in line with the EU's regulatory limit for 

HMF that is set at 15 mg/kg (Radtke & Lichtenberg-Kraag, 2018). These results emphasize the 

need to keep optimal processing temperature at 35°C – 45°C for shorter durations like less than 30 
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minutes to reduce the chances of HMF formation (Al-Ghamdi et al., 2019; Biluca et al., 2014; 

Önür et al., 2018).  

 

Honey crystallization patterns were significantly different among honey types, especially 

dominated by glucose content and honey storage temperature conditions. Though lower storage 

temperatures (10°C -14°C) increase crystallization rates due to decreased solubility of glucose and 

higher temperatures (20°C - 25°) slowed crystallization, they will enhance the risk of fermentation 

particularly in unpasteurized or damp honey(Al-Ghamdi et al., 2019; Armillotta, 2015). Al-

Ghamdi et al. (2019) noted that Apis florea honey due to its greater glucose content, crystalizes 

sooner within 30 days at 12°C compared to A.mellifera which showed crystallization at 50 days at 

14°C and over 120 days at 25°C. These associations reveal a key factor that affirms the inverse 

relationship between storage temperature and crystallization rate (Al-Ghamdi et al., 2019). 

Furthermore, the findings of Armillotta’s (2015) study strongly are in favor of using 14°C as ideal 

storage, balancing more effectively the delay of crystallization and preservation of honey’s sensory 

qualities over longer periods i.e. 12 months (Armillotta, 2015). Stingless bee honey also displayed 

slower crystallization due to its increased fructose-to-glucose ratio which further emphasizes 

storing conditions to be at 18°C-20°C so the quality deterioration regarding fermentation might be 

prevented (Biluca et al., 2014). Soares et al. (2017) further explained the use of Differential 

Scanning Calorimetry (DSC) for the analysis of crystallization peaks across several botanical 

origins, revealed that rapeseed honey was the fastest to be crystallized at only 14°C while Acacia 

honey remained liquid at 18°C due to its higher fructose content. Additionally, they recommended 

the storage of glucose-rich kinds of honey at 14°C, while fructose-dominant types such as Acacia 

at 18°C-20°C, thus preventing texture hardening and fermentation (Soares et al., 2017) (Figure 2).  

 

 
Figure 2. Crystallization Time (Days) by Honey Type and Storage Temperature 

 

The effect of processing temperatures on honey’s nutritional value was highlighted in several 

studies, predominantly due to the degradation of enzymes and antioxidants. Kowalski et al. (2013) 

reported that heating honey at 60°C for six hours resulted in a dramatic increase of HMF levels up 
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to 80 mg/kg while a significant reduction was also observed in the enzymatic activity by 40%, 

specifically impacting the activities of invertase and diastase. While ambient storage at 25°C was 

also reported to result in a slowed HMF increase (5 mg/kg per year), this highlights the 

appropriateness of short-term room temperature storage option to be generally more reasonable, 

however, it is less ideal for long-term storage solutions (Kowalski et al., 2013). On the contrary, 

Radtke & Lichtenberg-Kraag (2018) demonstrated that processing at 40°C might retain some 

phenolic compounds more efficiently than at higher temperatures which confirms the benefits of 

mild thermal treatment (Radtke & Lichtenberg-Kraag, 2018). Whereas Puscion-Jakubik et al. 

(2020) provided that during mild processing diastase remained at 80% efficiency at 40°C, while 

phenolic compounds concentration was stable at 85%, however, the decline in invertase activity 

by 30% at 45°C highlights this as a threshold for enzyme degradation (Puścion-Jakubik et al., 

2020). Moreover, Soares et al. (2017) also demonstrated that degradation of volatile flavor markers 

at above 45°C temperatures, has a significant effect on the sensory quality of different kinds of 

honey particularly in Manuka and Acacia which suggests that 45°C should be an absolute upper 

processing limit for premium varieties (Soares et al., 2017), as presented in Table 5. 

 

Table 5. Summary of Study Characteristics 

Author Study Design Key Findings Limitations/Challenges Future 

Recommendations 

Langowska 

et al. (2017) 

Observational/ 

Long-term 

Temprature 

affects honey 

yields and 

honeybee 

phenology 

Limited to specific 

geographic regions; 

other environmental 

factors not considered 

Expand to other 

regions; include 

multi-factor 

analyses 

Pokhrel 

(2016) 

Review Temprature 

impacts 

honeybee 

biology and 

behavior 

Lacks empirical data; 

broad overview 

without depth 

Conduct 

controlled 

experiments to 

validate findings 

Solovev 

(2020) 

Case Study Weather 

conditions 

influence 

honey 

productivity in 

Valdai district 

Small sample size; 

limited to one region 

Replicate in other 

regions ith larger 

samples 

Delgado et 

al. (2012) 

Predictive 

Modeling 

Climate change 

may reduce 

honey yields in 

small-island 

developing 

states 

Model assumptions 

may not capture all 

variables. 

Validate models 

ith field data; 

include socio-

economic factors. 
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Campbell et 

al. (2020) 

Machine 

Learning 

Regression 

model predicts 

honey harvests 

accurately 

Requires large 

datasels; may not 

generalize to all 

regions 

Improve model 

adaptability; test 

in diverse 

environments 

Hatjina et al. 

(2014) 

Experimental Honeybee 

population 

dynamics vary 

under different 

environmental 

conditions 

Limited to European 

genotypes; short-term 

study 

Extend to other 

species; long-term 

monitoring. 

Tosun (2013) Laboratory 

Analysis 

13C/ 12C 

isotope ratio 

detects sugar 

syrup 

adulteration 

Expensive equipment 

required; not accessible 

to all. 

Develop cost-

effective 

alternatives. 

Puscas et al. 

(2013) 

Laboratory 

Analysis 

HPTLC 

method 

effectively 

controls honey 

adulteration 

Limited to specific 

adulterants; requires 

expertise 

Exapand to detect 

more adulterants; 

simplify 

methodology 

Wang et al. 

(2015) 

Laboratory 

Analysis 

HPLC detects 

starch syrup 

adulteration in 

honey 

Time-consuming; high 

operational costs 

Optimize for 

faster, cheaper 

analysis 

Cengiz et al. 

(2014) 

Laboratory 

Validation 

IR-MS 

validated for 

C4 plant sugar 

adulteration 

detection 

High technical skills 

reuired; not field-

deployable. 

Develop portable 

versions for field 

use. 

Siddiqui et 

al. (2017) 

Review Analytical 

methods for 

honey 

authentication 

are summarized 

Rapidly evolving field; 

some methods are 

outdated 

Regular updates to 

include emerging 

technologies. 

Trifkovic et 

al. (2017) 

Review Revies methods 

for tracing 

honey 

authenticity 

Focuses on lab 

techniques; lacks real-

orl applicability 

Integrate ith 

supply chain 

tracking systems 

Pomastowski 

et al. (2019) 

Laboratory 

Analysis 

MALDI-TOF 

MS and 16S 

rDNA PCR 

identify honey-

Dostly; limited to 

bacterial analysis 

Expand to other 

contaminants; 

reduce costs 
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associated 

bacteria 

Boussain et 

al. (2015) 

Experimental Tunisian honey 

properties vary 

by floral origin 

Limited to Tunisia; 

small sample size 

Study other 

regions; include 

more honey types 

Oroian et al. 

(2016) 

Experimental Chemical 

composition ad 

temperature 

affect honey 

texture 

Narrow temperature 

range tested 

Test broader 

temperature 

ranges; include 

storage conditions 

Eshete & 

Eshete 

(2019) 

Review Processing 

temperature 

and time 

impact 

commercial 

honey quality 

Lacks originaldata; 

relies on existing 

studies 

Conduct original 

experiments to fill 

gaps 

Radtke & 

Lichtenberg-

Kraag (2018) 

Longitudinal Processing and 

temperature 

effect honey 

quality over 

time 

Long-term studies are 

resource-intensive 

Use modeling to 

predict long-term 

effects 

Onur et al. 

(2018) 

Experimental Ultrasound and 

high pressure 

affect honey 

properties and 

HMF formation 

Limited to Turkish 

honey; small-scale 

experiments 

Test on diverse 

honey types; scale 

up for industrial 

use 

Al-Ghamdi 

et al. (2019) 

Comparative Heating 

regimens affect 

Apis mellifera 

and Apis florea 

honey 

differently 

Only teo honeybee 

species compared 

Include more 

species; study 

other processing 

methods 

Kowalski et 

al. (2013) 

Review HMF formation 

in food; 

including 

honey, is 

revieed. 

Focuses on HMF; lacks 

broader quality 

implications 

Study HMF’ 

health impacts; 

links to other 

quality markers 

Biluca et al. 

(2014) 

Laboratory 

Analysis 

CE detects 

HMF and 

carbohydrates 

in stingless bee 

honey 

Limited to stingless 

bee honey; small 

sample size 

Extend to other 

honey types; 

larger samples 
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before/after 

heating 

Armillota 

(2015) 

Revie MF is criticl for 

assessing 

honey quality 

at different 

storage 

tempratures 

No original data; 

theoretical focus. 

Conduct empirical 

studies to validate 

claims 

Puscion-

Jakubik et al. 

(2020) 

Review Modern 

methods for 

honey quality 

and origin 

identification 

are revieed 

Rapid advancements 

may outdate findings 

Frequent updates; 

focus on field-

deployable tools 

Soares et al. 

(2017) 

Review Comprehensive 

revie on honey 

authentication 

issues 

Broad scope lacks 

depth in specific areas 

Follow-up 

reviews on niche 

topics (e.g., 

blockchain for 

traceability) 

 

DISCUSSION 

 

The multifaceted interplay between climate, technological advancement, and agricultural practices 

are responsible factors in the processing and sustainability of natural honey in global markets. This 

research did an in-depth review of current literature categorized under three major themes: the 

climatic effect on honey production, the identification of honey adulteration, and the assessment 

of processing technologies controlling honey quality. The results of this research show the 

multifaceted role of these themes in solving the challenges encountered in the production and 

quality control of honey. 

 

Weather Patterns and Honey Yields 

 

Climatic fluctuation and its impacts on honey production (Yildiz & Ozilgen, 2019) highlighted  an 

essential yet less-explored dimension as a vulnerability of apiculture. The results demonstrated a 

significant reliance of honeybee activity and nectar influx on moderate temperatures and rainfall 

patterns (Langowska et al., 2017; Pokhrel, 2016). Ideal conditions comprise temperatures of 

between 15°C to 30°C combined with moderate, well-distributed rainfalls facilitating nectar 

secretion and colony consolidation. The efficiency of foraging is also corroborated in the research 

by Radar et al. (2013) at 25°C, and this is in agreement with the range of optimality indicated in 

the results (Rader et al., 2013). While, extreme weather disturbances like heatwaves of over 35°C, 

torrential rains, or extended dry spells are the primary factors that restrict honey production 

significantly leading to divergence in foraging behavior, and reducing colony health (Delgado et 
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al., 2012; Solovev, 2020). These observations are also supplemented in research identifying 

drought in Brazil as the prime cause of less floral diversity that ultimately affect nectar availability 

(Giannini et al., 2017). Moreover, phenological mismatches between bee foraging periods and 

floral blooms influenced by intensification of early spring heatings reveal a significant ecological 

change (Forrest et al., 2015). The mismatch presents long-term threats for nectar procurement 

(Stemkovski et al., 2020) and necessitates adaptive measures. An alternate direction with a 

promising prospect focuses on applying machine learning algorithms, such as the ones exemplified 

by Campbell et al. (2020), that combine weather and vegetation indicators to forecast honey 

production  (Campbell et al., 2020). Not only are such predictive models economical for 

beekeepers but also regional policymakers who have an interest in stabilizing local honey 

industries from climatic hazards (Karadas & Kadırhanogullari, 2017; Marković et al., 2016). 

 

Adulteration Detection and Parameters 

 

Adulteration is a key concern in terms of honey authenticity, consumer confidence, protecting from 

fraudelent practices and international trade. The research results indicated the pivotal role 

analytical techniques  play to authenticate honey including Isoptopic approaches (Saad & 

Richman, 2010), namely Isotope Radio Mass Spectrometry (IR-MS) due to their accurate detection 

of C4 sugars in honey samples which are among the most frequent adulterants. With accuracy, the 

technique offers a gold standard in the identification of even trace levels of adulteration (Cengiz 

et al., 2014; Siddiqui et al., 2017).  This capability of IR-MS combined with HPLC is corroborated 

in Daniele et al.'s (2012) work which documented similar markers of adulteration consistent with 

our results (Daniele et al., 2012).  But the costliness of the IR-MS technology and technical 

sophistication restrict its availability, especially in resource-poor environments (Bertelli et al., 

2010), resulting in seeking new options like Cavity Ring Down Spectrometry (CRDS) with 

encouraging findings. In addition, chromatographic methods like HPLC and HPTLC also yield 

fast and sensitive detection of adulterants added sugar in honey samples enabling these techniques 

with high accuracy for the identification of trace amounts of adulterants, facilitate verification of 

honey purity (Puscas et al., 2013; Wang et al., 2015). Moreover, The fructose-to-glucose ratio, 

moisture content, and HMF concentration were consistently emphasized throughout the findings 

to be trustworthy indicators of adulteration detection (Jaafar et al., 2020). Adulterated samples tend 

to be above the 21% moisture content limit with levels of exceeding HMF above the right levels 

of the 40 mg/kg threshold, both of these markers point towards improper storage of honey or 

deliberate thermal treatment to offload poor quality (Boussaid et al., 2015; Oroian et al., 2016). 

 

Aside from analytical methods and sound markers, the addition of rheological and microbial 

profiling enhances a sense of legitimacy to the validation procedures (Mădaş et al., 2020). The 

elevated CFU counts present in adulterated samples along with the lowering of viscosity by 30% 

emphasizes upon the importance of physicochemical consequences of dilution and syrup inclusion. 

These parameters might seem secondary to chromatographic or isotopic techniques, however, they 

provide more practical value when preliminary screening is concerned (Kamboj & and Mishra, 

2015). Given these effective parameters for the detection of adulterants, another long standing 

https://www.eajournals.org/


European Journal of Agriculture and Forestry Research, 13, (1), pp.31-57, 2025 

                                                  Print ISSN: 2054-6319 (Print), 

                                                                              Online ISSN: 2054-6327(online) 

Website: https://www.eajournals.org/                                                        

                         Publication of the European Centre for Research Training and Development -UK 

50 
 

issue regarding the inefficiency in the detection of rice syrups due to its isotopic similarity to 

natural honey persists (Siddiqui et al., 2017). While some studies offer alternative use of NMR for 

more reliable detection of rice syrups, this limitation highlights the necessity of multi-modal 

detection platforms.  (Consonni & Cagliani, 2019). Studies also emphasizes on the potential of 

machine learning and AI algorithms in conjunction to existing analytical systems, offers a 

promising breakthrough for the improvement of adulteration techniques, specifically, for the 

compunds that are more challenging to detect (Chien et al., 2019)(Oroian et al. 2018). 

 

Honey Processing Parameters 

 

Findings of this study highlights the importance of non-conventional techniques such as infrared 

spectrscopy copuled with chemometrics, ultrasonication or microwave assisted  (Scepankova, et 

al. 2021) processing which provides equally effective microbial inactivation with significantly 

lower HMF accumulation such as ulltrasonic treatment at 50°C for 10 minutes demonstrated 

minimized HMF levels in comparison to conventional heating methods at the similar tempratures, 

highlighting the gentle nature of these methods (Önür et al., 2018). Processing technologies are 

effective in ensuring micobial safety and the retention of bioactive compounds (Razali et al., 2019). 

While traditional thermal processing methods are effective in releaving the load of microbial 

contamination and prevents fermentation, they often results in the degradation of key nutritional 

markers such as invertase enzymes and antioxidants (Sramek et al., 2017; Zarei et al., 2019). To 

make it worse, the formation of HMF, which is often produced during increased processing 

tempratures and durations, highlights itself as a crucial indicator of over-processing (Chakraborti 

& Bhattacharya, 2014). Studies has already highlighted the role of HMF as an adulteration marker 

(Arida et al. 2012).  

 

Furthermore, plant origin was shown to be very important in determining processing results. For 

varities such as Manuka and Acacia honey, differential resilience against the heat that has been 

reported is due to the respective distinct antioxidants (Soares et al., 2017). This result shows the 

importance of individual processing protocols for various varities of honey varieties in order to 

preserve their unique medicinal and nutritional worth (da Silva et al., 2016). Crystallization 

conditions were also very important as seen in the results. Research indicated that honey storage 

at 10°C -14°C will make it crystallize quicker yet preserve texture and sensory attributes, 

especially in the case of rapseed honey. Against these results, 18°C-20°C storage is favorable for 

fructose-rich honeys like Acacia which retards crystallization and fermentation potential (Biluca 

et al., 2014; Soares et al., 2017). This differentiation offers practical guidance to producers and 

retailers concerned with the storage conditions of different types of honey (Ma et al., 2017).  The 

optimal process parameters discussion as brought out by this study's findings, notably the advised 

process temprature must be held at 35-45 for a duration of less than 30 minutes, is also a 

representation of EU and global regulation limits for HMF and enzyme activity (Thrasyvoulou et 

al., 2018).  These threshold sets scientific standards for the preservation of honey's organoleptic 

and medicinal properties instead of merely their compatibility with regulaotry regulations. 
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Cross-Disciplinary Integration and Policy Implications 

 

An important aspect of these findings is the need for interdisciplinary collaboration. The 

interelation of agriculutre, analytical techniques, food engineering and artificial intelligence might 

present a comprehensive understanding in mitigating challenges related to honey production 

effectively. For example, utilizing climate models for adaptive beekeeping or employing AI-

integrated chromatography solutions for adulteration detection or automation of honey processing 

by utilizing smart systems will transform the honey industry. In relation to policy implementation, 

the findings demands for more suportive and strict measure regarding advanced technologies 

among both developed and developing markets. With the emergence of more sophisticated 

adulteration detection method, regulatory bodies must match its speed with thorough testing 

infrastructure. This also calls for additional funding for regional laboratories, training of analytical 

personnel and regular investments in blockchain-based intiatives which are directed to resolve 

traceability issues. For the beekeepers, these findings provide insights for better understanding the 

relationship between enviornmental stressors, processing decisions and empowering producers to 

make informed choices. By adopting modern, efficient processing techniques, they will improve 

their yield without compromising quality wich promise bettter financial returns and long-term 

sustainability. 

 

CONCLUSION 

 

The study explored the interrelation between agricultural practices, modern technological 

innovations innovations and the overll climatic impact on standardizing quality and processing 

parameters of natural honey. Findings highlighted the critical role of weather patterns in honey 

yields due to the effects of temprature, droughts and excessive rainfall on bee activity and nectar 

flow. The role of advanced analytical technique such as chromtaography and isotopic analysis were 

promising in the detection of honey adulteration which promotes consumer trust and authenticity 

of the product. With limitations such as expensive equipment and advanced technological 

knowledge of sophisticated technologies like IR-MS, alternative technologies with promising 

potential were als highlighted. Similarly, modern processing technologies such as ultrasonication 

and mocroave-assisted methods also presented an alternative approach to the use of traditional 

methods with the help of reducing thermal abuse hile also protecting honey’sbioactive compounds. 

Given these promising findings, this study also underlines the importance of interdisciplinary 

collaboration focused on mitigating challenges in honey production, quality control and 

sustainability alongwith presenting actionable insights for beekeepers, policymakers and food 

scientists. 

 

Study Limitations 

 

This study is limited in its focus on specific geographical regions which limits its ggeneralizability 

among diverse regional demographics which may not fully assess the global honey production 
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challenges along with the reliance on the limited time period of revieed study may cause potential 

oversight of the information in advanced literature. 

 

Future Recommendations 

 

Longitudinal studies with more diversified regions included to assess a global climatic prespective 

in relation to its impact on honey procution worldide along with the development of cost-effective 

and easily understandable technologies and approaches for adulteration detection or honey 

processing. Furthermore, educational awareness and standarized policy design may aid to 

collectively provide for beekeepers, environment and sustenance of honey industry. 

 

References 

 

Abou-Shaara, H. F. (2014). The foraging behaviour of honey bees, Apis mellifera: a review. 

Veterinarni medicina, 59(1).  

Al-Ghamdi, A., Mohammed, S. E. A., Ansari, M. J., & Adgaba, N. (2019). Comparison of 

physicochemical properties and effects of heating regimes on stored Apis mellifera and 

Apis florea honey. Saudi Journal of Biological Sciences, 26(4), 845-848.  

Armillotta, D. (2015). The Important Role of Hydroxymethylfurfural in Assessing the Quality of 

Honey and its Changes at Different Storing Temperatures.  

Bertelli, D., Lolli, M., Papotti, G., Bortolotti, L., Serra, G., & Plessi, M. (2010). Detection of 

honey adulteration by sugar syrups using one-dimensional and two-dimensional high-

resolution nuclear magnetic resonance. Journal of agricultural and food chemistry, 

58(15), 8495-8501.  

Biluca, F. C., Della Betta, F., de Oliveira, G. P., Pereira, L. M., Gonzaga, L. V., Costa, A. C. O., 

& Fett, R. (2014). 5-HMF and carbohydrates content in stingless bee honey by CE before 

and after thermal treatment. Food chemistry, 159, 244-249.  

Boussaid, A., Chouaibi, M., Rezig, L., Missaoui, R., Donsí, F., Ferrari, G., & Hamdi, S. (2015). 

Physicochemical, rheological, and thermal properties of six types of honey from various 

floral origins in Tunisia. International Journal of Food Properties, 18(12), 2624-2637.  

Campbell, T., Dixon, K. W., Dods, K., Fearns, P., & Handcock, R. (2020). Machine learning 

regression model for predicting honey harvests. Agriculture, 10(4), 118.  

Cavia, M., Fernández-Muiño, M., Gömez-Alonso, E., Montes-Pérez, M., Huidobro, J., & 

Sancho, M. (2002). Evolution of fructose and glucose in honey over one year: influence 

of induced granulation. Food chemistry, 78(2), 157-161.  

Cengiz, M. F., Durak, M. Z., & Ozturk, M. (2014). In-house validation for the determination of 

honey adulteration with plant sugars (C4) by Isotope Ratio Mass Spectrometry (IR-MS). 

LWT-Food Science and Technology, 57(1), 9-15.  

Chakraborti, T., & Bhattacharya, K. (2014). Quality assessment of some Indian honeys in storage 

through HMF content and invertase activity. Int J Pharm Pharm Sci, 6(2), 827-830.  

https://www.eajournals.org/


European Journal of Agriculture and Forestry Research, 13, (1), pp.31-57, 2025 

                                                  Print ISSN: 2054-6319 (Print), 

                                                                              Online ISSN: 2054-6327(online) 

Website: https://www.eajournals.org/                                                        

                         Publication of the European Centre for Research Training and Development -UK 

53 
 

Chien, H.-Y., Shih, A.-T., Yang, B.-S., & Hsiao, V. K. (2019). Fast honey classification using 

infrared spectrum and machine learning. Mathematical Biosciences and Engineering, 

16(6), 6874-6891.  

Consonni, R., & Cagliani, L. R. (2019). The potentiality of NMR-based metabolomics in food 

science and food authentication assessment. Magnetic Resonance in Chemistry, 57(9), 

558-578. https://doi.org/https://doi.org/10.1002/mrc.4807  

da Silva, P. M., Gauche, C., Gonzaga, L. V., Costa, A. C. O., & Fett, R. (2016). Honey: Chemical 

composition, stability and authenticity. Food chemistry, 196, 309-323. 

https://doi.org/https://doi.org/10.1016/j.foodchem.2015.09.051  

Daniele, G., Maitre, D., & Casabianca, H. (2012). Identification, quantification and carbon stable 

isotopes determinations of organic acids in monofloral honeys. A powerful tool for 

botanical and authenticity control. Rapid Communications in Mass Spectrometry, 26(17), 

1993-1998.  

Delgado, D. L., Pérez, M. E., Galindo-Cardona, A., Giray, T., & Restrepo, C. (2012). Forecasting 

the influence of climate change on agroecosystem services: Potential impacts on honey 

yields in a Small‐Island developing state. Psyche: A Journal of Entomology, 2012(1), 

951215.  

Dong, H., Luo, D., Xian, Y., Luo, H., Guo, X., Li, C., & Zhao, M. (2016). Adulteration 

identification of commercial honey with the C-4 sugar content of negative values by an 

elemental analyzer and liquid chromatography coupled to isotope ratio mass 

spectroscopy. Journal of agricultural and food chemistry, 64(16), 3258-3265.  

Eshete, Y., & Eshete, T. (2019). A review on the effect of processing temperature and time 

duration on commercial honey quality. Madridge Journal of Food Technology, 4(1), 158-

162.  

Etxegarai-Legarreta, O., & Sanchez-Famoso, V. (2022). The role of beekeeping in the generation 

of goods and services: The interrelation between environmental, socioeconomic, and 

sociocultural utilities. Agriculture, 12(4), 551.  

Fedosova, A., & Kaledina, M. (2015). Apple pectin and natural honey in the closed milk 

processing cycle. Foods and raw materials, 3(2), 49-59.  

Forrest, J. R. K., Thorp, R. W., Kremen, C., & Williams, N. M. (2015). Contrasting patterns in 

species and functional-trait diversity of bees in an agricultural landscape. Journal of 

Applied Ecology, 52(3), 706-715. https://doi.org/https://doi.org/10.1111/1365-2664.12433  

Gebrehiwot, N. T. (2015). Honey production and marketing: the pathway for poverty alleviation 

the case of Tigray Regional state, Northern Ethiopia. Zenith International Journal of 

Business Economics & Management Research, 5(6), 342-365.  

Giannini, T. C., Costa, W. F., Cordeiro, G. D., Imperatriz-Fonseca, V. L., Saraiva, A. M., 

Biesmeijer, J., & Garibaldi, L. A. (2017). Projected climate change threatens pollinators 

and crop production in Brazil. PloS one, 12(8), e0182274. 

https://doi.org/10.1371/journal.pone.0182274  

Hatjina, F., Costa, C., Büchler, R., Uzunov, A., Drazic, M., Filipi, J., Charistos, L., Ruottinen, L., 

Andonov, S., & Meixner, M. D. (2014). Population dynamics of European honey bee 

https://www.eajournals.org/
https://doi.org/https:/doi.org/10.1002/mrc.4807
https://doi.org/https:/doi.org/10.1016/j.foodchem.2015.09.051
https://doi.org/https:/doi.org/10.1111/1365-2664.12433
https://doi.org/10.1371/journal.pone.0182274


European Journal of Agriculture and Forestry Research, 13, (1), pp.31-57, 2025 

                                                  Print ISSN: 2054-6319 (Print), 

                                                                              Online ISSN: 2054-6327(online) 

Website: https://www.eajournals.org/                                                        

                         Publication of the European Centre for Research Training and Development -UK 

54 
 

genotypes under different environmental conditions. Journal of Apicultural Research, 

53(2), 233-247.  

Jaafar, M. B., Othman, M. B., Yaacob, M., Talip, B. A., Ilyas, M. A., Ngajikin, N. H., & Fauzi, 

N. A. M. (2020). A Review on Honey Adulteration and the Available Detection 

Approaches. International Journal of Integrated Engineering, 12(2), 125-131. 

https://publisher.uthm.edu.my/ojs/index.php/ijie/article/view/5696  

Kadri, S. M., Zaluski, R., & de Oliveira Orsi, R. (2017). Nutritional and mineral contents of 

honey extracted by centrifugation and pressed processes. Food chemistry, 218, 237-241.  

Kamboj, U., & and Mishra, S. (2015). Prediction of Adulteration in Honey Using Rheological 

Parameters. International Journal of Food Properties, 18(9), 2056-2063. 

https://doi.org/10.1080/10942912.2014.962656  

Karadas, K., & Kadırhanogullari, I. H. (2017). Predicting Honey Production using Data Mining 

and Artificial Neural Network Algorithms in Apiculture. Pakistan Journal of zoology, 

49(5).  

Kowalski, S., Lukasiewicz, M., Duda-Chodak, A., & Ziec, G. (2013). 5-Hydroxymethyl-2-

furfural (HMF)–heat-induced formation, occurrence in food and biotransformation-a 

review. Polish journal of food and nutrition sciences, 63(4).  

Langowska, A., Zawilak, M., Sparks, T. H., Glazaczow, A., Tomkins, P. W., & Tryjanowski, P. 

(2017). Long-term effect of temperature on honey yield and honeybee phenology. 

International journal of biometeorology, 61, 1125-1132.  

Luo, X., Dong, Y., Gu, C., Zhang, X., & Ma, H. (2021). Processing technologies for bee 

products: An overview of recent developments and perspectives. Frontiers in Nutrition, 

8, 727181.  

Ma, Y., Bing, Z., Hongyan, L., Yulu, L., Jiangning, H., Jing, L., Hongming, W., & and Deng, Z. 

(2017). Chemical and molecular dynamics analysis of crystallization properties of honey. 

International Journal of Food Properties, 20(4), 725-733. 

https://doi.org/10.1080/10942912.2016.1178282  

Mădaş, M. N., Mărghitaş, L. A., Dezmirean, D. S., Bobiş, O., Abbas, O., Danthine, S., Francis, 

F., Haubruge, E., & Nguyen, B. K. (2020). Labeling regulations and quality control of 

honey origin: A review. Food Reviews International, 36(3), 215-240.  

Mantha, M., Urban, J. R., Mark, W. A., Chernyshev, A., & Kubachka, K. M. (2018). Direct 

Comparison of Cavity Ring Down Spectrometry and Isotope Ratio Mass Spectrometry 

for Detection of Sugar Adulteration in Honey Samples. J AOAC Int, 101(6), 1857-1863. 

https://doi.org/10.5740/jaoacint.17-0491  

Marghitas, L. A., Dezmirean, D. S., Pocol, C. B., Ilea, M., Bobis, O., & Gergen, I. (2010). The 

development of a biochemical profile of acacia honey by identifying biochemical 

determinants of its quality. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 38(2), 

84-90.  

Marković, D., Pešović, U., Ðurašević, S., & Ranđić, S. (2016). Decision support system for 

temperature monitoring in beehives.  

Mehryar, L., & Esmaiili, M. (2011). Honey & honey adulteration detection: a review. 

Proceedings of 11th international congress on engineering and food,  

https://www.eajournals.org/
https://publisher.uthm.edu.my/ojs/index.php/ijie/article/view/5696
https://doi.org/10.1080/10942912.2014.962656
https://doi.org/10.1080/10942912.2016.1178282
https://doi.org/10.5740/jaoacint.17-0491


European Journal of Agriculture and Forestry Research, 13, (1), pp.31-57, 2025 

                                                  Print ISSN: 2054-6319 (Print), 

                                                                              Online ISSN: 2054-6327(online) 

Website: https://www.eajournals.org/                                                        

                         Publication of the European Centre for Research Training and Development -UK 

55 
 

Naila, A., Flint, S. H., Sulaiman, A. Z., Ajit, A., & Weeds, Z. (2018). Classical and novel 

approaches to the analysis of honey and detection of adulterants. Food Control, 90, 152-

165.  

Önür, İ., Misra, N., Barba, F. J., Putnik, P., Lorenzo, J. M., Gökmen, V., & Alpas, H. (2018). 

Effects of ultrasound and high pressure on physicochemical properties and HMF 

formation in Turkish honey types. Journal of Food Engineering, 219, 129-136.  

Oroian, M., Paduret, S., Amariei, S., & Gutt, G. (2016). Chemical composition and temperature 

influence on honey texture properties. Journal of food science and technology, 53, 431-

440.  

Parachnowitsch, A. L., Manson, J. S., & Sletvold, N. (2019). Evolutionary ecology of nectar. 

Annals of botany, 123(2), 247-261.  

Pascual-Mate, A., Oses, S. M., Fernandez-Muino, M. A., & Sancho, M. T. (2018). Methods of 

analysis of honey. Journal of Apicultural Research, 57(1), 38-74.  

Pătruică, S., Dezmirean, D. S., Bura, M., Jurcoane, R., & Sporea, A. (2017). Monitoring of bee 

colonies' activity during the major gatherings in 2017.  

Pita-Calvo, C., Guerra-Rodriguez, M. E., & Vazquez, M. (2017). Analytical methods used in the 

quality control of honey. Journal of agricultural and food chemistry, 65(4), 690-703.  

Pokhrel, S. (2016). Effects of temperature on honeybee biology and behavior.  

Pomastowski, P., Złoch, M., Rodzik, A., Ligor, M., Kostrzewa, M., & Buszewski, B. (2019). 

Analysis of bacteria associated with honeys of different geographical and botanical origin 

using two different identification approaches: MALDI-TOF MS and 16S rDNA PCR 

technique. PloS one, 14(5), e0217078.  

Puscas, A., Hosu, A., & Cimpoiu, C. (2013). Application of a newly developed and validated 

high-performance thin-layer chromatographic method to control honey adulteration. 

Journal of Chromatography A, 1272, 132-135.  

Puścion-Jakubik, A., Borawska, M. H., & Socha, K. (2020). Modern methods for assessing the 

quality of bee honey and botanical origin identification. Foods, 9(8), 1028.  

Rader, R., Reilly, J., Bartomeus, I., & Winfree, R. (2013). Native bees buffer the negative impact 

of climate warming on honey bee pollination of watermelon crops. Glob Chang Biol, 

19(10), 3103-3110. https://doi.org/10.1111/gcb.12264  

Radtke, J., & Lichtenberg-Kraag, B. (2018). Long-term changes in naturally produced honey 

depending on processing and temperature. Journal of Apicultural Research, 57(5), 615-

626.  

Ramly, N. S., Sujanto, I. S. R., Abd Ghani, A., Huat, J. T. Y., Alias, N., & Ngah, N. (2021). The 

impact of processing methods on the quality of honey: A review. Malaysian Journal of 

Applied Sciences, 6(1), 99-110.  

Razali, M. F., Fauzi, N. A. M., Sulaiman, A., & Rahman, N. A. A. (2019). Effect of high-pressure 

processing (hpp) on antioxidant, diastase activity and colour for Kelulut (stingless bee) 

honey. Jurnal Teknologi (Sciences & Engineering), 81(3).  

Sahlan, M., Karwita, S., Gozan, M., Hermansyah, H., Yohda, M., Yoo, Y. J., & Pratami, D. K. 

(2019). Identification and classification of honey's authenticity by attenuated total 

https://www.eajournals.org/
https://doi.org/10.1111/gcb.12264


European Journal of Agriculture and Forestry Research, 13, (1), pp.31-57, 2025 

                                                  Print ISSN: 2054-6319 (Print), 

                                                                              Online ISSN: 2054-6327(online) 

Website: https://www.eajournals.org/                                                        

                         Publication of the European Centre for Research Training and Development -UK 

56 
 

reflectance Fourier-transform infrared spectroscopy and chemometric method. Vet World, 

12(8), 1304-1310. https://doi.org/10.14202/vetworld.2019.1304-1310  

Samborska, K., Jedlińska, A., Wiktor, A., Derewiaka, D., Wołosiak, R., Matwijczuk, A., Jamróz, 

W., Skwarczyńska-Maj, K., Kiełczewski, D., & Błażowski, Ł. (2019). The effect of low-

temperature spray drying with dehumidified air on phenolic compounds, antioxidant 

activity, and aroma compounds of rapeseed honey powders. Food and Bioprocess 

Technology, 12, 919-932.  

Sammataro, D., & Weiss, M. (2013). Comparison of productivity of colonies of honey bees, Apis 

mellifera, supplemented with sucrose or high fructose corn syrup. Journal of Insect 

Science, 13(1). https://doi.org/10.1673/031.013.1901  

Scepankova, H., Pinto, C. A., Paula, V., Estevinho, L. M., & Saraiva, J. A. (2021). Conventional 

and emergent technologies for honey processing: A perspective on microbiological safety, 

bioactivity, and quality. Comprehensive Reviews in Food Science and Food Safety, 20(6), 

5393-5420.  

Siddiqui, A. J., Musharraf, S. G., & Choudhary, M. I. (2017). Application of analytical methods 

in authentication and adulteration of honey. Food chemistry, 217, 687-698.  

Soares, S., Amaral, J. S., Oliveira, M. B. P., & Mafra, I. (2017). A comprehensive review on the 

main honey authentication issues: Production and origin. Comprehensive Reviews in 

Food Science and Food Safety, 16(5), 1072-1100.  

Solovev, V. (2020). Influence of weather conditions on the honey productivity of bee colonies in 

the Valdai district of the Novgorod region. IOP Conference Series: Earth and 

Environmental Science,  

Sramek, M., Woerz, B., Horn, H., Weiss, J., & Kohlus, R. (2017). Inactivation kinetics of 

invertase in honey and honey-glucose syrup formulations: effects of temperature and 

water activity. J Sci Food Agric, 97(4), 1178-1184. https://doi.org/10.1002/jsfa.7846  

Stemkovski, M., Pearse, W. D., Griffin, S. R., Pardee, G. L., Gibbs, J., Griswold, T., Neff, J. L., 

Oram, R., Rightmyer, M. G., Sheffield, C. S., Wright, K., Inouye, B. D., Inouye, D. W., & 

Irwin, R. E. (2020). Bee phenology is predicted by climatic variation and functional 

traits. Ecol Lett, 23(11), 1589-1598. https://doi.org/10.1111/ele.13583  

Subramanian, R., Umesh Hebbar, H., & Rastogi, N. (2007). Processing of honey: a review. 

International Journal of Food Properties, 10(1), 127-143.  

Taleuzzaman, M., Alam, M. J., Kala, C., & Rahat, I. (2020). Honey of authenticity: an analytical 

approach. In Therapeutic Applications of Honey and its Phytochemicals: Vol. 1 (pp. 101-

120). Springer.  

Thrasyvoulou, A., Chrysoula, T., Georgios, G., Emmanuel, K., Maria, D., Vasilis, L., Dimitris, 

K., & and Gounari, S. (2018). Legislation of honey criteria and standards. Journal of 

Apicultural Research, 57(1), 88-96. https://doi.org/10.1080/00218839.2017.1411181  

Tosun, M. (2013). Detection of adulteration in honey samples added various sugar syrups with 

13C/12C isotope ratio analysis method. Food chemistry, 138(2-3), 1629-1632.  

Trifković, J., Andrić, F., Ristivojević, P., Guzelmeric, E., & Yesilada, E. (2017). Analytical 

methods in tracing honey authenticity. Journal of AOAC International, 100(4), 827-839.  

https://www.eajournals.org/
https://doi.org/10.14202/vetworld.2019.1304-1310
https://doi.org/10.1673/031.013.1901
https://doi.org/10.1002/jsfa.7846
https://doi.org/10.1111/ele.13583
https://doi.org/10.1080/00218839.2017.1411181


European Journal of Agriculture and Forestry Research, 13, (1), pp.31-57, 2025 

                                                  Print ISSN: 2054-6319 (Print), 

                                                                              Online ISSN: 2054-6327(online) 

Website: https://www.eajournals.org/                                                        

                         Publication of the European Centre for Research Training and Development -UK 

57 
 

Turhan, I., Tetik, N., Karhan, M., Gurel, F., & Tavukcuoglu, H. R. (2008). Quality of honeys 

influenced by thermal treatment. LWT-Food Science and Technology, 41(8), 1396-1399.  

Venir, E., Spaziani, M., & Maltini, E. (2010). Crystallization in “Tarassaco” Italian honey studied 

by DSC. Food chemistry, 122(2), 410-415.  

Walter, J. (2020). Dryness, wetness and temporary flooding reduce floral resources of plant 

communities with adverse consequences for pollinator attraction. Journal of Ecology, 

108(4), 1453-1464. https://doi.org/https://doi.org/10.1111/1365-2745.13364  

Wang, S., Guo, Q., Wang, L., Lin, L., Shi, H., Cao, H., & Cao, B. (2015). Detection of honey 

adulteration with starch syrup by high performance liquid chromatography. Food 

chemistry, 172, 669-674.  

Yohana, Z. E., & Saria, J. (2020). Assessment of beekeeping as an adaptation strategy to climate 

change in Iramba District. Huria: Journal of the Open University of Tanzania, 27(1).  

Yoruk, A., & Sahinler, N. (2013). Potential effects of global warming on the honey bee. Uludag 

Bee Journal, 13(2), 79-87.  

Zarei, M., Fazlara, A., & Tulabifard, N. (2019). Effect of thermal treatment on physicochemical 

and antioxidant properties of honey. Heliyon, 5(6), e01894. 

https://doi.org/10.1016/j.heliyon.2019.e01894  

 

https://www.eajournals.org/
https://doi.org/https:/doi.org/10.1111/1365-2745.13364
https://doi.org/10.1016/j.heliyon.2019.e01894

