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A B S T R A C T   

The unique floral fingerprint embedded within honey holds valuable clues to its geographical and 
botanical origin, playing a crucial role in ensuring authenticity and detecting adulteration. Honey 
from native Apis cerana and Heterotrigona itama bees in Karangasem, Indonesia, was examined 
utilizing pollen DNA metabarcoding for honey source identification. In this study, we used ITS2 
amplicon sequencing to identify floral DNA in honey samples. The finding reveals distinct pollen 
signatures for each bee species. Results analysis showed A. cerana honey generated 179,267 
sequence reads, assembled into Amplicon Sequence Variants (ASVs) with a total size of 485,932 
bp and an average GC content of 59 %. H. itama honey generated 177,864 sequence reads, 
assembled into ASVs with a total size of 350,604 bp and an average GC content of 57 %. A. cerana 
honey exhibited a rich tapestry of pollen from eleven diverse genera, with Schleichera genus 
dominating at an impressive relative read abundance of 72.8 %. In contrast, H. itama honey 
displayed a remarkable mono-dominance of the Syzygium genus, accounting for a staggering 
99.95 % of its pollen composition or relative read abundance, highlighting their distinct foraging 
preferences and floral resource utilization. Notably, all identified pollen taxa were indigenous to 
Karangasem, solidifying the geographical link between honey and its origin. This study demon-
strates pollen DNA metabarcoding may identify honey floral sources. By using pollen profiles 
from different bee species and their foraging patterns, we may protect consumers against honey 
adulteration and promote sustainable beekeeping in Karangasem district. Future research could 
explore expanding the database of reference pollen sequences and investigating the influence of 
environmental factors on pollen composition in honey. Investigating this technology’s economic 
and social effects on beekeepers and consumers may help promote fair trade and sustainable 
beekeeping worldwide.   
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1. Introduction 

The diverse flora in Bali Island plays a pivotal role in shaping the unique ecological landscape of the region, spanning coastal areas 
to mountainous terrain. Honey is a natural product with diverse compositions influenced by the foraging behavior of bees and the local 
flora. Apiculture enthusiasts and researchers have increasingly turned to molecular techniques for honey authentication, and the use of 
ITS2 primers for profiling plant species in honey has gained prominence [1]. This study explores the potential of using ITS2 primers to 
differentiate between honey produced by Apis Cerana and stingless bee Heterotrigona itama in the Karangasem region. This research 
focuses on utilizing Transcribed Spacer 2 (ITS2) analysis to illuminate floral origins, plant diversity, and potential applications for 
environmentally friendly honey production [2]. 

Pollen serves as a valuable tool for identifying the origins and intricate ecosystems associated with honey production in Indonesian 
forests [3]. Indigenous key pollinators, A. cerana, and H. itama, forage on a variety of plant and pollen species to produce honey [4]. 
This study aims to establish a robust model that reveals the presence and relative abundance of these plant and pollen species in the 
honey of A. cerana and H. itama, acting as a signature indicating the specific geographical origin of the honey. The findings will 
contribute to determining the geographical and botanical authenticity of honey produced by these two species in the Tenganan Dauh 
Tukad Manggis area in the Karangasem district. 

Globally, two primary honeybee species, A. mellifera, and A. cerana honeybees, are the main contributors to honey production [5]. 
Notably, China, as the leading honey exporter, faces challenges related to honey fraud [6]. In China, honey from endemic honeybees 
A. cerana is often sold at a premium due to the belief that honey from rural and mountainous regions is purer and healthier. This 
economic discrepancy has led to fraudulent practices, with honey from the western honeybee labeled as high-end products [7]. While 
geographic tracing is crucial for consumers seeking local honey, traditional methods relying solely on chemistry face challenges. The 
composition of honey sugars naturally fluctuates, making it challenging to trace their origin accurately [8]. However, identifying 
pollen is a complex task. Traditional methods like Melissopalynology are time-consuming, and biochemical methods have limitations 
[1,2,9]. 

Melissopalynology - the conventional approach to identify the plant origin of honey and obtain information about its geographical 
origin entails morphological observation of pollen grains by optical microscope. The structure of the contained pollens is assigned to 
botanical taxa using a comparative approach with pollen atlas. The monofloral characteristic of nectar honey is determined by the 
pollen frequencies for each botanical taxon, calculated with different precautions for anemophilous, entomophilous, nectar-producing, 
or nectar-less plants. The classic and most widely used approach for determining the plants from which bees collect nectar will help 
determine the honey’s regional origin using the 29 morphological characteristics of pollen present in honey (melissopalynology) [1–4, 
10]. 

Over the past decade, the power of DNA barcoding has opened up new fields in taxonomic, ecological, and evolutionary research by 
facilitating species identification. For animals, DNA barcoding is defined as the sequencing of a standardized barcode marker (the COI 

Fig. 1. Geographical location of Bali Island and sample location (Lat. 8◦29′07.3″S 115◦33′45.5″E).  
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gene region of the mitochondrial genome) that shows specificity within a species and variability between species [11]. According to 
diet study of honeybees that variety of pollen can have advantages, such as longer life spans and greater immune function. Depending 
on the resources available, the season, and the surrounding landscape structure, honeybees foraging distance, which can exceed 
several kilometres, may only be a few hundred metres long. Honey is a direct byproduct of honeybee foraging, making it ideal for 
research on the long-term nutritional requirements of bees [12]. 

Different plants produce nectar from different flowers, resulting in honey that ranges in texture (for instance, whether the honey 
stays liquid or crystallizes quickly) as well as in flavor, appearance, and scent. The health advantages of honey obtained from various 
flowers also vary. Due to their environmental exploration and foraging activities, honeybees are regarded as large-scale monitoring 
tools. Pollen and honeybee-derived products (wax, propolis, and honey) have been analyzed to detect the presence of toxins and 
pollutants in the environment and to pinpoint their source [8,13]. Honey has intrinsic markers that can be used to determine and track 
its origin at the three levels, geographical, botanical, and entomological, which in turn affects not only its economic value but also its 
significance in terms of sustainable production of various ecological systems and agricultural [14]. 

The primary objective of this research is to elucidate the botanical origins present in honey samples collected from the Bali District 
of Tenganan, Manggis, Karangasem Regency, in Bali, Indonesia. Specifically, is to investigate and compare the honey produced by two 
distinct bee species, namely A. cerana and H. itama, within this shared geographical area. The focus centers on authenticating honey 
through the molecular profiling of specific plant species using ITS2 primers. Through detailed analysis of pollen content in honey 
produced by these bee species, we aim to discern distinct plant signatures characteristic of the Karangasem region. 

2. Material and methods 

2.1. Sample collection 

The honey samples were obtained from Tenganan, Manggis, Karangasem Regency, Bali 80871, Indonesia (Lat. 8◦29′07.3″S 
115◦33′45.5″E) in the month of mid-December 2023 (Fig. 1). Honey samples were carefully harvested and stored at normal tem-
peratures before processing for DNA extraction. 

2.2. Sample preparation and DNA extraction 

Honey is known for its high sugar content, which presents challenges in DNA extraction procedures. In this study, we adopted a 
modified protocol as previously described [2,15,16]. A total of 4 honey samples (two from each HB1 and SB1) were utilized, with each 
sample divided into four 50 mL Falcon tubes, ensuring proper representation and replication. Subsequently, 2 mL of ultrapure water 
was added to each tube, followed by an incubation period at 10 ◦C for 30 min. After centrifugation at a force of 30,000×g for 20 min, 
the liquid portion was removed, and the pellet was resuspended in a solution of 1 mL ultrapure water and 1 mL phosphate-buffered 
saline (PBS). This mixture was then transferred to 2 mL tubes and subjected to centrifugation at the same force for 20 min. The 
resulting solid residue, representing DNA material, was preserved at − 20 ◦C until further processing. 

Importantly, to address technical variability and ensure robust results, DNA extraction was performed in duplicate for each honey 
sample. The biomass was divided into two centrifuge tubes as replicates, and DNA extraction was carried out using the standard 
protocols of the QIAamp PowerFecal Pro DNA Kits with minimal modification [17]. This replication strategy allows for the assessment 
of variability and enhances the reliability of our findings. 

2.3. Library preparation & sequencing 

gDNA samples were amplified with target-specific primer (ITS2-Plant). Library preparation was performed using the final PCR 
products. The final library was sequenced on the DNBSEQ-G400 platform to generate paired-end raw reads. 

2.4. Data analysis 

Adapter and PCR primer sequences from the paired-end reads were removed using Cut adapt [18]. DADA2 was used to correct 
sequencing errors and remove low-quality sequences and chimera errors [19]. The resulting ASVs data was used for taxonomic 
classification against the PLANiTS database [20]. Downstream analysis and visualizations were performed using packages in RStudio 
(R version 4.2.3) (https://www.R-project.org/), and Krona Tools (https://github.com/marbl/Krona). 

3. Results 

3.1. Data availibalty 

The raw FASTA files of the honey samples from A. cerana and H. itama bees have been deposited in the National Centre for 
Biotechnology Information (NCBI) data repository system under project PRJNA1063524, ensuring accessibility and transparency in 
data sharing [Direct link: Honey Origins through eDNA profiling of the Plant Species by A. cerana and H. itama at Karangasem District, 
Bali Island]. 
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3.2. Comparative analysis of ITS2 amplicon sequencing 

Analysis of ITS2 amplicon sequencing results for A. cerana (HB1) and H. itama (SB1) honey samples reveals several differences. 
Primarily, A. cerana honey demonstrates a higher total base count, amounting to 485,932 base pairs (bp), in contrast to H. itama honey, 
which records 350,604 bp. Despite this divergence, both honey types yield a similar number of sequences reads, with A. cerana honey 
generating 179,267 reads and H. itama honey producing 177,864 reads (Table 1). 

3.3. Diversity indices of pollen community 

To evaluate the species diversity within each honey type, alpha diversity of pollen composition was assessed with ASVs, Shannon, 
Simpson and InvSimpson (Fig. 2). The ASVs described the unique taxa identified in each sample. HB1 has 131 ASVs, while SB1 has 116 
ASVs. The Shannon diversity index, Simpson diversity index, and inverse Simpson diversity index are all measures of diversity that take 
into account both the richness (number of species) and evenness (abundance of each species) of a community. Higher values of these 
indices indicate greater diversity. 

The Simpson diversity index revealed that the honey samples from A. cerana exhibited dominance and were represented by a 
greater variety of species compared to those from H. itama. Specifically, the Simpson index value was higher for H. itama (0.96) in 
contrast to A. cerana (0.90). Similarly, the Shannon diversity index for plant pollen was also higher for H. itama (3.82) compared to 
A. cerana (2.69). These findings indicate that while both honey samples contained diverse pollen, the distribution of species within the 
honey samples from H. itama was more even compared to those from A. cerana. 

Fig. 3 is the rarefaction curve comparing the number of species to the number of samples shows that A. cerana (HB1) has a higher 
number of detected pollen species compared to H. itama (SB1). 

Fig. 4 is a Venn diagram a comparative analysis of honey samples from A. cerana (HB1) and H. itama (SB1) revealed a significant 
disparity in their associated amplicon sequence variants (ASVs). A. cerana (HB1) honey exhibited the highest ASV richness, harboring 
126 unique ASVs, while H. itama (SB1) honey contained 111 ASVs. The Venn diagram depicted a minimal overlap, with only 5 ASVs 
shared between the two honey types. This pronounced dissimilarity, characterized by a low number of shared ASVs, suggests that the 
nectar sources utilized by A. cerana and H. itama honeybees are fundamentally distinct. This divergence could be attributed to various 
factors, including differential foraging preferences for specific plant species, each of which harbours unique pollen types that are 
subsequently reflected in the honey composition. 

3.4. Pollen composition and taxonomy 

The ITS2 marker distinguished a total of 11 at genus level in both honey samples, with 9 being identified in honey of A. cerana and 2 
in honey of H. itama. This indicates the presence of unique genetic groups within the samples that were differentiated or identified 
using ITS2 marker (Fig. 5). 

The abundance and number of genera identified varied across the two honey samples. Fig. 5 illustrates the relative abundance of 
identified pollen in both honey samples, along with their taxonomic breakdown at the phylum, class, family, and genus levels. As 
expected, A. cerana honey exhibited a more diverse botanical composition compared to H. itama honey, which was dominated by only 
two genera. This suggests that A. cerana bees foraged on a wider variety of plants/pollens as compared to H. itama bees. 

Analysis of A. cerana (HB1) honey samples revealed a diverse array of pollen from nine distinct genera, all classified within the 
phylum Streptophyta. These genera accounted for 99.53 % of the total relative read abundance, with the remaining 0.47 % being 
unassigned (Fig. 5). Among these genera, Schleichera emerged as the pre-dominant taxon, comprising 72.8 % of the relative read 
abundance, followed by Syzygium at 26.87 %, and minor contributions from Samanea (0.08 %), Dalbergia (0.07 %), Mangifera, Arto-
carpus, and Lepisanthes (0.05 % each), as well as Muntingia (0.04 %) and Swietenia (0.03 %). Genera categorized as others or unassigned 
collectively represented of only 0.01 % of the relative read abundance. Additionally, Lactuca and Planchonella were identified as part of 
the A. cerana (HB1) honey sample’s pollen composition. 

In contrast, for H. itama (SB1) at phylum level the read were belonging to only phyla Streptophyta with relative read abundance of 
50.93 % and unassigned were 49.07 %. Notably, at genus level the Syzygium pollen was overwhelmingly dominant in H. itama honey, 
representing almost 99.95 % of the relative read abundance, while Schleichera pollen made up only 0.05 % (Fig. 5). 

Table 2 summarises the results of the taxonomic analysis of the ITS2 metabarcoding and reads count for the pollen identified, which 
showed a great variety of taxa in the honey samples. The table also provides a detailed breakdown of all detected classifications, from 
Phylum to Genus. Interestingly, the taxonomic makeup of the honey samples was different from one another. The honey obtained from 
A. cerana and H. itama in a specific region contains eDNA that encompasses a wide range of ecological diversity, as evidenced by these 

Table 1 
Comparison of ITS2 amplicon sequencing results for A. cerana (HB1) and H. itama (SB1) honey 
samples.  

Attribute A. cerana H. itama 

Total bases generated (bp) 485,932 350,604 
Sequence reads 179,267 177,864 
G þ C content (%) 59 57  

S. ullah et al.                                                                                                                                                                                                           
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findings. 

4. Discussion 

Alongside conventional melissopalynology, DNA analysis of honey samples is gaining importance for determining the origin and 
microorganisms or potentially allergenic species. The primers ITS2 successfully amplified the extracted DNA and allowed analysis of 
the botanical composition of all the honey samples by A. cerana and H. itama. Many studies showing the plant material can be used to 
authenticate honey origin and differentiate between honey samples [2,3]. 

Our results show that pollen eDNA amplicon sequencing can produce detailed information regarding the floral sources of Bali, 

Fig. 2. Alpha diversity for both honey samples of A. cerana (HB1) and H. itama (SB1).  

Fig. 3. Rarefaction curve of the number of annotated species for honey samples A. cerana (HB1) and H. itama (SB1).  
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Heliyon 10 (2024) e33094

6

Indonesian honey, including inferences about its regional provenance. It can also be used to gain insights into the floral resources 
available to honeybees in the surrounding area. However, due to the lack of complete plant reference databases and poor taxonomic 
resolution of some taxa, the interpretation of metabarcoding results requires careful validation [12]. Notably, all identified pollen taxa 
were native to Karangasem, solidifying the geographical link between honey and its origin. 

4.1. Identification of pollen revolved honey origin 

ITS2 results reveal the honey sample’s botanical makeup. The molecular technique identifies honey-producing plant species by 

Fig. 4. Venn diagram showing the total number of ASVs identified in both honey samples and the number of ASVs shared between honey samples.  

Fig. 5. Relative abundance (%) of pollen identified in both honey samples, obtained from A. cerana (HB1) and H. itama (SB1) showing different 
levels of taxonomy from Phyla to Genus. 

S. ullah et al.                                                                                                                                                                                                           
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focusing on ITS2 variability. This information enhances honey authentication by verifying botanical or geographical provenance. The 
accurate ITS2 analytical data improves the honey supply chain’s transparency and reliability, assuring consumers obtain products that 
match their claims and boosting honey market trust and authenticity. Pollen/plant species identified in H. itama honey samples 
belonging to local flora origin of Karangasem district of Bali Island. The dominant species Syzygium samarangense [21], known locally 
as Jambu klampok in Indonesia and Jambu Mawar in Malaysia. Another species Schleichera oleosa locally known as Kesambi wood in 
Indonesia, both the pollen/plant is overlap in both honey samples [22]. 

The majority of pollen/plant species identified in the honey of A. cerana and H. itama hail from the indigenous flora of Tenganan, 
Manggis, within the Karangasem Regency of Bali, as extensively documented by Wijana et al., [23]. These plants, known locally as 
Syzygium (Jambu), Schleichera (Kusum), Artocarpus (Marang), Dalbergia (Sonokeling), Lepisanthes (Mertajam), Mangifera (Pohon Kweni 
mango), Muntingia calabura (Cherry), Samanea (Ki Hujan or Pokok Hujan), and Swietenia (Pohon Mahogany), are deeply rooted in the 
region’s ecosystem (Table 2). By comparing our pollen identification results with previously published work, we have substantiated 
the geographical origin of the honey and affirmed its authenticity as originating within the Karangasem Regency of Bali. This 
meticulous analysis not only highlights the indigenous botanical diversity of the surveyed area but also establishes a reliable meth-
odology for confirming the geographical origin of honey procured from this specific locale. 

4.2. Comparative analysis of Malaysian-Indonesian honey pollen 

This comparative investigation serves as an exemplar for discerning between honey samples originating from two distinct 
geographical regions, produced by two prevalent local honeybee species. The pollen taxa identified within each honey sample serve as 
distinctive markers for their respective origins, facilitating sample differentiation. In Fig. 6, we present the comparison of pollen/plant 
genera identified via the ITS2 gene marker in honey samples sourced from Malaysia and Indonesia. The honey produced by A. cerana 
and H. itama in the present study was juxtaposed with that produced by A. dorsata and H. itama [30]. This comparison conclusively 
revealed that all plant species contributing to the honey were indigenous to Peninsular Malaysia, with a particular emphasis on the East 
Coast region of Terengganu, Malaysia. 

At level phyla the honey samples from Indonesian honey were thoroughly represented by phyla Streptophyta while Malaysian 
honey was represented by two different phyla namely Magnoliophyta and Spermatophyta suggesting its localities. At the genus level, 
the pollen composition of honey samples exhibited distinct variations from one another. Only Syzygium appears in as overlapping floral 
source of honeybee, highlighting a common nectar source despite regional differences Indonesia and Malaysia. Floral source of 
Malaysian honey for Giant honeybee (A. dorsata) represented by Corynandra viscosa, Syzygium cumini, Scaevola taccada, Syzygium 
claviflorum and Mallotus paniculatus, while stingless be (H. itama) floral source represented by Mallotus paniculatus, Cleome rutidosperma, 
Acacia mangium, Mimosa pudica, Eleucine indica, Richardia brasiliensis, and Ludwigia hyssopifolia [30]. 

5. Conclusion 

The ITS2 analysis conducted in this study has successfully elucidated the floral source diversity inherent in honey produced by 
A. cerana and H. itama. Our findings established the distinctiveness of honey types originating from these two bee species, as evidenced 
by their disparate pollen sources obtained during foraging activities, thereby facilitating the discrimination of honey samples. 
Furthermore, all identified floral sources in our investigation are native to Karangasem Regency, Bali, thus enhancing the authenticity 
and provenance determination of the honey samples. Moreover, the comparative analysis of pollen compositions in Malaysian and 
Indonesian honey samples highlights the botanical diversity and foraging behavior variations among honeybee populations in 
different geographical regions. This highlights the importance of taking into account the regional floral diversity in both honey 
production and authentication efforts. For future research, efforts should focus on refining DNA-based techniques and expanding 
reference databases to enhance our ability to accurately analyze honey composition and origin. By incorporating multiple DNA 
barcodes and expanding reference databases, researchers can improve the accuracy and reliability of floral source identification in 
honey samples. Such advancements will not only bolster consumer confidence in local honey products but also contribute to global 

Table 2 
Plant pollen classifications (Phylum, Class, Order, Family, and Genus) and reads identified in honey produced by A. cerana and H. itama.  

No. Honey from: Phylum Order Family Pollen/plant Genus Habitat References 

01 H. itama Streptophyta Myrateles Myrtaceae Syzygium sp. Secondary rainforest [21] 
02  Streptophyta Sapindales Sapindaceae Schleichera sp. Dry deciduous [22] 
01 A. cerana Streptophyta Sapindales Sapindaceae Schleichera sp. Dry deciduous [22] 
02  Streptophyta Rosales Moraceae Artocarpus sp. Terrestrial [23] 
03  Streptophyta Fabales Fabaceae Dalbergia sp. Terrestrial [24] 
04  Streptophyta Sapindales Sapindaceae Lepisanthes sp. Secondary rainforest [25] 
05  Streptophyta Sapindales Anacardiaceae Mangifera sp. Terrestrial [23,26] 
06  Streptophyta Malvales Muntingiaceae Muntingia sp. Tropical lowland areas [27] 
07  Streptophyta Fabales Fabaceae Samanea sp. coastal bushland [28] 
08  Streptophyta Fabales Fabaceae Swietenia sp. coastal bushland [29] 
09  Streptophyta Myrateles Myrtaceae Syzygium sp. Secondary [21] 

Rainforest  

S. ullah et al.                                                                                                                                                                                                           
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efforts aimed at ensuring the integrity and authenticity of honey sources. 
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