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Abstract: Many different types of honey are available in the Brazilian market. They vary in 

color, flavor, smell, thereby increasing interest in honey characterization relating to botanical 

origin. A total of 155 honey samples belonging to Brazilian flora were examined on the pollen 

analysis; sampling is made in a span of one year. The preparation followed melisso 

palynological analysis based on the specific botanical variety. The pollen spectra revealed 

60 pollen types belonging to 27 plant families and Myrtaceae, Fabaceae and Asteraceae 

were the dominant plant families. Few pollen types were found in most samples of honey. 

The families that showed major richness of pollen types were Fabaceae and Asteraceae. 

Only six floral sources of pollen plants and three floral sources of nectar plants appeared in 

HIGHLIGHTS 

 

• Among 152 samples of honey, 60 pollen types were found belonging to 27 plant 

families. 

• From 152 honey samples, 58% are unifloral honeys, 35% polyfloral and 7% 

bifloral  

• Wild plants were the main origin of the most honey samples 

• Why do unifloral honeys predominate in the market? 
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the category of predominant pollen. The unifloral honeys were slightly more frequent than 

polyfloral, and wild floral species dominated most of the honey samples. These floral 

sources, even in minor parts in the honeys samples, are also part of the biological feature 

of theses honeys. The honeys from natural fields cannot be completely accounted by the 

term unifloral honeys.  

Keywords: Plant diversity; pollen analysis; trophic niche; Ecology, conservation. 

 

INTRODUCTION 

Honeybees (Apis mellifera) are important pollinators due to their contribution to the 

maintenance of ecosystems and agricultural activities. The magnitude of bee’s pollination 

actions for food production reaches orders between 15% and 30% [1,2,3]. 

In Brazil, the value of pollination services is subjective, despite the significant growth of 

agribusiness. The biggest relevance in Africanized bee (Apis mellifera) exploration goes 

mainly toward honey production and other bee products. Honeybee experts believe that 

foraging patches are often composed of native plants, which produce organic types of honey 

that are attractive to the market [4]. 

The advancement of anthropogenic actions, accompanied with pollution complexity, is 

a constant threat to natural ecosystems, and the decline in bee species and the 

contamination of their products are alarming issues [5,6,7,8]. Threatened of such losses are 

the honey plants. Whether these plants are a natural occurrence or cultivated for honey 

purposes, they require favorable conditions to grow and provide nectar for honeybees. The 

limitations of this specific flora must be recognized, and the different sources of each type 

of honey should be located and protected. Therefore, identifying the botanical and 

geographic origins of commercial honey is critical [9]. 

Among the analyses of honey, Melissopalynology is recommended for apiarists 

according to Brazilian legislation [9], although it is not mandatory [10]. This analysis enriches 

the scientific literature treating the floral sources of honey by studying the pollen types. In 

the southeast region of Brazil, some more recent studies could be cited [11,12], they have 

reported the high diversity of nectar and pollen sources for honeybees. They also reported 

that most types of honey come from wild melliferous plants such as Croton (Euphorbiaceae), 

Schinus (Anacardiaceae), Vernonia, and Gochnatia (Asteraceae). 

A drastic reduction of the species in the tropical flora has been reported [13,14,15] and 

researchers must provide a necessary update and deepen the knowledge about honey 

plants. This research focused on the identification of pollen types in honeys and their 

definition in unifloral and polyfloral in a mesoregional scale. 

MATERIAL AND METHODS  

Honey samples from honeybees (Apis mellifera, Africanized) were obtained by 187 

varieties of unifloral and polyfloral samples. We gathered them in stores and apiaries from 

51 different counties in the state of Rio de Janeiro, Brazil. Of the total samples, 35 were 

discarded from 33 regions, they had a low count of pollen grains, which was insufficient for 

the analysis. 
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Identifying the pollen types: (a) Qualitative method. The pollen types present in the 

honey were determined via comparison with reference blade samples deposited in the pollen 

voucher (the reference pollen slide collection from the Laboratory of Palynology, Department 

of Botany, Institute of Biology, Universidade Federal do Rio de Janeiro) and by the 

descriptions obtained from the literature [9]. Each pollen type found in the samples was 

cataloged and photographed. (b) Quantitative method. After recognizing the pollen types, 

more than 300 pollen grains were counted [16]. 

The pollen types were classified in percentage and evaluated in standard classes 

according to Louveaux and coworkers [17]. The classes were: (a) dominant pollen class 

(>45% of the total pollen), (b) accessory pollen class (15%–45% of the total pollen sum), 

and (c) important pollen class (3%–15% of the total pollen). 

Honey based on floral sources: the honey samples were classified by the 

predominance of floral sources based on classes of frequencies of pollen types: (a) unifloral, 

when one pollen type was dominant; (b) polyfloral, when pollen types were of low frequency 

(called accessory pollen and isolated pollen) [9]. Bifloral honey was also included in this 

diagnosis, and it exhibited two pollen types as accessory pollen class. For certain honey 

samples with pollen grains that were sub-represented, such as Croton, Hyptis, Citrus, 

Vernonia, Anadenathera, a factor was necessary to apply, as recommended by Barth [9]. 

The terms "pollen and nectar plants" were assigned, due to the little knowledge available 

about the honey types. For Barth [12], it is necessary to consider the properties of the 

nectariferous or polliniferous species (nectar and pollen plants), previously presented, as to 

their sub- or over-representation in pollen grains. 

Statistic procedures: the pollen types predominant in honey and the interval of 

confidence (p=95%) of pollen frequencies were submitted to exploratory analysis. All the 

analyses were run by the statistics software R Studio [18]. 

RESULTS 

Pollen diversity of honeys: Among 152 samples of honey from Africanized 

honeybees, 60 pollen types were found to belong to 27 plant families and 34 genera (Table 

1). Only 19 pollen types (32%) are frequently observed (Table 2). On the basis of nectar 

flow, some types appeared in two categories, either as predominant or accessory. Only six 

species of pollen plants and three species of nectar plants appeared in the category of 

predominant pollen. Myrtaceae (26%), Fabaceae (25%) and Asteraceae (23%) were the 

most frequent plant families; Fabaceae and Asteraceae present the highest number of pollen 

types (15 and 7 types, respectively).  
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Table 1. Pollen types in honey samples of Apis mellifera from Rio de Janeiro, Brazil. 

1.Anacardiaceae 21.Alternanthera (Amaranthaceae) 41.Montanoa sp. (Asteraceae)  

2.Araceae 22.Anadenanthera spp. (Fabaceae)  42.Piptadenia sp. (Fabaceae)  

3.Arecaceae  23.Arrabidea sp. (Bignoniaceae) 43.Protium sp. (Burseraceae) 

4.Asteraceae  24.Bauhinia sp. (Fabaceae) 44.Schizolobium sp. (Fabaceae) 

5.Cyperaceae  25.Baccharis sp.(Asteraceae) 45.Schinus sp. (Anacardiaceae) 

6.Caesalpiniaceae 26.Brassica sp. (Brassicaceae)  46.Serjania sp. (Sapindaceae) 

7.Euphorbiaceae 27.Carica sp. (Caricaceae) 47.Senecio sp. (Asteraceae) 

8.Fabaceae 28.Cesalpinia sp. (Fabaceae) 48.Tapirira sp. (Anacardiaceae) 

9.Loranthaceae 29.Copaifera sp. (Fabaceae) 49.Trema sp. (Cannabaceae)  

10.Myrtaceae 30,Croton spp. (Euphorbiaceae) 50.Triplaris sp. (Polygonaceae)  

11.Musaceae 31.Desmodiun sp. (Fabaceae) 51.Vernonia sp. (Asteraceae) 

12.Malvaceae 32.Eucalyptus sp. (Myrtaceae)   52.Citrus sinensis (Rutaceae)  

13.Rutaceae 33.Eupatorium sp. (Asteraceae) 53.Coffea arabica (Rubiaceae)  

14.Rubiaceae 34.Gochnatia spp. (Asteraceae) 54.Elephantopis mollis (Asteraceae) 

15.Sapindaceae 35.Hyptis spp. (Lamiaceae) 55.Mimosa aff. Acacia (Fabaceae)  

16.Solanaceae 36.Ilex sp. (Aquifoliaceae) 56.M. caesalpiniaefolia (Fabaceae)  

17.Verbenaceae 37.Lindernia sp. (Linderniaceae) 57.M. invisa (Fabaceae)  

18.Acacia sp. (Fabaceae)  38.Machaeriun sp. (Fabaceae) 58.M. scabrela (Fabaceae)  

19.Antigonon sp. (Polygonaceae)  39.Myrcia sp. (Myrtaceae) * 59.M. verrucosa (Fabaceae)  

20.Allophylus sp. (Sapindaceae) 40.Merremia sp. (Convolvulaceae) 60.Ricinus communis (Euphorbiaceae)  
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Table 2. Exploratory analysis. Pollen types with greater frequency in honey samples from Rio de 

Janeiro, Brazil. 

Pollen types N Míni-Maxi Median VC      CI 95%  

Asteraceae 48 1.30–79.0 10.2 099.5 13.3–24.1 

Pollen plants1       

Anadenanthera sp. 31 03.0–76.3 18.0 095.2 20.0–39.4 

Arecaceae 26 03.5–91.0 10.0 107.1 09.4–24.3 

Eucalyptus sp. 91 03.0–100 24.3 081.5 32.1–45.7 

Mimosa aff. Acacia 14 03.2–15.2 05.6 050.8 04.9–0.89 

Mimosa verrucosa 17 04.0–92.8 30.0 069.6 22.4–47.4 

Mimosa invisa 08 03.0–42.0 04.1 154.2 00.0–18.0 

Montanoa sp. 11 06.4–71.2 36.0 049.8 26.0–47.0 

Myrcia sp. 46 03.0–95.3 17.9 098.2 20.2–36.9 

Piptadenia sp. 34 03.0–96.3 18.0 089.2 17.9–34.1 

Ricinus communis 09 03.2–50.0 07.6 099.0   05.9–27.5 

Nectar plants1      

Bauhinia sp. 10 03.2–17.6   08.1 054.1     05.3– 11.8 

Citrus sinensis 14 04.8–93.8 31.7 084.2 18.3–52.9 

Croton spp. 22 03.8–61.5 16.5 067.7 13.7–25.4 

Elephantopus mollis 10 03.0–50.0 08.1 105.2 4.10–29.1 

Eupatorium sp. 32 03.0–59.8 19.1 070.6 16.2–27.3 

Gochnatia sp. 09 04.6–95.3 16.6 095.0 14.3–69.1 

Hyptis spp. 13 03.0–07.6 05.2 028.6 04.0–05.8 

Vernonia sp. 23 03.0–72.4 15.1 100.4     13.7–35.7 

n – number of samples; Míni-Maxi: Mínimum-Maximum ; VC - Variation coefficient; 

CI - Confidence interval  1 this classification is obtained by references 

Unifloral and polyfloral honeys  

Most honey samples were unifloral (n=89; 58%) and, wild plants were the main origin 

of these honeys (Table 3). Unifloral honeys showed 3-4 pollen types (68%); considering all 

samples the average was up to five pollen types. Such honeys which origin came from 

nectar plants, other types of sediments were commonly found, besides the specific pollen. 

These sediments included: (a) pollen grains from plants that did not produce nectar (as in 

Poaceae), and (b) pollen grains from facultative plants, whose presence is variable, depends 

on nectar production (e.g., Eucalyptus).  

Unexpectedly, the frequency of polyfloral honey (35%) and bifloral honey (7%) is lower 

than that of unifloral honeys. Most of the samples ranged between 4-6 pollen types (57%). 

Table 3 presents the identification of pollen frequency in unifloral and polyfloral honeys; the 

bifloral honeys presented the following floral species: (1) Eucalyptus and Myrcia, (2) 

Eucalyptus and Schinus, (3) Eucalyptus and Citrus, (4) Eupatorium and Vernonia, (5) 

Mimosa caesalpiniaefolia Benth and Piptadenia, (6) Elephantopus and Croton, (7) 
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Anadenanthera and Acacia, (8) Piptadenia and Croton. Totalizing the samples of honeys, 

Eucalyptus sp. is the most frequent pollen type (Table 3). 

Table 3. Pollen frequency in unifloral and polyfloral honeys from Rio de Janeiro, Brazil. 

Pollen types    APF1 (%) CI2 95% 

Unifloral honeys    

Anadenanthera sp. Fabaceae 71.1(n=7) 67.3–74.9 

Citrus sinensis Rutaceae 67.1(n=5) 36.5–97.7 

Eucalyptus sp. Myrtaceae 79.9 (n=30) 72.7–87.0 

Gochnatia sp. Asteraceae 88.9 (n=3) 66.3–100 

Mimosa verrucosa Fabaceae 66.8 (n=4) 31.6–100 

Montanoa sp. Asteraceae 60.5 (n=3) 37.0–83.9 

Myrcia sp. Myrtaceae 74.4 (n=9) 67.1–81.7 

Piptadenia sp. Fabaceae 70.4 (n=4) 39.8–100 

Vernonia sp. Asteraceae 62.3 (n=7) 52.0–72.6 

Polyfloral honeys*    

Vernonia sp. Asteraceae 10.4 (n=12) 05.6–15.3 

Eupatorium sp. Asteraceae 21.9 (n=14) 13.7–30.2 

Arecaceae  24.1 (n=12) 09.0–39.1  

Mimosa verrucosa Fabaceae 29.6 (n=10) 20.1–39.1 

Anadenanthera sp. Fabaceae 13.7 (n=14) 08.2–19.2 

Piptadenia sp. Fabaceae 16.1 (n=16) 09.7–22.5 

Croton sp.  Euphorbiaceae 15.6 (n=11) 10.7–20.6 

Eucalyptus sp. Myrtaceae 19.4 (n=32) 15.2–23.7 

Hyptis sp.  Lamiaceae 05.0 (n=11) 03.9–06.1 

* the most frequent pollen type     (n) number of samples 

1APF (average pollen frequency)   2 CI (confidence interval) 

Moreover, we highlight the honey from Gochnatia (wild plant), which is commonly 

classified as polyfloral. Comparing with some unifloral honeys, Gochnatia shows the highest 

interquartile of range (AIQ=67.24) (Figure 1) due to the high frequencies of some pollen 

types, which can hide the “real” nectar type. Thus, can the pollen type of Gochnatia sub-

represented like others honeys, reported by Barth [9].  
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Figure 1. Box plots of pollen types frequencies in samples of honey from Rio de Janeiro. 

DISCUSSION 

Our research identified a significant diversity of plants in honeys. From 27 plant families, 

60 pollen types contributed to the richness of honey commonly sold in stores in Rio de 

Janeiro, one of the most important honey markets in Brazil. 

The dominance of two plant families and a few pollen types in most samples of honey 

led us to consider that this trend could be due to the forage behavior of Apis mellifera in this 

mesoregion. These results were familiar to the findings of previous studies of Ramalho et 

al. [19] and Modro et al. [20], who once reported Fabaceae and Asteraceae as the main 

floral sources in the southeast Brazil. In Rio de Janeiro, Barth and Luz [21] revealed 

Asteraceae, Fabaceae, Myrtaceae, Arecaceae and Mimosaceae as the main floral sources 

of high occurrence in honeys, and Luz et al. [22] added Euphorbiaceae to this list. In honey 

and pollen loads samples from the state of São Paulo, the most frequent plant families were 

Asteraceae, Bignoniaceae, Malpighiaceae and Myrtaceae [23].  

In general, the wild plants predominated in honey sampling; this observation was also 

reported by Luz et al. [22]. The natural origin of such honeys gives it its high value in the 

market and brings Brazilian honey substantial interest from domestic and exterior markets. 

Such interest is unusual in countries with intense agriculture. 

Among the wild flowering plants explored by the honeybees, some are frequently found 

in fragmented and recovering habitats such as liana, herb, shrub, and arboreal. Mass-

flowering occurs in supertramp plants (high dispersion among many different habitats), none 

of which are particularly specialized [27], which are wide spread in several kinds of 

phytophysiognomies in the Atlantic Rainforest [28], an important biome in Rio de Janeiro. 

However, we found that few genera were supertramp (17.6%, n=3): Croton, Myrcia and 

Piptadenia. Thus, the honeybees forage wild and exotic plants in degraded areas in the 

borders of the Atlantic Rainforest or other types of vegetation. This observation was also 

reported by Braga et al. [30].  

Actually Brazilian beekeeping uses fields from abandoned livestock and recovering 

habitats, where the diversity of wild plants is low, but flowering is massive and expressive 

throughout the year. These conditions are supported by significant honey harvests for 

beekeeping sector throughout the year [22].  
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However, that is not true for Atlantic Rainforest biome [31]. According to Bergallo et al. 

[32] many regions of the state of Rio present high rates of environmental devastation; 

livestock, banana, coconut and sugar cane crops are the potential generators of conflicts 

around environmental conservation and the living of small farmers. It is a fact that regions 

suitable for beekeeping are becoming increasingly rare and competitive. Lorenzon et al. [33] 

made a survey in state of Rio de Janeiro and found low honey production (<14 kg /hive/year) 

and high losses from hives due to hunger, in most micro regions; this profile indicates the 

low availability of primary resources for honeybees. 

Thus, having a mean low of floral types (three and four) per honey sample is predictable 

with the loss of native flora. Other regions of Brazil showed a similar profile to previous 

works: Luz et al. [22] reported four and 11 pollen types per sample; Moreti et al. [24] found 

that the highest number of pollen types is 11 per sample; Osterkamp and Jasper [25] 

reported a range between seven and 15 pollen types per sample; Modro et al. [26], Barth 

[34] and, Barth and Luz [21] pointed out that regional and seasonal factors are responsible 

for the variation in pollen types in honeys. The size of the sampling is another relevant factor 

that affects the diversity of pollen types, despite the similarity of results. In addition, 

beekeeping and industrial management can also reduce the pollen types in honeys. Such 

issues should be further involved in honey studies using Palynology. 

Unifloral and polyfloral honeys: The large production of honey in several regions of 

Brazil originates from native fields from certain abundant melliferous plants, are the ones 

that results in the production of unifloral honeys. The predominance of unifloral honey has 

also been demonstrated by Barros et al. [35] at the level of 54% (n=13). Similarly, Barth [12] 

reported that the predominance of unifloral honey was 57% (n=17).  

Besides the 89 unifloral honey samples in our study, more honey were identified by 

previous researchers in the market of the state of Rio de Janeiro: Luz et al. [22] identified 

Lecythidaceae honey, whereas Barth [36] identified Borreria verticillate (L.) G. Mey 

(Rubiaceae) honey, Hyptis umbrosa Salzm (Lamiaceae), and Vernonia scorpioides (Lam) 

Pers. (Asteraceae) honeys.   

Some caution must be taken to interpret the origin of certain unifloral honeys, such as 

Eucalyptus (and Citrus). The state of Rio de Janeiro is an importer of large volume of 

eucalyptus honey that dominates the production of the states of São Paulo and Minas Gerais 

(personal observations). Some beekeepers who bought this honey, mix with other types and 

sell in Rio de Janeiro market. That evidence explains why Eucalyptus sp. is the most 

frequent pollen type in honeys (Table 3) and its dominance hide the real origin of the unifloral 

and polyfloral honeys, especially those that come from native regions with high diversity of 

wild plants, whose pollen types still little known.  

Thus we have the dominance of unifloral honeys and, low diversity of pollen types in 

our sampling. Besides the possible poor contribution of degraded areas to available bee 

food and, the typical behavior of honeybees to recruit many forager bees to attend fields 

containing few mass-flowering species with high amounts of attractive nectar. Such floral 

species occurs a few times in a year [34, 37].  

Otherwise, unifloral and polyfloral honeys are also subjected to certain factors that 

influence their occurrence, such as those which can be attributed to hive management by 
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beekeepers and industrial processes, can also affect their occurrence as follows: (a) mixture 

of combs from different hives during harvests; (b) no selection of combs based on the time 

of use; (c) incorrect use of filters during honey processing (fine filters can retain large pollen 

grains); (d) diversity of habitats that can enrich the diet of honeybees, mainly in pollen 

sources. These managements can influence the difference between the low 

representativeness of certain pollen plants and their available nectar during honey flow in 

the field. The blossoms of Croton sp., Eupatorium, Vernonia, and Gochnatia are some 

examples, each honey of that flower species has low presence of pollen itself, and its nectar 

is abundant and attractive for forager bees. In these cases, if it is difficult identify honeys by 

pollen types, sensorial analysis should be conducted.  

Beekeepers are advised to include a description of the floral field when working with 

wild plants, especially those in high density, and such information can help identify the plant 

sources and properties. However, this information is not mandatory and also the analysis of 

pollen types in honeys [10]. 

 

Classifying honey as unifloral or polyfloral. Although Melissopalynology enriches 

data about flora in honey studies, it is not absolute. As previously discussed, eucalyptus 

honey whose pollen load can be high, can hide the real nectar plant (s) source (s) of honey, 

but not the sensorial type.  

In this sequence, the honey from Gochnatia in our study demands increased attention 

(Figure 1). This plant is wild and classified as a pioneer, growing spontaneously in fields and 

pastures in the remaining habitats of the Atlantic Rainforest [38, 34]. The flowering of this 

plant occurs twice a year, with a low range between events. The blossom is also short, and 

lasts only 15 days. Despite the intensive nectar flow, the hives do not complete their supers 

with mature which results in polyfloral honey, featuring the flowering of Gochnatia (with high 

proportion of nectar than pollen) and another less expressive flowering (low floral density). 

However, in the major samples of this honey, the flavor and color (sensorial analyses) are 

characteristic for Gochnatia blossom, allowing this honey to be identify immediately. Thus, 

sensorial analysis is may be precise in the classification of this floral source and support the 

use of the term unifloral honey. However, that classification may not be appropriate either. 

These accounts bring to light some discussions on the classification of honey as 

emphasized by Molan [39]. Fallico et al. [40] and Kropf et al. [41] reported that unifloral types 

of honey are rare in wild field, and hard to produce; moreover, their main floral source is 

challenging to identify based on the honey. Lianda [42] used chemical markers and noticed 

certain floral species with low pollen representation in honey, are those with a high 

representation of phenolic substances. Can et al. [43] demonstrated the actual quality of 

honey associated with the presence, variety and amounts of its bioactive compounds, and 

these factors depend on the geographic and floral structure of the region in which is 

produced. 

In fact, the term unifloral honey in beekeeping sector is associated with the honey which 

results from hives used in plantations to pollinate and that represents the floral source. In 

large agricultural fields, the diet of bees has been poor in pollen types. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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Although most characteristics of honey are compatible with honey classification by 

pollen type, the standards developed by this analysis should be flexible to accommodate 

changes as more data become available. Such as the floral sources of honeys those are in 

minor part, but they are part of the biological feature of these honeys. Thus, the true quality 

of honeys originating from natural fields cannot be completely accounted by the term 

“unifloral honey”, and the identification of its flora requires special sampling. 

The best way to represent the value of honey is its all-natural sources, so the 

classification of honey as an organic food can be better viewed, comprehended and 

respected.  
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