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This study assessed the physicochemical properties and floral sources (botanical origin) of sixteen honey samples collected from
beekeepers in five clusters surrounding the Marsabit Forest Reserve (MFR) in northern Kenya. Analysis of Variance (ANOVA)
was used to determine the differences in physicochemical properties of honey, while relative frequencies of pollen types in each
honey sample were calculated and expressed as percentages. The mean physicochemical parameter values were moisture,
18.09 +£0.86%; total reducing sugars, 73.03+1.00%; apparent sucrose, 2.43 +0.66%; acidity, 20.25+0.86 meq/kg; hydrox-
ymethylfurfural (HMF), 11.01 + 5.39 mg/kg. All parameter values were within limits set in the East African Standard, Codex
Alimentarius, and the European Union directive standards for honey. Pollen analysis showed a total of 108 pollen types
representing 55 families and 97 genera. The highest represented family in the honey samples was Euphorbiaceae. The study
recommends the further uptake of apiculture and the training and facilitation of honey producers, processors, and traders on

quality assurance and certification of honey to make them competitive in the markets beyond the local level.

1. Introduction

According to European Union (EU) directive for honey
(2001/110/EC) [1], honey is a natural sweet substance
produced by honeybees from the nectar of plants (blossom
honey) or excretions of plant-sucking insects on the living
part of plants or secretions of living parts of plants (hon-
eydew honey).

Attributes (physical, chemical, and organoleptic prop-
erties) of honey are greatly influenced by climatic condi-
tions, floral sources, and technical know-how of beekeepers
in honey harvesting, handling, processing, and storage [2-7].
Therefore, the characteristics of honey can vary depending
on the region of production [4].

In recent years, there has been a growing demand for
original, authentic, exclusive, and value-added products in
most countries [8]. Parameters that have influenced the
demand for honey include moisture content, total reducing

sugars, sucrose, acidity, hydroxymethylfurfural (HMF), di-
astase activity, electrical conductivity, and water-insoluble
content. Together with nectar sources, these parameters
determine honey flavor (taste), viscosity, and colour, which
are what most consumers consider when purchasing honey.

Therefore, a quality check is essential in determining the
suitability of honey for human consumption, premium
prices, access, and competitiveness in the local, regional, and
international markets [6]. Physicochemical, sensory, and
melissopalynological [8-10] and microbial [11, 12] analysis
are the methods used in determining honey characteristics.

According to Lengarite et al. [13] and Lengarite et al.
[14], honey production in Kenya is expanding, but data on
production trends, processing, and marketing are frag-
mented. Beekeeping contributes to Kenya’s agricultural
gross domestic product, income generation, employment
creation, nutritional benefits, and improved livelihoods,
especially in arid and semiarid areas [15, 16]. Marsabit
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County is one of the arid and semiarid regions in Kenya,
where beekeeping is practiced by small-scale farmers sur-
rounding mountainous regions [13, 14].

In areas surrounding Marsabit Forest Reserve (MFR),
beekeeping is practiced by a few farmer groups and indi-
viduals who have received technical support, knowledge,
and infrastructure from governmental and nongovern-
mental actors to enhance honey production (personal
communication, Kenya Forest Service, Kenya Wildlife
Service, and Department of Agriculture representatives in
Marsabit County). However, there is unexploited potential
for creating market value from honey produced around the
MFR. This is attributed to inadequate information on honey
quality and limited market outlets and access [13]. This
challenge can be addressed by expanding market opportu-
nities through the production of quality and unique honey
that complies with honey quality requirements [5, 6, 13] as
well as demonstrating the linkages between product char-
acteristics to its origin, namely, floral sources and produc-
tion methods [4, 6].

Honey quality characteristics can enhance its recogni-
tion, consumer confidence, product traceability, and thus
access to niche markets, increasing premium prices and
profitability. Lengarite et al. [13], in a pilot study on honey
production in the Ndoto and Nyiru Mountains and Mount
Kulal in the Marsabit and Samburu Districts, established
that strengthening local marketing systems by helping
beekeepers and traders build technical capacity and better
organise themselves for increased marketing efficiency is
essential. Facilitating honey certification and quality as-
surance was also recommended to help locals compete more
effectively in regional consumer markets.

As established by Cuni-Sanchez et al. [17] and Muhati
etal. [18], the MFR is a dry tropical forest in northern Kenya
harbouring a diverse range of ecosystems, providing eco-
system goods and services (ES) critical to the people of
Marsabit town. Of these ES, stakeholders in the MFR
identified honey production as an essential service, among
other ES that merit continuous protection by local com-
munities and the mandated government institutions.
However, no study has been undertaken around the MFR to
establish the linkages between bee floral resources and
honey. Also, little is known about the quality (physico-
chemical properties) of honey produced in the area and the
compliance levels with local and international honey stan-
dards. The specific objectives of the study were (i) to de-
termine the quality (physicochemical properties) of honey
produced from the areas surrounding MFR and assess their
compliance with local and international honey standards
(i.e., EAS, Codex Alimentarius (CODEX STAN 12-1981),
and EU directive for honey (2001/110/EC)) and (ii) to
document bee floral resources that can form a link between
MFR honey characteristics with their origin.

2. Materials and Methods

2.1. Study Area. The study was conducted in Saku Sub-
county, which surrounds the Marsabit Forest Reserve (MFR)
in northern Kenya (Figure 1).
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FIGURE 1: Map showing the study area and honey sampling areas.

MEFR is a unique dry forest system in Eastern Africa
unique for its ecological and socioeconomic functions and
covers an area of approximately 157 square kilometres [19].
It is located 560 kilometres from Kenya’s capital city,
Nairobi, between latitudes 01°15" North and 04°27" North
and longitudes 36°03' East and 38°59’ East. It is the only
government-gazetted forest in Marsabit County, established
under Notice 936 in 1948 [20] by the Government of Kenya.

Villages in the study area are divided into five clusters,
namely, MONAJIDA (Mountain, Nagayo, Jirime, and
Dakabaricha villages); SOKI (Songa and Kituruni villages);
QISA (Qilta-Korma and Sagante villages); JABADI (Jaldesa,
Baddasa, Dirib-Gombo villages); and KAHU (Karare and
Hula Hula villages) where beekeepers are distributed. The
study area has a typical semiarid climate characterised by a
bimodal rainfall pattern ranging from 600 to 1000 mm per
annum, with a mean rainfall of 800 mm per year [18, 21]. The
temperature ranges from 15°C to a high of 26°C, with an
annual average of 20.5°C [18, 21].

The evergreen Marsabit forest is dominated by diverse
indigenous flowering plant species, which include Croton
megalocarpus, Drypetes gerrardii, Ochna insculpta, Strychnos
henningsii, Vangueria madagascariensis, Olea africana,
Cordia africana, Acacia senegal, Grewia fallax, Acacia
xanthophloea, Harrisonia abyssinica, Psydrax schimperiana,
Dovyalis abyssinica, Euphorbia tirucalli, Teclea hanangensis,
Rinorea convallarioides, Tarenna graveolens, Cassipourea
malosana, Podocarpus gracilior, and Juniperus procera tree
species [18].

Marsabit forest provides ES, which includes provisioning
services (e.g., food, water, fuelwood, pasture, and medicinal
plants), regulating services (i.e., climate regulation, natural
hazard regulation, carbon storage, water purification, air
quality regulation, erosion regulation), and cultural services
(i.e., spiritual enrichment, recreation, and aesthetic values).
These services are critical to the livelihood and well-being of
the people of Marsabit town and surrounding areas [19, 22].

2.2. Honey Sample Collection. A total of sixteen honey
samples, 3 from MONAJIDA (Jirime and Dakabaricha
villages), 3 from SOKI (Songa and Kituruni villages), 2 from
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QISA (Qilta-Korma and Sagante villages), 6 from JABADI
(Jaldesa, Baddasa, Dirib-Gombo villages), and 2 from
KAHU (Karare village), were collected from beekeepers
(Figure 1). The number of samples collected in each cluster
was determined by the availability of honey from farmers
who had harvested and processed the honey during the study
period (December 2018-February 2019).

Each sample was placed in a fresh, sterile, firmly
tightened food-grade clear Polyethylene Terephthalate
(PET) plastic container manufactured by General Plastics
Limited, Kenya. For ease of identification, each container
was labelled with the date of collection, area of collection,
name of the beekeeper, and contact details. The samples were
stored at room temperature (25°C) and kept away from
direct sunlight and moisture to ensure that the quality was
maintained as per the time of collection. The physico-
chemical analysis was conducted at the National Beekeeping
Institute, Kenya, while pollen analysis was undertaken at the
Palynology Department, National Museums of Kenya.

2.3. Physicochemical Analysis. Physicochemical analysis for
measurement of moisture content, total reducing sugars
(TRS), apparent sucrose, acidity, and hydroxymethylfurfural
(HMF) was done based on methods described by the As-
sociation of the Official Analytical Chemists [23] and
harmonised methods of the International Honey Com-
mission [24].

Honey moisture content was determined by use of a
calibrated Abbe refractometer. Drops of honey were placed
on a well-dried prism and covered with an illuminating
mirror which was adjusted to reflect enough rays of light.
The refractive index of honey was read and recorded.

Total reducing sugars (TRS) (glucose and fructose) and
sucrose were determined using the High-Performance
Liquid Chromatography (HPLC) technique. Proportions of
sugar standards were prepared as follows: 2% fructose, 1.5%
glucose, and 0.25% sucrose. The solutions were dissolved in
100 ml of distilled water and kept in the refrigerator for a
night. Operational conditions of High-Performance Liquid
Chromatography were optimised for sugars measurement as
follows: flow rate, 0.6 ml/min; column temperature, 80°C;
cell temperature, 40°C; mobile phase, water; analysis time
per scale, 20 min; detection, RID-10A; Column-Shim-pack
SPR-ca (250 mm Lx7.8 mm I.D, 8 yum). The percentage sugar
concentration was calculated using the area of the analyte in
the sample, the area of the analyte in the standard, the
concentration of the analyte in the standard, and the weight
of the sample.

Acid levels were determined using a well-calibrated
Benchtop model HI-2210, HAnna instruments, and a digital
pH meter. 10 grams of honey was diluted in 75 ml of distilled
water and stirred, and PH readings were recorded. The
solution was titrated with 0.1 M sodium hydroxide (NaOH)
to a pH of 8.3. NaOH volume was used in determining
acidity.

HMF was determined by High-Pressure Liquid Chro-
matography (HPLC) [25] where 5 g of honey (weighed with
a digital balance) was transferred to a volumetric flask and

diluted into 100 ml of distilled water. The solution was fil-
tered and the filtrate was injected into Shimadzu Promi-
nence High-Performance Liquid Chromatography (HPLC)
and run for 10 minutes. The process was repeated using
more samples. HMF was determined using a Liquid
Chromatography solution software.

Parameter values obtained were compared with the
recommended levels as specified in the East African Stan-
dards (EAS) for honey (EAS 36:2000) [26], Codex Ali-
mentarius honey standards (CODEX STAN 12-1981) [27],
and the European Union (EU) directive for honey (2001/
110/EC) [28].

2.4. Melissopalynological (Pollen) Analysis. The melissopa-
lynological analysis was undertaken to determine the bo-
tanical origin (floral sources) of the honey based on pollen
types. Identification of the pollen types in honey samples and
determination of their relative frequencies in each sample
were done using the methods described by [29-31].

Ten grams of honey were dissolved in 20 ml of distilled
water and the mixture was centrifuged for 10 minutes. 20 ml
of distilled water was added to the sediment and centrifuged
for 5 minutes. A heating plate was heated to not more than
40°C and glycerine was liquefied. An area was marked on a
microscope slide, and then the sediment was spread evenly
on the marked area. This sediment was placed on the heating
plate, and then the liquefied glycerine was applied to the
cover slide that was used to cover the slide. Covering pre-
vents contamination from foreign pollen coming from either
previous honey preparations or the air. For an even dis-
persion of the glycerine jelly and uniform swelling of the
pollen grains, the sediment was left on a heating plate for 5
minutes before the observation started. The sediment was
examined under the microscope at a magnification that was
most suitable for identifying the various elements in the
sediment. Pollen grains were counted to determine their
relative frequencies [32] with a check done to ascertain the
main types and density.

Relative frequencies of identified pollen types were de-
termined through grouping and counting pollen grains in
the prepared sediment of each honey sample [10] with the
help of a microscope. For each pollen type, the relative
frequency was calculated as the respective percentage with
respect to the total number of pollen grains counted. Only
stabilised counts based on the total were expressed as
percentages [32].

Confirmation of the geographical origin of honey was
based on the identified pollen spectrum being consistent
with the flora of the particular region from which honey
samples were obtained [9, 24, 29]. Pollen from the different
plant species was distinguished based on traits such as pollen
grain size, shape/form, number, colour, and size of the
apertures (pores or furrows).

2.5. Statistical Analysis. Data was captured in Microsoft
Excel, where the mean and standard deviation of the
physicochemical property values of the sampled honey were
calculated. Analysis of Variance (ANOVA) was used to



determine the differences in physicochemical properties
parameter values of honey obtained from the five clusters in
the study area. Bonferroni test was used to reduce the
chances of obtaining false-positive results. Relative fre-
quencies of each pollen type in each honey sample were
calculated and expressed as percentages based on the total
number of pollen grains counted.

3. Results and Discussion

3.1. Physicochemical Properties of Sampled Honey. The mean
physicochemical parameter values of the honey samples
from the study and honey standard specifications as stip-
ulated in EAS, Codex Alimentarius, and EU directive for
honey are presented in Table 1.

The moisture content of the honey samples ranged
between 16.70 and 19.60%, with an overall mean of
18.09 £ 0.86%. These values were below the maximum limit
of levels recommended by EAS, Codex Alimentarius, and the
EU directive for honey. These results suggested that the
beekeepers in the study area harvested ripe and capped
honey (mature honey) which was well handled and stored
under suitable conditions, free from moisture. This further
indicated that the honey was unlikely to ferment or get an
unpleasant flavour and a shorter shelf life [24].

There was no significant difference in moisture content
percentage between honey samples obtained from the five
clusters. However, the moisture content of three honey
samples from JABADI was higher (19.60%, 19.20%, and
19.20%) than that of other honey samples. The high-
moisture content may be attributed to climatic conditions
(high humidity, rainfall) during honey harvesting, storage
conditions, or the botanical origin of the honey [33].

Total reducing sugars (TRS) (glucose and fructose)
values of the honey analysed ranged within 71.06-74.40%,
with an overall mean of 73.03 + 1.00%. These values were
above the minimum limits specified by EAS, Codex Ali-
mentarius, and EU directive for honey. The results suggested
the use of appropriate processing methods and favourable
storage conditions (i.e., areas free from moisture and high
temperatures). This also implied that the honey was not
adulterated [34] and could remain in its original state for
some time before rystallization [5].

The apparent sucrose of the honey samples ranged
within 1.11-3.17%, with an overall mean of 2.43 + 0.66. The
apparent sucrose for all the samples was below 5%, which is
the maximum limit according to EAS, Codex Alimentarius,
and EU directive for honey. These results suggest that the
honey samples studied were natural floral honey [9] and
were not adulterated. There was no significant difference in
the apparent sucrose between honey samples obtained from
the five clusters. This observation could be attributed to
similarity in some bee floral sources across the clusters, as
was noted by Lengarite et al. [14].

The acidity of the honey ranged between 19.00 and
23.00 meq/kg with an overall mean of 20.25 + 0.86 meq/kg.
These values were below the maximum limit stipulated by
EAS, Codex Alimentarius, and EU directive for honey. These
results suggested that the honey was ripe during harvesting,
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of low water content, and thus not likely to ferment [35]. The
similarity in free acidity in the different clusters may be
attributed to the similarity of the nectar sugar concentration
[36] from floral sources in the study area.

Hydroxymethylfurfural (HMF) in the honey samples
analysed ranged within 1.13-20.60 mg/kg with an overall
mean of 11.01 +5.39 mg/kg. These values were below the
maximum limit value specified by EAS, Codex Alimentarius,
and EU directive for honey. These results suggested that
honey was not overheated and adulterated during processing
[37], with the storage conditions also appropriate.

In summary, all 16 honey samples collected from the
areas surrounding the MFR were of acceptable quality and fit
for human consumption based on EAS, Codex Alimentarius,
and EU directives for honey. Based on the results, it is thus
plausible to conclude that producers and processors of
honey around the MFR took appropriate measures to
safeguard its quality.

To maintain the quality of honey produced in the study
area, there is a need to continuously train beekeepers on best
practices in honey harvesting and handling, processing, and
quality assurance. This will enhance not only the quality of
honey but also the volumes of production and value. The
formation of beekeeper/honey producer groups would fa-
cilitate collective effort in the quality assurance of honey
produced in a particular region. This would be useful in
enhancing access to various markets for the maximisation of
profits.

3.2. Botanical Origin of Sampled Honey. A total of 108 pollen
types representing 55 families and 97 genera were identified
from the 16 honey samples derived from farmers sur-
rounding the MFR (Tables 2 and 3). These pollen types
represented 46 species of trees and shrubs, 44 herbaceous
species (including grasses and sedges), and 3 species of
climbers and lianas.

The highest represented family was Euphorbiaceae with
8 genera followed by Asteraceae and Labiatae with 7 genera,
Acanthaceae and Leguminosae both with 6 genera, and
Rubiaceae, Capparaceae, Cucurbitaceae, and Malvaceae,
with 4 genera. The rest of the families were represented by
less than 4 genera. Some pollen grains/species identified in
the honey samples analysed are shown in Figure 2.

The most commonly represented genera in most of the
samples in order of abundance were the following
(N=13,362): Leucas, 23.5% (n=23,141), Leonotis, 20.1%
(n=2,686), Croton, 7.8% (n=1,048), Eucalyptus, 6.9%
(n=918), Rhus, 5.3% (n=713), and Asteraceae, 5.3%
(n=710). The occurrence of the rest of the species was below
5% (N<500). Leucas and Phyllanthus pollen types were
noted in 15 honey samples, while Croton and Leonotis pollen
types were represented in 14 samples. This is an indication of
similarities of vegetation types in the different clusters of the
study area based on climatic and edaphic factors [38].
Observation of 31.5% of the total pollen types represented
once in specific honey samples is attributed to the distri-
bution and diversity of plants in a particular area [39, 40] as
well as honeybees foraging behaviour [41].
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TaBLE 1: Physicochemical parameter results of the honey samples obtained from beekeepers around Mt. Marsabit Forest.

Study area/cluster Moisture content (%) Total reducing sugars (%) Apparent sucrose (%) Acidity (meq/kg) HMF (mg/kg)

JABADI (n=6) 18.47 £0.99 72.86 +1.09 2.25+0.81 20.50+1.38 8.53+£3.21
KAHU (n=2) 17.30+0.71 72.84+0.35 2.91+0.28 20.50+0.71 1510+2.12
MONAJIDA (n=3) 18.10 £ 0.66 72.81 £1.52 2.48+0.70 20.00 £ 0.00 12.08 £9.96
QISA (n=2) 17.45+1.06 74.21+0.28 2.30+0.44 20.00 £ 0.00 14.85+8.13
SOKI (n=3) 18.27 £0.61 72.96 +0.79 2.50+0.81 20.00+£0.00 9.62+1.75
Bonferroni p-value 0.441 0.589 0.849 0.888 0.487
Honey standards specifications

EAS <22 >60 <5 <40 <80
Codex <20 =60 <5 <50 <40

EU directive <20 >60 <5 <50 <40

TaBLE 2: Pollen types (>3%) in honey samples from study clusters.

Cluster

Pollen type/area
MONAJIDA SOKI QISA JABADI KAHU

Croton sp.
Leonotis sp.
Leucas sp.
Eucalyptus sp.
Solanum sp.
Rhus natalensis
Asteraceae
Heliotropium sp.
Acalypha sp.
Labiatae
Alchornea sp.
Indigofera sp.
Olea sp.

Myrica sp.
Phyllanthus sp.
Ageratum sp.
Syzygium sp.
Cadaba sp.
Legume sp.
Cucumis sp.
Neubotonia sp.
Epilobium sp.
Salvadora sp.
Hypitis sp.
Commiphora sp.
Phyllanthus sp.
Kedrostis sp.
Cassia sp.
Basilicum sp.
Legume sp.
Euphorbia sp.
Heliotropium sp.
Hyphaene sp.
Rubiaceae
Capparis sp.
Cleome sp.
Rutaceae
Justicia sp. v
Loranthus sp. v
Achyranthes sp.

Lannea sp.

Grewia sp.

Ocimum sp.

Neubotonia sp.

Abutilon sp.

Acacia sp.

Brucea sp.
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TaBLE 3: Pollen types (<3% minor pollen) in honey samples from study clusters.

Cluster

Pollen type/area
MONAJIDA SOKI QISA JABADI KAHU

Abutilon sp.
Acacia sp.
Acalypha sp.
Acanthus sp.
Adenia sp.
Ageratum sp.
Albizia sp.
Alchornea sp.
Allophylus sp.
Aloe sp.
Amaranthaceae
Anthospermum sp.
Asclepiadaceae
Asteraceae

Bidens pilosa
Boerhavia sp.
Canthium sp. v/
Capitanya sp. /
Capparis sp.
Cardiospermum sp.
Casuarina sp.
Cissus sp.

Cleome sp.
Combretum sp.
Commelina sp.
Commicarpus sp.
Commiphora sp.
Corbichonia sp.
Cordia sp.

Croton sp.
Cruceferae
Cucumis sp.
Cucurbitaceae
Cyperaceae v/
Diospyros sp.

Dracena sp.

Ecbolium sp. /
Elaeagnus sp.
Epilobium sp.
Eucalyptus sp.
Euclea sp.
Euphorbia sp.
Grewia sp.
Gunneropsis sp.
Heliotropium sp.
Hibiscus sp.
Hildebrandtii sp.
Hippocratea sp.
Hyphaene sp.
Hypitis sp.
Hypoestes sp.
Indigofera sp.
Ipomea sp.
Jatropha sp.
Justicia sp.
Kedprostis sp.
Kleinia sp.
Lannea sp.

Legume sp. v N N

Y y
v Y v
\/
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TaBLE 3: Continued.

Pollen type/area
MONAJIDA

SOKI

Cluster

QISA JABADI KAHU

Leonotis sp. v
Leucas sp.

Loranthus sp. v N
Luffa sp.
Maerua sp.
Maesa sp.
Malvaceae
Mitracarpus sp. v
Mpyrica sp. v
Myriophyllum sp. v/
Neubotonia sp.

Nicotiana sp.

Nymphea sp.

Ocimum sp. v
Olea sp.

Pavonia sp.

Peristrophe sp.

Phyllanthus sp. v v
Pluchea sp. v

Poaceae
Portulaca sp.
Proteaceae

Rhus natalensis
Rhynchosia sp.
Ricinus sp.
Rubiaceae
Ruellia sp.
Rumex sp.
Rutaceae
Salvadora sp.
Sesbania sp.
Solanum sp.
Sphaeranthus sp.
Stemodia sp.
Sueda sp.
Syzygium sp.
Tamarindus sp.
Tribulus sp. v

Trichocladus sp.

Vernonia sp.

Ximenia sp.

Ziziphus sp. +\/

<<
<<

<<

LR <
LR 2 R k<

<
S U S N

<L R Rr R <

<<

<<
<_

<<
< R

S N N N N

According to the pollen types and assemblages observed,
the diversity of plant species varied across the honey sam-
ples. A sample from Monajida had the highest species di-
versity, 39.8% (n=43) of the total pollen types identified
(N =108), followed by two samples from Jabadi, with 38%
(n=41), and then two samples from Soki, with a 30.6%
(n=33) of the pollen types. Another sample from Jabadi had
the lowest plant species diversity, with only eight pollen
types (7.4% of the total identified). Finally, a sample from
Monajida had the highest count of pollen assemblage
(12.5%). In comparison, a sample from Soki had the lowest
count of pollen assemblage (1.8%); however, it was among
the samples with high species diversity of represented plants.

These results suggest the preference of honeybees to
forage on more than one plant species across the five clusters

depending on their availability (season of production) and
floral reward (nectar or pollen), as noted by Fidalgo and
Kleinert [42]. Bees visit flowers with promising floral re-
wards that can be foraged at minimal cost (time and energy)
[43]. This further highlights the significance of the MFR and
the surrounding agroecosystems as an important floral
source for honeybees of diverse plant species.

Some of the pollen types identified belong to genera
perceived to have medicinal value in the study area (e.g.,
Grewia tenax and Commelina benghalensis), as noted by
Mubhati et al. [18]. It is thus plausible that the honey pro-
duced from the nectar of these plants is likely to have some
medicinal properties. The importance of the medicinal plant
use in MFR and the island forests in Northern Kenya cannot
be gainsaid [44-49]. During the study, most beekeepers
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FIGURE 2: Some of the pollen grains/types identified in honey samples.

around the MFR acknowledged the use of honey produced
within the region to treat diseases like colds, coughs,
wounds, and stomach-related problems. These medicinal
properties can enhance the reputation and market demand
for honey produced around the MFR.

This has been possible for Manuka honey in New
Zealand, whose demand and market access were associated
with methylglyoxal, an antibacterial compound found in the
Manuka tree (Leptospermum scoparium), which dominates
the production area [50].

Pollen types identified from the honey samples analysed
represented naturally occurring and introduced plant spe-
cies in the MFR and its surroundings [44-51]. This presents
an opportunity to link honey characteristics (physico-
chemical properties, taste, colour, and smell) with origin
(floral source). On the other hand, honeybees are important
pollinators of most plant species represented by identified
pollen types [41]. Protection of the MFR and pollination of
plant species in the forest can enhance the continued re-
generation of floral sources and, thus, the survival of bees,
translating to increased honey production. Furthermore,
pollination also facilitates crop production and regeneration
of nontimber forest products, e.g., forage and medicinal
herbs that enhance community livelihoods.

Diverse floral sources contribute significantly to the
characteristics/properties of honey [8]. Therefore, pollen
analysis provides information that links pollen types with
honey characteristics, which is useful in establishing the
market. Given Kenya’s current focus on the conservation

and sustainable development of natural resources in the arid
and semiarid areas [15], benefits derived from interactions
between honeybees and plant species in the MFR present a
good justification for the sustainable utilisation and con-
servation of the forest and its environments to maintain
honey characteristics.

4. Conclusion and Recommendations

Our study examined the physicochemical properties of
honey produced from the areas surrounding MFR, their
compliance with honey standards, and the bee floral re-
sources that could form a link between honey characteristics
with their origin. The study established that the honey
produced around the MFR was of good quality that meets
the specifications of existing local and international honey
standards. Pollen (melissopalynological) analysis showed
that honey was produced from nectars of flowering plants
originating from the MFR and its environments. Different
pollen spectrum was noted across analysed honey samples
based on existence, flowering seasons, and richness of floral
sources in the different clusters of the study area. The
composition and compliance of honey produced around the
MFR with existing standards can influence its authentication
and positive reputation, thereby facilitating its entry into the
varjous niche markets. These results highlight the need for
training honey processors and traders and facilitation on
quality assurance and certification of honey to compete in
the regional market. Encouraging beekeeping within/around
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the MFR can facilitate the production of quality honey and
conservation of the forest, thereby diversifying community
livelihoods. Therefore, forest conservation initiatives in the
MEFR need to incorporate sustainable beekeeping activities.
While our study determined the physicochemical properties
of honey produced from the areas surrounding the MFR,
and the bee floral resources that link honey characteristics to
their origin, changes that occur in individual physico-
chemical parameters during storage were not undertaken.
Conclusive studies to shed more light on the variability of
the sucrose, reducing sugars, acidity, and hydrox-
ymethylfurfural (HMF) content of honey samples in MFR
over time relative to other jurisdictions may be necessary.
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