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Summary
Unifloral honeys have been shown to contain variable components which give each honey a special and individual organoleptic nature. The

aim of this work was to characterize for the first time the composition and properties of unique and aromatic Finnish unifloral honeys from

raspberry (Rubus idaeus) and fireweed (Epilobium angustifolium). Water content, electrical conductivity, pH, diastase and invertase activity,

colour, sugar and phenolic content, melissopalynological characteristics and organoleptical properties were analysed. Raspberry and fireweed

honey have low electrical conductivity and diastase number and are rich in fructose. Both honeys have six disaccharides, while raspberry

honey and fireweed honey have two and three oligosaccharides, respectively. The total number of identified phenolic compounds was twenty-

six (26), of which twenty-five (25) were found in raspberry honey and twenty-four (24) in fireweed honey. The ratio of phenolic acids to

flavonoids was 2.26 in raspberry honey and 0.89 in fireweed honey. In raspberry honey 71% of pollen grains originated from Rubus species

and in fireweed honey only about 3% of pollen grains originated from E. angustifolium. Both honeys were light in colour and had weak and

pleasant odour and taste, but crystal formation was quick in raspberry honey and slow in fireweed honey. Our results suggest that sensory

assessments, sugar content and phenolic acids/flavonoids ratio are the best criteria in distinguishing these two unifloral honeys.
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Introduction
Unifloral honeys which bees produce mainly from flowers of one

plant species have unique and individual organoleptic nature due to

honey-specific amounts and combinations of various components.

Unifloral honeys are valuable in two ways: they may consist of

substances that are beneficial to human health and their commercial

value may be greater than that of multifloral honeys. The most

important techniques to determine the unifloral origin of honeys are

physicochemical, melissopalynological and organoleptic analyses. In

addition, plant derived secondary metabolites such as phenolic acids

and other phenolics can be helpful in the determination of the

botanical origin of honey (Bogdanov et al., 2004).

In Finland, in Northern Europe, there are around 2,000

beekeepers maintaining about 50,000 bee colonies, and the total

honey yield ranges from 1 to 3 million kilograms annually with the

average honey yield being from 26 to 56 kg per colony per annum

(Anonymous, 2008). The phytogeographic regions of Finland are

hemi-, southern-, middle- and northern boreal zones and

predominant forest types range from mesic, nutrient-rich to

oligotrophic dry heath coniferous forests (Ahti et al., 1968; Hämet-

Ahti, 1988). In Eastern, Central and Northern Finland the main honey

yield comes from wild forest plants such as Salix spp., Epilobium

angustifolium, Calluna vulgaris, Trifolium spp., Sorbus aucuparia,

Taraxacum spp, Menyanthes trifoliata, Astragalus spp, and Geranium

spp., as well as wild berries such as Rubus idaeus, Vaccinium myrtillis

and V. vitis-idaea. In Southern and Western Finland the plants

producing the main honey yield are cultivated Brassicaceae species

(Brassica rapa ssp. oleifera and B. napus ssp. oleifera) and wild

Rubus species (Salonen et al., 2009). The growth season in Finland is

very short with many plant species blooming simultaneously and the

honey crop is collected within 5 to 6 weeks (Korpela, 2009). Until the



present, most Finnish beekeepers have collected honey from their

colonies only once a year. Therefore Finnish commercial honey is

typically polyfloral nectar honey. In some years, under favourable

weather conditions, fireweed (E. augustifolium), heather (C.

vulgaris), dandelion (Taraxacum spp.), turnip rape (B. rapa ssp.

oleifera), raspberry (R. idaeus), and lingonberry (V. vitis-idaeus)

could be relevant unifloral honey producing plants.

R. idaeus, which attract bees with its sugar-rich and

abundant nectar (Crane et al., 1984), is widely distributed in

Finland. According to Salonen and colleagues (2009) most of the

honey yield in Eastern, Central and Northern Finland is collected

from R. idaeus. Moreover, it is known that E. angustifolium, a

perennial weed which is native throughout the temperate Northern

Hemisphere, produces large amounts of nectar for honeybees in

favourable weather conditions. These two pioneer plants grow

abundantly in open fields, pastures, burn areas, and in Finland

particularly in clear-cut areas. Raspberry and fireweed represent an

important resource for honey production in those areas where

neither rapeseed nor clover is cultivated (Salonen et al., 2009),

particularly since these two pioneer plant species have become

common in Finnish forests in clear-cut areas (Hotanen et al., 2000;

Lampinen and Lahti, 2008). In these areas Finnish beekeepers are

able to collect unifloral raspberry honey from the end of June till mid

-July and fireweed honey from  mid July till August.

In recent years, some Finnish beekeepers have started to

produce unifloral honeys for commercial purposes and are even

exporting them with a good price. Therefore there is both a

commercial and scientific interest in the Finnish honey markets to

characterize unifloral honeys. There is little information on the

composition of unifloral honeys from the boreal coniferous zone

albeit thorough presentations of Crane, Walker and Day (1984) and

only basic data on Finnish honey (Varis et al., 1983). Nor are there

any published studies of phenolic content or oligosaccarides in

Finnish honeys. The aim of this work is to find the physicochemical

values for unifloral Finnish honeys from raspberry (R. idaeus) and

fireweed (E. angustifolium) and to describe their sensorial

properties, melissopalynology as well as phenolic content to see if

these values and properties can be used as a basis to distinguish

them from each other and from other Finnish unifloral and

multifloral honeys.

Materials and methods
Honey samples

With the help of the Finnish Beekeepers Association, twenty-two

samples of raspberry and forty-two samples of fireweed unifloral

honey were collected (Table 1). In order to select truly

representative unifloral honeys, raspberry honey samples were

selected by the number of Rubus pollen grains (>250 Rubus pollen

grains out of 400), whereas fireweed honey samples were selected

by their organoleptical characteristics (e.g. water-white colour tone

and taste). All samples were stored in a refrigerator in the dark until

analysis.

Physical analysis

Physical analysis were conducted according to the analytical methods

harmonized by the International Honey Commission (Bogdanov,

2009). Water content was determined directly from the honey using

a digital refractometer (Atago 4422 PAL-22S Digital Pocket Honey

Refractometer). To determine electrical conductivity, a dose of honey

with 10 g of dry matter in it was dissolved in 50 mL of MilliQ water

and conductivity was measured with Multiline P4 Universal Meter. pH

was measured with PHM 210 standard pH Meter (Meter Lab

Radiometer, Copenhagen) from a 10% honey-aqua solution.

Invertase and diastase activity

Both invertase and diastase activity were determined by the methods

suggested by the International Honey Commission (Bogdanov, 2002).

Invertase activity is expressed as invertase number. Diastase activity

was determined by Phadebas method and the diastase activity is

expressed as diastase number in Shade units.

Organoleptical properties

The organoleptical properties of the honey samples were analysed

with the slightly modified method suggested by the Piana et al.

(2004). Visual, olfactory and tasting characteristics were evaluated

and the scores were noted on an evaluation form.

Analysis of colour

The colour of the raspberry, fireweed and polyfloral Finnish honey

samples were determined with the Perkin Elmer Lambda 1050

spectrophotometer. Spectral transmittance was measured in a

cuvette cell with a 1 cm path length.  CIELAB colour coordinates

were calculated by methods recommended by the International
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Raspberry
honey samples

Fireweed
honey samples

Commercial
honey 1

Commercial
honey 1

Research
apiaries 2

2006 13 10

2007 9 7 15

2009 10

Table 1. Date and origin of the honey samples studied

1 samples from Finnish Beekeepers Association
2 samples were collected directly from honey comb.



Commission of Illumination (CIE) (C.I.E., 1986). L*a*b* colour

coordinates were calculated by using a 10 degree observer (1964)

and a daylight illumination D65. L* stands for the lightness and a*

and b* for the chromaticity.

Sugar analysis

Twelve fireweed and five raspberry honey samples were analysed

based on the procedure suggested by Bogdanov (2009) for di- and

oligosaccharides using high-performance liquid chromatography

(HPLC).

The 0.5% honey aqua-acetonitrile solutions analysed were

eluted with isogratic aq. 75% acetonitrile elution solvent with the

HPLC-instrument (Agilent, Series 1100, Germany) containing binary

pump (G1316A), a thermostated autosampler (G1329A),

thermostated column oven (G1316A) and refractive index detector

(RID) (G1362A) combined with HP Chem Station Software. The

Column used was Zorbax, carbohydrate, 4.6 x 1500 mm with 5 µm

particle size. The HPLC-chromatograms of the samples were

compared with those of commercial standards for qualification and

quantification.

Melissopalynological analysis

The qualitative melissopalynological characteristics were studied

from twenty-two raspberry and eleven fireweed honey samples

(Louveaux et al., 1978). Ten g of each honey was used and at least

400 pollen grains in each sample were counted.

Analysis of phenolic compounds

Phenolic content of seven fireweed and five raspberry honey

samples were analysed by using high-performance liquid

chromatography (HPLC) according to a slightly modified method of

Thomas-Barberan et al. (2001). Twenty-five grams of honey was

dissolved in 250 mL of acidified MilliQ water (pH 2.1) and mixed with

amberlite XAD-2 resin in a separation funnel. After ten minutes at

room temperature the acidified water was separated. Sugars and

polar compounds were eluted with acidified water (300 mL). After

washing the amberlite with neutral water (300 mL), phenolic

compounds were recovered with methanol (300 mL). Methanol from

the extract was concentrated using a vacuum-evaporator at 40°C

and samples were stored at + 5°C until analysed. For HPLC analysis

5 ml of water was added and samples were extracted three times

with 5 mL diethyl ether. The ether extract was concentrated under

nitrogen gas flow, and the sample was dissolved into methanol (0.25

mL) and MilliQ water (0.25 mL). Each honey sample was

fractionated and analysed in duplicate. Phenolic compounds were

analysed using HPLC-instrument (Agilent, Series 1100, Germany)

containing a binary pump (G1316A), a thermostated autosampler

(G1329A), a thermostated column oven (G1316A) and a Diode Array

Detector (DAD) (G1315B) combined with HP Chem Station Software.

The column used was Zorbax, SB-C18, 4.6 x 75 mm with 3.5 µm

particle size. Elution solvents were aq. 1.5% tetrahydrofuran +

0.25% orthophosphoric acid (=A) and 100% methanol (=B). The

samples were eluted according to the following gradient: 0-5 min

100% A; 5-10 min 85% A, 15% B; 10-20 min 70% A, 30% B; 20-50

min 50% A, 50% B; 50% B; 50-55 min 100% B. The flow rate was 2

ml/min and the autoinjection volume was 20 µL. The temperature of

column and injector was +30 and +20°C, respectively. The HPLC

runs were monitored at 220 and 320 nm.

The quantification of the phenolic compounds was based on the

commercial standards (expressed as mg/g equivalents):

protocatechuic acid (Sigma Aldrich) for protocatechuic acid; ferulic

acid (Aldrich) for ferulic acid, cinnamic acid derivatives, p-OH-

cinnamic acid derivatives and caffeic acid derivative; chlorogenic acid

(Roth) for chlorogenic acid derivatives; vanillic acid (Fluka AG) for

vanillic acid; benzoic acid (Sigma) for benzoic acid and benzoic acid

derivatives; ellagic acid (Fluka AG) for ellagic acid; quercetin 3-O-

rhamnoside (Apin Chemicals Ltd) for  quercetin 3-O-rhamnoside,

kaempferol 3-O-rhamnoside (Apin Chemicals Ltd) for  kaempferol 3 O

-rhamnoside; luteolin (Roth) for luteolin; quercetin (Aldrich) for

flavonoid derivative; isorhamnetin (Roth) for rhamnetin derivatives;

galangin (Aldrich) for galangin derivatives; apigenin (Roth) for

apigenin; naringenin 7-glucoside (Roth) for methyl-naringenin; and

kaempferol (Roth) for kaempferol derivative.

The identification of the phenolic compounds was based on the

HPLC/MS-identification of the MS-ions or on comparison of retention

times and spectral characteristics as described in Julkunen-Tiitto and

Sorsa (2001) and Keski-Saari and Julkunen-Tiitto (2005). The

recovery for naringenin with the method was 42%.

Results
The physical characteristics of fireweed and raspberry honey are

summarized in Table 2. For comparison, some details of the physical

parameters of multifloral Finnish honey are represented. Water

content of honey is not a stable property of honey because it also

depends on humidity and other factors. Thus, it gives an insight into

the quality of honey samples. Invertase and diastase activity

measurements are widely used as a honey freshness indicator and

they have a great natural variation. In Figure 1 chromaticity

coordinates a* and b* are plotted against each other. Raspberry and

polyfloral honeys were more chromatic (i.e. a* and b* values are

bigger) than fireweed honeys, but there was variation within each

honey group.

Both  unifloral honeys studied are rich in fructose and their F/

G ratio is high (Table 3). All samples contained multiple disaccharides

including sucrose, turanose, maltose or trehalose (peaks

overlapping), isomaltose and two unknown disaccharides. For

130 Salonen, Hiltunen, Julkunen-Tiitto
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Raspberry honey Fireweed honey

Parameter n Mean ± s.e. C.V. n Mean ± s.e. C.V. n Mean      Range

Moisture (%) 22 16.3 ± 0.25 7.2 42 16.1 ± 0.2 7.7 1151 16.92 13.2-21.6

Conductivity (µS/cm) 22 191.4 ± 11.0 27.0 42 179.9 ± 5.7 20.4 1151 272.12 101-1882

pH 22 4.1 ± 0.03 3.3 31 3.8 ± 0.03 4.2 158 4.01 3.6-4.6

Diastase activity (ID) 13 8.2 ± 0.48 21.2 31 9.1 ± 0.5 30.1 10 30.11 9.7-46.1

Invertase activity 22 62.5 ± 6.09 45.6 31 56.7 ± 5.1 50.6 1151 92.52 9-267

Finnish Polyfloral honey

Table 2. The physical parameters of raspberry, fireweed and Finnish polyfloral honey samples.

s.e.= standard error of the mean.   C.V. = coefficient of variation. 1 = Varis et al., 1983. 2 = Salonen et al., 2009. For honey samples

collected by the Finnish Beekeepers Association for quality analysis  in years 2000-2008.

Fig. 1. Colour of raspberry, fireweed and Finnish polyfloral honey. Chromaticity coordinates a* and b* are plotted against each other.
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Raspberry honey Fireweed honey Finnish polyfloral honey

R.t.  Sugar n Mean± s.e C.V. n Mean± s.e C.V. n Mean     Range

4.4   Fructose (g/100g) 22 41.5 ± 0.4 4.21 32 41.2 ± 0.15 2.1 158 47.34 38.5-58.4

5.2   Glucose (g/100g) 22 34.0 ± 0.5 7.0 32 30.4 ± 0.22 4.0 158 43.94 34.3-54.5

7.4   Saccharose (g/kg) 6 0.44 ± 0.09 65.3 12 1.31 ± 0.09 34.9

8.1   Turanose (g/kg) 6 2.35 ± 0.10 14.0 12 1.67 ± 0.09 25.2

8.5   Unknown 1 6 peak 12 peak

9.2   Unknown 2 6 peak 12 peak

9.7   Maltose/Trehalose (g/kg) 6 0.88 ± 0.071 25.6 12 0.83 ± 0.02 1 11.6

11.0  Isomaltose (g/kg) 6 1.75 ± 0.21 37.9 12 2.85 ± 0.15 25.3

11.7  Gentiobiose (g/kg) 6 0 12 0

13.6  Melezitose/ Erlose (g/kg) 6 0.58 ± 0.062 32.0 12 0.51 ± 0.043 42.4

15.0  Unknown 3 6 peak 12 0

16.5  Raffinose (g/kg) 6 0 12 trace

20.3  Panose 6 0 12 trace

Fruct./Gluc.ratio 22 1.22 ± 0.02 32 1.36 ± 0.01 158 1.1

Gluc./Water ratio 22 2.10 ± 0.05 32 1.87 ± 0.03

Fruct.+Gluc. g/100 g 22 75.4 ± 0.78 32 71.6 ± 0.30

Table 3. Composition of mono-, di- and oligosaccharides, fructose/glucose and glucose/water ratios and total amount of monosaccharides in

raspberry, fireweed and Finnish polyfloral honey samples.

s.e.= standard error of the mean. 1 Peaks overlapping, calculated as trehalose. 2 Peaks overlapping, calculated as melezitose, one sample did

not have this peak. 3 Peaks overlapping, calculated as melezitose. 4 Reference: Varis et al., 1983.

Fig. 2. HPLC-chromatograms (RID) of the sugar standards and fireweed honey sample.



oligosaccharides, raspberry honey contained erlose or melezitose

(peaks overlapping) and traces of one unknown oligosaccharide,

while fireweed honey samples contained erlose or melezitose (peaks

overlapping) and traces of raffinose and panose (Fig.2).

Melissopalynological analysis revealed (Table 4) that in

raspberry honey samples more than 70% of  pollen grains came

from Rubus species (Fig.3) while all other pollen groups contributed

less than 5% to the total. In fireweed honey samples the average

amount of Epilobium pollen grains (Fig.4) was only 3.3% while

44.5% of pollen grains originated from Rosaceae species and 18.4%

from Trifolium species.

Twenty-six different phenolic compounds in the samples of

these two unifloral honeys were identified (Table 5): twenty-five in

raspberry honey and twenty-four in fireweed honey. There were six

cinnamic acid derivatives, two chlorogenic acid derivatives, caffeic

acid phenethyl ester (CAPE), benzoic, vanillic, ellagic and

protochateuic acids, tetragallyoglucose, cis-stillbene, as well as

eleven flavonoids or their derivatives. Traces of luteolin and cis-

stilbene were found only in some raspberry honey samples. ρ-OH-

cinnamic acid derivative 1 and ferulic acid showed the greatest

amounts in raspberry honey samples while in fireweed honey

samples kaempferol-3-O-rhamnoside and ρ-OH-cinnamic acid

derivative 1 showed the greatest amounts.

In sensory analysis the weak odour of raspberry honey was

described as “fruity, floral, pear apple, beeswax, candied fruits,

hyacinth and subtle”. Tasting assessments indicated that this honey

had medium sweetness and weak acidity and bitterness. Weak aroma

of raspberry honey was described as “vanilla, floral, citrus, pear

apple, candied fruits and even leafy wood” and it had medium

persistence or after-taste. Fireweed honey had very light (almost no

colour) colour intensity and bright water-like colour tone. A weak

odour was described as “dry hay, weak pale malt, exotic fruit and

fruit (apple)”. Its sweetness was between medium and strong, and

acidity as well as bitterness was weak. Descriptions for aroma were

“floral, exotic fruit, floral, brown sugar, a trace of grapefruit and

almond paste”. Short to medium after-taste was found for fireweed

honey.

Discussion
Raspberry honey

Raspberry honey exhibited values of low electrical conductivity and

diastase number. Enzyme activity in honey decreases during storage

and in heat treatment, thus it should be measured using fresh honey.

Samples available for this study were not fresh so it is unsure

whether the low diastase number was due to the rich nectar flow of

raspberry flowers or to the age of the honey. The colour of the

raspberry honey was near to that of Finnish polyfloral honey.

However, the age of the samples affects the colour of the honey too,

and more reliable results for colour could have been achieved with

fresh samples.
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Pollen group Raspberry Fireweed
% %

Salix 4.7 ± 0.9 8.9 ± 2.4

Brassicaceae 3.2 ± 0.8 5.1± 1.8

Rosaceae 4.2 ± 1.0 44.5± 5.0 1

Rubus 71.1 ± 2.3

Trifolium 4.6 ± 0.7 18.4 ± 3.4

Epilobium 0.5 ± 0.1 3.3 ± 1.1

Vaccinium 2.0 ± 0.8 1.6 ± 0.6

Filipendula 1.2 ± 0.4 9.8 ± 2.2

Others 8.6 ± 1.8 8.8 ± 2.0

Table 4. Melissopalynological analysis of Finnish honeys.

70 µm

20 µm

Fig. 3. Pollen grain of Rubus ideaus.

Fig. 4. Pollen grain of Epilobium angustifolium.



Regardless of high fructose content and F/G ratio, raspberry

honey crystallised quite quickly forming very small crystals and the

structure becomes soft and creamy. Crystallisation turned the colour

to whitish. This honey had weak and pleasant odour and taste.

Test results concerning di- and oligosaccharides of the honey

yeilded the same findings as Maurizio’s (1964) early research on the

sugar content of unifloral honeys: that there were low quantities of

disaccharides but hardly any oligosaccharides in raspberry honey.

The amount of monosaccharides was over 75% and sucrose only

0.44%.  The quantity of turanose was higher than in fireweed honey

samples. Unfortunately there was not any earlier research on the di-

or the oligosaccharides of Finnish polyfloral or unifloral honeys which

could have been used as reference here.

Pollen grains of Rubus species in Finnish honey mostly

originates from Rubus ideaus, wild or cultivated, and in minor

quantities also from other Rubus species like R. chamaemorus, R.

arcticus and R. saxatilis. Pollen from Rubus species was normally

represented (Bryant and Jones, 2001) and was found in almost every

Finnish honey sample (Salonen et al., 2009). Accordingly, in the

available raspberry honey samples Rubus species formed the highest

pollen grains group (more than 70%).

The plant-derived phenolic compounds in honey originate

from nectar or propolis. Bankova et al. (2006) reported the presence

of pinobanksin and its derivatives, pinocembrin, chrysin, galangin,

pentenyl caffeates, bentsyl caffeates, phenethyl caffeate, phenolic

glyserides and diterpenic acids in propolis samples from Middle

Europe. We have started a study on the phenolic compounds of

Finnish propolis, but at present it is not possible to estimate which

phenolic compounds in our honey samples are propolis-derived.

According to our results to date, it seems that there is no phenolic

compound that could be confirmed as a botanical marker of

raspberry unifloral honeys.
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Phenolic compound Raspberry Fireweed Identification

µg/g R.t. Mean± s.e. Mean± s.e. uv-spectrum MS

Protocatechuic acid1 4.0 0.21 ± 0.02 0.19 ± 0.03 x 155 (M+H)
Cinnamic acid der 11 7.5 0.27 ± 0.04 0.09 ± 0.02 x
Vanillic acid1 8.5 0.63 ± 0.07 0.45 ± 0.06 x 169 (M+H), 191 (M+Na)
Chlorogenic acid der 1 10.4 0.57 ± 0.07 0.36 ± 0.04 x 455
ρ-OH-cinnamic acid der 1 13.3 1.45 ± 0.18 0.85 ± 0.17 x 165 (M+H)
Benzoic acid*1 13.5 0.32 ± 0.03 0.37 ± 0.13 x 123 (M+H), 145 (M+Na)
Ferulic acid 14.4 1.33 ± 0.14 0.84 ± 0.17 x 195 (M+H), 217(M+Na)
Cinnamic acid der 2 14.6 0.27 ± 0.04 0.12 ± 0.02 x 179 (M+H), 201 (M+Na)
Tetragallyolglucose 16.2 0.54 ± 0.18 trace x
Ellagic acid 20.8 0.06 ± 0.01 0.01 ± 0 x 303(M+H)
Cinnamic acid der 31 22.4 0.21 ± 0.03 0.16 ± 0.02 x
Quercetin 3-O-rhamnoside 23.9 0.29 ± 0.04 0.56 ± 0.04 x 471 (M+H)
Kaempferol 3-O-rhamnoside 27.4 0.87 ± 0.17 2.50 ± 0.18 x 455 (M+H)
flavonoid der 1 28.1 0.19 ± 0.02 0.06 ± 0.01 x
Rhamnetin der 1 29.1 0.08 ± 0.05 0.14 ± 0.02 x
Luteolin 30.5 trace - x
Galangin der 11 33.2 0.77 ± 0.14 0.24 ± 0.03 x 271 (M+H)
Galangin der 21 33.8 0.22 ± 0.03 0.24 ± 0.05 x 271 (M+H)
Apigenin 34.4 0.03 ± 0.01 0.02 ± 0.01 x 271 (M+H)
Rhamnetin der 2 34.7 trace 0.01 ± 0.01 x
ρ-OH-cinnamic acid der 2 35.8 trace trace x 355, 179
Kaempferol der 37.4 - trace x
Methyl-naringenin 38.3 0.13 ± 0.02 0.22 ± 0.04 x 287 (M+H)
Chlorogenic acid der 2 40.1 0.02 ± 0.01 0.05 ± 0.01 x
cis-Stilbene1 43.9 1.92 ± 1.68* - x
CAPE 45.8 0.03 ± 0 0.05 ± 0.01 x 307 (M+Na)

Total amount of phenolic compounds 10.48 7.58
Amount of phenolic acids 5.93 3.56
Amount of flavonoids 2.62 4.01
Ratio: phenolic acids/ flavonoids 2.26 0.89

Table 5. Identified phenolic compounds, their identification method, retention time and average quantity in raspberry and fireweed honey

samples.

der = derivative of mentioned compound.  R.t. = retention time.  s.e.= standard error of the mean. 1 monitored at 220 nm.  * only in two

samples



In some cases the profile of phenolic compounds or the

amount of any individual phenolic compound does not assist in the

differentiation of unifloral honeys. In these circumstances the

content of total phenolic compounds, total phenolic acids or total

flavonoids may be used (Yao et al., 2004; Al et al., 2009). In our

raspberry honey samples the total amount of phenolic compounds,

phenolic acids and flavonoids were 10.48, 5.93 and 2.62 µg/g of

honey, respectively. The ratio of phenolic acids to flavonoids can

also be used as one marker of the unifloral honey. In our raspberry

honey samples it was  2.26.

Some of the phenolic compounds that were found in the

raspberry honey samples tested here have also been found in other

unifloral honeys. As an example, Ferrares et al. (1996) suggested

that ellagic acid could be one biochemical marker for heather honey,

but here minute amounts of ellagic acid in our raspberry honey

samples were found. Similarly Dimitrova et al. (2007) found vanillic,

ferulic and protocatechuic acid in Bulgarian heather honey samples.

Fireweed honey

Two generally accepted observations about fireweed honey were

established with this study. Firstly, sensory assessments and colour

analysis confirmed that fireweed honey has very light colour

intensity and water-like colour tone, which makes it easily

recognisable and distinguishable from other Finnish uni- and

polyfloral honeys. Secondly, high fructose content and F/G ratio

confirmed the observation made by Finnish beekeepers: pure

fireweed honey crystallised very slowly and tended to stay in a

liquid, non-crystallised state. Thus, the results of our study disagree

with the observations of the rapid crystallisation of fireweed honey

presented in Crane et al. (1984).

As nearly colourless honey (Fig. 1.) fireweed honey had low

electrical conductivity.  Its diastase number was low as well, which

could be a sign of a rich nectar flow. To make this conclusion,

analyses from fresh samples would have been needed. We found

the same disaccharides in fireweed honey as in raspberry honey, but

the amounts of saccharose and isomaltose were higher than those

in raspberry honey. The oligosaccharide content was different; there

were low levels of erlose or melezitose and traces of raffinose and

panose in fireweed honey samples. The quantity of turanose was

lower than that in raspberry honey samples.

The quantity of pollen grains in fireweed honey samples was

much lower than in polyfloral honey samples and the pollen grains

from fireweed were highly under-represented (Bryant and Jones,

2001). In our fireweed honey samples only 3.3% of pollen came

from E. angustifolium. However, the structure of the E.

angustifolium flowers is such that bees are able to collect nectar

without touching the pollen bearing anthers, and its pollen grains

are so large (Fig. 4) that bees are able to filter them easily out from

the nectar while they fly from the forage flowers to hive (Bryant and

Jones, 2001).

In fireweed honey the amount of kaempferol 3-O-rhamnoside

has clearly greater than that in raspberry honey. Otherwise the

phenolic content was similar to that of raspberry honey. However,

here we are assisted by the total amount of phenolic compounds,

phenolic acids and flavonoids in fireweed honey, which were 7.58,

3.56 and 4.0 µg/g of honey, respectively. Accordingly, the ratio of

phenolic acids to flavonoids of the fireweed honey was much lower

than that of rapberry honey; it was 0.89.

Gheldof et al. (2002) have conducted studies on the phenolic

content of the fireweed honey samples from North-America. The

phenolic compounds found in our study was different from their

samples which contained p-hydroxybenzoic acid, p-coumaric acid,

cinnamic acid, pinobanksin, pinocembrin and chrysin.  Kaempferol 3-

O-rhamnoside or quercetin 3-O-rhamnoside was not reported in their

fireweed honey, although these compounds seem to be plant derived

compounds.

Distinguishing raspberry and fireweed unifloral honeys

We found two useful tools, apart from sensorial properties, with

which these two unifloral honeys can be distinguished from one

another: di- and oligosaccharide content and phenolic acids-flavonoid

ratio. However, more research is needed on the Finnish unifloral

honeys in order to get reference material.

Moreover, the crystallisation rate separates these two honeys.

The quantity of fructose and F/G ratio of fireweed and raspberry

honey were almost the same. Nevertheless, crystallisation of

raspberry honey was much faster. Demianowicz (1961) discovered

that different unifloral honeys have different absolute pollen

concentrations. According to his findings there are 750 to 2,500

pollen grains/10 grams in fireweed unifloral honey, whereas in

raspberry honey these numbers vary between 48,000 and 96,000.

Because pollen grains function as crystallisation initiators, the

different number of pollen grains may explain the difference in the

crystallisation rate. These aspects need to be studied in the future,

especially since the demand of liquid, non-crystallized honey in

Finnish honey markets seems to be growing.
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