ASCORBIC ACID CONTENT OF GREEK UNIFLORAL HONEYS
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Abstract

Honey contains negligible amounts of vitamins, with vitamin C (ascorbic acid) being the most abundant one. It has been reported that vitamin C content of honey depends on its botanical origin. 
In the present study a rapid screening refrectometric method was employed to determine the ascorbic acid content of Greek unifloral honeys. The results obtained made it possible to categorize the unifloral honeys examined into 3 groups: honeys with low content (80 – 282 mg/kg) such as fir, pine, chestnut and heather honey, and honeys with variable concentrations (
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Introduction 

The vitamin content of honey [thiamine (B1), riboflavin (B2), pyridoxine (B6), niacin (B3), pantothenic acid (B5), ascorbic acid (C)] is of no real nutritional significance (White, 1975). However honeys of certain botanical origin, such as mint and thyme honeys, have been reported to contain higher amounts of vitamin C (White, 1975; Kerkvliet, 1996). 

The objective of the present study was to evaluate the variability of ascorbic acid content in the main types of Greek unifloral honeys. 

Materials and methods

Samples

The study was carried out on 329 honey samples of different botanical origin, produced by beekeepers in several Greek regions over the years 1999 to 2002, and declared as unifloral by the producers. All honey samples (≥0.8 kg/each), which were unheated, were kept at storage conditions in the laboratory (darkness, room temperature) and analysed no later than 2 months after extraction from the hives by the beekeepers. Samples were screened by microscopical and sensory analysis assessment and if selected as unifloral, they were subjected to qualitative and quantitative melissopalynological analysis and measurement of electrical conductivity and ascorbic acid content. 208 of the samples analysed were evaluated as unifloral and were of the following species: Abies cephalonica Loudon & A. borisii-regis Mattf (n=50), Brassicaceae (n=2), Castanea sativa (n=10), Citrus spp. (n=11), Erica verticillata (n=4), Eucalyptus spp. (n=6), Gossypium hirsutum L. (n=20), Helianthus annus (n=6), Heliotropium europaeum (n=3), Origanum spp. (n=1), Phlomis frutinosa (n=1), Pimpinella anisum (n=2), Pinus brutia Ten & P. halepensis Miller (n=26), Thymus capitatus (n=61) and Trifolium spp. (n=5).  

Melissopalynological analysis

Melissopalynological analysis was carried out according to Louveaux et al. (1978). Briefly, for qualitative analysis each honey sample was thoroughly stirred before removing 10g to a glass beaker. After dilution with 20 ml of warm distilled water (<40°C) the sample was centrifuged twice (950 x g) for 10 min and the liquid fraction was discarded. The dry sediment was transferred to a microscope slide, spread over a marked area (22 x 22 mm), and let to dry for 1 hour at 40°C on a hot plate. The smear was then mounted with a cover slip spread with a drop of warmed glycerine jelly. Pollen counts of >500 elements/slide were conducted, that is >1 000/sample, since all samples were analysed in duplicate. Counting was conducted at magnifications of 400x. Pollen grains were identified with the aid of our collection of reference slides and with the use of microphotographs from the literature (Louveaux, 1970; Ricciardelli D’ Albore and Persano Oddo, 1981; Sawyer, 1988; Ricciardelli D’ Albore, 1997; 1998). During counting the following plants, known to be nectarless, were counted separately: Anemone spp., Artemisia spp., Buxus spp., Cistaceae, Cyperaceae (Carex spp.), Gramineae, Kochia spp., Quercus coccifera, conifers (Abies spp., Pinus spp., Picea spp.), Olea europea, Papaver spp., Pistacia lentiscus, Plantago spp., Populus spp., Ulmus spp., Vitis vinifera, Zea mays. Quantitative melissopalynological analysis was conducted according to Louveaux after filtration through a pore-width 0.8μm filter (Millipore) (Louveaux et al., 1978). 

Determination of electrical conductivity 

This determination was performed according to Bogdanov et al. (1997) on a sample solution of 20% dry matter at 20°C. 

Determination of ascorbic acid

The method used was the one proposed by Kerkvliet (1996). The Reflectoquant ascorbic acid test strips (Merck) contain yellow molybdophosphoric acid, which is reduced by ascorbic acid to phosphomolybdenum blue. The concentration of the latter is determined reflectometrically with the use of the RQflex plus reflectometer (Merck). The strips were used in a solution of 10g of honey in 20 ml distilled water. The lower limit of detection was 50 mg/kg. Accuracy and precision of the method were determined by adding freshly prepared ascorbic acid standard aqueous solutions, to samples of known ascorbic acid concentration. Two honey samples containing 80 and 120 mg/kg were assessed at two fortification levels each (that is at 100 and 120 mg/kg the first, and at 160 and 200 mg/kg the second).

Effect of storage on ascorbic acid concentration

To study the influence of storage on ascorbic acid concentration all fir, chestnut, cotton, pine and thyme honeys were analysed once more 1 year after the first analysis was accomplished. In the meantime samples were kept in darkness at the laboratory, where the temperature ranged 15 – 28 °C.

Results and Discussion

Accuracy and precision of the method for the determination of ascorbic acid content in honey samples were satisfactory with coefficients of variation (CV) ranging from 2.0 to 3.4% (Table 1). The ascorbic acid concentrations of the unifloral honeys analysed are summarized in Table 2, accompanied by the melissopalynological features and the electrical conductivity values obtained. Frequencies of main pollen given in Table 2 were calculated to the total of pollens of nectariferous plants. Fir, pine, chestnut, heather and anise honey had the highest concentrations of vitamin C ranging 82 to 282 mg/kg. Low content (<80 mg/kg) was measured in orange, cotton, eucalyptus, cress (Brassicaceae), marjoram (Origanum spp.) and Jerusalem sage (Phlomis frutinosa) honeys. Variable concentrations were noted in honeys from Helianthus annus, Heliotropium  europaeum, Thymus  capitatus and Trifolium spp.. 

Early researchers cited by White (1975) reported that mint and thyme honeys have relatively high ascorbic acid content with a range from 1 030 to 3 910 mg/kg, while chestnut honey was found to contain 310 to 890 mg/kg and other honeys ranged  0 to 1 180 mg/kg. It has also been stated that mint and thyme nectar contains appreciable amount of vitamin C (White, 1975). Kerkvliet (1996), measured the ascorbic acid concentration of 4 honey types and the values he found were 250 mg/kg for one honeydew honey, 150 – 300 mg/kg for strawberry tree honeys (n=3), 2 500 – 3 000 mg/kg for watermint honeys (n=3) and 150 – 4 250 mg/kg for thyme honeys (n=13). The range given for thyme honey is a wide one. However, the Greek thyme honeys analysed in our study proved very poor in vitamin C and were beyond the lower value of this range. This could be due to differences between Thymus species. Regarding honeydew honeys the result given by Kerkvliet (1996) is within the range measured in our honeydew honey samples. 

Our results also showed that ascorbic acid content does not correlate with the amount of thyme pollen in thyme honey [finding that is in agreement with data reported by Kerkvliet (1996)], or with the number of honeydew elements in fir or pine honey (Figures 1-3). 

Finally, it was found that ascorbic acid concentration is relatively stable in honey. The decrease measured at storage conditions averaged from 6 to 12% (Table 3).
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Figure 1.
Relation between ascorbic acid content and amount of thyme pollen in Greek thyme honey.
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Figure 2.
Relation between ascorbic acid content and number of honeydew elements in Greek fir honey.
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Figure 3.
Relation between ascorbic acid content and number of honeydew elements in Greek pine honey.

Table 1.
Precision of the determination of ascorbic acid content of honey (concentration at mg/kg)

 
Sample A
Sample A
Sample A
Sample B
Sample B
Sample B

 
 
Level 1
Level 2
 
Level 3
Level 4

 
80
100
116
120
156
208

 
78
96
120
116
164
200

 
80
96
124
122
160
196

 
80
96
116
120
156
200

 
80
104
114
124
152
200

 
84
96
120
120
156
200

 
 
 
 
 



Mean
80
98
118
120
157
201

SD
1.97
3.35
3.67
2.66
4.13
3.93

CV (%)
2.4
3.4
3.1
2.2
2.6
2.0

Table 2.
Ascorbic acid content, melissopalynological features and electrical conductivity values of Greek unifloral honeys

Botanical origin

Ascorbic acid content (mg/kg)
Main pollen % or HDE/P ratio
PK/10g# (X1000)
Electrical conductivity (mS/cm)

Abies cephalonica
Mean (SD)**
167 (52.2)
0.82 (0.64)*
105 (72)
1.44 (0.12)


Vmin - Vmax**
96 - 280
0.3 - 3.5
35 - 350
1.14 - 1.66

Castanea sativa 
Mean (SD)
210 (48.8)
94.6 (1.5)
608.5 (290)
1.50 (0.19)


Vmin - Vmax
110 - 270
92.6 - 97.5
245 - 1100
1.15 - 1.71

Citrus spp.
Mean (SD)
50.6 (1.8)
12.6 (6.6)
33 (16)
0.23 (0.05)


Vmin - Vmax
<50 - 56
2.9 - 26.5
20 - 71
0.16 - 0.32

Gossypium hirsutum
Mean (SD)
62 (9.9)
6.7 (4.5)
70 (19)
0.63 (0.09)


Vmin - Vmax
50 - 80
1.2 - 16.5
34.5 - 89
0.49 - 0.80

Pinus spp.
Mean (SD)
126 (50.4)
1.42 (0.69)*
233 (122)
1.24 (0.13)


Vmin - Vmax
82 - 282
0.43 - 2.64
44 - 530
1.01 - 1.47

Thymus capitatus
Mean (SD)
64.3 (14)
32.4 (14)
41 (16)
0.42 (0.08)


Vmin - Vmax
<50 - 100
18.3 - 69.3
5 - 89
0.24 - 0.54

Brassicaceae
Vmin - Vmax
<50 - 78
65 - 67
70 - 73
0.20 - 0.33

Erica verticillata
Vmin - Vmax
180 - 190
91 - 92.3
270 - 320
0.79 - 0.82

Eucalyptus spp.
Vmin - Vmax
50 - 70
71 - 90
105 - 207
0.56 - 0.63

Helianthus annus
Vmin - Vmax
60 - 128
20 - 63
25 - 42
0.47 - 0.61

Heliotropium europaeum
Vmin - Vmax
56 - 90
76 - 84
78 - 167
0.49 - 0.80

Origanum spp.
V
<50
21
40
0.29

Phlomis frutinosa
V
72
35
62
0.16

Pimpinella anisum
Vmin - Vmax
98 - 100
30 - 54
150 - 200
0.42 - 0.44

Trifolium spp.
Vmin - Vmax
66 - 96
55 - 78
50 - 500
0.41 - 0.70

 # Total number of plant elements in 10g.

*   HDE/P ratio

** Mean value, standard deviation, minimal value detected, maximal value detected. For n<10 only Vmin and Vmax are given.

Table 3.
Changes in ascorbic acid content (mg/kg) after 1 year of storage 

Botanical origin

Initial
1 year later
Difference %







Fir (n=50)
Mean
167
142
12


SD
52.23
33.41
14.32


CV (%)
31.2
23.6


Chestnut (n=10)
Mean
210
194
7


SD
48.84
41.78
6.25


CV (%)
23.2
21.5


Cotton (n=20)
Mean
62
54
12


SD
9.91
6.22
10.42


CV (%)
16.0
11.6


Pine (n=26)
Mean
126
114
6


SD
50.36
26.82
12.85


CV (%)
39.9
23.6


Thyme (n=61)
Mean
64
59
7


SD
13.87
8.93
11.41


CV (%)
21.6
15.1
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