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Abstract 

High performance liquid chromatographic analysis of carbohydrates is a real challenge; because these 
compounds exhibit similar chemical and physical properties, they are more difficult to analyze than most 
other classes of compounds, to date no single chromatographic column or method being capable of 
separating all carbohydrates. Choosing the best column for carbohydrates analysis requires consideration of 
stationary phase chemistry, retention capacity, particle size and column dimensions. This research focuses 
on mono- and di-saccharides analysis, represented here by arabinose, fructose, glucose, saccharose and 
maltose, different commercially available columns being tested; isocratic separations were achieved using 
as mobile phase different acetonitrile / water mixtures at 1.2 mL min-1. A test carbohydrate mixture was 
used and the resulted separations were compared in order to select the best suited column. 
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1. Introduction 

In recent years there has been growing interest in 
functional foods, foods that can provide not only 
basic nutritional requirements, but also 
physiological benefits [1]. Functional ingredients 
most studied are the family of antioxidants, 
because of their increased role in the human 
health. Several natural products are produced or 
manufactured by the bees to produce their hives 
and to produce honey. These are beeswax, pollen, 
royal jelly, beebread, propolis and honey. Honey 
was used as a food since ancient times, but only 
several decades ago, has been evidentiated its 
antioxidant capacity, due to the detailed study of 
composition. Honey is a supersaturated solution of 
mainly simple sugars, but contains a wide range of 
minor constituents, many of them having 
antioxidant properties. These minor constituents 
include flavonoids and phenolic acids, organic 
acids [2-4], certain enzymes, ascorbic acid, 
Maillard reaction products [5], carotenoid like 
substances [6], protein and amino acids [7].   

 

The quality of honey is established by its botanical or 
floral origin and chemical composition. Traditionally, 
the floral origin of honey is established by the 
analysis of bee pollen present in the sediment of 
honey, but chemical approaches can be more accurate 
and more easily undertaken in the characterization of 
the floral source of honey [8]. Concluding, the 
analysis of phenolic compounds in honey has been 
regarded as a very promising way of studying the 
floral and geographical origin [9-15].  

Bee pollen is usually composed of pollen species 
from various plants and can be collected from hives 
using different methods [15]. It is a beehive product, 
which contains valuable substances like: all essential 
aminoacids, phenolic compounds (flavonoids and 
phenolic acids), vitamins, pigments (chlorophyll, 
carotenoids), which may act as potent antioxidants 
[16, 17]. Beside the important nutritional properties 
due to the high content of proteins and free 
aminoacids, the antioxidant activity of pollen, is 
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recognized as free radical scavenger and lipid 
peroxidation inhibitor [18].  

Propolis is another bee hive product and one of 
many natural products with known antioxidant 
properties [19]. The composition of propolis 
depends on the place and time of collection, and 
varies greatly with the vegetal source [20].  More 
than 160 components have been identified so far, 
among which phenolic compounds, including 
flavonoids, are the major components [21].  

Taking into consideration all these, our research 
were focused on the analysis of chemical 
composition and biologically active compounds of 
three major bee hive products: honey, pollen loads 
and propolis extract. 

2. Materials and methods 

Samples of acacia, linden, sunflower, raspberry, 
multifloral and honeydew honey were collected 
directly from the beekeepers in different areas of 
Transilvania, or purchased from the stores. 
Selective physicochemical parameters were 
determined according to Romanian standard 
(STAS 784/1...3-89) and Harmonized Methods of 
International Honey Commission.  

Water content was determined refractometrically 
(Abbe digital refractometer WYA-S Selecta Spain) 
and expressed as mg/100g;  electrical conductivity 
was measured at 20°C in a 20% (w/v) honey 
solution in water with a KIT Consort 
conductometer (CONSORT nv, Belgium) and  
expressed as µS/cm, hydroxymethylfurfural was 
determined spectrofotometrically (expressed as 
mg/kg) on a UV-1700 Shimadzu 
Spectrophotometer. Sugar profile was determined 
by HPLC on a Shimadzu system equipped with a 
LC-10AD pump, DGU-14A degasser, SIL-10AV 
VP auto sampler, RID-10A refractive index 
detector, thermostatted at 30ºC with CTO-10AS 
VP temperature controller of separation column 
(Altima Amino 100 Å 5 µm, 250 mm x 4,6 mm) 
with a mixture of acetonitrile/water as mobile 
phase with 1.3 ml/min flow rate.   

For the quantification of main sugars, a calibration 
curve in the range 40 – 0.5 g/100g, with regression 
coefficient of R2=0.9982 for a mixture of standards 
(glucose, fructose and saccharose) was obtained.   

The minor saccharides were also quantified using 
calibration curves for each sugar. Results were 
expressed in g/100g honey.  

The concentration of total phenols and total 
flavonoids in diluted honey samples (10% w/v in 
methanol) was determined with a modified method 
developed by Singleton et al.(1999) [22] (Folin-
Ciocâlteu method), and Kim et al.(2003) [23], 
respectively. For pollen loads and propolis tincture, 
total phenolic content [22, 24] and total flavonoid 
content [23, 25, 26]  was determined. 

Folin-Ciocâlteu reagent, standards of Gallic acid, 
Quecetin, Galangin,  and Pinocembrin were 
purchased from Sigma-Aldrich (St.Louis, MO). 
Aluminium chloride, 2,4-dinitrophenyl hydrazine 
(DNP), sodium carbonate, potassium hydroxide and 
sodium nitrite  were obtained from Merck 
(Darmstadt, Germany). All other chemicals used in 
the experiments were of analytical grade. 

Spectrophotometric measurements were performed 
on a double-beam UV 1700 Shimadzu 
spectrophotometer, and for sample preparation Buchi 
R-215 rotary evaporator, Bandelin ultrasonic bath, 
Nikon Eclipse Microscope 50i 40x, were also used. 
All analysis was carried out in triplicate and data 
were expressed as mean ± standard deviation (SD). 
One way analysis of variance (ANOVA) was 
performed to establish the mean statistical 
semnification between the samples of each type of 
honey, using Microsoft Origin (2000) software. 
Differences between means at the 95% (p< 0.05) 
confidence level were considered statistically 
significant. 
Table 1 presents the pollen load samples, with the 
main plant species, determined by microscopy.  The 
pollen samples were dried after harvesting and kept 
in the freezer until the analysis.  1 g of dried pollen 
was dissolved in 20 ml methanol 70% and stirred for 
24 hours on a magnetic stirrer. The extract was 
filtered on filter paper and the residue was re-
extracted with another 20 ml of methanol for 24 
hours. After 48 hours, the extracts were reunited and 
brought to 50 ml with methanol. Aliquots of the 
extracts were used for total phenolic content, total 
flavonoid content and radical scavenging activity. 
The quantifications were performed using the 
calibration curve of Gallic acid (for total phenolics) 
with the following equation: y=31.6226•x-0.0337, 
r2=0.9995; Quercetin (for total flavonoids) 
y=0.3038•x+0.0967, r20.9970. 

Table 2 indicate the solid propolis samples, with their 
collection sites. All propolis samples were collected 
during 2009 and  kept in the freezer (-20˚C) until 
analysis.  
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The content in total flavonoids and total phenolics 
was determined according to the procedure described 
in a previous paper [25]. Calibration curves had the 
following equations: y = 2.31563 • x + 0.0012, r2 = 
0.99909 (flavones / flavonols); y = 0.07949 • x + 
0.00257, r2 = 0.99901 (flavanones/ dihydroflavonols) 
and y = 0.54005• x + 0.00512, r2 = 0.99900 (total 
phenolics). 

In order to obtain the extract, propolis was 
grounded into a fine powder. 1 g of this powder 
was extracted with 30 ml ethanol 70% and left 
over nigh under continuous stirring. The 
suspension was then filtered on filter paper (ø 90 
mm) and the extraction was repeated twice. All 
extracts were combined and diluted to 100 ml in a 
volumetric flask with ethanol 70% (initial extract). 

Table 1. Pollen load samples used in the study 

Samples Collection site and harvest 
period 

Predominant species 

Pollen 1 Sălaj, April 2006 Salix alba, Prunus domestica, Prunus spinosa 
Pollen 2 Sălaj, April 2006 Salix alba, Lamium purpureum, Taraxacum officinalis, 

Quercus robur 
Pollen 3 Sălaj, April-May 2006 Taraxacum officinalis, Malus domestica, Salix alba 
Pollen 4 Sălaj, June 2006 Tilia cordata, Sorghum sudanense, Malus domestica, Leonurus 

cardiaca, Brassica rapa 
Pollen 5 Satu Mare, June 2006 Brassica rapa, Salix alba 
Pollen 6 Satu Mare, May 2006 Prunus domestica, Malus domestica, Taraxacum officinalis 
Pollen 7 Satu Mare, August 2006 Helianthus annuus, Vicia sp 
Pollen 8 Satu Mare, August 2006 Helianthus annuus, Vicia sp., Brassica rapa 
Pollen 9 Satu Mare, August 2006 Helianthus annuus, Poa pratensis 
Pollen 10 Satu Mare, August 2006 Artimisia absinthium, Cichorium inthybus,  Brassica rapa 
 
Table  2. Raw propolis samples used in the  study 

Sample Collection site 
P 1 Bucea, Cluj County 
P 2 Ciucea, Cluj County 
P 3  Dej, Cluj County 
P 4 Bocsita, Sălaj County 
P 5 Zimbor, Sălaj County 
P 6  Crasna, Sălaj County 
P 7 Cuieşd, Bihor County 
P 8 Bulz,  Bihor County 
P 9  Halmeu, Satu-Mare County 

P 10 Tiream, Satu-Mare County 

Table 3. Physico-chemical parameters of honey samples. Values represent the mean of three replications        
performed for each honey sample.  

Sample origin Nr. 
samples 

Water 
content 
(g/100g) 

Electrical 
conductivity 

(mS/cm) 

Ash 
content 
(g/100g) 

HMF 
content 
(mg/kg) 

Black locust (Robinia pseudoacacia) 10 17.6 0.170 0.120 2.38 
Linden tree (Tillia spp.) 10 18.5 0.449 0.260 7.90 
Sunflower (Helianthus anuus) 6 19.0 0.477 0.398 0.40 
Raspberry (Rubus idaeus) 6 18.6 0.632 0.340 5.28 
Multifloral 10 17.3 0.354 0.163 6.48 
Honeydew 10 16.7 0.738 0.340 5.68 

 
Table  4. The main sugar constituents fron the analyzed honey samples 
Honey samples Glucose (%) Fructose (%) F/G ratio Maltose 

(%) Sucrose (%) Melezitose (%) 

Black locust 28.12 42,71 1.52 2.94 1.37 0.0 
Linden tree 32.66 36.69 1.14 3.06 0.48 0.12 
Sun-flower 39.96 39.84 1.17 1.38 0.73 0.13 
Raspberry 33.46 38.15 1.04 2.63 0.7 0.0 
Multifloral 30.83 39.27 1.28 2.05 0.30 1.3 
Honeydew 27.81 36.8 1.33 2.46 0.31 3.52 
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 3. Results and Discussion 

The results for the physico - chemical 
determinations of different honey samples 
collected from different regions of Transilvania are 
presented in Tabel 3. 

National and international legislation states that 
water content for honey must be below 20%. All 
the studied honey samples frames in the standard 
values.  Water content is an important parameter 
for preservation, because high values of water in 
honey can lead to fermentation processes during 
storage. Electrical conductivity is an important 
parameter to differentiate the honeydew honey 
from nectar honeys.  Unfortunately, not all 
declared honeydew honey from Romania, is really 
honeydew honey, but a mixture of different 
percentages with multifloral honey. The 
International Honey Commision Analysis Methods 
[26] states that can be considered honeydew honey 
the honeys having more than 0.800 mS/cm 
electrical conductivity. As our result was obtained 
from the analysis of 10 declared honeydew honeys, 
some of the samples present non-standard values 
for this parameter.  Ash content measure the 
anorganic matter present in honey after 
calcinations (mineral content). The values obtained 
for this parameter were within the limits specified 
by the standards. Hidroxymethilfurfural (HMF) is 
a degradation product of fructose, and appear in 
old honey samples (incorrectly stored), or in 
adulterated samples.  It can be found in fresh 
samples also, but in small quantities. The standard 
limit for HMF content is 80 mg/kg, and as it could 
be seen from the table, the analyzed samples have 
small quantities of HMF detected 
spectrophotometrically.  

The sugar profile of the analyzed samples is 
presented in Table 4. 

The main sugars in honey are glucose and fructose. 
Maltose is the most important disaccharide in 
honey and melezitose is the sugar characteristic to 
honeydew honey. It can be encounted in linden 
tree, sunflower and  multifloral honey, depending 
on the period of harvesting and the presence of 
honeydew elements, mixed with these types of 
honey. All our samples have this parameters within 
the standard limits, for each honey type. As have 
been stated previously, honey is a source of 
biologically active compounds, as it is obtained 
and produced by the bees from nectar and pollen 
of plants. 

The total poliphenolic content, flavonoid content and 
radical scavenging activity (% inhibition of DPPH 
radical) of studied honey samples is presented in 
Figure 1.  

 
Figure 1. Total phenolic content and total flavonoid 

content in studied honey samples 

The highest polyphenolic content was registered in 
raspberry honey samples, followed by multifloral, 
honeydew and sunflower, the lowest quantity was 
determined in black locust honey. The highest 
amount of flavonoids was determined in sunflower 
and raspberry honeys. The lowest quantity was 
registered again in black locust samples.   

The content of total polyphenols and flavonoids from 
analyzed pollen samples and propolis tinctures is 
presented in Figure 2.   

 
(A) 

 
(B) 

Figure 2. Total polyphenols and flavonoid content in 
analyzed pollen (A) and propolis samples (B) 
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There was a wide range of phenolics in the 
analyzed honeybee collected pollens. The highest 
amount was found in sample 3, followed by 5 and 
6.  Sample nr.3 contains Taraxacum officinalis, 
Malus domestica and Salix alba as principal 
botanical species. Sample 5 contain again Salix 
alba  and sample nr.6 contain Malus domestica  
among the botanical species. This results are in 
accordance with previous studies [16], where  
Salix spp and Taraxacum officinale, were the most 
abundant in polyphenols among 12 other pollen 
types. Samples containing Salix spp. exhibits also 
higher flavonoid content, than the samples 
containing Helianthus anuus and Brasica rapa.    

Propolis is a natural product which is widely used 
for human treatments and also in veterinary 
medicine. However, the variability of the chemical 
composition of propolis may create some problems 
with regards to pharmaceutical products. Chemical 
composition is highly investigated in order to 
achieve a better characterization of propolis. Our 
studies show that propolis extract present a high 
amount of biologically active compounds from the 
class of polyphenols and flavonoids. The chemical 
composition of propolis was investigated using 
two different spectrophotometric methods reported 
previous in the literature by Popova, 2004 [25].  

Folin-Ciocalteu procedure is the most widely used 
for the quantification of total polyphenols. The 
content in the studied propolis samples of total 
polyphenols is registered within 26.07 – 56.38%. 
According to the Argentinean legislation (IRAM-
INTA, 2004) [27], the minimum content of 
phenolic compounds in propolis should be 5%.    

Our findings regarding total flavonoid content 
(sum of the flavones/flavonols and flavanones/ 
dihydroflavonols concentrations) show a high 
variability of concentrations (4.68 – 16.38%), 
which indicates that chemical composition of 
propolis depends upon the plant source available to 
the bees.  

4. Conclusion 

Bee products are definitively high source of 
natural nutrients and also a rich source of 
biologically active compounds. Honey consists of 
almost 80% of simple sugars, that are absorbed 
and immediately used by the human organism, 
being a rich souce of energy.  

Biologically active compounds from the class of 
phenolics (phenolic acids, flavonoids, carotenoids) 
are also present in honey.  

Honey bee collected pollen and propolis tincture are 
very rich source of phenolics. It is well known that 
phenolics play an important role in absorbing and 
neutralizing free radicals, quenching oxygen and 
decomposing peroxides, for this reason natural bee 
hive products are well recommended in human diet 
as foods or nutritive supplements. 
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