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Abstract

The main task of this study was to determine thbataydrate composition of willow honeys. The frigep
glucose and the minor oligosaccharide content wésenonofloral willow honeys collected in Lithuanim2006
during flowering season were analyzed by gas chiagnaphy with flame ionization detector (GC-FID}eaf
the trimethylsilylation of carbohydrates. Fructogliicose, sucrose, maltose, isomaltose, turanosealbse,
palatinose, celobiose, raffinose and panose weeatifted and quantified in all samples. Glucose was
predominant in 6 out of 7 samples. The mean vadfisictose and glucose varied form 32.92 to 3&88 from
35.27 to 42.29%, respectively. The ratio of fruefgtucose varied from 0.78 to 1.10. The amountuciase
was 0.12-0.25%. Data obtained was thoroughly coetpaiith previously published results and it wasniiu
that the characteristics of Lithuanian honeys irstreases meet international requirements for nahgaey.
Some correlations between sugar concentration teddntent of willow pollen in the honey were ehied.
However, the information on honey sugar composii®mot sufficient for the reliable determinatioh the
botanical origin of honey.
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Introduction

In general, honey is a supersaturated sugar sojugigars are the main constituents of honey
accounting for about 95% of dry matter. Fructose glncose are the major sugars, the former
one being a major component almost in all honeysymxcept for some honeys of rape
(Brassica napus dandelion Taraxacum officinale and blue curls Trichostema
lanceolatumi origin, when glucose is present in higher amouy@tavia et al., 2002). In
addition, disaccharides, trisaccharides and otligosaccharides are present in honey in
small concentrations. The concentration of fructasd glucose as well as their ratio are
useful indicators for the classification of unithoneys (Persano Oddbal.,1995; Persano
Oddo and Piro, 2004).

It is known that there are compositional differenbetween honeydew and blossom honeys.
Honeydew honey is characterised by a higher coratm of oligosaccharides, mainly
trisaccaharides melezitose and raffinose, whichallysiare not found in blossom honeys
(Bogdanowet al.,2004).

Honey has been produced in Lithuania from the anctemes. Detailed carbohydrate
composition of Lithuanian honey was not analyzedil unow, except for routine
measurements of glucose, fructose and saccharose $tandard quality assessment. The
main honey plants in Lithuania is spring rafassica napud. ssp.) and in honey from
those plants spring rape pollen are over-repredantboneys, but monofloral willow honeys
also are collected. Monofloral willow honey mediuane found in Spain, Croatia and
Scandinavia countries (Persano Oddo and Piro, 200@heover, there is a lack of the data in
the literature about willow honey. Therefore, wiilhoney was selected for the analysis. The
main task of this study was to comprehensively atiarize carbohydrate composition of
monofloral willow honey samples and to determinthére is any dependence between pollen
content and the amount of corresponding carbohgdrathe honey. Such data may facilitate
faster characterization of honey botanical souitceay also provide the information for the
identification of adulteration and incorrect laledl.

Materials and Methods

Honey samplesSeven honey samples of willow origin were collecteding 2006 years
flowering season in &dainiai district, except one sample — in Vilkavskiistrict (Lithuania).
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The botanical origin of the samples was analysed rbglissopalynology method
(BaltruSaityt et al., 2007). Willow pollen content from total content pbllen in honey
samples varied from 54.10 to 92.90%. In tested $sngmall amounts of rape, dandelion,
white and red clover, cornflower, raspberry pokéso presented.

Gas chromatography analysisloney samples were diluted with ultra-pure watertfinal
Brix value 5-6. 14Qu of this solution and 1@l of internal standard were transferred to a
GC autosampler vials and freeze-dried in a Maxi-Dyg (Heto-Holten, Allergd, Denmark)
for 4 h.S-Gentiobiose was selected as an internal stantdaoduse it was not found in honey.
Freeze-dried samples were derivatized by the addiof 150 ul of 1-(trimethylsilyl)
imidazole and 1 ml of pyridine. The vials were cagy@and the solutions heated at 80 °C for
1 h. Trimethylsilylated carbohydrates are suffithgnolatile compounds and can be analyzed
by gas chromatography. The stock solutions of esiee compounds were prepared in the
same way as the samples, from 5.0% (w/v) standdutiens in water.

Trimethylsilylated carbohydrates were analyzed @&Ca8000 series gas chromatograph with
a flame ionization detector (Fison Instruments,avjlitaly) by injecting 0.2l of the mixture

to the capillary column ZB-5 (30 mx0.25 mm idx0.26m) coated with 5%
phenylmethylpolysiloxane. The injector and detedemnperatures were 260 °C and 300 °C,
respectively. After testing several programs thestnadficient separation was achieved when
the temperature was raised from 100 °C to 180 °@ &C/min (5 min hold), increased
to 215 °C at 2 °C/min and finally raised to 3258@/at 3 °C/min (10 min hold).

All reference compounds were analyzed in the sanay.wdentification of honey
carbohydrates was achieved by comparing their tietertimes with those of reference
compounds. The concentration was calculated usiteynal standard and expressed in %
(w/w). The analyses were repeated three times.

Materials. All chemicals and solvents were of analytical gradira-pure (18.2 ®2) water
was used (Millipore, Simplicity, Canada). Pyridiaed 1-(trimethylsilyl) imidazole, fructose
(99.0%), glucose (99.5%), sucrose (99.5%), mal{880%), isomaltose (98.0%), turanose
(98.0%), trehalose (99.5%jp-gentiobiose (98.0%), palatinose (99.0%), celobi(2®0%),
raffinose pentahydrate (99.0%) and panose (98.0%E virom Sigma-Aldrich (Steinheim,
Germany).

Statistical analysisStandard deviations were calculated using spreatisio&ware (Exc@b.
Correlation coefficients (R) to determine the relaship between several carbohydrates and
the amount of the willow pollen in the honey, asllvés between different sugars were
calculated using SPSS statistical software.

Results and Discussion

GC-FID chromatograms indicate that sugar compasitiche tested willow honey samples is
similar, however some variations in the contentnafividual carbohydrates were observed.
Three regions, representing mono-, di- and trisagdhs may be distinguished in the
chromatographic profile of honey sugars (Figure 1).

In total, eleven carbohydrates were identifiedha studied samples. Some separated peaks
were not identified because reference compounde wet available. The amounts of the
guantified sugars were within the limits establheby Codex Alimentarius
Commission (2001).

As it was expected (it is usual to the honey) fosetand glucose were dominant in willow
honeys. As it was mentioned above, there are @y Kinds of honey (honey from rape,
dandelion and blue curl) when glucose is domin@av{aet al., 2002). Our results do not
totally coincide with this finding, because glucagas dominant in six out of seven samples.
The mean values of fructose and glucose varied fé@®2 to 38.88 and from 35.27 to
42.29%, respectively (Table 1). Honey was interigiamalysed for sugars, particularly in
Southern European countries. For instance, 34.839%3%f fructose and 25.8-35.2% of
glucose were reported in Spanish honeys (Mateo Bosth-Reig, 1998); 31.4-39.8%
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(fructose) and 27.4-36.3% (glucose) in honeys fRomnugal (Mendegt al., 1998). It was
found that the percentage of carbohydrates alserakpon the bee speciesp(s dorsata
A. cerana A. millifera) and concentration of the main sugar may varyhm wide range:
42.3-54.2% of fructose and 33.1-52.2% of glucoseeveetermined in the honeys from
Nepal (Joshet al.,2000).

monosaccharides disaccharides

[_H A
- )

internal
standard

trisaccharides

Figure 1. Typical chromatogram of the trimethylsilylated carbohydrates in willow honey

Table 1
Amount of pollen and the main carbohydrates in theested willow honeys and
fructose/glucose ratio

Pollen amount, % Fructose, % Glucose, % FIG
92.90 34.27+0.27 41.55+0.03 0.82
75.80 32.924+0.22 42.29+0.08 0.78
73.20 34.74+0.14 42.23+0.18 0.82
70.20 38.88+0.24 35.27+0.09 1.10
65.60 34.12+0.10 42.21+0.06 0.81
57.50 36.11+0.06 37.80+0.18 0.96
54.10 34.67+0.11 41.86+0.23 0.83

Due to the low fructose value, the fructose/gluceg® (F/G) was below 1. The ratio of F/G
was 0.78-1.10; for comparison, in other studieshofey it was reported 0.84-1.89
(Persano Oddoet al, 1995), 0.86-1.6 (Horvath and Molnar-Perl, 1990)78-1.77
(Costaet al.,1999), 0.99-1.77 (Mateo and Bosch-Reig, 1998).

Seven disaccharides and two trisaccharides wemetifidel in the tested willow honey
samples (Figure 2). Maltose was the most abundaatcharide constituting from 1.14 to
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1.85%. Maltose, which is usually present in homeloiv quantities (to 3%), was suggested as
a marker of natural honey (Persano Odtlal.,1995; Joshi et al., 2000; Coteal.,2003).
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Figure 2. Distribution of disaccharides and trisacbarides in willow honey
(Sac—saccharose; Mal-maltose; Tur—turanose; Tre—tralose; Pal—palatinose;
Cel—cellobiose; Isom — isomaltose; Raf — raffinos®&an — panose)

The content of sucrose (which is the main sourdb@fidulteration of honey) in the all tested
samples was in conformity with the limits estabdidhby the European Codex Honey
Standards, which are5 g 100 ¢ for honeys in general and up to 10 g 10bfay Citrus
honeys (Codex Alimentarius, 2001).

Small amounts of two trisaccharides, panose arfthose were found in the tested willow
honeys (Figure 2). Raffinose was not find in onegi@, while panose — in two samples. The
origin of raffinose in floral honey is not cleat;i$ suggested that raffinose could be nectar
constituent or could get in with honeydew contartiora(Da Costa Leitet al.,2000).

The total GC area percent of unidentified compouimdshe chromatogram varied from
2.04 to 3.01%. The majority of the unidentified ke&luted from the column at the end of
GC run, i.e. in the region characteristic to tridearides (Figure 1). Therefore, it is likely that
the majority of these peaks are representing variesaccharides or other oligosaccharides.
The correlation coefficients between willow contemtd corresponding sugar, as well as
between individual sugars were calculated. Theetation between willow pollen content in
the honey and identified carbohydrates was weak; dhlculated coefficients were not
significant statistically. In the willow honey tlerrelation between glucose and fructose was
strongly negative (R=-0.94, significant at the 0éZl), while the correlation between some
disaccharides was strongly positive: saccharose raatlose (R=0.88, significant at the
0.01 level), turanose and trehalose (R=0.93, st at the 0.01 level). Medium correlation
was noticed between saccharose and turanose (R=flgfificant at the 0.01 level), and
saccharose and trehalose (R=0.76, significantea0101 level). It can be seen, that botanical
source of honey cannot be concluded from honeyrsugbaobserved data were normally
distributed (Gaussian distribution law).

Conclusions

The mono-, di- and trisaccharide composition obrdys from willow origin were studied by
GC-FID, after the trimethylsilylation of the carlyalnates. Fructose and glucose are dominant
in all samples, their amount varied from 32.92 2029% of honey. Fructose glucose ratio
was below 1 in six samples, due to the higher amaofirglucose in these samples. The
amount of sucrose, like monosaccharides, coinoidésthe recommendations of European
Codex Honey Standards; it varied from 0.12 to 0.25%
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The strong correlation between the willow pollenntemt in the honey and identified
carbohydrate was not observed.
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