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Buckwheat (Fagopyrum esculentum Moench) 
blossom honey is characterized by a dark brown, 
almost black, colour and a sharp, sweet taste and 
molasses flavour [1, 2]. Higher content of phe-
nols and flavonoids was determined in buckwheat 
honey compared to other types of honey. A study 
showed that p-hydroxybenzoic and p-coumaric 
acids could be treated as possible fingerprints of 
buckwheat honey [3]. Volatile compounds of buck-
wheat honey differ from those of other types of 
honey. Butanal and 2-methylbutanal have been 
reported as markers for this honey origin among 
the many volatile constituents found in buck-
wheat honey. The latter volatile compounds, as 
well as the presence of isovaleric acid, influence 
its aromatic and organoleptic properties [4]. The 
presence of p-coumaric and p-hydroxybenzoic 

acids is characteristic of buckwheat plants. p-Hy-
droxybenzoic acid was found to dominate in buck-
wheat grain with husks, accounting for 21 %, while 
p-coumaric for 9.8 % of the total phenolic acid 
content [5].

Enzymes in honey play an important catalytic 
function. Buckwheat honey exhibits high activity 
of the enzymes diastase (EC 3.2.1.1, α-amylase), 
up to 69.95 Gothe units per gram of honey (one 
Gothe unit will hydrolyse 10.0 mg of starch in 
one hour at 40 °C) and invertase (EC 3.2.1.26) 
264.34 U·kg-1. Catalase (EC 1.11.1.6) activity in 
buckwheat honey reaches to 0.964 µg·g-1·min-1 and 
release of hydrogen peroxide is 65.84 µg·g-1·min-1 
[6]. Catalase activity was detected in various kinds 
of honey, being the highest in heather honey but 
lower in oilseed rape and clover honey [7]. The 
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current study, we collected Lithuanian buckwheat 
honey samples and investigated them for enzyme 
expression and protein composition. The findings 
in this area provided new knowledge on honey 
quality, which will help honey producers to find 
new marketing channels. The aim of this study was 
to evaluate catalytic activity and diversity of pro-
teins in buckwheat honey by the means of different 
assays. The protein separation techniques used in 
this study provided new important information on 
the protein composition in buckwheat honey. 

Materials and methods

Collection of honey samples
Monofloral buckwheat (Fagopyrum esculentum 

Moench) honey is specific to southern Lithua-
nia. Buckwheat honey samples were collected by 
private beekeeper in an apiary located in Nemu-
nas Loops Regional Park, Birštonas municipality 
(coordinates N 54° 35’ 5’’, E 24° 2’ 1’’), Lithuania. 
The apiarist kept Apis mellifera carnica species in 
his farm. Honey samples were preserved in glass 
bottles in the dark and refrigerated (5  °C) until 
analysis. Botanical origin was determined by 
comparison of light microscopic images of pollen 
found in buckwheat honey to those of known 
pollen collected by hand [20]. The pollen content 
in the selected buckwheat honey samples was 
approximately 90 %.

Preparation of honey samples for enzyme activity 
analysis

The buckwheat honey samples were dissolved 
in distilled water (0.2 g·ml-1) and filtered through 
a  Whatman glass fibre filter (diameter 21 mm) 
with a pore size of 1.5–5 µm (Merck, Darmstadt, 
Germany). Part of the solution was concentrated 
approximately five times in a Spectra/Por dialysis 
bag (cutoff 12–14 kDa; Serva, Heidelberg, Germa-
ny) kept on dry carboxymethyl cellulose (Sigma-
Aldrich, St. Louis, Missouri, USA). The obtained 
solutions were used for native electrophoretic 
analysis.

Native electrophoresis
Native electrophoresis was performed in a ver-

tical slab gel apparatus TV1000 (BiocomDirect, 
Bridge of Weir, United Kingdom). A separa-
tion gel containing 13 % or 15 % acrylamide, pH 
8.6, cross-linked at 1 : 75 with N, N’-bismethylene 
acrylamide (Serva) was used. Samples of 10 µl or 
20 μl of the earlier prepared honey solution were 
used. Protein molecular weight marker SM0671 
(Thermo Scientific, Waltham, Massachusetts, 

enzyme catalase decomposes hydrogen peroxide 
and produces molecular oxygen and water. This 
enzyme protects cellular organelles and tissues 
from damage by peroxide, which is cytotoxic [8]. 
Glucose oxidase (GOD, EC 1.1.3.4) is needed to 
convert glucose to gluconic acid and hydrogen 
peroxide, which have an antimicrobial action. Ac-
tivity of GOD in buckwheat honey was reported 
to be 1.13 U·g-1, while, in multifloral spring honey 
and oilseed rape honey, it was 0.55 U·g-1 and 
1.08 U·g-1, respectively [9]. GOD oxidizes glu-
cose in the unripe honey and produces hydrogen 
peroxide and gluconolactone. Hydrogen peroxide 
is associated with antibacterial properties of honey 
[10]. It is important to identify proteins that can be 
essential for antibacterial properties of honey. En-
zymes are important indicators of honey freshness 
and purity [11]. 

The total content of nitrogen in nitrogenous 
substances in honey is very low and averages 
0.43 mg per 1 g of honey. It is contributed to honey 
from bee gland secretion, plants nectar and yeasts 
[12]. Proteinaceous substances account for about 
40–80 % of the total nitrogen content, while the 
other nitrogenous substances are free amino acids. 
Proteins in honey cause a lower surface tension 
and raise foam and air bubbles [13]. Generally, 
100 g of honey contains 0.05–1.0 g of proteins 
and 0.03–0.07 g of free amino acids [14]. Besides 
the specific honey enzymes invertase, α-amylase 
and GOD, involved in carbohydrate metabolism, 
honey contains proteolytic enzymes. Proteolytic 
enzymes break the long chain molecules of pro-
teins into shorter fragments, peptides, and subse-
quently into their components, amino acids. The 
recent studies on honey proteolytic enzymes re-
vealed that honey proteases are able to degrade 
major royal jelly proteins (MRJP), and their pro-
teolytic activity is associated with honey kind 
[15]. The authors identified 67 MRJP, a-glucosi-
dase (EC 3.2.1.20), GOD and profilin in orange 
honey. It was stated that the most important are 
nine MRJP; however, those proteins can ex-
hibit different action: MRJP1 stimulates liver re
generation [16], MRJP3 can provide immunoregu-
latory effects in vitro and in vivo [17], MRJP4 and 
MRJP5 are important sources of essential amino 
acids [18]. Nectar is mixed with protease enzymes 
introduced from the salivary glands of bees, which 
transform its chemical composition. It is believed 
that plant proteins can be digested by bee glands’ 
proteases, therefore the specific protein of bee ori-
gin is detected in honey [19].

Lithuanian buckwheat honey was studied for 
diastase, catalase, invertase and GOD activi-
ties during storage and processing [6, 9]. In the 
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USA) was used for monitoring the progress of 
polyacrylamide gel electrophoresis. The electro-
phoresis buffer system was Tris-glycine (Serva), 
pH 8.9. The separation time was 3 h with a con-
stant voltage of 300 V and a starting current of 
120  mA. After electrophoresis, the gels were 
washed in distilled water for 30 min.

Detection of catalase activity 
Catalase (EC 1.11.1.6) detection was per-

formed using the method of Pichorner et al. [21]. 
For gel electrophoresis, a 15% polyacrylamide 
gel (PAG) was prepared. After electrophoretic 
separation, the gel was soaked in a phosphate-
buffered solution (0.06 mol·l-1, pH 7.5) contain-
ing 0.1  mmol·l-1 o-dianisidine (Sigma-Aldrich) 
and 0.05  mmol·l-1 haemin (Sigma-Aldrich) dis-
solved in a minimal volume of 0.01 mol·l-1 sodium 
hydroxide, for 20 min (solution A). After this 
procedure, the gel was rinsed with distilled water 
and incubated in a phosphate-buffered solution 
(0.06  mol·l-1, pH 7.5) containing 0.02 mmol·l-1 
o-dianisidine and 0.1 mol·l-1 hydrogen peroxide for 
2 min (solution B). The gel was again rinsed with 
distilled water immediately after the zones of cata-
lase activity appeared as transparent bands on the 
brown background. 

Detection of glucose oxidase
Localization of glucose oxidase (EC 1.1.3.4) in 

the gels was performed via its hydrogen peroxide 
production determined by peroxidase-catalysed 
o-dianisidine oxidation [22]. The reaction should 
take place inside the gel only to yield coloured 
zones. The peroxidase (molecular mass about 
50 kDa) in the buffer solution must be enabled to 
diffuse into the gel. The swollen gels (13% PAG) 
were inserted into 50 ml of 0.1 mol·l-1 acetate 
buffer (pH 5.0), which contained 50 mg glucose, 
2.5 mg horseradish peroxidase (173 U·mg-1; Appli-
chem, Darmstadt, Germany) and 5 mg o-dianisi-
dine. Brown zones of enzyme activity on a colour-
less background were obtained.

Protein isolation from bee honey for protein sepa-
ration

For the protein isolation from honey, 200 g 
of honey were diluted with 500 ml of bi-distilled 
water and proteins were precipitated by adding 
4 volumes of cold 99.5% acetone and incubated 
overnight at –20 °C. Then, the precipitate was 
washed with 1 ml chilled 80% acetone several 
times and dried for 5 min in room temperature. 
The protein precipitate was suspended in iso-
electric focusing (IEF) buffer containing 9 mol·l-1 
urea, 2 mol·l-1 thiourea, 0.04 mol·l-1 dithiothreitol 

(DTT) and 4% [3-(3-cholamidopropyl) dimethyl
ammonio-1-propanesulfonate] (CHAPS) with 
addition of 0.5% ampholyte-containing commer-
cial buffer pH 3–10 (IPG) (GE Healthcare Life 
Sciences, Chicago, Illinois, USA). Proteins were 
extracted by vortexing for 1 h at room tempera-
ture. The mixture was centrifuged at 25 000 ×g for 
20 min at +16 °C, the supernatant was collected 
and stored at –80 °C until analysis.

The proteins isolated from buckwheat honey 
were separated by one dimensional electro-
phoresis (1DE) in sodium dodecyl sulphate poly-
acrylamide gel (SDS-PAGE) system on gradient 
(7.5–15 %) or resolved by two-dimensional gel 
electrophoresis (2DE). For 2DE in first dimen-
sion, isolated proteins were separated by isoelec-
tric focusing using Immobiline DryStrip pH 3-11, 
11 cm (GE Healthcare Life Sciences). In second 
dimension, ExcelGel SDS Gradient 8–18 % pre-
cast gels (GE Healthcare Life Sciences) were used 
for SDS-PAGE performed according the manu-
facturer’s instructions. Protein molecular weight 
marker SM1811 (Thermo Scientific) was used for 
monitoring the progress of SDS-polyacrylamide 
gel electrophoresis. For protein visualization, gels 
were stained with PageBlue protein staining 
solution, which is a colloidal Coomassie G-250 
dye (CCB, Thermo Scientific). 2DE separation of 
honey proteins was carried out in three independ-
ent biological experiments. 

In-gel digestion and mass spectrometry
Areas of interest were cut out from the 2DE 

gels and subjected to overnight in-gel tryptic diges-
tion [23]. Briefly, the gel slices were dehydrated 
with 50% acetonitrile and then dried complete-
ly using a centrifugal evaporator (DNA Mini, 
Eppendorf, Hamburg, Germany). The gel slices 
were rehydrated in 30 µl of 25 mmol·l-1 ammo-
nium bicarbonate (pH 8.3) containing 25 µg·ml-1 
modified trypsin (Promega, Madison, Wiscon-
sin, USA), and they were incubated overnight 
at 37  °C. Any solution remaining after the diges-
tion was removed and placed in a fresh tube. 
Then, the gel slices were washed two times with 
5% trifluoroacetic acid (Sigma-Aldrich) in 50% 
acetonitrile. The digestion and extract solutions 
were combined and evaporated to dryness. For 
matrix-assisted laser desorption/ionization time 
of flight (MALDI-TOF) analysis, the peptides 
were dissolved in 3 µl of 30% acetonitrile and 
0.01% trifluoracetic acid and were then prepared 
with a  matrix (a-cyano-4-hydroxycinnamic acid) 
on the target plate. The analysis was performed 
in a  4800 MALDI TOF/TOF mass spectrometer 
(Applied Biosystems/MDS SCIEX, Ontario, 
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Canada), which was externally calibrated using 
synthetic peptides with known masses (Applied 
Biosystems). Mass spectrometry (MS) reflec-
tor mode setting was: m/z range 800–4 000, tan-
dem mass spectrometry (MS/MS) mode settings 
were: collision energy 1 keV, collision-induced 
dissociation (CID) not used, fragment mass 
accuracy  ± 0.1  Da. The mass information gener-
ated from the composite spectrum was submit-
ted to a search performed with the free available 
UniProt database (UniProt Consortium, Hinxton, 
United Kingdom) [24].

Protein sample preparation for direct gel-free 
mass spectrometry analysis

For the direct gel-free mass spectrometry 
analysis, honey proteins were isolated as described 
previously, just being suspended in IEF buffer 
without ampholytes. Isolated honey proteins 
were concentrated by using Amicon Ultra-0.5 ml 
30 kDa centrifugal filter unit (Sigma-Aldrich) and 
were denatured in 8 mol·l-1 urea, 100 mmol·l-1 
DTT solution with continuous rotation at 13.3 Hz 
in a temperature-controlled shaker for 3 h at 
37 °C. Trypsin digestion was done according to 
a modified protocol of Wisniewski et al. [25]. 
Briefly, proteins were washed in a column with 
a buffer containing 8 mol·l-1 urea. The proteins 
were alkylated using iodoacetamide. Buffer was 
exchanged by washing two times with 50 mmol·l-1 

NH4HCO3 and proteins were digested overnight 
with TPCK Trypsin 20233 (Thermo Scientific). 

After overnight digestion, peptides were recovered 
by centrifugation and then two additional washes 
using 50% CH3CN were combined, acidified, 
lyophilized, dissolved in 0.1% formic acid and 
then analysed by high definition mass spectro
metry (HDMS) in a Synapt G2 mass spectrometer 
(Waters, Milford, Massachusetts, USA).

Data processing, searching and analysis
Raw data files were processed and searched 

using ProteinLynx Global SERVER (PLGS), ver-
sion 2.5.2 (Waters). The following parameters 
were used to generate peak lists: (i) minimum in-
tensity for precursors was set to 100 counts, (ii) 
minimum intensity for fragment ions was set to 
30 counts and (iii) intensity was set to 500 counts. 
Processed data were analysed using trypsin as 
the cleavage protease, one missed cleavage was 
allowed and fixed modification was set to carbami-
domethylation of cysteines, variable modification 
was set to oxidation of methionine. Minimum 
identification criteria included 2 fragment ions per 
peptide, 5 fragment ions per protein and minimum 
of 2 peptides per protein. The false discovery rate 
(FDR) for peptide and protein identification was 
determined based on the search of a reversed da-
tabase, which was generated automatically using 
PLGS when global false discovery rate was set 
to 1  %. Functional protein association networks 
were constructed using free available AgBase, ver-
sion 2.00 (Mississippi State University, Oxford, 
Mississippi, USA) [26]. 

Results and discussion

Detection of glucose oxidase activity 
The described staining techniques for glucose 

oxidase activity on polyacrylamide gels are based 
on the fact that glucose oxidase reacts with one-
electron scavengers in a reaction dependent on 
pH and inconstant oxygen concentration. The 
visible brown zone on the electrophoresis gel 
strip (Fig. 1A) indicated enzyme with molecular 
weight (Mw) of approximately 170 kDa. Mw of 
protein identified in present study was compatible 
with that previously observed for glucose oxidase 
composed of two subunits having Mw of 85 kDa 
each [27]. This indicated that our image showed 
a whole enzyme.

Detection of catalase activity 
Catalase detection was also performed using 

native electrophoresis. Zones of catalase activity 
appeared as transparent bands on the brown back-
ground (Fig. 1B). The haemin-catalysed oxidation 

Fig. 1. Enzyme activity detection in buckwheat honey 
samples after separation by non-denaturing PAGE.

A – glucose oxidase, B – catalase. 
GOD – glucose oxidase, CAT – catalase, M – molecular 
weight marker.
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of o-dianisidine in polyacrylamide gel resulted in 
a uniform brown staining of the gel within a few 
minutes. At positions where the decomposition 
of hydrogen peroxide was performed by catalase, 
sharp colourless bands appeared rapidly after in-
sertion of the gel into incubation solution (o-di-
anisidine with hydrogen peroxide). As peroxidase 
is more effective in oxidizing o-dianisidine at the 
expense of hydrogen peroxide than haemin, zones 
of peroxidatic activity appeared as dark-brown 
strains. After a few minutes, maximum contrast 
between the colourless zones of catalase activity 
and the dark-brown zones of peroxidase activity 
on the amber background was obtained. 

Visible band on the electrophoresis gel strip 
showed a protein of 60 kDa. Catalase is known to 
consist of 4 subunits of Mw of 60 kDa each [28]. 
Thus, our image showed individual enzyme subu-
nits. Dark grey strips corresponded to proteins 
with peroxidase activity [21], Mw of which was ap-
proximately 35 kDa and of more than 100 kDa. 

Catalase is an enzyme responsible for degra-
dation of hydrogen peroxide. It is a protective en-
zyme present in nearly all animal cells. Catalase 
breaks peroxide excess of bees in food, thereby 
protecting it from the toxic effects [29]. Catalase 
has two enzymatic activities depending on the con-
centration of H2O2. If the concentration of H2O2 
is high, catalase removes H2O2 by forming H2O 
and O2 (catalatic reaction). However, at a low con-

centration of H2O2 and in the presence of a suit-
able hydrogen donor, e.g., ethanol, methanol or 
phenol, catalase removes H2O2 while oxidizing the 
substrate (peroxidatic reaction) [28]. 

In this concern, important is the level of hy-
drogen peroxide in honey, which depends on the 
ratio of catalase and glucose oxidase activity. The 
higher the glucose oxidase level, the higher the 
peroxide level and, vice versa, the lower the cata-
lase level, the higher the peroxide level. On the 
other hand, because catalase originates in plants, 
the level of catalase in honey will effectively de-
termine the level of peroxide in honey. This will 
depend on how much pollen is collected by bees, 
the floral source of the pollen and also on the ca
talase activity of that pollen. Amylase and glucose 
oxidase were purified from the homogenate of the 
hypopharyngeal glands of the forager bee. Bands 
with Mw of 57 kDa and 85 kDa were detected 
when the active fractions for amylase and glucose 
oxidase were subjected to SDS-PAGE [27].

Identification of buckwheat honey proteins 
The soluble proteins extracted from buck-

wheat blossom honey were analysed in three 
different ways. First, proteins were separated by 
SDS-PAGE, stained with CCB and then MS analy-
sis was performed. Second, proteins separated 
by 2DE on immobilized pH gradient of 3–11 in 
first dimension (according to isoelectric point of 

Fig. 2. Buckwheat honey proteins separated by electrophoresis.

A – sodium dodecyl sulphate polyacrylamide gel electrophoresis, B – wo-dimensional denaturing gel electrophoresis.
M – molecular weight marker. Letters and numbers indicate the positions of proteins supplied for mass spectrometry analysis, 
identified and presented in Tab. 1.
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proteins) and on SDS-PAGE in 
second dimension (according 
to molecular weight) and, after 
staining with CCB, MS analysis 
was performed. Third, soluble 
honey proteins were analysed by 
direct gel-free mass spectrometry 
analysis using HDMS Synapt G2 
mass spectrometer.

Proteins from buckwheat blos-
som honey were separated by 
SDS-PAGE and approximately 
4–5  protein bands were seen in 
SDS-PAGE gel (Fig. 2A). All 
bands were excised and sub-
jected to in-gel tryptic digestion 
and identification by MS analy-
sis (MALDI-TOF-MS) followed 
by plant/bee protein database 
search. 2DE map showed similar 
results in terms of protein groups 
as those obtained by SDS-PAGE 
(Fig. 2B). Thirty-two protein 
spots were cut out from 2DE gel 
and subjected to in-gel tryptic 
digestion. The positions of all 
proteins identified on 2D gels 
were within the expected range 
of their theoretical isoelectric 
points and Mw sizes. The follow-
ing honeybee (Apis mellifera) pro-
teins were identified: major royal 
jelly proteins MRJP1, MRJP2 
and a-glucosidase (Tab. 1, spots b, 
3–5). Also, some proteins of plant 
origin were identified, namely, 
methylthioribulose-1-phosphate 
dehydratase and phosphati-
dylglycerol/phosphatidylinosi-
tol transfer protein (Tab.  1, spot 
d, e1) Saccharomyces cerevisiae 
and Schizosaccharomyces pombe 
proteins were also identified by 
mass spectrometry in buckwheat 
honey (Tab. 1, spots e2, 12,17, 21, 
22, 27, 32).

Results of MS analysis re-
vealed the following proteins of 
S. cerevisiae: putative uncharac
terized protein YOL114C OS 
(Tab. 1, spot e2, accession number 
Q12322) and 40S ribosomal pro-
tein S8-B OS (Tab. 1, spot 22, 
accession number P0CX40). 
Further, a protease was identified 
(Tab. 1, spot 27, accession number 
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C8ZFP7). The activity of protease in honey was 
first identified by Rossano et al. [15]. Protease 
enzymes produced by microorganisms are detect-
ed by means of an electrophoretic technique gel 
zymography [30, 31]. This technique provides in-
formation on molecular weights of hydrolytic en-
zymes, their forms and locations [32]. The activity 
of different forms of serine proteases and their 
effect on MRJP, specifically on MRJP1, in differ-
ent kinds of honey were determined by bidimen-
sional zymography (2-DZ) [15].

Among proteins associated with yeast 
S.  pombe, the following were detected: probable 
proteasome subunit beta type-5 OS; general nega-
tive regulator of transcription subunit 2 OS; cyto-
chrome c oxidase subunit 6A, mitochondrial OS; 
uncharacterized N-acetyltransferase C18E5.08 
OS; nuclear cap-binding protein subunit 2 OS 
(accession numbers P30655, P87240, O74471, 
O94498, Q9P383). One protein, 14-3-3 protein 
homologue OS = Encephalitozoon cuniculi can 
be associated with fungi [33]. The proteasome 
proteins, like probable proteasome subunit beta 
type-5 OS and mitochondrial inner membrane 
protease ATP23 OS, can be characterized by abil-
ity to cleave peptides. Those proteins associated 
with above mentioned yeast were found in tested 
honey samples. Different species of genera Sac-
charomyces and Schizosaccharomyces are known 
to be present in honey [34, 35]. Other proteins 
belong to S. cerevisiae such as nuclear cap-binding 
protein subunit 2, Mitochondrial inner membrane 
protease ATP23 and others (Tab. 1). The presence 
of osmophilic yeasts (Candida, Cryptococcus, De-
baryomyces, Pichia, Rhodotorula, Torulaspora or 
Zygosaccharomyces) in honey is an indication of 
the beginning of fermentation [36]. The presence 
of S. cerevisiae might be an indication of over-
feeding bees with sugar paste prior to honey pro-
duction. Either type of yeast is incompatible with 
high-quality honey [37]. 

Our previous study showed that total acidity 
of buckwheat honey tended to increase, diastase 
and catalase activities tended to decrease, and 
production of hydrogen peroxide tended to de-
crease during one-year storage at 5–8 °C [6]. The 
moisture content of Lithuanian buckwheat honey 
(18.4 %) is slightly higher than that of spring and 
rape honey, which is 17.2 % and 16.3 %, respec-
tively [9]. Yeasts in honey do not multiply when 
moisture content is below 17.0 % [38]. However, 
the moisture content of honey stored in a refri
gerator at 4 °C or at room temperature for 
16  weeks increases by 0.4–1.2 % [39]. It can be 
concluded that buckwheat honey should be used 
within one year.

Antioxidant enzymes which were found in 
this assay, namely, GOD, cytochrome c oxidase 
and lactoylglutathione lyases (glyoxalases) can 
influence the level of antioxidant activity of buck-
wheat honey. Our previous investigation showed 
that processing buckwheat honey at 55–70 °C 
reduced GOD activity [9]. The antioxidant ac-
tivity, evaluated by oxygen radical absorbance 
capacity (ORAC), of buckwheat honey stored 
for 6 weeks in a refrigerator at 4 °C showed a de-
crease from initial 12.68 mmol·kg-1 (expressed as 
Trolox equivalents) to 6.14–6.79 mmol·kg-1 and 
to 5.96–6.07 mmol·kg-1 when stored at room tem-
perature. The decrease of ORAC in clover honey 
was lower in both storage conditions. This leads to 
the conclusion that the quality of buckwheat hon-
ey changes faster and more markedly than that of 
other types of honey [40]. 

It is known that royal jelly (RJ) is on average 
composed of 60–70 % water, 12–15 % crude pro-
tein, 10–16 % sugars, 3–6 % lipids and traces of 
vitamins, salts and free amino acid and some sub-
stances that contribute to the induction of bee-
queen differentiation [41]. Today nine most abun-
dant proteins of RJ are named major royal jelly 
protein (MRJP1 to MRJP9) and are encoded by 
genes (mrjp1 to mrjp9) that have been identified in 
the honeybee genome. Interesting is that MRJP1 
has a growth-factor-like activity, as the protein 
enhances DNA synthesis, maintains proliferation 
and suppresses apoptosis of rat hepatocytes [42, 
43]. a-glucosidase breaks down starch and disac-
charides and releases a-glucose [44]. In this study, 
we identified MRJP1 to MRJP9 RJ proteins in 
buckwheat blossom honey (Tab. 1, spots b, 3–5; 
Tab. 2, No. 12, 15, 18, 26, 29, 34, 39, 60, 66, 87).

In this study, using gel-free MS, we identi-
fied 87 proteins. We think that this method is 
much better for proteomic analysis than mass 
spectrometry after SDS-PAGE (which identi-
fied only 5 bands) or 2DE (which identified only 
32 proteins). We identified transferrin with Mw of 
78.63 kDa by gel-free MS (Tab. 2, No. 36). Trans-
ferrins belong to a family of iron-binding proteins 
that have been implicated in innate immunity 
and in vitellogenesis in insects [45]. Expression of 
transferrins is upregulated in response to infection 
in insects [46].

Protein glucosylceramidase was also identified 
in buckwheat honey using gel-free MS (Tab.  2, 
No. 63). It is known that glucosylceramidase 
(EC  3.2.1.45), (glucocerebrosidase, ceramide glu-
cosidase and other names) deficit in insects leads 
to shorter lifespan, locomotor, memory and other 
behavioral deficits, neurodegeneration, and accu-
mulation of insoluble protein aggregates that are 
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normally degraded through an autophagy process 
[47].

In the present study we identified around 
20 different plant proteins in the honey sample, e.g. 
Bna proteins, polygalacturonase (Q7Y1T6), non-
specific lipid-transfer protein (A0A078CBK9), 
lactoylglutathione lyase (A0A078G6I2), malate 
dehydrogenase (A0A078GLG4), glyceraldehyde-
3-phosphate dehydrogenase (A0A078HZ31) 
(Tab. 2). We should mention a big number of iden-
tified different Bna proteins, most of them un-
characterized, but some of them can be involved 
in methionine biosynthetic process (A0A078C268; 
A0A078FUC7; A0A078C1J3) or have polygalac-
turonase activity (A0A078HSF0; A0A078G9V9), 
hydrolase activity (A0A078I9J4; A0A078FW97), 
endopeptidase activity (A0A078GIN3). The other 
proteins detected by gel-free MS were non-specific 
lipid-transfer protein, transfer phospholipids and 
cross-membrane galactolipids (Tab. 2, No. 13, 23). 
They may play a role in wax or cutin deposition in 
the cell walls of expanding epidermal cells and cer-
tain secretory tissues. Polygalacturonase (pectin 
depolymerase, PG – Tab. 2, No. 10) degrades pec-
tin and is important for the fruit ripening process, 
pollen tube elongation and abscission. Lactoylglu-
tathione lyases (glyoxalases – Tab.  2, No. 35) are 
important in stress response and tolerance in 
plants [48]. It was shown that overexpression of 
the glyoxalase pathway in transgenic tobacco and 
rice plants has been found to control an increase 
of reactive oxygen species (ROS) and Mg(2+) 
under stress conditions by maintaining glutathione 
homeostasis and antioxidant enzyme levels [49]. 
Malate dehydrogenase that was identified from 
gel-free MS analysis (Tab. 2, No. 41) plays a  cru-
cial role in the physiological processes of plant 
growth and development. 

Conclusions

For the first time, we characterized protein 
content of buckwheat (Fagopyrum esculentum 
Moench) blossom honey using different tech-
niques. Our results revealed that proteins found 
in honey fall into two main groups, being of plant 
origin and of bee origin. Proteins of plant ori-
gin can be attributed to the different functional 
groups according to their activity like non-specific 
lipid-transfer protein; involved in methionine bio-
synthetic process; antioxidant properties; in differ-
ent plant development processes like abscission 
or growth. The main proteins of bee origin were 
associated with royal jelly proteins. By 2DE, three 
MRJP were identified, among which one protein 

of MRJP1 and two proteins of MRJP2. Using 
gel-free MS analysis, 9 major royal jelly proteins 
were identified (MRJP1–MRJP9). Among these, 
two MRJP5 proteins (accession numbers O97432 
and D3JZ08) had the highest molecular weight 
(70.24 kDa and 70.18 kDa). Among the identified 
proteins, a storage protein High Glx of bee ori-
gin (accession number A6YLP9) had the highest 
molecular weight of all proteins identified in this 
study, 112.19 kDa. 

Separation of proteins by 1DE and 2DE 
showed only two MRJP1 proteins with low expres-
sion differences. Likewise, low expression differ-
ences were noticed between two identified MRJP2 
proteins and between two glucosidase enzymes 
of bee origin (accession number Q17058). Sepa-
ration of proteins by 2DE coupled to mass spec-
trometry created an opportunity to reveal proteins 
associated with yeasts. The results provided also 
valuable information concerning honey storage. 
Data obtained by this study on protein diversity 
can be useful not only for researchers but also for 
beekeepers. 

Acknowledgements
This research was funded by the Research Council of 

Lithuania under a grant No. SVE-01/2012. The authors 
thank Dr. Mindaugas Valius, Dr. Algirdas Kaupinis and 
Dr. Marija Ger for the assistance with mass spectro
metry.

References

	 1.	Wilczyńska, A.: Phenolic content and antioxidant 
activity of different types of Polish honey – a  short 
report. Polish Journal of Food and Nutrition 
Sciences, 60, 2010, pp. 309–313. ISSN: 2083-6007. 
<http://journal.pan.olsztyn.pl/fd.php?f=1266>

	 2.	Dalby, R.: Classic American honey plats: Buckwheat. 
American Bee Journal, 140, 2000, pp. 485–486. 
ISSN: 0002-7626.

	 3.	Pasini, F. – Gardini, S. – Marcazzan, G. L. – 
Caboni, M. F.: Buckwheat honeys: screening of 
composition and properties. Food Chemistry, 
141, 2013, pp. 2802–2811. DOI: 10.1016/j.food-
chem.2013.05.102.

	 4.	Panseri, S. – Manzo, A. – Chiesa, L. M. – Giorgi A.: 
Melissopalynological and volatile compounds analy-
sis of buckwheat honey from different geographical 
origins and their role in botanical determination. 
Journal of Chemistry, 2013, 2013, ID 904202. DOI: 
10.1155/2013/904202. 

	 5.	Keriene, I. – Mankevičiene, A. – Blizni­
kas, S. – Jablonskyte-Rašče, D. – Maikšteniene, S. – 
Česnulevičiene, R.: Biologically active phenolic com-
pounds in buckwheat, oats and winter spelt wheat. 
Zemdirbyste-Agriculture, 102, 2015, pp. 289–296. 
DOI: 10.13080/z-a.2015.102.037.

http://journal.pan.olsztyn.pl/fd.php?f=1266
http://dx.doi.org/10.1016/j.foodchem.2013.05.102
http://dx.doi.org/10.1016/j.foodchem.2013.05.102
http://dx.doi.org/10.1155/2013/904202
http://dx.doi.org/10.13080/z-a.2015.102.037


Borutinskaite, V. et al.	 J. Food Nutr. Res., Vol. 57, 2018, pp. 57–69

68

Schröder,  W. – Schreckengost, W. – Hanes, J. – 
Júdová, J. – Šimúth, J.: A family of major royal 
jelly proteins of the honeybee Apis mellifera L. 
Cellular and Molecular Life Sciences, 54, 1998, 
pp. 1020–1030. DOI: 10.1007/s000180050229.

	19.	Fujita, T. – Kozuka-Hata, H. – Uno, Y. – Nishikori, K. – 
Morioka, M. – Oyama, M. – Kubo, T.: Functional 
analysis of the honeybee (Apis mellifera  L.) 
salivary system using proteomics. Biochemical and 
Biophysical Research Communications, 397, 2010, 
pp. 740–744. DOI: 10.1016/j.bbrc.2010.06.023. 

	20.	Čeksteryte, V. (Ed.).: Augalų žiedadulkių, randamų 
Lietuvos meduje, elektroninis katalogas. (Plant 
pollen found in Lithuanian honey. An electronic cat-
alogue.) [CD] Vilnius : Lietuvos Respublikos žemės 
ūkio ministerija, 2012. ISBN: 978-9955-650-44-7. In 
Lithuanian. 

	21.	Pichorner, H. – Loew, S. – Korori, S. A. A. – 
Jessner, G. – Ebermann, R.: Fast and sensitive 
staining technique for catalase in polyacrylamide 
gel. Journal of Chromatography A, 594, 1992, 
pp. 400–402. DOI: 10.1016/0021-9673(92)80356-Y. 

	22.	Obinger, C. – Pfeiffer, S. – Hofstetter, W. – Wutka, R. – 
Ebermann, R.: Fast and sensitive staining technique 
for glucose oxidase in polyacrylamide gel. Journal of 
Chromatography A, 731, 1996, pp. 293–298. DOI: 
10.1016/0021-9673(95)01181-1. 

	23.	Shevchenko, A. – Wilm, M. – Vorm, O. – Mann, M.: 
Mass spectrometric sequencing of proteins from 
silver-stained polyacrylamide gels. Analytical 
Chemistry, 68, 1996, pp. 850–858. DOI: 10.1021/
ac950914h.

	24.	The UniProt Consortium: UniProt: a hub for pro-
tein information. Nucleic Acids Research, 43, 2015, 
pp. D204–D212. DOI: 10.1093/nar/gku989.

	25.	Wisniewski, J. R. – Zougman, A. – Nagaraj, N. – 
Mann, M.: Universal sample preparation method 
for proteome analysis. Nature Methods, 6, 2009, 
pp. 359–362. DOI: 10.1038/NMETH.1322. 

	26.	McCarthy, F. M. – Wang, N. – Magee, G. B.  – 
Nanduri, B. – Lawrence, M. L. – Camon E. B.  – 
Barrell, D. G. – Hill, D. P. – Dolan, M. E. – 
Williams, W. P. – Luthe, D. S. – Bridges, S. M.  – 
Burgess, S. C.: AgBase: a functional genomics 
resource for agriculture. BMC Genomics, 7, 2006, 
article 229. DOI: 10.1186/1471-2164-7-229.

	27.	Ohashi, K. – Natori, S. – Kubo, T.: Expression of 
amylase and glucose oxidase in the hypopharyn-
geal gland with an age‐dependent role change of 
the worker honeybee (Apis mellifera L.). European 
Journal of Biochemistry, 265, 1999, pp. 127–133. 
DOI: 10.1046/j.1432-1327.1999.00696.x.

	28.	Ścibior, D. – Czeczot, H.: Katalaza – budowa, 
właściwości, funkcje. (Catalase: structure, proper­
ties, functions.) Postępy Higieny i Medycyny 
Doswiadczalnej, 60, 2006, pp. 170–180. ISSN: 
1732-2693. <http://www.phmd.pl/api/files/view/1981.
pdf> In Polish.

	29.	Weston, R. J.: The contribution of catalase and 
other natural products to the antibacterial activity 
of honey: a review. Food Chemistry, 71, 2000, 
pp. 235–239. DOI: 10.1016/S0308-8146(00)00162-X. 

	 6.	Kazlauskas, S. – Čeksteryte, V. – Venskutonis, R. – 
Račys, J.: Biologically active components of buck-
wheat honey. Biologija (Vilnius, Lithuania), 50, 
2004, Supplement 2, pp. 43–45. ISSN: 1392-0146.

	 7,	Čeksteryte, V.: Investigation of pollen composition 
and catalase activity in unifloral summer and polyflo-
ral spring honey. Zemdirbyste-Agriculture, 80, 2002, 
pp. 193–200. ISSN: 1392-3196.

	 8.	Gaetani, G. F. – Ferraris, A. M. – Rolfo, M. – 
Mangerini, R. – Arena, S. – Kirkman, H. N.: 
Predominant role of catalase in the disposal of 
hydrogen peroxide within human erythrocytes. 
Blood, 87, 1996, pp. 1595–1599. ISSN: 1528-0020. 
<http://www.bloodjournal.org/content/bloodjour-
nal/87/4/1595.full.pdf>

	 9.	Kretavičius, J. – Kurtinaitiene, B. – 
Račys, J. – Čeksteryte, V.: Inactivation of glucose 
oxidase during heat-treatment de-crystallization of 
honey. Zemdirbyste-Agriculture, 97, 2010, No. 4, 
pp. 115–122. ISSN: 1392-3196. <http://www.lzi.lt/
tomai/97(4)tomas/97_4_tomas_str13.pdf>

	10.	Allen, K. L. – Molan, P. C. – Reid, G. M.: A survey 
of the antibacterial activity of some New Zealand 
honeys. Journal of Pharmacy and Pharmacology, 43, 
1991, pp. 817–822. DOI: 10.1111/j.2042-7158.1991.
tb03186.x.

	11.	Semkiw, P. – Skowronek, W. – Skubida, P. – Rybak-
Chmielewska, H. – Szczesna, T.: Changes occur-
ring in honey during ripening under controlled 
conditions based on α-amylase activity, acid-
ity and 5-hydroxymethylfurfural content. Journal 
of Apicultural Sciences, 54, 2010, pp. 55–63. ISSN: 
1643-4439. <http://www.jas.org.pl/pdf/215?filename
=jas_54_1_2010_7.pdf>

	12.	Marshall, T. – Williams, K. M.: Electrophoresis 
of honey: characterization of trace proteins from 
a complex biological matrix by silver staining. 
Analytical Biochemistry, 167, 1987, pp. 301–303. 
DOI: 10.1016/0003-2697(87)90168-0. 

	13.	Di Girolamo, F. – D’Amato, A. – Righetti, P. G.: 
Assessment of the floral origin of honey via proteomic 
tools. Journal of Proteomics, 75, 2012, pp. 3688–3693. 
DOI: 10.1016/j.jprot.2012.04.029.

	14.	Tomasik, P. (Ed.): Chemical and functional proper-
ties of food saccharides. Boca Raton : CRC Press, 
2003. ISBN: 0849314860.

	15.	Rossano, R. – Larocca, M. – Polito, T. – Perna, A. M. – 
Padula, M. C. – Martelli, G. – Riccio, P.: What are 
the proteolytic enzymes of honey and what they do 
tell us? A fingerprint analysis by 2-D zymography of 
unifloral honeys. PLoS ONE, 7, 2012, e49164. DOI: 
10.1371/journal.pone.0049164.

	16.	Šimúth, J.: Some properties of the main protein of 
the honeybee (Apis mellifera) royal jelly. Apidologie, 
32, 2001, pp. 69–80. DOI: 10.1051/apido:2001112. 

	17.	Okamoto, I. – Taniguchi, Y. – Kunikata, T. – 
Kohno, K. – Iwaki, K. – Ikeda, M. – Kurimoto, M.: 
Major royal jelly protein 3 modulates immune 
responses in vitro and in vivo. Life Sciences, 
73, 2003, pp. 2029–2045. DOI: 10.1016/S0024-
3205(03)00562-9.

	18.	Schmitzová, J. – Klaudiny, J. – Albert, Š. – 

http://dx.doi.org/10.1007/s000180050229
http://dx.doi.org/10.1016/j.bbrc.2010.06.023
http://dx.doi.org/10.1016/0021-9673(92)80356-Y
http://dx.doi.org/10.1016/0021-9673(95)01181-1
http://dx.doi.org/10.1021/ac950914h
http://dx.doi.org/10.1021/ac950914h
http://dx.doi.org/10.1093/nar/gku989
http://dx.doi.org/10.1038/NMETH.1322
http://dx.doi.org/10.1186/1471-2164-7-229
http://dx.doi.org/10.1046/j.1432-1327.1999.00696.x
http://www.phmd.pl/api/files/view/1981.pdf
http://www.phmd.pl/api/files/view/1981.pdf
http://dx.doi.org/10.1016/S0308-8146(00)00162-X
http://www.bloodjournal.org/content/bloodjournal/87/4/1595.full.pdf
http://www.bloodjournal.org/content/bloodjournal/87/4/1595.full.pdf
http://www.lzi.lt/tomai/97(4)tomas/97_4_tomas_str13.pdf
http://www.lzi.lt/tomai/97(4)tomas/97_4_tomas_str13.pdf
http://dx.doi.org/10.1111/j.2042-7158.1991.tb03186.x
http://dx.doi.org/10.1111/j.2042-7158.1991.tb03186.x
http://www.jas.org.pl/pdf/215?filename=jas_54_1_2010_7.pdf
http://www.jas.org.pl/pdf/215?filename=jas_54_1_2010_7.pdf
http://dx.doi.org/10.1016/0003-2697(87)90168-0
http://dx.doi.org/10.1016/j.jprot.2012.04.029
http://dx.doi.org/10.1371/journal.pone.0049164
http://dx.doi.org/10.1051/apido:2001112
http://dx.doi.org/10.1016/S0024-3205(03)00562-9
http://dx.doi.org/10.1016/S0024-3205(03)00562-9


	 Proteomic identification and enzymatic activity of buckwheat honey

	 69

	41.	Nabas, Z. – Haddadin, M. S. Y. – Haddadin, J. – 
Nazer, I. K.: Chemical composition of royal jelly and 
effects of synbiotic with two different locally isolated 
probiotic strains on antioxidant activities. Polish 
Journal of Food and Nutrition Sciences, 64, 2014, 
pp. 171–180. DOI: 10.2478/pjfns-2013-0015.

	42.	Kamakura, M. – Sakaki, T.: A hypopharyngeal gland 
protein of the worker honeybee Apis mellifera  L. 
enhances proliferation of primary-cultured rat hepa-
tocytes and suppresses apoptosis in the absence 
of serum. Protein Expression and Purification, 45, 
2006, pp. 307–314. DOI: 10.1016/j.pep.2005.08.004.

	43.	Buttstedt, A. – Moritz, R. F. – Erler, S.: Origin 
and function of the major royal jelly proteins of 
the honeybee (Apis mellifera) as members of the 
yellow gene family. Biological Reviews, 89, 2014, 
pp. 255–269. DOI: 10.1111/brv.12052.

	44.	Chiba, S.: Molecular mechanism in a-glucosidase 
and glucoamylase. Bioscience, Biotechnology and 
Biochemistry, 61, 1997, pp. 1233–1239. DOI: 10.1271/
bbb.61.1233.

	45.	Kucharski, R. – Maleszka, R.: Transcriptional pro-
filing reveals multifunctional roles for transferring 
in the honeybee, Apis mellifera. Journal of Insect 
Science, 3, 2003, article 27. DOI: 10.1093/jis/3.1.27.

	46.	Thompson, G. J. – Crozier, Y. C. – Crozier, R. H.: 
Isolation and characterization of a termite transferrin 
gene up-regulated upon infection. Insect Molecular 
Biology, 12, 2003, pp. 1–7. DOI: 10.1046/j.1365-
2583.2003.00381.x.

	47.	Davis, M. Y. – Trinh, K. – Thomas, R. E. – Yu, S. – 
Germanos, A. A. – Whitley, B. N. – Sardi, S. P. – 
Montine, T. J. – Pallanck, L. J.: Glucocerebrosidase 
deficiency in Drosophila results in α-synuclein-
independent protein aggregation and neurodege
neration. PLoS Genetics, 12, 2016, e1005944. DOI: 
10.1371/journal.pgen.1005944.

	48.	Kaur, C. – Ghosh, A. – Pareek, A. – Sopory, S. K. – 
Singla-Pareek, S. L.: Glyoxalases and stress tolerance 
in plants. Biochemical Society Transactions, 42, 2014, 
pp. 485–490. DOI: 10.1042/BST20130242.

	49.	Yadav, S. K. – Singla-Pareek, S. L. – 
Sopory, S. K.: An  overview on the role of methyl-
glyoxal and glyoxalases in plants. Drug Metabolism 
and Drug Interactions, 23, 2008, pp. 51–68. DOI: 
10.1515/DMDI.2008.23.1-2.51. 

Received 31 May 2017; 1st revised 3 November 2017; 2nd 
revised 14 December 2017; accepted 19 December 2017; 
published online 6 March 2018.

 	30.	Ruan, J. J. – Chen, H. – Shao, J. R. – Wu, Q. – 
Han, X. Y.: An antifungal peptide from Fagopyrum 
tataricum seeds. Peptides, 32, 2011, pp. 1151–1158. 
DOI: 10.1016/j.peptides.2011.03.015.

	31.	Lantz, M. S. – Ciborowski, P: Zymographic tech-
niques for detection and characterization of micro-
bial proteases. Methods in Enzymology, 235, 1994, 
pp. 563–594. DOI: 10.1016/0076-6879(94)35171-6.

	32.	Vandooren, J. – Geurts, N. – Martens, E. – 
Van den Steen, P. E. – Opdenakker, G.: Zymography 
methods for visualizing hydrolytic enzymes. Nature 
Methods, 10, 2013, pp. 211–220. DOI: 10.1038/
nmeth.2371.

	33.	Katinka, M. D. – Duprat, S. – Cornillot, E. – 
Méténier, G. – Thomarat, F. – Prensier, G.  – 
Barbe, V. – Peyretaillade, E. – Brottier, P. – Wincker, P. – 
Delbac, F. – El Alaoui, H. – Peyret, P. – Saurin, W. – 
Gouy, M. – Weissenbach, J. – Vivarès, C. P.: Genome 
sequence and gene compaction of the eukaryote 
parasite Encephalitozoon cuniculi. Nature, 414, 2001, 
pp. 450–453. DOI: 10.1038/35106579.

	34.	Carvalho, C. M. – Rocha, A. – Estevinho, M. L. F. – 
Choupina, A.: Identification of honey yeast species 
based on RFLP analysis of the ITS region. Ciencia 
y Tecnologia Alimentaria, 5, 2005, pp. 11–17. DOI: 
10.1080/11358120509487665.

	35.	Benito, S. – Palomero, F. – Calderón, F. – Morata, A. – 
Suárez-Lepe, J. A.: Schizosaccharomyces isolation 
method. BIO Web of Conferences, 3, 2014, article 
02002. DOI: 10.1051/bioconf/20140302002.

	36.	Snowdon, J. A. – Cliver, D. O.: Microorganisms in 
honey. International Journal of Food Microbiology, 
31, 1996, pp. 1–26. DOI: 10.1016/0168-
1605(96)00970-1.

	37.	Kast, C. – Roetschi, A.: Evaluation of baker’s 
yeast in honey using a real-time PCR assay. Food 
Microbiology, 62, 2017, pp. 282–288. DOI: 10.1016/j.
fm.2016.10.025.

	38.	Subramanian, R. – Umesh Hebbar, H. – 
Rastogi, N. K.: Processing of honey: A review, 
International Journal of Food Properties, 10, 2007, 
pp. 127–143, DOI: 10.1080/10942910600981708.

	39.	Ghazali, H. M. – Ming, T. C. – Hashim, D. M.: Effect 
of microwave heating on the storage and properties 
of starfruit honey. ASEAN Food Journal, 9, 1994, 
pp. 30–35. ISSN: 0127-7324.

	40.	Wang, X. H. – Gheldof, N. – Engeseth N. J.: 
Effect of processing and storage on antioxidant 
capacity of honey. Journal of Food Science, 69, 2004, 
pp. fct96–fct101. DOI: 10.1111/j.1365-2621.2004.
tb15509.x.

http://dx.doi.org/10.2478/pjfns-2013-0015
http://dx.doi.org/10.1016/j.pep.2005.08.004
http://dx.doi.org/10.1111/brv.12052
http://dx.doi.org/10.1271/bbb.61.1233
http://dx.doi.org/10.1271/bbb.61.1233
http://dx.doi.org/10.1093/jis/3.1.27
http://dx.doi.org/10.1046/j.1365-2583.2003.00381.x
http://dx.doi.org/10.1046/j.1365-2583.2003.00381.x
http://dx.doi.org/10.1371/journal.pgen.1005944
http://dx.doi.org/10.1042/BST20130242
http://dx.doi.org/10.1515/DMDI.2008.23.1-2.51
http://dx.doi.org/10.1016/j.peptides.2011.03.015
http://dx.doi.org/10.1016/0076-6879(94)35171-6
http://dx.doi.org/10.1038/nmeth.2371
http://dx.doi.org/10.1038/nmeth.2371
http://dx.doi.org/10.1038/35106579
http://dx.doi.org/10.1080/11358120509487665
http://dx.doi.org/10.1051/bioconf/20140302002
http://dx.doi.org/10.1016/0168-1605(96)00970-1
http://dx.doi.org/10.1016/0168-1605(96)00970-1
http://dx.doi.org/10.1016/j.fm.2016.10.025
http://dx.doi.org/10.1016/j.fm.2016.10.025
http://dx.doi.org/10.1080/10942910600981708
http://dx.doi.org/10.1111/j.1365-2621.2004.tb15509.x
http://dx.doi.org/10.1111/j.1365-2621.2004.tb15509.x

	Proteomic identification and enzymatic activity of buckwheat (Fagopyrum esculentum) honey ...
	Authors
	Summary
	Keywords
	Materials and methods 
	Results and discussion 
	Conclusions
	Acknowledgements
	References


