JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

1362 J. Agric. Food Chem. 2002, 50, 1362-1367
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We report on the development of a novel alternative method for the assessment of floral origin in
honey samples based on the study of honey proteins using immunoblot assays. The main goal of
our work was to evaluate the use of honey proteins as chemical markers of the floral origin of honey.
Considering that honeybee proteins should be common to all types of honey, we decided to verify
the usefulness of pollen proteins as floral origin markers in honey. We used polyclonal anti-pollen
antibodies raised in rabbits by repeated immunization of Sunflower (Elianthus annuus) and Eucalyptus
(Eucalyptus sp.) pollen extracts. The IgG fraction was purified by immunoaffinity. These antibodies
were verified with nitrocellulose blotted pollen and unifloral honey protein extracts. The antibodies
anti-Sunflower pollen, bound to the 36 and 33 kDa proteins of Sunflower unifloral honey and to honey
containing Sunflower pollen; and the antibodies anti-Eucalyptus sp. pollen bound to the 38 kDa proteins
of Eucalyptus sp. unifloral honey in immunoblot assays. Satisfactory results were obtained in
differentiating between the types of pollen analyzed and between Sunflower honey and Eucalyptus
honey with less cross reactivity with other types of honey from different origin and also with good
sensitivity in the detection. This immunoblot method opens an interesting field for the development
of new antibodies from different plants, which could serve as an alternative or complementary method
to the usual melissopalynological analysis to assess honey floral origin.

KEYWORDS: Honey; protein; floral origin; botanical origin; Western blot; electrophoresis; and melis-
sopalynology

INTRODUCTION analysis of the pollen present in the honey after filtration or
centrifugation 4). However, melissopalynology requires previ-
ous knowledge of pollen morphology and specialized profes-
sional personnel to achieve reliable results. Besides, the
melissopalynology could be difficult to apply in filtered
processed honey, mainly because of pollen scarcity after
filtration. Melissopalynology is also limited when the pollen
price of honey is conditioned by the quantity offered and also present in the honey is infrarepresgnted asis the case with citrus
honey. Many researchers are looking for an alternative method

by some quality parameters (freshness, color, moisture, et(:.),for melissonalvnoloay based on the phvsical and chemical
there is an important market segment that pays surplus prices paly gy phy

for unifloral honey and/or for origin-certified honey (delicates- attributes .Of honey, including the _ar_1a|y5|s_of standard physmal
sen), especially in European countrie. (In addition to the and chemical parameters (pH, acidity, moisture, HMF, diastase

market price, the honey sweetness (mainly related to the fructose?CVIty, sugar profile, etc.) (25, 6) as well as the use of

amount), color, and flavor are strongly associated with its chemometrics to get statistically reliable resulfs-0). Even
botanica’I and gieographical origin (2) though physical and chemical analysis associated with chemo-

The standard procedure for assessing honev botanical ori inmetrics gives satisfactory results for honey classification, it
. ; P . >SIng yho NM9NG16uld be mentioned that many of the parameters used to
is melissopalynology, which consists of the microscopical

discriminate between types of honey from different origin
change with the time and storage conditions or are unstable (
* Corresponding author. Telephone/fax: (+54) 351 433 4164/4187. 11); thus, chemometrics could be a good approach to assess
B e e e edu.ar the origin in fresh honey, but its results should be handled with
*Facultad de Ciencias Exactas Fisicas y Naturales. care when they are from processed or stored honey. Other

Among different bee products, honey has the major com-
mercial attention because of its consumption without change
and its multiple applications as a food constituent. World honey
production rose to 1,215,936 Mt during the year 2000, with
China (253,691 Mt), the U.S. (101,000 Mt), and Argentina
(91,000 Mt) as the main producer.(Though the bulk market
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Table 1. Unifloral Honey Melissopalynological Analyses
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taxon 2 10 12 52

60 79 95 103 106

0.8%
2.9%

Melilotus albus
Prosopis sp.
Helianthus annuus
Brassica sp.
Argemone hummenmanni
Tamarix gallica
Chenopodium sp.
Baccharis sp.
Geoffroea decorticans
Argemone subfusiformis
Eruca sp.

Prosopis caldenia
Heteroteca latifolia
Medicago sativa
Salsola cali

Hirsfeldia incana
Condalia mycrophylla
Eucalyptus sp.

Lycium cestroides
Hyalis argentea

Vicia sp.

Poaceae

Acacia sp
Tripudantus
Parquinsonia

Larrea divaricata
Schinus sp.

85.5% 7.4%

1.8%

0.6%
2.4%
10.4%

83%

0.5%
2%
92%
0.6%

6%
6% 0.6%
0.6%
1.8%
74.8%

1.2%

2.9%

6.3%

8.3%

28.2% 60%

18%

11%
5%
2%
2%
0.9%
0.9%

4.8% 3%
83.5%
45.6% 90%

4%

11.7% 7.7%
2.6%

1.4%

1%

6.8%
2.3%
0.7%
0.2%
2.6%
3.2% 84.5%
2%
3.2%
3.5%

authors have looked for honey classification through the use of
chemical markers such as flavonoid14) or through the
analysis of natural volatile honey compounds (15).

Proteins are minor honey components; however, they are use
as internal standard in the evaluation of adulteration by stable
carbon isotope ratiol@). Honey proteins come from honeybee
and also from plants (pollen and nectat$(17). Most of the

Honey.Six different types of unifloral honeyPfosopis caldenia,
Prosopis sp.Eucalyptus sp.Helianthus annuusMelilotus albusand
Larrea divaricata) were used. Melissopalynological analyses were

(Performed for each studied honey (Table 1). The protein extraction

was carried out by the method of Bauer et al7), Briefly, 10 g of
honey was suspended in 10 mL of distilled water, and proteins were
extracted by overnight shaking at 4C. After the mixture was
centrifuged at 27,0@pfor 30 min at 4°C, the supernatant was dialyzed,

publications on honey proteins are related to honeybee enzymesreeze-dried, and stored at20 °C, as above. Protein concentrations

(18). To the extent of our knowledge, there is only one report
on the use of protein electrophoresis to distinguish between
commercial and natural Galicia (Spain) honey (19).

The main goal of our work was to evaluate the use of honey
proteins as chemical markers of the floral origin of honey.
Considering that honeybee proteins should be common to all
types of honey, we decided to verify the usefulness of pollen
proteins as floral origin markers in honey. Because the sensitivity

were determined according to the method of Bradf@d)(

Preparation of Polyclonal Antibodies.Polyclonal antibodies against
total proteins of pollen (anti-pollen antibodies) were raised in rabbits
by repeated immunization with 100y of pollen protein extract of
Helianthus annuusr Eucalyptus sppollen which was emulsified in
complete Freund’s adjuvant (223). The IgG fraction of rabbit
antibodies was obtained from rabbit serum by fractionation with
ammonium sulfate 40% and then by anionic exchange chromatography
DEAE-SephacellZ4). Titers of antibodies were determined by dot blot

of SDS-PAGE was not enough to detect pollen proteins in gjng the different extracts of pollen dotted in nitrocellulose membranes.
honey, we decided to use immunoblot assays employing anti- Thereinafter, the membranes were incubated with goat anti-rabbit IgG
pollen antibodies raised from Sunflower and Eucalyptus pollen conjugated with peroxidase antibody and revealed with chemolumi-

extracts. These immunoblot assays showed satisfactory resultsiscence reaction (ECL Reagent, NEN Life Science Products).

discriminating between the different types of pollen analyzed
and between Sunflower and Eucalyptus honey.

MATERIALS AND METHODS

Protein Extracts. Pollen. The species of pollens studied weZeltis
tala (Tala), Eucalyptus sp(Eucalyptus),Prosopis sp.(Algarrobo),
Prosopis caldenigCaldén), andHelianthus annuuéSunflower), which
were obtained in fields from the Province of Cérdoba (Argentina). The
protein extraction was carried out by the method of Park et al. (20).
Briefly, 200 mg of pollen was defatted with diethyl ether and was then
extracted in 100 mL of carbonate buffer (0.125 rhof NH,HCO;—
0.015 mol-L=* NaNs, pH 7.5) for 24 h at #C with constant stirring.
The extract was centrifuged at 27,00fag 30 min at 4°C, and the
supernatant was dialyzed using membranes with cut off of 3.5 kDa
against distilled water for 48 h. The dialyzed supernatant was
subsequently freeze-dried and stored-a0 °C until use 20). Protein
concentrations were determined according to the method of Bradford
(21).

Electrophoretic Procedures.SDS—PAGE was carried out by the
method of Laemmli (25) under reducing conditions (Dithiotritol 50
mM), using 12% polyacrylamide gels. Electrophoresis was carried out
using 5ug of protein for pollen extracts and 2@ of protein for honey
extracts in each lane, fol h at 140 Vusing a Mini Protean Il
electrophoresis cell (Bio-Rad Laboratories, Hercules, CA), and proteins
were detected by Coomassie Brilliant Blue R-250 staining. The
molecular masses of the proteins were determined from the plot of log
Mr versus relative mobility using protein molecular masses standards
from Bio-Rad (broad range).

Immunoblot. Electrophoretically separated protein bands were
transferred to nitrocellulose membranes using a transfer buffer (25
mmol-L* Tris, 192 mmoiL ! Glycine, and 20% ethanol, pH 7.5) and
blocked with defatted dried milk 5%. Then they were incubated with
anti-pollen antibodies diluted 1:7,500 for anti-Sunflower pollen antibod-
ies and 1:1,500 for anti-Eucalyptus pollen antibodies in FBSTris
0.25 M, NaCl 0.75 M; Tween 20 0.5%; pH 7.3)rf@ h atroom
temperature. After the membranes were washed with-TB$hey were
incubated with goat anti-rabbit IgG conjugated with peroxidase diluted
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Table 2. Classification and Assignment Results of Discriminant Analysis

classification matrix for pollen

forward mode

predicted group
actual group Prosopis caldenia Prosopis sp. Eucalyptus sp. Helianthus annuus Celtis tala % correct
Prosopis caldenia 22 0 0 0 0 100
Prosopis sp. 4 18 0 0 0 82
Eucalyptus sp. 0 0 16 0 0 100
Helianthus annuus 0 1 0 8 0 88
Celtis tala 0 0 3 0 17 85
total 26 19 19 8 17 91
backward mode
predicted group
actual group Prosopis caldenia Prosopis sp. Eucalyptus sp. Helianthus annuus Celtis tala % correct
Prosopis caldenia 16 6 0 0 0 73
Prosopis sp. 4 10 8 0 0 45
Eucalyptus sp. 0 0 16 0 0 100
Helianthus annuus 0 0 1 8 0 89
Celtis tala 0 2 0 0 16 80
total 20 18 27 8 16 74
1:100,000. Then the membranes were washed with-TB%ind bound M 1 2 3 4 5

antibodies were detected by chemoluminiscence reaction as above. ¥

Statistical Analysis. To get statistical evidence on the differences

between several pollen protein profiles from SEFFAGE, discriminant 200
analysis (DA) was carried out as described previousdg).( To 116
accomplish DA we assigned eleven different variables to each pollen 97
protein profile. The first variable was an arbitrary number to identify

the plant from which the pollen originated. The other 10 variables G6

corresponded to the relative mobility of protein bands (Rf), thus we

divided Rf into 10 groups (R# 0 and=< 0.10; Rf> 0.10 and< 0.20,

etc.), with one variable representing each group. Each experimental 45
Rf was loaded into the corresponding group/variable. Null value was

assigned to the corresponding group when we did not observe protein 31
bands within these Rf values. Classification matrix as well as
discriminant functions were obtained by using both backward and

forward stepwise models (26).

21
RESULTS AND DISCUSSION

Our first experiments were directed to determining whether
pollens from different plants show characteristic proteins (unique
protein profile which would allow differentiation between ! X \ ,
pollens). We carried out SDSPAGE using proteins extracted loaded in each_ lane: lane 1, Celtis tala pollen; lane 2, Prosopis cgldema;
from pollen as described in Material and MethoBigure 1 lane 3, Prosopis sp.; lane 4, I_Eucalyptus Sp. poIIer_1; anq I_ane 5, Helianthus
shows the SDS—PAGE profile from pollen protein extracts. In annuus po[len. Gel was stained with Coorpassm Brilliant Blge R—ZSQ.
Figure 1 we can see multiple protein bands ranging fre1 (Arrows point to a common band of P_rosoms sp. and Erosopls caldenia
to ~120 kDa, showing bands common to more than one pollen pollen, and star indicates a characteristic band of Celtis tala pollen.)

(Figure 1, lanes 2 and 3) and bands specific to only one type

of pollen Figure 1, lane 1). To discriminate between the band. This last observation resembles the result obtained by
different protein profiles obtained for each type of pollen studied, another research group with Galicia (Spain) horfe3) (where

we applied DA to the results as described in Material and they used DA to differentiate between 82 natural honey samples
Methods. The classification matrix, as well as discriminant collected from hives located in Galicia and 24 manufactured
functions obtained from DA, are shown Trable 2 andTable honey samples commercially available from Santiago de Com-
3. FromTable 2 (forward stepwise mode) we observe that the postela (Spain).

studied pollen can be discriminated up to a 91% certainty by  According to these results, we thought it likely to find these
using all of the SDSPAGE protein bands (Table ®rward differences between the types of pollen in unifloral honey protein
stepwise mode). It is also remarkable that at least 74% profiles. However, using a similar electrophoretic procedure with
discriminant certainty can be obtained@aple 2 backward honey proteins, the protein profiles obtained were remarkably
stepwise mode) using only 4 groups of protein baridsb(e 3 similar for each of the unifloral honey samples analyzed,
backward stepwise mode). revealing two bands at molecular weight-e80 and~66 kDa

From DA of the protein profile analysis between different in all of them {igure 2). We believe these proteins are from
pollens, we observed that the entire protein profile points out honeybee origin (17) and that the amount of these honeybee
the difference between pollens rather than a characteristic proteinproteins is much higher than those coming from pollen; thus,

Figure 1. Analysis of five types of pollen by SDS—PAGE under reducing
conditions (12% gels). M: Molecular weight markers. Proteins (5 ug) were
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Table 3. Classification Functions for Discriminant Analysis of Rf Values for Pollen

forward mode

Rf values Prosopis caldenia Prosopis sp. Eucalyptus sp. Helianthus annuus Celtis tala
>0-0.12
>0.1-0.22
>0.2-0.3 68.3565 54.8985 72.2268 62.2157 15.1083
>0.3-0.4 58.8327 35.9281 66.1996 28.3008 69.4079
>0.4-0.5 -14.4273 -1.3156 5.5466 —-20.9808 —-2.8824
>0.5-0.6 8.5591 6.2863 11.5969 4.2326 13.8520
>0.6-0.7 —-0.0242 0.6224 11.9515 -5.9498 7.2542
>0.7-0.8 —7.2755 -0.1429 -6.7480 -7.3986 -9.5131
>0.8-0.9 8.1337 14.4015 11.0385 -3.7166 -1.8810
>0.9-1 -2.0099 -2.1805 -5.6459 —-2.7576 —-2.6591
constant -93.4739 -84.9694 -87.5611 -75.3107 —79.6944

backward mode

Rf values Prosopis caldenia Prosopis sp. Eucalyptus sp. Helianthus annuus Celtis tala
>0.2-0.3 83.4100 76.7675 78.5346 73.8565 27.6850
>0.3-0.4 31.9061 21.6966 35.3109 4.3078 34.7414
>0.4-0.5 1.8369 10.9977 13.3070 -1.3780 9.4968
>0.8-0.9 19.1412 21.9509 21.0500 5.3508 11.0268
Constant —26.4789 -26.1838 —31.7386 -12.3140 -13.3570

2 No protein bands were found in these Rf value ranges.

kba M 1 2 3 4 5 6 7 1 2 3 4 5

kDa
200 — — 180
116 _
9 — 116
s 4 - - 84kDa P 4 -
66 — | s - .
. ! = . - ! . 8 & | .
45 —|a ; - — 485
e — 36.5
31 35 kDa P> _
25 kDa P> .
20— e é .
Figure 2. Analysis of the proteins of seven types of unifloral honey by
SDS—-PAGE under reducing conditions (12% gels). M: Molecular weight
markers. Proteins (20 «.g) were loaded in each lane: lane 1, sample 60 Figure 3. Immunoblot analysis. Protein extracts of five types of pollen
(Helianthus annuus honey); lane 2, sample 103 (Eucalyptus sp. honey); were processed by electrophoresis, blotted, and immunodetected with
lane 3, sample 52 (Prosopis caldenia honey); lane 4, sample 79 anti-Sunflower pollen antibodies diluted 1:7.500. Lane 1, Helianthus annuus
(Helianthus annuus honey); Iz?me_5, sample 106 (Prosopis sp. honey); pollen; lane 2, Celtis tala pollen; lane 3, Prosopis caldenia pollen; lane 4,
lane 6, sample 10 (Larrea divaricata honey); and lane 7, sample 95 Prosopis sp. pollen: and lane 5, Eucalyptus sp. pollen.
(Melilotus albus honey). Gel was stained with Coomassie Brilliant Blue
R-250.

to specific proteins of diverse molecular weight in Sunflower
pollen proteins could be present in amounts less than thepollen extractsKkigure 3, lane 1), ranging from- 84 to~ 35
detection limit for this technique (even using silver staining; kDa, and to a characteristic double band~&5 kDa. On the
data not shown). These results did not allow us to distinguish other hand, anti-Sunflower pollen antibodies also exhibited
among the different unifloral honeys tested as we could not minimal cross-reaction witProsopis caldenigFigure 3, lane
recognize the differences observed between the types of pollen2) andProsopis sp. Figure 3, lane 4) pollen, and it did not

Looking for a more sensitive and specific method to study react againsteltis talaor Eucalyptus sppollen Figure 3, lanes
pollen proteins in honey, we decided to use immunoblot assays,3 and 5, respectively). It is remarkable that the double band
using in this case Sunflower and Eucalyptus pollen. We raised observed at-25 kDa is present only in sunflower pollen. Thus,
polyclonal antibodies against total proteins of pollen in rabbits, these results show high specificity of anti-Sunflower pollen
to be used in immunoblot assays to identify pollen proteins in antibodies in recognizing these charasteristic protein bands from
honey. Sunflower pollen.

To evaluate the specificity of the anti-pollen antibodies, In a similar way, we tested the specificity of anti-Eucalyptus
immunoblot assays with different pollen extracts were carried pollen antibodiesFigure 4 shows that antibodies react with
out. Figure 3 shows that anti-Sunflower pollen antibodies bound Eucalyptus pollen proteins with different molecular weight
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Figure 4. Immunoblot analysis. Pollen extracts were processed by
electrophoresis, blotted, and immunodetected with anti-Eucalyptus pollen
antibodies diluted 1:1.500. Lane 1, Eucalyptus sp. pollen; lane 2, Prosopis
sp. pollen; lane 3, Prosopis caldenia pollen; lane 4, Celtis tala pollen;
and lane 5, Helianthus annuus pollen.

1 23 456 7289 kDa

L 116
| 97
- 66
h
36 kDa
B2 p P E N

Figure 5. Immunoblot analysis. Unifloral honey protein extracts were
processed by electrophoresis, blotted, and immunodetected with anti-
Sunflower pollen antibodies diluted 1:7.500. Lane 1, sample 79 (Helianthus
annuus honey); lane 2, sample 60 (Helianthus annuus honey); lane 3,
sample 95 (Melilotus albus honey); lane 4, sample 103 (Eucalyptus sp.
honey); lane 5, sample 12 (Eucalyptus sp. honey); lane 6, sample 52
(Prosopis caldenia honey); lane 7, sample 2 (Prosopis sp. honey); lane
8, sample 106 (Prosopis sp. honey); and lane 9, sample 10 (Larrea
divaricata honey).

Baroni et al.

1 2 3 4 5 6 7 KDa

— 116
— 07

— 66

— 45

Figure 6. Immunoblot analysis. Unifloral honey protein extracts were
processed by electrophoresis, blotted, and immunodetected with anti-
Eucalyptus pollen antibodies diluted 1:1.500. Lane 1, sample 12
(Eucalyptus sp. honey); lane 2, sample 103 (Eucalyptus sp. honey); lane
3, sample 79 (Helianthus annuus honey); lane 4, sample 60 (Helianthus
annuus honey); lane 5, sample 52 (Prosopis caldenia honey); lane 6,
sample 2 (Prosopis sp. honey); and lane 7, sample 95 (Melilotus albus
honey).

the basis of these results we conclude that these antibodies have
high specificity, as they bound only to proteins in honey
containing Sunflower pollen.

Likewise we probed anti-Eucalyptus pollen antibodies with
Eucalyptus honey. As with pollen extracts, anti-Eucalyptus
antibodies showed cross-reaction with honeys from different
botanical originsKEigure 6). However, we can recognize a single
band of ~38 kDa that appears only in honey containing
Eucalyptus pollenKigure 6, lanes 1 and 2). Thus, the purified
Eucalyptus polyclonal antibodies showed good specificity as
they were able to recognize characteristic proteins present only
in those honey samples that contained Eucalyptus pollen.

One remarkable fact from this study is the observation that
proteins recognized by both polyclonal antibodies in pollen
extracts have different molecular weights than those recognized
in honey extractsKigures 3—6). The discrepancy between the
molecular weights observed in pollen and honey extract could
be a consequence of the action of honeybee saliva proteolytic
enzymes on pollen proteins. This hypothesis is supported by
recent work demonstrating that, during the course of bees’ work

(ranging from~120 to~20 kDa) but shows cross-reaction with  on nectar, the amount of pollen decreases while the enzyme
the other types of pollen protein extracts analyzed. Despite theactivity increases27, 28). Thus, it is reasonable to think that
cross-reaction, the anti-Eucalyptus antibodies bound to threeprotease activity during bee work, and also during honey
different Eucalyptus pollen proteins of45, 30, and 20 kDa  ripening, could afford protein fragments arising from the original
(Figure 4, lane 1) which were not recognized in the other types pollen protein. Polyclonal antibodies are able to recognize a
of pollen in this study. So far, these three proteins can be number of different epitopes of protein fragments coming from
considered as characteristic of Eucalyptus pollen. the starting protein (24).

To evaluate whether some specific protein of pollen can be  Considering all of our results, we remark that the pollen from
found in unifloral honey, we carried out immmunoblot assays different plants could be significantly differentiated by means
with different honey protein extracts. Thus, anti-Sunflower of SDS—PAGE coupled with discriminant analysis. This dif-
pollen antibodies were probed with Sunflower honEigure ferentiation is based on the evaluation of the entire protein
5 shows an immunoblot assay of unifloral honey revealing a profile rather than a characteristic protein. In addition to the
double protein band of36 and~33 kDa in Sunflower honey  recognition through the SDS—PAGE profile, it is possible to
that were not revealed in other unifloral honeys analyEéglire generate antibodies from pollen proteins which can be used to
5, lanes 1 and 2). In addition to this result, these antibodies detect the presence of such proteins, or their pollen proteins
bound to the same proteins in Melilotus honey (Figure 5, lane fragments, in honey. Therefore, it is reasonable to think of using
3) which contains 11% of Sunflower pollen in its composition, pollen proteins as markers of the floral origin of honey,
demonstrating the high sensitivity of the proposed method. On especially by using immunoblot assays. Further research is
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necessary to expand the scope of the present work to other pollen (15) D’Arcy, B. R.; Rintoul, G. B.; Rowland, C. Y.; Blackman, A. J.

types, as well as to create a group of antibodies that will let us
determine the different percentages of pollen present in honey,
to finally obtain in this way, an alternative or complementary
method for the botanical characterization of honey.

ABBREVIATIONS USED

SDS—PAGE, Sodium dodecy! sulfatpolyacrylamide gel
electrophoresis; Mr, relative mass.
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