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We report the development of a rapid, specific, and sensitive enzyme-linked immunoassay (ELISA)
for the evaluation of sunflower pollen in honey as a method alternative to melissopalynology, which
is considered the standard technique for the evaluation of floral origin of honey. Two 33—36 kDa
proteins, identified as characteristic of sunflower pollen, were isolated and used as coating antigens
in the competitive ELISA. We verified its analytical performance by evaluating reproducibility, specificity,
and exactitude in relation to melissopalynology. The competitive ELISA developed during this work
is able to quantify sunflower pollen in honey, with a detection limit of 10%, showing linear response
between 10 and 90%. The method afforded low cross reactivity with honey from other floral origin,
thus evidencing an adequate selectivity. We also observed a significant correlation (r = 0.975; p <
0.001) when the proposed ELISA was referenced to melissopalynology. Hence, we conclude that
the competitive ELISA constitutes a valuable and feasible alternative for authentication of sunflower
honey. This work opens the possibility to develop similar assays for other pollen types.
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INTRODUCTION the geographical or floral origin of honey, when combined with
statistical technique8{-6). Other authors have looked for honey
classification through the use of chemical markers such as
" flavonoids (7—10) or through the analysis of natural volatile
compounds in honey (11—14).

Recently, we reported that pollen proteins can be used as
chemical markers of the floral origin of hone}&). Considering
that honeybee proteins should be common to all types of honey
(16), we demonstrated the usefulness of pollen proteins for
honey floral classification. Pollen from different plants was

The botanical origin of honey determines several properties
of honey, such as color, flavor, and chemical composition. Thus
the origin of honey establishes its price to a significant
proportion. Floral origin is routinely authenticated by melisso-
palynology (). However, this method shows various limitations
depending on the beekeeping techniques, size of pollen grains
and need of a complete pollen library for comparison. Achieving
a good qualitative and quantitative result by melissopalynology

is time-consuming as well as dependent on the ability and =~ . .
judgment of experts performing the analysis (2). S|_gn|f|(_:ant_ly_d|fferent|ateq by means of SBQAGE. coupled_
with discriminant analysis. By immunoblot techniques, using

In recent years, alternatives to pollen analyses have been_ .. "~ . : : . .
. . antibodies raised in rabbits against pollen protein extracts, we
developed to characterize honey more widely and accurately. P .
were able to detect sunflower pollen proteins in unifloral

Some of these alternative methods involve measurements of . ;
. X . . .. sunflower honey. These proteins were characterized as a double
parameters associated with physical and chemical characteristic . ; )
-~ . . L and of 33-36 kDa, which were undetected in other unifloral
of honey (pH, acidity, moisture, HMF, diastase activity, sugar

) oney (15).
rofile, etc.). These parameters also allow the assessment OP . .
P ' ) P In the present work, our starting hypothesis was that the level

- - of 33—36 kDa proteins, contained in honey, may be representa-
*-ICfO"eSpong'”g author. Tel/Fax:+64) 351 4334162. E-mall: dwunder@  tjye of jts floral origin. Therefore, herein we describe the
mail.fcq.unc.edu.ar. Lo ! .
t Universidad Nacional de Cérdoba—CONICET, Facultad de Ciencias development of a competitive ELISA to quantify 336 kDa

Qui'miC_aS- dad Nacional de Cordoba. Facultad de Ciencias Exactas Fisi proteins in honey. To achieve this purpose, these proteins were
y Natﬂ:;?égl. ad Nacional de tordoba, Facultad de Liencias Exactas ISIcaspartially isolated from unifloral sunflower honey by chromato-
8 Laboratorio de Palinologia CYCITTP—CONICET. graphic procedures. The competitive ELISA was tested and

10.1021/jf049068e CCC: $27.50  © 2004 American Chemical Society
Published on Web 11/02/2004



Competitive ELISA for Sunflower Pollen in Honey

J. Agric. Food Chem., Vol. 52, No. 24, 2004 7223

optimized by using honey having different percentages of polyclonal antibodies (108L/well of a solution 1/600 in PBST) were
sunflower pollen. Results obtained were quantitatively compared added and incubate3 h atroom temperature (2& 2 °C). Finally, the

with melissopalynology.

MATERIALS AND METHODS

Protein Extracts and Polyclonal Antibodies. Honey protein

extracts, and polyclonal antibodies against sunflower pollen proteins,

were obtained as previously reported (15).
Honey Protein Isolation by Anion Exchange Chromatography.

antirabbit IgG-HRP and color development steps were processed as
described previously.

Comparison between Competitive ELISA and Melissopalynology.
Protein extracts from six different unknown honey samples (100 ng
protein/well) were analyzed by the optimized competitive ELISA. A
calibration curve was constructed using a SCA (containing 90% of
sunflower pollen) diluted with PBST. This curve was used to determine
the percentage of sunflower pollen present in each unknown honey.

The 3336 kDa proteins were partially isolated by anion exchange Unknown honey samples were also analyzed by melissopalynology
chromatography using a FPLC system (Amersham Bioscience, Sweden)according to Loveaux (1). Results obtained by both methods were

An extract of sunflower honey proteins (500) was loaded on Mono

Q HR 5/5 column (1 mL), equilibrated with 30 mL buffer Tris 20 mM,
pH 7.5 (buffer A). The column was then washed with 10 mL of buffer
A. Thereafter, proteins were eluted with 20 mL using a linear gradient
from 0 to 100% NacCl 0.5M in buffer A. Proteins were eluted at a flow
rate of 60 mL/h and monitored at 280 nm. Fractions (0.5 mL) were
collected and analyzed for the presence of-38 kDa proteins by
immunoblot using antisunflower pollen antibodies. Positive fractions

statistically analyzed by linear regression analysis.

Specificity of Antipollen Antibodies. To assess the cross-reactivity
of polyclonal antibodies used, we tested protein extracts, from honey
of different floral origin, by competitive ELISA. Honey samples were
previously evaluated by melissopalynology and determined as unifloral.
ICso (50% inhibition of control) for each honey (2B00 ng of honey
protein/well) was determined in competitive experiments, following
the optimized protocol described previously. The cross-reactivity (CR)

for 33—36 kDa proteins were pooled, and its protein concentration was \yas calculated according to eq 2.

determined according to the method of Bradfald@)( These fractions
were used as coating antigen for the ELISA procedure.

ELISA: Development and Evaluation. General Protocol. Mi-
crotiter plates were coated with the coating antigen diluted with Tris
20 mM, NaCl 0.5M, pH 7.5 (10@L/well) and incubated overnight at

4 °C. Afterward, plates were washed three times with phosphate saline

buffer containing Tween 20 (PBST buffer: MPO, 10 mM, KHx-

PO, 3 mM, NaCl 120 mM, pH 7.5; Tween 20 0.05%). Subsequently,
antisunflower pollen antibodies (diluted in PBST buffer) were added.
For noncompetitive assays, we used 1HOwell of the antibodies
solution, whereas competitive ELISA requires 10well antibodies
and a 5QuL sample (diluted in PBST) per well. After the addition of
antibodies and sample, plates were incubated Joh at room
temperature (23 2 °C) and washed three times with PBST buffer.
Next, 150uL of antirabbit IgG-HRP (1/10 000 in PBST) was added to
each well and incubatedif@ h at room temperature. Then, plates were

IC5((sunflower honey)

CR=
IC5(honey from different origin)><

)

RESULTS AND DISCUSSION

Honey Protein Isolation by Anion Exchange Chromatog-
raphy. We have previously demonstrated that a double protein
band (33-36 kDa) was characteristic of sunflower honé).

We hypothesized that the quantity of these proteins in honey
could be representative of the percentage of sunflower pollen
in honey. To demonstrate this hypothesis, we developed a
competitive ELISA, looking to quantify sunflower pollen

proteins in honey. To use 33—36 kDa proteins as coating

washed three times with PBST buffer. Color development is achieved antigen, we partially isolated these proteins from sunflower

by adding ano-phenylendiamine solution (2Qd_/well of a solution
containing 20 g/L in buffer citrate: citric acid 0.4 M, bdPO, 0.05
M, pH 5). After 15 min in darkness at room temperature, color
development was stopped by addingSd, 1 M (100 uL/well). Color

development was measured at 490 nm using a microtiter plate reade

(Model 550 Microplate Reader, Bio Rad).
Procedure Optimization. To obtain the optimal coating antigen/

honey by anion exchange chromatography, using a FPLC
system. Sunflower honey protein extract afford an elution
profile, which is shown inFigure 1A. Each fraction was
;analyzed by immunoblot to test for the presence ot 38 kDa
proteins, characteristic of sunflower polleh5). Figure 1B
shows that 33—36 kDa proteins were eluted at-29% of

antibodies ratio, we evaluate different combinations of coating antigen buffer gradient, which corresponds to a NaCl concentration of

(25 and 50 ng) and antibodies dilutions (1/100 to 1/3000) by
noncompetitive ELISA. Next, we standardize the competitive ELISA

90—100 mM (fraction 30 and 31). These fractions were
collected, pooled, and used as coating antigen. Ftmure 1,

using standard competitive antigens (SCA). SCA were honey samplesit is evident that only a little fraction of the whole honey protein
containing 90, 45, and 11% of sunflower pollen as assayed by extract contains 3336 kDa proteins, while the rest correspond

melissopalynology in according to Loveauk)(On the other hand, as

a negative control, we used honey that did not contain sunflower pollen,
which was used to determine the unspecific competition of the antigen/

antibodies bond. Both SCA and negative control were diluted using
PBST buffer. Different amounts of SCA and negative control (100 and

to honeybee proteins as well as other unspecific plant proteins.
This result is in accordance with our previous report, where we
had demonstrated that honeybee proteins are majority within
extracts of different honey sampled5). However, trace

250 ng of honey protein per well) were assayed. We also evaluated proteins,_ like the 3336 kDa isolated here, provide the
different conditions of temperature and preincubation time for antibodies 0pportunity and the challenge to develop powerful tools for food
and antigens. Therefore, antibodies and competitive antigens were addeduthentication (18).

to the microtiter plate either immediately or after a pre-incubation step
(30 min at 37°C or 16 h at 4°C). Results are expressed as inhibition

percentage, calculated from eq 1, and plotted versus percentage o

sunflower pollen.

( _ absorbance with competiﬁr 1)

absorbance of control

Optimized Competitive ELISA. Microtiter plates were coated with
25 ng of coating antigen (10@L/well) in Tris 20 mM, NaCl 0.5 M,
pH 7.5 and incubated overnight af@. Thereafter, coated plates were
washed three times with PBST (3@Q/well). Then, 100 ng of either
SCA or unknown honey sample diluted in PBST (&D/well) and

Standardization of ELISA Procedure. Previously, we had
characterized a polyclonal antibody against sunflower pollen
fproteins as having high affinity and specificity for-336 kDa
proteins (15). Herein, to obtain the highest antibody affinity,
specificity, as well as the lowest unspecific background, different
antigen/antibodies ratios were tested by noncompetitive ELISA.
Figure 2 illustrates the reactivity of different dilutions of these
antibodies, when tested against two different concentrations (25
and 50 ng) of the coating antigen. We selected the optimal
antigen/antibodies ratio considering the combination that gave
an absorbance close to 1.0 unit as well as the lowest background.
Considering these conditions, we assume that the major
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Figure 1. Isolation of 33-36 kDa proteins: (A) Anion exchange
chromatography of a protein extract of sunflower honey. Protein elution
was monitored at 280 nm (solid thick line); horizontal arrows indicate
fractions shown in panel B. (B) Imnmunoblot analysis. Fractions separated
by SDS-PAGE 12%, hlotted, and immunodetected with anti-sunflower
pollen antibodies diluted 1:7500. Arrows indicate fractions selected due
to the presence of 33-36 kDa proteins.
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Figure 2. Titration curves to evaluate optimal antigen/antibodies ratio.
Microplates were coated with 25 ng () and 50 ng (M) of coating antigen
antigen (33-36 kDa proteins). Antibodies dilution ranged from 1:100 to
1:3000 in PBST buffer.
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Figure 3. Optimization of competitive ELISA. Inhibition plots were
constructed using different amounts of competitive antigens: 100 ng (A)
and 250 ng (B) at three different incubation conditions (M) 16 h at 4 °C;
(a) 30 min at 37 °C; and (#) without preincubation.
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Figure 4. Calibration curve for the evaluation of sunflower pollen by
competitive ELISA. The straight line indicates the percentage of inhibition
obtained by ELISA, plotted vs the percentage of sunflower pollen present
in honey solutions (prepared from honey containing 90% sunflower pollen
as evaluated by mellisopalynology). Each point represents the mean +
one standard deviation from five determinations.

added immediately to the microtiter plate without preincubation
(Figure 3A).
To quantify the percentage of sunflower pollen present in

sensitivity of antigen/antibodies couple was obtained when 25 honey samples, we constructed a calibration curve, applying
ng of coating antigen and 1:900 dilution of polyclonal antibodies the optimized competitive ELISA, using successive dilutions

were used.
Development of Competitive ELISA. The standardized
ELISA procedure was optimized by assaying 100 Rigre

3A) or 250 ng Figure 3B) per well of either negative control
or SCA containing 90, 45, or 11% of sunflower pollen using

different incubation conditiongzigure 3A,B shows line plots

of a SCA containing 90% sunflower pollen (evaluated by
melissopalynology)Figure 4 shows that the optimized ELISA
renders a linear inhibitory response from 10 to 90% of sunflower
pollen. Negative controls (containing 0% of sunflower pollen)
show an unspecific inhibition a£€13% (Figure 4). Nevertheless,
the inhibition percentage observed for 10% sunflower pollen is

relating the percentage of inhibition with the percentage of significantly different with respect to negative controls. Thus,
sunflower pollen present in SCA. Each plot presents three we assume that 10% of sunflower pollen in honey is the
results, corresponding to different temperatures and incubationdetection limit for the optimized ELISA.

time. FromFigure 3A,B, we conclude that preincubation affords

the highest background signat 80% of inhibition) without

The reproducibility of the assay was determined by comparing
calibration curves on successive days, with further evaluation

significant changes in sensitivity with respect to tests carried of the relative imprecision expressed as the coefficient of
out without preincubation. The better analytical condition was variation (CV%) at different points of the calibration curve.
observed when using 100 ng competitive antigens (SCA or CV% obtained werex~14% (n = 5) for negative control
negative controls) and polyclonal antibodies (diluted 1:900) (unspecific competition), whereas for sunflower honey contain-
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Figure 5. Correlation between percentages of sunflower pollen in honey
determined by both melissopalinology and competitive ELISA. Each point
represents the mean + one standard deviation from five determinations.

Table 1. Response of the Competitive ELISA When Tested with
Different Unifloral Honey Samples as Competitive Antigens

honey sample ICsp (ng/well) % cross-rectivity?
H. annuus 43 100

L. divaricata 147 29.25

P. caldenia 237 18.14

2 Percentage of cross-reactivity calculated according to the following formula:
%CR = (ICsp of sunflower honey/ICsq of honey of other floral origin) x 100.

ing 10—15% and 30—90% of sunflower pollen, the CV% was
less than 9 and 4%, respectively. This is especially valuable to
differentiate between uniflora(45% of pollen) and multifloral
(<45% of pollen) honey samples.

Comparative Analysis of ELISA versus Melissopalynol-

ogy. To evaluate the effectiveness of the proposed assay, it was

necessary to compare it with the standard melissopalynology.
Thus, we analyzed six unknown honey samples by both
methodsFigure 5 shows results obtained from a comparative
analysis.Figure 5 indicates that the developed ELISA has
significant correlation (R> 0.975,p < 0.001) with results
obtained by melissopalynology.

Specificity. We evaluate the specificity of the competitive
ELISA by testing unifloral honey from different floral origin:
Larrea divaricata, Prosopis caldenia, an#ielianthus annuus
(sunflower). Results are summarizedTiable 1, which shows
ICsp and relative cross reactivity (CR). As showedTiable 1,

L. divaricataandP. caldeniahoney need 3.4- and 5.5-fold the
amount of protein thamd. annuusto yield the same 16. In
terms of cross-reactivity, these values are equivalent to 29 and
18%, respectively.

Immunochemical techniques such as the proposed ELISA
have the advantages of being sensitive, specific, and often
provide the necessary limit of detection to analyze directly low

concentrations of the target protein. In addition, these techniques (11)
have advantages over many current classical methods in speed

and cost analysis (19—21).
The developed competitive ELISA allows us both to identify
and to quantify sunflower pollen in honey, when it is present

over 10% with an adequate linear response between 10 and 90%

of pollen. It shows selectivity and specificity to detect sunflower
pollen as well as a significant correlation with the standard
melissopalynology. Furthermore, competitive ELISA results
show good precision in the evaluation of pollen quantity (CV%
ranged from 4 to 14%). Alhough the method is less sensitive
than melissopalynology, it presents the advantage of analyzing
simultaneously several samples in a reduced time. In addition,

ELISA results are less dependent on the operator expertise, while

melissopalynology is considerably influenced by the judgment
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ability of the analyst. Moreover, to the extent of our knowledge,
this is the only method, alternative to melissopalynology, which
allows quantifying the percentage of sunflower pollen present
in a honey sample.

These results open an interesting field to develop similar
assays for other types of pollen, which could lead to rapid and
specific methods alternative to melissopalynology, providing
precise results.

ABBREVIATIONS USED

ELISA, enzyme-linked immunoassay; FPLC, fast pressure
liquid chromatography; PBST, phosphate saline buffer contain-
ing Tween 20; IgG-HRP, goat IgG anti-rabbit horseradish
peroxidase conjugate; SCA, standard competitive antigens; CR,
cross-reactivity; CV%, coefficient of variation.

LITERATURE CITED

(1) Loveaux, J.; Maurizio, A.; Vorwohl, G. Methods of melissopa-
lynology. Bee World1978,59, 139—157.

(2) Radovic, B. S.; Goodacre, R.; Anklam, E. Contribution of
pyrolysis-mass spectrometry(Py-MS) to authenticity testing of
honey.J. Anal. Appl. Pyrol.2001,60, 79-87.

(3) Popek, S. A procedure to identify a honey typ@od Chem.
2002,79, 401—-406.

(4) Rufino, M.; Bosch-Reig, F. Classification of Spanish Unifloral
Honeys by Discriminant Analysis of Electrical Conductivity,
Color, Water Content, Sugars, and pH.Agric. Food Chem.
1998,46, 393—400.

(5) Cometto, P. M.; Fayé, P. F.; Di Paola Naranjo, R. D.; Rubio,
M. A., Aldao, M. A. J. Comparison of Free Amino Acids Profile
in Honey from Three Argentinian Regionk.Agric. Food Chem.
2003,51, 5079—5087.

(6) Anklam, E. A review of ananlytical methods to determine the
geographical and botanical origin of honéypod Chem1998,

63, 594—562.

(7) Ferreres, F.; Andrade, P.; Tomas-Barberan, F. A. Flavonoids from
Portuguese Heather HoneX\.. Lebensm.-Unters. Forsch994,
199, 32-37.

(8) Tomas-Barberan, F. A.; Ferreres, F.; Garcia-Viguera, C.; $ema
Lorente, F. Flavonoids in Honey of Different Geographical
Origin. Z. Lebensm.-Unters. Forsc993,199, 32-37.

(9) Ferreres, F.; Garcia-Viguera, C.; Tomas-Lorente, F.; "Bama

Barberan, F. A. Hespertin: A Marker of the Floral Origin of

Citrus Honey.J. Sci. Food Agric1993,61, 121—-123.

Ferreres, F.; Giner, J. M.; Tomas-Barberan, F. A. A comparative

study of Hespertin and Methyl Anthranilate as markers of the

floral origin of citrus honeyJ. Sci. Food Agric1994,65, 371—

372.

D’Arcy, B. R.; Rintoul, G. B.; Rowland, C. Y.; Blackman, A. J.

Composition of Australian Honey extractives. 1. Norisoprenoids,

Monoterpenes, and Other Natural Volatiles from Blue Gum

(Eucalyptus leucoxylgrand Yellow Box Eucalyptus meliodona

Honey.J. Agric. Food Chem1997,45, 1834—1843.

Pérez, R. A.; Sanchez-Brunete, C.; Calvo, R. M.; Tadeo, J. L.

Analysis of Volatiles from Spanish Honeys by Solid-Phase

Microextraction and Gas Chromatographass Spectrometry.

J. Agric. Food Chem2002,50, 2633—2637.

(13) Piasenzotto, L.; Gracco, L.; Conte L. Solid-phase microextraction
(SPME) applied to Honey quality contral. Sci. Food Agric.
2003,83, 1037—1044.

(14) Radovic, B. S.; Careri, M. Mangia, A.; Musci, M.; Gerboles,
M.; Anklam, E. Contribution of dynamic headspace GC-MS
analysis of aroma compounds to authenticity testing of honey.
Food Chem2001,72, 511—-520.

(10)

(12)



7226 J. Agric. Food Chem., Vol. 52, No. 24, 2004

(15) Baroni, M. V.; Chiabrando, G. A.; Costa, C.; Wunderlin, D. A.
Assessment of the Floral Origin of Honey by SbBage
Immunoblot Techniques. Agric. Food Chenm2002 50, 1362—
1367.

(16) White, J. W.; Winters, K. Honey Protein as Internal Standard
for Stable Carbon Isotope Ratio Detection of Adulteration of
Honey.J.—Assoc. Off. Anal. Chemi989,72, 907—911.

(17) Bradford, M. M. A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of
protein-dye bindingAnal. Biochem1976,72, 248—254.

(18) Ashurts, P. R.; Dennis, M. Food Authentication; Chapman
and Hall Publishers: London, U.K., 1996; pp 1—398.

(19) Fitzpatrick, J.; Fanning, L.; Hearty, S.; Leonard, P.; Manning,
B. M.; Quinn, J. G.; O’Kennedy, R. Applications and recent
developments in the use of antibodies for analyAisal. Lett.
2000, 33, 2563—2609.

Baroni et al.

(20) Gabaldon, J. A.; Maquieira, A.; Puchades, R. Current trends in
immunoassay-based kits for pesticide analyGigt. Rev. Food
Sci. Nutr.1999,39, 519-538.

(21) Sanvicens, N.; Pichon, V.; Hennion, M. C.; Marco, M. P.
Preparation of Antibodies and Development of an Enzyme-
Linked Immunosorbent assay for determination of dealkylated
Hydroxytrizines.J. Agric. Food Chem2003,51, 156—164.

Received for review June 9, 2004. Revised manuscript received
September 14, 2004. Accepted September 15, 2004. We thank CONICET
(National Research Councit-Argentina), as well as Secretaria de
Ciencia y Tecnica—Universidad Nacional de Codoba, for fellowship
and financial support.

JF049068E



