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Abstract

The protein contents in honey samples of different floral origins, commercialized in several states of Brazil, were determined using
the method of Bradford. The spectra of pollen of the honeys collected in those areas were studied, in order to establish the corre-
lation between the different botanical species and the protein contents. The physicochemical properties of the honeys (colour,
moisture, pH and acidity, lund test, lugol test, diastase index, reducing and non-reducing sugars and hydroxymethylfurfural con-
tents) were also determined. The colorimetric determination of the protein content of honey samples, using the method of Bradford,
was shown to be efficient and it allowed the detection of elevated protein in honey samples of Borreria verticillata, known in Brazil

as ““vassourinha”, from Piaui State.
© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Honey has been used as an alimentary supplement, in
medical therapies and a natural food, without the addi-
tion of any substance in its elaboration. The physico-
chemical characteristics of honey, such as high viscosity
and density, consistency and sweetness, are due to the
fact that it is actually a solution with a high concentra-
tion of sugars. Honey is variable in its composition, due
to contribution of the plant, climate, environmental
conditions and the ability of the beekeeper (White,
1978). The diversity of the physical and chemical prop-
erties of honey depends on the nectar and pollen of the
original plant, colour, flavour, moisture and contents of
proteins and sugars (Barth, 1989; White, 1978; White &
Mabher, 1980).

The method of Lowry, Rosebrough, Farr, and Ran-
dall (1951) is the procedure most used for the quantita-
tive determination of proteins. Lowry and co-workers
combined the use of copper, as suggested by Herriott
(1941), with the Folin-phenol method, which originated
from the work of Wu (1920), to produce a more reliable
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and sensitive protein assay. However, the main dis-
advantage of this method is its lack of specifity. Many
substances are known that interfere with this method,
such as EDTA (Neurath, 1966), tris (Kuno & Kihara,
1967), thiol reagents (Vallejo & Lagunas, 1970) and
carbohydrate (Lo & Stelson, 1972). Potassium and
magnesium also interfere with this method. Other dis-
advantages of the method include relatively slow reac-
tion rates, instability of some reagents and non linearity
of the standard curve (Peterson, 1979). Several authors
report advantages (Bensadoun & Weinstein, 1976; Dul-
ley & Grieve, 1975; Horikawa & Ogawara, 1979; Mak-
kar, Sharma, & Negi, 1980; Markwell, Hass, Bieber, &
Tolbert, 1978; Mather & Tamplin, 1979; Ross & Schatz,
1973; Wessel & Fliigge, 1984) of proposed alternative
methods but they present more complication and
involve more time of analysis.

The procedure described by Bradford (1976) elim-
inates most of the problems involved in the procedure of
Lowry and in the modified methodologies and it is
easily adapted to the determination of a great number
of samples being therefore, suitable for automation. It is
based on the observation that the Coomassie Brilliant
Blue G-250 reagent exists in two coloured forms, red
and blue (Reisner, Nemes, & Bucholtz, 1975). The red
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form is transformed into the blue form by protein-dye
binding. The protein-dye complex has a high extinction
coefficient, causing a larger sensitivity in the measure of
the protein. Protein-dye binding is a very fast process
(approximately 2 min) and the protein-dye complex
stays dispersed in solution for a relatively long time
(approximately 1 h), making this a very fast procedure.

The first pollen analysis in Brazilian honeys, was done
on species whose pollen grains were found in a series of
samples removed over successive months from beehives
located in Piracicaba county (SP) (Santos, 1961) and in
five honey samples of native bees examined by Maurizio
(1964), as well as by Absy, Camargo, Kerr, and Mir-
anda (1984) and Carreira, Jardim, Moura, Pontes, and
Marques (1986) in the north area of the country. Gen-
erally, the determination of the plant families, by the
pollen in the honey does not constitute a great obstacle.
However, genus is not always differentiable by the
pollen morphology and nor is the species, so that it
is necessary to limit the pollen type (morphologic
type) in order not to introduce error in the analysis
(Barth, 1989).

2. Materials and methods
2.1. Pollen analysis

The preparation of honey samples was performed
according to the method described previously (Lou-
veaux, Maurizio, & Varwohl, 1978). Ten grammes of
honey were dissolved in 20 ml of distilled water. This
mixture was divided into two centrifuge tubes of 15 ml,
and centrifuged for about 5 min, at low speed. Distilled
water was again added to the sediment, repeating the
previous operation. Approximately 5 ml of glycerine—
water 1:1 were added to the sediment, and it was left to
rest for 30 min. After this time, the sample was cen-
trifuged. The sediment was removed with aid of a stylet,
embedded in glycerine jelley and deposited on a micro-
scopic slide, sealing with paraffin wax.

2.2. Physicochemical analysis

In order to guarantee the quality of the analyzed honey
samples, the following qualitative and quantitative ana-
lyses were carried out: moisture, Lund, Lugol and dia-
stase qualitative index (Instituto Adolfo Lutz, 1985),
diastase quantitative index, reducing and non-reducing
sugars and quantitative hydroxymethylfurfural (AOAC,
1984) and Fiehe, colour, pH and acidity (Lanara, 1981).

2.3. Determination of proteins

The protein content was determined by the method of
Bradford (1976). To 0.1 ml solution of protein extract

Table 1
Characterization of the analyzed honey samples

Sample Type of honey Predominant plant

Mo1 Monofloral Eucalyptus sp

MO02 Monofloral Myrtaceae

MO03 Monofloral Citrus

Mo04 Heterofloral Citrus, Eucalyptus

MO5 Monofloral Vernonia sp

MO06 Heterofloral Citrus, Eucalyptus, Anadenanthera
MO7 Monofloral Borreria verticillata

MO8 Heterofloral Borreria verticillata, Mimosa verrucosa
M09 Monofloral Sapindaceae

M10 Monofloral Eucalyptus sp

Ml1 Heterofloral Cassia; Eupatorium sp

MI12 Heterofloral Eucalyptus; Mimosa scabrella

(honey sample 50% w/v), were added 5 ml of Coo-
massie Brilliant Blue (200 mg of Coomassie Brilliant
Blue G-250 dissolved in 100 ml 95% ethanol and,
finally, 200 ml 85% H;PO, added. The resulting solu-
tion was diluted to a final volume of 2 1). The Coo-
massie Brilliant Blue forms a blue complex with the
proteins. After 2 min of incubation, the absorbance was
measured at 595 nm, against an albumin standard solu-
tion of bovine serum (10-100 pg/0.1 ml) in 0.15 M NaCl.

3. Results and discussion
3.1. Types of honey

Twelve different honey samples were properly char-
acterized, according to floral origin, and the data are
presented in Table 1.

The main apicultural plants found after pollen analy-
sis and the frequency of pollen types of the honey sam-
ples studied in this work are presented in Tables 2 and 3,
respectively.

3.2. Physicochemical analysis

3.2.1. Moisture

Table 4 shows the results for moisture in the different
analyzed samples.

All the values obtained were below 20%, the max-
imum value allowed by the Brazilian Iegislation
(Lanara, 1981).

3.2.2. Lund test

Table 5 shows the results for the Lund test, in the
analyzed samples.

The values found for the deposits of proteins after
Lund test application were within the range established
by the official methods applied in Brazil (Instituto
Adolfo Lutz, 1985).
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Table 2
Main apicultural plants by pollen analysis
Family Scientific name Common name Property
Compositae Eupatorium sp “erva de Santa Cruz” -
Vernonia sp “assa-peixe” Nectariferous
Leguminosae
Caesalpiniaefolia Cassia sp “acacia” Polliniferous
Leguminosae Mimosa scabrella ““sensitiva” Pollinifera
Mimosoideae Mimosa verrucosa “espinheiro” Nectariferous and polliniferous
Myrtaceae Eucalyptus sp “eucalipto” Nectariferous and polliniferous
Rubiaceae Borreria verticillata “vassourinha” Nectariferous and polliniferous
Rutaceae Citrus sp “laranjeira” Nectariferous
Table 3

Most frequent pollen types in the analyzed honey samples

Pollen types

MO1

MO02 MO03

Mo04

MO5

MO06 MO7 M08

M09

M10 MIl1 Mi12

Amaranthaceae
Alternanthera
Anacardiaceae
Schinus
Combretaceae
Compositae
Baccharis
Elephantopus
Eupatorium
Montanoa
Vernonia
Convolvulaceae
Merremia sp
Cruciferae
Euphorbiaceae
Croton
Ricinus
Gramineae
Zea
Labiateae
Hyptis
Leg. Caes.
Cassia
Leg. Mimosaceae
Anadenanthera
Mim. Scabrella
Mim. Verrucosa
Schrankia
Leg. Pap.
Loranthaceae
Malvaceae
Moraceae
Cecropia
Myrtaceae
Eucalyptus
Onagraceae
Palmae
Polygonaceae
Rubiaceae
Borreria verticillata
Rutaceae
Citrus
Sapindaceae
Serjania
Solanaceae
Sterculiaceae
Dombeya

PI

PI

PI

PD

PA

PO

PO

PO
PO

PI PO

PD PA

PI

PD

PO

PO

PO

PD

PA

PI

PA

PO

PD

PO

PO PO
PO
PO

PI PI

PO
PO

PO PO

PA

PO PA

PO

PA

PO PO

PD PA

PA

PO
PO

PO

PO

PO

PD

PI
PI

PI
PO

PO PO
PO PO PO

PO PO

PD

PO

PO PD

PI

PO

PO PO

PD PO PA

PO
PI

PO

PO PO

MO1-M12: honey samples. PD =dominant (>45%); PA =accessory (15-45%); PI=isolated (3—15%); PO = occasionally (<3%).



252 L. da C. Azeredo et al. | Food Chemistry 80 (2003) 249-254

Table 4
Moisture contents, in g/100 g, in the honey samples of different floral
origins

Sample Content® Sample Content®
MOl 18.98 MO7 19.00
MO02 18.96 MO8 19.40
Mo03 19.32 M09 19.58
Mo04 18.59 M10 19.52
MO5 19.36 Ml1 19.25
MoO6 19.10 MI12 19.20

4 Mean values obtained after five repetitions of each sample.

Table 5
Volume, in ml, of the precipitate obtained after application of Lund
test to the different samples

Sample Volume?* Sample Volume*
MOl 1.89 MO7 1.60
MO02 1.52 MO8 1.54
MO03 1.58 M09 1.84
Mo04 1.54 MI10 1.46
MO5 1.28 M1l 1.50
MO06 2.00 M12 1.92

4 Mean values obtained after five repetitions of each sample.

3.2.3. Lugol test

All the analyzed samples were submitted to the quali-
tative test, which detects the presence of dextrins,
immediately after receipt of samples, which showed that
these samples were authentic.

3.2.4. Diastase index

3.2.4.1. Qualitative test. The olive-green colour devel-
oped by the diastase qualitative test immediately after
the receipt of the samples, showed that these were
authentic honey samples.

3.2.4.2. Quantitative test. Table 6 shows the diastase
indices in the different analyzed samples.

The minimum standard value for diastase index is 8,
according to the rules, dating from 1980, of the Division
for the Inspection of Milk and Derivatives, of the Office
for the Inspection of Animal Products (BRASIL, 1980).
Based on these criteria, the results obtained for the
samples suggest that these are good quality honeys.

3.2.5. Reducing and non-reducing sugars

The amounts of total reducing sugars, reducing and
non-reducing sugars are shown in Table 7.

The method allowed an estimate of the quality of the
samples through the determination of sucrose. A high
content of this sugar means, most of the time, an early
harvest of the honey, i.e. a product in which the sucrose
has not been fully transformed into glucose and fructose
by the action of invertase. Generally, the sucrose con-
tent does not exceed 8% for authentic honey samples.

Table 6

Diastase index (D.1.) for the different analyzed samples

Sample D.I* Sample D.I#
MoO1 12.45 MO7 17.40
MO02 13.25 MO8 15.24
MO03 14.20 M09 14.23
Mo04 13.56 M10 12.10
MO5 11.46 M1l 10.24
MO06 10.80 MI12 11.50

4 Mean values obtained after five repetitions of each sample.

Table 7
Sugar content in the analyzed honeys

Sample Sugar content (g/100 g)*
T.R.S R.S N.R.S

Mo1 72.4 67.0 5.1
MO02 71.9 67.5 4.2
MO03 72.8 69.1 3.5
Mo04 68.4 63.9 43
MoO5 68.0 63.9 39
MO06 73.5 67.8 5.4
MO7 72.5 68.8 3.5
MOS8 68.8 64.2 4.4
M09 71.8 66.6 4.9
M10 72.0 66.8 52
Ml11 67.6 62.6 4.8
M12 71.9 66.6 5.0

T.R.S.=total reducing sugar; R.S=reducing sugar; N.R.S.=non-
reducing sugar expressed as sucrose.
4 Mean values obtained after five repetitions.

Table 8

HMF content, mg/100 g, for honey samples of different floral origins
Sample HMF Sample HMF
MoO1 3.76 Mo07 3.76
MO02 3.24 MOS8 3.84
MO03 3.45 M09 3.42
Mo04 3.28 M10 2.15
MOS 3.90 Mll 4.12
MO06 3.85 MI12 4.06

4 Mean values obtained after five repetitions of each sample.

3.2.6. Hydroxymethylfurfural (HMF)

3.2.6.1. Qualitative test (Fiehe). The results from the
HMF qualitative analyses, done immediately after
receipt of samples, did not show any coloration indica-
tive of high levels of HMF, meaning that no samples
were adulterated with commercial sugar or had been
submitted to high temperatures.

3.2.6.2. Quantitative test. Table 8 shows the contents of
HMF found in the honey samples of different floral
origins.



L. da C. Azeredo et al. | Food Chemistry 80 (2003) 249-254 253

Table 9

Classification of the honey samples according to Pfund scale

Sample Colour Sample Colour
Mol Amber MO07 Dark amber
MO02 Amber MO8 Amber
MO03 Dark amber M09 Amber
Mo04 Dark amber M10 Amber
MoO5 Amber MIl1 Dark amber
MO06 Amber MI12 Amber
Table 10

pH* and acidity® of the analyzed honey samples

Sample pH Acidity Sample pH Acidity
Mol 3.56 38.5 MO07 4.05 39.5
MO02 3.84 38.2 MO8 3.84 322
MO03 4.00 28.5 M09 3.54 36.3
Mo04 3.75 39.0 MI10 3.10 28.2
MO5 3.65 36.4 MIl11 3.46 28.2
MO06 3.82 35.0 MI12 3.20 32.1

4 Mean values after five repetitions.

Table 11

Protein content, in pg g=!, of honey samples of different floral origins
Honey Protein Proteic Floral

samples content® classification origin

Borreria verticillata
Borreria verticillata, Mimosa verrucosa)
Sapindaceae

Mo07 2236 a  High content
MO8 2212 a  High content
M09 1203 b High content

M10 734.5 ¢ Medium content Eucalyptus sp

Mol 670 cd  Medium content Eucalyptus sp

MO03 628 cde Medium content Citrus

Mo6 577 def Medium content Citrus, Eucalyptus, Anadenanthera
Mo04 552 def Medium content Citrus; Eucalyptus

MI12 512 ef Medium content Eucalyptus, Mimosa scabrella
Mo02 500 f  Medium content Myrtaceae

M1l 296 g  Low content
MO05 199 ¢  Low content

Cassia; Eupatorium sp
Vernonia sp

@ The same letters do not differ significantly from each other (test of
Tukey 5%).

The results obtained showed that, in just two cases,
the contents were higher than the maximum allowed,
which is 4.0 mg/100 g) (AOAC, 1984). As these two
samples were harvested after a relatively long time, the
results suggest that the amount of HMF tends to
increase gradually with time, a fact that accords with
the literature.

3.2.7. Colour

The classification of honeys by their colour was car-
ried out immediately after receipt of samples, using the
Pfund scale (Lanara, 1981). Table 9 shows the distribu-
tion of the honeys with the respective colours.

3.2.8. pH and acidity

Table 10 shows the results for pH and acidity of the
different analyzed samples. The mean values were in the
range of 3.65 and 34.3 meq/kg, respectively, and were
within the standards of the Ministry of Agriculture
(Lanara, 1981).

3.2.9. Quantitative determination of proteins

Table 11 shows the protein contents, in pg/g, of dif-
ferent analyzed honey samples.

The higher protein contents of the samples M07, M08
and M09, shown in Table 11, were not detected by the
qualitative test of Lund. For example, the samples M11
and MS5, that present about 10% of the protein content
of the samples M07 and M08, when evaluated by the
test of Lund showed indefinite values (Table 5). There-
fore, according to the results observed in these assays,
the test of Bradford should be used for the evaluation of
the protein content of honeys. In this work, high protein
contents were considered to be those higher than 1000
ug g~ ! (test of Tukey 5%).

The samples M07 and MOS8, that had the highest
protein contents (greater than 2000 pg g—!), had pollen
predominance of the same floral origin (Borreria verti-
cillata; Tables 3 and 11).

These results indicate that the colorimetric determi-
nation of the protein content of honey samples using the
method of Bradford, was efficient and it allowed the
detection of high values in the samples M07 and M08,
compared to the mean of the other analyzed honeys.
They are honeys of B. verticillata, known in Brazil as
“vassourinha”, coming from Piaui State. These honeys
are therefore recommended as alimentary complements
for the population of the northeast area of the country.
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