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Abstract

The aim of this work was to study the rheological, thermal and some other physical-chemical prop-
erties of selected honeys produced in the Northeast of Brazil. Two samples were produced by native
“Jandaira” bees (Melipona subnitida) and ten other samples, by Africanized bees (Apis mellifera).
The samples were analyzed for pH, water activity (a.), soluble solids and water content. Viscosity
flow curves were obtained using a rheometer (25°C, 0-100s™"). Thermal analyses were performed on
a differential scanning calorimeter, with heating rate of 10°C/min (-100 to 100°C). The water content
and the pH of the honey samples varied from 17.2 to 27.9% and from 3.2 to 4.2, respectively, and,
the a,, of the samples varied from 0.57 to 0.74. Two samples were out of specification with respect to
water content, according to Brazilian laws. In relation to rheology, all honey samples showed Newto-
nian behaviour with no thixotropy or dilatancy. The viscosity varied as an exponential function of the
water content. The highest viscosity was obtained for the sample with lower values of water content
and a,. Thermograms showed a glass transition (Tg) occurring between -52.4 and -42.6°C, in the
samples produced by Apis mellifera and -67.6 and -57.0°C for the other samples. A linear relationship
was obtained between Tg and water content. In conclusion, the honey viscosity depended on the water
content of the product. The higher the water value and therefore the greater the a,,, the lower viscosity
and Tg of the samples.
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Introduction prophylactic value (Juszczak & Fortuna,

i

Honey is produced from flower nectar and from
plant secretions, and from the excretions of suck-
ing insects, which the bees collect, transform
and combine with specific substances and ma-
ture inside the honeycomb (Brasil, ). Usu-
ally, honey is a source of easily available sug-
ars, organic acids, some amino acids, macro
and micro nutrients and biologically active sub-
stances (Juszczak & Fortuna, ). Beyond its
high nutritional aspects, honey has medicinal-
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Viuda-Martos, Ruiz-Navajas, Ferndndez-Lépez,
& Pérez-Alvarez, ; Aurongzeb & Kamran
Azim, ).

Regarding the physical-chemical properties,
honey can be considered as a complex high con-
centrated sugar solution, composed mainly of
glucose and fructose. Therefore, this product
usually has an intermediate water activity value.
This parameter is significant, as the free water
amount affects the physical and biochemical sta-
bility of the honeys and it is important to de-
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fine safety regulations regarding undesirable mi-
croorganism growth, establishment of potential
food risks, control of critical points and pack-
aging needs (Souza, Marchini, Oda-Souza, Car-
valho, & Alves, ). Another consequence of its
high concentration of sugars is that honey usu-
ally has high viscosity, which can be affected by
the length of the molecular chain of the sugars
(Bhandari, D’Arcy, & Kelly, ).
Concerning the physical state, honey is consid-
ered a viscous glass where all the sugars are in the
amorphous state (Bhandari et al., ), which
may crystallize depending on sugar concentra-
tion, water content and temperature, among
other factors. This process is undesirable and
must be avoided or delayed as much as possible,
as the product will acquire characteristics of an
opaque semi-solid, decreasing the consumer ac-
ceptance. Moreover, some chemical characteris-
tics of honey, such as pH, soluble solids (°Brix),
and water content are very important from the
technological perspective. Also, the viscosity and
the thermal properties are valuable as quality,
process and storage parameters.
Nowadays, Brazil is ranked 11*" in world honey
production (Freitas et al., ), with an es-
timated production of 37 thousand tonnes of
honey/year in 2010. The northeast (NE) re-
gion of Brazil produces around 33.4% of the na-
tional amount (Sebrae, ). This region pro-
duces honey from Africanized bees, with sting
(Apis mellifera), but also, from native stingless
bees (Melipona subnitida). The honey from the
stingless bees is a product which has showed
increasing demand within the national market,
with higher prices than those from the African-
ized bees (Anacleto, Souza, Marchini, & Moreti,
). However, there have been few studies that
may help differentiate those honeys.
Several factors, as floral and geographic source,
honey bee species, harvest season, can affect
the composition of honey and consequently, the
physical and chemical properties. One of the
principal factors is the water content. Thus, con-
sidering that the knowledge of those factors may
promote specific actions for preventing honey de-
terioration (physical, chemical, and/or microbio-
logical) and/or extend its shelf life, the objective
of this work was to study the rheological, ther-
mal and some other physical-chemical properties

(water content, soluble solids, water activity, pH)
of selected honeys produced in the Northeast of
Brazil. This Brazilian region is a region with low
rainfall and the physical-chemical characteristics
of honeys produced in that region have not been
studied.

2 DMaterials and Methods

The honeys studied in this work came from Rio
Grande do Norte state, Brazil, of a zone includ-
ing the cities of Lajes, Riachuelo, Angicos and
Caigara do Rio do Vento. This area is known as
“Rainless polygon”. The honeys were produced
by small communities in the context of the famil-
iar agriculture policies of Brazilian authorities.
Two samples of honeys were produced by
“Jandaira” bee (Melipona subnitida) (S1 and
S2, in Table 1). The others were produced by
Africanized bees (Apis mellifera) (S3 to S12).
The honeys were produced from different floral
origins and harvest seasons. The samples were
collected between June 2008 and July 2009 by
local producers and transported to Pirassununga
immediately. The honeys were stored at refriger-
ation temperature the whole of the experimental
period. Visual inspection of the samples did not
show any crystal formation.

All samples were analyzed for determination of
water activity (a,), pH, soluble solids content
(°Brix) and water content. The water activity of
the samples was measured at 22.740.5°C using
a water activity measuring equipment (Decagon,
Aqualab CX-2). The pH of the samples was
measured with a pH meter (Tecnal -TEC 2) in
a 10% (w/v) honey solution prepared with dis-
tilled water at 25°C. The soluble solids were de-
termined using an Abbé refractometer (°Brix)
and the water content was calculated from the
refractive index at 202C, using the Chataway ta-
bles (A.O.A.C. ).

Rheological tests were carried out in a rheome-
ter (AR2000 Advanced Rheometer, TA Instru-
ments, New Castle DE, USA) using a cone and
plate geometry (42, 60 mm diameter). The tem-
perature was controlled with a peltier system.
Before undertaking rheological tests, all samples
were held for at least 5 min between the upper
cone and the lower fixed plate, to allow the stress
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Table 1: Some physicochemical parameters of the honeys.

Sample pH Soluble Water content Water Tg2 (°C)
Solids (°Brix) (g/100g ) activity, a,,
S1 3.22 70.5 27.9 0.740 47.74
S2 3.31 74.8 23.8 0.671 51.92
S3 3.77 80.2 18.0 0.585 55.31
S4 3.57 77.8 20.8 0.633 47.08
S5 4.19 80.5 17.8 0.585 42.15
S6 3.79 79.2 19.2 0.606 52.21
S7 3.69 81.0 17.2 0.574 49.74
S8 3.67 78.8 19.6 0.609 54.44
S9 3.57 79.0 19.4 0.616 52.37
S10 3.72 79.0 19.4 0.618 46.72
S11 3.66 76.8 21.6 0.642 52.85
S12 3.64 80.2 18.0 0.586 52.69

relaxation induced during sample loading. To
avoid water losses due to evaporation, the mea-
surement system was coated with a solvent trap
accessory. Steady shear measurements were per-
formed at the steady state, at 25°C, with a shear
rate range of 0-100s~! in two ramps: ascending
and descending. Data were analyzed by Rheolog-
ical Advantage Data Analysis V.5.3.1 Software
(TA Instruments). All rheological measurements
were carried out in duplicate.

The phase transition properties of the hon-
eys were studied using a differential scanning
calorimeter (DSC, TA Instruments, USA, model
TA 2010, with controlling module Thermal Ad-
vantage Version 1.1A) and cooling accessory (So-
bral & Bittante, ). Samples of the honeys
were weighed (~10mg) on an analytical scale
(+0.01mg) inside hermetically sealed aluminum
pans. The samples were heated from -100 to
100°C, at 10°Cmin~'. An empty aluminum pan
was used as reference. The results were analyzed
using the Universal Analysis 2000 software ver-
sion 4.2E (TA Instruments). Reported data are
the average of duplicate determinations.

The data was submitted to an analysis of vari-
ance (ANOVA) and by Tukey’s HSD test, with
p<0.05, using the Statistical Analysis System
(V. 9.2) (SAS Institute Inc. SAS/STAT® ).
The coeflicients of correlation of linear and non-
linear regressions of some data were calculated

using the Software Excel 2007 (Microsoft® Of-
fice Excel®, ).

3 Results and discussion

All the honey samples presented pH values of be-
tween 3.22 and 4.19, with samples S1 and S2
(honeys produced by stingless bees) being the
ones with the lowest (p<0.05) pH values (Table
1). These results suggested that no deteriora-
tion occurred in these samples. The pH values
of the honeys were consistent with the results
of Argentine honeys, in which the pH ranged be-
tween 3.1 and 4.1 (Baroni et al., ), but lower
than those obtained for Turkish honeys (pH 3.67
- 4.57) (Kayacier & Karaman, ), Spanish
honeys (pH 3.55 - 4.79) (Terrab, Recamales, Her-
nanz, & Heredua, ), and Algerian honeys
(pH 3.49 - 4.53) (Ouchemoukh, Louaileche, &
Schweitzer, ).

The honeys effectively consisted of concentrated
solutions of soluble solids, with values varying
between 70 and 81 °Brix (Table 1). Again, the
honeys produced by the stingless bees presented
the lower (p<0.05) °Brix values.

Due to the low soluble solids contents, the water
content from the stingless bees (S1) was the high-
est (p<0.05), but, overall, this parameter var-
ied between 17.2 and 27.9¢/100g for all samples
(Table 1). According to Brazilian laws, based
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on the standards for honey produced by Apis
mellifera, the maximum water content value al-
lowed for honey is 20g/100g (Brasil, ). Thus,
two samples (S4 and S11) did not satisfy the re-
quirements of the Brazilian Standard. Neverthe-
less, the values obtained for samples S1 and S2
were within the upper limit (35%) suggested for
honeys from Melipona subnitida in Brazil (Villa-
Boas & Malaspina, ). The water content of
honey may vary according to the botanic ori-
gin of the flowers, geographic location, climate
conditions, harvest prior to complete maturation
and honey bee type (Nanda, Sarkar, Sharma, &
Bawa, ). The water content values deter-
mined in this study agree with the values re-
ported for Chinese honeys (19.8 - 29.0%) (Jun-
zheng & Changying, ), but are higher than
those reported for honeys from Australia (15.8 -
18.0%) (Sopade et al., ), from Poland (15.4
- 18%) (Juszczak & Fortuna, ), from Mexico
(16 - 20.6%) (Mora-Escobedo, Moguel-Ordonez,
Jaramillo-Flores, & Gutierrez-Lopez, ), and
by Argentine [16.4 - 20.2% (Baroni et al., )
and 15-21% (Chirife, Zamora, & Motto, )]-
Kuroishi, Queiroz, Almeida, and Quast ( )
studied some characteristics of honey produce in
the South of Brazil (Parand state) and deter-
mined an average value of 17.5540.42% for water
moisture.

The water activity (a,,) values of the honeys var-
ied within the range 0.574 - 0.740 (Table 1).
The water activity of honey was due to its sugar
composition and concentration (Gleiter, Horn, &
Isengard, ), but also to the water content
(Mora-Escobedo et al., ; Chirife et al., :
Gleiter et al., ; Cavia, Fernandez-Muino,
Huidobro, & Sancho, ). The results of this
work agree with these as the water activity var-
ied linearly (Equation 1) with the water con-
tent (Figure 1), similarly to observed by Cavia
et al., . The a, data presented in Table
1 were within the range reported for meliponid
honeys from S&o Paulo state — Brazil (0.662 -
0.851) (Anacleto et al., ), but in general,
those values were higher than those obtained for
Greek honeys (0.528 - 0.663) (Larazidou, Bili-
aderis, Bacandritsos, & Sabatini, ), Turkish
honeys (0.51-0.52) (Kayacier & Karaman, )
and Spanish honeys (0.52 - 0.57) (Serrano, Vil-
larejo, Espejo, & Jodral, ). Those a,, values

allow the classification of honey as an intermedi-
ate moisture food, and thus, it is shelf stable for
a reasonable period of time. The low a,, does not
allow microbial growth or fermentation of honey
by osmophilic yeasts (Larazidou et al., ).

0,75

0,70
& 0,65

0,60 -

C', 55 T T T T
15 18 21 24 27 30

Water content (%)

Figure 1: Water activity (a,) as a function of
water content of the analyzed honeys.

ap = 0.015X + 0.311(R*> = 0.996) (1)

Regarding the rheological studies of the hon-
eys, all samples showed Newtonian behaviour
at 25°C (Figure 2), agreeing with a number of
published results (Larazidou et al., 3 Za-
itoun, Ghzawi, Al-Malah, & Abu-Jdayil, ;
Abu-Jdayil, Ghzawi, Al-Malah, & Zaitoun, ;
Costa & Pereira, ; Kumar & Mandal, ;
Wei, Wang, & Wang, ), although there are
authors that reported viscoelastic behaviour in
honeys (Oh & Yoo, ). It is usual behaviour
for a low molecular weight component concen-
trated solution. The absence of either thixotropic
or dilatant phenomena could be explained by the
absence of macromolecules and/or particles in
suspension. The viscosity of the honey varied
from 6.65 to 0.19 Pa.s as an exponential function
of the water content of the samples (Figure 3),
according to Equation 2. This behaviour of the
honey viscosity was also observed by other au-
thors (Juszczak & Fortuna, ; Sopade et al.,
; Zaitoun et al., ; Mossel, B and Bhan-
dari, B and D’Arcy, B and Caffin, N, ).

n = 2116.1exp(—0.338X ) (R?= 0.982),

where X is the water content

(2)
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Figure 2: Examples of flow curves for honeys at
25°C.

The viscosity values of the honeys studied in this
work were similar to those of Chinese honeys (0.3
- 6.3 Pa.s) (Junzheng & Changying, ), ana-
lyzed at 20°C, but were lower than those of Jor-
danian honey (12.18 - 30 Pa.s) (Abu-Jdayil et al.,
), Polish honeys (9 - 21.5 Pa.s) (Juszczak &
Fortuna, ) and Indian honeys (2.68 - 11.35
Pa.s) (Kumar & Mandal, ), all determined
at 252C. Tt is well known that the viscosity of
honey is strongly influenced by water content,
and by the chemical composition of the honey
dried solids. All these parameters can vary with
natural conditions such as season of year, geo-
graphical region, etc (Juszczak & Fortuna, ;
Zaitoun et al., ). These facts could explain
the exponential decays of honey viscosity, differ-
ently from other properties, which varied linearly
with water content.
The heat flow curves obtained during the dif-
ferential scanning calorimetry analyses presented
typical behaviour for honeys (Figure 4). A glass
transition, which must be associated to the amor-

122 ‘ Costa et al.
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Figure 3: Viscosity (1) as a function of the water
content of the analysed honeys.

phous dry solids of honey, was observed occur-
ring at a very low temperature, between -67.23
and -42.61°C. These glass transition tempera-
tures (Tg) varied linearly (Equation 3) with the
water content (X) of the samples (Figure 5),
due to the strong plasticizing effect of the wa-
ter molecules, which causes the depression of the
Tg of completely amorphous and partially crys-

talline food products (Cordella et al., ).
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Figure 4: Examples of the DSC thermograms of
the analysed honeys.

Tg=—2.310X-2.561(R* = 0.996)  (3)
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Figure 5: Lower glass transitions temperatures
(Tg) as a function of the water content of the
analysed honeys.

The Tg values obtained in this study were higher
than those obtained for Greek honeys (-34.6 and -
47.2°C) (Larazidou et al., ), Australian hon-
eys (-40 and -46°C) (Sopade et al., ), and
Indian honeys (-33.64 and -51.14°C) (Ahmed,
Prabhu, Raghavan, & Ngadi, ). As it is well
known that the honey composition in terms of
type of sugars might also affect its Tg (Larazidou
et al., ; Cordella et al., ; Ahmed et al.,
), it may be suggested that the sugar compo-
sition of Brazilian honeys must be very similar.
Normally, the major sugars present in honey are
fructose and glucose (Ouchemoukh et al., ;
Kaskoniene, Venskutonis, & Ceksteryte, ).
A second glass transition appeared at interme-
diate temperatures (Table 1), between 42 and
55°C, but not necessarily plasticized by water,
considering that monotonic behaviour was not
observed. Cordella et al. ( ) observed an en-
dothermal phenomenon in that position, but in
the present work, no ice melting was observed in
the thermograms (Figure 4).
Understanding the properties of honeys at low
temperatures is of a prime importance for their
proper storage (Juszczak & Fortuna, ).
Moreover, Cordella et al. ( ) suggested a
new method for determining the adulteration of
honey using the determinations of Tg and other
thermal events detected by DSC. So, considering
that the properties we studied were a function of
the water content, it could be possible to deter-
mine adulteration by water addition. To verify

this, other methods must be tested against adul-
terations (Guo, Liu, Zhu, & Wang, ).

4 Conclusions

Analysis of some selected Brazilian honeys pro-
duced in the northeast region revealed that the
floral source and honey bee species affected the
quality parameters by affecting the water mois-
ture of the samples, with exception for the pH
and the soluble solids. Each honey type was
shown to have properties that could be expressed
as a function of its water content. The water ac-
tivity of honey increased linearly with the sam-
ple water content. All samples showed Newto-
nian behaviour and their viscosity reduced ex-
ponentially as the water content increased. The
glass transition temperature for the honey sam-
ples decreased linearly with the water content,
exhibiting the strong depression effect of wa-
ter molecules. These results could be used for
processing, product development and storage of
honey and honey based products, as well as to
verify the quality and check for adulteration.
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