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ABSTRACT

The rheological behavior of orange honey was studied in the temperature range 25-45 degrees
Celsius with Haake VT 550 viscometer when the HV, viscosity sensor at high shear rates 3.3 and
1312s™". The assortment of orange honey has a dilating behavior being influenced by concentration
and humidity. Honey was studied with a humidity of 16%, 17%, 19% and 21%. The rheological
behavior is influenced by both humidity and its composition.
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INTRODUCTION

There are many factors that influence the
chemical composition of honey: the quality and
composition of the raw material (nectar or manna), its
abundance, climatic factors, how bees are exploited,
how they are harvested, conditioned and preserved.
The honey obtained will have specific characteristics
to the conditions in which it was produced*.

The elements that make up honey can be
divided into three groups: water, sugars, non-sugars.
The major constituents of honey are water and
sugars, which represent 99% of honey.

Normally, honey harvested, processed
and preserved in good conditions has a humidity
between 17-18%. The nectar brought to the hive

has a high water content (over 52%), but the
filling is done only after the humidity is maximum
20%, the percentage of water in the honey being
inversely proportional to the degree of filling of the
combs. The high atmospheric humidity determines
the increase of the humidity in the hive, as well as
a high humidity of the honey, due to its hygroscopic
properties.

Atmospheric humidity must not exceed
60% in storage rooms. Honey with a high glucose
content (such as rapeseed) will be more hygroscopic
and will have a shorter shelf life, having to be stored
in airtight containers and stored in dry rooms.
Honey with a subunit glucose / fructose ratio, (such
as acacia or clover), can be intended for longer
consumption. Crystallized honey is always more
hygroscopic than fluid or liquid honey.
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Honey can be considered a concentrated
solution of sugars, due to the fact that the main
components of honey are sugars:

Orange honey is produced from orange
blossoms and has a special aroma, complete with
special distinctive features'®.

MATERIAL AND METHODS

The orange honey used in this work is
provided by Greece. Orange honey was studied with
a viscometer Haake VT 550 when the HV, viscosity
sensor at temperatures between 25 and 45 degrees
Celsius at shear rate 3 and 1312s™" every 5 degrees
on the entire range of shear speeds. The accuracy
of the temperature was 0.1°C.

RESULTS AND DISCUSSION

In addition to temperature, another
factor that can influence the viscosity of fluids is
concentration. ltis logical to think that an increase in
the concentration of the dissolved or dispersed solid
phase will lead to an increase, probably nonlinear,
in the viscosity.

Empirical relationships between viscosity
and concentration have been established for several
fluid systems. Thus, for a Newtonian fluid such as
aqueous sucrose solutions, linear dependence was
established:

logn=a+b-C (1)

In this expression, C represents the
percentage concentration of sucrose, and aand b are
constants that can be determined either graphically
(a being the intersection of the graph at the ordinate,
and b is the slope of the graph) or by linear regression.
The parameter a being the intersection of the graph
on the ordinate is the very logarithm of the solvent
concentration, log C, ie a = log C-.

Taking into account the above, it appears that
the dependence of the concentration viscosity is also
a logarithmic dependence, which could be of the form:

n=A exp(b-C) 2

Logarithmizing this relation and subs
tituting log A = a, will lead to obtaining the linear
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expression of the dependency n = f (C), described
by relation (1).
Tabele 1: The influence moisture content on the
viscosities of orange honey

Moisture content (%) Viscosity (mPa . s)

25°C  30°C 35°C 40°C  45°C
15.9 18.39 9.504 5.220 3.066 1.873
17.0 10.67 5.736 3.249 1.952 1.247
19.0 5548 3.092 1.818 1.138 0.751
21.0 3.202 1.826 1.123 0.721 0.502

The experimental data in Table 1 regarding
the influence moisture content on the viscosities
of orange honey at allow the verification of the
dependence described by relation (2). In the case of
orange honey, C in relations (1) and (2) represents
the moisture content expressed as a percentage,
and a is the viscosity of honey in the absence of
moisture in its composition. In the composition of
honey, depending on its origin, there are variable
amounts of: fructose, glucose, sucrose, trehalose,
maltose, isomaltose, raffinose, erlose, panose,
isomaltotriosis, maltotriosis, maltotetrosis. If we
denote the moisture content with M, and the viscosity
of the carbohydrates in honey in the absence of
water with s, the expression (2) will have the form:

n=n, -exp(b-M) (3)

The linearization of the above relation with
the data from Table 1, allowed that from the graphical
dependence, by linear regression to calculate the
values of the constants s and b at the 5 temperatures
used. The Origin 7.0 program was used, and the data
obtained are those from Table 2. Note the very high
value of the linear correlation factor R, higher than
0.99 at all temperatures monitored.

It can also be seen that temperature has a
linear influence on the value of the constant b. By linear
regression applied to the dependence b = f (T), the
following expression of linear dependence was obtained
between the value of b and the temperature (°C):

b=-0.4388+0.00407-T (4)

The correlation factor is excellent, R =
0.99887, so that the values of b can be estimated
at any temperature in the range.

Table 2 shows that there is a nonlinear
dependence s =f(T). The appearance of the graph
suggests a logarithmic dependence. Considering an
Arrhenius dependence of the form:
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s =n, -exp($) (5)

By linearizing it, the graph in Fig. 1 is
obtained. An excellent linear correlation factor is
observed (R = 0.99986), which means that the
dependence s = f (T) is excellently described by
the Arrhenius type relation (5).

The dependence of the dynamic viscosity
on temperature and concentration is described by
equation (6)'¢'°:

(6)

The three constants (KT, C, Ea, B) can be
determined from the experimental data, by nonlinear
regression.

Table 2: The influence of temperature on the
constants s and b in the case of orange honey

Temperature (°C) s (Pa. s) b R
25 3520.1 -0.3362 0.9920
30 1366.3 -0.3176 0.9942
35 533.5 -0.2959 0.9936
40 237.3 -0.2783 0.9934
45 99.34 -0.2541 0.9931

Fig. 1. Linearization of the nonlinear dependence
s = f (T) for the data in Table 1 in the case of orange honey
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The dependence of the dynamic viscosity
on temperature, concentration and shear rate is
described by equation (7)'":

(7)

In this expression, the influence of shear
rate is given in the form of the law of power.
The value of the 4 parameters (K%TVC, n, E,, B) can
be calculated with step regression analysis.
This calculation procedure influences the
size of the constants, and for this reason
these constants cannot be assigned a precise
physical significance.

CONCLUSION

Most varieties of honey are Newtonian
fluids. Honey is a concentrated solution
consisting mainly of fructose and glucose,
with traces of other carbohydrates, proteins,
minerals and other minor constituents. The
water content of honey varies, depending on
the assortment, between 17-20%. The dilating
behavior (or shear thickening-which increase
their viscosity when shearing) is characteristic
of some varieties of honey.
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