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Summary

This work aimed to verify the influence of prior homogenization and storage 
temperature on the crystallization of honey. Honeys from Campos Gerais, PR Brazil, 
were used for the experiments. The samples were subjected to homogenization at 
0, 180, 360 and 540 rpm for 15 minutes and stored at 15 °C or 25 °C. Crystallization 
was monitored by the colour, absorbance at 660 nm and moisture analysis. At the 
end of the experiment, the crystal sizes were determined by optical microscopy 
and laser diffraction. It could be observed that the samples kept at 15 °C and 
homogenized by agitation at 360 or 540 rpm showed crystal formation after 
7 days of storage, while all the samples stored at 25 °C showed crystal formation 
after 20 days. It was also observed that the effect of temperature was much more 
pronounced than that of mechanical agitation during homogenization. All the 
samples stored at 15 °C developed crystals that were smaller than 20 μm.
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Resumo

O objetivo deste trabalho foi verificar a influência da homogeneização 
prévia e da temperatura de armazenamento na cristalização do mel. Mel da região 
dos Campos Gerais/PR (Brasil) foi usado para os experimentos. As amostras 
foram submetidas a homogeneização sob agitação de 0, 180, 360 ou 540 rpm 
por 15 minutos e armazenadas a 15 °C ou 25 °C. A cristalização foi monitorada 
por meio de análises de cor, absorbância a 660 nm e umidade. Ao final dos 
experimentos, o tamanho dos cristais formados foi determinado por microscopia 
ótica e difração a laser. Pode-se observar que as amostras mantidas a 15 °C 
homogeneizadas sob agitação de 360 e 540 rpm apresentaram formação de 
cristais após 7 dias de armazenamento, enquanto todas as amostras armazenadas 
a 25 °C formaram cristais após 20 dias de armazenamento. Observou-se que a 
temperatura teve um efeito mais pronunciado na cristalização do que a agitação 
durante a etapa de homogeneização. Todas as amostras armazenadas a 15 °C 
apresentaram cristais menores que 20 μm.

Palavras-chave: Distribuição de tamanho; Cristais; Mel.
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1 Introduction

An understanding of the principles that control the 
prevention or formation of a crystalline sugar phase is 
quite important in the development of satisfactory food 
products. Sugars are present in many foods, varying from 
naturally occurring products such as honey to formulated 
foods, including jellies and gels as well as confectionery 
(HARTEL; SHASTRY, 1991).

Honey is  composed main ly  o f  sugars,  o f 
which the monosaccharides fructose and glucose 
are the most abundant (approximately 70-85% of 
the honey solids). Furthermore, small quantities of 
disaccharides (maltose and sucrose), trisaccharides and 
oligosaccharides are also present (BHANDARI et al., 1999; 
MORA‑ESCOBEDO et al., 2006; LAZARIDOU et al., 2004).

Glucose is the main component that crystallizes 
in honey because of its existence in the supersaturated 
state. Bhandari et al. (1999) summarized some methods 
to avoid the crystallization of honey, including storage 
at freezing temperatures (–40 °C), thermal treatment for 
dissolving the crystals at higher temperatures (> 45 °C), 
the addition of inhibitors such as ascorbic and isobutyric 
acids and the adjustment of the glucose and fructose or 
water contents (SUBRAMANIAN et al., 2007).

When uncontrolled crystallization occurs during 
storage, it can lead to phase separation that results in 
a crystalline phase at the bottom and a dark‑coloured 
supernatant l iquid phase, making the honey less 
attractive to the consumer (GLEITER  et  al., 2006; 
ZAMORA; CHIRIFE, 2006). On the other hand, when 
crystallization occurs in a controlled manner, it is possible 
to have products such as creamy honey, in which a 
large number of very small crystals are not perceived 
during gustation (MORA-ESCOBEDO  et  al.,  2006; 
SUBRAMANIAN et al., 2007).

The presence or absence of crystals, as well as 
the number, the average size and the size distribution of 
these crystals are critical parameters for the development 
of a desirable texture. The mass transfer caused by 
shaking can directly influence the relative rate of 
nucleation and crystal growth, showing that smaller 
crystals are produced with higher rates of agitation 
(HARTEL; SHASTRY, 1991).

There are several methods to set the characteristic 
size of a crystal, corresponding to form factors and size 
distribution (NÝVLT et al., 2001). Jeffery (1987) highlights 
some methods for measuring the size of a sugar crystal 
contained in molten sugar, including optical microscopy, 
electron microscopy and the laser diffraction method 
(light scattering).

The aim of this study was to investigate the effect 
of mechanical stirring and temperature on the formation 

of a crystalline mass and on the size distribution of the 
honey crystals.

2 Material and methods

Honey from Campos Gerais (PR State, Brazil) 
was used in the experiments. The physical-chemical 
characterization was made according to Brazilian 
law (BRASIL, 2000) as follows: reducing sugars, 
apparent sucrose, insoluble solids, pH and acidity 
(BOGDANOV et al., 1997), hydroxymethylfurfural (HMF) 
and moisture (HORWITZ, 2000) and the diastasis index 
(SANTOS et al., 2003). All analyses were carried out in 
triplicate.

2.1 Sample preparation

The honey samples were maintained at 37 °C in 
an incubator for one week to ensure complete melting 
of the honey crystals. After this period, the liquid honey 
was poured into 500  mL beakers and submitted to 
stirring (New Ethics, 10893/08) for 15 minutes at room 
temperature. The samples subjected to different agitation 
speeds were transferred to sealed glass jars and stored 
at 15 or 25 °C. Table 1 shows the stirring conditions and 
storage temperatures used.

The analyses were accompanied for five weeks, 
twice a week, taking two samples for each analysis. 
The  temperatures were set based on a previous 
crystallization study by Kuroishi et al. (2012).

Sample number 9 (control) was not treated and was 
stored at room temperature and used as the reference for 
determining the crystal size distribution (CSD).

2.2 Sample analyses

Honey crystallization was monitored using colour 
and absorbance determinations. The color analysis was 
carried out using a digital colorimeter (HunterLabMiniScan 
EZ 4500L) on the CIELAB scale (L *, a * and b *). L * is the 

Table 1. Treatments for honey crystallization.

Samples
Stirring  
(rpm)

Storage temperature 
(°C)

1 0 25
2 180 25
3 360 25
4 540 25
5 0 15
6 180 15
7 360 15
8 540 15
9 0 Room temperature - 

control
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lightness or brightness component, which varies between 
0 and 100, and a * and b * are two colour components, 
which vary from –100 to 100 (a * is from green to red and b 
* is from blue to yellow). The L *, a * and b * values obtained 
for each sample were converted into the Whiteness Index 
(WI) according to Briones and Aguilera (2005), cited by 
Kuroishi et al. (2012), as shown in Equation 1.

[( ) ]− − ∗ ∗ ∗2 2 2 0.5= 100 100 + +WI L a b 	 (1)

The absorbance was obtained at 660 nm in a 
UV-visible spectrophotometer (UVMIN - 1240 Shimadzu), 
as proposed by Lupano (1997). Moisture, colour and 
absorbance were measured in duplicate approximately 
every 5 days for 35 days of storage at the two storage 
temperatures. The final absorbance was compared for all 
samples by the Tukey analyses using Statistica software.

After 34 days of storage, the crystallized honey 
was characterized by its crystal size distribution (CSD) 
using two methods: image analysis generated by optical 
microscopy and laser diffraction.

The crystal size distribution was appraised by 
optical microscopy imaging according to Queiroz (2010), 
with some adaptations. The honey sample was spread on 
a glass slide and then dispersed in a drop of polyethylene 
glycol. The measurements were made using an optical 
microscope (Olympus, model BX41) with polarized 
light, magnified 200 times. The images were processed 
electronically using Scion Image Software, measuring the 
width (a) and diameter (b) of the crystals in micrometers 
(µm). With these measurements, the equivalent diameter 
(La) was calculated using Equation 2 (NÝVLT et al., 2001).

0.54 ≈  
 

abLa
π

	 (2)

The statistical distribution of the crystals was made 
in blocks with a gap of 5 μm using the La measurement 
for a population of 300 crystals for each sample.

By Laser Diffraction the crystal size distribution 
was obtained with a LA-950 Laser Scattering Particle 
Size Distribution Analyzer (Horiba Instruments, Inc). 
The sample was prepared by pre-dispersion of a small 
amount of the crystals in ethylene glycol, then diluting 
them in absolute ethyl alcohol. The analysis was carried 
out in duplicate for each sample, five readings being taken 
for each measurement.

The results for CSD obtained by both methodologies 
were represented by cumulative distribution.

3 Results and discussion

The main tests recommended by the Brazilian 
legislation for the recognition of heated or adulterated 
honeys are diastase activity and the presence of 

hydroxymethylfurfural (HMF). As shown in Table  2 the 
honey sample used in this study was in accordance 
with the limits imposed by the law (BRASIL, 2000) for all 
the physical and chemistry analyses. It was possible to 
determine the type of honey using the Kirkwood equation 
(KIRKWOOD et al., 1960, 1961), and it was classified as 
honeydew.

Azeredo et al. (1999) observed that the moisture 
present in honey influenced the f lavour, density, 
crystallization, solubility and conservation. In this study, 
the moisture of the honey, as monitored during storage, 
remained constant at 18.8%, which is in accordance with 
Kuroishi  et  al. (2012) who found an average moisture 
content of 17.55% ± 0.42 for honey.

3.1 Honey crystallization by the absorbance and 
whiteness index analyses

Figure 1 shows the absorbance values at 660 nm 
for honey samples homogenised at different speeds. 
The  samples were stored at room temperature (25 °C) 
and 15 °C for a period of 34 days.

Table 2. Results of the physical and chemical analyses of the 
honey.

Analysis Results
Moisture (%) 18.8±0.0

Reducing sugars (%) 73.3±2.9
Apparent sucrose (%) 8.6±1.6
Insoluble solids (%) 0.49±0.09

Ash (%) 0.32±0.02
Acidity (mEq/kg) 26.4±2.2

Diastasis Index (Göthe) 15.1±1.60
Hydroxymethylfurfural (mg/kg) 31.0±0.2

pH 4.06±0.02

Figure 1. Variation in absorbance during the storage of honey 
at 15 °C and 25 °C.
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The colour of honey can easily change from 
light (crystallized honey) to dark brown (heated or 
non-crystallized honey) (TOSI  et  al., 2004), which can 
be visualized by its absorbance. At the temperature of 
25°C, the maximum absorbance values did not exceed 
2.5 during the 34 days of storage. However, practically 
all the samples stored at 15°C had absorbance values 
greater than 2.5 after 15 days of storage. This indicated 
that crystallization was more intense at 15°C as noted by 
the opacity caused by the formation of glucose crystals. 
The turbidity of honey increases with crystallization, and 
the increase in absorbance at 660 nm may be regarded 
as indicative of crystallization.

An analysis of the absorbance results by the Tukey 
test at a 95% confidence level, showed that all the samples 
stored at 15°C had statistically similar absorbance values, 
independent of the agitation used. In addition, after 
34 days of storage, the sample maintained at 25°C and 
stirred at 540 rpm showed an absorbance value similar 
to those stored at 15°C. This may indicate that agitation 
has an influence on crystallization at 25°C.

Lupano (1997) found maximum absorbance values 
close to 3 for honey stored for 40 days at 10°C and 4°C, 
and maximum absorbance values near 1.5 for honey 
stored for 40 days at 20°C.

Using a visual analysis of the samples stored at 
15 and 25°C, it could be seen that those homogenized at 
360 rpm and 540 rpm and stored at 15°C showed crystal 
formation after 7 days of storage, while samples stored 
at 25°C showed crystal formation after 20 days. In the 
samples stored at 25°C and in sample number 9 (control), 
a supernatant appeared, which did not occur in the 
samples stored at 15°C. This formation of a supernatant 
is a characteristic of slow crystal formation, and a large 
mass of crystals tend to settle at the bottom of the flask 
due to gravitational forces.

Figure  2 shows the results obtained for the 
Whiteness Index (WI) of the honey stored at 15°C and 
25°C, during 34 days of storage.

It can be seen in Figure 2 that the samples stored 
at 25°C presented more oscillations in the Whiteness 
Index, indicating no defined behaviour, probably because 
of phase separation. For the samples stored at 15 °C, this 
index tended to increase from 29.8 to 49 after 34 days 
of storage.

The Whiteness Indexes (WI) of the samples stored 
at 15°C were higher than those of samples stored at 
25°C. With respect to homogenization, it was observed 
that the WI values of samples stirred at 0, 180, 360 and 
540 rpm showed similar behaviours during storage, 
reinforcing the idea that the temperature was the main 
cause of opacity in the samples. Kuroishi  et  al. (2012) 
reported that the Whiteness Index remained constant for 
honey samples stored at 31°C, and no crystallization was 
observed in these samples during 3 weeks of storage. 

The authors also reported a trend for the Whiteness Index 
to increase in samples stored for 3 weeks at temperatures 
of 11°C and 21°C, this increase being due to the formation 
of crystals in the honey. These results reinforce the use 
of the Whiteness Index as an indication of the presence 
of crystals in honey samples.

3.2 Distribution of crystal size as a function of 
temperature and agitation

The rate of crystal growth or grain size distribution, 
and the shape of the crystals depend on the composition 
of the honey and the storage temperature (SERRA 
BONHEVI, 1989).

Figure  3 shows the results obtained for the 
crystal size distribution by optical microscopy for all 
the experiments carried out. It was observed that the 
temperature had a greater effect on crystal size distribution 

Figure 2. Values obtained for the Whiteness index at 15°C and 
25°C during storage of the honey.

Figure 3. Cumulative distribution obtained by optical microscopy 
of the crystal size of the honey samples.
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than the stirring applied during homogenization. There 
were more smaller crystals in the sample stored at 15°C 
than in the sample stored at 25°C. Homogenization speeds 
of 180, 360 and 540 rpm before storage at 15°C showed 
similar results for crystal size distribution.

Hartel and Shastry (1991) disclosed that, in general, 
there was an optimum temperature for crystallization, at 
which the nucleation rate was maximal and many small 
crystals could be formed. This optimum temperature 
depends on many factors, but mainly on the product 
composition, the cooling rate and the level of agitation 
before storage.

Flink (1983) noted that when the temperature 
decreased, the sugar solubility also decreased, promoting 
crystallization. On the other hand, Johnson et al. (1975) 
concluded that with decreasing temperature, the viscosity 
increased, slowing down the mobility of the molecules and 
resulting in a lower rate of crystal growth.

In a study of temperatures from 2°C to 40°C, 
Sopade  et  al. (2003) observed a decrease in viscosity 
with increasing temperature for the samples of honey. 
The authors also observed a more pronounced decrease 
in viscosity from 25°C to 30°C, and less pronounced 
above 35°C. Thus, the viscosity of honey stored at 25°C 
is lower than that of honey stored at 15°C, and the greater 
mobility of the molecules favours crystal growth. However, 
as said earlier, the solubility of the sugar increases with 
increasing temperature, which may explain the rate 
of granulation/slow growth observed at 25°C and the 
formation of larger sized crystals.

According to White (1974), the crystallization of 
honey is accelerated between 13°C and 15.5°C and 
delayed at freezing temperatures. Lupano (1997) noted 
that crystallized honey stored at 10°C had a less sandy 
appearance than honey stored at 20°C (which showed 
grainy crystals of various sizes).

The control sample showed a lower amount 
of crystals smaller than or equal to 5 μm, similar to 
non-homogenized samples or those homogenized at 
180 rpm and stored at 25°C. These results indicate that 
the storage of honey at a constant temperature of 25 °C 
without agitation was not efficient for the formation of 
small crystals.

According to the studies of Bhandari and Bareyre 
(2003) and Bakier (2003), it is possible to correlate the 
formation of smaller crystals in the samples at 15°C, rather 
than at 25°C, with no formation of supernatant. In samples 
stored at 15°C, the glucose crystals were smaller resulting 
in a greater contact surface which could interact with a 
larger number of water molecules, without the formation of 
a supernatant as observed in the samples stored at 25°C.

The results for crystal size distribution obtained by 
laser diffraction are shown in Figure 4.

To date, the use of the laser diffraction method to 
determine the crystal size distribution cannot be found in 
the technical literature. Figure 4 shows the formation of 
smaller crystals in the treatments at 15°C as compared 
to those treated at 25°C, which was similar to the results 
obtained using optical microscopy.

A temperature of 15°C was shown to be critical for 
accelerating crystallization, forming smaller crystals of 
below 20 µm for the four homogenization speeds used. 
However, the increase in intensity of the homogenization 
speed showed a directly proportional effect with the 
decrease in crystal size.

The mobility of glucose is higher at 25°C due 
to the lower viscosity of the system, and the tendency 
to form a smaller amount of larger sized crystals was 
observed from the results of the crystal size distribution. 
The effect of stirring speed during homogenization was 
directly proportional to the decrease in size, but only 
the sample stored at 25°C and homogenized at 540 rpm 
produced more than 90% of crystals below 20 µm at 
this temperature, indicating that storage near ambient 
temperature promoted the formation of larger crystals.

A reduction in crystal size at a temperature of 25°C 
was only possible with the highest homogenization speed. 
This is because stirring before storage distributes the 
particles of impurities inside the mass of honey, which 
serve as nuclei for crystal formation.

4 Conclusion

At the end of the experiments all the samples 
stored at 15°C were uniform and fully crystallized but in 
the samples stored at 25°C, less than half the volumes 
were crystallized. An influence of temperature and 

Figure 4. Crystal size distribution as obtained by laser diffraction 
of samples stirred at different speeds and stored at 15°C or 25°C.
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homogenization was observed, especially in relation to 
the crystal size distribution, where smaller crystals were 
associated with better crystallization characteristics. None 
of the samples crystallized at 15°C showed crystals larger 
than 20 µm, and of the samples stored at 25°C only the 
one homogenized at 540 rpm showed a distribution similr 
to that of the samples stored at 15°C, since the initial 
distribution of the impurities was more homogeneous.
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