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Abstract. The paper presents an analysis of tteein€e of glucose on water activity in two
selected honeys, in both liquid and crystallizedtest. Two honeys, rape and buckwheat,
characterized by essential differences in theicgge and fructose content, were investigated. The
relation between decrease of water activity in lggies of honey and an added fraction of glucose
monohydrate after liquefaction was determined. Mgkise of the NIR spectroscopy, values of the
solid phase fraction in both honeys in their crijigeed state and changes of water activity in the
honeys after crystallization were analysed. It feasd that the formation of crystallized glucose
phase in honey is accompanied by surface interactibat lead to a drop in water activity. The
resultant increase of water activity after crysaltion, aﬁ,r , was represented as the difference
between the increase caused by the formation cédhe phasea\?\,, and surface interactiorrs\ﬁ.
The impact of the solid phase morphology on surfateractions was verified experimentally by
analysing water activity after the introduction tefo glucose monohydrate fractions of different
crystal grain size into the honeys.
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INTRODUCTION

Honey is a concentrated solution of monosaccharides, in which &toof
the product is composed of both fructose and glu¢baearidouet al. 2004).
Generally, fructose is the dominant component amgiorvery few types of honey,
such as rape and dandelion honeys, glucose frastigmeater than that of fructose
(Caviaet a.,2002). Practically, however, glucose is foundhe state of super-
saturation in all honey types and it crystallizet® ia monohydrate during storage
(Doner 1977, White 1978). It is commonly emphasitted the process of glucose
crystallization changes honey structure which & sblid form is not readily
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accepted by consumers (Caetaal. 2002). There is another aspect of the process
that has been underestimated, namely that the glucose lazgtal process
changes the way in which water is bound in the product resultinginceease of
water activity in honey, which in turn may lead to its fermgota(lurlina and
Fritz 2005, Sanzt al. 1994, Wojtacki 1989). Due to the fact that saccharide
solutions bind much more water than when in the crystdllipem, glucose
crystallization in honey will cause an increase of wateviact(Sikorski et al.
2002). A system is obtained in which the phase of crystallizedogé mono-
hydrate forms a skeleton immersed in a diluted liquid solutiominated by
fructose (Schley and Buskes-Schluz 1987). In liquid honeys, lireeglations
between water content and water activity are generallgrobd (Bakier 2006a,
Cherife et al. 2006, Gleiteret al. 2006). Riiegg and Blanc, who investigated the
increase of water activity caused by crystallizatwocesses in honeys originating
from various countries, showed that the incremanged from about 0.012 to 0.12
at an average difference amounting to 0.027 (RiuedgBdanc 1981). Analogous
results obtained for 49 Argentinean honey samples rangeddre0.014 and 0.056
and oscillated around the average value of 0.08h(xa and Chirife 2006). Recent
research has shown that the increment of water tyctifter crystallization depends
on the origin of honey and in polyfloral honeys therement value amounts to
about 0.04 and in honeydew to 0.02 (Gledterl. 2006). It is also emphasized, at
the same time, that there is no correlation betviberincrease of water activity
after crystallization and the water content in pheduct (Gleitelet al. 2006, Riiegg
and Blanc 1981). In the literature on the subject, howewer s no explanation of
such considerable differences between the incremmwnivater activity in various
honeys after crystallization. Water activity in legncan also affect the course of
honey crystallization itself (Tabouret 1979).

Bhandari and Bareyre made use of measurements of watgtyattianges to
determine the amount of crystalline glucose in glucose mixtunar(@ari and
Bareyre 2003). They showed that after liquefaction of the crystglhase added
to saturated glucose water solution, there was a lineaglation between the
drop of water activity and the increase of the mass fractiadheo$olid phase in
the form of glucose monohydrate. The final conclusion of the papbatishe
changes of water activity can be used to determine the amothe eblid phase
that forms the crystalline suspension (Bhandari and Bareyre .20@3jould be
noted, however, that their reasoning shows signs of somef&atimin as it fails to
take into account the surface interactions thatiobetween the crystallized phase
and the solution. The results obtained by Bharafadi Bareyre by intro-ducing an
external glucose monohydrate of strictly defined snasd the resultant drop of
water activity after the liquefaction of the monotate by heating need not mean
that there is an equally good reverse phenomerarthat there is a proportional
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increase of water activity after the granulation of andiefiamount of the solid
phase from the solution. This follows from the f#tat in honey suspensions in
crystallized states there also exist surface @#tiThe crystalline mass fraction is
comparable to the water content. Glucose crystalclharacterized by very small
dimensions and, as a result, they possess very tangtact surfaces. In one cubic
millimetre of granulated honey it is possible todfias many as several hundred
thousands of crystals whose thickness amountsvieratehundred of nanometers
(Bakier 2003).

Reports concerning the amount of solid phase in crystallized haeey a
relatively rare. This is due, among other things, to diffiealtrelated to the
determination of the concentration value of glucose saturation in honey (Tabouret,
1979). Research work carried out by this author also showedtlasg-fructose
interactions have a significant influence on the charadterisf the crystalline
structurein statu nascendiBakier 2006c). Mass fraction of the crystallized phase
in honey has been estimated to be about 15% (Schley and Bliskezs-8a87).
After the crystallization process, honey is characterizsd considerable
differences in the morphology of its crystalline structurepédeling on the origin
and the conditions of the crystallization process, the same typenafy can be
found both in larger grain size or fine grain form (Catial. 2002).

The investigations presented in this paper were concernedheithfluence
of glucose on water activity in both liquid and granulated honey. thésis
adopted was that the increase of water activity caused bgryséllization
process is the sum of the increment of the parameter resiutimghe formation
of a definite amount of crystallized phase and the drop of watieity resulting
from the surface interactions between the solid and liquid phases. The dependence
between the drop of water activity after liquefaction of ghecose monohydrate
added to two different types of honey characterized by differkitoge and
fructose content was empirically verified. An attempt wiae enade to determine
the influence of the added crystallized phase and its morphologleowater
activity in the investigated honeys.

MATERIALS AND RESEARCH METHODOLOGY

In the investigations two types of honey showing substantiagrdiftes in
their chemical composition were used. One of them was rapg bbaeacterized
by a high glucose content whereas the other, buckwheat honeyrichain
fructose. The difference in their chemical composition can beisetheir values
of water activity. The average glucose content in the hapey amounted to
G =40.74% and that of fructose to F = 37.90% (Devilkgral. 2004). In the
buckwheat honey the values were G = 29.5% and F = 35.3% (Crone 1B&5). T
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honeys investigated were in granulated state. if$tesfep of the investigations was
to determine water activity and water content ithbwneys. Next, the honeys were
liquefied by heating at 65°C. After that they weseled and used to prepare samples.
Ten different samples of each type of honey weepgred. Each sample contained
different amounts of crystallized glucose monohtgdradded to the honey. The
samples were composed of 50 g of liquid honey @unta varying amounts of
glucose monohydrate ranging from 0 (the first sajnigl 10 g (the last sample). The
honey samples were then liquefied by heating améhgnat 65°C. Later the samples
were cooled, and after 24 hours the water aciivitile samples was determined. The
measurements were carried out at controlled terperaf 25°C using AQUA LAB
CX-2. The measurements of each sample were reptatetimes. The measu-
rements of water content in honey were made byréfractometric method by
measuring light refraction index with an Abbe-Rkfoaneter (Zeiss, Jena).

Further, the influence of the crystallized phase on clsmof@ater activity in
two-phase honey was investigated. The glucose monohydrate produced by Sigma-
Aldrich Laborchemikalien GmbH Germany was separated into taaiiéns by
sifting it through a sieve with 0.25 mm mesh. Automatic mesamsants of the
geometric dimensions of the crystals were carried ougusiystal photographs
taken in the condition of shearing interferometry by Biolar Proniterferometer
and an image analysis computer program analySIS (SIS 2003). dheetgie
analysis of crystal populations was based on crystal siirébdison according to
the maximum crystal diameter using both Excel and Statistiftaaze (Statistica
2002). Water activity was measured not later than 20 minutestiaéentrodu-
ction of the crystal and mixing the liquid honey with weighed nodisme of the
two fractions. The photographs taken by Biolar Pl microinterfetenveere also
used to present the crystalline structure of the investigated honeys.

Additionally, the crystalline mass fraction was obtained big Sjbectroscopy.
The results of earlier investigations made it possibledétermine that the
absorbance of water suspensions of crystalline glucodee avave number of
v= 7500 cni is directly proportional to the mass fraction of glucoseno-
hydrate (Bakier 2005). Analogous relations can be also seen betveeabsor-
bance of crystallized honey and the crystallized phase containded honey
(Bakier 2006d). This makes it possible to perform a comparatizgeturate
measurement of the crystallized phase content in the investigateghone

MEASUREMENT RESULTS AND THEIR ANALYSIS

Table 1 presents the parameters of the honeys used imvidstigations. In
spite of the fact that the buckwheat honey contained less wetarthe rape
honey, it showed higher values of water activity both inigtsid and crystallized



INFLUENCE OF GLUCOSE CHANGES ON WATER ACTIVITY IN GBNEYS 11

state. In effect, the increment of water activity in the buwav honey after
crystallization is considerably higher than in the rape honey.

Figure 1 shows the measurement results of watigitaclepending on the mass
fraction of the glucose monohydrate added to th&isn. The measurements were
concluded after the liquefaction of the crystatti@s by heating the honey and the
added crystals at 65°C. In either honey there whisear drop of water activity
correlated with increase of the mass fraction of theogliocnonohydrate added to the
honey. The regression equations obtained are lin@ature and are characterized by
high determination coefficient. The straight liee the buckwheat honey lies above
that for rape honey.

Table 1. Investigated honey parameters

Water activity Increment of water
after activity after
liquefaction crystallization

weo & el day=ay-al

1 Rape honey 19.6 0.607 0.578 0.029

Buckwheat
honey

Water  Water activity in
Type of content  crystallized state

honey

No.

19.2 0.629 0.582 0.047

0.585
0.580
0.575 -
0.570 -
0.565
0.560
0.555 -
0.550 -

a,, = -0.228¢,, + 0.581
R? =0.968

Water activity - a,,

a,, = -0.229¢, +0.579
0545 T RZ = 0959

0.540 -
0535

0.530
0.00 0.05 0.10 0.15 0.20

Mass fraction of crystal phase - ¢,

Fig. 1. Dependence of water activity on the mass fractbrihe glucose monohydrate crystals
additions after their liquefaction by heatifg: rape honeym - buckwheat honey
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The above results make it possible to state categoriteltyan increase of
the mass fraction of the liquefied glucose monohydrate is accompanied by a linear
drop of water activity of the solution after its liquefactiofncg the liquefied
crystals have an identical composition to the crystal plastatu nascendit is
possible to draw an analogical conclusion to that formulated by Bhaaru
Bareyre who stated that there was an analogous increasaeofagtvity which
accompanied the formation of a definite crystal mass @mactin the honey
crystallization process (Bhandari and Bareyre, 2003). Howevir,sttuation
could be true only if there were no surface interactions between the honeyscryst
and the solution. Assuming the dependence to be valid and that thelelegen
between the drop of glucose concentration in the liquid phase deterthime
increase of water activity according to the equationsepted in Fig. 1, then we
can write as follows:

« for the rape honey -a% =ad = al +0.229Uc, ; (1)
+ for the buckwheat honey -al =a’ = a +0.228Uc,,. 2)

Making use of the water activity values obtained for the dtigated honeys in
both crystallized and liquid states (Tab. thle concentration of the crystallized
phase expressed by the mass fraction can be presented in the following form:

ha, _al-al 0029

« for the rape honey Ac,, = = =
0229 0229 0.229

= 0127 3)

Na, _aS -al 0047

« for the buckwheat honey Ac,, = =
0228 0228 0.228

=0.207 (4)

Expressing the mass content of the solid phase in percentagesverd 2.69%
and 20.65% for the rape and buckwheat honey, respectively. The aboss ofl
mass content in the crystallized phase are both surprising andepieble. This
follows from analysis of the chemical composition of honey. In théwheat
honey the glucose mass content amounts merely to 28t&¥gas the fructose mass
content reaches 35.3% (Crone 1975). It seems Idb@mbproduct of higher glucose
content should crystallize more monohydrate. Inddpset measurements of the solid
phase content in the honeys, carried out by NIRtsmzopy, showed that the
percentage content of the solid phase in the rapeyhwas 29.5% and the buckwheat
honey 28.0% (Bakier, 2006d). It seems that thdteeshtained by NIR spectroscopy
are more reliable and show that the amount of ¢lid phase determined by water
activity measurements were considerably underefgtimdn particular, the most
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outstanding result was recorded for the rape honey where tleeedife was as
high as 16.91%. It would be most interesting to explain, however, why the
determination of the amount of the solid phase by measuring veitétyain the

solid state gives such low values for the solid phase. In ampittto solve this
problem a thesis was postulated that the morphology of the hopstalline
structure considerably affects the way in which water is bauttie product and
also, as a result, affects water activity itself.

Photo. 1. Structure of rape honeys Photo. 2. Structure of buckwheat honeys
magnification 110 x magnification 110 x

The investigated honeys show a very different taliyyse structure. The
morphology of rape honey grains is shown in Photadlthat of buckwheat grains in
Photo 2. The patrticular crystals in the rape hareyvery fine in their structure and
their size is relatively uniform. As a result thésea very extensive contact area
between the crystals and the liquid phase. Thevihekt honey, however, manifests
coarse-grained structure dominated by large-sigesggtes. The external surface of
this type of structure is significantly smallerrkia the rape honey. This phenomenon
suggests that there exist stronger surface inienacbetween the crystallized and
liquid phases in the rape honey, which consideraficts water activity in honey.
Mathematical formalization of the proposed thesis then state that the resultant
water activity in the product after crystallizatioonstitutes the difference between
the activity resulting from the crystallization tie solid phasey, and the decrease
of the parameter caused by the surface interaetjpn

ay =ay —ay. (5)

For such an interpretation the dependencies (1) and (2) wilexuress the
resultant water activitya\(,:\,r but an increment of water activity caused by the
formation of the solid phase in the solutia). Assuming the mass content of the



14 S. BAKIER

solid phase determined by NIR spectroscopy to be equal to 29.6% iaphe
honey, from dependence (1) we obtaaf) =0.646. An analogous procedure
carried out according to equation (2) for the buckwheat honeyiass the same
value i.e.a;, =0.646. Knowing the resultant increments of water activity of the
analysed honeys in their crystallized states and making wepehdence (5), we
can calculate the decrement of water activity caused by surtacadtions:

« for the rape honey al =0.039,
+ for the buckwheat honeyw/ =0.017.

The results of the above analysis are analyticabture and are conditioned by
the data obtained from NIR spectroscopy measureméneé obtained values clearly
show that the assumptions were correct, as we lzsene a considerable influence
of surface interactions between the solid anddiguliases on the increase of water
activity in both rape and buckwheat honeys. The tagney that is characterized by
fine grain structure shows, as expected, muchsiversurface interactions.

In order to conduct direct empirical verificatiohthe effect of the interactions
between the solid phase, i.e. glucose monohydrgstats, and the liquid phase, i.e.
the liquefied honey, an analysis was conducted ¢éasore the changes of water
activity after the introduction of the crystalsdribe honey. The glucose monohydrate
crystals were separated into two distinct fractiosmg a sieve with mesh of 0.25
mm. The through grains (minus mesh) constitutediti@grained fraction whereas
the plus mesh (the short) formed the coarse-grainaction. The numerical
distribution of the crystals according to the maximdiameter in the examined frac-
tions for 100 randomly chosen crystals is showRigures 2 and 3. The influence of
the crystal mass fraction on the changes of watgiitg is shown in Figures 4 and 5.

The results of water activity changes in the investigatedyisanghe function
of crystal mass fraction of both fractions could have been prddsieept for the
buckwheat honey. In this honey (Fig. 5) a decrease of wateit@eitcompanied
by the increase of crystal mass fraction can be observelle Agme time there is
a greater drop of water activity after the introductionfiogr grained fraction
while there is a weaker decrease of the activity when eograin fractions are
introduced. This can have a decisive influence on the watertgdtivihoney
crystal suspensions.

In the case of the rape honey water changes obseregdtadftintroduction
of the solid phase seem to be quite surprising. After the unttimh of fine-
grained fraction there is an unexpected increase of wateityam all cases. An
introduction of a small mass of coarse-grained fraction initially deeseavater
activity and above 5% increases water activity. Howewsh & behaviour of the
rape honey can be explained in a relatively easy way by ingitiation of the
crystallization process caused by the introduction of the crystallirepha
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Fig. 2. Numerical distribution of fine-grained crystalscarding to the maximum diameter (minus
mesh 0.25 mm)
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Fig. 3. Numerical distribution of coarse-grained crystatsording to the maximum diameter (plus
mesh 0.25 mm)

In honey processing technology this phenomenon is known as induced granu-
lation and is used to start quick heterogeneous crystallizatimress (Bakier
2003, Cherifeet al. 2006). For the rape honey, which shows a tendency for fast
crystallization, the increase of water activity can beaaly noticed after 20
minutes since the introduction of crystals into the honey. Nasless it is still
possible to observe differences in the interactions between fidezaarser grain
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fractions. The finer crystals will start the crystadlibn process at considerably
lower mass fraction than in the case of coarse-grained crystals.

Rape honey

0.586
0.584 -
0.582
0.580

0.576 -
0.574 -
0.572
0.570

Water activity
o
[6)]
3

Mass fraction of crystal (%)

Fig. 4. Changes of water activity in rape honey afteritiieoduction of:m — fine-grained crystals
(minus mash)¢ - coarse-grained crystals (plus mash)

Buckwheat honey
0.582

0.580
0.578 A

0.576 - 9
D |

0.574
0.572
0.570

Water activity

0 2 4 8

Mass fraction of crystal (%)

Fig. 5. Changes of water activity in buckwheat honey affter introduction ofm — fine-grained
crystals (minus mash®, - coarse-grained crystals (plus mash)

CONCLUSSIONS

As a result of the analyses conducted, it is ptes$o conclude unequivocally
that strong surface interactions between honeytatlipe and liquid phases can be
observed. In effect water is bound and there lisvees increase of water activity after
the crystallization process than expected taking the amount ofotite phase
produced. The surface interactions become the stronger theHaerystalline
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phase is, i.e. the more extensive is the contaz between the crystals and the
solution. Making use of the NIR spectroscopy rasittwas shown that the drop of
water activity in the rape honey caused by surface intenadtietween the crystalline
and liquid phases wada,, =0.039 and was greater than the resultant increase of
water activity following the crystallization - natyeda; =0.029. This is a very
valuable item of information as it indicates tHa tncrease of water activity caused
by honey crystallization process may be considgréiblited by controlling the
process in such a way as to obtain fine-grainedtsires.

Direct measurements of the solid phase by meastin@ increase of water
activity after the crystallization show relativddjg errors. The finer the crystallized
structure of the honey, the greater the error is to be expdetview of the above the
approach proposed by Bhandand Bareyre to determine the amount of crystallized
phase in honey cannot be accepted (Bhandari areli8aR003). Nevertheless it
seems possible to determine the mass fraction eofsttid phase in honey by
measuring its water activity. It requires, howevakjng into account the crystalline
structure of the honey and, by the same tokenn#tere of surface interactions
between the crystallized and liquid phases of holkg results of the investigations
presented in the paper should be considered only as an intoodtwtfurther
analysis of the problem. In fact the results focus on thetgtiadi aspect of the
observed dependencies but require further, more detailed quantitatiysesn

A relatively unexpected effect of the researcheapgd to be observation of the
influence of grain size on the initiation of cryfeation. Introduction of a finer
grain fraction speeded up the crystallization pssceonsiderably, which was
manifested by an increase of water activity. It sedms measurements of water
activity of a given honey after the introduction of a standardagdtal will
permit analysis of its crystallization propensity. Howevierrequires further
investigations in the filed in question.
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WPLYW PRZEMIAN FAZOWYCH GLUKOZY NA ZMIANY
AKTYWNOSCI WODY W WYBRANYCH MIODACH
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Streszczenie. W pracy przedstawiono analiptywu udzialu masowego glukozy na aktyw-
nos¢ wody w dwéch wybranych miodach w stanie ptynnyskrystalizowanym. Do badaastosowano
dwa miody odmianowe charakteryzug sg¢ rézna zawartdcia glukozy i fruktozy — rzepakowy i gry-
czany. Wyznaczonaaleznos¢ pomedzy spadkiem aktywrsoi wody w tych miodach a dodatkiem
masowym monohydratu glukozy po uptynnieniu. Pogikisk wartdgsciami udziatlu masowego fazy
stalej w mediach w stanie skrystalizowanym wyznagai za pomog spektroskopii w bliskiej
podczerwieni, analizowano zmiany aktywdowody w miodzie po krystalizacji. Stwierdzonge
powstaniu fazy krystalicznej glukozy w miodzie tomysz oddzialywania powierzchniowe, ktore
powoduj, obnizenie aktywnéci wody. Wypadkowy przyrost aktywst wody po krystalizacji —aS ,
przedstawiono w postacizdicy pomidzy przyrostema\f‘\, — spowodowanym wydzieleniem fazy statej
i oddziatywaniami powierzchniowymay, . Wpltyw morfologii fazy krystalicznej na oddziatywian
powierzchniowe zweryfikowano éeiadczalnie poprzez badanie zmiany aktysanevody po wprowa-
dzeniu do miodu dwoch frakcji monohydratu gluko@sniacych sé wielkoscia krysztatdw.

Stowa kluczowe: midd, stan skrystalizowany, aktyséngody, glukoza, monohydrat glukozy



