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Abstract

Reaction orders, rate constants and activation energies were evaluated for 5-hydroxymethyl furfural (HMF) accumulation and
brown pigment formation (BPF) in pekmez and its model systems stored at 55, 65 and 75°C over 10 days at pH 4.0. The model
systems and their compositions were decided by considering the major pekmez components. Accumulation of HMF and BPF were
the highest in pekmez and they were the smallest in model 1. ANOVA showed that the effects of temperature on both accumulation
of HMF and BPF were significant (p <0.05). Results obtained from non-linear regression analysis indicated that reaction order was
0.5 for 5-HMF accumulation and was zero for brown pigment formation in the model systems. Reaction orders were zero for both
HMF accumulation and BPF in pekmez. Calculated activation energies for HMF and brown pigment formation were in the range
of 49.7-103kJ mol~! and 116-132kJ mol~"' respectively. © 1998 Elsevier Science Ltd. All rights reserved.

1. Introduction

It has long been known that fruit juices darken during
harvesting, transporting, processing and storage. Con-
centrates having more than 65% of total solids are nor-
mally stable to fermentation at any temperatures, but
when stored at relatively high temperatures or for a long
time, nonenzymic browning reactions take place.

Pekmez is the common name of boiled juice prepared
from some fruits such as grape and mulberry in Turkey.
It is produced by concentration of juice up to 70-80%
soluble solids content. Grape pekmez contains 100 mg
kg~! iron and 4000 mg kg~! calcium (Artik and Velio-
glu, 1993).

The composition of grape juice is given in Table 1.
Grape juice contains 18 amino acids. Eight of them, the
highest ones in grape juice, are given in Table 1. The
major ones are arginine, glutamine and proline (Dra-
wert and Tressl, 1977). The juice contains high amounts
of glucose and fructose in almost equal quantities, no
sucrose and very small amounts of protein (Artik and
Velioglu, 1993).

Browning is the most common quality problem in
pekmez, as in most concentrated fruit juices. Non-
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enzymic browning reactions of pekmez occur either by
caramelization or the Maillard reaction. Caramelization
in pekmez occurs by the decomposition of sugars at
high temperatures (Hodge, 1953). The Maillard reac-
tion takes place between amino acids and reducing
sugars present in the pekmez. It results in undesirable
colour, odour and flavour changes (Pribella and
Betusawa, 1978; Toribio and Lozano, 1986) and is
followed by the formation of intermediates such as 5-
hydroxymethyl furfural (HMF), particularly under
acidic conditions, (Lozano, 1991; Go6giis et al., 1998)
and, finally, brown pigment formation (BPF) (Hodge,
1953).

The HMF is potentially a polymer building block and
is an indicator of the Maillard reaction and of potential
browning (Lee and Nagy, 1988). In fresh foods, the
HMEF level is close to zero (Babsky et al., 1986). How-
ever, it is found to be at a significant level in processed
foods and so is often used as a quality indicator (Lee
and Nagy, 1988; Cohen et al., 1994). HMF is also used
as one of the quality parameters of pekmez (G6giis and
Eren, 1997). Maximum HMF limit for the first quality
pekmez is 25 mg HMF per kg of pekmez (TS 3792, 1983).

The objectives of this work are: (1) to determine the
HMF accumulation and BPF in pekmez and model
systems during storage; (2) to determine any similarities
or differences that exist between the pekmez and its
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Table 1
Composition of grape juice

Components Composition

Free amino acids®

Arginine 1047 mg 1!
Proline 449mg 17!
Glutamine 210mg 1!
Alanine 60mg 17!
Glutamic acid 58mg 17!
Threonine 49mg 1!
Asparagine 44mg 1!
y-Aminobutyric acid 30mg 1!
Sugars®
Fructose 98g 1!
Glucose 106g 17!
Sucrose 0
Ash® 0.3g kg™!
Fat® Trace
Protein® 0.2g kg™!
Minerals®
Calcium, Ca 11mg kg™!
Iron, Fe 0.3mg kg~!
Sodium, Na 2mg kg~!
Phosphorus, P 12mg kg™!
Potassium, K 116 mg kg~!

4 Drawert and Tressl (1977).
® Bielig et al. (1982).
¢ Karakaya and Artik (1990).

model systems according to their HMF accumulation
and BPF; and (3) to determine the kinetic parameters
for both HMF accumulation and BPF in pekmez and
model systems.

2. Materials and methods

All chemicals used were of analytical grade. The
amino acids, arginine and proline and the reducing
sugars, glucose and fructose were purchased from
Merck (Germany). Glutamine was purchased from
Sigma Chemical Co. Ltd. (USA). The chemicals p-
toluidine, glacial acetic acid, HCI, barbituric acid, HMF
and 2-propanol (Merck, Germany), potassium ferro-
cyanide, zinc acetate and iodine (Reidel De-Haen, Ger-
many) and starch (Pancreac, Spain) were used for HMF
analysis.

2.1. Preparation of pekme:z

Grapes (Vitis vinifera, L.; variety Sultana) were pur-
chased from the local market (Gaziantep, Turkey).
Grape juice was prepared by crushing and pressing the
grapes. Prior to the concentration of the grape juice (pH
3.5) from 18 to 70°Brix, it was clarified by using bento-
nite (Sigma) and gelatine (Sigma) as clarifying agents
and filtered through Whatman No. 41 filter paper. Fil-
tered grape juice had a pH of ~4.0. A traditional heat

treatment (concentration) method was applied for the
preparation of the boiled grape juice (in open pan at 97—
98°C for 3h). The pH of boiled grape juice was pH 3.9
and was adjusted to pH 4.0 prior to the storage.

2.2. Preparation of model systems

Table 1 shows the major components of the grape
juice. As seen, the glucose and fructose are the only
sugars and proline, arginine and glutamine are major
amino acids of grape juice and so pekmez. Thus, they
were chosen to represent major components which are
responsible for the nonenzymic browning reaction in
pekmez. Model system 1 was prepared to determine the
net effect of caramelization reaction, so only sugars
(98 g litre™! fructose and 106 g litre~' glucose) which are
present in the grape juice were used. Model system 2
was prepared to observe the effect of major Maillard
reactants on the nonenzymic browning of grape juice
during the processing and accelerated storage periods. It
contained two sugars (98 g litre~! fructose and 106 g
litre=! glucose) and three amino acids (1047 mg litre~!
arginine, 210mg litre™' glutamine and 449 mg litre~
proline). All the model solutions were adjusted to pH
4.0 by the addition of HCI (1 M) and they were con-
centrated by following the procedure as above.

The concentrates (70°Brix) of the models and pekmez
with a pH of 4.0 were distributed into glass tubes in
duplicate and closed tightly and held in a temperature-
controlled laboratory oven (Niive ES 500) at three dif-
ferent temperatures (55, 65 and 75°C). Tubes were
removed periodically from the oven. The samples were
analysed for both HMF accumulation and BPF and
their pH was measured. Change in pH was not sig-
nificant during storage of the samples.

BPF was followed by measuring the colour as absor-
bance. After the proper dilution of 1 g sample with triple
distilled water, the absorbance was read at 420 nm by
spectrophotometer (Spectronic-Bausch 20).

HMF was determined quantitatively following the
procedure described by the IFFJP (1964) based on the
colorimetric reaction between barbituric acid, p-tolui-
dine and HMF forming a red coloured complex. The
intensity of red colour is dependent upon the amount of
HMF. HMF analysis was performed by measuring the
red colour at 550 nm with a Spectronic-Bausch 20 spec-
trophotometer. A calibration curve of HMF was utilized
to quantify HMF concentrations. All measurements
were made in duplicate.

Regression analyses (Sigma Plot 41) were performed
to determine the reaction orders and the rate constants
for both HMF accumulation and BPF.

Statistical analyses using ANOVA and multiple range
test (LSD) were carried out by using the Statgraph
statistical package within the 95% confidence interval.
Statistical analyses were performed for the systems during

1



H. Bozkurt et al./Food Chemistry 64 (1999) 89-93 91

the 10 day period with respect to their HMF accumula-
tion and BPF for all temperatures.

3. Results and discussion

Figs. 1 and 2 show the accumulation of HMF and
BPF in model systems and pekmez at 75°C. As men-
tioned above, model 1 contained only sugars to identify
the effect of caramelization on the total rate of brown-
ing in more complicated systems (model 2 and pekmez).
Two-way ANOVA (temperaturextime) and multiple
range test (LSD) were applied to see the net effect of
temperature on both HMF accumulation and BPF rate
during the 10 day period at three different temperatures
(55, 65 and 75°C). ANOVA showed that the effect of
temperature on accumulation of both HMF and BPF
was significant (p <0.05). Results of the multiple range
test showed that increasing the temperature from 55 to
75°C significantly affected (p <0.05) the rates of both
HMF accumulation and BPF. The effect of caramel-
ization on the rate of HMF accumulation, in model 1,
at 55°C was not significant (p >0.05) at 95% confidence
interval. However, it was significant (p <0.05) at 65 and
75°C. This means that the net effect of caramelization
reaction on HMF accumulation was not so high at 55°C
and its effect increased with increasing temperature. The
presence of the three amino acids with two reducing
sugars, model 2, that are the major reactants of the
Maillard reaction increased both HMF accumulation
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Fig. 1. Accumulation of HMF in pekmez and its model systems at
75°C and pH 4.0 (symbols refer to the experimental data, the lines
refer to the predicted model). A, Pekmez; O, Model 1; @, Model 2.

and BPF. The increase in HMF accumulation and
BPF in this model was significant (p<0.05) at all
temperatures (55, 65 and 75°C). Therefore, it can be
concluded that the contribution of the Maillard
reaction to the formation of brown pigments and accu-
mulation of HMF was greater than the caramelization
reaction.

As seen in Figs. 1 and 2, the accumulations of HMF
and BPF in pekmez are higher than those in models
although they contain major components which are
responsible for the browning of pekmez. The differences
between their HMF accumulations and BPF rates may
be explained by the minor components in pekmez. It
contains high amounts of some metal ions, such as iron
(Karakaya and Artik, 1990) and phenolic substances
(Cheynier et al., 1988). The metal ions and phenolic
substances were found to have an accelerator effect on
the browning reaction (Labuza and Baisier, 1993,
Cheynier et al., 1988). In addition to this, HMF
amounts formed during the processing of the models
and pekmez are highly different (Fig. 1). This reactive
intermediate accelerates the rate of browning reaction
during the further storage period (Figs. 1 and 2). Con-
centration of these products (HMF and BP) were the
highest in boiled grape juice and they were the smallest
in model 1.

These results indicate that modelling of the food sys-
tems is quite difficult and the models prepared do not
show the same characteristics as in the original food.
Some modelling studies of the food systems related to
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Fig. 2. Brown pigment formation in pekmez and its model systems at
75°C and pH 4.0 (symbols refer to the experimental data, the lines
refer to the predicted model). A, Pekmez; O, Model 1; @, Model 2.
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the browning reactions are reported in the literature.
The model(s) used in these studies have been selected
according to the major component(s) of the foods
represented. In most of these modelling studies, only
sugars (Buera et al., 1987a., Lee and Nagy, 1990), or
sugars and amino acids (Buera et al., 1987b; Wong and
Stanton, 1989) were used as the components. Further-
more, the concentrations of the selected components in
these models are not realistic to simulate real food pro-
ducts (Tsai et al., 1991; Lee et al., 1979). As a result, it
can be concluded that the model systems with few
components of the food products are not suitable to
represent the nonenzymic reactions occurring in the real
food systems because the presence of a minor component
which is not available in the model system can accel-
erate or decelerate the reaction rate in the food during
processing or storage.

3.1. Reaction kinetics of HMF accumulation and BPF

HMF accumulation in different systems was followed
as a function of pH (Cerrutti et al., 1985), temperature
(Lozano, 1991) and water activity (Petriella et al., 1985).
It was found that the temperature effect was very strong
on the accumulation of HMF. Hodge (1953) explained,
in his classical scheme for Maillard reactions, that the
pathway giving the intermediates leading to HMF
favours low pH.

The following equation was used to fit both HMF
accumulation and BPF data by using non-linear regres-
sion analysis (two-parameter fitting of n and k).

where C is the concentration at time ¢, C, is the con-
centration at time zero, n is the reaction order, k is the
rate constant and ¢ is the time. C, values were calculated
to check the suitability of the model. It was found that
the calculated C, values were in agreement with the
experimental results.

The reaction orders, rate constants, their correlation
coefficients (R?) and 95% confidence intervals for HMF
accumulation and BPF are given in Tables 2 and 3 respec-
tively. As seen in Table 2, reaction orders for HMF accu-
mulation were found to be 0.5 and zero for models and
pekmez, respectively. Reaction order for BPF was zero for
all systems. These results are in agreement with those of
previous studies (Cohen et al., 1994; Buera et al., 1987a).

It was reported in the literature that the reaction
order of HMF accumulation was found to be changing
from 0 to 2 depending on the reactants and the experi-
mental conditions (Peleg et al., 1992; Shallenberger and
Mattik, 1983; Kérmandy et al., 1994). The results found
previously suggest that the reaction order for HMF is
flexible. Reaction order for BPF was found to be zero
for monosaccharides (Buera et al., 1987a) and for sugar-
amino acid systems (Buera et al., 1987Db).

The Arrhenius relationship was applied to find the
activation energies (Ea). Table 4 shows the calculated
activation energies, their 95% confidence intervals and
correlation coefficients.

The activation energies for BPF in the systems were
in the range of 116-132kJ mol~! which is within the
range (105-210kJ mol~!) of typical Ea for nonenzymic
browning of foods reported by Saguy and Karel (1980).
It was found that the activation energy for carameliza-

n#1c0=" — Cf)l*”) = (1 —n)kt tion of glucose + fructose (model 1) was 116kJ mol~!
Table 2

The reaction orders, rate constants (mg HMF/100 g sample/days) with their 95% confidence intervals and R? values for HMF accumulation in the
systems

HMF Accumulation
55°C 65°C 75°C

Systems n k R? n k R? n k R?
Pekmez 0£0.01 15.5+1.05 0.98 0£0.01 50.4+21.34 0.99 0£0.01 136+9.53 0.98
Model 1 0.59+0.02 1.21+0.13 0.99 0.55+0.01 1.59+0.04 1.00 0.54+0.01 3.47+0.26 0.99
Model 2 0.57+0.01 1.75+0.16 0.99 0.56+0.01 2.75+0.08 1.00 0.55+0.01 5.43+0.14 0.99
Table 3

The reaction orders, rate constants (OD/days) with their 95% confidence intervals and R? values for BPF in the systems

Brown pigment formation

55°C 65°C 75°C
Systems n k R? n k R? n k R?
Pekmez 0+0.01 0.63+0.079 0.97 0+0.01 2.72+0.170 0.99 0+0.01 10.2+0.66 0.99
Model 1 0+0.01 0.03+£0.001 0.99 0+0.01 0.15+£0.012 0.97 040.01 0.38£0.029 0.99
Model 2 0+0.01 0.19+£0.015 0.98 0+0.01 0.57+£0.039 0.98 0+0.01 2.49+0.058 0.99
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Table 4
Activation energies of the systems with their 95% confidence intervals
and R? values

HMF accumulation Brown pigment formation

Systems Ea (kJ mol™!)  R? Ea (kJ mol™!) R?
Pekmez 103+3.2 0.99 132+1.6 0.99
Model 1 49.7+3.1 0.92 116+1.9 0.99
Model 2 53.5+2.8 0.98 122+2.9 0.99

for BPF. This activation energy value is in accordance
with the published data for this type of reaction
(Lozano, 1991). The results found for Maillard reac-
tions of glucose+ fructose with triple amino acids
(model 2) were slightly higher than those of the car-
amelization. It was also noted by Buera et al. (1987b)
that the activation energies of caramelization reactions
are similar to those of Maillard reactions in single sugar
and amino acid systems.

4. Conclusions

Accumulation of HMF and BPF were the highest in
pekmez. The effects of temperature on both HMF
accumulation and BPF in pekmez and its model systems
were significant (p <0.05). Reaction orders of models
and pekmez were 0.5 and zero, respectively, for HMF
accumulation. Reaction order of all systems was zero
for BPF. The activation energies were in the range of
116-132kJ mol~! for BPF and in the range of 50-103 kJ
mol~! for HMF accumulation in the systems.
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