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ABSTRACT: Affined C sugar is a by-product which is obtained in three-stage crystallization process.
It is characterized with the highest content of coloured matter formed during nonenzymatic browning
reaction which occurs during crystallization process.

In thermally treated (pH 7, 70 °C, 1200 min) affined C sugar solution, alkaline degradation of invert
sugars mainly occurred and the formation of coloured matter was determined.

With the aim to investigate the rate of formation of coloured matter in the Maillard reaction sugar
model system (the affined C sugar solution with glutamine, lysine, valine, methionine, and tryptophan,
respectively, ¢ = 0.01 mol/L), it was thermally treated (pH 7, 70 °C, 1200 min and pH 10, 80 °C, 1200
min) and the formation of coloured matter over the thermal treatment was monitored.

It was established that the effectiveness of amino acids in the formation of coloured matter in
investigated model system was as follows: tryptophan > lysine > valine > methionine > glutamine.

The increase in pH and temperature in the Maillard reaction sugar model system was followed with
the increasing content of Maillard reaction products.
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INTRODUCTION

During the whole procedure of sugar pro-
duction a wide range of coloured com-
pounds is formed as a result of sugar de-
gradation reactions, pH changes, thermal
effects and reaction between amino com-
pounds and carbohydrates. The coloured
matter adsorbs on the surface of sugar
crystals and occludes within them affect-
ting their quality (Coca et al, 2004). It is
known that beet coloured matter is mainly
produced during processing from alkaline
degradation of invert sugars and mela-
noidin formation (Godshall, Vercollotti,
Triche, 2002). The melanoidins re-present
the third-stage products of Maillard reac-

tion that occurs between the reactive car-
bonyl group of the sugar and the amino
group of the amino acids (Cammerer and
Kroh, 1995; Clarke et al., 1997).

Sugar beet processing involves a series of
consecutive processes, such are extrac-
tion, purification, concentration and three-
stage crystallization. During all these pro-
cesses the mechanisms of the degra-
dation of reducing sugars are very com-
plex and result in many intermediate pro-
ducts. Therefore, the difficulties in charac-
terization of colour composition of process
samples are overcame by using model
colourant systems (Kelly and Brown,
1978/1979) which are created to get
information about the browning reaction
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that has occurred under specific condi-
tions.

White sugar, B sugar, and C sugar are
obtained from the crystallization process,
where the affined C sugar is a by-product
that is characterized with the highest con-
tent of coloured matter. Coca et al. (2008)
assumed that the arising of coloured
matter of affined C sugar was addressed,
among other colourants, to the formation
of melanoidins due to the relatively high N-
compounds content in sugar beet.

The affined C sugar is directed in the first
crystallization stage and strongly influen-
ces the quality of white sugar contributing
to the increase of its coloured matter
content (Gyura et al., 2005; Sere$ et al.,
2004). Since some process parameters,
i.e. pH value and temperature influence
the formation of coloured matter in sugar
beet processing, the objective of this work
was to determine the influence of amino
acids as well as the changes in pH and
temperature on the formation of coloured
matter in the Maillard reaction sugar
model system (affined C sugar solution
with amino acids).

MATERIAL AND METHODS

Materials

The affined C sugar was obtained at the
third stage of crystallization from the
process of sugar production in Sugar
factory “Sajkaska”, Zabalj, Serbia. The
basic characteristics of the affined C sugar
were determined according to the me-
thods specified by Reinefeld and Schnei-
der (1978).

Thermally induced nonenzymatic brow-
ning reaction of affined C sugar

Affined C sugar was dissolved in distilled
water and diluted to 40 °Bx dry matter.
The mentioned dilution was chosen based
on the literature data that indicated that
the most efficient formation of coloured
matter was in C affined sugar solution with
the concentration of 40 °Bx (Gyura, 1992).

50 g of affined C sugar solution was ther-
mally treated at 70 °C and pH=7 during
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1200 min and at 80 °C and pH=10 during
1200, respectively.

Thermally induced nonenzymatic brow-
ning reaction of affined C sugar and
amino acids

The influence of the addition of amino
acids (0,01 mol/l) in affined C sugar so-
lution (40 °Bx) on the formation of colou-
red matter content at different pH values
(pH 7 and 10) and temperatures (70 °C
and 80°C) was measured spectropho-
tometrically at 420 nm and 560 nm using
diluted solutions (5 °Bx) and expressed in
U.

Determination of coloured matter

The content of coloured matter (B;) was
determined spectrophotometrically at 420
nm and 560 nm using diluted solutions (5
°Bx) and expressed in |U.

The changes of coloured matter content
after the thermal tretatment (AB,) were
calculated according to:

AB, = (Bxi - BOA)

where B,' is the coloured matter content
after the thermal treatment and BY, is the
coloured matter content prior to thermal
treatment.

The content of coloured matter formed in
min (1J/min) is calculated according to:

BV’)\ = AB)L/t

where t is the duration of thermal treat-
ment.

RESULTS AND DISCUSSION

Basic quality parameters of affined C
sugar are presented in Table 1. The
obtained values were expected for that
type of an intermediate product.

The nonenzymatic browning reaction in
the affined C sugar solution (pH 7, 70 °C)
mainly involves alkaline degradation of
invert sugars and results in formation of
coloured matter (Heitz, 1995).



Table 1.
Basic quality parameters of affined C sugar

Parameter

Affined C sugar

Dry matter content (%)

Sucrose content (°S)

Invert sugar content (%DM)

pH value

Coloured matter content 420 nm (I1J/DM)
Coloured matter content 560 nm (1J/DM)

98.75
94.5
0.46
5.97
7384
1769

Affined C sugar
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Figure 1. Formation of coloured matter (Bv) in affined C sugar solution over the thermal treatment
(0-1200 min) at 70 °C and pH 7

The content of coloured matter in the
affined C sugar solution measured at 420
nm and 560 nm increased during the
thermal treatment, but the rate of their
formation depended on the time of thermal
treatment (Fig 1). At the beginning of the
treatment the amount of coloured matter
formed per min was the highest and
decreased over the time (Fig 1).

With the aim to investigate the rate of
formation of coloured matter in Maillard
reaction sugar model system, the affined
C sugar solution with amino acids (glu-
tamine, lysine, valine, methionine, trypto-
phan) was thermally treated (pH 7, 70 °C
and pH 10, 80 °C) and the formation of
coloured matter over the thermal treat-
ment was monitored. The glutamine was
chosen together with other amino acids
because glutamic acid represents the
major amino acid in sugar beet regarding
its content (van der Poel et al., 1998). In
water solution both glutamine and gluta-
mic acid are converted into pyrrolidone

carbonic acid which is decom-posed to
produce glutamic acid in alkaline media
(Nelson and Cox, 2012).

The addition of amino acids into the affi-
ned C sugar solution influenced the de-
gree of browning (Fig 2), i.e. the contri-
bution of Maillard reaction products to the
overall browning of the investigated sys-
tem can be seen from the Figure 2 com-
pared to the Figure 1.

As in the case of thermal treatment of the
affined C sugar solution (pH 7, 70 °C),
nonenzyimatic browning in Maillard reac-
tion sugar model system was the most
intensive at the beginning of the treatment
and became less intensive at the end of
the examined period (0-1200 min), pro-
bably due to the decrease of the reac-
tants. The presence of glutamine in the
model system did not influence the for-
mation of coloured matter, while other
examined amino acids increased their
production.
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Figure 2. Formation of coloured matter (Bv) in affined C sugar solution with amino acids (glutamine,
lysine, valine, methionine, tryptophan) over the thermal treatment (0-1200 min) at 70 °C and pH 7
and 80 °C and pH 10

The effectiveness of amino acids in the
formation of coloured matter was as
follows: tryptophan > lysine > valine >
methionine > glutamine.

pH and temperature influence the rate and
extent of nonenzyimatic browning reaction
which occurred in in the Maillard reaction
sugar model system (Fig 2). It is in line
with previously existing statement that the
Maillard reaction is influenced by increa-
sing pH and temperature (Kim and Lee,
2008; Martins et al.,, 2001; Wang et al.,
2011).

CONCLUSIONS

It was found that the addition of amino
acids in affined C sugar solution (Maillard
reaction sugar model system) increase the
formation of coloured matter compared to
their production in affined C sugar so-
lution. The effectiveness of amino acids in
the formation of coloured matter was as
follows: tryptophan > lysine > valine >
methionine > glutamine.

pH and temperature strongly influenced
the formation of coloured matter in inves-
tigated Maillard reaction sugar model
system.
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YTUUAJ pH U TEMNEPATYPE HA PEAKLIUWJY HEEH3UMMCKOI
TAMHBEHBA UIBMEBY AOGUHUCAHOT L LLETREPA U
AMUHOKUCEJIUMHA

MapwjaHa b. Cakay*', Julianna F. Gyuraz, AnekcaHgpa 4. Muwat', 3uta . LIJepeuf,
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CAXETAK: AdmHucanum Ll wehep je cnopenHu nponssog AobujeH y TpocTeneHoM NOCTYNKY
Kpuctanusaumje wehepa. Hbera kapaktepuiwie Hajpeha konuvumHa OojeHMX MaTepuja koje HacTajy
TOKOM peakuLuje HeeH3MMCKOr TaMibera, Koja npatu hasy Kpuctanusauuje y nponssoghu wehepa.

Y TepMuukm TpetuparHom (pH 7, 70 °C, 1200 min) pactBopy acmHucaror Ll wehepa 6ojeHe
MaTtepuje yrnaBHOM HacTajy Kao pe3ynTaT ankanHe gerpagaumje wehepa.

dopmupare 0OojeHMXx MaTepuja y mopgen cuctemy 3a npahewe Maillard-oBe peakuumje
(pactBOp acdmHucaHor L| wehepa ca nojeguHadyHMM gopjauuma rnytaMuvHa, NU3vHa, BanuHa,
MeTUOoHMHa 1 TpuntodaHa, ¢ = 0.01 mol/L) BpweHo je TepMmuyknm TpeTuparwem (pH 7, 70 °C, 1200
min 1 pH 10, 80 °C, 1200 min) n Meperem KonnunHe Hactanmx 6ojeHMx maTepuja TOKOM TEPMUYKOT
TpeTmaHa.

EdmkacHocT ucnvTuMBaHMX amuHokMcenuHa |y cpopmuparwy B6ojeHux matepuja Y
neduHucaHoMm mopen cuctemy 6una je cnepeha: tpuntodaH > NM3WMH > BanuH > METUOHUH >
rnyTamuH.

Mopact pH n Temnepatype y mogen cucremy 3a npahewe Maillard-oBe peakuuje npatuo je
nopacT KONMYNHe peakunoHnx npomssoaa.
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Errata

Belovic¢ M., et al., Identification and selection of the descriptors for establishing a sensory
profile of tomato by a multidimensional approach

Food and Feed Research 39 (1), 33-39, 2012
Location: p. 37

Error: Titles of the figures are switched.
Date: July 2012

108



