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Abstract It was aimed to investigate the shelf-life of single
baked (one stage heating at 280–300 °C) mustafakemalpasa
(MKP) cheese sweets coated with edible films such as κ-
carrageenan, chitosan, corn zein and whey protein concen-
trate (WPC). The sweets prepared were coated, packed in
polystyrene bags and stored at room temperature (20±1 °C).
The shelf-life of sweet samples was determined by microbi-
ological analyses, aw, titratable acidity, pH and sensory
analysis. The microorganisms exhibited growth dependent
upon the water activity levels during storage. The most
significant growth was seen in moulds and yeasts. The
minimum aw values for the growth of mould and yeasts were
0.85. Coating with chitosan and κ-carrageenan showed no
significant effect on shelf-life of MKP sweets. The shelf-life
of these samples was limited by 3 days same as control (non-
coated) and deterioration occurred when the aw value
reached 0.90. The coatings with WPC and corn zein
prolonged the shelf-life of sweets from 3 to 10 days.
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Introduction

Mustafakemalpasa (MKP) sweet is a traditional Turkish
dessert made from dough containing fresh unsalted cheese
(40–70%), semolina flour (40–50%), baking powder, water
and eggs. According to geographical registration certificate
(ITP 2001), the diameter of the sweets ranges from 0.59 to
0.98 inches. MKP sweet consists of maximum 10%
moisture, 3% protein, 1.95% total lipid, 85.2% carbohy-
drate, 3% total ash, 0.75% titratable acidity, 80.2 mg/100 g
calcium (Ca) and 0.41 mg/100 g ferrous (Fe) (ITS 1996).

The name of the dessert has been attributed to the town
owning the same name, Mustafakemalpasa, Bursa, Turkey.
The dough of MKP sweet is given the uniform spherical
shapes and baked on trays in ovens until the brown colour
is developed. The MKP sweets are sold in dried form to the
consumers. The sweets can only be consumed after boiling
in sugar syrup containing 60–80% sucrose.

Main characteristic of MKP sweet is the use of special
unsalted cheese. At first, the milk is heated up to 65 °C in
jacketed tanks for the production of fresh cheese. The heating
takes about 30 min to reach this target temperature. Then, it is
cooled to 34 °C, rapidly, fermented with cheese rennet for 1–
1.5 h and filtered through the gauze for whey (serum)
separation. A fresh cheese curd is minced prior to using. The
baking process is needed to reduce moisture content to less
than 10%. The sweets can be baked either as single baking
(only one stage heating) or double baking (two stage heating)
in the ovens. The single baking process consists of heating at
280–300 °C for 15–20 min, while the double-baking process
consists of heating at 130–150 °C for 45–60min in addition to
pre-heating at 280–300 °C for 15–20 min.

The baked MKP sweets are packed in polyethylene bags
and kept at room temperature (20±1 °C). Double-baked
sweets have a longer shelf-life of up to 6 months; although
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the consumers prefer single-baked products. The main
problem in single-baked products is higher moisture
content limiting the shelf-life to 3 days due to the higher
water activity that promotes the yeast and mould growth.

The shelf-life of bakery products is largely related to
their water content (Nobile et al. 2003). Mould spoilage is
common in the bakery industry and in many cases mould
growth determines the product shelf-life in intermediate-
moisture baked goods. Although, baking destroys most
moulds and yeasts, the post-process contamination is unavoid-
able by mould spores from the atmosphere or from the surfaces
during cooling and packaging (Guynot et al. 2002, 2003).

It was reported that the water activity (aw) of Spanish
bakery products which have intermediate moisture ranges
from 0.71 to 0.79, with pH between 4.3 and 8.8. The most
widespread and important moulds present in the bakery
products are species of Aspergillus, Penicillium and Eurotium
(Guynot et al. 2002). The moulds isolated from MKP sweets
are Penicillium (46.0%), Aspergillus (33.3%), Neurospora
(4.8%) and Alternaria (3.2%) (Korukluoglu et al. 2001).

Research reports on shelf-life of sweet bakery products
are limited (Guillard et al. 2004a, b; Longares et al. 2004;
Bravin et al. 2006). Considering the increase in the interest
of prolonged-shelf-life of the products, significant pressure
is mounting to modify product formulations or preserving
methods (Williams and Mittal 1999). Edible coatings or
films might offer a potential solution to form a barrier to
moisture absorption during storage. The objective of this
study was to prolong the shelf-life of MKP sweet by using
four different coating solutions to obtain stabile edible films
all around the sweet samples, to compare their water
activity levels, microbiological changes and sensory prop-
erties during storage at room temperature (20±1 °C).

Materials and methods

MKP sweets were produced in a private plant (DGS, Dinc
Food Industry Inc., Tatkavaklı Beldesi, Mustafakemalpasa
Town, Bursa city, Turkey).

Coating materials used were κ-carrageenan (C 1263-
from Eucheuma cottonii, Type III, Sigma-Aldrich, Inc., St.
Louis, MO, USA), chitosan (48165, highly viscous, Fluka
Chemie GmbH, Buchs, Switzerland), corn zein (Z 3625,
Sigma-Aldrich, Inc., St. Louis, MO, USA) and whey
protein (CP Kelco, Simplesse 100, Atlanta, GA, USA).

Production of MKP sweets Fresh unsalted cheese was mixed
with semolina flour, egg and NaHCO3 as raising agent. The
mixture was kneaded for 20 min, cut into uniform shapes
and then placed on trays. The shaped dough was single
baked at 280–300 °C for 15 min. The sweets after cooling
were stored at room temperature (20±1 °C) in polyethylene

bags. Only dried (coated) and single baked MKP sweets
were used for microbiological and chemical analyses. As
practiced traditionally, the dried samples were boiled in 70%
sugar syrup for 15–20 min before sensory evaluation.

Coating of KP sweets Coating solutions were prepared as
follows:

Whey protein
concentrate (WPC)
solution

10% whey protein dissolved in water
and heated at 90 °C for 30 min
(McHugh and Krochta 1994).

Corn zein solution 10 g corn zein, 2 g glycerol, 65 ml of
95% ethanol were heated for 10 min
and applied while still hot
(Gennaidos and Weller 1994).

κ-Carrageenan
solution

2% of κ-carrageenan, 0.1% of KCI,
0.75% of polyethyleneglycole and
0.75 g glycerin were dissolved in
distilled hot water (Wu et al. 2000)

Chitosan solution 3 g of chitosan was dissolved in
150 ml of formic acid solution (1% in
water) and added 0.75% glycerin. This
solution was heated up to 100 °C with
stirring (Wu et al. 2000).

As proposed by Williams and Mittal (1999), the
immersion method was used for the coating of edible films
as it was easy to implement. The baked sweets were dipped
in each coating solution for 20 s. The coating system was
equipped with a basket into which the samples were placed
and a mesh screen was used to separate the samples from
the coating solution to ensure uniform coating. The dipped
samples were dried using hot air in a convective oven
(200 °C) for 2 min to complete the coating.

Microbiological analysis The samples were analyzed in
triplicate for total viable bacteria and yeast-mould counts.
Sweet samples coated with four different edible films were
taken at random during the storage period of 28 days. Each
sweet sample (10±0.1 g) was homogenized for 3 min in
90 ml sterile NaCl solution (0.85 g/l) using a lab-blender.
Sequential decimal dilutions were then made with sterile
1 g/l peptone water and plated in duplicates. Total viable
counts were determined from Plate Count Agar (PCA,
Difco Lab, Detroit MI, USA) incubated at 30 °C for 3 days
under aerobic conditions. Yeast and moulds were grown on
Potato Dextrose Agar (PDA, Difco Lab, Detroit MI, USA)
at 25 °C for 5 days. Results were expressed as log cfu/g.

Chemical analyses and sensory evaluation The titratable
acidity (lactic acid%) and pH were determined according to
AOAC (1990a, b). Sensory analyses were done by
participation of 7 panelists (ITP 2001). Colour/appearance
and taste/flavour from 0 to 5 points and texture from 0 to 3
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points were scored for the sensory analyses. Water activity
(aw) was measured by water activity apparatus (aw Wert-
Messer, Lufft Durotherm, G. Lufft Mess und Regeltechnik
GMBH, Fellbach, Germany) at 20 °C by using barium
chloride. All analyses were carried out in triplicate.

Statistical analyses Statistical analyses were done by using
SPSS (Statistical Package for the Social Sciences) software
for Windows Release 10.0.1 (10/27/1999) Standard Version
(SPSS, Inc., Chicago, IL, USA). The mean differences,

significance of differences and correlation coefficients
among the coated samples regarding analyses were tested
by using paired samples t-test (Snedecor and Cochran 1987).

Results and discussion

The mean values and correlation coefficients given in
Table 1, show that the MKP coated with WPC, corn zein,

Table 1 Quality of freshly prepared mustafakemalpasa sweets with different coatings

Coatings

Analyses NCa WPC Corn zein κ-Carrageenan Chitosan

Water activity, aw 0.86±0.36 0.82±0.07 0.82±0.06 0.85±0.07 0.85±0.07

Total viable count, log cfu/g 5.0±3.9 1.8±1.0 1.9±1.4 3.5±2.2 2.1±1.0

Yeast and mould count, log cfu/g 22.0±21.9 1.7±0.9 1.7±0.8 3.2±1.8 3.0±1.8

Titratable acidity,% lactic acid 0.43±0.16 0.37±0.07 0.40±0.07 0.41±0.07 0.40±0.07

pH 4.3±0.60 4.6±0.40 4.6±0.36 4.3±0.73 4.3±0.48

a Non-coated control samples

WPC Whey protein concentrate (n=3)

Table 2 Statistical relationship among the coated mustafakemalpasa sweets

WPC Corn zein κ-carrageenan

Corn zein κ-carrageenan Chitosan κ-carrageenan Chitosan Chitosan

Water activity, aw MDa −0.005 −0.027* −0.027* −0.021 −0.021 0.000

SDb 0.025 0.035 0.035 0.040 0.039 0.018

tc −0.832 −3.190 −3.219 −2.271 −2.313 0.000

Cor.d 0.938 0.876 0.882 0.818 0.837 0.967

Yeast and mould count, log cfu/g MDa −0.050 −1.527* −1.332* −1.476* −1.281* 0.195

SDb 0.306 1.134 0.988 1.079 1.017 0.461

tc −0.700 −5.713 −5.719 −5.803 −5.347 1.795

Cor.d 0.949 0.840 0.927 0.931 0.970 0.967

Total viable count, log cfu/g MDa −0.135 −1.736* −0.329* −1.601* −0.194 1.406*

SDb 0.492 1.258 0.318 1.007 0.649 1.265

tc −1.163 −5.854 −4.385 −6.745 −1.270 4.717

Cor.d 0.968 0.983 0.951 0.947 0.893 0.951

Titratable acidity,% lactic acid MDa −0.025* −0.041* −0.030 −0.016 −0.005 0.011

SDb 0.034 0.046 0.061 0.031 0.040 0.035

tc −3.104 −3.787 −2.081 −2.249 −0.526 1.407

Cor.d 0.898 0.806 0.636 0.915 0.852 0.886

pH MDa 0.038 0.300 0.322* 0.261 0.283* 0.022

SDb 0.247 0.510 0.326 0.536 0.238 0.537

tc 0.668 2.493 4.184 2.067 5.049 0.175

Cor.d 0.794 0.739 0.738 0.715 0.877 0.676

aMean difference, b Standard deviation, c t-value, d Correlation value (n=3)

*Significant (p<0.001)
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κ-carrageenan and chitosan showed similar changes during
storage period as separate groups. When the statistical
parameters among the means were considered as in Table 2,
the mean differences between the samples coated with
WPC and corn zein, κ-carrageenan and chitosan were not
significant; whereas, the differences between WPC and
κ-carrageenan, WPC and chitosan, corn zein and κ-
carrageenan, corn zein and chitosan were significant (p<
0.001). In addition, the correlation coefficients between
WPC and corn zein with chitosan and κ-carrageenan were
higher than others and close to 1. These significant
relationships in two separate groups (chitosan/κ-carra-
geenan and WPC/corn zein) can also be seen from the
overlapping of the curves obtained from water activity and
the proximity of the curves obtained from yeast and mould
counts, total viable counts, titratable acidity and pH values
(Fig. 1).

The higher means belonging to total viable, yeast and
mould counts and aw values were obtained from the
samples coated with either κ-Carrageenan or chitosan
(Table 1). κ-Carrageenan or chitosan coated samples were
spoiled earlier than the samples coated with WPC and corn
zein (Fig. 1). The most significant growth was seen in
moulds and yeasts. If the yeast and mould counts were

considered, the counts in samples coated with chitosan and
κ-carrageenan showed a rapid increase in 3 days of storage
and exceeded 3 log cfu/g, whereas the samples coated with
WPC and corn zein reached the same counts after 10 days
of storage. The yeast and mould growth seen in the MKP
samples coated with either κ-carrageenan or chitosan was
due to high aw and moisture gain despite the coatings.
These two coating materials (κ-carrageenan and chitosan)
were not suitable for the MKP sweets. As found by
Williams and Mittal (1999), these coating solutions did
not provide good barrier against the moisture in the air.
Unexpectedly, the moisture in the air reached into these
sweets even in 3 days as seen in Fig. 1. The middle two
curves of aw belonging to κ-carrageenan and chitosan in
Fig. 1 overlapped and reached 0.85 at the end of 3 days.
These samples were deteriorated similar to non-coated
(control) samples.

Non-coated control samples, as defined in the related
standard (ITS 1996), and as usual, were deteriorated at the
3rd day because of the extensive growth of mould, yeast
and bacteria. Mould/yeast and viable counts of non-coated
control samples were 4.2 and 2.2 log cfu/g, when the
deterioration occurred. At day 0, the water activity of the
(non-coated) control samples were between 0.72 and 0.75.
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In these samples, the spoilage began at 0.85 aw and when
the aw reached 0.90 the extensive deterioration was
observed. In a previous study, it was found that none of
the mould isolates multiplied at less than 0.80 aw (Abellana
et al. 2001).

Compared to non-coated (control) samples, the shelf-life
of samples coated with either κ-carrageenan or chitosan
was prolonged to a maximum of 3 days without deteriora-
tion similar to as control. The samples coated with WPC
and corn zein did not deteriorate and kept their sensory
properties up to day 10 at room temperature (20±1 °C)
(Table 3). At the beginning of the storage period, the aw
values of the samples were 0.72–0.75, whereas these
increased to 0.90 when the deterioration occurred after
10 days. The counts of mould and yeast as well as total
viable microorganisms began to increase at 5 days of storage.
When aw increased to 0.85 at day 5, the deterioration started
slightly in the samples coated with WPC and corn zein.
When comparing the aw values, we considered that the
deterioration occurred at the same aw value as seen in the
(non-coated) control samples. These changes were also in
agreement with titratable acidity and pH values.

The increase in yeast and mould growth can arise from
water permeability of glycerine based films. The coating

films prepared by glycerine showed higher water vapour
permeability. As reported by Gennaidos et al. (1993),
glycerine affects the water vapour permeability since it is
hydrophilic and thus favours water adsorption through
films. In our research, the films containing higher amount
of glycerine were κ-carrageenan and chitosan. The pro-
longed shelf-life seen in the samples coated with WPC and
corn zein was probably due to higher water barrier and
hydrophobic properties of these films (Pol et al. 2002).

Conclusion

The samples coated with either chitosan or κ-carrageenan
were spoiled in 3 days of storage similar to non-coated
control samples. The normal shelf-life of single baked MKP
sweets was prolonged to 10 days by coating with either
WPC or corn zein, without significant loss in organoleptic
properties.
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OZTURK from Nestle/Turkey Karacabey Factory for the technical
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Table 3 Changes in sensory quality of mustafakemalpasa sweets during storage at 20±1 °C

Coating Days

0 1 3 5 7 10

Non-coated CA 4.7±0.78a 4.2±1.02b 3.8±0.93c – – –

TF 4.6±0.26a 4.5±0.68a 4.0±0.46b – – –

T 3.0±0.55a 3.0±0.79a 2.8±0.68a – – –

Total 12.3±0.52a 11.7±0.86a 10.6±0.74b – – –

κ-Carregeenan CA 4.6±0.88a 3.9±0.45b 3.6±0.19b – – –

TF 4.2±0.79a 4.3±0.68a 4.2±0.55a – – –

T 3.2±0.23a 3.0±0.68a 2.8±0.69b – – –

Total 12.0±0.41a 11.2±0.73b 10.6±0.30b – – –

Chitosan CA 4.7±0.55a 4.7±0.46a 4.3±0.78b – – –

TF 4.5±0.45a 4.6±0.85a 4.2±0.39b – – –

T 3.1±0.55a 3.1±0.75a 3.1±0.70a – – –

Total 12.3±0.49a 12.4±0.54a 11.6±0.68b – – –

WPC CA 4.8±0.11a 4.7±0.82a 4.4±0.09b 4.3±0.78b 4.3±0.13b 4.1±0.27c

TF 4.5±0.80a 4.5±0.69a 4.4±0.75a 4.3±0.85a 4.3±0.62a 4.3±0.16a

T 3.1±0.33a 3.0±0.38a 2.9±0.22a 2.7±0.91b 2.7±0.11b 2.6±0.82b

Total 12.4±0.55a 12.2±0.55a 11.7±0.47b 11.3±0.81c 11.3±0.34c 11.0±0.36c

Corn zein CA 4.7±0.05a 4.5±0.34a 4.4±0.65a 4.4±0.90a 4.5±0.23a 4.3±0.18a

TF 4.5±0.09a 4.7±0.23b 4.6±0.76b 4.5±0.97a 4.4±0.56a 4.3±0.93a

T 3.1±0.65a 2.9±0.55a 3.0±0.55a 2.8±0.11b 2.7±0.59b 2.6±0.75b

Total 12.3±0.33a 12.1±0.44a 12.0±0.51a 11.7±0.44b 11.6±0.37b 11.2±0.57c

Colour and appearance (CA): 0–5 points, taste and flavor (TF): 0–5 points, texture (T): 0–3 points n: 7 (number of panelists), Means with same
superscripts in the same row are not significant (p≤0.05).
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