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Abstract

Boza is a Turkish traditional beverage produced by fermentation of maize, rice, wheat, millet, cracked wheat, and
durum clear flour. The aim of this study was to determine the effect of different raw material combinations on
the aroma fingerprints of boza samples using an electronic nose equipped with surface acoustic wave detector in
combination with sensory analysis. According to flavour profile analysis of boza samples, significant differences
were obtained among the samples. Hierarchical clustering analysis of e-nose and sensory analyses indicated that
boza samples were clustered based on their aroma profiles, odour and taste properties revealing the effect of
different cereals as raw materials. Rheological analysis showed that all boza samples exhibited pseudoplastic flow
behaviour as the apparent viscosity decreased with increasing shear rate. This revealed that differences in raw
materials did not change flow behaviour of boza samples. The results indicated that e-nose could be used as a fast
and non-destructive method to assess the influence of raw material formulation on aroma profiles of boza samples

in correlation with sensory analysis.
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1. Introduction

Boza is one of the most known traditional fermented non-
alcoholic beverages. It is produced from maize, millet, rice,
semolina, wheat flour by yeast and/or lactic acid bacteria
fermentation. Sweet-sour taste and pale yellow colour is the
main characteristic of boza. The chemical composition and
sensory properties are affected by the amount and types of
raw materials (Akpinar-Bayizit et al., 2010; Altay et al., 2013;
Gotcheva et al., 2001). Yeast and lactic acid fermentation
also have influence on digestibility and nutritional value
beside sensory quality of boza (Steinkraus, 1994).

The type and amount of the raw materials, microflora,
fermentation, and storage conditions affect the sensory
properties of boza (Zorba et al., 2003). Millet is the mostly
preferred boza related to its organoleptic properties (Coskun
and Cakir, 2014). Akpinar-Bayizit et al. (2010) investigated

the effect of using rice, maize, millet, and wheat flours on
total titratable acidity, pH, alcohol and organic acid profiles,
and sensory properties of boza. Sensory evaluation of boza
samples showed that maize boza got the highest score
from the trained panellists related to the similar flavour
and colour properties of boza purchased from a market.
The effect of different starter culture combinations on
sensory properties of boza produced from maize, rice, and
wheat was investigated in another study (Zorba et al., 2003).
Saccharomyces cerevisiae in combination with Leuconostoc
mesenteroides subsp. mesenteroides and Lactobacillus
confusus were mostly preferred by the panellists according
to odour, taste, and general appearance properties of boza.

Electronic nose (e-nose) is an instrument equipped with
electronic chemical sensors and the computer system
recognising the fingerprints of signals. Several sensors
are used commercially in e-noses such as metal oxide
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semiconductors, metal oxide semiconductor field effect
transistors, conducting organic polymers, piezoelectric
crystals. E-noses have found application area in various fields
of food science focusing on the evaluation of microbiological
and chemical quality of food products and detection of
adulteration combined with multivariate statistical methods
(Korel and Balaban, 2008). In previous studies, it is seen
that e-noses were used to determine the quality of many
foods such as oils (Kadiroglu and Korel, 2015; Oates et al.,
2018; Pacioni et al., 2014), milk (Yang et al., 2015), wine
(Lépez de Lerma et al., 2013; Rodriguez-Mendez et al.,
2014), tea (Qin et al., 2013), coffee, spice, fish, and meat
(Peris and Escuder-Gilabert, 2016). E-noses with other
analytical techniques were also performed for prediction
of sensorial characteristics of wines by building regression
models (Buratti et al., 2007). In recent years, researches on
the use of e-nose have been increasing for determination
of the effects of storage times on quality characteristics of
several fruits (citrus fruits, mango, bayberry, jujube, quince,
litchi, etc.) (Chen et al., 2018; Guohua et al., 2015; Jian et al.,
2015; Lihuan et al., 2017; Qiu and Wang, 2015; Ying et al.,
2015; Zheng et al., 2016) and seafoods (Jiang et al., 2016;
Lietal, 2016).

Rheological properties of food products are important for
boza quality and affect the preference of consumers (Fischer
and Windham, 2011). Genc et al. (2002) investigated the
relationship between the physicochemical and sensory
properties of boza produced with maize, rice, and wheat.
The results of this study indicated that boza exhibited
pseudoplastic flow behaviour and the consistency
coefficient of boza could be used to predict mouth feel and
appearance sensory properties. In another study, Arici et
al. (2014) characterised the boza samples depending on the
microbiological and rheological properties. The rheological
results showed that the samples had a solid like structure and
showed pseudoplastic flow behaviour. It was concluded that
the formulation and production steps affected the rheological
properties of boza samples.

To the best of our knowledge, no research has been
performed to investigate the effect of different combinations

Table 1. Raw material combinations used in boza production.

of raw materials (cereals) on the sensory properties and
aroma profiles of boza using an e-nose. Therefore, the
objective of this study is to investigate the effect of different
raw material (maize, rice, wheat, millet, cracked wheat and
durum clear flour) combinations on aroma profiles of boza
samples using a surface acoustic wave (SAW) based e-nose
and sensory characteristics using flavour profile analysis
(FPA). Determination of rheological properties of boza
samples was also proposed in this study.

2. Materials and methods
Materials

The ingredients, maize, rice, wheat, millet, bulgur, and durum
clear flours allowed in Boza Standard (Anonymous, 1992)
and sugar, used in boza production, were purchased from a
local market in Izmir.

Boza production

Boza production was performed by using different
combinations of six raw materials according to the modified
method of Zorba et al. (1999) under laboratory conditions.
Different combinations of raw materials (cereals) used in
production of eight boza samples are given in Table 1.

Cereals that were used in boza production were diluted at
a ratio of 1:6 with water and boiled in steel steam jacketed
vessel (FT-40 multifunctional boiler vessel, Armfield Ltd,
Ringwood, UK) for approximately two hours according to
the type of the raw material mixtures. During boiling as the
product condensed, hot water was added to set the ratio of
1:10 (substrate:mixture). Cooling process was also conducted
in the same vessel. After cooling, cereal mixture was filtrated
and kept at room temperature (20+2 °C) for 12 hours with
the addition of 20% sugar. After this period, the mixture was
inoculated with 3% of boza purchased from a market and left
to fermentation at 28+1 °C to maintain pH of the mixture to
4.00+0.10. Boza samples were cooled immediately and stored
at 842 °C at refrigerator. Flow chart of boza production under
laboratory conditions is given in Figure 1.

Boza sample codes  Maize flour ()  Rice flour (g) Wheat flour (g) Cracked wheat (g)  Millet (g) Durum clear flour (g)

A 600 300 300 - - -

B 600 300 - 300 - -

C 400 400 400 - - -

D 400 400 - - - 400

E 400 300 300 - 200 -

F 200 400 400 - 200 -

G 600 300 - - 300 -

H 400 400 200 - 200 -
422 Quality Assurance and Safety of Crops & Foods 11 (5)
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Boiling (2 hours)
v
Cooling (at 32+2 °C) and filtration
v
Sugar addition (20%)
v
Fermentation (at 28+2 °C to pH 4.0)
v

Storage (at 812 °C)

Figure 1. Flow chart of boza production under laboratory
conditions.

Electronic nose analysis

Aroma profiles of boza samples produced with different
raw materials were analysed with an e-nose (zNose™ 7100
vapour analysis system, Electronic Sensor Technology,
Newbury Park, CA, USA) consisted of 1 m DB-5 column
and SAW detector. Boza samples (10 g) were put into 20 ml
septa-sealed glass vials. Four vials of each boza sample
were prepared for e-nose analyses. Samples were allowed
to equilibrate with the headspace in the vial at 40 °C for
40 min. Sample’s vapour was pumped with a side-ported
sampling needle (5 cm) into the e-nose. Aroma compounds
were transferred to the column with helium carrier gas at
flow rate of 4.0 cm®/min. The column temperature was
programmed from 40 to 180 °C at a rate of 6 °C/sec. The

compounds were separated and detected by a SAW detector.
The data were collected at every 0.02 seconds according to
the deviation from the compound’s set frequency change
with Microsense software. N-alkane solution (C6-C14) was
used to calibrate the system before starting to the analysis
and after each sample analysis (Kadiroglu et al., 2011).
The average of 4 replicates for each vial was calculated
and total of 16 measurements for each boza sample were
used for data analysis.

Flavour profile analysis

Sensory evaluation of boza samples was performed four
times by using FPA (Altug and Elmaci, 2011) by attendance
of eight panellists (4 male and 4 female) from Ege Vocational
School of Ege University. The panellists, whose ages were
between 30 and 50, were selected according to their
sensitivity to major tastes and odours. Training sessions
were performed with the reference materials (5 g) added
to the boza samples (50 ml) and continued for 2 months
(Table 2). Intensity of each characteristics were evaluated
by using 0-5 cm unstructured scale. Odour and flavour
characteristics were evaluated separately. Panellists
evaluated three different samples per session, with two
sessions per day and two days per week; between 10:30-
11:00 am and 14:30-15:00 pm. Boza samples of 20-25 ml
at 15 °C were presented to the panellists in glass beakers.

Colour analysis

Colour analyses were conducted by using Minolta
chromometer (CR-400, Minolta Sensing, Osaka, Japan).
Calibration of the instrument was checked with white
calibration (for illuminant D65, Y=93.8, x=0.3159, y=0.3322).
Boza sample of 20 ml was put into the optical glass sample

Table 2. Descriptive terms and reference materials for sensory evaluation of boza samples.

Descriptive terms References

Wheat 5 g of durum wheat were boiled in 50 ml water for 10 min and 5 g of boiled wheat were added to 50 ml boza sample
Corn 5 g of canned corn were boiled in 50 ml water for 5 min and 5 g of boiled wheat were added to 50 ml boza sample
Flour 5 g of flour were added to 50 ml boza sample

Vinegar 5 ml of grape vinegar were added to 50 ml boza sample

Lemon 5 ml of fresh lemon juice were added to 50 ml boza sample

Yoghurt 5 g of yoghurt were added to 50 ml boza sample

Barm 5 g of barm were boiled in 50 ml water for 10 min and 5 g of barm were added to 50 ml boza sample

Starch 5 g of starch were added to 50 ml boza sample

Bran 5 g of bran were added to 50 ml boza sample

Sweet sucrose solution (5.76 g/l)

Sour citric acid solution (0.43 g/l)

Bitter caffeine solution (0,195 g/l)

Astringent Ceylon tea (Lipton, Unilever)

Metallic no reference

Burnt no reference
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cell and CIE L*, a*, and b* values were measured at three
different positions. Three readings were taken to measure
colour of each sample.

Rheological analysis

Viscosity measurements were performed at 10 °C by
using Brookfield concentric cylinder viscometer (Model
DV II+Pro, Brookfield Engineering Lab. Inc., MA,
Middleborough, USA) equipped with a cylindrical spindle
(LV-1). Sample volume enough for 600 ml beaker was used.
The data were taken in duplicate and viscosity (Pa.s.) was
plotted versus shear rate (1/s)

Data analysis

Hierarchical clustering analysis (HCA) was performed
to discriminate boza samples based on their sensory
analyses and aroma fingerprints obtained by e-nose using
XLSTAT (Version 2012.6.02) package programme. HCA
is an algorithmic approach to reveal separate groups with
varying degrees of dissimilarity in a data set. The differences
between two means of boza samples were investigated by
applying analysis of variance (ANOVA) with Duncan’s
multiple range test at P<0.05 using XLSTAT (Version
2012.6.02).

3. Results and discussion
Electronic nose analysis

E-nose analyses were performed to obtain the aroma
fingerprints of boza samples produced with combinations
of different raw materials. Figure 2 shows the typical
e-nose chromatogram of a boza sample. A total number
of 17 aroma compounds were detected by the e-nose. The
amount of aroma compounds differed and some of the
compounds were not detected depending on each boza

sample. The type and amounts of the raw materials caused
differentiation of the aroma compounds.

The aroma fingerprints of eight different boza samples
were analysed using HCA and principle component
analysis (PCA) to see the discrimination of the samples
based on the combinations of different raw materials. HCA
dendrogram and PCA diagram are presented in Figure 3
and 4, respectively. The figures revealed that there were
three clusters of boza samples close to each other; (A, E),
(G, H) and (D, C, B, F). Sample C was discriminated from
samples (B, F) and D completely separated itself from boza
samples (C, B, F). The differences between the aroma
fingerprints could be related to the amount and type of the
raw materials used in boza production. In a previous study,
it was clearly demonstrated that e-nose could be applied
for discrimination of damaged fuji apples in combination
with PCA, linear discriminant analysis and different pattern
recognition techniques (Ren et al., 2018). In another study,
e-nose/mass spectrometry with PCA and discriminant
function analysis was used successfully to classify cabbage
samples cultivated in geographical regions of Korea and
China (Lee et al., 2017).

Sensory analysis

Flavour profile analysis was performed for sensory
evaluation of boza samples. The results of sensory evaluation
of boza samples according to odour attributes are given
in Table 3. There were significant differences among the
boza samples according to odour attributes. Sample A had
the highest vinegar, yoghurt, and yeast odour properties.
Sample B had the highest corn, flour, and lemon odour
while it had the lowest wheat odour. Corn odour of A and
B samples were correlated with the amount of corn flour
used for boza production. Vinegar flavour was detected in
all boza samples except sample B. This could be related to
spontaneous fermentation of boza samples (Akpinar-Bayazit
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Figure 2. Typical e-nose chromatogram of boza.
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Figure 3. Hierarchical clustering analysis of boza samples
based on e-nose data.

Biplot (axes F1 and F3: 54,71 %)

8 ]
4 oy o5 184y 16, D
= ' ] 1
® 0 — 13- 12 o
< B ‘“
S | 1
= -At\ 5
L 4
-8 +C
10-8 6 -4 20 2 4 6 8 10 12 14 16

F1 (31,58 %)

Figure 4. Principle component analysis of boza samples based
on e-nose data.

Table 3. Flavour profile analysis (FPA) results of boza samples according to their odour attributes.

Sample Odour descriptors!

Wheat Corn Flour Vinegar Lemon Yoghurt Yeast
A - 1.44+0.3220 - 1.44+0.50° 0.63+0.44° 1.44+0.56° 0.75+0.892
B 0.47+0.09¢ 1.56+0.322 1.56+0.322 - 2.25+0.278 - 0.44+0.182
c 0.94£0.12° 1.44+0.1220 - 0.69+0.225 - 0.78+0.31° 0.41£0.192
D 0.7540.19¢ 0.59+0.13° 0.34+0.38° 0.81£0.37° 0.34+0.30¢ 0.66+0.19° 0.25:+0.00°
E 0.94+0.26° 1.410.4220 - 0.75+0.27¢ - 0.59+0.38° 0.06+0.12°
F 0.84+0.13% 0.84+0.30° - 0.84+0.30P - 0.69+0.22° 0.06+0.12°
G 0.81:0.125 1.380.1920 - 0.81+0.55° - - -
H 1.22+0.16° 0.69+0.12° - 0.53+0.16% - 0.47+0.28° -

1 Means followed by different letters within a column are significantly different (P<0.05).

et al., 2010). The yoghurt flavour of samples was perceived
except samples B and G due to lactic acid fermentation.
The reason of absence vinegar and yoghurt odours in these
samples could be related to the dominant flavour of lemon
and corn in these samples, respectively.

HCA and PCA were carried out to discriminate the boza
samples based on odour properties as shown in Figure 5
and 6, respectively. As seen on the figures, B formed one
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Figure 5. Hierarchical clustering analysis of boza samples

according to odour properties.

group and other samples formed another group. The
discrimination of B from other boza samples was related
to its cracked wheat content. In the second group D, E, H
and G, C, E formed two clusters and discriminated from
sample A. Odours of F and H samples were found closer
associated with the same type of raw materials.
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Figure 6. Principle component analysis of boza samples
according to odour properties.
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Table 4. Flavour profile analysis (FPA) results of boza samples according to their taste attributes.

Sample Taste descriptors’

Wheat Corn Flour Bran Yoghurt
A 2.13£0.23° - - - -
B 2.6340.35% - - - -
c 1.44+£0.18° 1.16£0.382 - - 0.72+0.39°
D 0.75+£0.57% 0.41£0.13° - - 1.16+0.60°
E 0.50+£0.13¢ 0.97+0.09° 0.84£0.13 - -
F 0.72+0.25% 0.81+0.220 - - 0.25+0.19¢
G 0.56+0.12¢ 0.88+0.13> - 0.44+0.18 -
H 0.94+0.29¢ 0.53+0.21° - - -

Lemon Sweet Sour Astringent Metallic

- 2.06+0.328 2.06+0.322 1.06£0.322 0.44+0.18"
- 1.63£0.230 1.22+0.31°¢ 0.56+0.18% -

- 1.47£0.45> 0.88+0.409 0.50+0.19% 0.50+0.33%
- 0.94+0.22¢4 1.31£0.22b¢ 1.25+0.332 1.56+0.502
0.31£0.35°  1.00+£0.00%¢ 0.38+0.23° 0.66£0.19°¢ 0.34+0.19°
- 1.1620.13°  0.840.199 0.78£0.41° 0.72+0.47°
0.53+0.312  1.06+0.35° 1.13x0.27%¢ 0.25+0.00¢ -
0.41£0.19%® 0.75¢0.00¢ 1.50£0.33° 0.28+0.16¢ -

1 Means followed by different letters within a column are significantly different (P<0.05).

Flavour profile analysis results of boza samples according to
taste attributes are given in Table 4. There were statistically
significant differences among the boza samples according to
the taste properties. According to the results wheat, sweet,
sour, and astringent sensory properties were commonly
perceived in all boza samples. Wheat was perceived as the
highest taste in sample B followed by A and C samples.
Addition of saccharose to boza samples after boiling
and filtration of raw materials caused the increment of
sweet taste in all samples. However, there were significant
differences (P<0.05) between the sweetness of samples
depending on the ratio and structure of carbohydrates.
Concerning the previous studies on sensory properties of
boza, Akpinar-Bayizit et al. (2010) reported that there were
important differences between the sensory properties of
boza samples prepared with different cereals. Maize boza
got the highest scores from the panellists according to
appearance, taste, odour, mouth feel, and texture properties.
HCA dendrogram (Figure 7) and PCA diagram (Figure
8) were used to illustrate the graphical representation of
discrimination of boza samples according to their taste
attributes. The figures indicated that samples A and B
were differentiated from other samples. This result could
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Figure 7. Hierarchical clustering analysis of boza samples
according to taste attributes.

be based on the perception of wheat, sour, and sweet taste
of these boza samples very intensively by the panellists.

Colour analysis

Colour analysis results were given by using CIE L% a*
b* colour coordinates. The results were analysed with
ANOVA. Duncan’s multiple range test at 5% significance
level was performed to differentiate means of different
boza samples. The results showed that boza samples had
statistically significant different colour values as given in
Table 5. The sample coded with F had the lowest L* value
and H sample had the less negative a* value and highest
b* value according to the colour results. The preferred
colour of boza was obtained using white corn in production.
Yellow corn grits were added to adjust the boza colour
(Kose and Yucel, 2003). However, the different values of
colour coordinates in this study could be related with the
addition of different cereals as raw materials.

Biplot (axes F1 and F2: 68,87 %)
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Figure 8. Principle component analysis of boza samples
according to taste attributes.

426

Quality Assurance and Safety of Crops & Foods 11 (5)



Effect of raw materials on aroma fingerprints of boza using an e-nose

—-A ®B 4&C —xD —xE —eF G —o—H

Apparent viscosity (Pa.s)

Shear rate (1/s)

Figure 9. Apparent viscosity of boza samples versus shear rate at constant temperature (10 °C).

Table 5. Colour measurements of boza samples.'

Sample code  L* a* b*

A 56.85+0.16° -3.9540.029 7.380.14f
B 60.87+0.05° -3.93+0.0219 9.84+0.08°
C 55.22+0.059 -3.67+0.04¢ 6.70+0.189
D 55.4020.01 -2.96+0.02¢ 8.060.124
E 55.85+0.03¢ -3.910.02f 7.860.07¢
B 55.030.04" -3.48+0.024 5.42+0.06"
G 56.560.02¢ -2.72+0.02° 11.82+0.06°
H 58.92+0.02° -2.38+0.022 13.09+0.072

1 Means followed by different letters within a column are significantly
different (P<0.05).

Rheological measurements

The apparent viscosity of boza samples versus shear rate at
constant temperature (10 °C) is illustrated in Figure 9. As
shown in the figure, all boza samples showed pseudoplastic
flow behaviour as the apparent viscosity decreased with
increasing shear rate. Differences in raw materials did not
change flow behaviour of boza samples. In accordance
with our study, Genc et al. (2002) studied the rheological
properties of laboratory boza samples and reported that
boza exhibited pseudoplastic behaviour. They found
correlation between viscometric constants and dry matter
content of boza samples. Similar results were obtained for
salep drink flavoured with increasing amounts of cocoa
powder. Alpaslan and Hayta (2007) reported that salep
samples mixed with different concentrations of soymilk

exhibited pseudoplastic flow behaviour. Hayta et al.
(2001) studied the effects of fermentation on viscosity,
protein solubility, and pH of boza prepared with corn,
rice, and wheat flour. The flow behaviour of fermented
and unfermented boza samples at 10, 20, and 30 °C were
pseudoplastic.

4. Conclusions

In this study, boza samples were produced in the laboratory
using different formulations in terms of different cereals.
Aroma profile analysis with e-nose and sensory flavour
profile analyses indicated that boza samples prepared with
different raw materials had different aroma fingerprints
and sensory profiles. There were statistically important
differences between the samples regarding odour and
taste attributes of boza samples. HCA of samples showed
the similar clusters depending on panellists’ preferences.
Based on e-nose analysis, it was concluded that e-nose
could be utilised as a rapid and simple method for the
discrimination of aroma fingerprints of boza samples.
Rheological measurements revealed that differentiation
of raw materials did not affect the pseudoplastic flow
behaviour of boza samples.
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