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Abstract

Gadung tuber (Dioscorea hispida dennst.) is a carbohydrate-rich food source that is easily
found in Indonesia. Studies have been carried out on pretreatment methods to reduce anti-
nutritional compounds in gadung tubers. So gadung tubers can be promoted as the raw
materials of several food products such as pasta. Drying is the most crucial process that
will determine the final quality of the pasta product. This study aimed to investigate the
kinetic models of gadung tuber pasta drying and its physical quality. Four thin-layer
models (Newton, Page, Handerson-Pabis and Logarithmic) were employed to find the
selected model. The gadung tuber pasta was formulated using low, medium, and high
protein wheat flour and then was dried at a temperature of 30-70°C. The moisture content
was observed every 30 mins for 240 mins. The result showed that the moisture reduction
was higher in higher drying temperatures and lower protein wheat flour. The Logarithmic
model was selected to predict the drying kinetics of gadung tuber pasta drying with the
highest value of R? and the lowest value of RMSD. The cyanide content in gadung tuber

pasta meets the standard, indicating that the gadung tubers pasta may safety to consume.

1. Introduction

Pasta products have been around for thousands of
years and play an important role in human nutrition and
culture. Pasta is usually made from a mixture of wheat
flour and then formed by extrusion (Wrigley et al.,
2004). Pasta production in Indonesia is influenced by the
availability of wheat flour. Wheat flour in Indonesia is an
imported commodity and the demand of wheat flour in
Indonesia is always increasing every year (Soesilowati et
al., 2019). It is important to create a food product that
can meet the criteria as an alternative food rich in energy
and nutrition based on local ingredients to diversify food
and at the same time reduce dependence on imports.

Gadung tuber (Dioscorea hispida dennst) is a
carbohydrate-rich food source that is easily found in
tropic regions. About 20 g of carbohydrates are found in
every 100 grams of gadung tubers (Kumoro et al., 2012).
Additionally, gadung tubers contain antinutritional
substances such as dioscorin, histamine, saponins and
hydrogen cyanide (HCN) (Widiyanti and Kumoro,
2017). The presence of these toxic compounds in gadung
tuber such as cyanide and dioscorin leads to the serious
health complications, making the application of gadung
tubers limited. A recent study has been conducted to find
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the pretreatment process to reduce the antinutritional
substances in gadung tubers (Kumoro and Hartati, 2015).

Fresh pasta does not last long because it has a high
water content. While dry pasta can be stored for up to 3
years or more because it only has a water content of
10%. To produce dry pasta that has a long shelf life, a
drying process is needed. Drying is the process of
reducing or eliminating the moisture content of a
material with the help of heat (Tavakolipour and
Mokhtarian, 2015). The drying process involves
simultaneous heat and mass transfer in a multiphase
system which aims to extend the shelf life of a material
(Arora et al., 2006; Mihindukulasuriya and Jayasuriya,
2013). In addition to increasing the shelf life, drying also
aims to facilitate distribution because the mass of the
material will be reduced, reduce packaging and reduce
transportation costs (Kamalakar et al., 2014).

Based on the literature study, the application of
gadung tubers is only for flour and chips (Kumoro ef al.,
2012; Nugroho and Estyaniyana, 2018). Since the
pretreatment can reduce the antinutritional substances,
the combination of wheat flour and gadung tubers flour
can be an option as the raw materials of pasta. Drying is
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the most crucial process that will determine the final
quality of the pasta product. The drying kinetics and
moisture content of the final product are very important
in the drying process (Mujumdar, 2006). In addition,
other factors affect the success of drying, among others,
surface area, differences in temperature and the
surrounding air, air flow velocity and air pressure. The
kinetic models can be used to estimate the drying
kinetics constant and predict the drying time. The
purpose of this study was to investigate the kinetic
models of gadung tuber pasta and its physical quality. To
date, studies on the kinetic models of gadung tubers
pasta drying have not been well studied.

2. Materials and methods
2.1 Materials

Postharvest of gadung tuber was obtained from a
local farmer in Rowosari, Semarang, Indonesia. The
commercial wheat flour was purchased from Bogasari
Flour Mills Ltd. (Jakarta, Indonesia). This flour
contained low, medium, and high protein (about 10-
14%). Sodium bicarbonate (NaHCOj3) solution was used
to reduce cyanide levels in gadung tubers and was
purchased from Sigma. CMC was added to the pasta
formulation.

2.2 Preparation of gadung tuber pasta

The cyanide content in postharvest gadung tuber was
reduced by chemical treatment using sodium bicarbonate
(Latif et al., 2019). The concentration of cyanide was
determined by the picrate paper method (Odoemelam et
al., 2020). Then the gadung tubers were drained and
dried in a food dehydrator (ARD-PM99, Maksindo,
Indonesia). The dried gadung tubers were milled and
sieves into 80 mesh. The ratio of wheat flour and gadung
tuber flour was 9:1. The addition of CMC was about 1%
of the total weight. The formulation was done with the
variation of protein content in wheat flour: low (10% of
protein), medium (11.5% of protein) and high (14% of
protein). About 75 ml of water was added to the
formulation. Then the dough was mixed and stirred. The
prepared dough was added to the pasta extruder (Multi
Maker OX-123, Oxone, Indonesia) for the pasta casting.

2.3 Gadung tuber pasta drying

The drying process was conducted at different drying
temperatures (30, 50 and 70°C). The gadung tuber pasta
was placed on the tray (length of 10 cm, width of 7 cm
and thickness of 0.2 cm). The sample was then put in a
food dehydrator and weighed every 30 mins for 240
mins to observe the moisture content reduction.

2.4 Thin layer model

The moisture content during the drying time can be
converted into dimensionless moisture, namely moisture
ratio (MR), which can be seen in Equation 1.

Mt B Me

iy M, ®

MR =

Where M, was the moisture content at a certain time

(t), M,ywas initial the moisture content (at t = 0), and M,

was the equilibrium moisture content. The M, M, .M,

and was expressed on a dry basis. Equation 1 was then

simplified into Equation 2 because the value of was

relatively small (Azizpour et al., 2013).
M,
"M,

MR 2)
The thin layer model that was used to describe the
drying phenomenon of gadung tuber pasta were listed in
Table 1. The suitable model was selected based on the
statistical parameter: a higher value of the coefficient of
determination (R?) and a lower value of Root Mean
Square Deviation (RSMD). The statistical parameter was
evaluated using POLYMATH Educational 6.0 software.

3. Results and discussion
3.1 Cyanide determination

In the gadung pasta production process, HCN levels
are reduced to maintain food safety. The process of
reducing HCN is carried out by immersion in a sodium
bicarbonate solution. After the immersion process, HCN
levels were tested to determine the toxicity of flour.
There was a reduction in HCN levels from 62.33+0.26
ppm to 23.89+0.49 ppm (Figure 1). Gadung tuber pasta
showed the lowest cyanide concentration at 9.47+0.14
ppm. The food processing in this study including the
drying process reduced the level of cyanide by 62%.

Based on these standards, the product, gadung tuber

Table 1. Thin-layer models for gadung tuber pasta drying.

Model Equation References
Newton MR = exp(—kt) (3)  Ertekin and Firat (2017)
Page MR = exp(—kt™) (4)  Aregbesola et al. (2015)

Henderson and Pabis MR = a-exp(—kt)

Logarithmic MR = a-exp(—kt)+ b

(&)
(6

Jian and Jayas (2018)
Yogendrasasidhar and Setty (2019)

Where k was the drying constant (min_') and n, a, and b were the dimensionless model constants.
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pasta meets the standards for HCN levels in food. The
standard limit for HCN in food based on the World
Health Organisation (WHO) is 10 ppm (Odoemelam et
al., 2020). This indicated that the gadung tubers pasta
may safe to consume. Several food products also showed
a reduction of cyanide after food processing: cake and
cookies from yellow root cassava contain 7-10 ppm of
cyanide (Odoemelam et al., 2020) and cassava flour
contains 6.61 ppm of cyanide (Bandna Address and
Chand, 2012).

70
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M Gadung Tuber Flour
M Gadung Tuber Pasta

50

40 -

30

20 -

HCN concentration (ppm)

Figure 1. HCN concentration in post-harvested gadung tuber
and products.

3.2 Gadung tuber pasta morphology

The morphology of gadung tuber pasta is shown in
Figure 2. Figure 2A-2C displayed the morphological
surface of gadung tuber pasta with high, medium and
low protein wheat flour. The cross-sectional image of
gadung tuber pasta with high, medium, and low protein
wheat flour can be seen in Figure 2D-2F. In Figure 2A-
2C the gadung tuber pasta exhibits a smooth and
compact surface. While in the cross-sectional image, the
gadung tuber pasta with medium and low protein wheat
flour (Figure 2E-2F possesses some pores or holes,
which may be attributed to the bonds with the water
molecules. In the drying process of the pasta with the
lower protein wheat flour, hydrogen bonds become
lower, resulting in some pores and moisture evaporation
becoming higher (Hao et al., 2014).

3.3 FTIR profile of gadung tuber pasta

The functional group of gadung tuber pasta after the
drying process was investigated using FTIR analysis.
The FTIR spectra of gadung tuber pasta with various
formulations of protein content can be seen in Figure 3.
The FTIR spectra showed the different values of
transmittance from the functional group, the carbonyl
groups (C=0) and the hydroxyl groups (O-H). The two
groups were identified at wavelengths of 1500-2000 and
2500-3000 cm 'and correlated with the water affinity
(Yang et al., 2021). The highest peak was found in
gadung tuber pasta with high protein wheat flour

https://doi.org/10.26656/fr.2017.8(S1).5

indicating that the hydrogen bonds were strongest than
others.

protein wheat flour (A), medium protein wheat flour (B), low
protein wheat flour (C), and cross-sectional image on gadung
tuber pasta with high protein wheat flour (D), medium protein
wheat flour (E), low protein wheat flour (F).
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Figure 3. Comparison of FTIR spectra on samples of gadung
tuber pasta with various formulations of protein content in
wheat flour.

3.4 Effect of the drying temperatures and variation of
protein content in wheat flour

The reduction of moisture content in gadung tuber
pasta was observed every 30 mins for 240 mins (Figure
4A-4C). For all the pasta formulations, at the same
drying time, the higher temperatures resulted in the
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Figure 4. Moisture ratio observation of low protein wheat flour (A), medium protein wheat flour (B), and high protein wheat

flour (C) at different drying temperatures (30, 50, and 70°C).

lower moisture content. For example, in drying with low-
protein wheat flour (Figure 4A), increasing the drying
temperature from 30°C to 50°C, the final moisture
content becomes 2.6 times lower. At high drying
temperatures, the drying driving force can increase so
that drying becomes faster (Sasongko et al., 2020).

The protein content in wheat flour affects water
content reduction. In all variations of drying temperature,
the pasta with low protein content resulted in lower
moisture content. For example, at a drying temperature
of 50°C, the moisture content in the pasta with low
protein wheat flour was 1.26 times lower than the pasta
with medium protein wheat flour. Additionally, the
moisture content in the pasta with low protein wheat
flour was 2.35 times lower than the pasta with high
protein wheat flour. The protein that are naturally
hydrophilic are easily bonds with the water molecules
and forms hydrogen bonds. Then, the flour with a high
protein content has a high water holding capacity and
decreases water mobility, preventing the evaporation of
water during the drying process (Hao et al., 2014; Li et
al., 2018). This result was in line with SEM analysis
which showed the compact surface of pasta with high
protein wheat flour (Figure 2). While the pasta with low
protein wheat flour consisted of pores in the cross-
sectional image. Thereby implying that the hydrogen
bonding in the pasta with high protein wheat flour was
tight and decrease the water mobility during the drying
process. This was also in line with FTIR analysis, the O-
H peak was higher in the pasta with high protein wheat

flour (Figure 3).
3.5 Kinetic model development

The kinetics of gadung tuber pasta drying at various
drying temperatures and formulations were fitted into
four thin layer models. The model constant and the
statistical parameter on the gadung tuber pasta drying
were listed in Table 2. The statistical parameter, the
coefficient of determination (R?), and Root Mean Square
Deviation (RSMD) were used to look for the preferable
model to describe the kinetic of gadung tuber pasta
drying. Based on the statistical analysis, the model with
the highest value of R? and the lowest value of RSMD
was the Logarithmic model. The comparison between the
logarithmic model and the experimental data was
displayed in Figure 5. As seen in Figure 5, the
logarithmic models show a good fit to the experimental
values. Considering the Logarithmic model was also
selected to describe the drying phenomenon in several
food products: thyme leaves (Turan and Firatligil, 2019),
green bell paper (Doymaz and Ismail, 2010), plum
(Goyal et al., 2007) and pineapple (Kingsly et al., 2009).

4. Conclusion

The results of the drying process of onion bulbs at
various temperatures (40, 50, 60 and 70°C) showed that
drying onions using the rotary dryer method can increase
the drying rate so that the process of reducing the
moisture content can occur faster than with the chamber
and tray dryer method. Furthermore, Page's model,
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Figure 5. Moisture ratios comparison via experimental data and logarithmic model of low protein wheat flour (A), medium
protein wheat flour (B), and high protein wheat flour (C) at different drying temperatures 50°C.
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Table 2. Model constant and statistical parameter on thin layer drying of gadung tuber pasta.

Protein content

Model constant

Model in wheat flour temp]e)r?‘glrﬁ (°0C) k n a c R’ RMSD
30 0.001 0.681 0.007
Low 50 0.006 0.919 0.019
70 0.007 0.933 0.022
30 0.001 0911 0.008
Newton Medium 50 0.004 0.896 0.019
70 0.006 0.969 0.015
30 0.002 0.965 0.007
High 50 0.001 0.767 0.011
70 0.004 0.978 0.010
30 0.011 0.445 0.975 0.002
Low 50 0.005 0.925 0.934 0.010
70 0.021 0.784 0.951 0.019
30 0.007 0.677 0.977 0.004
Page Medium 50 0.029 0.622 0.989 0.006
70 0.003 1.114 0.973 0.014
30 0.005 0.802 0.985 0.004
High 50 0.016 0.501 0.981 0.003
70 0.004 1.029 0.979 0.010
30 0.000 0.972 0.842 0.005
Low 50 0.005 0.925 0.934 0.016
70 0.007 0.937 0.944 0.020
30 0.001 0.975 0.937 0.007
Ijﬁg‘}f;g(i’: Medium 50 0.004 0.925 0.932 0.016
70 0.007 0.937 0.944 0.020
30 0.002 0.982 0.972 0.006
High 50 0.001 0.958 0.874 0.008
70 0.004 0.994 0.979 0.010
30 0.013 0.119 0.879 0.985 0.001
Low 50 0.001 0.682 0.313 0.989 0.007
70 0.007 0.940 -0.003 0.944 0.020
30 0.009 0.285 0.722 0.994 0.002
Logarithmic Medium 50 0.012 0.589 0.409 0.992 0.005
70 0.003 1.668 -0.690 0.979 0.012
30 0.006 0.440 0.567 0.992 0.003
High 50 0.013 0.215 0.786 0.996 0.001
70 0.002 1.580 -0.603 0.983 0.009
which has an R? value of 0.991 and X* of 0.00027 can References

accurately describe the drying rate of onion bulbs.
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