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Abstract. This reseach aimed to determine the proper cassava drying technique to produce suitable flour properties for food product
applications. The method used was proximate analysis and calculation of Gross Energy (GE) value. Furthermore, the results of the study
were analyzed using the Two Way ANOVA statistical test followed by the real difference test using the Tukey analysis. Results of the
analysis showed that there was no significant difference between the two drying techniques (0>0.05). To get good quality flour in the
application of food products made from Nuabosi cassava flour is to use oven drying and sun drying techniques. The novelty of this study
is that there has been no previous research on the quality of Nuabosi cassava flour using oven drying and sun drying techniques. The
benefit of this research is to support the government in the food diversification program on foods made from Nuabosi cassava flour,

where Nuabosi cassava is one of the leading types of food in Ende district.
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INTRODUCTION

Research in the food industry is currently being
developed using agricultural resources which are
abundant in availability, so that they can make
important contributions to the development of science
and technology. One of the most widely produced
agricultural products is cassava (Ministry of Agricul-
ture, 2016). Cassava (Manihot esculenta Crantz.) is a
local food as the third source of carbohydrate in Indo-
nesia after rice and corn. It is also cheap and easy to
reach by the community.

Based on 2015 Central Statistics Agency data, the
amount of cassava production in Indonesia in 2014
was 23.44 million tons (Fathoni et al., 2016). One of
the regions that produces the highest yield of cassava
is Ende district in East Nusa Tenggara. Data from the
NTT Central Statistics Agency in 2014 stated that
cassava production in 2013 was 811,166 tons.

The amount of cassava production in this area is
quite large but its utilization has not been maximized.
People only used it as a local food source of carbohy-
drates with a short shelf life due to the lack of local
knowledge about cassava processing. However, along
with the development of science and technology, cas-
sava processing methods must be adjusted to the de-
sires and interests of consumers (Mujiati et al., 2018).
Therefore, efforts should be made to improve the
quality of processing method of cassava into semi-
processed products so that it can be stored for a long

time. One form of semi-processed products derived
from cassava is cassava flour. Cassava flour can be
used as a raw material in the manufacture of various
processed foods, such as pastries, cakes, and other
product mixes made from wheat or rice flour (Haloho,
2014).

There are several types of local varieties of cassa-
va found in mainland Flores-NTT, one of which is
Nuabosi cassava. Nuabosi cassava consists of 2 types,
namely Tana Ae and Terigu. According to the com-
munity, Nuabosi cassava is a widely consumed varie-
ty because it is tasty and juicy. The flavor of cassava
is influenced by the physical and chemical properties
of the soil, harvesting time and cultivation techniques
(Subekti et al., 2018). The time of harvesting Nuabosi
cassava type Tana Ae and Terigu is about 6 months -
1 year after planting.

Based on the explanation above, cassava has great
potential to support a flour-based food diversification
program. The effort to process cassava into flour is
one of the methods of preserving cassava with abun-
dant production and relatively short storage time,
which only lasts 2-3 days in a fresh condition (Nugra-
heni et al., 2015). Cassava in the form of flour has a
relatively long storage period ranging from 3-6
months (Paramita et al., 2015). In addition, other ad-
vantages that can be obtained are the application of
flour will be wider because it can be processed into a
variety of food products that do not require high tech-
nology, it is also practical in transportation and stor-
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age, and can be applied by the community to increase
the economic value of cassava as well as the income
of cassava farmers (lhromi et al., 2018).

Processing of cassava into flour is passed through
various techniques, one of which is drying. Drying is
one way to preserve perishable food. The goal of this
technique is to reduce the water content of a food to
<12%, so that its shelf life will be longer and it will
not be overgrown by microbes (Yulifianti et al.,
2012). Water content in cassava generally ranges
around 60-65%. An effective drying technique used to
minimize damage to cassava is natural drying using
the heat from the sun and kinetic drying using an oven
(Saepudin et al., 2017). The research aimed to deter-
mine the right drying technique to produce flour that
is suitable for the application of flour-based food
products. The benefit of this research is to support the
government in the food diversification program on
foods made from Nuabosi cassava flour, where
Nuabosi cassava is one of the leading types of food in
Ende district.

METHODS

The research was carried out in June - August
2019. All tests in the study were conducted at the
Environmental Agency Laboratory, Ende regency and
at the Nutrition and Animal Feed Laboratory of
Kupang State Polytechnic of Agriculture. The testing
of nutritional content and gross energy of Nuabosi
cassava flour consisted of several stages. The initial
stage was sample preparation, followed by the manu-
facture of Nuabosi cassava flour, proximate analysis
(carbohydrate, fat, protein, crude fiber, water and ash)
and gross energy analysis. Furthermore, the data ob-
tained were analyzed with the Two Way ANOVA
statistical test. The significant difference results
between treatments was continued with the Tukey
real difference test. Data was processed using SPSS
version 21.0.

Tools and materials used in this study were rotary
vacum evaporators, soklet flasks, desicators, disc
mills, sets of destructor, a set of Buchner filters, a set
of titration apparatus, oven, furnace, bomb
calorimeter, Nuabosi cassava tubers, whatman filter
paper, 1L distilled water, 1L double distilled water,
150 ml hexane, 0.25 g selenium, 3 mL concentrated
H,SO,, 25 mL H,SO,4 1.25 %, 20 mL 40 % NaOH, 20
mL 1.25 % NaOH, 10 mL 2 % H3;BO;, 25 mL alco-
hol, 0.1N HCI, 2 drops of Bromine cresol green-
methyl red indicator, Na,COj, platinum wire, and
methyl orange indicator.

Sample Preparation
Fresh Nuabosi cassava samples were collected,
cleaned from dirt and soil, then washed with running

water. After that, the samples were peeled and the
rotten parts are removed using a knife.

Manufacturing of Nuabosi Cassava Flour

In this study, an analysis of the nutrient content of
Nuabosi cassava flour was based on the drying tech-
nique. The treatment consisted of 2 techniques, hame-
ly technique 1 (shredded, fresh, dried by sun drying),
technique 2 (shredded, fresh, dried by oven drying).

Drying shredded Nuabosi cassava using sun dry-
ing technique usually does not require a long time.
The drying process in sunny weather was carried out
for £ 3-4 days until the Nuabosi cassava was dried,
with a moisture content of about 20 %, while for the
drying technique using an oven, the temperature used
was between 70 °C — 80 °C for + 6-16 hours (Erni et
al., 2018).

Dried Nuabosi cassava was crushed with a disc
mill and sifted using an 80 mesh sieve. After these
steps were passed, cassava flour produced was used
for further analysis. Analysis conducted on Nuabosi
cassava flour was a proximate (analysis of water, ash,
fat, protein content, crude fiber, and carbohydrate
content) and gross energy analysis. The method used
in the analysis of proximate and gross energy was
according to the Association of Official Analytical
Chemist (AOAC) Method (Ariani et al., 2017).

Proximate Analysis

Water Content Analysis. A total of 5 grams of
sample was weighed in a cup, put in an oven at 105°C
for 8 hours, then weighed. Moisture content was cal-

culated by the following formula:

Satnpl 1ght h- I
atnple weight (Fres 17 < 100%

Water content (%)= Fresh sample weight

Ash Content Analysis. A total of 5 grams of sam-
ple was put into a porcelain cup, burned until it was
not smoky, then blended in a furnace at 600 °C for 6
hours. The sample was then cooled in a desiccator for
+ 1 hour and was weighed. Ash content was calculat-
ed by the formula as follows:

Ash weight

——— = 100%
sample weight . ’

Ash content (%)=

Fat Analysis. A total of 5 grams of sample was
spread on a cotton cloth with filtered paper and rolled
to form lead, then put into a soklet flask. Then, it was
extracted for 6 hours with 150 mL of hexane fat sol-
vent. The extracted fat was dried in an oven at 105 °C
for 1 hour. Fat content can be calculated by the for-

mula as follows:
Extracted fat weight

Fat content (%)= =z 100%

sample weight
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Analysis of Protein Levels. A total of 0.25 grams
of sample was put into a 100 mL kjeldahl flask and
then added with 0.25 gram selenium and 3 mL of
concentrated H,SO,4. Then the sample is destructed
(heating in a boiling state) for 1 hour until the solu-
tion was clear. After chilling, 50 mL of distilled water
and 20 mL of 40% NaOH was added. The process
was continued by distillation, the product was collect-
ed in an erlenmeyer flask containing a mixture of 10
mL of 2 % H3;BO; and 2 drops of the pink indicator of
Bromine cresol green-methyl red. After the distillate
volume became 10 mL and turned bluish green, the
distillation was stopped and followed by titration with
0.1 N HCI to pink. The same treatment was also car-
ried out on blanks. Total nitrogen content was calcu-
lated by the formula as follows:
(5-ByzNHClz14 100%

We1000

Note: S: Sample titrant volume (mL), B: blank
titrant volume (mL), W: dry sample weight (mg).
Protein content was obtained by multiplying the
nitrogen content by multiplication factors for various
foods ranging from 5.18-6.38 (AOAC, 1980).

Hitrogen content (%)=

Crude Fiber Analysis. A total of 1 gram of
sample was dissolved with 100 mL of 1.25% H,SO,,
heated to boiling then followed by destruction for 30
minutes. After that, the sample was filtered with filter
paper with the help of a buchner funnel. The filter
residue was rinsed with 20-30 mL boiling water and
with 25 mL water for 3 times. The residue was
destructed with 1.25 % NaOH for 30 minutes. Then,
it was filtered again as above and rinsed consecutively
with 25 mL of H,SO, 1.25 % (boiling), 25 mL of
water three times and 25 mL of alcohol. The residue
and filter paper were transferred to a porcelain cup,
weighed, then put in a 600 °C furnace for 30 minutes,
cooled and re-weighed. Crude fiber was calculated by
the following formula:

iZrude fiber weight
Crude fiber content (%)=

100%7
Sample weight . ’

Carbohydrate Analysis. Total carbohydrate was
determined by the carbohydrate by difference method
as follows:

100 % - (water content + ash + protein + fat)

Gross Energy Analysis (GE). One gram of flour
sample was put into a small cup, then passed through
a 10 cm long platinum wire and put again into a bomb
calorimeter. Before being filled with 25 atmospheric
oxygen gas, the bomb calorimeter was filled with a
little distilled water. The calorimeter bomb was
inserted into a jacket that has been filled with water
and then closed. The temperature was stabilized by

turning the knob. After the stable temperature was
recorded as the initial temperature (a), samples were
burned by pressing a button or knob and left for 5
minutes. Then the temperature was stabilized again by
pressing the temperature button. A stable temperature
was recorded as the final temperature. The cup and
bomb calorimeter tube were washed with a mixture of
distilled water with the methyl orange indicator. The
washing was titrated with sodium carbonate
(Na,COs3). Burnt platinum wire was measured as k
calories. The amount of gross energy (GE) of a food
ingredient was calculated by formula as follow:

GE (Celorsfel= b —a)zw—Lk—ti
(Calorylay= Sample weight

Note:

b = final temperature °C

a = initial temperature °C

k = burnt platinum wire (calory)

ti = volume Na,COs used to reach endpoint
w = 2589 (water equivalent)

RESULTS AND DISCUSSION

Proximate Analysis of Cassava Flour Made From
Nuabosi Tana Ae (TA) and Terigu Varieties

Every food crop has a chemical content that has
nutritional value (Sakya, 2016). However, the quality
of natural chemicals will change due to the drying
process (Rohyani et al., 2015). Proper drying tech-
nique will produce flour with a good quality, long
shelf life and stable nutritional ingredient (Wahyuni et
al.,, 2014). The results of the analysis of real
difference test for Nuabosi cassava flour are present-
ed in Figure 1.

Praximace %)

t $ Es 8 2l st 2lgssseelg 55 2

Towrgs locd variesey

Nowition, dryieg methed, and huabosl Lassave varloties

Figure 1. Proximate Results from the Analysis of
Real Differences Test using Tukey

The nutritional content of Nuabosi cassava is
influenced by the variety. Different varieties produce
different nutritional values. This is shown in Figure 1
that both varieties have different nutritional values
even though the drying technique used was similar.
Figure 1 shows that the nutrients in the Terigu variety
were not significantly different between the two dry-
ing techniques (value a > 0.05). No significant differ-
ence is indicated by the same notation for nutrients in
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the Terigu variety for both drying techniques. The
water, ash, protein, fat, and carbohydrate content of
the wheat flour varieties did not differ significantly
between the two drying techniques. The different
notation is shown in the nutritional content found in
the TA variety. These results indicate that the nutrient
content in the TA varieties was significantly different
in the two drying techniques (value a < 0.05).
Cassava flour TA varieties using sun drying
techniques have high water content (ef notation) and
low ash content (bc notation). The fat content (abc
notation) and fiber (cd notation) in the two drying
techniques are not significantly different because both
have the same notation. Moreover, carbohydrate con-
tent in the technique of drying using the sun and oven
drying is significantly different. This is shown by the
higher carbohydrate content in oven drying (f nota-
tion) compared to drying using the sun (ef notation)
(Figure 1) (Tambunan et al., 2017).

Ash content shows the total inorganic mineral con-
tent found in Nuabosi cassava flour. The inorganic
mineral content in the ash content analysis is the
material left on cassava flour at the time of
combustion using temperatures between 500°C -
800°C. Flour of both varieties affect the composition
and percentage of ash in cassava flour (Sundari et al.,
2015).

In the sun drying technique there is still water con-
tent in Nuabosi cassava flour which has the potential
as an indicator of biochemical reactions, thus damag-
ing the nutritional content of flour. The change in
biochemical reactions that occurs in flour causes the
resistance of nutrient content to microbial contamina-
tion decreases. This causes cassava flour can not be
stored for a long time because it will experience dam-
age, such as the growth of fungus or mold on cassava
flour (Salimna et al., 2014).

Protein content in Nuabosi cassava flour is
closely related to the amount of water content in the
flour. The lower the water content, the higher the
protein content in flour. Oven drying technique is
more effective than the sun drying, because the heat
from the oven can reduce the percentage of water
content which affects an increase in protein content
(Riansyah et al., 2013).

The crude fat content of Nuabosi cassava flour of
Tana Ae (TA) varieties using the oven drying tech-
nique produces the lowest crude fat content. This is
because the heat energy in the oven does not undergo
refraction since it is in a closed room. The heat causes
lipase enzymes contained in flour to accelerate the
process of fat hydrolysis, so that the crude fat content
in flour Tana Ae varieties are lower. In the Terigu
variety, the drying treatment is the same as the Tana
Ae variety, but in the Terigu variety, the fat content
produced does not show any significant difference

between the two drying techniques. This is because
the length of time to harvest Terigu varieties is longer
which is 1.5 years, whereas for Tana Ae varieties the
harvest time is 7-8 months (Sarastuti & Yuwono,
2015; Aliya et al., 2016).

Carbohydrate content in Tana Ae (TA) variety
flour is influenced by water content and fat content. If
the proportion of water and fat is small, the
carbohydrate will be even greater. A decrease in
water and fat content in a food will cause the
concentration of other compounds, such as
carbohydrates and proteins, to be higher. Carbohy-
drates in food ingredients play an important role in
determining the flavor, color, and texture (Sarifudin et
al., 2015).

Research on the nutritional and toxicological com-
position analysis of some MU5L cassava products by
Rajapaksha et al. (2017) showed that cassava pro-
cessed product in the form of flour that was made by
means of drying had a significant difference in nutri-
ent content compared to the fresh cassava. The re-
sults showed that the drying technique affected the
nutritional content of cassava flour.

Gross Energy (GE) of cassava flour made from
Nuabosi Tana Ae (TA) and Terigu Varieties

Gross energy (GE) is the potential energy con-
tained in food that can not be used directly by hu-
mans. GE contained in food will be utilized by hu-
mans if it is converted into available energy through
the process of digestion, absorption, and metabolism
in the body. The available energy is used by humans
to fulfill basic life needs, such as growth, develop-
ment, and reproduction. The amount of energy in food
is an aspect that determines the amount of food con-
sumed by humans to meet energy needs in the body
(Fitasari & Santoso, 2015).

The amount of gross energy to support the meta-
bolic process depends on the ability of humans to
digest food. In the process of metabolism, there is a
breakdown of complex chemical compounds in food
ingredients into smaller molecules that can be ab-
sorbed and used by humans (Juliati et al., 2016). The
results of the analysis of real difference test on the GE
of Nuabosi cassava flour are presented in Figure 2.

Figure 2 shows that the GE between the two dry-
ing techniques was not significantly different (o value
> 0.05). No significant difference was indicated by
the same notation (a) on the the varieties of Terigu
and Tana Ae for both drying techniques. The results
show that both drying techniques can be applied to
get good quality flour. Gross energy of local Terigu
from oven and sun drying is 3716.005 Cal/g and
3810.902 Cal/g, respectively, while the gross energy
of the TA flour is 3655.925 Cal/g and 3610.903 Cal/g
respectively.
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Figure 2. Results of the Analysis of Real Differences
on Gross Energy using Tukey test

The high value of gross energy is influenced by
the nutrient contained in food ingredients, such as
carbohydrate, protein, fat, and fiber. Thus, the higher
the nutritional content of food ingredients, the higher
the value of their gross energy (Pangestu et al., 2018).
Both drying techniques are effective to produce high-
quality flour. The novelty of this study is that there
has been no previous research on the quality of
Nuabosi cassava flour using oven drying and sun
drying techniques. The benefit of this research is to
support the government in the food diversification
program on foods made from Nuabosi cassava flour,
where Nuabosi cassava is one of the leading types of
food in Ende district.

CONCLUSION

Based on the results of research and discussion, it
can be concluded that an effective drying technique to
get good flour quality in the application of food
products made from Nuabosi cassava flour is to use
oven and sun drying techniques. Quality flour can
support the government in the food diversification
program on foodstuffs made from Nuabosi cassava
flour.
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