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Abstract. Wheat flour is one of the carbohydrate ingredients for making noodles, bread, cakes and fried foods that are
popular with Indonesian people. The need for flour in Indonesia is still met from imports. Therefore, alternative flour raw
materials are needed to reduce imports of wheat flour. Kimpul is an abundant tuber in Indonesia. Kimpul has anticancer
content, but kimpul flour has a weakness, namely the starch structure is not like wheat. To improve the quality of kimpul
flour, it is necessary to modify starch. Hydrogen Rich Water (HRW) can be used as an ingredient for starch modification.
The advantages of HRW compared to other modifications are that it is safer, cheaper and contains antioxidants. The
purpose of this study was to create and find the optimal formulation of a mixture of modified HRW kimpul flour and
wheat flour to make bread. The method used is to modify kimpul flour using HRW with variable soaking time
(15,30,45,60, 75 minutes), drying temperature (100, 110,120°C), pH (3,6,7,9,11). The samples were then analyzed for
moisture content and appearance test with flour SNI parameters. The best results were analyzed by FTIR and used to
make bread. The results obtained that the optimal water content at 45 minutes of immersion at 100°C pH 7 was 6.9%.
FTIR analysis showed that there was no significant difference in the content of wheat flour, original kimpul and modified
kimpul. The best bread puffiness test was obtained at the composition of 70% flour: 30% kimpul with a swelling height
of 7.5 cm. The composition of this sponge cake is also preferred by the panelists.

INTRODUCTION

Indonesia relies on imports to meet its wheat needs. Since 2018, Indonesia has become the world's largest
importer of wheat with a total of 10,096,299 million tons. This represents 6.1% of the total world imports [1].
Indonesia's position as a wheat importer is unlikely to change due to the rapid consumption of domestic needs for
wheat for both people and livestock. It is estimated that Indonesia will need around 11.3 million tons of wheat from
the global market in the 2019-2020 period [2].

Kimpul (Xanthosoma sagittifolium) is a food source of tubers that contain carbohydrates, proteins, fats, several
minerals and vitamins [3 — 5]. In Indonesia, kimpul has been widely planted including North Sumatra, South
Sumatra, East Kalimantan, North Sulawesi, West Nusa Tenggara, West Java, and East Java. Data on the production
of kimpul in Indonesia in 2013 was around 825 tons, which was obtained from an area of 55 ha spread over 7
districts/cities [6].

Tuber kimpul has the potential to be developed as a source of carbohydrates that can support Indonesia's national
food security. Kimpul is one source of local food that can be used as an alternative to meet food needs [7]. Kimpul
flour can be used as a substitute for wheat flour. The use of kimpul flour in the processing of various cakes can reach
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100%, depending on the product to be produced [8,9]. The water pressure against the cell wall increases so that the
needle-shaped calcium oxalate crystals are pushed out, the oxalate level during immersion will continue to decrease
due to the ongoing osmosis event so that calcium oxalate will come out [5,8]. Calcium oxalate levels in kimpul can
be reduced by processing kimpul, one of which is produced into flour.

Kimpul flour can be used as a substitute for wheat flour. The use of kimpul flour in the processing of various
cakes can reach 100%, depending on the product to be produced [9,10]. Making kimpul flour by immersion aims to
increase the economic value, functional kimpul and most importantly to reduce oxalate levels in kimpul and solve
problems, namely the color of kimpul flour which is considered less bright and the aroma tends to be unpleasant. If
kimpul flour without soaking is applied to food products, it will affect the physical appearance and aroma of the
product, especially the color of the product that is less attractive and the aroma of the product is less pleasant [8,11].

Hydrogen rich water is used to modify kimpul starch and improve the quality of kimpul flour. Hydrogen rich
water is alkaline water that can prevent oxidation, so the color becomes brighter [12]. Mixing or formulating wheat
flour with modified kimpul flour will add flavor and reduce unpleasant odors in kimpul flour. Based on these
problems, it is necessary to find the right formulation for the immersion time, drying temperature and the
comparison of the composition of the substitution of kimpul flour and flour to produce sponge cake.

MATERIAL AND METHOD

The main ingredients used in this research are kimpul tubers and hydrogen rich water. The research procedure is
as follows:
e Raw Material Preparation Stage
Prepare 2.5 kg of tuber kimpul then start from stripping and slicing, then soaking time with alkaline water (15,
30, 45, 60, and 75) minutes and pH variation (3,6,7,9,11)
e Drying and milling stage
The tubers that had undergone the immersion stage with salt solution and washed after that the tuber samples
were put into the dryer (oven) at temperatures of 100, 110, and 120 with drying times 4, 3, and 2 hours
respectively.
e Results Analysis
The analysis was carried out in the form of Fourier Transform Infra Red (FTIR) Spectroscopy analysis, water
content analysis using the thermogravimetric method, and a preference test for sponge bread making applications.

RESULT AND DISCUSSION

FTIR Analysis

Result of FTIR analysis shown in Figure 1 Waved number used to identify functional groups range of 4000-400
cm’!. The results of the FTIR analysis of the structure of kimpul flour without modification, modification and wheat
flour are amorphous crystals. This happens because the FTIR analysis does not show a sharp peak. Kimpul flour
without modification shows a valley at a wavelength of 34281 ¢m’!, in modified kimpul flour the wavelength is
3435.55 cm’! while in wheat flour 3434.98 cm™!. The wavelength at this point indicates the presence of an OH bond
of about 3383 cm’!. The OH bond after modification is almost close to that of flour. The next bond is carbohydrate,
theoretically around 1040-1111 cm™ [13]. This may be due to the immersion of hydrogen rich water which adds an
OH group to the modified kimpul flour. In this study, it was found in kimpul without modification 1083.42-1159.06
cm’!, in modified kimpul flour 1083.19-1158.27 cm™!, in flour 1083.60-1158.99 cm™'. There was a decrease in the
carbohydrate bond in the modified flour. This may be due to the carbohydrate bonds turning into hydrogen (OH)
bonds. The theoretical C-H bond is obtained at approximately the wavelength 2928 cm™ [13]. In this study, the
results obtained from kimpul to flour were 2931.30 cm-1, 2931.58 cm™!, and 2929.49 cm™'. From these results it can
be seen that the modification does not change the C-H bond too much. The C=0 bond is obtained at approximately
the wavelength of 1412 cm™! [13]. The results obtained for the original, modified and flour kimpul were 1371. cm’!,
1376 cm™!, and 1458.96 cm'. The change for the C=0 group was not very significant with the modification.
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FIGURE 1. (a) FTIR result of Kimpul flour without modification. (b) Kimpul flour with modification. (¢) Wheat flour

Moisture Content Test

The results of the water content analysis are shown in Figure 2-4. The variables used are pH, drying temperature,
drying time and immersion time with hydrogen rich water. The results of the water content test at a temperature of
100°C and a drying time of 4 hours are presented in Figure 2. In Fig. 2 it can be seen that the value of the water
content meets the allowed SNI standard for wheat flour, which is a maximum of 14%. Calculation of water content
using a dry basis. The water content obtained for each pH is as follows: for pH 3 between 8.2%-11.6%; pH 6 range
of water content 8.3%-11.3%; pH 7 5.9%-12.5%; pH 9 8%-10.9%; pH 11 7.5%-8.9%. The moisture content
obtained at a temperature of 110°C with a drying time of 3 hours at each pH was as follows: pH 3 8.2%-10.6%; pH 6
8.7%-11.4%; pH 7 6.3%-9.4%; pH 9 8.2%-11.9%; pH 11 6%-8.3%. At a temperature of 120°C with a drying time of
2 hours, the moisture content for pH 3 is 5.9%-8.1%; pH 6 7.9%-10.9%; pH 7 5.5%-9.8%; pH 9 7.7%-10%; pH 11
4.8%-9.10%.

The soaking time of hydrogen rich water affects the level of water content in flour, the longer the soaking time,
the higher the water content, but there are some points that are not suitable, such as at pH 7 the lowest water content
value is obtained at a time of immersion of 60 minutes. Of all the variables the lowest water content value was
obtained at pH 7 at all temperatures. The water content in the kimpul flour samples showed different results. This
was due to the influence of dietary fiber in it. The fiber has a strong water binding ability so it is difficult to re-
evaporate even with the drying process [14]. In addition to fiber, the physiological properties of dietary fiber have
the ability to bind water in the material, the bound water is difficult to evaporate again. The water content in
foodstuffs also determines the freshness and durability of these ingredients. To extend the durability of the material,
some of the water in the material must be removed in a way that is suitable for the type of material, such as drying.
Drying of flour has the aim of reducing its water content to a certain extent so that microbial growth and enzyme
activity that causes damage to flour can be inhibited[15,16].

The lowest moisture content is 120°C with a drying time of 2 hours. But, the optimal temperature to obtain at pH
7, temperature 100°C, soaking time 45 minutes. This is because at pH 7 and temperature 100°C, relative constant.
The higher temperature can cause damage for nutrition in food. The lowest water content is the optimal water
content for storage of foodstuffs such as flour. Materials that have a high water content usually rot faster than
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materials with a low water content, due to the activity of microorganisms. The minimum water content limit where
microbes can still grow is 14% [17,18].
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Figure 2. Moisture Content at Variation pH and Soaking Time in Temperature 100°C, drying time 4 hours
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Figure 4. Moisture Content at Variation pH and Soaking Time in Temperature 120°C, drying time 2 hours

Acceptance Test of Kimpul Flour in Sponge production

Kimpul flour is processed into bread at a temperature of 200°C and 40 minutes, the kimpul flour used is kimpul
flour with the highest yield data, namely flour with a pH of 7, soaking time of 45 minutes and drying temperature of
100°C of 38.67%. The acceptability test of kimpul flour in bread making includes development test, taste test, color
test, aroma and texture test. Making bread from kimpul flour is divided into 4 samples, namely A = Wheat Flour
70% : 30% Flour Kimpul, B = Wheat Flour 50% : 50% Flour Kimpul, C = Wheat Flour 30% : 70% Flour Kimpul, D
= Flour 100% Flour (Control).

The development process on sponge bread can be influenced by several things, namely the raw material, the
process of forming the dough and the length of time for fermentation. The use of wheat flour as a raw material in
making bread can produce a good level of development as an indicator of the quality of sponge bread, this is because
wheat flour contains gluten which is needed in making sponge bread in order to produce good development of the
dough [19].

The results of the research carried out for development level data were obtained by taking a straight line from the
bottom of the cake to the very top, observations were made after the roasting process, because during the
fermentation process the bread development rate increased and will last until the baking process. The results of
calculations using centimeter units show that each sample has a different level of development, namely Treatment A
(70% : 30%) with a development rate of 7.5 cm, Sample B (50%: 50%) with a development rate of 7 cm, sample C
(30%) : 70%) development level of 6 cm and Sample D as control with 100% wheat flour formulation, had the
highest development rate of 8.5 cm.

Based on data obtained, the highest level of development is found in sample D with 100% substitution and the
lowest level of development is in sample C with mixed substitution of 70%: 30%. Based on these results, it can be
seen that the more use of kimpul flour as a substitute, the level of bread development decreases, this is because
wheat flour has a high gluten content, while kimpul flour does not contain gluten, so the results of the analysis can
be seen that the use of kimpul flour as a substitute material, affects the level of bread development because the
absence of gluten in kimpul flour can indirectly inhibit the development process.

Taste test, texture test and color test were tested by 4 respondents with 4 samples. Taste, texture and color are
important things that consumers consider when choosing food. Although the taste is good but the color is not
attractive, consumers will tend to like the food less [20]. Respondents are required to give a value to the 4 samples
that we have provided with each sample consisting of A = Wheat Flour 70% : 30% Flour Kimpul, B = Wheat Flour
50% : 50% Flour Kimpul, C = Wheat Flour 30% : 70% Kimpul Flour, D = 100% Wheat Flour (Control). Based on
the bread acceptance test that we have done, we get the following assessments from the respondents:
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Figure 5. Test Results for Sponge Cake Preference Level

In our research, it can be concluded that the application of kimpul flour in bread making, there are differences in
aspects of texture, taste, color. As for the aroma aspect, there is no difference. The addition of kimpul flour
apparently affects the taste and texture as well as the color of the bread. Where bread is one of the people's favorite
food.

CONCLUSION

Based on the research that has been done, it can be concluded that the best moisture content is obtained at pH 7,
temperature 100 C, drying time 45 minutes at 6.9%. The FTIR results indicated the presence of carbohydrate groups,
functional groups OH, C=0 and CH in the modified knots that were close to the peak value of wheat. The
composition of 70:30 wheat compared kimpul flour modification on sponge cake is preferred by panelist.

ACKNOWLEDGEMENT

This research founding by LPPM UAD with contract number PD-329/SP3/LPPM-UAD/V1/2021

REFERENCES

Badan Pusat Statistik, Impor Gandum Indonesia 2018 (2019).

. USDA, Perkiraan Impor Gandum di Indonesia 2019-2020. (2019).

3. L. A. Andrade, D. Aparecida, D. O. Silva, C. A. Nunes, “Experimental techniques for the extraction of taro
mucilage with enhanced emulsi fi er properties using chemical characterization”, Food Chem. 327 (2020).

4. Z.Yu, S. Jiang, Z. Zheng, X. Cao, Z. Hou, J. Xu, et al, “Preparation and properties of OSA-modi fi ed taro
starches and their application for stabilizing Pickering emulsions”, Int J Biol Macromol, 137(2), pp. 77-85
(2019).

5. A. Cahyo, R. Dewi, A. Putri, C. Sri, D. Susetyo, “Kinetics of Calcium Oxalate Reduction in Taro ( Colocasia
esculenta ) Corm Chips during Treatments Using Baking Soda Solution”, Procedia Chem [Internet]. Elsevier
Ltd 9, pp. 102—112. Available from: http://dx.doi.org/10.1016/j.proche.2014.05.013 (2014).

6. Deptan. Data Produktivitas Kimpul di Indonesia (2013)

7. D. A. A. Elishabeth, “Added value improvement of taro and sweet potato commodities by doing snack

processing activity”, Procedia Food Sci [Internet]. Elsevier Srl, 3, pp.262-273. Available from:

http://dx.doi.org/10.1016/j.prof00.2015.01.029 (2015).

N —

060011-6


https://doi.org/10.1016/j.proche.2014.05.013
https://doi.org/10.1016/j.profoo.2015.01.029
https://doi.org/10.1016/j.proche.2014.05.013

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

J. Ndisya, D. Mbuge, B. Kulig, A. Gitau, O. Hensel, B. Sturm, “Hot air drying of purple-speckled Cocoyam (
Colocasia esculenta ( L .) Schott ) slices : Optimisation of drying conditions for improved product quality and
energy savings”’, Therm Sci Eng Prog [Internet]. Elsevier, 18(April), 100557. Available from:
https://doi.org/10.1016/j.tsep.2020.100557 (2020).

L. C. Okpala, P. N. Egwu, “Utilisation of broken rice and cocoyam fl our blends in the production of biscuits”,
Niger Food J [Internet]. Elsevier, 33(1), pp.8—11. Available from: http://dx.doi.org/10.1016/j.nif0j.2015.04.010
(2015).

O. Charléne, L. Grosmaire, R. Marcel, L. Dahdouh, J. Ricci, T. Tran, et al, “LWT - Food Science and
Technology Rheological and textural properties of gluten-free doughs and breads based on fermented cassava ,
sweet potato and sorghum mixed fl ours”, LWT - Food Sci Technol [Internet]. Elsevier, 101(November 2018),
pp-575-82. Available from: https://doi.org/10.1016/j.1wt.2018.11.051 (2019).

T. O. Adedeji, I. B. Oluwalana, “Development and Quality Evaluation of a Non-Alcoholic Beverage from
Cocoyam (Xanthosoma sagittifolium and Colocasia esculenta)”, Niger Food J [Internet]. Elsevier, 32(1),pp.10—-
20. Available from: http://dx.doi.org/10.1016/S0189-7241(15)30091-6 (2014).

G. 1. Budiarti, E. Sulistiawati, “Aplikasi hydrogen rich water pada modifikasi tepung kentang dengan pengering
gelombang mikro sebagai alternatif substitusi gandum”, Elkawnie J Islam Sci Technol, 5(2),pp. 128-38 (2019).
M. G. Shehata, A. M. G. Darwish, S. A, “El-sohaimy. Physicochemical , structural and functional properties of
water-soluble polysaccharides extracted from Egyptian agricultural by-products”, 4nn Agric Sci, 65, pp.21-27
(2020).

H. Dongmo, S. T. Tambo, G. B. Teboukeu, A. N. Mboukap, B. S. Fotso, M. Claude, et al, “Effect of process
and variety on physico-chemical and rheological properties of two corn fl our varieties ( Atp and Kassai )”, J
Agric Food Res [Internet]. Elsevier L, 2(July), 100075. Available from:
https://doi.org/10.1016/j.jafr.2020.100075 (2020).

E. O. James, 1. A. Peter, N. I. Charles, N. Joel, “Chemical Composition and Effect of Processing and Flour
Particle Size on Physicochemical and Organoleptic Properties of Cocoyam ( Colocasia esculenta var . esculenta
) Flour”, Niger Food J [Internet]. Elsevier,31(2),pp.113-22, Available from: http://dx.doi.org/10.1016/S0189-
7241(15)30084-9 (2013).

M. C. Ndukwu, C. Dirioha, F. I. Abam, V. E. Thediwa, “Heat and mass transfer parameters in the drying of
cocoyam slice”, Case Stud Therm Eng [Internet]. Elsevier Ltd, 9(November 2016), pp.62—71. Available from:
http://dx.doi.org/10.1016/j.csite.2016.12.003 (2017).

G. 1. Budiarti, A. Wulandari, S. Mutmaina, E. Sulistiawati, “Modified Pumpkin Flour Using Hydrogen Rich
Water with a Microwave”, Chemica, 7(1), pp. 19-24 (2020).

Badan Standarasisasi Nasional. SNI 3751:2009 Tentang Tepung Terigu (2009).

H. Kusumayanti, N. A. Handayani, H. Santosa, “Swelling power and water solubility of cassava and sweet
potatoes flour”, Procedia Environ Sci [Internet]. Elsevier B.V, 23(Ictcred 2014), pp.164—167. Available from:
http://dx.doi.org/10.1016/j.proenv.2015.01.025 (2015).

I. Santosa, A. P. Winata, E. Sulistiawati, “Kajian Sifat Kimia dan Uji Sensori Tepung Ubi Jalar Putih Hasil
Pebgeringan Cara Sangrai”, Chemica, 3(2), pp.55-60 (2016).

060011-7


https://doi.org/10.1016/j.tsep.2020.100557
https://doi.org/10.1016/j.nifoj.2015.04.010
https://doi.org/10.1016/j.lwt.2018.11.051
https://doi.org/10.1016/S0189-7241(15)30091-6
https://doi.org/10.1016/j.aoas.2020.05.004
https://doi.org/10.1016/j.jafr.2020.100075
https://doi.org/10.1016/j.jafr.2020.100075
https://doi.org/10.1016/S0189-7241(15)30084-9
https://doi.org/10.1016/j.csite.2016.12.003
https://doi.org/10.1016/j.proenv.2015.01.025

