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Abstract

Canistel is a high carotenoid fruit which can be converted into gluten-free flour. The objective of the research was
to determine the selected soaking and drying processes in ripe canistel fruit flour based on its sensory,
phytochemical, as well as physical and chemical characteristics. The research methods consisted of determining
sensory and phytochemical characteristics by soaking ripe canistel fruit in NaCl and citric acid solutions as well as
determining the physical and chemical characteristics of the flour by various drying temperatures and duration.
The results showed that NaCl solution was better to eliminate the bitter taste and maintain the orange color of
canistel fruit flour. Furthermore, drying temperature affected moisture, carbohydrate, fiber, starch, and energy
contents. However, it did not affect bulk density, protein, fat, ash, sugar, and beta-carotene contents. These data
also confirmed that soaking in NaCl solution of 7.5% for 30 minutes followed by drying at 40 °C for 6 hours produced
best canistel fruit flour.

Keywords: Flour process; Physicochemical; Phytochemical; Pre-treatment; Ripe canistel; Sensory.

Resumo

Canistel é uma fruta com alto teor de carotenoides, que pode ser convertida em uma farinha sem gluten. O objetivo
da pesquisa foi avaliar os processos de maceragdo e secagem na producao de farinha de canistel madura, em termos
de suas caracteristicas sensoriais, fitoquimicas, fisicas e quimicas. Determiram-se as caracteristicas sensoriais e
fitoquimicas do canistel macerado em solu¢des de NaCl e acido citrico, bem como as caracteristicas fisicas e
quimicas da farinha obtida em diferentes temperaturas e tempos de secagem. Os resultados mostraram que a
maceracao na solugdo de NaCl eliminou melhor o amargor e manteve mais a cor laranja da farinha de canistel. Além
disso, a temperatura de secagem influenciou os teores de umidade, de carboidratos, fibras, amido, além do
conteldo caldrico. No entanto, isso ndo afetou a densidade aparente, teores de proteinas, gordura, cinzas, agucar
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e beta-caroteno. Os resultados também mostram que a maceracdo na solucdo de NaCl a 7,5% por 30 minutos,
seguido de secagem a 40 °C por 6 horas produziu a melhor farinha de canistel.

Palavras-chave: Processo producdo de farinha; Propriedades fisico-quimicas; Propriedades fitoquimicas; Pré-
tratamento; Canistel maduro; Sensorial.

1 Introduction

Canistel (Pouteria campechiana) is a plant originating from Mexico that can grow in tropical and
subtropical climates; in Indonesia, it is found in many areas of West Java and it is relatively cheap. Canistel
fruit has an interesting yellow color that comes from carotenoid components. According to Lanerolle et al.
(2008) and Costa et al. (2010), canistel fruit is an essential source of carotenoids in which the fruit has a total
carotenoid content of 1.9-23.5 mg/g dry weight. In addition, Kong et al. (2013) reported that the canistel fruit
extract using 70% ethanol is a source of phenolic and flavonoid compounds. Canistel fruit is often used
directly as dessert, salad, ice cream, and pastry flavor, as well as juice (Lim, 2012), a spread (Morton, 1987),
and ketchup (Malinao et al., 2017). Canistel fruit, when used as a drink or eaten directly has a fairly short
shelf life of about 10 days (Morton, 1987). Therefore, it is necessary to use a preservation method to extend
its shelf life, and one method of preservation is flour processing using a drying machine. The use of canistel
fruit flour will provide several advantages such as the provision of non-gluten flour, the canistel fruit
preservation, and the use of local food resources. Paragados (2014) suggested that canistel fruit flour was
successfully prepared by sun-drying or conventional methods and it was used in the production of cookies
with favorable results, according to the panelists. Pertiwi et al. (2018) used canistel fruit flour as an ingredient
in steamed brownies. However, conventional drying has some weaknesses, such as the difficulty to control
the process and that it may be easily contaminated. In addition, according to Indrajaya (2017), canistel fruit
flour still has a bitter taste coming from fruit sap.

One method to eliminate bitter taste in canistel flour is the soaking process before drying (pre-drying
treatment). Citric acid and salt solution can be used to eliminate sap on tubers and fruits. Mayasari (2010)
reported that citric acid and salt (NaCl) could be used to eliminate sap on taro flour and used citric acid of
0.1 M, 0.3 M, and 0.5 M for 5 and 10 minutes as well as NaCl of 5%, 7.5%, and 10% for 30 and 60 minutes,
and the results showed that the optimum treatment was soaking in NaCl of 10% for 60 minutes. Suprapto
(2006) stated that the treatment of sap elimination on kepok plantain using salt solution was a better method
compared to the blanching treatment. Soaking in salt solution of 7.5% was also done by Widiawan et al.
(2013) in kimpul (Xanthosoma sagittifolium) starch processing. In addition, another parameter in canistel
fruit flour is to maintain its yellow color during the soaking process. This can be conducted using a low
drying temperature of less than 50 °C. According to Lidiasari et al. (2006), high temperatures and long drying
duration were the main factors in color changes of materials. From these problems, it is necessary to develop
canistel fruit flour to remove the bitter taste and retain sensory properties, especially its interesting orange
color. In addition, data on both the processes and the properties of canistel fruit flour have not been fully
documented in the literature. Therefore, the objective of this research was to study the sensory,
phytochemical, as well as physical and chemical properties of canistel fruit flour using various soaking and
drying processes as well as to obtain an optimized or selected process on ripe canistel fruit flour based on
those properties.
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2 Material and methods

The research consisted of two stages namely, the determination of the solution concentration and soaking
duration as the pre-drying process and the determination of drying temperature and duration. In the first stage,
ripe canistel fruit was peeled and thinly sliced before soaked in NaCl and citric acid solutions, which were
used based on Mayasari (2010) method in the manufacture of taro flour. Soaking process of ripe canistel fruit
in citric acid used concentration of 0, 0.1, 0.3, and 0.5 M for 5 and 10 min, respectively, where soaking in
NaCl solution used 0, 5%, 7.5%, 10% for 30 and 60 min, respectively. After the soaking process, ripe canistel
fruit was washed, drained, and then dried in an electric food dehydrator type MKS-DR10 (manufacturer of
PT Toko Mesin Maksindo, Indonesia) at 60 °C for 5 hours to reach final moisture of less than 10%. After
that, the dried fruit slices were milled using disc mill type FFC-15 and sieved using 100 mesh siever. Then,
the sensory and phytochemical properties of canistel fruit flour were analyzed.

The selected solution concentration and duration for the soaking process were determined based on the
results of sensory and phytochemical tests. The sensory evaluation was conducted using a quantitative
description analysis (QDA) method by ten trained panelists. The sensory attributes of color and taste were
developed through focus group discussion (FGD) and panelists gave their responses on 10-cm unstructured
line scale where 0 =none and 10 = bitter for bitter taste as well as 0 = pale orange and 10 = bright orange for
orange color (Meilgaard et al., 1999). Phytochemical tests were conducted in accordance with Mehraj et al.
(2015) procedure for alkaloids using Mayer's reagent, flavonoid using alkali (NaOH) test, and tannin using
2% of FeCls reagent.

The second stage, like the first processing stage, canistel fruit was thinly sliced, then soaked into the
selected soaking treatment in the first stage. It was washed, drained, and then dried in electric food dehydrator
type MKS-DR10 using various drying temperatures and duration at temperatures of 30, 40, and 50 °C for
6 and 8 hours. After that, it was milled and sieved, and then canistel fruit flour’s sensory, physical and
chemical properties were analyzed. All treatments in this study were conducted with two replications using
a factorial complete randomized design of two-factor.

The measurements in this study were physical, chemical, phytochemical and sensory tests. The physical
tests of canistel fruit flour included yield (Association of Official Analytical Chemists, 2010) and bulk density
(Okezie & Bello, 1988) tests. The chemical tests included moisture content (Association of Official
Analytical Chemists, 2010), protein (Association of Official Analytical Chemists, 2010), fat (Association of
Official Analytical Chemists, 2010), carbohydrates (Winarno, 1997), sugar (Association of Official
Analytical Chemists, 2010), fiber (Association of Official Analytical Chemists, 2010), ash (Association of
Official Analytical Chemists, 2010), beta-carotene (Association of Official Analytical Chemists, 2010), and
starch (Badan Standardisasi Nasional, 2011) tests, and qualitatively phytochemical tests included alkaloid,
flavonoid, and tannin tests (Mehraj et al., 2015). The data were analyzed using a one-way analysis of variance
in the SPSS® program version 21 and Duncan's posthoc test.

3 Results and discussion

3.1 Determination of the solution, concentration and soaking duration as the pre-drying process

Mehraj et al. (2015) reported that phytochemical compounds in canistel fruit sap were tannins, flavonoids,
and alkaloids. According to Crozier et al. (2006), raw canistel fruit usually contained more tannins and
flavonoids than ripe fruit so that raw fruit tended to have a bitter taste. Table 1 shows the phytochemical test
of canistel fruit flour after the soaking process with acid and NaCl solutions.
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Table 1. Phytochemical contents of canistel fruit by soaking in citric acid and NaCl solutions.

Phytochemical Citric acid concentration (M); soaking duration (min)

Soaking in compound 0; 5 0; 10 0.1;5 0.1; 10 0.3;5 0.3, 10 0.5,5 0.5,10
citric acid Tannin +++ +++ +++ +++ +++ -+ -+ A+
solution Flavanoid ++ ++ + ++ ++ ++ + +

Alkaloid +++ +++ +++ +++ + + ++ ++
Phytochemical NaCl concentration (%); soaking duration (min)
L. compound 0; 30 0; 60 5; 30 5; 60 7.5; 30 7.5; 60 10; 30 10; 60
Soaking in -
. Tannin +++ +++ +++ +++ -+ -+ -+ -+
NaCl solution

Flavanoid ++ ++ + + - + - +
Alkaloid +H+ +H+ -+ ++ - + + N

Heavily present: +++; slightly present: ++; present: +; absent: —.

Table 1 shows that no changes were found in tannin content in canistel fruit. According to Makkar et al. (1999),
tannin compounds have a large molecular weight in which tannins could dissolve in strong acids such as hydrochloric
acid and decompose at a temperature of 98.8 °C. The citric acid and NaCl solutions with various concentrations and
soaking duration at room temperature can not dissolve tannin compounds. Table 1 also shows a decrease in alkaloid
and flavonoid contents with the higher concentration of citric acid and NaCl. Robinson (1995) explained that most
flavonoids were found in the form of glycosides and could be extracted or dissolved in water. These lower compounds
are related to lower bitter taste, and this is supported by sensory tests on canistel fruit as shown in Table 2.

Table 2. Sensory test on the bitter taste of canistel fruit after the soaking process in citric acid and NaCl solutions.

Concentration (M) Score Concentration (%) Score
e 0 8.6 0 7.8P
Citric acid 0.1 470 NaCl solution 5 3.19
solution
0.3 4.5b 7.5 1.94
0.5 4.4b 10 1.94

Different superscript letters in one column show significant differences at the 5% level; lower score means lower bitter taste.

Table 2 shows a significant decrease in the bitter taste score when canistel fruit is soaked in either citric acid or
NaCl solution compared to pure water (no citric acid or NaCl addition). Besides, it indicates that a higher solution
concentration leads to a lower bitter score, where soaking in NaCl is better to decrease the bitter taste since its score
is closer to 0 (none/no bitter taste). As previously explained, the decrease in the bitter taste score through this hedonic
test is related to the decrease of phytochemical compounds in canistel fruit. In addition to the parameter of the bitter
taste, the aspect of color changes that occur due to soaking in NaCl and citric acid solutions is also studied.

Table 3. Soaking process in citric acid and NaCl on the orange color of canistel fruit flour.

Treatment Color Treatment Color

Effect of citric acid concentration (M) Effect of NaCl concentration (%)
0 7.356" 0 7.5574
0.1 4.7924 5 7.4844
0.3 3.686M 7.5 6.914M
0.5 3,334° 10 6.122°

Effect of soaking duration (min) Effect of soaking duration (min)
5 5.903Y 30 7,473Y
10 3.682% 60 6.566*

Interaction of citric acid concentration (M) Interaction of NaCl concentration (%) and
and soaking duration (min) soaking duration (min)

0 M for 5 min 7.658* 0% for 30 min 8.175°
0 M for 10 min 7.055° 0% for 60 min 6.940°
0.1 M for 5 min 5.593° 5% for 30 min 7.995°
0.1 M for 10 min 3.993° 5% for 60 min 6.972°
0.3 M for 5 min 5.500° 7.5% for 30 min 7.392°
0.3 M for 10 min 1.872* 7.5% for 60 min 6.435°
0.5 M for 5 min 4.860* 10% for 30 min 6.330°
0.5 M for 10 min 1.808* 10% for 60 min 5.915°

Different superscript letters in one column show significant differences at the 5% level; lower score means paler orange color.
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Table 3 shows that the higher concentration of citric acid and the longer soaking process leads to the lower
orange color of canistel fruit flour. This is because the beta-carotene is dissolved in acidic solution. According
to Fennema (1996), beta-carotene could be damaged by the acidic soaking process where this condition will
trigger the “all-trans” isomerization into “cis”. In contrast, soaking canistel fruit in NaCl solution does not
dissolve beta-carotene. Clifford et al. (2014) reported that salt solution did not affect beta-carotene content
in sweet potato. Though, the longer soaking process leads to the lower orange color. Table 3 also confirms
that the use of NaCl solution in the soaking process gives better properties than the citric acid solution.
Soaking canistel fruit in a NaCl solution can significantly reduce the phytochemical contents, which leads to
a lower bitter taste score and maintains the orange color or beta-carotene content. Soaking in NaCl solution
of 7.5% for 30 minutes is the selected treatment which can maintain the orange color as well as reduce the
bitter taste. This treatment is then applied in canistel fruit flour processing using various drying temperatures
and duration.

3.2 Determination of drying temperature and duration in canistel fruit flour processing

Table 4. The yield and bulk density of canistel fruit flour.

Drying temperature (°C) Yield (%) Bulk density (g/L)
30 29.74502 0.7639°
40 26.3225° 0.7890P
50 26.2575° 0.7892p

Different superscript letters in one column show significant differences at the 5% level.

The yield is the amount of final product produced after the raw material undergoes a series of processing.
Drying temperature significantly affects the yield of canistel fruit flour, while the drying duration and the
interaction of two factors have no significant effect on it (Table 4). The higher drying temperature leads to a
lower yield. This can happen because of a higher drying temperature results on lower moisture content.
Taib et al. (1988) and Desrosier (1988) stated that the higher the drying temperature on the material, the more
water evaporated from the material which impacts less weight of the material and lowers the yield. This is
consistent with the results of the moisture content of canistel fruit flour at 30 °C that is greater than that at
40 and 50 °C (Table 5). The bulk densities of canistel fruit flour in this study are in the range of
0.7639 t0 0.7892 g/L, where there are no significant differences with all applied treatments (Table 4).
According to Kurozawa et al. (2009), bulk density determines the characteristics of the final product as the
volume of storage obtained from the drying process. Bulk density is influenced by several factors such as
particle size, material properties, material composition, and molecules degradation in the material due to
processing. Drying duration and interaction between drying temperature and duration have no significant
effect on the bulk density of canistel fruit flour.

Table 5. Chemical properties of canistel fruit flour with various drying temperature.

Temp Moisture Ash Protein  Sugar  Carbo Starch Fiber Fat Energy f-carotene

CO (%) (%) (%) (%) (%) (%) (o) (%) (keal) (%)
30 10.55¢ 1.80°  4.20° 7.12¢ 81.99*  51.78*  21.82° 1.44° 357.80° 0.14*
40 9.19° 2.09°  4.42° 719 82.83®  52.06° 22.69° 148" 362.25° 0.23¢
50 8.74¢ 2100 442 746"  83.49°  54.14>  2340° 137°  363.78° 0.09

Different superscript letters in one column show significant differences at the 5% level.

Table 5 shows the increase in drying temperature in canistel fruit flour processing has no significant effect
on ash, protein, sugar, fat, and beta-carotene contents. Buckle et al. (1985) explained that ash content would
affect the quality of potato starch, especially color and mineral content. This is consistent with the beta-carotene
content in canistel fruit flour which is not significantly different at various drying temperatures. According
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to Yuniarti et al. (2013), increasing the drying temperature would damage the protein. However, in this study,
temperature differences do not affect the protein content. This is caused by the drying temperatures used in
this study that were quite low (30 °C to 50 °C). deMan et al. (2018) stated that the temperature range during
denaturation and coagulation of most proteins occurred at temperatures of 55 °C to 75 °C. Drying at 30 °C
to 50 °C does not cause differences in the fat content of canistel fruit flour, which means that during the
drying process, there is no damage to the fat, either hydrolysis or oxidative. Drying duration and interaction
between drying temperature and duration do not affect the chemical properties of ripe canistel fruit flour.

Increasing the drying temperature of the canistel fruit flour process has a significant effect on moisture,
carbohydrate, starch, and total energy contents. It causes low moisture content of canistel fruit flour.
Taib et al. (1988) stated that the ability of the material to release water from the surface was greater by
increasing the air-drying temperature and duration. According to Jindal & Siebenmorgen (1987), the use of
high temperatures in the drying process would accelerate the decrease in moisture content. In addition,
canistel fruit flour with a drying temperature of 30 °C has the lowest carbohydrate content and tends to
increase at higher temperatures. Desrosier (1988) reported that during the drying process, food material
would lose its moisture content causing an increase in nutrient levels in the remaining mass. The amount of
available carbohydrate or starch per weight unit in dry food materials will be greater than those in fresh food
materials. As with carbohydrate levels, canistel fruit flour of 30 °C has the lowest starch content. Increasing
in starch content due to higher temperature is caused by the reducing process of moisture content. In addition,
the temperatures used in the drying process do not cause damage to the starch. Martunis (2012) explained
that the starch content in potato decreased when drying was conducted at a temperature of 60 °C.

Based on the physical and chemical properties of canistel fruit flour, it can be concluded that the drying
temperature influences the yield, moisture, carbohydrate, fiber, starch, and energy contents. However, it does
not affect the bulk density, protein, fat, ash, sugar, and beta-carotene contents. Drying duration of
6 and 8 hours do not affect the physical and chemical qualities of canistel fruit flour. Table 5 shows that
chemical properties of canistel flour dried at temperatures of 40 °C and 50 °C are not significantly different
and better than those at the temperature of 30 °C, so that the selected drying property, based on the data, is a
drying temperature of 40 °C for 6 hours. In addition, the soaking process in NaCl solution of 7.5% for
30 minutes, followed by drying at 40 °C for 6 hours gives the best flour quality in this study.

4 Conclusion

Soaking process of canistel fruit in NaCl and citric acid solution can reduce the contents of alkaloids and
flavonoids, which reduce the bitter taste. In addition, the use of NaCl solution can maintain the orange color
of canistel fruit. In contrast, soaking in citric acid can fade the orange color on canistel fruit. The drying
temperature has a significant effect on color sensory quality, yield, moisture, carbohydrate, fiber, starch, and
total energy contents. However, there was no significant effect on bulk density, ash, fat, protein, sugar, and
beta-carotene contents. The selected treatment that improved the physical and chemical quality of canistel
fruit flour in this study was the soaking process in NaCl solution with a concentration of 7.5% for 30 minutes
followed by a drying process at 40 °C for 6 hours.
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