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Abstract. The growing awareness of environmental impacts has
encouraged the diversification of high-mileage commodities, including
reducing wheat use in flakes. Purple yams and arrowroot show potential as
a wheat substitute due to their antioxidant activity. In this study, wheat flour
was partially substituted with arrowroot and purple yam flour at ratios of
30:65:5, 30:60:10, and 30:55:15. The products were evaluated for chemical
and physical characteristics. Antioxidant activity ranged from 5.71-24.27%,
with anthocyanin levels of 30.38-40.06%. Moisture content was 2.05-
4.78%, ash 1.36-1.54% wb, protein 2.33-2.72% wb, fat 20.21-21.24% wb,
and carbohydrate 71.05-73.65% wb. Physically, the flakes maintained
crispiness in milk for 358.25-402.25 seconds, with hardness value of 2.20-
3.35 F.maxN, crispiness of 1.59-2.28 F.breakN, and color values of L*
53.42-61.50,2a* 4.51-9.14, and b* 11.73-18.17. Among the formulations, the
30:55:15 ratio produced the highest antioxidant activity and a higher
anthocyanin content.

1 Introduction

The environmental awareness of both consumers and the food industry have been increasing.
The environmental impact includes the carbon footprint derived from food processing and
distribution, which highlights imported foods with high food miles [1]. One of the most
highlighted commodities is wheat. USDA in 2025 reported that wheat export from the United
States of America to various countries showed an uptrend, including to Indonesia, Libya, and
Australia [2]. Wheat flour is the main ingredient of numerous foods, such as cereal flakes. It
is necessary to find a substitute of wheat flour with local crops to limit the environmental
impacts, lower the cost, and increase the physiological function of the product.

Purple yam (Dioscorea alata) thrives in both tropical and temperate climates, and has
been extensively cultivated in South America, India, Indonesia, China, Japan, and the
Philippines [3]. The purple color of the yam sources from anthocyanin, a compound with
antioxidant properties. Antioxidants provide protection against free radicals and help prevent
aging, cancer, degenerative diseases, stress, and act as an anti-inflammatory agent. Purple
yam contains 16,64 mg of anthocyanin and 473,63 mg GAE of total phenolic content per 100
grams of sample (dry weight) [4].
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Arrowroot (Maranta arundinacea Lin.) is native to Mexico, Central and South America,
but it grows well in other countries, including Indonesia [5]. Arrowroot starch has been used
as a substitute for wheat flour in cookies because it is gluten-free, which is ideal for a dry and
unleavened product. It gives the cookies a crispy and crunchy characteristic [6].

The abundant amounts of purple yams and arrowroot in several areas make a good
substitution for imported wheat flour as a cereal flake main ingredient. This substitution could
improves economic value of purple yams and arrowroot, which are considered unattractive
and low economic commodities for locals. To our knowledge, studies on yam/arrowroot-
based flakes already exist, but research using both ingredients on flakes has not yet been
performed. The use of these two ingredients is expected to produce a product with antioxidant
activity derived from the anthocyanin content from purple yams flour and a crispy texture
from arrowroot flour. The study was conducted to examine the physicochemical properties
of flakes made from arrowroot and purple yam flour and discuss the functional value potential
from the antioxidant activity and anthocyanin of purple yam flour in the product.

2 Materials and Methods

2.1 Materials

Materials used to make the flakes were water, wheat flour, salt, sugar, margarine, and vanilla
essence. Materials used for analysis were milk, methanol PA, DPPH (2,2-diphenyl-1 picryl-
hydrazyl), a mixture of 95% ethanol and HCI 1.5N (85:15), and Aquadest.

Equipment used to make the flakes includes a basin, roller, oven, measuring cup, spoon,
spatula, digital scale, noodle maker, baking paper, and baking pan. The equipment used for
analysis were spectrophotometer UV-Vis, a Chromameter Konica Minolta CR-400, a
Texture Analyzer, a blender, parafilm, Whatman filter paper No. 1, and glassware.

2.2 The Production of Flakes from Arrowroot and Purple Yam Flour

The product was made in two batches. The ingredients were weighed according to the
formula in Table 1 to be mixed, flattened using a noodle maker, baked in the oven at 120 °C
for 20 minutes, crushed into flakes, baked again at 110 °C for 10 minutes, then rested until
the flakes reached room temperature (approximately 29°C) before being packed.

Table 1. Formulation of Flakes with Arrowroot and Purple Yam Flour.

Ingredients F1 F2 F3
Wheat flour 45 45 45
(2)
Arrowroot 97.5 90 82.5
flour (g)
Purple yam 7.5 15 22.5
flour (g)
Sugar (g) 40 40 40
Margarine 60 60 60
(2)
Salt (g) 1 1 1
Vanilli (g) 3 3 3
Water (g) 100 100 100
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2.3 Chemical Characteristics

2.3.1 Proximate Analysis

The proximate of the product was analyzed, including moisture content, ash content, protein
content using the Kjeldahl method, fat content using the Soxhlet method, and carbohydrate
content calculated from the content differences [7].

2.3.2 Antioxidant Activity Analysis

The antioxidant activity analysis was done using DPPH analysis [8]. A total of 0.2 gram
sample was added with 5 ml of methanol PA, then vortexed. A total of 0.2 ml of the extract
was taken. A total of 2.8 ml DPPH reagent 0.1 mM was then added to the extract, and the
solution was incubated in a dark room for 1 hour at room temperature. Absorption was then
analyzed with a spectrophotometer with a 515 nm wavelength and blanks of 0.2 ml methanol
and 2.8 ml DPPH reagent, 0.1 mM. The percentage of DPPH was calculated using the
following formula:
% DPPH= (Acontrol—Asample)/Acontrol x100%) x 100% )

2.3.3 Anthocyanin Analysis

The anthocyanin analysis was done based on [9]. A total of 100 gram of sample was extracted
with 100 mL of ethanol 95% and HCI 1.5 N mixture (85:15) in a high-speed blender for 2
minutes. The extract was then closed with parafilm and stored overnight at 4 °C to be later
filtered using Whatman filter paper No. 1 and added with 500 ml of solvent. A total of 2 mL
of the extract was then added to the solvent until 100 mL (dilution factor 25000). The extract
was then stored in a dark room for 2 hours at room temperature. The absorption was then
analyzed using a spectrophotometer at a 535 nm wavelength and blanks of water. The total
of anthocyanins was calculated using the following formula:
Total anthocyanin (mg/100g)=(absorption x dilution factor)/98,2 @

2.4 Physical Characteristics

2.4.1 Crispy Resistance in Milk

A total of 1.5 grams of flakes was placed in a bowl, then added with 70 ml of milk at 25 °C.
Resistance was determined by measuring the time the flakes remained floating.

2.4.2 Texture Analysis

The hardness and crispiness were analyzed using a Universal Testing Machine. The pre-load
force used was 0.01 N with the pre-load speed of 300 mm/min and a test speed of 10 mm/min.
2.4.3 Color

The color of the product was analyzed based on the L*, a*, and b* values using Chromameter
Konica Minolta CR-400. The L* value shows the brightness of the product from black (value
of 0) to white (value of 100), the a* value indicates redness (a+) and greenness (a-), b* value
indicates yellowness (b+) and blueness (b-) from the product.
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2.5 Statistical Analysis

The statistical analysis was conducted using R Studio using the One-Way Anova with
Duncan Multiple Range Test (DMRT) post-hoc was used for fat and carbohydrate content,
crispiness resistance in milk, hardness, cripsiness and L value. The Kruskal-Wallis method
was used in the other analysis. The significance value was set at 0.05.

3 Results and Discussion

3.1 Chemical Characteristics

The chemical characteristics of the flakes made from arrowroot and purple yam flour, based
on the proximate analysis, antioxidant activity, and total anthocyanin are shown in Table 2.
Based on the data, increasing the proportion of purple yams substitution raises the antioxidant
activity, anthocyanin, moisture, and ash content while reducing the protein and carbohydrate
content.

Table 2. Chemical characteristics of Flakes made from Arrowroot and Purple Yam Flour.

Parameter F1 F2 F3
Moisture content (%) 2.05+0.35* 2.45+1,34* 4.78+1.20°
Ash content (% wb) 1.36+0.05° 1.54+0.01° 1.47+0.072
Fat content (% wb) 20.21+0.51° 21.24+0.42° 20.414+0.33%
Protein content (% wb) 2.72+0.18° 2.33+0.022 2.35+0.132

Carbohydrate content (% wb) 73.65+0.73% 72.51+0.90° 71.05+0.722

Anthocyanin (mg/100 g) 30.38+0.302 35.64+0.48 40.06+1.97°

DPPH antioxidant activity (%) 5.71+0.20* 17.710.122 24.27+0.20°

Note:

- The ratio of wheat flour: arrowroot flour: purple yam flour of F1, F2, and F3 were consecutively
30:65:5; 30:60:10; and 30:55:15

- Numbers in the same row and followed by the same letter show no significant difference based on
the Kruskall-Wallis or DMRT at 5% of significance

The moisture content of the product ranged from 2.05+0.35 to 4.78+1.20%. Purple yam
flour has a higher fiber (1.83 and 1.00%) and amylose (24.58-37.93 and 24.95%) content
than arrowroot flour, leading to higher water holding capacity (WHC), thus maintaining the
moisture in the product better [4,10,11]. Flakes with a higher purple yam flour composition
showed higher moisture content. The baking process was able to lower the moisture content
of the product. Products with high moisture content are more susceptible to microbial growth
and shorter shelf life. The moisture content is lower than flakes made from mocaf-black rice-
tapioca with soy and jack bean flour addition and flakes made from cassava flour, which
ranges from 10.385-11.035% [12,13].

The ash content of the product ranged from 1.36+0.05 to 1.5440.01% and tended to
increase with the increasing amount of purple yam flour. The purple yam flour has a higher
ash content than arrowroot flour (2.35 and 1.12%); thus, the increasing amount of purple yam
flour would increase the ash content in the product [10,11]. The ash content of a food product
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indicated the presence of inorganic elements in the product, including minerals and debris.
The ash content of the product is lower than that of flakes made from mocaf-black rice-
tapioca with soy and jack bean flour addition and flakes made from cassava flakes, which
range from 1.515-2.650% and 2.3% [12,13].

The fat content of the product ranged from 20.21+0.51 to 21.24+0.62%. Because
arrowroot and purple yam flours have low fat content (0.26 and 0.28%), flour substitution
had little effect on the product’s fat level [10,11]. The fat content of the product might come
from the margarine. The high fat content of a food product makes it more prone to rancidity,
which could be lowered by controlling the oxygen with packaging or an oxygen absorber.
The fat content was higher than flakes made from mocaf-black rice-tapioca with soy and jack
bean flour addition and cassava flakes, which range from 3.425-4.945% and 0.3% [12,13].

The protein content ranged from 2.33+0.02 to 2.72+0.14%, increasing with higher levels
of arrowroot flour. This trend may be influenced by moisture content, which affects
proximate proportion, including protein. However, the protein content in this product is lower
than flakes made from mocaf-black rice-tapioca with soy and jack bean flour addition and
flakes made from cassava flour, which range from 5.755-10.110% and 6.6%. Protein is one
of the most important parameters that could affect the consumers’ perception of the product.
Further research with addition of other ingredients to increase the protein content needs to be
conducted [12,13].

The carbohydrate content of the product ranged from 71.05+0.72 to 73.65+0.73%. The
increasing amount of purple yam flour used increases the carbohydrate content of the product.
This characteristic might occur from the higher moisture content that affects the proximate
proportion, including the carbohydrate content. Carbohydrates, which contain amylose and
amylopectin starch, may affect the texture of the product. Higher amylose content leads to a
firmer and harder texture of the product. The carbohydrate content in this product is lower
than flakes made from mocaf-black rice-tapioca with soy and jack bean flour addition and
flakes made from cassava flour, which range from 85.135-87.710% and 89.0%. [12,13].

As presented in Table 2, the total anthocyanin and antioxidant activity are increasing as
the proportion of purple yam flour substitute increases. Purple yams have a total anthocyanin
level of 16,64 mg/ 100 g sample, indicating that the product has a higher antioxidant
activity[4]. Diosgenine, dioscine, and dioscorine, which also act as antioxidants, were also
found in yams. These compounds can be found in several plants and have anti-microbial,
anti-diabetic, anti-cancer, anti-inflammatory, and anti-obesity properties [14].

3.2 Physical Characteristics

Texture is one of the most important sensory features in flakes that affects consumers’
perception. The texture of the products was analyzed by their hardness (F.maxN), crispiness
(F.breakN), and crispiness resistance in milk (seconds) as shown in Table 3.

Based on the data below, the substitution of arrowroot flour for purple yam flour did not
affect the crispiness of flakes, but it increased the hardness of the flakes (2.20+0.09 to
3.35+0.30 F.maxN with the highest result in the product with the highest purple yam
substitution). The hardness might come from the higher amylose content of purple yams than
arrowroot flour [4,10].

The crispiness resistance in milk was around 358.25+7.54 to 402.25+10.24 seconds, or
approximately 5-6 minutes, with lower resistance in the product with high purple yam flour
substitute. Higher amylose content in purple yams absorbs more water and milk, resulting in
the inability to retain its crispiness.



BIO Web of Conferences 219, 03006 (2026) https://doi.org/10.1051/bioconf/202621903006
ICFSE 2025

Table 3. Physical characteristics of Flakes made from Arrowroot and Purple Yam Flour.

Ingredients F1 F2 F3

Crispy resistance in 402.25+£10.24¢ | 375.75+4.79° | 358.25+7.542
milk (second)
Hardness (F.maxN) 2.20+0.09* 2.77+0.04° 3.35+0.30°¢

Crispiness (F.breakN) 1.59+0.68? 2.284+0.60? 1.60+1.012
L 61.50+£0.61°¢ 55.90+1.02° 53.424+2.15°
a* 4.51+0.422 7.85+0.172% 9.14+0.11°
b* 18.17+0.22° 12.63+0.61* 11.73£1.15%

Note:

- The ratio of wheat flour: arrowroot flour: purple yam flour of F1, F2, and F3 were consecutively
30:65:5; 30:60:10; and 30:55:15

- Numbers in the same row and followed by the same letter show no significant difference based on
the Kruskall-Wallis or DMRT at 5% of significance

The purple pigment from anthocyanin compounds is resistant to a wide range of
temperatures and pH. Anthocyanins gave a unique redish, purplish, and blueish color to
several plants, as presented in Table 3 [4]. The L* (lightness) and b* (yellowness) value
decreased while the a* (redness) value increased with higher levels of purple yam flour.
Similar results has been reported in stick crackers [15].

4 Conclusion

The ratio of arrowroot and purple yam flour affects the physical and chemical characteristics
of flakes. Increasing the proportion of purple yam flour in flakes enhanced antioxidant
activity, anthocyanin, moisture and ash level, lower protein and carbohydrate content, lower
crispiness resistance in milk, harder texture, and purplish color. The combination of
arrowroot and purple yams is a potential alternative flakes with lower wheat flour content.
The limitation of this study is focusing on the antioxidant properties of the product using
ingredients with high carbohydrate content. Research with the addition of other ingredients
to increase the protein content needs to be conducted. Further research on safety, shelf life,
application of preservatives, and/or packaging could also be conducted to ensure product
safety, quality, and stability during storage.

This work was supported by Sebelas Maret University through Institute for Research and Community
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