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Iron deficiency anemia affects approximately 30% of Indonesian women of
reproductive age, underscoring the urgent need for affordable, iron-rich
food interventions. This study investigated the effect of red Amaranth
(Amaranthus tricolor L.) flour substitution on iron content, antioxidant

Accepted Jul 12, 2026 activity, and sensory acceptability of composite flour cookies. A
completely randomized design was employed with five substitution levels

(0%, 10%, 20%, 30%, and 40%), each with three replications, yielding 15
Keywords: experimental units of cookie batches. Iron content was determined using
Amaranthus tricolor L atomic absorption spectrophotometry, antioxidant activity via the DPPH

L ) method, and sensory acceptability through hedonic testing by 30 semi-
Antioxidants trained panelists. Results demonstrated that iron content increased
Cookies significantly (p < 0.05) with higher substitution levels, while antioxidant
Iron activity improved from very weak to moderate categories. However,
Sensory acceptability sensory acceptability declined significantly at substitution levels of 30%
and above, particularly in color and taste attributes. The 20% substitution
level emerged as the optimal formulation, achieving substantially elevated
iron content contributing meaningfully toward the recommended dietary
allowance per serving, enhanced antioxidant capacity, and maintained good
sensory acceptability across all attributes. These findings suggest that red
Amaranth-substituted cookies represent a feasible, community-level dietary
strategy for complementing existing iron deficiency anemia prevention
programs in Indonesia.
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1. INTRODUCTION

Indonesia faces a substantial burden of anemia, particularly among vulnerable populations. Data
from the 2018 Indonesian Basic Health Research (Riskesdas) indicate that anemia prevalence among
pregnant women reached 48.9%, while adolescent girls aged 15-24 years exhibited prevalence rates of
approximately 32% [1]. These figures underscore the urgency of developing locally appropriate, food-based
interventions. Indonesia's national strategy for anemia prevention has traditionally relied on iron
supplementation programs; however, compliance remains low due to side effects and distribution challenges
[1]. Consequently, food fortification and diversification using locally available ingredients have been
advocated as complementary strategies [2].
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Iron deficiency is one of the most common micronutrient problems worldwide, particularly in
developing countries [3]. This condition can lead to iron deficiency anemia, which has serious impacts on the
health, productivity, and quality of life of the community, particularly vulnerable groups such as children,
adolescent girls, and pregnant women [4]. One strategy to address this problem is through food
diversification by utilizing local foods rich in iron. Leafy green vegetables, including red amaranth
(Amaranthus tricolor L.), are known to be excellent sources of minerals, including calcium, potassium,
magnesium, and especially iron [5]. Red amaranth has the highest mineral index among various types of
vegetables, surpassing other vegetables such as mustard greens, green spinach, and celery [6], [7].

Red spinach has a rich nutritional profile containing protein, carbohydrates, lipids (linoleic, oleic, and
palmitic acids), and bioelements such as potassium, calcium, iron, and magnesium. Its iron content significantly
exceeds that of wheat, green spinach, and meat, making it an excellent dietary supplement for anemia patients
[8]. Furthermore, red spinach leaves are also an important source of antioxidants, including anthocyanins and
carotenoids [9]. Research shows that red amaranth at the microgreen stage contains the highest total phenol
content (84.74 mg/100 g) compared to other leafy vegetables such as green spinach (58.32 mg/100 g) [10]. Red
spinach also contains vitamin A, vitamin C, and crude fiber which are beneficial for health [9].

Antioxidant activity is a critical consideration in functional food development. Green leafy vegetables,
including amaranth, contain bioactive compounds with significant antioxidant capacity. Research on African
green leafy vegetables demonstrates that antioxidant capacity strongly correlates with total polyphenol and
flavonoid content (R > 0.8). Hydroxyferulic acid has been identified as the most abundant phenolic compound
in amaranth leaves [11]. The trend in total flavonoid content in amaranth is similar to the trend in its antioxidant
capacity, indicating that total flavonoids may be the main antioxidants in this vegetable [12].

Several previous studies have explored the use of spinach in cookie products with promising results.
Research on red rice flour cookies with the addition of green spinach (Amaranthus tricolor L.) showed that
there were significant differences in protein, fat, and carbohydrate content among various cookie formulations.
The best formulation was obtained at a ratio of 90% red rice flour and 10% green spinach, with a protein
content of 10.97%, fat 31%, carbohydrate 52.7%, and crude fiber 17.3% [13]. However, the addition of spinach
in higher proportions tended to decrease sensory acceptability, especially in the aroma and taste aspects [13].

Despite growing interest in amaranth-based bakery products, most studies have focused on amaranth
grain flour or green amaranth varieties, primarily evaluating macronutrient composition and physical properties.
Limited research has simultaneously assessed iron content, antioxidant activity, and sensory acceptability of
cookies substituted with red amaranth (Amaranthus tricolor L.) leaf flour a critical gap given that food-based
fortification strategies for anemia prevention require products that are both nutritionally adequate and
organoleptically acceptable to target populations. Furthermore, existing cookie fortification studies rarely
quantify the contribution of iron per serving relative to the recommended dietary allowance, limiting their
translational relevance for anemia intervention programs. Cookies, as widely consumed, shelf-stable snacks
with established community distribution channels, represent a particularly suitable vehicle for iron fortification
in low-resource settings. This study aimed to determine the optimal red amaranth flour substitution level in
composite flour cookies that maximizes iron content and antioxidant activity while maintaining sensory
acceptability, thereby informing the development of an affordable, iron-rich snack for anemia prevention.

2. METHOD
2.1. Design

This research method used a pure experimental design with a completely randomized design with
one factor, namely the variation in the proportion of red spinach flour substitution to wheat flour in the cake
formulation. There were five treatments determined based on the percentage of red spinach flour substitution,
namely PO (control, 0%), P1 (10%), P2 (20%), P3 (30%), and P4 (40%). Each treatment was repeated three
times, so that the total experimental unit reached 15 replications, which allowed for adequate analysis of
variance. The independent variable of this study was the percentage of red spinach flour substitution, while
the dependent variables included Fe content, antioxidant activity (IC50 against DPPH), and sensory
acceptance in the aspects of color, aroma, taste, texture, and overall acceptance. Controlled variables
included the type and brand of raw materials other than red amaranth flour, baking temperature and time,
cake size and thickness, and standard manufacturing procedures to maintain consistency between treatments.

2.2. Time and place of research

This study lasted for five months, from November 2025 to March 2026. Red amaranth flour was
prepared at the Herbal Medicine Technology Laboratory, Department of Herbal Medicine, Poltekkes
Kemenkes Surakarta, Indonesia, while iron content analysis using the AAS method was conducted at the
UNS Analytical Chemistry Laboratory in Surakarta. Antioxidant activity analysis using the DPPH method

Int J Public Health Sci, Vol. 15, No. 3, September 2026: 839-847



Int J Public Health Sci ISSN: 2252-8806 a 841

was conducted at the Pharmacognosy and Phytochemistry Laboratory, Department of Herbal Medicine, while
sensory testing was conducted in the sensory testing room of the Department of Herbal Medicine, which met
lighting and ventilation standards. The work stages began with research preparation, including proposal
preparation and ethical permitting, followed by red amaranth flour preparation and initial formulation testing.
After that, cookies were made for all treatments with repetition, followed by laboratory analysis for Fe and
DPPH, hedonic sensory testing, and finally data processing and analysis to compile the final report.

2.3. Material and procedure

The main research materials consisted of fresh red spinach of local varieties obtained from Pasar
Gede Surakarta, low-protein wheat flour (certain brands), margarine, refined sugar, egg yolks, powdered
milk, baking powder, vanilla powder, and salt. The red spinach used was the leaf part along with the young,
soft stems. The chemicals needed for Fe analysis included concentrated HNO3, HCIO4, Fe standard solution,
and distilled water, while the materials for antioxidant analysis included DPPH, methanol for analysis, and
ascorbic acid as a control. The tools needed included equipment for spinach processing (knife, blender,
cabinet dryer, and 80 mesh sieve), cookie making equipment (scales, mixer, rolling pin, molds, baking pans,
and oven), analytical equipment (AAS for Fe, muffle furnace, cuvette, UV-Vis for DPPH), and tools for
sensory testing (three-digit code plate, score form, and sensory chamber).

The research procedure began with the production of red spinach flour by sorting the leaves and
stems of tumba, washing, and blanching at a temperature of 90-95 °C for 3 minutes for enzyme inactivation
and oxalate reduction, followed by rapid cooling in ice water. The blanching process is a common
pretreatment applied to leafy vegetables at a temperature range of 70-100 °C for 1-15 minutes to stop
enzymatic activity, maintain color, and reduce antinutrients such as oxalate [14]. High temperature blanching
for a short time is more effective in preserving ascorbic acid than low-temperature treatment for a long
duration [15]. As a quality control measure, the temperature and time of whitening are strictly controlled: a
quick dip is applied for good whitening; for whitening (50 + 2 °C) between 18 and 24 hours, for minimum
thermal degradation, and for a whitening of life. Light to prevent oxidation during storage.

2.4. Formulation

Table 1 presents five cookie formulations with different levels of red spinach flour substitution (0%,
10%, 20%, 30%, and 40%) replacing wheat flour. The amounts of margarine, powdered sugar, egg yolk, milk
powder, baking powder, vanilla powder, and salt were kept constant across all formulations. Therefore, the
percentage of red spinach flour substitution was the only variable that differed among the formulations.

Iron content analysis was performed by wet digestion of the sample using a mixture of nitric acid
and perchloric acid, gradually, until the solution was clear, then measured with AAS at a wavelength of
248.3 nm. The Fe standard curve was prepared from a 1000 ppm stock solution with several concentration
points to ensure a high coefficient of determination. The analysis was performed in duplicate for each
experimental unit to improve the accuracy of Fe measurements. Antioxidant activity analysis was performed
by sample extraction using methanol maceration, solvent evaporation, and dilution of the extract solution to a
concentration series for 1C50 analysis through the percentage of DPPH radical inhibition at 517 nm. The test
was performed in duplicate for each experimental unit.

Table 1. Cookie formulation with variations of red spinach flour substitution

Material PO (0%) P1(10%) P2 (20%) P3(30%) P4 (40%)
Wheat flour (g) 200 180 160 140 120
Red spinach flour (g) 0 20 40 60 80
Margarine (g) 120 120 120 120 120
Powdered sugar (g) 80 80 80 80 80
Egg yolk (piece) 2 2 2 2 2
Milk powder (g) 20 20 20 20 20
Baking powder (g) 2 2 2 2 2
Vanilla powder (g) 1 1 1 1 1
Salt (g) 1 1 1 1 1

2.5. Sensory test

Sensory testing used a panel of 30 semi-trained students from the Herbal Medicine Department of
the Ministry of Health Polytechnic of Surakarta. Panelists assessed five sensory parameters—color, aroma,
taste, texture, and overall acceptability using a five-point hedonic scale. Assessments were conducted in a
completely randomized design with samples randomly presented on three-digit coded plates to avoid bias.
Assessors were also provided with mineral water and plain crackers to neutralize the taste between samples.
Hedonic data were analyzed using the non-parametric Kruskal-Wallis test due to the ordinal nature of the
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data, with a further Mann-Whitney test for pairwise comparisons if significant differences were found; data
visualization was also provided in the form of bar charts or radar charts.

2.6. Sample size justification

The use of five treatments with three replications yielding 15 experimental units is consistent with
the minimum requirement for a completely randomized design (CRD) in food science research. According to
Federer's rule, the minimum number of replications satisfies the inequality (t—1) (r—1) > 12, where t is the
number of treatments and r is the number of replications. With t = 5 and r = 3, the error degrees of freedom
equal 10, which, while below the ideal threshold of 12, remains acceptable for preliminary experimental
studies with laboratory-based analytical measurements conducted in duplicate. The 30 semi-trained panelists
for sensory evaluation meet the minimum recommended panel size for hedonic testing.

2.7. Randomization process and production variability control

Treatment allocation to experimental units followed a CRD, wherein each of the 15 batches was
randomly assigned a treatment using a random number generator. Sensory samples were presented in
randomized order with three-digit codes to minimize order and expectation bias. Consistency was maintained
by standardizing all ingredients (brand, batch), using identical baking temperature and duration, uniform
dough weight and mold dimensions, and following a single standard operating procedure executed by one
trained operator throughout all production runs.

2.8. Data processing

Data processing used SPSS version 26.0. Prerequisite tests included the Shapiro-Wilk normality test
and Levene's homogeneity of variance test. For Fe and IC50 data, One-Way ANOVA analysis was
performed if the assumptions were met, followed by Duncan's Multiple Range Test (DMRT) or Tukey
honestly significant difference (HSD) as a post hoc test. If the assumptions were not met, Kruskal-Wallis
non-parametric analysis followed by Mann-Whitney with Bonferroni correction. Correlation analysis
between the proportion of red spinach substitution with Fe and 1C50 used Pearson or Spearman according to
the character of the data. All results are presented as mean = SD, and significance was set at a = 0.05.

2.9. Research flow

Figure 1 describes the sequence of activities, from red spinach procurement to data analysis and report
preparation. The process begins with spinach raw material preparation, sorting, washing, blanching, drying,
milling, and storage of red spinach flour. Next, cookies were formulated with various substitutions, cookies
were made for each treatment, and samples were divided for Fe, DPPH, and sensory analysis. Data from the Fe,
IC50, and sensory analysis were then statistically analyzed to provide an understanding of the relationship
between red spinach substitutions and the tested properties, so that they can be evaluated as an iron-rich snack.

Cookie

Formulation
Spinach is dried In Red spinach flour is Iron Analysis Sensory Test
Fresh red spinach a cabinet dryer at formulated into Iren content in 30 panellists test Research findings
is purchased from 50°C for 18-24 cookies with cookies is analysed cookies for hedonic are discussed and
the market hours various treatments using AAS preference nterpreted

L]

© 0O

Cookie Antioxidant Statistical
Dried spinach is Production Analysis Analysis
Spinach is sorted, ground and sieved Cookies are made Antloxidant activity Data from analysis The research
washed, and 1o 80 mesh with 3 replicates of cookies is and sensory tests conclusion is
blanched per treatment analysed using are statistically summarised and
DPPH analyzed presented

Figure 1. Research flow

3. RESULTS
Table 2 showed that substitution of red amaranth flour (Amaranthus tricolor L.) significantly
increased the Fe content of cookies proportionally to the substitution level (p<0.05). The Fe content of
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control cookies (P0.0%) of 2.14 + 0.12 mg/100 g increased gradually to 9.31 + 0.34 mg/100 g at 40%
substitution (P4), which is equivalent to an increase of 335.05% compared to the control. Each treatment
showed significant differences from each other based on the DMRT test, indicating a dose-dependent
relationship between the proportion of red amaranth flour and the Fe content of cookies. This increase is in
line with the high iron content in red amaranth which is known to contain Fe around 2.2—-7.0 mg/100 g fresh
weight, so that its substitution directly contributes to the natural fortification of cookie products.

Table 3 demonstrates that red amaranth (Amaranthus tricolor L.) flour substitution significantly
increased cookie antioxidant activity based on the DPPH assay (p<0.05). The ICso value decreased progressively
from 487.32 + 18.45 pg/mL (control, very weak) to 112.37 + 7.24 pg/mL (40% substitution, moderate) per
Molyneux's (2004) classification, attributed to bioactive compounds such as betacyanins, flavonoids, and
phenolic compounds. Tukey HSD confirmed significant differences among all treatments. However, all
formulations remained substantially lower than the ascorbic acid positive control (ICso =4.57 £ 0.31 pg/mL).

Table 4 shows that increasing red amaranth flour substitution significantly decreased sensory
acceptability scores across all attributes (p < 0.001), with formulations PO (0%) and P1 (10%) consistently not
significantly different and achieving the highest scores (range 3.87-4.17, “like” category), while P4 (40%)
achieved the lowest scores across all attributes (2.67-3.13, “neutral” to “dislike” category). Texture attributes
demonstrated the highest supply resilience to substitution, with significant differences emerging only in P4. In
the context of public health nutrition, these findings hold important reminders given the persistently high
prevalence of iron deficiency anemia and micronutrient deficiencies in Indonesia, particularly among children
and women of childbearing age. Red amaranth (Amaranthus tricolor L.) is known as an affordable and readily
locally cultivated source of iron, beta-carotene, and antioxidants, making fortification of street foods such as
cookies a potential strategic food-based approach to addressing hidden hunger.

Table 2. Iron content of cookies with varying levels of red spinach flour substitution
Treatment  Red spinach flour substitution (%) Iron content (mg/100 g)  Increase relative to control (%)

PO 0 2.14+0.122 —

P1 10 3.87+0.15° 80.84
P2 20 5.62+0.21¢ 162.62
P3 30 7.49 £0.284 250.00
P4 40 9.31+0.34¢ 335.05

Notes: Values are expressed as mean + standard deviation (n = 3, each measured in duplicate). Means followed by different superscript
letters within the same column are significantly different (One-Way ANOVA followed by DMRT, p<0.05). The iron content was
determined by Atomic Absorption Spectrophotometry (AAS) at a wavelength of 248.3 nm following wet acid digestion (HNOs/HC1Ox).
The coefficient of determination (R?) of the standard calibration curve was >0.999.

Table 3. Antioxidant activity (ICse DPPH) of cookies with varying levels of red spinach flour substitution
Treatment  Red spinach flour substitution (%) ICso (ng/mL) Antioxidant strength category

PO 0 487.32 £ 18.45° Very weak
P1 10 362.18 = 14.730 Weak
P2 20 258.41 £ 11.56¢ Weak
P3 30 174.65 £ 9.824 Moderate
P4 40 112.37 £ 7.24¢ Moderate

Notes: Values are expressed as mean * standard deviation (n = 3, each measured in duplicate). Means followed by different
superscript letters within the same column are significantly different (One-Way ANOVA followed by Tukey HSD, p<0.05). ICso
represents the concentration of sample extract required to inhibit 50% of DPPH (2,2-diphenyl-1-picrylhydrazyl) free radicals,
measured spectrophotometrically at 517 nm. A lower ICso value indicates stronger antioxidant activity. Antioxidant strength categories
follow the classification of Molyneux (2004): very strong (ICso <50 pg/mL), strong (50-100 pg/mL), moderate (100-250 pg/mL),
weak (250-500 pg/mL), and very weak (ICso > 500 pg/mL). Ascorbic acid was used as a positive control (ICso =4.57 £ 0.31 pg/mL).

Table 4. Sensory acceptability scores (hedonic test) of cookies with varying levels of red spinach flour
substitution

Sensory attribute PO (0%) P1 (10%) P2 (20%) P3 (30%) P4 (40%) p-value (Kruskal-Wallis)
Color 417+0.65 3.90+0.71®®> 3.63+0.72> 3.13+£0.78 2.73+0.83¢ <0.001*
Aroma 4.03+£0.61* 3.87+0.63* 3.60£0.67> 3.27+0.74> 2.90+0.80¢ <0.001*
Taste 410+0.55* 3.93+0.58 3.67%0.66® 3.17+0.75> 2.67 +0.84¢ <0.001*
Texture 4.07+0.58 3.97+0.61* 3.77+0.63* 3.47+£0.68> 3.13+0.73% 0.001*
Overall acceptability 4.13+£0.512 3.93+0.52¢ 3.67+0.61*> 3.20+0.71> 2.80+0.76¢ < 0.001*

Notes: Values are expressed as median-referenced mean + standard deviation (n = 30 panelists). Hedonic scale: 1 = strongly dislike, 2
= dislike, 3 = neutral, 4 = like, 5 = strongly like. Means followed by different superscript letters within the same row are significantly
different based on pairwise Mann-Whitney U tests with Bonferroni correction (p<0.05). The asterisk (*) denotes a statistically
significant Kruskal-Wallis test result at a = 0.05. Panelists were 30 semi-trained students from the Department of Jamu, Poltekkes
Kemenkes Surakarta. Samples were presented in randomized order on plates coded with three-digit random numbers.
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Table 5 demonstrates that increasing red spinach flour concentration linearly enhanced iron content
(2.14-9.31 mg/100 g) and antioxidant activity (ICso decreasing from 487.32 to 112.37 pug/mL), yet inversely
affected sensory acceptability, with scores declining significantly from 4.13 (P0O) to 2.80 (P4). Treatment P2
(20%) emerged as the optimal formulation, providing 9.37% of the Indonesian RDA for iron per 30 g serving
while maintaining acceptable sensory scores, positioning it as a viable food-based strategy to address iron
deficiency anemia—a persistent public health concern affecting approximately 27.2% of Indonesian women
of reproductive age (Ministry of Health, 2018). However, given the relatively modest iron contribution per
serving (<16% RDA), these cookies should be contextualized as a complementary dietary vehicle rather than
a primary intervention, aligning with WHO recommendations for sustainable, food-based approaches to
combat micronutrient deficiencies through locally available ingredients.

Table 5. Summary of iron content, antioxidant activity, and overall sensory acceptability across
treatments with evaluation against nutritional benchmarks

Treatment  Red spinach Iron content % RDA Iron per ICso DPPH Overall acceptability Acceptability
flour (%) (mg/100 g) Serving (30 g)* (ug/mL) score category
PO 0 2.14 +£0.122 3.57 487.32 + 18.45° 4.13+0.51 Liked
P1 10 3.87 £0.15° 6.45 362.18 = 14.73> 3.93 +£0.522 Liked
P2 20 5.62+0.2¢ 9.37 258.41 + 11.56¢ 3.67+0.61® Neutral-liked
P3 30 7.49 +£0.284 12.49 174.65 +9.82¢ 3.20+0.710 Neutral
P4 40 9.31 4+ 0.34¢ 15.52 112.37 + 7.24¢ 2.80 +0.76¢ Neutral—disliked

Notes: Values are expressed as mean + standard deviation. Means followed by different superscript letters within the same column are
significantly different (p< 0.05). *The percentage of Recommended Dietary Allowance (%RDA) for iron is calculated based on a
single serving size of 30 g (approximately 3—4 cookies) relative to the Indonesian RDA for iron for adult women aged 19-29 years (18
mg/day) as specified by the Regulation of the Minister of Health of the Republic of Indonesia Number 28 of 2019 concerning the
Recommended Dietary Allowance for Indonesians (Nutrition Adequacy Figures/AKG). Acceptability categories are interpreted as
follows: score > 3.80 = "Liked"; 3.40-3.79 = "Neutral-Liked"; 3.00-3.39 = "Neutral"; < 3.00 = "Neutral-Disliked."

4. DISCUSSION

Substitution of red amaranth (Amaranthus tricolor L.) flour significantly increased cookie iron
content (p < 0.05). Control cookies contained 2.14 mg Fe/100 g, while 40% substitution yielded 9.31 mg
Fe/100 g approximately 4.35 times higher. Amaranth is recognized as an iron-rich plant essential for red
blood cell formation [16]. Amaranth seeds also contain high levels of iron (72-174 ppm) [17], and its flour
has a mineral content 2—3 times higher than that of wheat [18]. This pattern of progressively increasing iron
levels with increasing substitution proportions is consistent with findings in other bakery products.
Amaranth flour substitution in chapatti up to 40% significantly increased the iron content [19]. Fortification
of amaranth and Lupinus mutabilis flour-based products showed a marked increase in iron compounds with
direct implications in combating anemia [20]. A very strong Pearson correlation between the percentage of
red amaranth flour substitution and iron content (r = 0.998, p < 0.001) confirmed a nearly linear dose-
response relationship. This linearity indicates that the iron contributed by red amaranth flour was largely
retained during the baking process, with minimal thermal degradation of the mineral [21].

At 20% substitution (P2), a 30 g cookie serving provides 9.37% of the iron RDI for adult women,
while 40% substitution (P4) reaches 15.52%, nearly meeting Indonesian "good source of iron" labeling
criteria. The antioxidant activity of cookies increased significantly with increasing red amaranth flour
substitution, as evidenced by a progressive decrease in DPPH ICso values (p < 0.05). Control cookies (PO)
showed very weak antioxidant activity (ICso = 487.32 + 18.45 pg/mL), while at 40% substitution (P4), the ICso
decreased to 112.37 + 7.24 pg/mL, placing the cookies in the moderate antioxidant activity category
classification. This 76.94% decrease in ICso indicates a substantial increase in free radical scavenging capacity.

The increased antioxidant activity reflects the rich phytochemical profile of Amaranthus tricolor L.
Baraniak and Kania-Dobrowolska [22] noted that the Amaranthus genus contains phenolic compounds,
flavonoids, betalains, and tocopherols with significant antioxidant activity, varying by developmental stage
as measured through ABTS*, DPPH, FRAP, and Fe?" chelation methods. A significant increase in DPPH
radical scavenging activity in cookies with the addition of bok choy puree, and noted that phenolic
compounds in wheat flour also contributed to the basal antioxidant activity in control cookies, which is
consistent with the non-zero ICso value of control cookies in this study [23].

Similar findings have been reported in various studies of fortification of bakery products with
antioxidant-rich plant ingredients. Substitution of wheat flour with jackfruit seed flour increased total
polyphenol content and DPPH radical scavenging activity progressively with increasing substitution ratio
[24]. Cookies fortified with Zizyphus lotus powder exhibited higher free radical scavenging and reducing
power activity than control cookies, with activity increasing with increasing substitution level [25]. A strong
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negative Spearman correlation between the percentage of substitution and ICso values (rs = —0.993, p <
0.001) confirmed that higher levels of substitution were consistently associated with stronger antioxidant
activity. However, it should be noted that the thermal process during baking (150 °C, 20-25 min) may have
degraded some heat-labile antioxidants such as ascorbic acid and certain betalain pigments. A significant
decrease in B-carotene levels occurred in stored cookies due to non-oxidative changes (cis-trans
isomerization, epoxide formation) and oxidative changes [26].

For the color attribute, the decrease in score from 4.17 (PO, "like") to 2.73 (P4, between "dislike"
and "neutral") was due to the progressive darkening of the cookie color from golden brown to dark greenish
brown. This color change was attributed to chlorophyll, betalain pigments, and Maillard reaction products
formed between amino acids in red amaranth flour and reducing sugars during baking [27]. The addition of
green amaranth (Amaranthus tricolor L.) flour to nuggets resulted in a darker color as the percentage
increased, as the chlorophyll in amaranth provides a darker color effect on the food product [28].

Aroma and taste scores were statistically comparable between PO and P1 (p > 0.05), indicating no
detectable off-flavors at 10% substitution. At higher substitution levels (30—40%), grassy aroma and
bitterness from oxalates, saponins, and tannins became more pronounced, consistent with findings reported
by Riaz and Wahab [29]. Van et al. [30] also reported that sensory scores for taste, color, and aroma tended
to decrease with increasing substitution ratios of jackfruit seed flour, with the highest overall acceptability
scores at 10% substitution and the lowest at 40%.

Integration of the three main outcome variables (iron content, antioxidant activity, and sensory
acceptability) indicated that formulation P2 (20% substitution of red amaranth flour) was the most
promising candidate for further development. This formulation achieved a 162.62% increase in iron content
and a 46.98% decrease in ICso compared to the control, while maintaining an overall acceptability score
(3.67 £ 0.61) that was not significantly different from the control (p > 0.05). These findings are consistent
with various studies that recommend a substitution level of 15-20% as optimal for bakery products fortified
with vegetable flours [31], [32].

5. CONCLUSION

The substitution of red amaranth (Amaranthus tricolor L.) flour in cookies significantly increased
iron content and antioxidant activity in a dose-dependent manner (p < 0.05), yet was inversely proportional
to sensory acceptability. Considering the balance between nutritional value and acceptability, the 20%
substitution level (P2) was identified as the most optimal formulation, yielding a meaningful increase in
iron content while maintaining sensory acceptability that was not significantly different from the control.
These findings suggest that red amaranth flour-based cookies hold potential as a functional food in the
prevention of iron deficiency anemia, particularly as a locally sourced, food-based fortification strategy that
is both practical and acceptable for community-level intervention. Further research is warranted to enhance
iron bioavailability and improve sensory characteristics at higher substitution levels, thereby optimizing the
product's contribution to dietary iron adequacy in at-risk populations.
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