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Abstract. Anemia is one of the largest contributing factors to the Maternal
Mortality Rate in Indonesia. This research is urgent because the incidence of
anemia among pregnant women in Malang city has increased over the past 2
years, and Malang city ranks third highest in East Java. One approach that can be
taken is developing catfish-based floss with moringa and Sauropus androgynus
leaf modifications at various concentrations as Fe fortification. This study aims
to determine the nutritional content and acceptance level of anemic pregnant
women toward moringa- and Sauropus androgynus-modified catfish floss
formulations. Nutritional content data were analyzed through laboratory testing,
while preference levels were assessed using organoleptic tests. The results
showed that the highest levels of Fe, protein, and calcium were found in the 22.5-
gram moringa-modified floss, with values of 5.11 mg, 33.86 mg, and 284.96 mg
respectively, while the highest fat content was found in the 7.5-gram katuk-
modified floss, with a value of 24.37 mg. The organoleptic test results showed
that in terms of taste, texture, and color, the 7.5-gram moringa-modified catfish
floss was more preferred by panelists, while in terms of aroma, panelists preferred
the pure catfish floss. It was concluded that the 22.5-gram moringa-modified
floss had the highest iron content, and panelists preferred the 7.5-gram moringa-
modified floss.

Keywords: Nutritional content, Organoleptic test, Catfish floss, Sauropus
Androgynus, Moringa.
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1 Introduction

In East Java in 2024, the prevalence of anemia among pregnant women reached 54,217
people (43.76%), and Malang City ranked third with 2,126 cases of anemia out of 2,447
pregnant women with complications [1]. Pregnant women with anemia face a higher
likelihood of complications such as premature birth, low birth weight, increased
susceptibility to infection, impaired fetal growth and development, hyperemesis
gravidarum, antepartum hemorrhage, and premature rupture of membranes [2]. One
approach that can be taken to reduce the incidence of anemia is developing catfish-
based floss modified with moringa and Sauropus Androgynus leaves at various
concentrations as Fe fortification. Research by Hanila Wetri, et al. [2022] explained
that catfish and moringa flour can serve as an alternative complementary food because
they contain sources of protein and iron. Floss is a processed meat product in the form
of shredded strips that are seasoned and fried; making catfish floss represents a
diversification of processed food that can also increase added value and shelf life, since
floss is dry in form [3]. Floss products are ready-to-consume food products that are
practical and long-lasting [4] Catfish (Clarias gariepinus) is a fairly popular fishery
commodity among the public [5]. African catfish contains 78.5 grams of water content,
90 grams of calories, 18.7 grams of protein, 1.1 grams of fat, 15 grams of calcium (Ca),
260 grams of phosphorus (P), 2 grams of iron (Fe), 150 grams of sodium, 0.10 grams
of thiamine, 0.05 grams of riboflavin, and 2.0 grams of niacin per 100 grams [6].
Research by Hanila Wetri, et al. [2022] explained that catfish and moringa flour can
serve as an alternative complementary food because they contain sources of protein and
iron [7]. Moringa leaves are characterized by imperfectly pinnate, small, egg-shaped
leaflets about the size of a fingertip [8]. Moringa leaves contain very high amounts of
vitamin A, vitamin C, vitamin B, calcium, potassium, iron, and protein that are easily
digested and assimilated by the human body [9]. Sauropus Androgynus is rich in
provitamin A, which plays an important role in eye health and reproductive health in
humans and animals, vitamin C as a natural antioxidant, and iron as a prevention against
anemia [10]. The iron content in Sauropus Androgynus leaves can serve as an
alternative treatment for iron deficiency anemia [11]. Catfish floss modified with
moringa and Sauropus Androgynus is expected to increase the hemoglobin (Hb) levels
of pregnant women. This study aimed to determine the nutritional content and the
acceptance level of anemic pregnant women toward the formulation of catfish floss
modified with moringa and Sauropus Androgynus leaves.

2 Methods

This research was conducted from April to June 2026. Analysis of the nutritional
content of the vegetable-modified catfish floss was carried out at the Food Chemistry
Laboratory of Universitas Widyagama Malang. The organoleptic test was conducted at
TPMB (Independent Midwife Practice) in Malang City. The main materials of this
study were catfish meat, moringa leaves, and Sauropus Androgynus leaves. Additional
materials used in this study were seasonings, cooking oil, and chemical analysis
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reagents. The equipment used in this study included kitchen tools, a meat shredder, a
floss dryer, packaging plastic, and chemical analysis instruments. This study used a
Completely Randomized Design (CRD) consisting of 6 treatments and 1 control. The
design layout is as follows:

Table 1. Completely Randomized Design Layout

Replication Treatment
A B1 B2 B3 Cl C2 C3
1 Al Bl11 B21 B31 Cl11 C21 C31
2 A2 B12 B22 B32 Cl12 C22 C32
Description:

A: Pure catfish floss 250 g

B1: Catfish floss 250 g + moringa 7.5 g

B2: Catfish floss 250 g + moringa 15 g

B3: Catfish floss 250 g + moringa 22.5 g

C1: Catfish floss 250 g + Sauropus Androgynus 7.5 g
C2: Catfish floss 250 g + Sauropus Androgynus 15 g
C3: Catfish floss 250 g + Sauropus Androgynus 22.5 g

2.1 Research parameters

Floss content test included moisture content, nitrogen content, fat content, protein
content, iron content, and calcium content. The organoleptic test included taste, aroma,
texture, and color.

2.2 The processing procedure

The processing procedure for vegetable-modified catfish floss is as follows. Take the
moringa leaves and Sauropus androgynus leaves and remove them from their stems.
Wash, drain, and air-dry the leaves, then finely chop them. Prepare the seasonings:
shallots, garlic, ginger, turmeric, coriander, galangal, and pepper. Wash the catfish
thoroughly, remove the innards, and then remove the skin. Rub the catfish with lime
juice to reduce the fishy smell, then separate the head from the fish and let it stand for
approximately 5 minutes. Wash the catfish, then steam for approximately 30 minutes.
Once cooked, take the meat and separate it from the bones, if any remain, then shred it.
Grind the seasonings—shallots, garlic, ginger, turmeric, coriander, galangal, and
pepper—until smooth. Sauté the ground seasonings with cooking oil, then add kaffir
lime leaves, lemongrass, seasoning powder, salt, and sugar; sauté until fragrant. Once
the seasonings are cooked, add the shredded catfish meat and continue frying until
golden brown and dry. When the floss is almost done, add the moringa or Sauropus
androgynus vegetables, stir briefly, then remove the floss and turn off the stove. Place
the floss into a spinner machine to remove the oil.
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3 Results

3.1 Proximate Test

Based on the results of the proximate analysis, the nutritional content of the catfish floss
modified with moringa and Sauropus Androgynus vegetables can be seen in the
following table.

Table 2. Results of Proximate Analysis of Catfish Floss Modified with Moringa and Sauropus
Androgynus

Test Parameter SNI Sample Code and Test Results
A B1 B2 B3 Cl1 c2 C3
(mean£S (mean+SD) (mean+SD) (mean+SD) (mean+SD) (mean+SD) (mean+SD)
D)
Moisture Max 15%
content (%) 7.34+0,31 7.56 £0,11 6.29+0,09 4.83+31 8.62+0,39 6.64+0,17 5.52+0,09
Protein content  Min 30% 28.52+0,6
(%) 1 30.95+0,21 34.20+0,13 33.19+0,95 30.25+1,84 29.28+0,37 29.72+0,56
Fat content Max 25% 22.99+0,3
(%) 2 23.41+0,42 22.64+0,27 20.75+0,31 26.61+0,32 20.75+0,47 21.60+0,37
Fe content 4-8mg/100 g
(mg/100 g) 2.89+0,00 4.09+0,65 4.90+0,35 5.11+0,00 3.59+0,35 4.05+0,42 4.56+0,16
Calcium 100 mg/100g 139.89+ 160.66+ 188.95+ 283.12+ 146.90+ 167.30+ 218.71+
content 1,36 1,10 1,99 2,61 1,80 1,25 2,06
(mg/100g)
[12,13]

Moisture Content.

The results above show that, overall, catfish floss with a higher addition of vegetables
tends to have a lower moisture content. The proximate analysis results showed that
catfish floss modified with 7.5 grams of Sauropus Androgynus (C1) had the highest
moisture content compared to pure floss and the other vegetable-modified floss
samples, at 8.62%. Nevertheless, this value indicates that the moisture content of floss
modified with 7.5 grams of Sauropus Androgynus has not exceeded the moisture
content standard set by SNI 7690:2019 [12], which is 15%. The lowest moisture content
was shown by catfish floss modified with 22.5 grams of moringa, at 4.83%. These
research results indicate that both pure catfish floss and catfish floss modified with
moringa and Sauropus Androgynus vegetables have good quality in terms of moisture
content. The moisture content of floss must meet the standard, because excessive water
content can damage the product's characteristics; this is because water plays an
important role in the growth of microorganisms that can cause product spoilage [14].
Below is a graph of the moisture content of catfish floss modified with moringa and
Sauropus Androgynus vegetables.
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Fig. 1. Graph of Moisture Content in Floss Modified with Moringa and Sauropus Androgynus
Vegetables

Protein Content.

The results of this study showed that pure catfish floss and catfish floss with 15 grams
and 22.5 grams of Sauropus Androgynus fell below the SNI 7690:2019 [12] standard
value, while catfish floss modified with moringa had good protein content, where the
protein content results of this floss were above the minimum SNI 7690:2019 [12] value
of 30% minimum protein. The proximate test results showed that the addition of
moringa and Sauropus Androgynus vegetables can increase the protein value of the
floss; however, this increase was shown more prominently in floss modified with 7.5
grams of moringa (B1) at 30.95%, catfish floss with 15 grams of moringa (B2) at
34.2%, and catfish floss with 22.5 grams of moringa (B3) with a protein content of
33.19%. For catfish floss with 7.5 grams of Sauropus Androgynus (C1), the protein
content was 30.25%, catfish floss with 15 grams of Sauropus Androgynus (C2) was
29.28%, and catfish floss with 22.5 grams of Sauropus Androgynus (C3) had a protein
content of 29.72%. This is consistent with what was stated by Riskia Embun [15] and
Adinda R [16], that the protein content of moringa leaves is 9.4 grams/100 grams of
moringa leaves and 4.2 grams/100 grams of Sauropus Androgynus leaves. Protein
content can also be seen in Figure 2. Below is a graph of the protein content in catfish
floss modified with moringa and Sauropus Androgynus vegetables.
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Fig. 2. Graph of Protein Content in Floss Modified with Moringa and Sauropus Androgynus
Vegetables
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Fat Content.

The proximate analysis results showed that the fat content in pure catfish floss and
catfish floss modified with moringa and Sauropus Androgynus vegetables complied
with the SNI 3703:2013 [13] standard, where the fat content value of the floss was
below 25%. The lowest fat content was found in catfish floss with 22.5 grams of
moringa (B3) at 20.75%, and in catfish floss with 15 grams of Sauropus Androgynus
(C2) with a fat content value of 20.75%. On average, the addition of moringa and
Sauropus Androgynus vegetables was able to reduce the fat content of the catfish floss,
where the average fat content with the addition of moringa became 22.26%, and the
average fat content with the addition of Sauropus Androgynus to the catfish floss
became 22.98%. This indicates that although both vegetables can reduce the fat content
in the modified floss, moringa modification appears to reduce the fat content of the
floss further. Fat content can also be seen in Figure 3. Below is a graph of the protein
content in the floss.
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Fig. 3. Graph of Fat Content in Floss Modified with Moringa and Sauropus Androgynus
Vegetables

Fe (Iron) Content.

The proximate test results showed that catfish floss modified with moringa and
Sauropus Androgynus vegetables had iron content within the SNI range of 4-8 mg/100
grams, indicating that vegetable modification can increase the iron value of catfish
floss. In this study, pure catfish floss (A) and catfish floss with 7.5 grams of Sauropus
Androgynus (C1) showed iron content values below the SNI standard, at 2.89 mg and
3.59 mg respectively. Among the vegetable-modified floss samples, the highest iron
fortification was found in the 22.5 g moringa sample, with an Fe content of 5.11 mg,
while the lowest was found in catfish floss with 7.5 g of Sauropus Androgynus (C1),
with an iron content of 3.59 mg. This indicates that the addition of Sauropus
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Androgynus vegetable at 7.5 grams has not yet been able to increase the iron content of
the catfish floss to meet the SNI standard. However, broadly speaking, the addition of
vegetables to catfish floss can increase its iron content. These research results are
consistent with research conducted by Wetri [2022], which stated that another food
ingredient containing iron is moringa leaves; fresh moringa leaves contain 3 times more
iron than spinach, while moringa leaves that have been processed into flour have a
much higher content of 28.2 milligrams/100 grams, or 25 times more than spinach, and
are absorbed into the blood 1.77 times more [17]. This is consistent with Harahap in
Dieningsih S [2025], which stated that moringa is said to provide 7 times more vitamin
C than oranges, 10 times more vitamin A than carrots, 17 times more calcium than milk,
9 times more protein than yogurt, 15 times more potassium than bananas, and 25 times
more iron than spinach [18]. Iron content can also be seen in Figure 4. Below is a graph
of the iron content in catfish floss modified with moringa and Sauropus Androgynus
vegetables:
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Fig. 4. Graph of Iron (Fe) Content in Floss Modified with Moringa and Sauropus Androgynus
Vegetables

Calcium Content.

The results of this study showed that the calcium content in pure catfish floss and catfish
floss modified with moringa and Sauropus Androgynus vegetables was very good, as
the calcium value in all floss samples was above the SNI 3703:2013 [13] standard of
100 mg/100g. The highest calcium content was found in floss modified with 22.5 grams
of moringa (B3), at 283.15 mg/100gram, followed by 15 grams of moringa (B2), 22.5
grams of Sauropus Androgynus, 15 grams of Sauropus Androgynus, 7.5 grams of
moringa, 7.5 grams of Sauropus Androgynus, and the lowest was pure catfish floss, at
139.89 mg/100g. This shows that vegetable modification of catfish floss can increase
its calcium content. This is consistent with Purwati [2019], who stated that 15 types of
macro and micro minerals were found in moringa leaves, including P, S, K, Ca, Ti, Cr,
Mn, Fe, Ni, Cu, Zn, Mo, St, Ba, and Re, with respective concentrations of 12.84; 23.45;
264.96; 603.77; 1.05; 1.52; 2.68; 20.49; 22.60; 7.59; 2.87; 11.69; 14.52; 10.04; and
13.62 mg/100g, with the highest mineral concentrations in moringa leaves being
calcium and potassium. In this study, the highest calcium content was found in floss
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modified with 22.5 grams of moringa, with a calcium value of 283.15 mg/100g [19].
The calcium content of the vegetable-modified floss can be seen in the figure below.
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Fig. 5. Graph of Calcium Content in Floss Modified with Moringa and Sauropus Androgynus
Vegetables

3.2 Organoleptic Test

Based on the results of the organoleptic test research on the parameters of taste, aroma,
texture, and color, conducted by 45 panelists, the mean values ranged from 2.68 to 3.68.
The testing was carried out by panelists using a scale of 1-4, namely 4 (strongly like),
3 (like), 2 (somewhat dislike), 1 (dislike). The organoleptic test results for pure catfish
floss (A), catfish floss + 7.5 grams moringa (B1), catfish floss + 15 grams moringa
(B2), catfish floss + 22.5 grams moringa (B3), catfish floss + 7.5 grams Sauropus
Androgynus (C1), catfish floss + 15 grams Sauropus Androgynus (C2), and catfish floss
+22.5 grams Sauropus Androgynus (C3) can be seen in the following table.

Table 3. Results of Organoleptic Test Analysis of Catfish Floss Modified with Moringa and
Sauropus Androgynus Vegetables

Test Parameter Sample Code and Organoleptic Test Results
A (meant Bl B2 B3 Cl C2 C3
SD) (mean+ (mean+ (mean+ (mean+ (meant (meantSD
SD) SD) SD) SD) SD) )
Taste 3,60+0,49 3,69+0,47 3,27+0,45 2,71+0,55 3,18+0,78 2,9840,62  2,84+1,02
Aroma 3,53+0,50 3,420,50 3,13+0,69 2,84+0,82 2,87+0,66 2,62+0,49  2,6+0,93
Texture 3,42+0,50 3,6£0,50 3,36+0,48 3,02+0,75 2,89+0,53 2,69+0,67  3,09+0,87
Color 3,47+ 0,69 3,6£0,50 3,36+0,48 2,67+0,48 3,22+0,64 3,11£0,53  2,91+0,82
Taste.

Taste is an important factor in determining whether a food product is accepted by
consumers, as assessed through the sense of taste. Even if other parameters have good
values, if the taste of the product is not liked by consumers, the product will not be
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accepted by them. Based on Table 2, it can be seen that the taste of pure catfish floss
(A), catfish floss with 7.5 grams of moringa (B1), catfish floss with 15 grams of
moringa (B2), and catfish floss with 7.5 grams of Sauropus Androgynus (C1) had
values of 3.27-3.69, meaning the taste of these floss samples fell within the range of
"like" to "strongly like," indicating that panelists preferred the taste of these samples,
with the most preferred being catfish floss with 7.5 grams of moringa (B1) at 3.69.
Meanwhile, catfish floss with 22.5 grams of moringa (B3), catfish floss with 15 grams
of Sauropus Androgynus , and catfish floss with 22.5 grams of Sauropus Androgynus
had values ranging from 2.71-2.98, meaning the taste of these floss samples fell within
the range of "somewhat dislike" to "like," with the lowest value found in catfish floss
with 22.5 grams of moringa (B3) at 2.71, meaning that this floss modified with 22.5
grams of moringa was less preferred by the panelists in terms of taste. This research is
in line with research conducted by Nurlaila et al., in Wetri [2022], which explained that
in the development of a sausage product based on mackerel and moringa leaf flour,
panelists' preference levels decreased as the amount of moringa leaf flour used
increased [17]. This research is also in line with research by Dita A in Nurlaila [2018],
which stated that the higher the addition of moringa leaf flour to a food ingredient, the
more it produces a bitter taste, and the resulting green color creates a clearly visible
difference. In terms of taste, the most preferred floss was catfish floss modified with
7.5 grams of moringa (B1), and the least preferred was catfish floss with 22.5 grams of
moringa (B3) [20]. These results can be seen in the figure below.
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Fig. 6. Graph of Organoleptic Test Results by Taste for Vegetable-Modified Catfish Floss

Aroma.

The aroma emitted by food is a very powerful attraction capable of stimulating the sense
of smell, thereby arousing appetite; this food aroma is caused by the formation of
volatile compounds resulting from enzymatic reactions, or it can also form without the
aid of enzymatic reactions [21]. In this study, the aromas preferred by panelists were
pure catfish floss (A), catfish floss with 7.5 grams of moringa (B1), and catfish floss
with 15 grams of moringa (B2), with a scale range of 3.53-3.13, meaning this range of
values falls between "like" and "strongly like," and among these three floss samples,
the most preferred by panelists was pure catfish floss, with a scale value of 3.53.
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Meanwhile, floss with 22.5 grams of moringa, catfish floss with 7.5 grams of Sauropus
Androgynus, catfish floss with 15 grams of Sauropus Androgynus , and catfish floss
with 22.5 grams of Sauropus Androgynus were less preferred by panelists, as shown
by mean values ranging from 2.6-2.84, meaning the aroma of these four floss samples
fell within the range of "like" to "somewhat dislike,” with the least preferred floss
having the lowest value being catfish floss with 22.5 grams of Sauropus Androgynus
(C3) at 2.6. This can also be seen in the graph below:

Simple Line of Aroma by KELOMPOK

287

Aroma

Abonlele  Abonlele +  Abonlele + Abonlele + Abonlele +  Abonlele +  Abon lele +
murni kelor 7,5 kelor 15 kelor 22,5 katuk 7,5 katuk 15 katuk 22,5
aram aram aram aram aram aram

KELOMPOK

Fig. 7. Graph of Organoleptic Test Results by Aroma for Vegetable-Modified Catfish Floss

From Figure 7 above, it can be seen that in terms of aroma, the most preferred floss was
pure catfish floss, while the least preferred was floss with 22.5 grams of Sauropus
Androgynus. These research results are in line with research conducted by Suci in
Febrianti N. H., et al. [2024], which found that in observations of aroma preference
levels for cupcakes substituted with moringa leaf flour, the higher the addition of
moringa leaf flour, the lower the aroma preference level of the moringa leaf cupcakes,
due to the cupcakes' aroma becoming increasingly grassy/raw-smelling [22]. These
research results are also consistent with research by Torry et al. [2022], which stated
that there were differences in the aroma aspect between tuna floss with the addition of
73 grams and 125 grams of Sauropus Androgynus, as well as differences in the aroma
aspect between tuna floss with 100 grams of Sauropus Androgynus and 125 grams of
Sauropus Androgynus [23] .

Texture.

Based on Table 2, it can be seen that panelists preferred the texture of pure catfish floss
(A), catfish floss with 7 grams of moringa (B1), catfish floss with 15 grams of moringa
(B2), catfish floss with 22.5 grams of moringa (B3), and catfish floss with 22.5 grams
of Sauropus Androgynus (C3), with values ranging from 3.09-3.60; among these four
floss samples, the most preferred by panelists was catfish floss modified with 7.5 grams
of moringa (B1), at 3.6. Meanwhile, catfish floss with 7.5 grams of Sauropus
Androgynus (C1) and catfish floss with 15 grams of Sauropus Androgynus (C2) were
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less preferred by panelists, at 2.89 and 2.69. These results can also be seen in the graph

below.
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Fig. 8. Graph of Organoleptic Test Results by Texture for Vegetable-Modified Catfish Floss

From the graph above, it can be seen that in terms of texture, panelists preferred catfish
floss modified with 7.5 grams of moringa (B1), with a value of 3.6.

Color.

Based on Table 2, it can be seen that panelists preferred pure catfish floss (A), catfish
floss with 7.5 grams of moringa (B1), catfish floss with 15 grams of moringa (B2),
catfish floss with 7.5 grams of Sauropus Androgynus (C1), and catfish floss with 15
grams of Sauropus Androgynus (C2), with values ranging from 3.11-3.60; among
these five floss samples, the most preferred by panelists was catfish floss modified with
7.5 grams of moringa, at 3.60. Meanwhile, the least preferred floss samples were catfish
floss with 22.5 grams of moringa and catfish floss with 22.5 grams of Sauropus
Androgynus, at 2.67 and 2.69. These results can also be seen in the graph figure below:

Simple Line of Warna by KELOMPOK

Wamna
"
i

Abon lele Abon lele + Abon lele + Abon lele + Abon lele + Abon lele + Abon lele +
murni kelor 7.5 kelor 15 kelor 22,5 katuk 7.5 katuk 15 katuk 22 5
aram aram aram aram aram aram

KELOMPOK

Fig. 9. Graph of Organoleptic Test Results by Color for Vegetable-Modified Catfish Floss

From Graph 9 above, it can be seen that the vegetable-modified catfish floss most
preferred by panelists was catfish floss with 7.5 grams of moringa, at a value of 3.6,
while the least preferred by panelists was catfish floss with 22.5 grams of moringa.
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Panelists' dislike of the floss modified with 22.5 grams of moringa vegetable is possibly
due to its black color. These research results are in line with Puyanda et al. (2023), who
stated that the higher the concentration of moringa leaf addition, the more
concentrated/darker the green color of wet noodles becomes, and the lower their
acceptability [24].

4 Conclusion

Catfish floss modified with moringa and Sauropus Androgynus vegetables has an
influence on the characteristics of the floss content as well as on its organoleptic
properties. From the proximate analysis, the highest moisture content and highest fat
content were found in catfish floss with 7.5 grams of Sauropus Androgynus (C1), while
the highest iron content, protein content, and calcium content were found in catfish
floss modified with 22.5 grams of moringa (B3). From the organoleptic analysis, the
floss most preferred by panelists in terms of taste, texture, and color was catfish floss
modified with 7.5 grams of moringa (B1), while in terms of aroma, the floss most
preferred by panelists was pure catfish floss (A).
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