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Abstract The variation in the use of snakehead fish

flour as food supplement continues to increase. This study
aims to provide solutions to improve the nutritional intake
of children with TB by analyzing the nutrient content in
snakeheaded fish flour (Channa striata) as weight
enhancing in Indonesia. Snakehead fish (Channa Striata)
processing is divided into three types of supplements:
original snakehead fish supplement (without any additional
food), snakehead supplement which is varied with tofu
dregs, and fish supplement which varied with turmeric
extract. The results showed that snakehead fish has a yield
of about 2.38-2.97%, and an edible portion of snakehead
fish ranged from 50.35-55.12%. Snakeheaded fish contains
0.7% albumin extracted using a Hydrochloric Acid (HCL)
solvent at a concentration of 0.25 M. Among the three
types of flour, the nutritional content of the original cork
fish meal showed the best results. The nutritional
composition produced in snake-headed fish flour is 11.05%
water content, 5.13% ash content, 79.62% protein, 4.93%
fat content, and energy of 363 kcal. The protein content of
snakehead fish flour is included in the Quality or Grade I
(good) category based on the quality standard of fish flour
(Indonesian National Standard 01-2715-1996). The results
of the microbiological analysis showed that the

snakeheaded fish flour product was free from
contamination by pathogenic bacteria include Escherichia
coli, Salmonella, and coliform bacteria. The high protein
and energy content found in cork fish meals can be used as
a basis to develop into a weight-enhancing supplement for
children with tuberculosis.
Keywords Children, Snakehead (Channa striata),
Tuberculosis, Weight Enhancing Supplement

1. Introduction
The morbidity and mortality of children due to
tuberculosis increased significantly during the Covid-19
pandemic [1]. Tuberculosis (TB) and Covid-19 are
infectious diseases that attack primarily the lungs that can
interact synergistically to drop the immune system [2].
Tuberculosis is caused by the bacillus Mycobacterium
tuberculosis and can worsen the health condition by
Covid-19 of children with tuberculosis [3][4]. There are
two types of tuberculosis, namely latent tuberculosis and
active tuberculosis. Latent tuberculosis occurs when
people are infected with Mycobacterium tuberculosis, but
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their immune system can protect them. But active
tuberculosis occurs when the infection is no longer
controlled by the immune system and can occur at any
time after bacterial infection. The potential occurrence
from latent tuberculosis to active tuberculosis later is
about 5% to 10% in a healthy population and increases to
about 50% in people with severe immune system damage
such as infected Covid-19 or human immunodeficiency
virus (HIV) infection [5]. Therefore, WHO works together
with many countries in reaching the goal of zero TB
deaths among children worldwide [6]. One of the global
strategic actions which develop to reduce the health worse
effect of children with tuberculosis is to improve
malnutrition accomplishing other factors such as HIV,
poverty, and sanitation and hygiene [1][6][7][8].
The relationship between malnutrition and tuberculosis
has been scientifically proven consistently [5][9][10].
Malnutrition can exacerbate children with tuberculosis or
delaying recovery by suppressing immune function that
plays a role in controlling Mycobacterium tuberculosis
infection [7]. Fulfillment of nutritional adequacy and
development of the adaptive immune system in children
are determined by exclusive breastfeeding from birth to 6
months of age [11][12][13][14]. Conversely, children with
tuberculosis are at risk of experiencing malnutrition due to
decreased appetite and intake, nutrient malabsorption, and
increased metabolic [7][15][16]. Chiang et al showed that
weight gain optimizes TB treatment in children with
tuberculosis [15]. In line with that study, a study using
data in the TB clinic of Hallym University Kangdong
Sacred Heart Hospital, Seoul, Korea, showed that
nutritional status significantly correlated with the
optimization of treatment for pulmonary tuberculosis
(PTB) patients [16]. In addition, oral nutritional
supplement consumption such as food, protein/energy
supplements, or micronutrients can increase their body
weight [5][17][18]. A cross sectional study in China by
Ren et al showed that TB patients have insufficient daily
energy-protein intake compared with the Chinese Dietary
Reference Intakes (DRIs) 2013. Also they are insufficient
of many micronutrients daily intake [19]. Macronutrients
including carbohydrate and fat are converted to energy,
while protein and some fat are used to make structural and
functional components of human tissue. Based on the
Indonesian Dietary Referencw Intake, the energy and
protein needs for boys aged 10-18 years are 2000-2650
kcal and 50-75 g per person per day, respectively.
Meanwhile, the energy and protein requirements for girls
in the same age range are 1900-2100 kcal and 55-65 g per
person per day [20]. While micronutrients (vitamins and
minerals) are consumed in small amounts and are essential
for
metabolic
processes.
Macronutrients
and
micronutrients work together to contribute to tissue
regeneration and cellular integrity [17].
Protein supplement provides essential amino acids

(EAAs) that are highly recommended for increasing body
weight and immune system in children with tuberculosis
[5]. EAAs are fulfilled of most energy substrates in
catabolic conditions and serve as a fuel for protein
synthesis and cell growth through anabolic conditions.
Also, EAAs play a role in facilitating the gut microbiota
in the gastrointestinal tract required for metabolic function
and the immune system [21][22]. In addition, the need for
albumin as the main protein is also needed in increasing
the immunity of children with tuberculosis. A study by
Shingdang et al showed that serum albumin/globulin ratio
significantly correlation between TB patient and control
[23]. One of the foods that contain high albumin is
snakehead fish. Snakehead fish (Channa striata) has a
very high albumin fraction of protein compared to other
animal protein sources, reaching more than 50% [24].
Previous studies have shown that consumption of
snakehead fish supplements can increase serum albumin
levels and improve the nutritional status [24][25][26][27].
Snakehead fish supplement can significantly accelerate
the treatment of tuberculosis patients [25]. A true
Experimental in Jember District and Situbondo District,
East Java, Indonesia showed that Channa striata
supplementation can improve the Body Mass Index (BMI)
of tuberculosis patient in Indonesia significantly than
patients who were not given this supplements [26].
Snakehead fish (Channa Striata) is a freshwater fish
native to South and Southeast Asia. In various regions in
Indonesia, this fish is available in abundance, cheap, and
easy to cultivate. This fish content the high albumin that
can be developed as neutracetical products [28][29][30].
Asikin and Kusumaningrum (2018) grouped the size of
Snakehead into three categories, namely small sizes
weighing less than 600 g, medium for weighing between
600-900 g, and large for fish weighing more than 900 g.
The yield of this fish is about 3% and about 50-55%
edible portion. Also, this study showed that this fish
contained about 13% moisture content, 23% ash, 64%
protein, 2% fat, and 18% albumin [31]. Nurilmala et al in
2020 showed that protein content of Snakehead is
determined by the processing method. Protein content of
Stripped Snakehead, namely fresh extract is 11.62 ± 0.17
mg/g, boiled extract 6.28 ± 0.57 mg/g, and precipitated
extract is 105.23 ± 0.44 mg/g [30]. Processing of this fish
in the health sector can be made of snakehead fish flour
which is an ingredient in the manufacture of supplements
for children with tuberculosis or malnutrition. It is used as
the main raw material, formulated with other foods that
are high in nutritional content, as well as fortified by
essential nutrients [32]. Based on the nutritional and
microbiological analysis that has been carried out in
previous studies in Indonesia, the quality of snakehead
fish flour (Channa striata) has met the quality
requirements of fish meal based on the Indonesian
National Standard (Standar Nasional Indonesia
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01-2715-1996) which is an improvement of the revision
of SNI 01-2715-1992 [33]. Therefore, the use of
snakehead fish flour as supplements including for weight
enhancing supplements for Children with Tuberculosis
consistently developed in line with the increasing
prevalence of TB worldwide [25][26][34][27].
TB has a wide spectrum of exposure which can affect
anyone, anywhere. WHO an estimated 10.0 million (range,
8.9–11.0 million) people fell ill with TB in 2019, where
children (aged <15 years) accounted for 12% of the
people who developed TB in 2019. In order to act faster to
end TB and meet the SDG targets, The World Health
Assembly adopted the World Health Organization (WHO)
General Programme of Work (GPW-13) 2019–2023 as
commit to provide diagnosis and treatment with the aim of
successfully treating 3.5 million children with TB, and
115 000 children with drug-resistant tuberculosis from
2018 to 2022. But, today the world is faced with the
pandemic’s impact on TB mortality indicate that a 50%
drop in the detection of TB cases over 3 months will cause
people dying from TB [1]. The highest contributors to the
global increase in TB were India and Indonesia, the two
countries that rank first and second in the world in terms
of estimated incidence per year. Indonesia as a tropical
country is categorized as a tuberculosis-endemi area,
where tuberculosis patients suffered from undernutrition
[1][26]. In this country, the increase occurred significantly,
reaching around 69%, which increased from 331703 in
2015 to 562,049 in 2019 [1]. Of the total TB patients, 0.6%
were in the children group, namely 0.1% aged less than 1
year, 0.3% aged 1-4 years, and 0.2% aged 5-14%. This
condition is a challenge because it refers to the Regulation
of the Minister of Health of the Republic of Indonesia
Number 67 in 2016 concerning Tuberculosis Control,
Indonesia has set a target for a national TB control
program, namely elimination by 2035 and a TBC-free
Indonesia in 2050 [35]. To achieve this target,
cross-sectoral collaboration efforts to address the problem
of malnutrition and other risk factors such as social
communication, especially overcoming poverty, improve
sanitation, and improve education and knowledge of
mothers about nutrition since the period of pregnancy as a
critical point in the first 1000 days of life [26][36][37][38].
This purpose of study is to analyze the nutritional and
microbiological characteristics of snakehead fish flour
(Channa striata) and its modification as weight enhancing
supplements as one of the solutions offered to treat
malnutrition and accelerate treatment for children with
tuberculosis.

2. Material and Methods
2.1. Material and Equipment
Snakehead fish (Channa striata) was obtained from
traditional markets in Bekasi, West Java Province,
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Indonesia. Its weight is between 600-900 g (medium size
category). The selection of this weight is optimizing the
yield and steaming process [31]. Other material includes
tofu dregs, and turmeric obtained from the traditional
market in West Java. According to Basic Health Research
of the Republic of Indonesia in 2018, thus province was
categorized as the third-highest rank of TB prevalence in
Indonesia [39].
The equipment used in snakehead fish flour processing
is a blender, knife, water bath/heater, pan for steaming
snakehead fish, oven, sieve, and a digital scale. Nutritional
and microbiological characteristics use analysis services
in The Laboratory of the Department of Food Science and
Technology and Nutrition, Faculty of Agricultural
Technology, Bogor Agricultural University (IPB
University), West Java Province, Indonesia.
2.2. Analysis
2.2.1. Nutritional and Microbiological characteristics
The yield calculation is done by weighing the weight of
the snakehead fish dry extract divided by the initial weight
of meat before extraction, multiplied by 100%.
Meanwhile, the calculation of the percentage of the edible
portion (EP) is calculated by dividing the weight of fish
fillets divided by the weight of whole fish multiplied by
100% [40]. Analysis of nutritional and microbiological
characteristics of snakehead fish flour (Channa Striata) as
weight enhancing supplements for children with
tuberculosis, and its modification including snakehead
fish supplement with tofu dregs, and snakehead
supplement with turmeric extract using Laboratorium
Departemen Ilmu dan Teknologi Pangan, Fakultas
Teknologi Pertanian, Institut Pertanian Bogor (Laboratory
of the Department of Food Science and Technology and
Nutrition, Faculty of Agricultural Technology, Bogor
Agricultural University/IPB University), West Java
Province Indonesia. This laboratory is certified by
National Accreditation Committee (Komite Akreditasi
Nasional) is used with the certified number is
126-19/FL/04/4.4.1/LDITP. The analysis of nutritional
characteristics consists of: water content, ash content,
protein content, fat content, carbohydrates, crude fiber,
energy, and vitamin C. While for microbiological
characteristics analyzed total plate count (colony/g), total
yeast and mold (colony/g), Salmonella, Escherichia coli, a
total of Staphylococcus aureus (colony/g), and coliform
bacteria (MPN/g). Furthermore, the results of the analysis
compared with fish flour quality requirements by the
Indonesian National Standard (SNI 01-2715-1996) are an
improvement of SNI 01-2715-1992 revision [33].
2.2.2. Albumin Content
Analysis of albumin content is analyzed by
High-Performance Liquid Chromatography (HPLC). The
albumin levels analyzed were only original snakehead fish
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supplements. The samples were analyzed using the
certified laboratory, namely Laboratorium Penguji, Balai
Bioteknologi, Badan Pengkajian dan Penerapan Teknologi,
Indonesia (The Testing Laboratory, Institute for
Biotechnology, Agency for the Assessment and
Application of Technology, Indonesia). The certificate
number on this analysis of albumin content is
257-SHU-08-2018.
2.3. Processing Methods and Procedure
In principle, the processing of three types of snakehead
fish flour (original snakehead fish flour, snakehead fish
with tofu dregs, and snakehead fish with turmeric extract)
in this study is appropriate (Figure 1). The original
snakehead fish floor is only used snakehead fish as the
main ingredient. For snakehead fish flour modified, added
the tofu dregs or turmeric extract. The two types of food
ingredients include tofu dregs, and turmeric extract
contains high nutrition. Tofu dregs contain high protein,
increases albumin levels, and potential to increase the
body
weight
in
children
with
tuberculosis
[41][42][42][43]. Likewise, turmeric extract contains
polyphenol curcumin that has a role as an antioxidant and
anti-inflammatory. It also has health benefits for
increasing immunity and appetite sensations [44][45][46].
The process of making snakehead fish flour includes a
selection and cleaning of fresh fish, steaming, fish fillets,
drying, and sieving [43][47]. The processing methods that
are important in the process of making these supplements
are steaming and drying. The steaming method is chosen
in this study compared to the boiling method because to
get optimal yield, protein, and albumin levels from
snakehead fish. This process was conducted at a
temperature between 60-70oC for approximately 50
minutes. Previous studies have proven that this method is
the best simple way to maintain nutritional content,
especially protein and albumin content of snakehead fish
[48][49][50]. The products are heated at 60oC for about 8
hours to obtain a dry fish fillet texture. This process can
prevent the activity of pathogenic microorganisms and
reduce the water content of these products [28].
Furthermore, the dried snakehead fish fillets are mashed,
sifted, and ready to pack.

3. Results

3.1. Nutritional Characteristics of Snakeheaded Fish
Flour
The results showed that the snakehead fish has a yield
of about 2.38-2.97%, and an edible portion of snakehead
fish ranged from 50.35-55.12%. Table 1 shows the
nutritional characteristics of original snakehead fish flour,
and its modifications include snakehead fish flour with
tofu dregs and snakehead fish flour with turmeric extract.
The water content was analyzed by referring to the
Indonesian National Standard regarding the Food and
Beverage Test Method, namely SNI 01-2891-1992
(Gravimetry), point 5.1. Original snakehead fish flour had
the lowest water content (11.05%) compared to the other
two types of flour, namely snakehead fish flour with tofu
dregs (14.66%) and snakehead fish flour with turmeric
extract (16.83%). Also, original snakehead fish flour had
the lowest ash content and fat content, namely 5.13% and
4.93%, respectively, compared to the two types of
modified snakehead fish flour. However, for protein
content, original snakehead fish flour had the highest
content of 79.62% compared to snakehead fish flour with
tofu dregs (71.11%) and protein content of snakehead fish
flour with turmeric extract (71.41%). Of three types of
snakehead fish flour, albumin content was only analyzed
on the original snakehead fish flour. Based on the results
of the analysis using High-Performance Liquid
Chromatography (HPLC), the origin snakehead fish flour
contained 0.7% albumin extracted using a Hydrochloric
Acid (HCL) solvent at a concentration of 0.25. Another
macronutrient analysis is the analysis of carbohydrate
content. Of the three types of snakehead fish flour, the
results showed that the original snakehead fish flour and
snakehead fish flour with turmeric extract had no
carbohydrate content (0%). Only snakehead fish flour
with tofu dregs showed a small amount of carbohydrate
content, namely 0.89%. The crude fiber content in original
snakehead fish (0.66%) was lower than the crudes fiber
content in snakehead fish flour with tofu dregs (2.52%)
and snakehead fish flour with turmeric extract (0.83%).
The original snakehead fish flour has the highest energy
content that is 363 kcal. Meanwhile, the energy content of
snakehead fish flour with tofu dregs and snakehead fish
flour with turmeric extract is 338 kcal and 337 kcal,
respectively.
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Figure 1. The Porcedure for Making Snakehead Fish Flour (Channa Striata) and Its Modification as Weight Enhancing Supplements for Children
with Tuberculosis

Analysis of micronutrients assessed only the content of
vitamin C that used spectrophotometry (Table 1). The
result showed that the original snakehead fish flour had
the lowest vitamin C content (0.29%) compared to the
vitamin C content (0.35%) of snakehead fish flour with
tofu dregs and vitamin C content (0.36%) of snakehead
fish flour with extract turmeric. However, snakehead fish
flour showed a higher protein content and energy content
than modified snakehead fish meal. Thus, of the three
types of flour, the original snakehead fish meal is more
suitable for use as a supplement in increasing the weight
of children with tuberculosis. However, the other two

types of snakehead fish flour can still be used and are
recommended as alternative supplements to increase
weight in children with tuberculosis.
According to The Fish Flour Quality Requirements
according to The SNI 01-2715-1996 (improvement of the
revision of SNI 01-2715- 1992), in general, the three types
of snakehead fish flour meet the Grade I (good)
requirements of fish flour (Table 2). But, from the three
types of snakehead fish flour, the original snakehead fish
flour meets the most criteria of Grade I. The criteria for
the quality of fish flour for Grade I that are met include
are protein content of 79.62% (min 65%), 0.66% crude
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fiber (max 1.5%), 5.13% ash content (max 20%), and
4.93% fat content (max 8%). Only the water content that

does not meet the Grade I criteria is 11.05% (maximum
10%), so that for water content categorized in Grade II.

Table 1. Nutritional Characteristics (Proximate Analysis) of Snakeheaded Fish Flour
Proximate Analysis
Type of Analysis

Unit

Original Fish
Flour

Fish Flour +
Soybean tofu
dregs

Fish flour +
Turmeric
Extract

Water content

g/100 g

11.05

14.66

16.83

Ash content

g/100 g

5.13

7.38

7.66

Fat content

g/100 g

4.93

5.96

5.76

Protein content

g/100 g

79.62*

71.11*

71.41

Carbohydrates

g/100g

0

0.89

0

Methods
SNI 01-2891-1992 (Gravimetri);
point 5.1 [51]
SNI 01-2891-1992 (Gravimetri);
point 6.1
SNI-01-2891-1992; Point 8.2
(Hidrolisis-Soxhlet)
IK/01/5.4.1/LDITP/ Protein
Analysis (Micro Kjeldahl)
By difference
SNI-01-2891-1992; Point 11
(Hidrolisis-Soxhlet)
Acoount according to protein 4
kkal/g; fat 9 kkal/g and
carbohydrat 4 kkal/g

Crude fiber

g/100 g

0.66

2.52

0.83

Energy

kcal/100 g

363

338

337

Vitamin C

g/100 g

0.29

0.36

0.36

Spectrofothometry

Albumin

%

0.70 (0.25 HCL
concentration (M)
=0.25

-

-

High Performance Liquid
Chromatography (HPLC)

Notes:* Convertion Factors from % N to % Protein = 6.25
Table 2. The Fish Flour Quality Requirements according to The Indonesian National Standard: Standar Nasional Indonesia (SNI) 01-2715-1996
(improvement of the revision of SNI 01-2715- 1992)
Composition

Grade I

Grade II

Grade III

Water content (%) maks

10

12

12

Crude protein (%) min

65

55

45

Crude fiber (%) maks

1.5

2.5

3

Ash content (%) maks

20

25

30

Fat content (%) maks

8

10

12

Ca content (%)

2.5-5.0

2.5-6.0

2.5-7.0

P content (%)

1.6-3.2

1.6-4.0

1.6-4.7

NaCl content (%) maks

2

3

4

Microbiological Characteristics
Salmonella (on 25 gram sample)

Negative

Negative

Negative

7

6

6

Nutritonal Characteristics

Organoleptic
Minimum Score

Source: Standar Nasional Indonesia (SNI) 01-2715-1996 (improvement of the revision of SNI 01-2715- 1992)[33]
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3.2. Nutritonal Characteristics (Proximate Anaylisis) of
Sneakheaded Flour and the Comparison
Table 3 shows the data regarding the nutritional
characteristics of the original snakehead fish flour in this
study compared to other snakehead fish flour in the
previous studies. The three types of snakehead fish flour
are processed using the appropriate methods, which is
oven drying. For snakehead fish flour in this study
(snakehead fish flour 'A') and snakehead fish flour 'B'
were dried at a temperature of 60oC for 8 hours. However,
when sieving conducted to obtain a smooth texture of
snakehead fish flour, the snakehead fish flour 'A' after
blending was sieved using a 60-mesh sieve, while the
snakehead fish flour 'B' was sieved using an 80-mesh
sieve. The processing method is also similar to snakehead
fish fluor 'C', but the temperature used in drying
snakehead fish flour ‘C’ is 40oC. This temperature is
different from drying on snakehead fish flour 'A' and
snakehead fish flour 'B'.
Table 3 shows the nutritional characteristics of each
type of snakehead fish flour. The snakehead fish flour in
this study (snakehead fish flour A) showed the highest
water content (11.05%) compared to snakehead fish flour
B (10%) and snakehead fish flour C (5.68%). Based on
SNI 01-2715-1996 (improvement of SNI 01-2715-1992
revision) in Table 2, the water content of snakehead fish
flour A categorized in Grade II, max 12%). But,
snakehead fish flour B and C are included in the Grade I
category (max 10%). The ash content for the three types
of snakehead fish flour (A, B, and C) included in Grade I
(maximum 20%), namely 5.13%, 2.94%, and 6.29%,
respectively. Likewise, with the protein content,
snakehead fish flour A, B, and C are also included in
Grade I (minimum 65%), with the highest to lowest
protein content, namely snakehead fish flour B (86.13%),
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snakehead fish flour A (79.62%), and snakehead fish flour
C (65.3%). Of the three types of snakehead fish flour, data
on albumin content are only available in snakehead fish
flour A, which is 0.7% albumin extracted using a
Hydrochloric Acid (HCL) solvent (concentration of 0.25
M). The highest carbohydrate content in snakehead fish
meal C is 5.27%. There is no carbohydrate content in the
snakehead A flour, and the data from the snakehead fish
meal B are not available. Of the three types of flour,
snakehead fish flour A met the Grade I criteria (maximum
1.5%) for crude fiber (0.66%), and snakehead fish flour B
had high crudes fiber content (21.83%). Data are not
available on crudes fiber content for the fish flour C. The
energy content for the three types of snakehead fish flour
was appropriate, namely 363 kcal, 386 kcal, and 386 kcal,
for snakehead fish flour A, B, and C, respectively.
3.3. Microbiological Characteristics of Sneakheaded
Fish Flour
Table 4 shows the microbiological characteristics of
snakehead fish flour and its modifications. The
microbiology characteristics showed that the total plate
count was 2.2 x 105 colony/g, the total of yeast and mold
was 1.5 x 102 colony/g, and the total amount of
Staphylococcus aureus was <1.0 x 101 colony/g.
Table 2 also shows that the three types of flour free
from contamination by pathogenic bacteria includes
Escherichia coli, Salmonella, and coliform bacteria (0
MPN/g). The microbiologiocal characteristics meet the
criteria of flour quality requirementsrefers for Grade I
according to SNI 01-2715-1996 (improvement of SNI
01-2715-1992 revision) which stipulates that fish meal
must be free from Salmonella contamination (on 25 gram
samples).

Table 3. Nutritonal Characteristics (Proximate Anaylisis) of Sneakheaded Flour and the Comparison
Proximate Analysis of Sneakheaded Fish Flour

Type of Analysis

A
Unit



Methods of Processing


Drying with oven,
temperature 60OC, time = 8
hours
Blend and sifting, = 60 mesh

B




Drying with cabinet
drier, temperature
60OC, time = 8 hours
Blend and sifting = 80
mesh

C




Drying with oven,
temperature 40oC,
time = 4 hours
Blend and sifting
= 60 mesh

Water level

g/100 g

11.05

10

5.68

Ash level

g/100 g

5.13

2.94

6.29

Fat level

g/100 g

4.93

13.81

2.31

Protein level

g/100 g

79.62*

65.3

86.13

Carbohydrates

g/100 g

0

Not Available

5.27

Crude fiber

g/100 g

0.66

21.83

Not Available

Energy

kcal/100 g

363

386

386

0.70 (0.25 HCL concentration (M)
Albumin
%
Not Available
Not Available
=0.25
Notes: *Convertion Factors from % N to % Protein = 6.25; A = Snakeheaded Fish Flour in this study; B = Study by Wirawan, Alaydrus, and
Nobertson[52]; C = Study by Mahardika, Karnila and Edison [53]
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Table 4. Micribiological Characteristics of Snakeheaded Fish Flour
Type of Analysis

Unit

Results

Total plate count

Colony/g

2.2 x 105

Total of yeast and mold

Colony/g

1.5 x 102

Salmonella

-

Negative

Escherichia coli

MPN/g

Negative

Total of Staphylococcus aureus

Colony/g

<1.0 x 101

Coliform

MPN/g

0

4. Discussion

Methods
IK/18/7.2/LDITP/Analysis of Total plate count
350C (The plate count methods)
BAM Chapter 18, January 2001 (plate count
methods)
BAM Chapter 5, November 2019 (Isolation and
identification)
IK/14/7.2/LDITP/Analyisis of Eschericia coli
(MPN methods, isolation and identification)
BAM Chapter 21, January 2001 (plate count
methods)
BAM Chapter 4, January 2001 (plate count
methods)

snakehead fish varied between 2.50- 2.93% and edible
portion ranged of 49.8-54.73%. The material used in that
study was snakehead fish with different species, namely
4.1. Yield and Rendemen of Snakeheaded Fish
Ophiocephalus striatus with various size variations (less
The production of snakehead fish (Channa striata) in than 600 grams to more than> 900 g). This snakehead fish
Indonesia has increased significantly from 6,490 tons in is native snakehead fish, where the fish was obtained from
2015 to increase in 2019 to 21,987 tons [54]. Channa the catch, in the watershed of the Middle Mahakam River
striata is included in one of four species of snakehead fish (Muara Muntai and Kotabangun), Kutai Kartanegara
from the Channa genus, namely Channa striata, Channa regency, East Kalimantan, Indonesia [31]. The
micropeltes, Channa lucius, and Channa pleuropthalamus. Ophiocephalus striatus living in nature (native snakehead
The morphological characteristic of this fish is that it has a fish) while the Channa striata used in this study was
round, cylindrical body shape, slightly black, and weighs cultured snakehead fish [60]. In line with another study
up to 250 g/fish [55]. This freshwater fish can be shows that snakehead fish that lives naturally in rivers
cultivated easily. The processing technology of snakehead (native snakehead fish) and cultured snakehead fish has an
fish is growing rapidly in line with the high demand of the edible portion that is not much different, namely 38.0%
community in consuming snakehead fish which has and 35.9%, respectively. However, although the
economic value and health benefits. Snakehead fish environment of the two types of snakehead fish is
contains high protein and albumin, so it is the potential to different because the edible portion (EP) is not only
be used as a supplement in accelerating the treatment of influenced by the availability of food, but also by other
children with tuberculosis especially to increase their factors including sex, age, and heredity, where it was
body weight and immunity [56][57]. Previous studies reported that female snakehead fish was reported to have
have shown that using organoleptic tests, various higher edible portion than male fish [40].
processed foods made from snakehead fish are liked by
the public [52][56][58]. In addition, snakehead fish has 4.2. Nutritional Characteristics of Original Snakehead
more meat than similar fish such as catfish. This study
Fish Flour and Its Modification
shows that that snakehead fish has a yield of about
2.38-2.97%, and an edible portion of snakehead fish
The results of this study indicate that the original
ranged from 50.35-55.12%. The results of this study snakehead fish flour and the modified snakehead fish flour
indicate that the edible portion of snakehead fish meet the most criteria of Grade I for nutritional
(50.35-55.12%) is higher than catfish (around 40%) [59]. characteristics, according to The Fish Flour Quality
This is due to the size of snakehead fish which is Requirements in SNI 01-2715-1996 (improvement of the
generally larger than catfish. The size of snakehead fish is revision of SNI 01-2715- 1992). But even so, of the three
categorized into three groups, namely small (<600 g), types of flour that best meets the Grade I requirements for
medium (600-900 g), and large (> 900 g) sizes [31]. In the fish flour quality is the original snakehead fish flour.
this study, the snakehead fish chosen was medium-sized, The criteria for the quality of fish flour for Grade I that are
weighing between 600-900 grams (medium size). The use met include are protein content of 79.62% (min 65%),
of snakehead fish with a smaller size (<600 g), causes a 0.66% crude fiber (max 1.5%), 5.13% ash content (max
less edible portion. Meanwhile, the use of snakehead fish 20%), and 4.93% fat content (max 8%). Only the water
with a larger size (> 900 g) requires a higher temperature content that does not meet the Grade I criteria is 11.05%
and a longer time during the steaming process [31].
(maximum 10%), so that for water content categorized in
A study by Asikin and Kusumaningrum in 2018 Grade II.
showed that the not much difference for the yield of
The water content in the original snakehead fish meal
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was the lowest compared to the two types of modified fish
meal. The highest water content was snakehead fish flour
with turmeric extract (14.66%), followed by water content
in snakehead fish flour with tofu dregs (16.83%). The
water content of tofu dregs and turmeric extract before
mixed with snakehead fish is high, between 60-85%. The
others technologies used to reduce the water content are
rotary dryer, spray dryer, freeze dryer, and tray dryer.
These drying technologies can increase the temperature
and airflow velocity, and the drying process is faster
[61][62][63]. The findings of this study also indicate that
the original snakehead has low carbohydrates (0%) and fat
content (4.93%) compared with the two types of modified
snakehead fish flour, where meet the quality criteria of
Grade I fish flour based on SNI 01-2715-1996
(improvement of SNI 01-2715-1992 revision). In line with
previous studies, that snakehead fish has a low fat and
carbohydrate content [30][40]. The original snakehead
fish flour has the highest energy content (363 kcal)
compared with snakehead fish flour with tofu dregs (338
kcal) and snakehead fish flour with turmeric extract (337
kcal). Children with tuberculosis, especially those who are
malnourished, need sufficient energy to meet their daily
needs. The infection of Mycobacterium tuberculosis can
cause low appetite, malabsorption of nutrients, and
wasteful metabolism. Conversely, malnutrition can
worsen the immunity of children with tuberculosis.
Therefore, the adequate nutritional intake and
consumption of snakehead fish as weight enhancing
supplements can optimize children with tuberculosis
treatment [25][26].
Snakehead fish (Channa striata) is a freshwater fish
that contains high protein and albumin, which is a
prospective alternative for nutraceutical products [29][30].
Based on this study, the original snakehead fish has high
protein content (79.62%) and contained 0.7% albumin
(extracted using an HCL solvent at a concentration of 0.25
M). Meanwhile, the protein content of modified
snakehead fish flour is lowest than original snakehead fish
flour, namely snakehead with tofu dregs (71.11%) and
snakehead with turmeric extract (71.41%), because the
composition of the snakehead fish flour is pure, without
any other materials. The protein content in snakehead fish
is higher than tofu dregs [30] and turmeric extract [61]. A
study by Nurilmala reported that protein content in fresh
snakehead fish extract was 11.62±0.17 mg/g, boiled
6.28±0.57 mg/g, and pure 105.23±0.44 mg/g. Other
studies by Asikin and Kusumaningrum have shown that
snakehead fish for various size categories, namely
category I (<600 g), II (600-900 g), and III (> 900 g), have
protein and albumin content of 59.24% and 15.26%; 63.33%
and 17.85%, and 63.59% and 14.23%, respectively [62].
The protein content of snakehead fish flour (79.62%) in
this study was higher compared to studies conducted by
Asikin and Kusumaningrum (59.24-63.59%). But in this
study, albumin content was lower (0.7%) than the study

53

by Asikin and Kusumaningrum (14,23-17,85%). The
difference in nutritional content (albumin content) can be
caused by snakehead fish processing methods. In this
study, snakehead fish was steamed for a longer time,
which was about 50 minutes at 60-70oCelcius, while in the
Asikin and Kusumaningrum studies, the heating is
conducted for 15 minutes at 60oC [31].
4.3. Nutritional Characteristics of Original Snakehead
Fish Flour and the Comparison
The nutritional characteristics of the three types of
snakehead fish flour (snakehead fish flour A, snakehead
fish flour B, and snakehead fish flour C) have some
similarities and differences based on the SNI
01-2715-1996 (improvement of SNI 01-2715-1992
revision) about fish flour quality requirements. Of the
three types of flour, snakehead fish flour C had better
nutritional content than snakehead fish flour A and B.
Snakehead fish flour C has lower water content (5.68%)
and fat content (2.31%) than snakehead fish flour A and
snakehead fish flour B. Also, it has high energy content
(386 kcal) and protein content (86.13%). Although the ash
content of snakehead fish flour C is the highest (6.29%)
compared to fish flour A (5.13%) and B (2.94%), this
figure meets the Grade I category (20% maximum). The
difference in the characteristics of the superior nutritional
content of snakehead fish flour C compared to snakehead
fish flour A and B is caused by differences in temperature
and duration of the drying process, where the drying
process is conducted at a lower temperature (40oC) and a
shorter drying time of 4 hours. Snakehead fish flour A and
B are dried at a temperature of 60oC for 8 hours. Drying is
a method for removing or removing part of the water from
the material by evaporating the water using heat energy.
The higher temperature and time of the snakehead fish
drying process can cause a decrease in the quality of the
nutritional content, especially protein and albumin in
snakehead fish [30][48][64]. The snakehead fish flour ‘C’
has the highest protein content (86.13%) compared with
snakehead fish flour A and snakehead fish B. The drying
process with a high temperature and a long time can
reduce the quantity and quality of protein. The heating
process in fish processing can cause protein denaturation,
which is the occurrence of changes in the basic
conformation of proteins. Also, it can cause the formation
of cross-linkages between protein amino acids. Therefore,
setting the high temperature and drying process needs to
maintain the nutritional characteristics of snakehead fish,
which will use as supplements and other health products
[30][48][50].
A study by Nugroho reported that the combination of
temperature and steaming time affected the albumin
content of snakehead fish. The steaming process by a
water bath with 40-90oC for 25-35 minutes can cause the
lower albumin content. Heating the snakehead fish to a
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temperature of 90oC for 20 minutes causes the albumin
structure to be irreversible, which is indicated by the
increase in the surface of the non-polar protein and
changes in its functional properties. The study also found
that the highest albumin yield of snakehead fish extract
was 2,459 g (100g)-1, by steaming temperature of 60oC
for 25-35 minutes [31]. The albumin content of snakehead
fish is relatively higher than that of other fish. Albumin is
the main protein that is abundant in blood plasma. In
addition, the quality of essential and non-essential amino
acids in snakehead fish is also better than other sources of
animal protein such as eggs and other poultry products
[48][24]. The types of proteins found in fish are
sarcoplasmic, myofibril, and stromal proteins. Albumin is
a type of sarcoplasmic protein that has some function in
new cell tissue formation, accelerates the recovery of
damaged cell tissue, and maintains fluid balancing in the
vascular cavity with the fluid in the interstitial cavity [40].
An experimental study in Indonesia proved that giving
snakehead fish (Channa striata) supplementation to
tuberculosis patients can increase BMI faster than TB
patients who are not given snakehead fish supplements for
one month, with minimal worse effects. Therefore, the
consumption of snakehead fish supplements is highly
recommended for children with tuberculosis to accelerate
tuberculosis treatment [30].
4.4. Microbiological Characteristics of Sneakheaded
Fish Flour
The results of this study indicate that the three types of
snakehead fish flour (original snakehead fish flour,
snakehead fish flour with tofu dregs, and snakehead fish
flour with turmeric extract) were free from contamination
by pathogenic bacteria. These microbiological
characteristics meet the criteria GradeI of fish flour
quality requirements according to SNI 01-2715-1996
(improvement of SNI 01-2715-1992 revision), which
stipulates that fish flour must be free from Salmonella
contamination (on 25 g samples) [33]. A study by
Hidayati et al (2018), shows that processing snakehead
fish extract using a heating process below 60oC has a risk
of pathogenic microorganism contamination such as
Escherichia coli, if not immediately stored in freezing
temperature after production production [65].
The users of this snakehead fish supplement are
children with tuberculosis as the age group at risk.
Consequently, it must be guaranteed to be free of all
forms of contamination include physical, chemical, and
microbiological contamination. Microbiological criteria
for food products define are the quality of a food product
that is assessed based on the presence or absence of the
number of microorganisms, including parasites and/or the
number of toxins/metabolites per unit mass, volume, area,
or lot. The control process of microorganisms in food is
demonstrated by microbiological testing of samples at

various stages. The results compared with criteria are
developed to assure that the food is safe and of good
quality. The prevention for food quality assurance is the
Hazard Analysis Critical Control Point (HACCP)
principle, at all steps in the food supply and processing
system. Several regulations that define microbiological
criteria are regulations by the Codex Alimentarius
Commission (CAC, 2001) and the EU Scientific
Committee for Food (EU, 1997) [66].

5. Conclusions
The original snakehead fish and modified snakehead
fish flour (snakehead fish flour with tofu dregs and
snakehead fish flour with turmeric extract) have met the
quality requirements for a fish meal based on SNI
01-2715-1996 (improvement of SNI 01-2715- 1992
revision). In general, the three types of snakehead fish
flour in this study meet the Grade I criteria (nutritional
and microbiological characteristics). So that, the three
snakehead fish flour can recommend being used as a
weight enhancing supplement for children with
tuberculosis. But, several stages include organoleptic and
experimental research, need to be done to prove the
effectiveness of these supplements on weight gain in
children with tuberculosis. Among the three types of
snakehead fish flour, the original snakehead flour meets
the criteria closest to Grade I. However, better processing
technology for snakehead fish supplements is needed to
improve the quantity and quality of nutritional content,
especially
protein
and
albumin
content
and
microbiological characteristics. One of the recommended
technologies is freeze-drying which can maintain the
protein and albumin content in snakehead fish flour.
Furthermore, prevention and control are necessary for
every stage in making snakehead fish supplements using
the Hazard Analysis Critical Control Point (HACCP) for
food quality assurance.
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