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ABSTRACT

Stunting is a chronic nutritional problem with a high prevalence in Indonesia, with inadequate intake of  protein 
and DHA during pregnancy being among the primary causes. This study aims to develop and optimize a pregnancy 
supplement formulation based on tuna eye oil and katsuobushi protein hydrolysate using a mixture design approach. 
The research stages included the extraction and characterization of  fish oil from tuna eyeballs, the enzymatic hydrolysis 
of  katsuobushi protein using papain, and the formulation of  an emulsion using egg yolk as the emulsifier. Optimization 
was conducted using a simplex-lattice {3,1} design with axial points via Minitab 19 software. The optimal formulation 
consisted of  40.40% tuna eye oil, 31.02% katsuobushi protein hydrolysate, and 28.58% egg yolk, resulting in a pH of  
4.29 and a viscosity of  3,880 cPs. The final product delivered 210 mg DHA per day, fulfilling the recommended daily 
intake for pregnant women. Nutritional profile and microbial safety tests also met established standards. These findings 
highlight the potential of  tuna eye oil and katsuobushi-based supplements as an innovative nutritional intervention for 
stunting prevention. 
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ABSTRAK

Stunting merupakan permasalahan gizi kronis yang masih tinggi prevalensinya di Indonesia, dengan salah satu penyebab 
utamanya adalah kekurangan asupan protein dan DHA selama kehamilan. Penelitian ini bertujuan mengembangkan 
dan mengoptimalkan formula suplemen kehamilan berbasis minyak mata tuna dan hidrolisat protein katsuobushi 
menggunakan pendekatan mixture design. Tahapan penelitian meliputi ekstraksi dan karakterisasi minyak mata tuna, 
hidrolisis protein katsuobushi dengan enzim papain, serta formulasi emulsi menggunakan eggyolk sebagai emulsifier. 
Optimasi dilakukan dengan rancangan simplex-lattice {3,1} with axial points menggunakan software Minitab 19. Formula 
terbaik terdiri dari 40,40% minyak mata tuna, 31,02% hidrolisat protein katsuobushi, dan 28,58% eggyolk, dengan 
pH 4,29 dan viskositas 3.880 cPs. Formula ini menghasilkan kandungan DHA sebesar 210 mg per hari, mencukupi 
rekomendasi untuk ibu hamil, serta memiliki profil gizi dan keamanan mikrobiologi yang sesuai standar. Hasil ini 
menunjukkan bahwa suplemen berbasis minyak mata tuna dan katsuobushi berpotensi sebagai solusi inovatif  dalam 
mendukung pencegahan stunting secara nutrisi.

Kata kunci: DHA, katsuobushi, minyak mata tuna, mixture design, suplemen kehamilan
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INTRODUCTION

	 Stunting is defined as a child’s 
growth disorder, characterized by height, 
weight, and IQ that are below average for 
children of the same age (WHO 2012). Basic 
health research data in 2018 stated that 
the prevalence of stunting in Indonesia 
reached 30.8%. The main cause of stunting 
is malnutrition during pregnancy, especially 
protein and iron intake. The government, 
in addressing this, has launched various 
national nutrition fulfillment programs 
through the First 1,000 Days of Life 
program, including the provision of iron and 
folic acid supplements for pregnant women 
(Kemenkes 2016).
	 Omega-3 contained in fish has 
important benefits for body health, vision, 
and brain development (Swanson et al. 
2012). Koletzko et al. (2007) of the World 
Association of Perinatal Medicine stated that 
the daily requirement of DHA for pregnant 
and lactating mothers is at least 200 mg. 
Tuna eyes are a source of omega-3, and even 
in Japan, they are often consumed as a luxury 
food. The EPA and DHA content in tuna eyes 
is 7% and 35%, respectively (Gamarro et al. 
2013). The fatty acid composition of tuna 
eye oil is dominated by unsaturated fatty 
acids, especially the polyunsaturated fatty 
acids (PUFA) group, with docosahexaenoic 
acid (DHA) as the main fatty acid (Riyanto et 
al. 2021). Trilaksani et al. (2020) succeeded 
in developing an environmentally friendly 
extraction method to produce tuna eye oil. 
Tuna eye oil supplementation for pregnant 
women offers an innovation in improving 
public health.
	 Omega-3 (EPA and DHA) are very 
sensitive to high temperatures and begin 
to degrade at 50°C (Hădărugă et al. 2016). 
Cold chain handling in fish processing is 
an important factor in preventing oxidation. 
Fish handling in Indonesia still faces many 
obstacles, resulting in low-quality fish. The 
heating process can also damage the omega-3 
content, so to overcome this, antioxidants 
are often added to fish oil. Indonesian 
fishery resources that have the potential 
as natural antioxidants are mangrove fruit 
(Trilaksani et al. 2020). In addition, the 
simple structure in the form of amino acids 
and peptides from katsuobushi hydrolysate 
also has the potential to contain active 
antioxidant compounds (Noman et al. 2017; 
Chalamaiah et al. 2012; Lee et al. 2015). 
Some active components, for example. ACE 
inhibitors have additional potential to meet 

daily nutritional needs and help prevent 
preeclampsia in pregnant women (Abachi et 
al. 2019; Darewicz et al. 2014).
	 Anggraini (2018) reported that 
Indonesian katsuobushi hydrolysate 
hydrolyzed using 3% (w/v) papain enzyme 
had ACE inhibitor activity of 82.21±2.7%. 
This hydrolysate contains various types 
of active peptides, such as Alanine-
Isoleucine-Tyrosine-Lysine, Aspartic Acid-
Phenylalanine-Glycine, and Tyrosine-
Histidine, which are known to have potential 
as ACE inhibitors.
	 Supplementation for pregnant 
women requires an appropriate nutritional 
composition (Permenkes 2019), especially 
in terms of determining the dose, proportion 
of ingredients, and composition of the 
formulation. The mixture design method 
allows the combination of two or more 
components to produce a more optimal 
formulation (Bezerra et al. 2020). This 
method can produce a final product with 
better properties than the use of a single 
component (Cornell 1990). This study aims to 
optimize the pregnancy supplement formula 
based on tuna eye oil and katsuobushi 
protein hydrolysate using a statistical 
mixture design approach.  

METHODS

Materials and tools

	 The fish oil used in this study was 
obtained from tuna eyeballs, produced from 
the tuna loin processing industry in Bitung, 
North Sulawesi. Skipjack tuna katsuobushi 
(Katsuwonus pelamis) was produced 
by PT. Omereso Foods in Makassar, 
South Sulawesi. The protein hydrolysis 
process was carried out using the papain 
enzyme (Papain®, Merck, 300,000 U/mg). 
Ingredients for the emulsion formulation 
included chicken egg yolk, lemon, sugar, 
sodium benzoate, and coconut oil. Additional 
chemicals used included potassium iodide 
(KI) (Sigma), p-anisidine, and 2-2 azinobis 
(Sigma). Various laboratory instruments 
were used in this study, including centrifuge 
(Hitachi, Model Part No. R12A6904357D0), 
gas chromatograph (Shimadzu GC 2010 
plus), water bath shaker (Yamato, Japan), 
homogenizer (Wiggen Hause), Minitab 19 
software for statistical analysis, viscometer 
(Toki Sangyo, Model TV-10), and Dino Eye 
microscope with 4×10 magnification.
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Research procedures

Preparation, extraction, and characterization 
of tuna eye oil

	 Tuna (Thunnus albacares) eyes 
were visually analyzed to measure their 
proportion, size, and weight. Freshness 
evaluation was carried out based on SNI 
2729:2013 standards, which include 
assessment of the eyeball, cornea, and 
pupil. Analysis of the chemical composition 
of tuna eyes included measuring the 
content of moisture, fat, protein, ash, and 
carbohydrates using the by-different method 
(AOAC 2005). Oil extraction was carried out 
using the centrifugation method (11,200 g 
for 30 minutes at 4°C) based on Clodoveo 
and Hbaeib (2013). The oil obtained was 
stored at -20°C. The quality parameters 
evaluated included peroxide value (AOAC 
2005), free fatty acid content (AOCS 1998), 
p-anisidine analysis (IUPAC 1987), total 
oxidation (TOTOX) (AOCS 1997), fatty acid 
content (AOAC 2005), and heavy metals (Cd, 
Pb, Hg, As) (SNI 2354-23 2021).

Hydrolysis and characterization of 
katsuobushi protein

	 Katsuobushi used as raw material 
was analyzed for its moisture, fat, protein, 
ash, and carbohydrate content (AOAC 2005). 
The polycyclic aromatic hydrocarbon (PAH) 
content was analyzed using EPA 610. The 
hydrolysis process was carried out by mixing 
katsuobushi powder with distilled water in a 
ratio of 1:5 (w/v). Papain enzyme 3% (w/v) 
was used at pH 7 and a temperature of 55°C 
for 4 hours, then the process was stopped 
by heating at a temperature of 90°C for 15 
minutes (Nikoo et al. 2023). Hydrolysate 
powder was produced through a freeze-
drying process at a temperature of -49°C and 
a pressure of 13.4 Pa. The hydrolysate was 
then analyzed for the degree of hydrolysis 
(Hoyle and Merritt 1994), molecular weight 
(Laemmli 1970), and antioxidant activity 
using the ABTS method (Re et al. 1999).

Optimization of pregnancy supplement 
emulsion formulation

	 Oil from tuna eyes, which is rich in 
DHA (Trilaksani et al. 2020), katsuobushi 
protein hydrolysate as a source of 
antioxidants (Lee et al. 2015), and egg yolk 
as an emulsifier were used as the main 
variables in this experiment. Fixed variables 

included coconut oil (38 g), lemon (3 g), sugar 
(5 g), salt (0.20 g), and sodium benzoate 
(0.05 g). The experimental design used was 
a mixture experiment {3,1} simplex-lattice 
design with axial points, using Minitab 19 
software to determine the optimum formula 
(Figure 1).
	 There were seven formulas tested 
with two replications. The range of the 
main variable values was based on the 
daily nutritional adequacy figures for 
pregnant women aged 19-29 years. The 
amount of tuna eye oil ranged from 0.3 to 
0.6 g, katsuobushi protein hydrolysate 
between 4.5 to 7.5 g, and egg yolk 6.5 to 
9.5 g. The final formula was expressed in 
percentage and converted to weight (g). The 
recommended consumption dose is 3 times 
a day, 2 tablespoons, according to the AKG 
for protein (Permenkes 2019) and EPA/
DHA recommendations for pregnant women 
(Koletzko et al. 2007). The parameters tested 
included pH value, viscosity, and sensory 
preference to determine the best formula.

Characterization of the optimal formula of 
pregnancy supplement emulsion

	 Analysis to determine the optimal 
formula of pregnancy supplement emulsion 
includes analysis of moisture, fat, protein, 
ash, and carbohydrate content using the 
by-difference method (AOAC 2005). In 
addition, fatty acid content was analyzed 
using the GC-MS technique following the 
AOAC 2005 No.969.33 standard. Evaluation 
of nutritional value was carried out based 
on the nutritional adequacy rate (AKG) 
guidelines from the Permenkes (2019), and 
microbiological testing to ensure product 
safety was carried out following the BSN 
standard (2009a).

Data analysis procedures

	 A mixture experiment {3,1} simplex-
lattice design with axial points used in the 
Minitab 19 application. The model is mapped 
in a contour plot in the form of an image 
(2D) and a response curve in the form of a 
graph (3D) to provide an overview of the test 
variables.

Description:
E(Y)	= Response estimate
βi   	= Value of the i-th coefficient
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βij	 =	Value of the combined response 
coefficient of i and j

x1   = Proportion of tuna eye oil
x2	 =	Proportion of katsuobushi protein 

hydrolysate
x3  	=	Proportion of egg yolk

RESULTS AND DISCUSSION

Characteristics of tuna eye oil

	 The composition of the tuna eye 
analyzed showed a water content of 67.933 
± 1.371%, fat 18.437 ± 0.473%, ash 1.13 
± 0.049%, protein 11.43 ± 0.294%, and 
carbohydrate 1.09 ± 0.715%. Evaluation of 
the quality of tuna eye oil was carried out 
based on the Codex Alimentarius 329-2017 
standard regarding the quality and safety of 
consumable fish oil. The results of the tuna 
eye oil quality parameter test are presented, 
showing that all measured parameters are 
within safe limits according to international 
standards.
	 Free fatty acid (FFA) levels are an early 
indicator of fat degradation due to triglyceride 
hydrolysis into free fatty acids and glycerol. 
The analysis results showed an FFA value of 
0.56 ± 0.01% (w/w), far below the maximum 
threshold of <3.5%, indicating that the oil 
produced is still fresh and has minimal 
enzymatic and microbial degradation. The 
p-anisidine number measures the content 
of secondary aldehydes formed during the 
secondary oxidation process of the oil. The 

value obtained was 3.65 ± 0.01 meq/kg, still 
far below the maximum limit of <20 meq/
kg, indicating that the oil has not undergone 
significant further oxidation.
	 Peroxide value (PV) was used to assess 
the level of primary oxidation, especially the 
formation of peroxides and hydroperoxides 
as the initial compounds of unsaturated 
fat oxidation. The results of the PV analysis 
reached 4.30 ± 0.00 meq/kg, slightly 
close to the Codex maximum limit of <5.0 
meq/kg, but still in the safe category and 
indicating relatively good oil stability in the 
early stages of storage. The last parameter, 
total oxidation (TOTOX), was calculated as 
a combined indicator of peroxide value and 
p-anisidine to describe the overall level of 
oxidative damage to the oil. The TOTOX 
value obtained was 12.26 ± 4.49 meq/kg, 
lower than the Codex maximum threshold 
of <26 meq/kg, so the oil can be categorized 
as having good oxidative quality and is safe 
for consumption. Overall, the four quality 
parameters indicate that the tuna eye oil 
extracted in this study has met international 
quality standards and is suitable for use as 
a raw material in the formulation of DHA-
rich pregnancy supplements.
	 Heavy metal content, such as lead 
(Pb), cadmium (Cd), and mercury (Hg), was 
not detected, while arsenic (As) was detected 
at less than 0.005 mg/kg (Table 2). These 
results are following Codex Standard 193-
1995, which regulates the limits of heavy 
metal and toxin contamination in food, so 
that the oil is safe for consumption.

Figure 1. Mixture experiments {3,1} simplex-lattice design with axial points, pregnancy supplement;  
                 : design point formula, 0-100: percentage formula.
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	 The dominant fatty acid component 
in this oil was docosahexaenoic acid (DHA), 
with the highest percentage of 32.12%, 
followed by palmitic acid (C16:0) at 19.13%. 
Palmitic acid is known to play a role in 
forming retinol esters (retinol palmitate), 
which support maintaining eye moisture 
(Diao et al. 2017). DHA, which contributes to 
the function of the retina as a photoreceptor, 
also has a significant role in eye health 
(Jeffrey et al. 2001).

Characteristics of katsuobushi protein 
hydrolysate

	 The katsuobushi used had a blackish 
surface with an average length of 18 cm and 
a weight of 89.47 g. The water content was 
20.44 ± 0.028%, which slightly exceeded 
the SNI 2691.1:2009 standard by 0.440 ± 
0.028%. Other main components included 
protein (69.320%), ash (2.95 ± 0.021%), fat 
(7.18 ± 0.014%), and carbohydrates (0.10%). 
	 The hydrolysis process using 3% 
(w/v) papain enzyme produced a degree 
of hydrolysis of 48.86%, while without the 

enzyme, it was only 12.68%. The molecular 
weight of the protein was detected at 19.5 
kDa (Figure 2), with antioxidant activity 
(IC50) of 0.199 ± 0.18 mg/mL (199 ppm), 
which is classified as weak (Blois 1958). 
Several peptides have been identified as 
having potential antioxidant activity, such 
as Isoleucine-Lysine-Proline-Lysine and 
L-Histidine, which are thought to be able 
to ward off free radicals through a proton 
donor mechanism (Chalamaiah et al. 2012).

Characteristics of pregnancy supplement 
emulsion

	 Visually, this emulsion has a dark 
yellow color with a thick texture (Figure 3). 
Egg yolk is used as an emulsifier because 
its high phospholipid lecithin content (10%) 
is more stable than lecithin from soybeans 
(Palacios and Wang 2005). The average pH 
value of the entire formula is 4.24 ± 0.21, 
according to the McClements standard 
(2015), which is 2.5-4.5, to prevent microbial 
growth.

Figure 2. Banding pattern of katsuobushi protein hydrolysate. A, B first and second test, C marker.

Figure 3. Visualization of the appearance of the pregnancy supplement emulsion.
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	 The average viscosity of the 
formula reached 3,600 ± 0.6 cPs, which is 
comparable to commercial products (3,347 
cPs) (Amertaningtyas and Jaya 2011). 
The optimal formula consisted of 40.40% 
tuna eye oil, 31.02% katsuobushi protein 
hydrolysate, and 28.58% egg yolk, with pH 
and viscosity of 4.29 ± 0.007 and 3,880 ± 
1.13 cPs, respectively.
	 The surface plot graph (Figure 
4A) shows the response of pH values with 
variations in height. The predicted maximum 
response (4.69 ± 0.3) is visualized on the 
contour plot graph (Figure 4B) with a dark 
green area, located in the combination region 
of tuna eye oil and emulsifier. The average 
pH value for all formulas produced is 4.24 
± 0.21, which is between the katsuobushi 
protein hydrolysate and egg yolk regions, 
with a light green color. This average pH 
value is in accordance with the range 
recommended by McClements (2015), which 
is 2.5-4.5 because this range is effective in 
preventing the growth of spoilage microbes. 
The visualization of the surface plot (Figure 
4C) shows the difference in height as a 
representation of the response value. The 
higher the graph, the greater the response 
value achieved. Based on the graphical 
analysis, the minimum viscosity response is 
located on the surface plot graph with a value 
of 2,360 ± 0.5 cPs, which is visualized on the 
contour plot graph (Figure 4D) with a green 
area in the katsuobushi protein hydrolysate 
region. The estimated average viscosity is 
3,600 ± 0.6 cPs, which is relatively close to 
the commercial product viscosity of 3,347 
cPs according to Amertaningtyas and Jaya 
(2011).

Characteristics of the best formula for a 
pregnancy supplement emulsion

	 The optimal formula obtained based 
on pH and viscosity analysis consisted of 
40.40% tuna eye oil, 31.02% katsuobushi 
protein hydrolysate, and 28.58% egg yolk 
(Figure 4). The maximum pH and viscosity 
values resulting from the simplex-lattice 
design {3,1} with axial points were 4.39 
and 3,291.23 cPs, respectively. After being 
verified in the laboratory, the pH and viscosity 
values obtained were 4.29 ± 0.007 and 3,880 
± 1.13 cPs. The pH response graph showed 
a uniform pattern for all variables, while 
the viscosity showed an opposite response 
between katsuobushi protein hydrolysate 
with tuna eye oil and egg yolk.
	 The nutritional characteristics of 

this best formula emulsion also show high 
quality, with a fat content reaching 74.45 
± 0.12%, which exceeds the minimum 
standard of 65% according to SNI 01-4473-
1998 for mayonnaise products. The water 
content is 14.74%, carbohydrates 7.04%, 
protein 3.35%, and ash 0.42%. The addition 
of tuna eye oil and coconut oil significantly 
contributes to the high fat content. In terms of 
food safety, the results of the total microbial 
plate count test showed only 3×10³, far 
below the maximum limit of 1×104 CFU/g, 
so this product is safe for consumption by 
pregnant women (BSN 1998).
	 Visualization in the graph shows a 
relatively consistent pH response pattern 
to variations in material composition. In 
contrast, the viscosity response shows a 
striking difference, where increasing the 
proportion of katsuobushi hydrolysate 
tends to decrease viscosity, while increasing 
the proportion of tuna eye oil and egg yolk 
actually increases the emulsion viscosity. 
This relationship is reflected in the 
interaction curve presented in the graph and 
the validation of the maximum point by the 
dashed blue line in Figure 5.
	 The fatty acid profile in the 
pregnancy supplement emulsion formula 
is dominated by saturated fatty acids 
(SFA). The highest percentage of fatty acid 
is lauric acid (C12:0) with a percentage of 
27.71%, followed by myristic acid (C14:0) at 
11.49%. The percentage of polyunsaturated 
fatty acids (PUFA) is 1.79%, with a DHA 
content of 0.36% and an EPA of 0.04%. 
The ratio of omega-3 to omega-6 in this 
formula is 1:4.7. Simopoulos (2002) noted 
that the recommended consumption ratio 
of omega-6: omega-3 varies according to the 
desired function and health benefits, such 
as reducing cell proliferation in colorectal 
cancer, suppressing inflammation in 
rheumatoid arthritis, and helping manage 
asthma.
	 The best pregnancy supplement 
formula meets the recommended dietary 
allowance (RDA) with a protein content of 
3.35%, MUFA 5.67 g, and PUFA 1.10 g per 
day. The total consumption of omega-6 and 
omega-3 achieved is 1.46 g and 230 mg per 
day. Koletzko et al. (2007) recommend daily 
DHA consumption for pregnant women of 
200 mg, and this formula has met these 
needs with a DHA content of 210 mg per 
day.
	 The pregnancy supplement formula 
resulting from this study is designed to be 
consumed three times a day with a dose of 
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two tablespoons per consumption (a total of 
60 grams per day). The resulting nutritional 
composition shows that this supplement 
contains 3.35% protein, which plays an 
important role in supporting fetal tissue 
growth and the metabolic needs of pregnant 
women. The content of monounsaturated fat 
(MUFA) reaches 5.67 grams per day, while 

polyunsaturated fat (PUFA) reaches 1.10 
grams per day. The total omega-6 fatty acids 
in this formula are 1.46 grams, consisting 
of 900 mg of linoleic acid (C18: 2n-6c) 
and 60 mg of arachidonic acid (C20: 4n-
6), equivalent to 10.43% of the nutritional 
adequacy rate (RDA).
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Figure 4.	 Mixture design graphs for pH (A, B) and viscosity (C, D) responses; (A, B) mixture surface plot, 
(C, D) mixture contour plot.

Figure 5.	 Pregnancy supplement emulsion plot with mixture experiment {3,1} simplex-lattice design 
with axial points.

	 Total omega-3 fatty acids reach 230 
mg per day or 16.43% of the RDA, consisting 
of 10 mg linolenic acid (C18:3n-3), 20 
mg eicosapentaenoic acid (EPA), and 210 
mg docosahexaenoic acid (DHA). The 
DHA content has exceeded the minimum 
recommendation of 200 mg per day for 
pregnant women as determined by Koletzko 
et al. (2007). The ratio of omega-6 to omega-3 
in this formula is 1:4.7, which is close to 
the ratio considered ideal in supporting 
cardiovascular health and fetal nervous 
system development. With a complete and 
balanced nutritional composition, this 
supplement has the potential to be an 

effective functional nutritional intervention 
in supporting healthy pregnancies and 
preventing stunting from the early stages of 
life.

CONCLUSION 

	 This study successfully developed 
and optimized the formulation of pregnancy 
supplements based on tuna eye oil and 
katsuobushi protein hydrolysate using the 
simplex-lattice type mixture design method 
{3,1} with axial points. The optimum formula 
consisted of 40.40% tuna eye oil, 31.02% 
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katsuobushi hydrolysate, and 28.58% egg 
yolk, with characterization results showing 
a pH value of 4.29 and a viscosity of 3,880 
cPs. The final product meets food safety 
standards and can provide 210 mg of DHA 
per day, according to the daily needs of 
pregnant women. Its nutritional composition 
shows a balanced fatty acid profile, with an 
omega-6 to omega-3 ratio of 1:4.7. These 
results indicate that this supplement has 
the potential as an innovative functional 
nutritional intervention in supporting the 
health of pregnant women and preventing 
stunting from early life.
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