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Abstract

There are many supplements in tablet form on the market with various ingredients and benefits. However, previously, fish
oil-based tablet supplements with other ingredients have not been widely found in the market, presumably due to stability issues
during storage. Therefore, an alternative that can be considered is combining tuna eye oil with antioxidant-rich ingredients such as
Spirulina platensis in the form of tablets. Tuna eyes oil comes from a by-product of the tuna processing industry which contains
fatty acids that are beneficial for health. Besides that, Spirulina platensis is a microalgae that has antioxidant potential for the human
body and can maintain product quality to prevent oxidation. This study aimed to evaluate the quality of fatty acids and antioxidant
activity of supplement tablets from tuna eyes oil and Spirulina platensis. The design used in this research was a completely
randomized design (CRD) with three treatments and three replications. Treatment includes different formulas FO = (tuna eyes oil
without Spirulina platensis), F1 = (tuna eyes oil + Spirulina culture), and F2 = (tuna eyes oil + Spirulina commercial). The research
results show that supplement tablets that have optimal shelf-life stability are those with a formula tuna eyes oil +Spirulina culture
ICso value obtained amounted to 119.63 ppm, atherogenicity index (Al) 0.38, thrombogenicity index (T1) 0.17, and total fatty acids
identified were 99.95%. A combination of tuna eyes oil and Spirulina platensis has a more complete fatty acid quality than without

the combination.
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1. Introduction

Food supplements are health products that are often
a popular topic and the center of attention of consumers in the
world. Currently, research on food supplements is still limited
even though the prevalence of the use of food supplements
has increased drastically over the last 20 years and it is
estimated that demand will increase by $272.4 billion in 2028
[1-3]. Food supplements have various forms, one of which is
solid or tablet form which is a dosage form containing active
ingredients and is the most widely used because it is practical,
easy to carry, easy to find, and easy to produce [4-6]. Apart
from that, food supplements have also been circulating on the
market with various ingredients and benefits. One alternative
supplement in tablet form that has potential is easy to obtain
and has shelf-life stability, namely a combination of tuna eyes
oil and Spirulina platensis. Tuna eyes oil is a fishery product
that comes from the by-products of the tuna processing
industry, generally processed into fillet, sashimi, and canned
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products that still contain head, eye, skin, innards, and bone
by-products [7]. Tunas eye oil contains polyunsaturated fatty
acids omega-3 in particular docosahexaenoic acid (DHA) by
35% [8-9]. Tuna eyes has DHA content is higher than other
fish oils, one of which is sardines, 6.90% and the DHA
content has benefits for forming brain nerves, reducing the
risk of various degenerative diseases and mental disorders
[10-14]. Besides that, Spirulina platensis is a type of
microalgae with blue-green, lives in waters, is easy to
cultivate on a large scale due to that were high photosynthetic
efficiency, easy to adapt to the environment, a protein content
of 63% and other bioactive compounds [15-17]. Spirulina
platensis has antioxidant potential for the human body and
maintains product quality hence that it does not oxidize [18-
19]. Combined dietary supplement tablets Spirulina platensis
and virgin fish oil from tuna eyes which has been approved
[20], particularly has the disadvantage of studying the fatty
acid profile and limited antioxidant activity because it was
only tested with the best treatment. Therefore, the author
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conducted research related to evaluating the quality of fatty
acids and antioxidant activity of supplement tablets from tuna
eyes oil and Spirulina platensis.

2. Materials and methods
2.1 Materials

The ingredients used consist of tuna eyes oil,
Spirulina platensis culture, Spirulina commercial, beta
cyclodextrin, gum arabic, vitamin C, avicel 102, silicon
dioxide, talc, and magnesium stearate. The tools used consist
of food processor (Panasonic MK-5086M), high-speed
refrigerated centrifuge (Himac CR 21G), magnetic stirrer,
analytical balance, electronic pipette, glass stirrer, blender,
caliper (smallest scale 0.1 cm), Spray drayer (Holes 190 @
nozzle 0.7 mm), homogenizer, tablet printing machine
(Rimek mini press-11) and tools for cultivation Spirulina
platensis.

2.2 Method

This research was carried out experimentally using a
completely randomized design (CRD) with three treatments
and three replications. A different formula is FO = (tuna eyes
oil without Spirulina platensis), F1 = (tuna eyes oil +
Spirulina culture), and F2 = (tuna eyes oil + Spirulina
commercial).

2.3 Tunas eye oil extraction

Extraction of tuna eyes oil refers to [9]. Tunas eye
samples were obtained from the Muara Baru tuna loin
company, North Jakarta. Tuna eyes preparation is done by
cutting the tunas eye into three parts to remove the sclera and
lenses. The tuna eyes meat is then crushed using a blender
until it becomes a paste, then low-temperature centrifugation
is carried out to separate tuna eyes oil (10.000 rpm, 30
minutes, 4 °C). The tunas eye oil that is formed is taken using
a dropper pipette and put into a coated glass bottle of
aluminum foil to avoid oxidation.

2.4 Microencapsulation of tuna eyes oil

Microencapsulation of tuna eyes oil refers to [21]
using beta-cyclodextrin and gum arabic coating materials in
a ratio of 1:2. The ratio of coating material to tunas eye oil is
2:1 and the homogenization time is 10 minutes. The coating
mixture is dissolved using 15% water and heated at a
temperature of 60 °C. The solution was cooled to a
temperature of 45 °C and homogenized (13.000 rpm for 2
minutes). Tunas eye oil was added to the mixture gradually
which was then homogenized (13.000 rpm for 10 minutes).
The resulting emulsion is dried using a spray dryer.

2.5 Cultivation Spirulina platensis

Cultivation Spirulina platensis refers to [22].
Spirulina platensis has grown on technical Walne media at 1
mL/L at a temperature of 25 °C with a light intensity of 3,250
lux, lighting for 24 hours, and seawater salinity of 15 ppt. The
seeds used are 20% of the culture volume. Spirulina platensis
harvested on the 14th day after reaching optical density (OD)
> 0.5. Harvesting Spirulina platensis was carried out by
filtering nylon mesh size 20 um to separate biomass and
filtrate. The biomass was dried using an oven at 40 °C for 24
hours and ground into powder.

2.6 Supplement tablet formula
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The manufacture of supplement tablet formulas is
required using the compression method according to [20].
Provide all the ingredients, namely tuna eyes oil
microcapsules, Spirulina platensis, vitamin C, avicel 102,
silicon dioxide, talc, and magnesium stearate. Next,
homogenization is prescribed and printing of supplement
tablets is conceded. The supplement tablet formula in this
study can be seen in Table 1. The supplement tablet formula
will be analyzed for the fatty acid profile using the method
[23], the fatty acid ratio of the supplement tablet [24], the
atherogenicity index (Al), and the thrombogenicity index (TI)
in supplement tablets [25] and the antioxidant activity of
supplement tablets [26].

2.7 Variables

The parameters measured were the fatty acid profile
of supplement tablets, the fatty acid ratio of supplement
tablets, the atherogenicity index (Al) and thrombogenicity
index (TI) of supplement tablets, and the antioxidant activity
of supplement tablets.

2.8 Data analysis

The data obtained will be admitted analysis of
variant (ANOVA) with a 95% confidence interval, when
results show a significant influence (p<0.05) then further
testing is done Duncan. The applications used for data
analysis are Software Microsoft Excel 2013 and Statistical
Process for Social Science (SPSS) version 22.0.

3. Results and discussions
3.1 Fatty acid profile of supplement tablets

The fatty acid profile of supplement tablets consists
of eleven saturated fatty acids (SFA), nine monounsaturated
fatty acids (MUFA), and nine polyunsaturated fatty acids
(PUFA). The fatty acid profile of supplement tablets can be
seen in Table 2.

This research produced a supplement tablet fatty
acid profile, namely two SFA and two MUFA which were not
detected. Apart from that, nine SFA were detected, seven
MUFA and nine PUFA (Table 2). The total SFA in this study
experienced an increase, namely FO of 29.13%, F1 of
32.69%, and F2 of 33.27%. The increase that occurred in SFA
was caused by the supplement tablets originating from tuna
eyes oil combined with Spirulina platensis. This is following
research [27] that the addition Spirulina platensis Honey was
able to increase the SFA content as indicated by the addition
of palmitic fatty acid (C18:0) to the combination product,
which was not detected in the control, increasing by around
11% after the combination. [28] added that the fat content,
especially SFA, namely palmitic and stearic, increased in the
added bread Spirulina.

The total MUFA in this study produced various
values, namely FO of 30.80%, F1 of 32.25% and F2 of
32.20%. Total PUFA in this study produced various values,
namely FO of 36.08%, F1 of 35.01% and F2 of 34.45%. In the
F1 treatment (MUFA) there was an increase as well as in the
FO treatment (PUFA). This is because the supplement tablets
in this study were combined with Spirulina platensis which
can increase its nutritional and fatty acid (MUFA) content.
Research [29] reported that Spirulina contains 32.94%
MUFA where oleate is dominant so the addition of Spirulina
to the product can increase its nutritional content (MUFA).
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Table 1: Supplement tablet formula

. Formula (mg)
Material type Fo F1 =)
Tuna eyes oil microcapsules 300 300 300
Spirulina platensis - 140 140
Vitamin C 140 - -
Avicel 102 30 30 30
Silicon dioxide 15 15 15
Talc 10 10 10
Magnesium stearate 5 5 5
Weight per tablet + 500 mg + 500 mg + 500 mg
Table 2: Fatty acid profile of supplement tablets
. Formula (%)
Fatty acids =) F1 =)
Lauric acid, C12:0 nd nd nd
Tridecaenoat acid, C13:0 0.25 0.18 0.13
Muyristic acid, C14:0 2.63 2.68 2.79
Pentadecanoic acid, C15:0 0.87 0.92 0.89
Palmitic acid, C16:0 19.39 22.66 23.07
Heptadecanoic acid, C17:0 1.14 1.18 1.21
Stearic acid, C18:0 4.20 4.33 4.37
Arachidic acid, C20:0 0.33 0.34 0.35
Heneicosanoic acid, C21:0 0.12 0.60 0.13
Bahenic acid, C22:0 nd nd nd
Lignoceric acid, C24:0 0.09 0.25 0.24
Total SFA 29.13 32.69 33.27
Myristoleic acid, C14:1 0.08 0.11 0.13
Pentadecanoic acid, C15:1 0.11 0.11 0.13
Palmitoleic acid, C16:1 6.64 7.01 7.03
Cis-10-Heptadecanoate acid, C17:1 1.19 1.18 1.23
Olaidic acid, C18:1n-9¢c 20.92 21.74 21.68
Eicosenoic acid, C18:1n-9t nd nd nd
Cis-11-Eicosenoic acid, C20:1 1.71 1.76 1.80
Erucic acid methyl ester (C22:1 n-9) 0.20 0.24 0.19
Nervonoic acid, C24:1 nd nd nd
Total MUFA 30.80 32.25 32.20
Linoleic acid, C18:2n-6¢ 1.50 1.97 2.20
Linolenoic acid, C18:3n-3 0.39 0.26 0.83
y- Linolenoic acid, C18:3n-6 0.07 0.66 0.51
Cis-11,14-Eicosadinoic acid, C20:2 0,29 0.50 0.19
Cis-8,11,14-Eicosantrienoic acid, C20:3n-6 0.22 0.18 0.13
Arachidonic acid, C20:4n-6 2.62 2.49 2.41
Cis-13,16-Docosadinoic acid, C22:2 0.18 1.08 0.89
Eucosapentanoic acid (EPA), C20:5n-3 5.69 5.20 5.12
Dokosahexaenoic acid (DHA), C22:6n-3 25.02 22.61 21.87
Total PUFA 36.08 35.01 34.45
Total fatty acids identified 91.90 99.95 99.92
Notes: nd (not detected)
Table 3: Fatty acid ratio of supplement tablets
Total fatty acids (%) .
Formula Omega-3 Omega-6 Omega-9 Ratio
FO 31.27 4.31 21.12 7.26:1:4.9
F1 28.28 5.23 21.98 5.41:1:4.2
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F2 | 27.50 | 5.69 | 21.92 | 4.83:1:3.8
Table 4: Antioxidant activity of supplement tablets
Formula I1Cso value (ppm)
FO 184.07+3.52°
F1 119.63+1.53%
F2 130.45+2.13°
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Figure 1: Atherogenicity index (Al) and thrombogenicity index (T1)) of supplement tablets

Research [30] reported that Spirulina platensis is
rich in PUFA fatty acids, especially a-linolenic acid (ALA)
and y-linolenic acid (GLA).

Apart from that, the fatty acid profile components of
supplement tablets dominate the DHA content, namely FO of
25.02%, F1 of 22.61%, and F2 of 21.87% which will later
play a role in health, one of which is as a nutrient for brain
nerve development and bone growth. This is by research [31]
that DHA is good at helping brain development and optimal
functional development of the central nervous system. [32]
added that DHA also plays a role in increasing bone growth
through increasing calcium absorption in the intestine, as well
as encouraging mineral deposits for bone development.

3.2 Fatty acid ratio of supplement tablets

The fatty acid ratio of supplement tablets in formulas
FO, F1 and F2 has different values which can be seen in Table
3. The fatty acid ratio of supplement tablets produces
different omega-3, omega-6, and omega-9 in different
formulas (FO, F1, and F2). FO produces 31.27% omega-3,
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4.31% omega-6 and 21.12% omega-9 with a ratio of
7.26:1:4.9. F1 produces 28.28% omega-3, 5.23% omega-6
and 21.98% omega-9 with a ratio of 5.41:1:4.2. F2 produces
27.50% omega-3, 5.69% omega-6 and 21.92% omega-9 with
a ratio of 4.83:1:3.8.

This research shows that with higher levels of
omega-3, omega-6, and omega-9, the resulting ratio is also
higher. This is because the supplement tablet formula has
various types, hence omega-3, omega-6, and omega-9, and
their ratios will have different results. Research [33] reported
that different ingredients and combinations will produce
different ratios of omega-3, omega-6, and omega-9. Omega-
6 in this study increased due to the linoleic acid content in
Spirulina and omega-3 from tuna eyes oil. This is by what
was reported [34] that the content of fatty acids (omega-6) in
Spirulina contains linoleic acid. Apart from that, it is
necessary to pay attention to the balanced ratio of fatty acids
in supplement tablets which is beneficial for health. This is to
the statements [35] and [24] that it is very important to pay
attention to the balanced ratio of fatty acids in products to
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support health such as maintaining the function of the heart,
brain, and nervous system.

3.3 Atherogenicity index (Al) and thrombogenicity index
(T1) of supplement tablets

The atherogenicity index and thrombogenicity index
of supplement tablets have varying values which can be seen
in Figure 1. The Al index of supplement tablets produces
namely FO (0.51), F1 (0.38) and F2 (0.38). The Tl indices of
supplement tablets produced were FO (0.19), F1 (0.17) and F2
(0.18). Figure 1 shows the IA and TI of different supplement
tablet preparations and with additions Spirulina platensis can
reduce the Al value from 0.51 to 0.38 and the Tl value from
0.19 to 0.17. However, the Al and Tl values in this study are
still classified as good fatty acids because they have an index
below 0.50. This is by the statement [25] that good fatty acids
have an index below 0.50 for both Al and TI values.

The low TI value in this study was caused by low
levels of myristic fatty acid. This is by the statement [36] that
low myristic fatty acid levels will influence low TI values.
Apart from that, the addition of Spirulina platensis resulted
in lowering the value of Al and TI. This is by the statement
[37] that Spirulina platensis has a greater yield of unsaturated
fatty acids (PUFA) compared to saturated fatty acids (SFA),
so the addition of Spirulina platensis can reduce the value of
Al and TI.

3.4 Antioxidant activity of supplement tablets

Antioxidants are compounds that can prevent the
oxidation process from occurring if they react with free
radicals. The effectiveness of a sample to ward off free
radicals in the DPPH method is described by an inhibitory
concentration of 50% (ICso). The smaller the 1Cso value the
stronger the antioxidant activity. 1Cso value Supplement
tablets can be seen in Table 4.

The antioxidant activity of supplement tablets
produces ICso values which vary, namely FO of 184.07 ppm,
F1 of 119.63 ppm, and F2 of 130.45 ppm. The results of the
supplement tablet antioxidant activity test showed that the
ICso values F1 and F2 have better antioxidant activity and are
in the medium category than FO. Based on the analysis of
various antioxidant activities, supplement tablets had a
significant effect (p<0.05). This is by [38] that antioxidant
activity is classified as moderate due to the ICsorange of 100—
150 ppm. [20] reported that the antioxidant activity of tablets
that had a greater concentration of tuna eyes oil had better
antioxidant activity.

Low ICso value supplement tablets will have an
impact on stable shelf-life so that supplement tablets will not
easily experience oxidation. This is supported by the
statement [39] that ICso Low levels in a product can increase
shelf life and not easily experience oxidation. Besides that,
Spirulina has antioxidant potential, oxidative reduction
power, high solubility, and heat stability and is reported to
reduce the level of nitric oxide and lipid peroxide in the
product [40].

4. Conclusions

Based on the research results, it shows that
supplement tablets that have optimal shelf-life stability are
those with a formula tuna eyes oil + Spirulina culture ICsp
value obtained amounted to 119.63 ppm, atherogenicity index
(Al 0.38, thrombogenicity index (TI) 0.17, and total fatty
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acids identified were 99.95%. A combination of tuna eyes oil
and Spirulina platensis has a more complete fatty acid quality
than without the combination.

Acknowledgments

Thank you to the Ministry of Education, Culture,
Research, and Technology through the BIMA program
Master's Thesis Proposal (PTM) funding scheme, contract
number 18933/IT3.D10/PT.01.02/M/T/2023 so that this
research can be implemented.

References

[1] J.T. Dwyer, P.M Coates & M.J. Smith. (2018).
Dietary supplements: regulatory challenges and
research resources. Nutrients. 10(1): 2-24.

[2] E.D. Kantor, C.D. Rehm, M. Du, E. White & E.L.
Giovannucci. (2016). Trends in dietary supplement
use among US adults from 1999-2012. THE Journal
of the American  Medical  Association.
316 (14): 1464-74.

[3] Grand View Research. (2021). Dietary Supplements
Market Size Worth $272.4 Billion By 2028.
www.grandviewresearch.com/press-release/global-
dietary-supplements-market.

[4] M.G. Ahmad, |. Setyaningsih &W. Trilaksani.
(2019). Bioactivity and tablet formulation from
Spirulina and collagen hydrolysate of Tilapia
(Oreochromis niloticus) skin. Indonesian Journal of
Aquatic Product Technology. 22(3): 453-463.

[5] D.S.C. Anselmo, T. de Carvalho Mendes, T. da
Silva Honorio, F.A. do Carmo, L.M. Cabral & V.P.
de Sousa. (2016). Development and validation of a
dissolution test for lutein tablets and evaluation of
intestinal permeability. Food Chemistry. 210: 63-
69.

[6] B. Thevarajah, G.K.S.H. Nishshanka, M.
Premaratne, P.H.V. Nimarshana, D. Nagarajan, J.S.
Chan & T.U. Ariyadasa. (2022). Large-scale
production of Spirulina -based proteins and c-
phycocyanin: A biorefinery approach. Biochemical
Engineering Journal. 185, Article 108541.

[7] K.S. Sayana & T.K. Sirajudheen. (2017). By-
products tuna processing wastes-an economic
approach to coastal waste management. COBIA:
International Seminar on Coastal Biodiversity
Assessment, Kerala State, India. 411-420.

[8] E.G. Gamarro, W. Orawattaanamateekul, J. Sentina
& T.K.S. Gopal. (2013). By-Product of Tuna
Processing. Globefish Res. Program. FAO. 11:3-56.

[9] W. Trilaksani, B. Riyanto, F. Azzahra, J. Santoso
& K. Tarman. (2020). Recovery of tuna virgin fish
oil and formulation as a product model of emulsion
food supplement. IOP Conference Series: Earth and
Enviromental Science. 1-8.

[10] B.P. Mohanty, S. Ganguly, A. Mahanty, V. Sankar,
R. Anandan, K. Chakraborty, B.N. Paul, D. Sarma,
J.S. Dayal, G. Venkateshwarlu, S. Mathew, K.K.
Asha, D. Karunakaran, T. Mitra, S. Chanda,N.
Shahi, P. Das, M.S. Akhtar, P. Vijayagopal & N.
Sridhar. (2016). DHA and EPA content and fatty

636


http://www.grandviewresearch.com/press-release/global-dietary-supplements-market
http://www.grandviewresearch.com/press-release/global-dietary-supplements-market

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

1JCBS, X(2023): x-xx

acid profile of 39 food fishes from india. Biomed
Research International. 1-14.

R.P. Mason, P. Libby & D.L. Bhatt. (2020).
Arteriosclerosis, Thrombosis, and Vascular Biology
Emerging Mechanisms of Cardiovascular Protection
for the Omega-3 Fatty Acid Eicosapentaenoic Acid.
Avrteriosclerosis, Thrombosis, and Vascular
Biology. 40:1135-1147.

M. Stando, P. Piatek, M. Namiecinska,P.
Lewkowicz & N. Lewkowicz. (2020). Omega-3
Polyunsaturated Fatty Acids EPA and DHA as an
Adjunct to Non-Surgical Treatment of Periodontitis:
A Randomized Clinical Trial. Journal of Nutrition.
12(9):2614.

W. Wei, M. Hu,J. Huang, S. Yu, X.Li,Y. Li &
L. Mao. (2021). Anti-obesity effects of DHA and
EPA in high fat-induced insulin resistant mice.
Journal of functional foods. 12(4):1614-1625.

P. Sittiprapaporn, A. Bumrungpert, P. Suyajai &
C. Stough. (2022). Effectiveness of Fish Oil-DHA
Supplementation for Cognitive Function in Thai
Children: A Randomized, Doubled-Blind, Two-
Dose, Placebo-Controlled Clinical Trial. Foods.
11(17):1-14.

D. G. Bortolini, G.M. Maciel, I.D.A.A. Fernandes,
A.C. Pedro, F.T.V. Rubio, I.G. Brancod & C.W.I.
Haminiuk. (2022). Functional properties of
bioactive compounds from Spirulina spp.: Current
status and future trends. Food Chemistry: Molecular
Sciences. 5(10): 1-13.

R.D.P. Rodrigues, F.C. de Castro, R.S. de
Santiago-Aguiar & M.V.P  Rocha. (2018).
Ultrasound-assisted extraction of phycobiliproteins
from Spirulina (Arthrospira) platensis using protic
ionic liquids as solvent. Algal Research. 31: 454—
462.

S. Bashir, M.K. Sharif, M.S. Butt & M. Shahid.
(2016). Functional properties and amino acid profile
of spirulina platensis protein isolates. Pakistan
Journal of Scientific and Industrial Research Series
B: Biological Sciences. 59(1): 12-19.

P. Grover, A. Bhatnagar, N. Kumari, A. N. Bhatt, D.
K. Nishad & j. Purkayastha. (2021). C-
Phycocyanin-a novel protein from Spirulina
platensis- In vivo toxicity, antioxidant and
immunomodulatory studies. Saudi Journal of
Biological Sciences. 28(3): 1853-1859.

M. Mohammadi, M. Soltanzade, A. R. Ebrahimi &
H. Hamishehkar. (2022). Spirulina platensis protein
hydrolysates: Techno-functional, nutritional and
antioxidant properties. Algal Research. 65:102739.
B. Huriyah, I. Setyaningsih & W. Trilaksani.
(2019). Formulation of Spirulina supplement tablets
enriched with virgin fish oil from tuna (Thunnus sp.)
eyes. Journal of Postharvest and Fisheries and
Marine Biotechnology. 14(2): 117-128.

M. Rubilar, E. Morales, K. Contreras, C. Ceballos,
F. Acevedo, M. Villarroel & C. Shene. (2012).
Development of a soup powder enriched with
microencapsulated linseed oil as a source of omega-
3 fatty acids. Europe Journal of Lipid Science
Technology. 114: 423-433.

Trilaksani et al., 2023

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

I. Setyaningsih, K. Tarman, W.H. Satyantini &
D.A. Barus. (2013). Effect of harvest time and
media nutrition on Spirulina platensis biopigments.
Indonesian Journal of Aquatic Product Technology.
16(3):191-8.

Association of Official Analytical Chemist. (2005).
Official Methods of Analysis of the Association of
Official Analytical of Chemist. Virginia (US):
Published by The Association of Analytical
Chemist, Inc.

0. Zhuang, W. Wang, J. Wang, Y. Zhang & J. Jiao.
(2019). Polyunsaturated fatty acids intake, omega-
6/omega-3 ratio and mortality: Findings from two
independent nationwide cohorts. Clinical Nutrition.
38(2): 1-32.

M.S.M. Javardi, Z. Madani, A. Movahedi, M.
Karandish & B. Abbasi. (2020). The correlation
between dietary fat quality indices and lipid profile
with Atherogenic index of plasma in obese and non-
obese volunteers: a cross-sectional
descriptiveanalytic case-control study. Lipids in
Health and Disease.19(213): 1-9.

O.P. Sharma & T.K. Bhat. (2009). DPPH
antioxidant assay revisited. Food Chemistry. 113(1):
1202-1205.

M. Guldas, O. Gurbuz, I. Cakmak, E. L. 1. F. Yildiz
& H. Sen. (2022). Effects of honey enrichment with
Spirulina platensis on phenolics, bioaccessibility,
antioxidant ~ capacity = and  fatty  acids.
Lebensmittel- Wissenschaft & Technologie. 153:
112461.

D. Zlateva, R. Chochkov & D. Stefanova. (2022).
Effect of Spirulina platensis and kelp biomass
addition on the fatty acid composition of wheat
bread. Ukrainian Food Journal. 11(1):102-114.

S. Sanjari, H. Sarhady & F. Shahdadi. (2018),
Investigating the effect of Spirulina platensis
microalgae on textural and sensory properties of
baguette bread. Journal of Nutrition and Food
Security. 3(4): 218-225.

A.P. Matos, R. Feller, E.H.S. Moecke, J.V. de
Oliveira, A.F. Junior, R.B. Derner & E.S.
Sant’ Anna. (2016). Chemical characterization of six
microalgae with potential utility for food
application. Journal of the American Oil Chemists'
Society. 93: 963-972.

S. Rahmawaty & B.J. Meyer. (2019). Stunting is a
recognized problem: evidence for the potential
benefits of omega-3 long chain polyunsaturated
fatty acids. Nutrition. 75: 42-46.

N.S. Koren, R. Simsa-Mizel, B. Shahar, Schwartz
& E. Monsonego-Ornan. (2014). Exposure  to
omega-3 fatty acids at early age accelerate bone
growth and improve bone quality. Journal of
Nutrition Biochemistry. 25:623-633.

C.L. Mgbechidinma, G. Zheng, E.B. Baguya, H.
Zhou, S.U. Okon & C. Zhang. (2023). Fatty acid
composition and nutritional analysis of waste crude
fish oil obtained by optimized milder extraction
methods. Environmental Engineering
Research. 28(2): 1-14.

J.M. Rutar, M.J. Hudobivnik, M. Neceme, , K.V.
Mikus, I. Arcon & N. Ogrinc. (2022). Nutritional

637



[35]

[36]

[37]

[38]

[39]

(40]

1JCBS, X(2023): x-xx

quality and safety of the Spirulina dietary
supplements sold on the Slovenian Market. Foods.
849: 1-20.

H. Zirpoli, L.C. Chang, A.M. Titus, V. Ten & R.
Deckelbaum. (2020). Novel approaches for omega-
3 fatty acid therapeutics: chronic versus acute
administration to protect heart, brain, and spinal
cord. Annual Review of Nutrition. 40: 161-187.

M. Busova, L. Kourimska & M. Tucek. (2020).
Fatty acids profile, atherogenic and thrombogenic
indices in freshwater fish common carp (cyprinus
carpio) and rainbow trout (oncorhynchus mykiss)
from market chain. Center Europe Journal of Public
Health. 28(4): 313-3109.

S.R. Karizi, F. Armanmehr, H. G. Azadi, H.S.
Zahroodi, A.M. Ghalibaf, B. S.F. Bazzaz & Z.
Taherzadeh. (2023). A randomized, double-blind
placebo-controlled add-on trial to assess the
efficacy, safety, and anti-atherogenic effect of
spirulina platensis in patients with inadequately
controlled type 2 diabetes mellitus. Phytotherapy
Research. 37(4): 1435-1448.

T.W Agustini, M. Suzery, D. Sutrisnanto, W.F.
Ma’ruf & Hadiyanto. (2015). Comparative study of
bioactive substances extracted from fresh and dried
S. platensis Procedia. Journal of Environmental
Science International.23:282-289.

T.0. Bellahcen, A. Amiri, I. Touam, F. Hmimid,
A.E. Amrani, A. Cherif & M. Cherki. (2020).
Evaluation of Moroccan microalgae: Spirulina
platensis as a potential source of natural
antioxidants. Journal of Complementary and
Integrative Medicine. 17(3): 20190036.

Q. Wu, L. Liu, A. Miron, A.B. Klimov, D. Wan &
K. Ku” ca  (2016). The antioxidant,
immunomodulatory, and anti-inflammatory
activities of Spirulina: An overview. Archives of
Toxicology. 90(8): 1817-1840.

Trilaksani et al., 2023

638



