
Effect of Fish-Based Diet on Malnourished 
Children: A Systematic Review

Abstract
Background: Malnutrition in children is mainly caused by 
the lack of protein and fat intake which harms their ability to 
grow and survive. Accurate data on the benefits of fish-based 
foods on the nutritional status of children is limited. The present 
systematic review aimed to provide an overview of published 
articles on the nutritional value of fish-based foods for children.
Methods: A systematic review was performed during 2000-
2021 by searching Science Direct, Cochrane Library, PubMed, 
ProQuest, and Wiley Online Library databases. The full text of 
selected articles in English was screened based on the inclusion 
and exclusion criteria. Included articles were all experimental 
studies (randomized control trial, quasi-randomized trial) or 
mixed methods studies involving malnourished children. The 
study was reported under the preferred reporting items for 
systematic reviews and meta-analyses guidelines. The risk of 
bias was assessed using the Cochrane tool.
Results: A total of 330,859 articles were screened, out of 
which eight articles were included in the systematic review. 
Interventions included fish-based foods and beverages such 
as wafer bars, Jemawut-tuna cookies, Amizate in chocolate 
drink, dried fish powder, flaxseed oil supplemented with fish 
oil capsules, and porridge fortified with fish powder. Primary 
or secondary outcomes were the determination of zinc level, 
height growth, erythrocyte n-3 polyunsaturated fatty acid 
content, safety and acceptability, intestinal integrity, and 
cognitive development. The results showed that dried fish 
powder produced the most significant effect on body weight.
Conclusion: The consumption of dried fish powder had positive 
effects on the recovery of malnourished children.
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What’s Known

• Malnutrition is common in children, 
specially in developing countries. Growth 
and developmental disorders in children 
are associated with protein intake below 
recommended dietary allowance.
• Fish is a good source of nutrients, 
such as primary macronutrients (protein, 
fat) and micronutrients (vitamins, minerals). 
Fish-based diet improves nutritional status 
during early childhood.

What’s New

• Fish-based foods are produced 
in various forms, not only to preserve 
nutritional value but also to make fish 
consumption attractive to children.
• Dried fish powder effectively provides 
nutrients and improves children’s nutritional 
status. Fish fortified with other ingredients 
is more effective and the preferred choice 
to enhance children’s health.

Review Article

La Banudi La Banudi1, MKes;  Purnomo 
Leksono1, MKes; M. Anas Anasiru2, MKes 

1Mother and Child Nutrition, Department 
of Nutrition, School of Health, Health 
Polytechnic of Kendari, Kendari, Indonesia;
2Department of Nutrition, School of Health, 
Health Polytechnic of Gorontalo, Kendari, 
Indonesia

Correspondence:
La Banudi, MKes;
Jalan Jendral A.H Nasution No.G-14 
Anduonohu, Kambu, Kec. Kambu, Kota 
Kendari, Sulawesi Tenggara,  
Postal code: 93232, Kendari, Indonesia
Tel: +62 401 3190492
Email: labanudi22@gmail.com
Received: 16 November 2022
Revised: 19 December 2022
Accepted: 27 January 2023

Introduction

Adequacy of nutrition is an important issue in every country 
as it closely relates to national development. It mainly involves 
young children affecting their cognitive development, education, 
personality traits, and future productivity.1-3 Improper feeding 
practices during infancy and early childhood lead to nutritional 
deficiencies with the result that they often suffer from infections 
and intestinal disorders, which in turn impair optimal growth 
and development.4 Fish-based foods have been proven to be 
effective in improving the quality of nutrition in early childhood.5, 6  
Fish contains primary macronutrients (protein and fat) and 
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micronutrients (vitamins and minerals), and 
therefore greatly contributes to food security and 
global nutrition.3 In developing countries, fish is 
the main source (75%) of daily animal protein 
and complementary foods.7, 8 For example, in 
Egypt, fish is the main source of animal protein 
and is popular among the low- and middle-
income class, since it is readily available and 
affordable.9 Nowadays, fish farming has become 
a sustainable source of high-quality protein 
foods.10, 11

Inadequate protein intake is closely related 
to impaired growth and development in children. 
Physiologically, protein plays an important role 
in supporting all processes in the human body.12 
Therefore, malnutrition can cause serious health 
problems and must be addressed immediately. 
Globally, around 47 million children are stunted, 
mainly in low- and middle-income countries. 
In addition, malnutrition and stunted growth 
are associated with deficiencies in vitamin A, 
iron, and iodine,13 which are characterized by 
blindness, impaired learning, failure to thrive, 
increased physical weakness, and mortality.8 
Several studies showed that malnutrition is 
a major risk factor for disease and death in 
children in Kenya, Uganda, Malawi, Zimbabwe, 
and Zambia.14-18 A common factor in these 
countries is poor economic conditions leading 
to shortages of nutritious food, such as fish. 
However, in these countries, aquaculture has 
great potential to increase access to fish to 
address food shortages, reduce malnutrition, 
and improve the nutritional status of children.11

Various studies have demonstrated the 
beneficial effects of fish consumption on body 
functions as well as the importance of adequate 
protein intake by children at different stages of 
their development to adulthood.19-21 However, the 
effect of fish consumption on malnutrition has 
not been fully addressed. To effectively promote 
community health, the present study aimed to 
review various published articles on the effects 
of fish-based diets on malnourished children.

Materials and Methods

A systematic review was conducted on 
studies published in English between January 

2000 to December 2021. A complete search 
was performed in PubMed, Science Direct, 
ProQuest, Wiley’s online library, and Cochrane 
Library. The sources were managed using 
Mendeley reference management software 
1.19.8 (Elsevier, Amsterdam, Netherlands) to 
remove duplications. Based on the specific 
syntax of various databases, keywords, 
and phrases (MeSH) including fish flour, 
malnutrition, and child were used for the 
search, e.g., Fish flour [Title/Abstract] OR Fish 
product [Title/Abstract] OR Fish meal [Title/
Abstract]) AND Malnutrition [Title/Abstract] 
OR Malnourishment [Title/Abstract] OR 
Undernutrition [Title/Abstract]. 

The inclusion criteria were studies that used 
fish-based ingredients in any form, assessed 
body weight, body mass index (BMI), and 
anthropometric measurement outcomes (both 
primary and secondary outcomes), and compared 
the effectiveness of fish-based foods/drinks with 
other ingredients. The exclusion criteria were 
studies in adults and pregnant women, food that 
is not based on fish as the main product, non-
English articles, and articles in the form of case 
reports, reviews, books, and commentaries. 
PICOS framework (population, intervention, 
comparison, outcomes, and study) was used to 
formulate the eligibility criteria (table 1).

The authors (PL, MA) independently 
reviewed the articles, and disagreements were 
resolved by another reviewer. The full text of 
the articles (objectives, methodology, results, 
and conclusion) was screened based on the 
inclusion and exclusion criteria. In addition, the 
reference lists of selected articles were manually 
reviewed by the first author to extract additional 
relevant articles. Included articles were all 
experimental studies (randomized control trial, 
quasi-randomized trial) or mixed methods 
studies involving malnourished children. 

This study was reported under the Preferred 
Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) guidelines.22 The 
extracted information was evaluated using 
the GRADE (grading of recommendations, 
assessment, development, and evaluation) 
framework, and the associated risk of bias was 
rated as very low, low, moderate, and high.23, 24 

Table 1: PICOS (population, intervention, comparison, outcomes, and study) framework used to formulate eligibility criteria 
for the articles
Items Statement
Problem Undernutrition in children
Intervention Fish-based food
Comparison Source of food from plants or other animals
Outcome Anthropometric indices
Study design Randomized controlled trial, quasi-randomized trial, or mixed methods
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Results

A total of 330,859 articles were initially selected, 
32,650 through PubMed, 6,243 through Science 
Direct, 263,707 through ProQuest, 26,611 through 
Cochrane Library, and 1,648 through Wiley Online 
Library. Due to various reasons, 330,850 records 
were excluded, and finally, eight articles were 
included in the systematic review (figure 1). 

Overview of the Included Studies
The studies were conducted in Asia (Cambodia: 

2, Indonesia: 1, and India: 1) and Africa (Zambia: 
1, Kenya: 1, Gambia: 1, and Malawi: 1). All studies 
were intervention-based, involving fish as a basic 
ingredient fortified with other nutrients such as 
vegetables, fruit, and spices. The participants 
were children (n=438) aged from three months to 
seven years who suffered from moderate acute 
malnutrition (MAM) or severe acute malnutrition 
(SAM). A summary of the reviewed studies is 
presented in table 2.

Fish-based Food Intervention
The types of food used for interventions 

included cylindrical wafer bars with pure fish 
paste,25, 32 Jemawut-tuna cookies,26 Amizate 
in chocolate drink,27 dried fish powder (locally 
called chisense),28 flaxseed oil containing ready-
to-use therapy food (RUTF) with additional fish 
oil capsules (FFO-RUTF),29 purified fish oil,30 
and porridge fortified with fish powder.31 The 

intervention period varied from 1 month to 1 
year. Some studies provided parental nutritional 
education.25, 26, 29

Outcomes
The primary or secondary outcome variables 

were zinc levels,26 height growth,27-32 erythrocyte 
n-3 polyunsaturated fatty acid (PUFA) content,29 
safety and acceptability,29 intestinal integrity,30 
and cognitive development.30

Effect of Fish-based Nutritional Intervention on 
Children’s Growth 

The effect of interventions on malnourished 
children varied in different countries. While 
some studies reported a significant effect from 
the interventions, others reported no statistically 
significant results. In a study on malnourished 
children in Cambodia, the intervention involved 
the use of RUTF in the form of wafer bars for two 
months and no significant improvements were 
observed (P>0.05).25 Another study in Kenya also 
reported no significant effect of the intervention 
on the index of linear growth.29 Similarly, the 
use of freshwater fish with soy, mung beans, 
and coconut did not show any improvements 
in anthropometric indices.32 On the other hand, 
some studies reported significant improvements 
in the parameters of malnutrition. A study in 
Indonesia used Jemawut-tuna cookies and 
reported a significant improvement in nutritional 
status after the intervention (P<0.001).26 

Figure 1: The flow diagram shows the study selection strategies according to PRISMA guidelines.
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Table 2: A summary of the studies selected for review
Articles Objectives Study 

design
Participants Intervention Evaluations Outcome Quality

Sigh et 
al., 2018, 
Cambodia25

Weight gain RCT 121 children 
aged 6-59 
months with 
SAM.
Randomly 
divided into 
two groups: 
Control 
(n=61) 
treatment 
with 
BP-100TM and 
intervention 
(n=60) 
treatment 
with NumTrey.

The intervention duration 
was eight consecutive 
weeks, with follow-up 
visits every two weeks.
Patients aged 6-11 
months: Minimum 
consumption of either 1 
wafer with pure fish-
based paste (NumTrey) or 
1/3 bar (BP-100™).
Patients aged 12-23, 
24-35, and 36-59 months: 
A minimum consumption 
of 1.5 wafers or 1/3 bar, 
2 wafers or 2/3 bar, and 
3 wafers or 2/3 bar, 
respectively.  
Enough to pass the 
appetite test.

Weight was 
measured in 
light clothes (no 
diapers) to the 
nearest 100 g.
MUAC was 
measured to 
the nearest 1 
mm (left arm).
Bilateral pitting 
edema was 
assessed by 
pressing a 
finger for 8-10 
sec on the 
foot, hand, and 
forearm.

There was no 
statistically 
significant 
difference 
between the two 
RUTFs (0.02 g/
Kg/day, 95% CI: 
0.49-0.46).
The difference 
between the 
two RUTFs was 
not statistically 
significant 
(P>0.05, 
difference=0.06 
g/Kg/day, 95% 
CI: 0.41-0.54).

High

Ikawati et 
al., 2020, 
Indonesia26

Weight 
gain, zinc 
level

Pre- and 
post- 
interven-
tion study

48 
malnourished 
children aged 
6-24 months.
Divided into 
two groups: 
Control 
(n=24) given 
a biscuit 
provided by 
the Ministry 
of Health and 
intervention 
(n=24) given 
foxtail millet-
tuna cookies.

60 days intervention and 
additional eight sessions 
of nutritional education.

Weight 
measurement 
(not described).

There was 
a significant 
difference 
in nutritional 
status (weight/
age) intake 
between the 
intervention and 
control groups 
(P<0.001).

Low

Nesse et 
al., 2014, 
India27

Height, 
weight, and 
BMI 

RCT 438 
malnourished 
children 
aged 6-8 
years (227 
boys and 211 
girls) from six 
government 
schools

The children were 
randomized to receive 
one of the following 
three interventions for 
120 days: (i) a chocolate 
drink consisting of 60 g of 
cocoa powder in 120 mL 
drinking water (placebo), 
(ii) a chocolate drink 
containing 3 g/day of 
Amizate, (iii) a chocolate 
drink containing 6 g/day 
of Amizate.

Height, weight, 
and BMI were 
measured 
during each 
visit.

There was 
a significant 
increase in body 
weight between 
baseline and 
four months after 
the intervention 
(P<0.05).

Moderate

Chipili et 
al., 2022, 
Zambia28

Linear 
growth

RCT 186 infants 
aged 6-7 
months
Divided into 
two groups: 
Intervention 
(n=100) 
and control 
(n=86).

Infants in the intervention 
group received 12 g of 
dried fish (chisense) 
powder per day, while 
infants in the control 
group received 7 g of 
sorghum powder per 
day to provide the same 
energy intake.

Mothers were 
given a time 
and day in a 
month to bring 
the infant 
for weight 
and length 
measurements.

A significant 
intervention 
effect was found 
between the fish 
and sorghum 
groups for WAZ 
(P<0.05)
The addition 
of fish powder 
during early 
complementary 
feeding improved 
the infant’s  
linear growth 
outcome.

High
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Articles Objectives Study 
design

Participants Intervention Evaluations Outcome Quality

Jones  
et al., 2015, 
Kenya29

Erythrocyte 
n-3 PUFA 
content, lin-
ear growth, 
safety, and 
acceptability

RCT 60 children 
aged 6 to 50 
months with 
SAM

Standard or flaxseed oil 
containing RUTF was 
given to children at a 
weight-based dose until 
MUAC was >11.5 cm, 
weight-for-height/length 
z-score >-3, or edema 
had resolved (depending 
on enrollment criteria) at 
two consecutive weekly 
visits.
Parents were advised 
not to give any other food 
apart from breast milk.

Gas chroma-
tography.
Insulin-like 
growth factor-1 
(IGF-1) 
provided 
an index of 
linear growth 
potential.
Anthropometric 
indices.

There was no 
difference in 
IGF-1 between 
the arms at any 
time point, but 
all arms had a 
highly significant 
increase in 
IGF-1 by day 
28 compared to 
baseline, which 
was sustained to 
day 84.

High

Van der 
Merwe  
et al., 2013, 
Gambia30

Intestinal 
integrity, 
growth, and 
develop-
ment

RCT 172 infants 
aged 3-9 
months

Supplementation started 
at three months of age 
and ended at nine months 
of age when all outcome 
measurements were 
taken apart from cognitive 
function (assessed at 12 
months of age).
The intervention group 
received 2 mL of highly 
purified fish oil, which 
supplied 200 mg DHA 
and 300 mg EPA/d. The 
control group was given 
the same volume of olive 
oil.

Anthropometric 
measurements.
Infant lengths 
and weights.

Statistically 
significantly 
larger MUAC 
(effect size: 0.31 
z-score, 95% 
CI: 0.06-0.56, 
P=0.017)

High

Lin et al., 
2008, 
Malawi31

Weight gain 
and height 
growth 
during 
Infancy

Prospe 
ctive RCT

240 children 
aged 6-12 
months

Mothers of children 
receiving FP were shown 
a pre-prepared sample of 
porridge to demonstrate 
the appropriate 
consistency. Each mother 
then received identical 
cups and teaspoons and 
was shown how far to fill 
the cup to make 1 serving 
of porridge (70 g). Each 
mother also received a 
supply of powdered fish 
and was shown how 
many teaspoons (2.5) 
were to be mixed into the 
porridge.

Anthropometric 
indices were 
calculated 
using the 
WHO 2005 
standards.

Children who 
received FS 
gained more 
weight than 
children who 
received FP from 
6-12 months of 
age, but not from 
12-18 months of 
age (P<0.61).

High

Borg et 
al., 2020, 
Cambodia32

WAZ, HAZ, 
WHZ, 
MUAC

RCT 292 Infants 
aged 6-11 
months

RUSF uses local 
ingredients, including 
small freshwater fish, 
soy, mung beans, and 
coconut.
40-110 g of RUSF per 
day, depending on the 
child’s age for six months.

Anthropometric 
measurements 
included 
weight to the 
nearest 0.1 
Kg, recumbent 
length to the 
nearest 0.1 cm, 
and MUAC to 
the nearest 1 
mm.

No statistically 
significant 
differences 
between the 
groups for 
any of the 
anthropometric 
changes. 
Mean height 
increased 
between 6.4-6.7 
cm in all groups. 
Mean weight 
increased 
between 1.20-
1.30 Kg in all 
groups.

High

RCT: Randomized controlled trial; SAM: Severe acute malnutrition; MUAC: Mid-upper arm circumference; RUTF: Ready-to-use 
therapeutic food; FP: Fish-fortified thickened maize porridge; FS: Fortified spreads; RUSF: Ready-to-use supplementary food; CI: 
Confidence interval; BMI: Body mass index; WAZ: Weight-for-age z-score; HAZ: Height-for-Age Z-Score; WHZ: Weight-for-height 
z-score; PUFA: Polyunsaturated fatty acid; DHA: Docosahexaenoic acid; WHO: World Health Organization
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However, we rated that study as low-quality 
with a high risk of bias. Nesse and colleagues 
used chocolate drinks containing fish protein 
hydrolysate and reported a significant increase 
in body weight between baseline and four 
months post-intervention (P<0.05).27 In Zambia, 
the use of chisense significantly increased the 
body weight of malnourished children (P<0.05).28 
The study in Gambia used purified fish oil and 
reported a significant increase in mid-upper-arm 
circumference (MUAC) (P=0.017).30

Quality Assessment and Risk of Bias
Quality assessment of the studies, using the 

GRADE framework, showed that the study by 
Ikawati and colleagues (Indonesia)26 was of low 
quality, and the study by Nesse and colleagues 
(India)27 was of moderate quality (table 3). The 
risk of bias assessment showed that the study 

by Ikawati and colleagues had a high risk of bias 
due to the lack of sufficient information related to 
outcome assessment and lack of randomization 
accuracy.26 Three other studies27, 28, 30 showed 
one or more areas of some concern (figure 2).

Discussion

Various studies have reported that fish-based 
foods can address malnutrition in children, 
specially in low- and middle-income countries. 
Among all types of fish-based foods, the results 
showed that dried fish powder produced the 
most significant effect. A previous study also 
found that dried fish played an important role in 
the diet and nutrition of people in Bangladesh.33 
It was reported that fish is a potential source of 
animal protein that positively affects the growth 
of infants and children. Its protein content is 

Table 3: Summary of the risk of bias assessment for eligible studies
Article Randomization 

process
Deviations from 
the intended 
intervention

Missing 
outcome data

Measurement of 
the outcome

Selection of 
the reported 
results

Overall

Sigh et al.25 Low Low Low Low Low Low
Ikawati et al.26 Some concerns Low Low No information High High
Nesse et al.27 Low Low Some 

concerns
Low Some 

concerns
Some 
concerns

Chipili et al.28 Low Low Some 
concerns

Low Low Some 
concerns

Jones et al.29 Low Low Low Low Low Low
Van der Merwe 
et al.30

Low Low Some 
concerns

Low Low Some 
concerns

Lin et al.31 Low Low Low Low Low Low
Borg et al.32 Low Low Low Low Low Low

Figure 2: Assessment of the risk of bias of the eligible studies using the five domains in a traffic light plot.
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equivalent to beef, chicken, eggs, or liver, while 
it is cheaper and more affordable for low-income 
families.34 Due to n-3 PUFA content, a fish-
based diet is important for infants and children 
to improve their growth. In addition, the proteins 
and peptides from fish have a high nutritional 
value and are beneficial for general health. Fish 
is also a great source of micronutrients, such 
as vitamins and minerals.35 While fish is readily 
accessible in many countries, it can be an 
expensive and unaffordable food item in some 
other countries.36, 37 In the present review study, 
we mainly focused on the low- to middle-income 
countries, but did not take into account their 
financial ability to purchase nutritious food such 
as fish. Nonetheless, we believe that there are 
other types of fish-based foods that all people 
can access and afford.

Of the included articles, two studies 
reported no statistically significant difference 
in anthropometric indices (e.g., body weight) 
after the interventions.25, 32 The main reasons 
were stated as low rehabilitation from acute 
malnutrition in the outpatient treatment of SAM 
and difference in compliance by patients (i.e., 
whether the RUTF had been actually consumed, 
shared with other people, sold, or lost).25 Borg 
and colleagues concluded that the reason 
was due to the low BMI of the mothers during 
pregnancy.32 Other studies also confirmed 
the effect of low BMI during pregnancy on 
malnutrition in children.38-41

Most of the included studies reported a 
significant effect on anthropometric parameters 
after intervention with fish-based foods and 
beverages. Amizate is a fish protein hydrolysate 
(FPH).27 FPH is the result of the biological or 
chemical decomposition of protein derived from 
fish into its simplest form. In hydrolyzed form, 
this protein is easily digested and absorbed to 
enhance the availability of the plasma amino 
acids.42-44 FPH from various types of fish has 
been produced using papain.45-47 

In other forms of fish-based food, fish oil 
supplementation has no significant effect on 
anthropometry, specially the body weight of 
infants at the age of nine months. However, the 
positive effect on body weight was observed 
when they became 12 months of age.30 This 
could be due to the slow effect of fish oil on body 
fat (as indicated by MUAC), which increases skin 
thickness at the age of 12 months rather than 
nine months.45, 48, 49

The main limitation of the study is a specific 
focus on published articles from low- to 
middle-income countries, which undermines 
the generalizability of our findings. In addition, 
our findings were negatively affected by the 

financial capability of the families to purchase 
nutritious food.

Conclusion

Most of the included studies found that dried fish 
powder had positive effects on the recovery of 
malnourished children. In general, fish-based 
foods had positive effects on malnourished 
children, and there was no statistically significant 
difference in its form of production. 

Acknowledgment

We would like to express our gratitude to 
the Health Polytechnic of Kendari (Kendari, 
Indonesia) for allowing access to the required 
databases.

Authors’ Contribution

L.B: Study design; P.L, M.A.A: Database 
search, screening articles, data extraction; 
L.B, P.L: Risk of bias assessment; M.A.A: Data 
presentation. All authors have contributed to 
the writing and revising of the manuscript. They 
have read and approved the final manuscript 
and agree to be accountable for all aspects of 
the work in ensuring that questions related to the 
accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Conflict of Interest: None declared.

References

1 Baye K, Guyot JP, Mouquet-Rivier C. The unre-
solved role of dietary fibers on mineral absorp-
tion. Crit Rev Food Sci Nutr. 2017;57:949-
57. doi: 10.1080/10408398.2014.953030. 
PubMed PMID: 25976096.

2 Maternal, Child Nutrition Study G, Group 
m, Black RE, Alderman H, Bhutta ZA, et al. 
Maternal and child nutrition: building momen-
tum for impact. Lancet. 2013;382:372-5. doi: 
10.1016/S0140-6736(13)60988-5. PubMed 
PMID: 23746778. 

3 Hawkes C, Fanzo J. Nourishing the SDGs. 
New York: Global nutrition report 2017; 2017. 

4 World Health O. Guideline: Assessing and 
Managing Children at Primary Health-Care 
Facilities to Prevent Overweight and Obesity 
in the Context of the Double Burden of Mal-
nutrition. Geneva: World Health Organiza-
tion; 2017.

5 Bogard JR, Hother AL, Saha M, Bose 
S, Kabir H, Marks GC, et al. Inclu-
sion of Small Indigenous Fish Improves 



La Banudi LB, Leksono P, Anasiru MA

144 Iran J Med Sci March 2024; Vol 49 No 3

Nutritional Quality During the First 1000 
Days. Food Nutr Bull. 2015;36:276-89. 
doi: 10.1177/0379572115598885. PubMed 
PMID: 26297705. 

6 Das JK, Salam RA, Saeed M, Kazmi FA, 
Bhutta ZA. Effectiveness of Interventions 
for Managing Acute Malnutrition in Children 
under Five Years of Age in Low-Income 
and Middle-Income Countries: A System-
atic Review and Meta-Analysis. Nutrients. 
2020;12. doi: 10.3390/nu12010116. PubMed 
PMID: 31906272; PubMed Central PMCID: 
PMCPMC7019612. 

7 Mansour AT, Allam BW, Srour TM, Omar EA, 
Nour AAM, Khalil HS. The feasibility of mono-
culture and polyculture of striped catfish and 
Nile tilapia in different proportions and their 
effects on growth performance, productiv-
ity, and financial revenue. Journal of Marine 
Science and Engineering. 2021;9:586. doi: 
10.3390/jmse9060586.

8 Willett W, Rockstrom J, Loken B, Spring-
mann M, Lang T, Vermeulen S, et al. Food 
in the Anthropocene: the EAT-Lancet Com-
mission on healthy diets from sustainable 
food systems. Lancet. 2019;393:447-92. doi: 
10.1016/S0140-6736(18)31788-4. PubMed 
PMID: 30660336. 

9 Allam BW, Khalil HS, Mansour AT, Srour TM, 
Omar EA, Nour AAM. Impact of substitution 
of fish meal by high protein distillers dried 
grains on growth performance, plasma pro-
tein and economic benefit of striped catfish 
(Pangasianodon hypophthalmus). Aqua-
culture. 2020;517:734792. doi: 10.1016/j.
aquaculture.2019.734792.

10 Ali A, El Sherif S, Abd Alla J, Maulu S, Tan-
tawy AA, Soliman MF, et al. Morphometric, 
histochemical, and ultrastructural analysis 
of the reproductive system and spermato-
genic stages of male blue crab (Callinectes 
sapidus Rathbun, 1896). Journal of Marine 
Science and Engineering. 2021;9:1105. doi: 
10.3390/jmse9101105.

11 Khalil HS, Momoh T, Al‐Kenawy D, Yossa 
R, Badreldin AM, Roem A, et al. Nitrogen 
retention, nutrient digestibility and growth 
efficiency of Nile tilapia (Oreochromis niloti-
cus) fed dietary lysine and reared in fertilized 
ponds. Aquaculture Nutrition. 2021;27:2320-
32. doi: 10.1111/anu.13365.

12 Schonfeldt HC, Gibson Hall N. Dietary pro-
tein quality and malnutrition in Africa. Br 
J Nutr. 2012;108:S69-76. doi: 10.1017/
S0007114512002553. PubMed PMID: 
23107550. 

13 Ruel MT, Quisumbing AR, Balagam-
wala M. Nutrition-sensitive agriculture: 

what have we learned so far? Global food 
security. 2018;17:128-53. doi: 10.1016/j.
gfs.2018.01.002.

14 Akech S, Ayieko P, Gathara D, Agweyu A, 
Irimu G, Stepniewska K, et al. Risk fac-
tors for mortality and effect of correct fluid 
prescription in children with diarrhoea and 
dehydration without severe acute malnu-
trition admitted to Kenyan hospitals: an 
observational, association study. Lancet 
Child Adolesc Health. 2018;2:516-24. doi: 
10.1016/S2352-4642(18)30130-5. PubMed 
PMID: 29971245; PubMed Central PMCID: 
PMCPMC6004535.

15 Bwakura-Dangarembizi M, Dumbura C, 
Amadi B, Ngosa D, Majo FD, Nathoo KJ, 
et al. Risk factors for postdischarge mortal-
ity following hospitalization for severe acute 
malnutrition in Zimbabwe and Zambia. Am 
J Clin Nutr. 2021;113:665-74. doi: 10.1093/
ajcn/nqaa346. PubMed PMID: 33471057; 
PubMed Central PMCID: PMCPMC7948837. 

16 Kord MI, Srour TM, Omar EA, Farag AA, 
Nour AAM, Khalil HS. The Immunostimula-
tory Effects of Commercial Feed Additives on 
Growth Performance, Non-specific Immune 
Response, Antioxidants Assay, and Intesti-
nal Morphometry of Nile tilapia, Oreochromis 
niloticus. Front Physiol. 2021;12:627499. 
doi: 10.3389/fphys.2021.627499. PubMed 
PMID: 33716774; PubMed Central PMCID: 
PMCPMC7947921. 

17 Nabukeera-Barungi N, Grenov B, Lanyero 
B, Namusoke H, Mupere E, Christensen VB, 
et al. Predictors of mortality among hospital-
ized children with severe acute malnutrition: 
a prospective study from Uganda. Pediatr 
Res. 2018;84:92-8. doi: 10.1038/s41390-
018-0016-x. PubMed PMID: 29795207. 

18 Vonasek BJ, Chiume M, Crouse HL, Mhango 
S, Kondwani A, Ciccone EJ, et al. Risk fac-
tors for mortality and management of children 
with complicated severe acute malnutrition 
at a tertiary referral hospital in Malawi. Pae-
diatr Int Child Health. 2020;40:148-57. doi: 
10.1080/20469047.2020.1747003. PubMed 
PMID: 32242509. 

19 Hornell A, Lagstrom H, Lande B, Thorsdot-
tir I. Protein intake from 0 to 18 years of 
age and its relation to health: a systematic 
literature review for the 5th Nordic Nutrition 
Recommendations. Food Nutr Res. 2013;57. 
doi: 10.3402/fnr.v57i0.21083. PubMed 
PMID: 23717219; PubMed Central PMCID: 
PMCPMC3664059. 

20 Balami S, Sharma A, Karn R. Significance 
of nutritional value of fish for human health. 
Malaysian Journal of Halal Research. 



Fish-based diet

Iran J Med Sci March 2024; Vol 49 No 3 145

2019;2:32-4. doi: 10.2478/mjhr-2019-0012.
21 Gil A, Gil F. Fish, a Mediterranean source 

of n-3 PUFA: benefits do not justify limiting 
consumption. Br J Nutr. 2015;113:S58-67. 
doi: 10.1017/S0007114514003742. PubMed 
PMID: 26148923. 

22 Page MJ, McKenzie JE, Bossuyt PM, 
Boutron I, Hoffmann TC, Mulrow CD, et al. 
The PRISMA 2020 statement: An updated 
guideline for reporting systematic reviews. 
Int J Surg. 2021;88:105906. doi: 10.1016/j.
ijsu.2021.105906. PubMed PMID: 33789826. 

23 Guyatt G, Oxman AD, Sultan S, Brozek J, 
Glasziou P, Alonso-Coello P, et al. GRADE 
guidelines: 11. Making an overall rating of 
confidence in effect estimates for a single 
outcome and for all outcomes. J Clin Epi-
demiol. 2013;66:151-7. doi: 10.1016/j.
jclinepi.2012.01.006. PubMed PMID: 
22542023. 

24 Guyatt GH, Oxman AD, Kunz R, Atkins D, 
Brozek J, Vist G, et al. GRADE guidelines: 2. 
Framing the question and deciding on impor-
tant outcomes. J Clin Epidemiol. 2011;64:395-
400. doi: 10.1016/j.jclinepi.2010.09.012. 
PubMed PMID: 21194891. 

25 Sigh S, Roos N, Chamnan C, Laillou A, Prak 
S, Wieringa FT. Effectiveness of a Locally 
Produced, Fish-Based Food Product on 
Weight Gain among Cambodian Children 
in the Treatment of Acute Malnutrition: A 
Randomized Controlled Trial. Nutrients. 
2018;10. doi: 10.3390/nu10070909. PubMed 
PMID: 30012981; PubMed Central PMCID: 
PMCPMC6073612. 

26 Ikawati FD, Hanim D, Salimo H. Innovation 
of Jemawut Cookies (Foxtail Millet)-Tuna 
On Nutrition Status and Zinc Value for Chil-
dren Aged 6-24 Months With Less Nutrition 
Status In Regency of Pacitan–Indonesia. 
Indian Journal of Public Health Research & 
Development. 2020;11.  doi: 10.37506/ijphrd.
v11i3.1429.

27 Nesse KO, Nagalakshmi AP, Marimuthu P, 
Singh M. Efficacy of a fish protein hydrolysate 
in malnourished children. Indian J Clin Bio-
chem. 2011;26:360-5. doi: 10.1007/s12291-
011-0145-z. PubMed PMID: 23024471; 
PubMed Central PMCID: PMCPMC3210250. 

28 Chipili G, Van Graan A, Lombard CJ, Van 
Niekerk E. The Efficacy of Fish as an Early 
Complementary Food on the Linear Growth 
of Infants Aged 6-7 Months: A Randomised 
Controlled Trial. Nutrients. 2022;14. doi: 
10.3390/nu14112191. PubMed PMID: 
35683991; PubMed Central PMCID: 
PMCPMC9182483. 

29 Jones KD, Ali R, Khasira MA, Odera D, West 

AL, Koster G, et al. Ready-to-use therapeu-
tic food with elevated n-3 polyunsaturated 
fatty acid content, with or without fish oil, to 
treat severe acute malnutrition: a random-
ized controlled trial. BMC Med. 2015;13:93. 
doi: 10.1186/s12916-015-0315-6. PubMed 
PMID: 25902844; PubMed Central PMCID: 
PMCPMC4407555. 

30 van der Merwe LF, Moore SE, Fulford AJ, Hal-
liday KE, Drammeh S, Young S, et al. Long-
chain PUFA supplementation in rural Afri-
can infants: a randomized controlled trial of 
effects on gut integrity, growth, and cognitive 
development. Am J Clin Nutr. 2013;97:45-
57. doi: 10.3945/ajcn.112.042267. PubMed 
PMID: 23221579; PubMed Central PMCID: 
PMCPMC3522138. 

31 Lin CA, Manary MJ, Maleta K, Briend A, 
Ashorn P. An energy-dense complementary 
food is associated with a modest increase 
in weight gain when compared with a forti-
fied porridge in Malawian children aged 
6-18 months. J Nutr. 2008;138:593-8. doi: 
10.1093/jn/138.3.593. PubMed PMID: 
18287372. 

32 Borg B, Sok D, Mihrshahi S, Griffin M, 
Chamnan C, Berger J, et al. Effectiveness 
of a locally produced ready-to-use supple-
mentary food in preventing growth faltering 
for children under 2 years in Cambodia: a 
cluster randomised controlled trial. Matern 
Child Nutr. 2020;16:e12896. doi: 10.1111/
mcn.12896. PubMed PMID: 31885221; 
PubMed Central PMCID: PMCPMC7038903. 

33 Banna MHA, Al Zaber A, Rahman N, Sid-
dique MAM, Siddique MAB, Hagan Jr JE, et 
al. Nutritional value of dry fish in Bangladesh 
and its potential contribution to address-
ing malnutrition: a narrative review. Fishes. 
2022;7:240. doi: 10.3390/fishes7050240.

34 Ochoa TJ, Baiocchi N, Valdiviezo G, Bullon 
V, Campos M, Llanos-Cuentas A. Evalu-
ation of the efficacy, safety and accept-
ability of a fish protein isolate in the nutri-
tion of children under 36 months of age. 
Public Health Nutr. 2017;20:2819-26. doi: 
10.1017/S136898001700163X. PubMed 
PMID: 28805177; PubMed Central PMCID: 
PMCPMC10261284. 

35 Khalili Tilami S, Sampels S. Nutritional 
value of fish: lipids, proteins, vitamins, 
and minerals. Reviews in Fisheries Sci-
ence & Aquaculture. 2018;26:243-53. doi: 
10.1080/23308249.2017.1399104.

36 Beveridge MC, Thilsted SH, Phillips MJ, 
Metian M, Troell M, Hall SJ. Meeting the 
food and nutrition needs of the poor: the role 
of fish and the opportunities and challenges 



La Banudi LB, Leksono P, Anasiru MA

146 Iran J Med Sci March 2024; Vol 49 No 3

emerging from the rise of aquaculture. J 
Fish Biol. 2013;83:1067-84. doi: 10.1111/
jfb.12187. PubMed PMID: 24090563; 
PubMed Central PMCID: PMCPMC4283757.

37 Béné C, Barange M, Subasinghe R, Pinstrup-
Andersen P, Merino G, Hemre G-I, et al. 
Feeding 9 billion by 2050–Putting fish back 
on the menu. Food Security. 2015;7:261-74. 
doi: 10.1007/s12571-015-0427-z.

38 Boah M, Azupogo F, Amporfro DA, Abada 
LA. The epidemiology of undernutrition and 
its determinants in children under five years 
in Ghana. PLoS One. 2019;14:e0219665. 
doi: 10.1371/journal.pone.0219665. PubMed 
PMID: 31365528; PubMed Central PMCID: 
PMCPMC6668784. 

39 Fernandes ECB, Castro TGd, Sartorelli DS. 
Associated factors of malnutrition among Afri-
can children under five years old, Bom Jesus, 
Angola. Revista de Nutrição. 2017;30:33-44. 
doi: 10.1590/1678-98652017000100004.

40 Sulaiman AA, Bushara SO, Elmadhoun 
WM, Noor SK, Abdelkarim M, Aldeen IN, et 
al. Prevalence and determinants of under-
nutrition among children under 5-year-old in 
rural areas: A cross-sectional survey in North 
Sudan. J Family Med Prim Care. 2018;7:104-
10. doi: 10.4103/jfmpc.jfmpc_73_17. 
PubMed PMID: 29915742; PubMed Central 
PMCID: PMCPMC5958549.

41 Talukder A. Factors Associated with Malnutri-
tion among Under-Five Children: Illustration 
using Bangladesh Demographic and Health 
Survey, 2014 Data. Children (Basel). 2017;4. 
doi: 10.3390/children4100088. PubMed 
PMID: 29048355; PubMed Central PMCID: 
PMCPMC5664018.

42 Castrilló NAM, Navarro MP, García-
Arias MT. Tuna protein nutritional quality 
changes after canning. Journal of food sci-
ence. 1996;61:1250-3. doi: 10.1111/j.1365-
2621.1996.tb10972.x.

43 Herpandi NH, Rosma A, Wan Nadiah 
W. The tuna fishing industry: A new 

outlook on fish protein hydrolysates. Com-
prehensive Reviews in Food Science 
and Food Safety. 2011;10:195-207. doi: 
10.1111/j.1541-4337.2011.00155.x.

44 Jiang Q, Nakazawa N, Hu Y, Wang X, 
Osako K, Okazaki E. Evolution of tissue 
microstructure, protein properties, and oxi-
dative stability of salted bigeye tuna (Thun-
nus obesus) meat during frozen storage. 
LWT. 2021;149:111848. doi: 10.1016/j.
lwt.2021.111848.

45 Chasanah E, Susilowati R, Yuwono P, Zilda 
D, Fawzya Y, editors. Amino acid profile of 
biologically processed fish protein hydroly-
sate (FPH) using local enzyme to combat 
stunting. IOP Conference Series: Earth 
and Environmental Science; 2019. doi: 
10.1088/1755-1315/278/1/012013.

46 Fawzya YN, Irianto HE. Fish protein hydro-
lysates in Indonesia: their nutritional values, 
health benefits, and potential applications. 
Marine Niche: Applications in Pharmaceutical 
Sciences: Translational Research. 2020:283-
97. doi: 10.1007/978-981-15-5017-1_16.

47 Siddik MA, Howieson J, Fotedar R, Partridge 
GJ. Enzymatic fish protein hydrolysates in 
finfish aquaculture: a review. Reviews in 
Aquaculture. 2021;13:406-30. doi: 10.1111/
raq.12481.

48 Olsen SF, Halldorsson TI, Li M, Strom M, 
Mao Y, Che Y, et al. Examining the Effect of 
Fish Oil Supplementation in Chinese Preg-
nant Women on Gestation Duration and Risk 
of Preterm Delivery. J Nutr. 2019;149:1942-
51. doi: 10.1093/jn/nxz153. PubMed PMID: 
31387119.

49 Vinding RK, Stokholm J, Sevelsted A, 
Sejersen T, Chawes BL, Bonnelykke K, 
et al. Effect of fish oil supplementation in 
pregnancy on bone, lean, and fat mass at 
six years: randomised clinical trial. BMJ. 
2018;362:k3312. doi: 10.1136/bmj.k3312. 
PubMed PMID: 30181143; PubMed Central 
PMCID: PMCPMC6122120.


