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Summary in English

Introduction

Cambodia has rich freshwater resources, which have been described as the most productive in
the world. Together with rice, fish and other aquatic animals (OAA) are part of Cambodia’s
traditional diet. The fish consumed in Cambodia are a variety of several hundred freshwater
species from the Mekong River system, sometimes consumed with the bones and the head.
Fish is an excellent source of high-quality animal protein, micronutrients, and essential fatty
acids, such as n-3 long-chain (LC) polyunsaturated fatty acids (PUFA). Fish and their
associated LC PUFA have many health benefits, including stimulating cognitive development
in children.

Despite the rich and productive aquatic food resources, Cambodia ranks among the most food-
insecure countries in the world, with a high prevalence of undernutrition. The diets of infants
and young children in Cambodia are of low diversity with nutritionally insufficient amounts of
fish and OAA. The WinFood project in Cambodia aimed to develop nutritious foods for infants
and young children, based on the utilization of traditional foods (rice and fish) as processed
complementary foods (PCF). Fish-based PCF can potentially be a nutritious and practical
complementary food for infants and young children in Cambodia.

The main objective of this thesis is to explore the potential of freshwater fish-based PCF to
improve the nutritional status of infants and young children in Cambodia, with particular focus
on the diversity of species consumed, the impact on fatty acid status, the caretakers’
preferences, and the willingness to pay (WTP).

Method

Paper | used data from the WinFood cross-sectional survey. As part of the survey, mothers of
children aged 6-15 months in Prey Veng Province were interviewed to retrospectively assess
the consumption of fish and OAA among mothers and their young children. In this study, the
mothers recalled fish and OAA consumption from the previous rainy season with the details
on species, types of processing, and parts consumed. The study used 157 cards with pictures
of fish and OAA species native to the surroundings and 11 cards with names of processed fish
to support recall of fish and OAA consumption.

Paper Il investigates the impact of freshwater fish consumption on blood n-3 LC PUFA of
children aged six to 15 months over a nine months intervention period. Data for the study was
from the individually randomized, single-blinded, community-based intervention trial for
WinFood, which involved 419 children. The blood fatty acid composition was analyzed before
and after a complementary feeding intervention with fish-based (WinFood (WF) and WinFood
Lite or (WF-L)) and non-fish-based (CSB+ and CSB++) PCF. The WinFood study was
designed primarily to assess the effect of locally developed complementary foods on child
growth, body composition, iron status, and gross motor development. The impact on blood
fatty acid composition is a secondary outcome.
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Paper 111 explores the market potential of fish-based PCF in packages (PCFP) in urban and
rural Cambodia. The data were collected in a cross-sectional field experiment in Phnom Penh
and Prey Veng Province. The sites were selected to represent urban and rural settings in
Cambodia. All caretakers in the selected sites with a child aged 7-24 months and who reported
that the child ate porridge on a daily basis were invited to participate. The study assessed the
preferences and the WTP for PCFP. Preference for organoleptic characteristics of the
PCFP were measured through a hedonic ranking test. The WTP measurement followed the
Becker—Degroot—-Marschak (BDM) method and the Contingent Valuation Method (CVM).
Respondents’ knowledge and perspectives on, and familiarity with PCFP, were also
assessed. The findings from the Paper I, Il, and 111 are discussed from the perspective of
sustainable food systems.

Results

Paper | included data from 100 mothers. The findings in Paper | showed that, on average,
mothers recognized 113 fish species and 14 OAA species available in their surrounding aquatic
environments. The numbers of species reported to be consumed by mothers and children were
69 and 14 species of fish, respectively, and eight and one species of OAA, respectively, in the
preceding rainy season. Consumption of fish with the head and bones was common among
mothers but not children. The diversity of children’s fish and OAA consumption was positively
correlated with age. The study showed that the rich biodiversity of fish and OAA in the Mekong
River basin is reflected in the mothers’ knowledge of fish species and their food culture but is
not translated into their children’s diets.

Paper Il included data from 308 children. The study found no differences in whole blood n-3
LC PUFA among the intervention groups or between the fish-based and the non-fish-based
groups. Exploratory analysis on a stratified sample of children who were no longer breastfed
at 15 months of age (endline) showed a significantly lower ratio of blood n-6/n-3 in the fish-
based group. The lower ratio of n-6/n-3 in the fish-based group among non-breastfed children
indicates that the effect of the intervention foods was modified by breastfeeding.

Paper 111 included data from 520 caretakers. Among the four PCFP included, the fish-based
PCFP (WF-L) was preferred over food aid CSB++ by rural participants. The organoleptic
qualities of fish-based PCFP have room for improvement in consistency and taste. WTP
analysis showed that participants were on average willing to pay 1,667 Khmer Riel (KHR or £
0.40 USD in the urban setting and 1,192 KHR (+0.30 USD) in the rural setting for a portion of
35 grams of fish-based PCFP. The study also found that the Cambodian market was penetrated
by various brands of global and local PCFP. The caretakers said they are familiar with at least
one of those brands (75% urban and 46% rural). Still, only 31% of the urban and 21% of rural
caretakers had ever consumed them. Most participants considered homemade porridge
healthier, more practical, and preferred by children.

Conclusion
Findings in this thesis suggest that to improve fish consumption in Cambodian children, fish

processing, such as fish powder and fish-based PCF, are likely to be feasible in nutrition
interventions. In improving the children’s blood fatty acid composition; the fish-based PCF is
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likely to be superior to the non-fish-based PCF, especially in non-breastfed children. Potential
consumers and recipients of the fish-based PCF were willing to pay for the fish-based PCFP.
Similar products were known and consumed by some of the target consumers/ recipients. This
finding indicates the potential accessibility of fish-based PCF by the target consumers.

The high diversity and local availability of fish in Cambodia are important in supporting the
availability and stability dimensions of fish-based PCF in food and nutrition interventions.
From an environmental sustainability perspective, fish-based PCF is potentially sustainable
because it utilizes small and locally available fish species, which are lower in the trophic level,
hence facing less environmental pressure. Fish are associated with ‘good or healthy for
children’ by caretakers in this study. The target consumers and caretakers in rural Cambodia
also preferred fish-based PCF compared to the global food aid CSB++.

In conclusion, fish-based PCF is a feasible nutrition intervention because it can improve fish
consumption in children, and potentially improve fatty acid composition, especially in non-
breastfed children. Furthermore, fish-based PCF is also potentially accessible, as target
consumers were willing to pay for it. From the sustainable food system perspective, fish-based
PCF can be a sustainable intervention to improve the nutrition status of infants and young
children in Cambodia.
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Dansk Resume

Introduktion

Cambodjas rige ferskvandsressourcer er beskrevet som blandt de mest produktive i verden.
Sammen med ris udger fisk og andre akvatiske dyr (OAA) en vigtig del af Cambodjas
traditionelle kost. Fiskene i den Cambodjanske kost deekker flere hundrede ferskvandsarter fra
Mekong-flodsystemet. Nogle arter spises hele, med ben og hoved. Fisk er en fremragende kilde
til animalsk protein af hgj kvalitet, mikronzaringsstoffer og essentielle fedtsyrer, sasom n-3
langkeedede flerumaettede fedtsyrer (LC PUFA). Fisk og deres bidrag til LC PUFA har mange
sundhedsmaessige fordele, herunder stimulering af bagrn kognitive udvikling.

Pa trods af de rige og produktive akvatiske faderessourcer rangerer Cambodja blandt de mest
fedevareusikre lande i verden med en hgj forekomst af underernering. Spaedberns
overgangskost i Cambodja mangler variation og indtaget af fisk er ernaringsmassigt
utilstreekkeligt. WinFood-projektet i Cambodja havde til formal at udvikle erneringsrigtige
produkter til spaedbgrn baseret pa traditionelle fgdevarer (primert ris og fisk), egnet til
distribuering som forarbejdede pakkede produkter (PCFP). Fiskebaseret PCFP har potentiale
til at bidrage til at forbedre overgangskosten i Cambodia ved at give adgang til et narende,
praktisk og stadig kulturelt traditionelt produkt.

Hovedformalet med denne afhandling er at undersgge potentialet for at produkter baseret pa
lokale ferskvandsfisk kan bidrage til bedre ernzring blandt bgrn i Cambodja, ud fra
perspektiver pa behov, indvirkningen pa n-3 LC PUFA status, og 0msorgspersoners
preeferencer og prioritering til at betale for sadanne produkter.

Metoder og deltagere

Artikel I anvender data fra et tveersnitsundersggelse under WinFood projektet. Som en del af
undersggelsen blev 100 mgdre til bgrn i alderen 6-15 maneder i Prey Veng-provinsen
interviewet for retrospektivt at rapportere indtaget af fisk og OAA. | dette studie rapporteres
det retrospektive fiskeindtag for den forudgaende regntid, med detaljer om arter, typer af
forarbejdning og hvilke dele af fiskene der blev spist. Undersggelsen brugte 157 kort med
billeder af fisk og OAA-arter som er almindeligt forekommende i omradet, og 11 kort med
traditionelt forarbejdede fiskeprodukter til at stgtte den retrospektive rapportering af indtaget.

Artikel 11 undersgger virkningen af dagligt indtag af produkter med ferskvandsfisk pa n-3 LC
PUFA i blodet over en interventionsperiode pa 9 maneder, fra alderen 6 til 15 maneder. Studiet
bygger pa sekundzre data fra det individuelt randomiserede interventionsforsgg udfert i et
landdsitrikt under WinFood projektet. Blodets fedtsyresammensatning og koncentration blev
analyseret for og efter en intervention med et dagligt supplement af fiskebaserede
gragdprodukter (WinFood (WF) og WinFood Lite eller (WF-L)) eller ikke-fiskebaserede
gredprodukter (CSB+ og CSB++). WinFood-studiet var primeart designet til at
vurdere effekten af de lokalt udviklede fiskebaserede produkter sammenlignet med de
eksisterende ngdhjalpsprodukter pa berns vakst og kropssammensatning, jern-status og
motorisk udvikling.
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Artikel 111 undersgger markedspotentialet for fiskebaseret PCF i byer og landdistrikter i
Cambodja. Data for studiet er fra et tveersnits-eksperiment i Phnom Penh og Prey Veng-
provinseerne. Studiets lokationer repraesenterede by og land i Cambodja. Alle omsorgspersoner
med et barn i alderen 7-24 maneder i omraderne blev identificeret, og dem der rapporterede at
barnet spiste gred dagligt, blev inviteret til at deltage. Undersggelsen var designet til at male
praeferencer, kendskab til produkter og villighed til at betale (‘willingness-to-pay’, WTP) for
PCFP. Praeference for de organoleptiske karakteristika af PCF blev malt gennem en hedonisk
rangeringstest. WTP undersggelsen anvendte Becker-Degroot-Marschak (BDM)-metoden og
Contingent Valuation methoden (CVM). Respondenternes viden og perspektiv pa og kendskab
til PCFP’er blev ligeledes undersgagt.

Resultaterne fra de tre studier inkluderet i afhandlingen diskuteres i perspektivet af baeredygtigt
fadevaresystem.

Resultater

Studie | fandt at mgdre i gennemsnit havde kendskab 113 fiskearter og 14 OAA-arter fra deres
omkringliggende vandmiljger. Antallet af arter der blev rapporteret at veere spist af madre og
bgrn var henholdsvis 69 og 14 fiskearter, og henholdsvis otte og én art af OAA, i den
forudgaende regntid. Indtagelse af fisk med hoved og ben var almindelig blandt mgdre, men
ikke barn. Mangfoldigheden af bgrns fisk og OAA-forbrug var positivt korreleret med alderen.
Undersggelsen viste, at den rige biodiversitet af fisk og OAA i Mekong-flodbassinet afspejles
i mgdres viden om fiskearter og deres madkultur, men er ikke omsat til deres bgrns kost.

Studie Il inkluderede data fra 308 barn. Der var ingen forskelle i blod-koncentrationer af n-3
LC PUFA mellem de fire interventionsgrupperne eller mellem grupper der fiskebaserede (WF
0g WF-L) og de ikke-fiskebaserede (CSB+ of CSB++) produkter. En eksplorativ stratificeret
analyse pa bgrn der ikke lengere blev ammet ved 15 maneders alderen viste en signifikant
lavere blod n-6/n-3 ratio i gruppen der indtog de fiskebaserede produkter. Den lavere n-6/n-3
ration i den fiskebaserede gruppe blandt ikke-ammede bern indikerer at effekten af
interventionsfgdevarer blev modificeret af amning.

Undersggelse 111 inkluderede data fra 520 omsorgspersoner, primart mgdre. Blandt de fire
undersggte produkter blev WF-L foretrukket fremfor ngdhjeelpsproduktet CSB++ blandt
forsggsdeltagerne pa landet. WF-L’s organoleptiske kvaliteter kan forbedres med fokus pa
konsistens og smag. WTP-analyse viser at deltagerne i gennemsnit var villige til at betale 1.667
KHR (+ 0,40 USD) blandt deltagerne i byen og 1.192 KHR (0,30 USD) blandt deltagerne pa
landet, for en pakke med 35 gram WF-L. Undersggelsen fandt ogsa, at der pa det
Cambodjanske marked fandtes forskellige merker af globale og lokale PCFP. Nogle af
deltagerne rapporterede at de var bekendte med mindst et af disse meerker (75 % by og 46 %
pa landet). Alligevel havde kun 31 % af byerne og 21 % af omsorgspersonerne pa landet smagt
disse produkter. De fleste deltagere betragtede hjemmelavet grgd som sundere, mere praktisk
og foretrukket af bgrn.
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Konklusion

Resultaterne i denne afhandling tyder p4, at for at gge fiskeindtaget hos cambodjanske barn, er
forarbejdning af fisk til for eksempel fiskepulver og fiskebaseret PCF en mulig fremgangsmade
i ernaringsinterventioner. En lokalt fremstillet fiskebaserede PCF vil sandsynligvis kunne
bidrage til at forbedre n-3 LC PUFA status, i sammenligning med en ikke-fiskebaserede PCF,
iseer hos ikke-ammede barn. Potentielle forbrugere af den eksperimentelle fiskebaserede PCF
var villige til at betale for den fiskebaserede PCF i pakker. Andre grgd-produkter der allerede
var tilgengelige pa markedet var kendte og brugt af en andel af malgruppen af
omsorgspersoner, hvilket indikerer at der er et potentielle for at et tilgengeligt fiskebaseret
PCF ville kunne nd malgruppen.

Den store naturlige diversitet og lokal tilgengelighed af fisk i Cambodja er vigtig for at
understgtte tilgeengeligheds- og stabilitetsdimensionerne af at udbrede fiske-baseret PCF som
led i en ernaringsintervention. Fra et miljgmaessigt baeredygtighedsperspektiv er fiskebaseret
PCF potentielt beeredygtig ved at vaere baseret pa arter af sma fisk, som er lavere i de tropiske
niveauer, og derfor udger mindre miljgmaessigt pres. Mgdre og andre omsorgspersoner
betragter fisk som godt eller sundt for bgrn. Malgruppen af omsorgspersoner pa landet i
Cambodja foretrak fiskebaseret PCF sammenlignet med den globale fodevarehjelp CSB ++.

Det konkluderes at et fiskebaseret PCF i Cambodia er relevant i ernaringsinterventioner med
formal at gge fiskeindtaget hos barn, og dermed potentielt forbedre n-3 LC PUFA status, iseer
hos ikke-ammede bgrn. Et fiskebaseret PCF har potentiale for at gares tilgengelig gennem
forskellige distributionskanaler da malgruppen var villige til at betale for produktet. Fra et
beaeredygtigt fadevaresystems perspektiv kan fiskebaseret PCF veaere en baeredygtig intervention
for at forbedre ernearingsstatus hos bgrn i Cambodja.
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