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Abstract

The overall goal of thepresentdoctoral study was to improve the diet and nutrition of the
matrilineal Minangkabau and patrilineal Mandailing rural farming communitiesast\Wumatra

by promoting the more efficient use of agrobiodiversity and local foodlke study objectives
were to assess the dietnd food security in relation to sociExological characteristics, and t
document the diversity of food plantand characteise their importance nuitionally and
ethnobotanically. The study applied multiple research disciplines and methods from
ethnobotany, anthropology, and nutrition. It used a mixsethod approach through which we
interviewed 200 individual women at reprodiive age and 68 particgmts during 4 focus group
discussions. The data collection included information on secamomy; food seurity; food
consumption; healttbasics attitudes and perceptions; local knowledge; and agrobiodiversity
levels and trends inse Thedietary assessent showed thatess than half of womereacted

the minimum dietary diversity (at leastcdnsumedood goups) Around twathirds of women
reached recommended dietary allowances (RDA) of macronutrients (energy, protein, fat,
carbchydrate) but only a mineity reached RDA of micronutrients. The least met RDA were
found of folate (reached by 4%), calcium (dead by 9%), vitamin A (reached by 12%), and iron
(reached by 16%). Overall, the mean adequacy ratio (MAR) aggregated foircdisutvas 0.64,
meaningthat the diet was adequate by 64%racing the food acquisition pathways revealed
that around twothirds of the consumecdhutrientscame from marketsHowever, multipldinear
regression showed that the strongest predictor dietary adequacywas the richnes of
cultivated food crops.Although there is a transitiofrom obtaining food from natural food
envirorments (cultivated and wild places) to built food environment (local markets), the vast
majority of consumedfoods were traditbnal foods.The compariso revealed that dspite
having slightly higher food insecurity, Mandailing women had better dietary outsoThe
ethnobotanical assessment found thatrfboth ethnics, cocoa agroforestry was a larsk with

the highest food plantliversity, and at the sara time, cocoa farming was the main source of
income A total of 131 food plant species, corresponding 167 plant folk foods were
documented. Minangkabau community stewarth higher diversity dfoth cultivatedand wild
food plants than the MandailingBoth mmmunities perceived local agrobiodiversity positively,
but numerous threats and drivers of change have been identifléd maindriversof change
were the decreased availability of food plants (mainly due to agricultutahsification) and
livelihood and lifestyle change€n the contrary, the main motivatis for continuous use of

food plant diversity wre that they are obtained for free or at a low cosind that they are

Vil



perceived as tasty natural and unpolluted foo@amparing twsocietieswith different culture
andkinship showed that customary govemze and matrilineal descent appear to contribute to
the conservationof food plant diversitybut not to dietary outcomesvhich aredetermined
rather by ethnic food halts and characteristics dfie food environmentThe research phasef

the studyformed asolid base for thappliedintervention, which became evidendssed and
addressed the actual dietary needs bfiaring knowledge and raising awareness food
biodiversity through multistaketolder events and community publication®verall, thestudy
wasperceived well by the communities and governments, and it is expected to have a positive
impact on nutrition, health, agrobiodiversity, and agriculture resilience. Sthdywas aligned

with the National Development Plapf Indonesia and it contributed to the goals of Aichi

Biodiversity Targets, Convention on Biological Diversity, asthfdable Development Goal

Key words:nutrition, dietary diversitytraditional foods, food environmentethnobotany
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Abstrak

Tujuan umum proykedisertéai adalah untuk memperbaiki konsumsi pangan dan gizi masyarakat
matrilineal Minangkabau dan patrilineal Mandailing yang tinggal di perdesaan Sumatra Barat
melalui promosi pemanfaata agrobiodiversitas dangmganlokal. Tujuannya adalah untuk
mengkaji polamakan dan ketahanan pangan dalam kaitannya dengan karakteristik- sosio
ekologis, serta mendokumentasikan keanekaragaman tumbuhan pangan dan mengkarakterisasi
kepentingannya secara trisi dan etnobotani.Perelitian menggunakan metode pendekatan
multi-disipin mulai dari etnobotani, antropologi, dan gizi. Pendekatan mixethod dilakukan
dengan mewawancarai 200 wanita usia subur dan 68 partisipan untuk pelaksanaan empat focus
group dscussions (FGD). Data gadikumpulkan terdiri atas sosigkonomi; ketahana pangan;
konsumsi pangan; kesehatan dasar; sikap dan persepsi; pengetahuan lokal; dan tingkat serta
kecenderungan pemanfaatan agrobiodiversitas. Hasil pengukuran konsumsi pangan
menunjukkan bahwa kurang daseparo wanita yang mencapai minimum dietary edbity
(sekurangkurangnya mengonsumsi lima kelompok pangan). Sekitar dua pertiga wanita
mencapai angka kecukupan gizi yang dianjurkan (AKG) gizi makro (energi, protein, lemak,
karbohidrat), tetapi hanya deagian kecil yang bisa memenuhi AKG gizi mik.ya@ng paling
sedikit terpenuhi adalah folat (4% wanita), kalsium (9% wanita), vitamin A (12% wanita), dan
besi (16% wanita). Secara keseluruhan, mean adequacy ratio (MAR) watgi8i adalah 0.64,
artinya hanya 64% subjek yang mengonsumsi diet secakap. Penelusuran jalur pangan
menunjukkan sekitar dua pertiga gizi yang dikonsumsi berasal dari pasar. Namun demikian,
analisis multiple regression menunjukkan bahwa prediktakuat kecukupan gizi adath
tanaman pangan yang yang bersumber pada budidideski ada transisi perolehan pangan dari
lingkungan alam (budidaya dan tanaman pangan liar) ke sumber pangan yang berasal dari pasar,
mayoritas masyarakat tetap mengonsumsi pamdakal. Uji beda menunikan bahwa wanita
Mandailing yang mengalami ketiklahanan pangan jumlahnya sedikit lebih tinggi, namun
mereka memiliki asupan gizi yang lebih baik. Pengukuran etnobotani menunjukkan bahwa
kedua etnik memanfaatkan agroforestry cakéebagai sumber divetas tanaman pangan, dan

pada saat yang sama perketan coklat juga menjadi sumber pendapatan yang utama. Terdapat
131 spesies tanaman pangan dari 71&naman pangan yang berbeda yang berhasil
didokumentasikan. Masyarakat Minangkabeemiliki diversitas lgh tinggi untuk tanaman
pangan budidaya maupun taman pangan liar dibandingkan masyarakat Mandailing. Kedua
kelompok masyarakat mempunyai persepsi positip tentang agrobiodiversitas lokal. Faktor

pendorongnya adalah semakin berkngmya ketersediaan tanamapangan (terutama karena



intensifikasi pertanian)dan perubahan gaya hidup. Motivasi untuk terus memanfaatkan
diversitas tanaman pangan adalah karena dapat diperoleh secara bebas di alam atau harga yang
murah. Selain itu, tanamapmangan tersebut dipersefisan bersifat alamiah dan bebas polusi.
Setelah menbandingkan dua komunitas dengan dua budaya dan sistem garis keturunan yang
berbeda, hasil studi menunjukan bahwa pemerintahan adat dan garis keturunan matrilenial
nampaknya telah érkontribusi pada keberagnan tanaman pangan, namun tidak berkontribusi
pada gizi Pola makan dan gidebih tentukan oleh kebiasaan pangan tradisional, dan
karakteristik lingkungan pangarkase penelitian ini dapat menjadi landasan kuat untuk
intervensi erkait pangan dengan cabgrbagi pengetahuan dgmeningkatarkesadaran tentang
biodiversitas pangan melalui ew@ven dari pemangkukepentingan dan publikasi di
masyarakat. Secara keseluruhan, proyek ini mendapatkan persepsi yang baik dari masyarakat
dan pemerintah, dan diharapkaakan mempunyai dampak positip tertegal gizi, kesehatan,
agrobiodiversitas, dan ketahanan di bidang pertanian. Proyek ini sejalan dengan Rencana
Pembangunan Nasional Indonesia dan memberikan kontribusi untuk pencapaian tujuan Aichi

Biodiversity Targets, @aention on Biological Diversity, d&ustainable Development Goal 2.

Kata kuncigizi, keanekaragaman pangan, pangan tradisiaistempangan, etnobotani
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1. Introduction

Food isa basic human need andll people should have access arght to adequate and
nutritious foodand diet Theacquisitionof food is pivotal to thedevelopment andunctioning

of human societies rad the evolution of theircultures. Differences in the ways and means
humans obtain and use foods have a profound @ffan nutrition and health, but alson the
socialorgankation, kinship structure, and chilicbaring practices to name a few (Pelto et al
2013).No matter in what particular way humans obtain their food in their environment, the
essentialand ultimate resourceis food biodiversity.From both plant and amal sources,
biodiversity of food is a vital source of energy, nutrients, and bioacdmpounds that sustain
human beingslt may come directlyrbm various agricultural systemsatural environments
such asforests, rivers and lakesor increasingly idirectly from food vendors, restaurants and
markets Thesenteractions happen in thefood environment the consumer interface with the
food system that encompasses the availability, affordability, coiarese, and desirability of
foods (Herforth& Ahmed2015).Food environments are part of the overall food system, which
encompass the entirrange of actors and their interlinkexdttivities involved in the production,
processing, distribution, consumption and disposal of food products dhatproducedfrom
agriculture, forestry or fisherieg=AO 2018)One of the most importantesultsof food system
processes are nutritional outcomedowever,the current global foodsystemis still failing, as
two billion people experience hunger or malnutrition (FAO 202Uorld food supplies are
gettingincreasingy homogensed by a fewnajor cropsand their products(Khoury et al. 2014)
Currently, nalnutrition in all its forms, idluding overweight, obesity, undernutrition, and their
coexistence, is the leading causk death globally and affects every country (Development
Initiatives 2018)Moreover, phnetary boundaries are beimmushed and nourishing a growing
population in wag that support human and planetary health is one of the greatest challenges

of the Anthrompcene (Downs et al. 2020; Willet et al. 2019).

In Indonesia, almost onthird of childen under 5 years are too short for their age
(stunted), which puts thenat risk of not achieving their full physical and cognitive potential
(MOH2019).Every second ggnant wonan suffers from aaemia, while at the same time, there
is a growing double btden of malnutrition where overnutrition is on the ris@JNICEF 2018)
Achievig a healthy diet from sustainable food systems is gmessing issueof utmost
importanceand magnituden IndonesiaVermeulen et al. 2019)ndonesia is bieulturally a
megadiverse countrywith the 2" largestcultural diversity in the world, ovet4,700 islands,

andbetween30,000¢ 40,000 spermatophytplantspecies, accounting for 15.58fthe world's
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flora (MOEF2014). Yet only 19,232plant speciehave been identifiecand nameduntil now
(Widyatmoko 209). Throughthe interaction with biodiversity local peoplenave evolved rich
gastronomiesand diets based om wide array of locdbod resourcegVermeulen et al. 2019).
The locally cultivated or collected agrobiodivigysis a crucial resource forlocal people's
nutrition and weltbeing According to the Plant Resources of Sehtst AsigqPROSEA
Indonesia hasa high biodiversity of useful plants but many of them are neglected and

underutilised, which could contribte more tothe diets (Westphal and Jansen 1986).

Consideringhe rich agrobiodiversitgnd high malnutritiorat the same timethisdoctoral
studyaimed tounderstandthese linkages and leveratiee potential of agrobiodiversitin West
Sumatra.The studys overall goawas to contribute to food and nutritional searity of the
matrilineal Minangkabau and patrilineal Mandailimgral farming communities through
leveraging he paential of localfood biodiversity Theaefore, the study employed areseach-
for-development approachwhich combined a fieldworkphase followed by scientific data
analysis, andshortapplied interventbn to contribute todesired outcomes and imptscon the

ground.The impact in timehowever, could not be monitored due to limitedrtie and budget.

The research framework considered a seetmlogical model of food and nutrition, which
looked at the mainsociocultural and environmental factors infincing foodconsumption
(Pelto et al. 2018 Thefirst study objective wasto assess ta diets and food security of the
communities in relation to sociecological characteristics. Th&econd objectivewas to
documentthe diversity of food plants and chasterise their dietaryimportance and potential.

The specific aims withilbse objecties are given later in chaptdr Goal and objectives.

The research framework aimed to answer four key research questions. As dietary
adequacy is the keyependent variake in this research, the study aims to identify the predictors
of adequatediets (reseech question 1). Besidateterminingthe predictors, the research aims
to quantify how much food and nutrients flows through different acquisition pathveah as
from marketsor own productionand landuse systems (research question 2). Tiied researt
guestion is about mswering whatthe level of food plant diversity isnd what barriers and
motivations affect its persistence and use. The last question aims to cam@mphe findings
between the ethnic groups anekplain how the differentwtural systemin a similar landscape

affectsagrobiodiversity and dietary outcomes (research question 4).

1 PROSEA (Plant Resources of South East Asia: http://proseanet.org/prosea/)



2. Literature review

2.1 Current situationof food systems anahutrition in Indonesia andworldwide

Although the current global food system is believed to be capatienerating enough calories
for the human population of the world, still around two billion people experience hunger or
malnutrition (FAO 2020)A rapidly increasingumber of nations expgence the double burden

of malnutrition, where undernutrition cexists with overweight, obesity and other dietlated
diseaseqDevelopment Initiatives 2020Recent studies have demonstrated that the current
food systems are not dy failing to deliverhealthy diets but are also inequitable and
environmentally unsustinable(Béné et al. 2019; Willet et al. 201@lobally, stunting among
children has slightly declined, but there is new evidence that there is a reversal rise of world
hunger (FAO, IFAD, WEF, WFP and WHO 20IB)erefore,sustainable food systesmare
needed, whichdeliver food security and nutrition in a way that the economic, social and
environmental bases to generate food security and nutrition for future genematiare not

compromised FAO 2018).

Currently, nalnutrition is responsible for more riésses and health problems than any
other factor, and the burden of malnutrition across the world remains unacceptably high
(Development Initiatives 2018). With changegylobalgation and @ricultural industriakation
of rural areas, local foodways ahdman cultures are changiigemendousy. Global trade and
markets play an omnipresent role imfluencing human lifestyle and dietary habits, and among
indigenousand winerable communitiestend to increase the consumption of highly processed
foods of pmr nutrient value (Kuhnlein et al. 2009ndigenous and local peoptehealth is
particularly prone to theseapid shiftsfrom traditional toso-calledwesterndiets ard lifestyles,
resulting in a rapid increase of obesity, cardiovascular disease, aral 2ygdiabetes, and

sometimes with impact on physical, social, and mentaldwelhg (Graceg King 2009).

Improving diets and ending all forms lafinger andmalnutrition by 2030 is one of the
most pressing Sustainable Development Go8B&2). Whenthe human diet andnutritional
status improve it helpsbreak the intergenerational cycle of poverty and leads to a myriad of
benefits and soci@conomic growth of individual families, communities, and countries.
However, human diets are inextricably linkedot only with human health but also with
sustainalility and planetary health. The EATLancet Commission on Healthy Diets From
Sustainable Food Systems demonstrated tha turrent dietary patterns are pushing the

planet beyond itdboundaries(Willet et al.2019) This puts both humanity and nature under



threat. The Commission identified the keghallenge before yswhichis to provide a growing

humanpopulation with healhy diets from sustainable food systems

"Food has the potential to nurture human headthd support environmental sustainability.
Instead, our food is threatening both. The challenge before us is to provide a growing global

population with healthy diets @m sustainable food systemigWillet et al. 2019).

The findings from the EAdancet Comission provided the first scientific targetsrfa
healthy diet from sustainable food and agriculture systems that operati#isin planetary
boundaries. To meet thisatget, dietary changes need to be combined with improved
agriculture and reduced food aste. Agriculture wilhlsoneed to produceavariety of nutrient
rich cropsandthe use ofland and ocean withave tobe better governeqStockhdém Resilience
Center2020).

SouthEast Asia is experienciragrowing human population and the current foegstems
are largely unsustainable in the conteftboth supply and demand of food (Weinbergr1 3).
The regions also experiencing a rapid dietary transit@md a double burden of malnutrition
More than half of the worlt stunted children, more thatwo-thirds of wasted children, and

almosthalf of overweight children artoundin SouthEast AsigUNICEF 2016)

In Indonesia,rbm 2016 to 2018, around 22 million ofdonesiang8% ofthe population)
experienced hunger (3B 2019. In 2019, Indonesia alsanked poor on the global hunger index
compared to other ASEAN countrig@obal Hunger Inde2020) Out of D7 countries, Indonesia
was placed 78 (worse than Malayis, Thailand, Vietnam, Myanmar atige Philippines$. In
2019, the proportion of stuntedhildren under 5 years in the country neckd to 28%rom 32%
in 2018 MOH?2019).Anaemia is also widespreagith 42% of pregnant womeand 28% of all
women having anaemia Qevelopment Initiative019). The overallmalnutrition level is still
high, despie the massive efforts from thgovernment and economic growtim the country
(UNICEF 2018Moreover, Indonesia undergoes double burden of malnutrition, as @lso
suffers from growing rates of overweight (UNICEF 20T8E countryhas also reached thé"
highest number of people whbave diabetes globally, and the proportion of mortality caused
by noncommunicable diseases (NCDs) was 73% in 2016 (Vermeulen et T2@leconomic
costk of dietrelated diseases in Indonesiae estimated to be around) 3 248 billion per year
(UNICE2016).

While ranked as a middimcome countryndonesiandiets remain far more typical of a

low-income country with low meat consurtipn and extreme dependence on a single staple



rice (Vermeulen et al. 2019). In geakrural and poor Indonesianssvulnerable to deficiencies

of proteins and fats, fruits, and vegetables. For example, in Maluku, the wealthiest quiintile
the populaion consumeson average74 g of protein per day while the poorest quintile
consumes 33 (Vermeulen et al. 2019yherecommended daily allowance of protein for adult
Indonesiansrangesfrom 56 g to 65 g, depending on age and gen{@OH 2013) This
demorstrates that the poorest ones are often far below the recommended amount, while the
wedthiest ones consume proteiexaessively Poverty and high food prices remain major
challenges in the effort to increase accessntatritious food (Arif et al. 2020). But in bic-
culturally diverselndonesia,food systems andliets vary along with immenseeggraphical,
socioeconomic, and cultural diversity. With this variation, Indonesia has a multitudeoof
systems anddietary patterns rather than oneélndonesian diet (Vermeulen et al. 2019).
According to a recent studyybColozza& Avendano (2019)traditional dietsand practices
continue to be dominant in both rural and urban areas, despite the context of rapid-socio
economic change and urbanisati¢@olozza& Avendano 2019). However, some other studies
are showing a riag consumption of ultrgorocesed foodge.g., instant noodles, sweet bread,
fried snacks)n urban contexts such as Jakarta (Setyowati et al. 2QE8}urban areas in Java

(Mayerand Rohmawat2019) and evenin somerural areas (Ariét al.2020).

In West Sumatra, local communitiémve a relatively diverse diederived mainly from
traditional foods (Swisscontact 20l6poeto et al. 2001 However, there is still a high incidence
of diet-related problems, such as coronary heart diseases and ana@ripaeto et al. 2004).
Thediet qualitywas found low foremost due to a monotonous diet and high saturated fatty acid
intake (Stefani et al. 2018t. has beerreported that the Minangkabapeople havea high risk
of dyslipidemia, which iBkely driven rmainly by the high intake of dieta fat from poor quality
sourcegDjuwita et al. 2003Minangkabau people also have hilglvels oftotal cholesterol and
low-density lipoprotein cholesterol compared tither ethnicities in Indonesia (Hatma 2011)
Moreover, the prevalence of obesity isdghi among Minangkabau womgbesmawati et al.
2019. Lipoeto et al. (2004) described the nutrition transitiorwhich has had some positives
and some negatives. Their siyifound that inthe period from 1983 to 1999, there was a high
increase in consumptioof soybeananoverall decrease in energy intakes (kcaly] anincrease
in the proportion of dietary energyobtained from norcarbohydrates such as protein and fat
(Lipoeto et al. 2008). The study also pointetb a major shift of occupation from agrilture,
forestry and fisheries to manufacturing and services. This translated into a significant reduction

of physical activityThe nutrition transition is thus reflectlby changes in the proportion of food



intakes and dramatic shifts in causes of deatnf infectious to chronic nosommunicable

diseases at the same time (Lipoeto et al. 26004

In Indonesia andoroader SoutkHEast Asia, the increase in theprevalence ofnon-
communicable andardiometabolic diseasés also caused by a transition to a meedentary
lifestyle (Angkurawaranon et al. 2014)in this context, extrapolated withintensified
mainstreamiry of modern lifestyles andglobal foods, local people tendio decrease
consumption of traditional foods, and on the contrary, increte=intakeof instant foodsultra-
processed food productand nutritionally poor snacks. In this scenario, public headtitial,
cultural, and environmental costs are extremelghhand have yet to be estimateth West
Sumatra, the Minangkabau people appear tathere resistant tahe adoption of western foods
and dies, due to their culture and proudness of traditionaloids,which slows down the dietary

transition to some exten(Lipoeto et al. 2012Lipoeto et al. 2001

The causes of inadequate diets and matitign in Indonesia are muHiiaceted. Acording
to Februhartanty (20050ne of the causes ithe low awareness b nutrition due to a laclkof
mainstreamingnutrition into the education syste. A recent reviewof determinants ofchild
stuntingin Indonesiafound that it is associated witmumerousfactors i.e., premature birth,
short birth length, male sexonexclusive breastfeeding for the first 6 months, short masrn
height, low maternal education, high poverty, having unimproved latrines, usingabet
drinking water, poor access to healthcare, and living in rural areas (Beal et al. 2018). Child
stunting is also related to food insecurity, and provinces with Emmess to food are those with
the highest stunting ratesSMERW2015). Tackling stuntig isone of thetop priorities for
research and development in the country (Beal et al. 20i&)re & a calfor an investment in
research and development of agriaue, food systems and ruradfrastructure ADB2019). It is
also recommended to increa the resilience to climate change and natural shocks which are
frequent in the regiofABD 2019)While nutrition and dietary targets have been mainstreamed
relativelywell into programs, the agricultural policibave been recommendett reorienttheir
focus from rice production tothe overall diversification of production and more efforts to

increasethe production of vegetables and fruits (Adf al. 2020).

"The mospovertystricken communities with high stunting rates in Indonesia do know how and
where to fish. What they lack is a fishing rod and access to unpolluted fishing WéBsnsnjaria
2020).

Undoubtedly, therds a need to adopt diets that could benefitith humanand planetary

healthin IndonesigVermeulen et al2019) The aithors specifed that this should include the
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substitution of refined rice by a wider variety sfarchy staplesincreasng intake of fruits and
vegetables that have traditionallyelen grown in Indonesia; increag consumption of proteins

and fats among more undernaghed communities; and lastburbingon added sugars and oils

in processed foods. Thugh its Development Plans, Indonesia is committed to securing good
nutrition for all. The emphasis on diet and nutrition is supported by national dietary guidelines
(MOH 2014a). More attention has recently been paid not only putrition but alsoto the mare

holistic food system approaches

"Indonesia has an uncommon chance to takeffeiknt pathway, a course correction towards
healthy diets based on sustainable protioic. The key to unlocking this sustainable future will
be to put into practice a trudood system approaciio meeting goals for food security, health,

agricultural derelopment and the environmefiVermeulen et al. 2019)
2.2 Importance of food biodivesity for diets and nutrition

Despite increasing homogeaiion of the major cropghat contribute to world food supplies
(Khoury et al. 2014), millions of rural housed®throughout the developing world continue to
rely on a diversity of plant and animapecies to nourish themselves and to support their
livelihoods (Kuhnlein et al. P9). Food biodiversitys the core ofindigenous peoplésfood
systems. However, manwlriers hinder the utiBation of this biodiversity despite its nutritional
potential Hunter& Fanzo 2013). The neglamt of food biodiversity resulting in poor dietsis

coming athighcossto national healthcare budgets, economies, and societieargel

Localfarmers and traditionacommunities are going through a transitional petiahile
experiencing a loss of biodiversity, traditional knowledge, and cultalaks, which results in a
dilution of a true sense of community (Pieroni et al. 2016iigenouscommunities arein
transitions, where they ardosing their traditional knovedge, which had previously enabled
them to source local food biodiversity, whibaving limited access teducation and nutritional
knowledge. Some studies are showitlgit the persistence of ethnobotanical knowledge is
associated with the health oindigenous peoples (McDade et al. 2007). A recent review
suggested that agrobiodivergihas a consistent association with more diverse diets (Jones
2017). Kennedy et al. (20) emphasied that the diversity of both cultivated and wild plants,
andanimals usedor food, is a critical element for tackling malnutrition and ensuring sustainable
food systemsCurrently, there is a growing interest, recognition and new approaabresding
wild food plants for food and nutritional security (Borelli et al. 2020)isfood biodiversity
based approach is a holistic, rather than a specific, vehitldifersifying diets and supplying

vital nutrients (Kennedy et al. 2017; Huni&r~ano 2013). Mutual linking of biodiversity with
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nutrition builds a common path leading ta reinforcement of nutrition security and
sustainability (Toledo and Burlingam&(®).Yet, crop and food biodiversity have been missing
in many strategiesind programsaiming to improve nutritionKennedy et al. 2017; Hunté&
Fanzo 2013; Fanzo et al.120 Niehof 2010).

In rural parts of bieculturally rich countries such as Indonesia, the locally cultivated or
collected agrobiodiversity Hill crucial formany locapeople'sdiet andlivelihood According to
PROSEAvhich mappedmany of theregion's seful plants a hgh proportion ofthe plant
biodiversity isused for food(Westphal& Jansen 1986)The aithors mentioned that there are
numerouscrops and lesseknown speciesthat could contribute to a balanced dietif not
overlooked Many local species are, in fact, nglected and underutided plants with high
nutritional content Hunter et al. 2019Powell et al. 2015; Grite & Ogle 2000)This offers a
certain pdential for alleviating micronutrient deficiencies in some contexts, such as amorig rura
and traditionalcommunities (Powell et al. 2015jraditional and wild foods plants also represent
bioactive functional foods that could contribute to healimd immunity to variousillnesses

(Pieroni& Price 2006; Heinrich et al. 2016).

Ancestral and@ntemporary traditional diets are known to offer valuable health benefits
(Crittenden& Schnorr2017) There are also suggestions that humans and their genome are
adapted to thefoods,dietsand environmengfrom past times and that contempary diets and
lifestyles are not optimal for the human genonf€ordain et al2005. The western dietary
pattern is characteded by high consumption of ultrarocessed foods, whichlso push the
human gut microbiome to produce negative health outcomed arflammation(Zinicker &
Lindseth2018. Amongindigenous communities, higher use of wild foods hE®been linked
with greater food securitfSmith et al. 2019)To accessvild foods it is crucialto maintain
traditional food knowledge, which represts an integralpart of local and sovereign food

systemgqAziz et al. 2020)

Despite the rich agrobiodiversity and food culturesridonesiathe use of food resources
is far from opimised as demonstrated by monotonous diets and poor nutritional stafuhe
Indonesias. According to Niehof (2010)ne of themainreasondor this is astruggle to be food
secure, and thus spendinguchtime and labour on account gfroducingthe mostimportant
Asian food crog rice (Niehof2010). In West Sumatra, the strong preferericerice caused a

major neglection obther staple crops (David et al. 2QRudito et al. 2002).

Agrobiodiversityin Indonesias also increasingly facitige pressue of econonic growth

and policies that dve the commerciatation of farm and livelihod systemslit becomes more
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challenging to maintain agrobiodiversitich landssuch asiomegardengAbdoellah et al. 2020).
Yet, he study of Ickowitz et al. (2016) iidted that people living inside or close forestsin
Indonesia consume more micromignt-rich foods than those not living in the forest proximity.
A recent study with rural households fronover Indonesa found a trend of decreasing
agrobiodiversity andleclining dietary diversitgespite inceasing incomes and market access
(Mehraban & ¢kowitz 2021) Other research has shown that local foods provided as school
lunchescansignificantly improve the nutritional intake and health status of the schoolamld
(Sekiyama et al. 2017).

The present study believes that it is essential to fosteresearch anddevelopment
trajectories, which are exploring the nutritionahd cultural values of traditional food diversity,
while explaining and addressing the reasdmsthe decline in the use of local fosdTo better
understand the food consumptiomhich determines the nutrients consumed, it is necessary to
go beyond a solely nutritional approach acoimbinesocial and cultural approaches (Gartaula
et al. 2018; P¢b et al. 2013). Historically, dietarytérventions have focused primarily on
protein and calories, later on minerals and vitamins, and most recently on functional and
healthful properties of foods, such as antioxidants. In each of these caseduetionist focus
on a single compound or nutri¢ has often neglected the foods, diets, anoci®-ecological
contexts of food system§o better understand and leverage the potential of agrobiodiversity

for nutrition, the present esearch will applgthnobiologtal and nutritionabpproaches.
2.3Indigenous food systemm the context ofglobalsocio-ecological change

Around470 millionindigenous people spread over 90 countries rely on tiredigenousfood
systemswhere food is primarily grown and harvestedin naturalfood environmentgKuhnlein
et al. 2013). Theindigenouspeoples knowledgeco-evolved withthe traditional way of lifein
local ecosystems&incandigenougpeoples have survived in particular egetems for thousands
of years, their food systas can be condered sustainableglthoughthey are alsachandgngand
evaving (Kuhnleh 2015). Indigenous peoplesvhose land occupy over a quarter of theworld
land, are recogréed as the custodians of 8@ of the worlds biodiversity, as their territorie
coincide with the most biodiverse areas the planet(Garnet et al. 2018). Their kealth and
well-being are inextricabl linked to local biodiversity and the environment. For many
indigenouscommunities, farming, hunting and gathering activities arenpipal for thér health

and weltbeing (Kuhnlei& Receveur 1996).

Compared to mainsti@m food systemsndigenous food systems tend to more biodiverse

and also hava culturalspritual dimension (Kuhnlein et al. 2009heyare known to be rich in
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food hiodiversity, combining both ediblanimal and plant specigsom across the landscape
(Powell et al. 2015)Locallyavailable foodspecies numbers vaidepending on the ecosystem.
The highest number of edible specire foundto be used by the anmunitieslivingin tropical
andbiodiverse environmentsThe FAGINE program omdigenots food systemgKuhnlein et

al. 2009) found the highest number of éble species and their varieties wsby Karerpeople

in Thailand (387), Pohnpei in Micronesia (381} &alit in India (329). On the contrary, the
lower food biodiversity richness was fouma more cold or arid envimments such among
Maasai in Kenya (350r Gwictin in the northern territories of Canada (50)hat foods are
available from which the indigual can choose is dependent on the environment and is further
moderated by culture, @onomy, technology and politic¥he dietary transition and exterof

use of localind importedfoods vay across the communities. Igbo people in Nigeria were found
to have the highest share of dietary energy from local foods (96%), followed by Awajule peop
in Peru (93%) and Karen people in Thailand (85%). On theogrttre Maasai, Pohnpei, Ingano,
Bhil and Dalit hathe majority of their dietary energy derived fromefined and imported foods
(Kuhnlein et al. 2009A review by Penafiel et al. (2011)rdomed that local foods were found

to be an important source ofenergy, micronutrients, and diverse diets of rural communities

living in highly biodiverse ecosystems

The traditional food systems which arehanging withthe complexities of social and
ecoromic circumstances are becoming increasingly affected by thedatglobalation even
in remote areas Despite the wealth of knowledgéndigenouspeoples have of thér local
environment and food systesnthey often face vulnerabilities derived from extne poverty,
discrimination and marginahtion. This can mean that access to thkind andresources
becomes limited, causingdversehealth outcomes(Kuhnlein et al2015). Global trade and
markets playan omnipresent role in influencing human dietamyd lifestyle habits, and among
indigenous communities, tend to increase the consumption of highly processed fodow of
nutrient value(Kuhnlein et al. 2009Piets hae become more energgense and highein fats,
sugars and salfor example, in soft dnks, snack foodsand readyto-eat convenience foods
(Kuhnlein& Receveur 1996).ocal bod systems are increasingly composed of a mixture of local
foods andprocessedfoods purchased fronmarkets bringing changes not only taliets and
health but also chnging values and transforming landscap&apid dietary changes of
indigenous peoples are posing threats also to the traditional knowledge required for traditional

food system maintenance (KuhnletkhReceeur 1996).
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Currently, numerous drivers are acceléng the decline in biodiversity and use of
indigenous foodsSome of the main drivers aohanges in landise, climate change, agriculture
intensification, overharveting, socieeconomic change, expansi of markets and the loss of
local knowledgdFAGC2019; Bharuch& Pretty 2010).Thesefactors drive thehomogengation
of local foodwayswhichmay contribute to malnutritionand overconsumptionresulting irthe
nutrition transition and epidemic of obesity and chronic diseg&aihnlein 20%). The eviénce
base of thenutrition and health status ofindigenous peoples worldwide needs to be
strengthened.The chaknge is that rany middle and lowincome nationslo not yet collect or
segegate the nutrition andhealth data by ethnic group (Kuhnlein Z)OUltimately, more
research and investment infodigenous agrobiodiversignd food systemsould help to tackle

the nutritional challenges while maintaining kioltural diversity.

Since food systeens andapproachesremore recent phenomena, comprehsive food
system studies fromindonesiaare virtually norexistent. However, there are various studies
related to one or two components of the food systeriany studieshave traditionalljlooked
separatelyat agriculture forestryand land uses, biodivdtg and local knowledge, or food and
nutrition. Only very few studies considered linkagedrade-offs amongdifferent food system
componentsaand outcomesPioneering vork with more holistic food system approach was done
on socioecultural aspects of nuttion and food system of Baduy people in Jasgo maintain
unique knowledge anccultural systens (Khomsan et al. 2012Pounias et al(2007) studied
more systematicallyhe diets and nutritional status of former huntgatherers irBorneo with
relation tothe level of their remotenesd hey found that more remote communities had more
diverse diet and better nutritional status and physical fitn&dsrrently, here are ongingbut
unpublishedstudies onindigenous food systems of Tger people in JayaDayakpeople in
Borneo, andrang Rimba in Sumatia West Sumatrag study by David et al. (2013) highlighted
the linkages of agrobiodiversity and diets with traditional okiedge of matrilineal
Minangkabau womenYet, none ofthese s$udies from Indonesiacompared diets and food
systems between societies adhering to matrilineal and patrilineal kinship and de3teme is
astudy from NorthEast Indiawhichcomparedfood s/stems ofmatrilineal Khasi and patrilineal
Chakhesang tribeand found that women in &ith societies play equally important roles in
agrobiodiversity management, subsistence agriculture, and household food provis{&hemg
& Nongkynrih 2017)Accordingto the authors, different cultural rules shaped gendelations,
women's status, and@preciation of women's wdt. Gender roles were more flexible among the

matrilineal Khasi.
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Currentlyit ismomentousthat international institutionssuch athe Food aml Agriculture
Organization of the United Nationand their partnersare coming forwardto strengthen
collaboration and research dndigenous food systems. @8 September 2020, a new Global

Hub on Indigenous Food Systehas been launched
2.4 Nutrition-sensitive agricultureand its impacton nutrition outcomes

An increasing number of gekxnments, donors, and research or development orgatons are
committed to supporting nutritiorsensitive agriculture to contribute achieving national and
global derelopment goals (Ruel et al. 2018plicy, programmer project intervention can be
considered nutritionsensitive if it contributes to better nutrition by addressing some of its
underlying determinants such as access to safe and nutritious foods, adeqgaat, and a
hygienic environmentRAO 201§ Nutrition-sensitive agriculture iselatively a recentoncept
that aims toaddress thedietary needs by agriculturenew knowledgeand available food
resourcesForemost, ti explicitly incorporates nutritiombjectives into agricultur@rogrammes

to improve food and nutrition security but alsohealth, education, economic, environmental

and social aspects (Jaenick®&/irchow 2013).

Nutrition-sensitive agriculture can have several pathways that lead to imprawérition
(Herforth & Harris 2013 The key pathways are throughousehold own prodwction and
consumption; increased household income (through increased productisagortingpolicies
or scheme} enablingincreased purchass of food and health careadjustment of womets
workloadresultinginimproving child care or maternal nutritionatatus; and improved womes
empowermentto controlthe allocation of resources for food, health and care (Berti et al. 2016).
Arecently addecpathwayis theeffect o policies on food prices and consumpti(illespie et
al. 2019)However the variougpathways do not operate in isolation but interact with synergies
or trade-offs (Gillespie et al. 2019The impacts of thedifferent pathways are stilinclearas the
amount of supporting evidence for each hatay is scattezd and limited. The availableviews
conclude that more research is needed better understand the relationship between
agriculture and nutrition and to design the interventions with a high probiigi of having

positive nutrition and helth outcomes (Berti et al. 2016).

A systemati review of evidence from South Asia (Pandey et al. 2016) found that

interventions such akomegardenslivestock rearing, poultry and aquaculture may improve

2Through a collaboration with the Indigenous Partnership fgrohiodiversity and Food Sovereignty,
the PhD. candidate is a core memband expert in the new Global Hub.
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production diversity and womers empowerment,which then translate intointermediate
nutritional outcomes suclasconsumption of nutrientich cropsanddietary diversity However,
there is noevidence for improving final nutritional outcomesuch as child growtbr health A
similarconclusioncame from amore recent review by Bird et al. (201®here the evidenceof
impact on final nutrition outcomesvas alsolimited and mixed However, theevidence has
further increased for thémprovement ofintermediate outcomes such as dietary devsity and
increasedconsumption ofnutrient-densefoods Smilar takeawayscame out from a global
review by Ruel et al. (2018) whidonsolidatedthe evidence from impact evaluations that
nutrition-sensitive agriculture improve a vaty of nutrition ouctomes in both mothers and
children, especially when thesatervertionsincluded nutrition behavior change strategy and

women empowerment.

There is an ongoing discussion on the importance and t@ffle between market
approachesandfarm production divesity. First, e marketing and selling pathwayeedto be
better monitored because of its dual role of providing cash to tireducers who can use it to
purchase nutritiais foodsbut alsonutritionally poor foods.Undoubtedly marketsmaydiversify
the diets (Sibhatu& Qaim 2018) but they may alsocontribute to the esckation of non
communicable diseasethrough the consumption of unhealthy and ultpocessed foods
(Moubarac et al. 2017; Demmler et al. 201&)sq the affordability d foods is an important
determinant of nutrition (Jaenick& Virchow 2013). Andutrient-rich foods such as fruits and
vegetables are rather expensive for many, especially the poor énescent SOFI report (FAO
2020) demonstrated that 50% tife world pgpulation camot afford a healthy dietin Indonesia,
amodelling study showed that a imitious diet for an average household cost491,883 IDR
(81 USDper month and that around 38% of households in the country cannot afford it (WFP
2017).

While some saidies are showing that more marketiented farms have more diverse
diets (Sibhat& Qam 2018), the others are showing that production diversitgnisre strongly
associated with dietary diversity than agricultural income (Jones 20d@)e diversified
agliculture, which includs avariety of food cropss well as poultry or livestoce cgableof
providingthe means for a balanced dififennedy et al. 2017Moreover, arobiodiversity may
not only provide food and nutrients, but it alsprovides ecosysta services anderves as a
buffer to climate change and othéiotic andabiotic streses(Meldrumet al. 20B). Agriculture

intensificationand adoption of monoculturetead to a decreased level afgrobidiversity,
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higher risks and external input use,daneduce social equity and sustainability in Indonesia
(Abdoellah et al. 2020Abdoelldn et al. 2008.

In SouthEast Asia, thewrrent food systems aréargelyunsustainablend there is a need
for nutrition-sensitive food system@Neinberger 2013)Accordng to the author,home and
community gardenscould play a more important role in food systemsof the region. By
increasing the availabilitgffordability and consumption of nutrierdensefoods, such asrtiits,
vegetables and pulses, malnutritionould be decreased.Agriculture and food system
approaches also have rale to play for enhariag social, economic and sustainabilggals
(Weinberger 2013)

In Indonesia, nutritiorsensitive agriculturapproachesare mosty missing There are a
few olderstudiesfocusing nainly on the potentialof homegardendor nutrition (Abdoeallah&
Marten 1986;Marten & Abdoellah 1987David et al. 2013)n West Java study on the linkages
of agricultural systems and nutrition found that nutriesficiencies arenainly aconsequence
of insufficient land and a heavily ridfsed dietdespite high crop diersity (Abdoeallak&
Marten 1986). Crop diversity was fournd be signifi@nt in order to produce calcium, iron,
riboflavin, butit did not provide enough afither nutrients such as vitamin A and calciuhine
study of David et al. (2013yom West Sumatrahighlighted the nutritional importance of
homegardensand the linkages dbcal biodiversitywith the matriarchalcultural systemwhere
women inherit the land, carry taditional food knowledge and convetiodiversity into

nutritious meals for the family

As studies have showmutrition-sensitive agricultte and food systemsoffer an
interesting potential to improve nutritiorhut itsimplementationrequires specificcapacities at
multiple levels otthe interventionprograms. Worldwide, nutrition has taditionally been hosted
in institutions and ministrie®f health rather than within agriculture, food or other sectors
(Aryeetey& Covic 2020). According the authors,a key leverage pointthat is criticalfor
operationalsing nutrition-sensitive agrictilire and food systemis to foster multi-stakeholder
calaborationbetween theagriculture andood, healthor nutrition sectors.n their review, Rel
and colleague$2018)concludedthat nutrition-sensitive agriculture should focus on improving
diets raher than solving more complex problems such as stunting. They also called for
expanding the approach towards sustainability and edfgctiveness, and urge for bringing

more evidenceactions and successful examples of agriculture improving nutrition.
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2.5 Pathway from biodiversity to nutrition¢ A conceptuaimodel

Food biodiversity, both plant and animals, an essentialsource of energymacrautrients,
micronutrients and bioactive compounds for human beindgs.comes from a vast biological
diversity ofwild or domesticated plants and animals. These food sources are defrioed
differentagricultural lands (cultivated food environments) and frimrests fallows,rivers,lakes

(wild food environments), and increasingly from formal or informaérkets (build food
environments). Local communities obtain their food biodiversity from a complex and likely

transitioning food environment (Downs et al. 2020).

While the positve rdationship between biodiversitydiets and health seem clear, there
is limited sa@ntific evidencequantifying the relationships and pathwagsennedy et al. 2017;
Fanzo et al. 2011)imited data are available to make conclusions about the relatipnsh
between agrobiodiversity and diets (Jones et al. 20l®Raddition, food and nutribn capacity
of landscapes/landise systems in terms of amounts of foods and nutrients provided is virtually
unknown to science (Toled& Burlingame 2006) and further seard is needed to inform
policymakers and to navigate practitioners to design nuritsensitive landscapes (Broegaard

et al. 2017; Powell et al. 2015).

The discussion about the importance of production diversity and mafkethe diets is
critical kecaug doices between the production of food and cash cragdso influence
competitionfor land, water and labour resources, and food availab{lgngour et al2012).

While some authors find the higher importance of markets (e.g., Sibfa&aim 2018 Sibhadu

& Qaim 2015), others finthe production diversityto be of more importancde g., Jones et al.
2018; Jones 2017). Other researchers are highlighting the mutually reinforcing effect of own
production and markets to cover the seasonality gaps (Zanel al. 2019). Rightly so,
agrobiodiversity and diversification may contribute dgets through both owrproduction and
consumption and incomeathway and markets. Eher way, agrobiodiversity is a crucial

resource and ishould be leveraged for improwgrdiets and nutrition (Jones 2017).

The acquisition of food biodiversity in thertext of rural farming communities can be
divided into two main pathways: (1) plants, animals and foods purchased in markets, and (2)
plant and animal diversity obtained loultivation or gathering in the wild (Kennedy et al. 2017).
Both pathways of incresing on-farm production diversity and improvingnarket accessare
recognged as ways to improve the dietary diversity of smallholders (Zanello et al; 26t6s
2017).
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Thepresent studywill consider these two key pathwayBig. 1) The pathway (2) could
be further divided into cultivated and wild biodiversity, but we follow Kennedy et al. (2@hd)
amongstudiedfarming communities, we do not expect a significant constiompof wild foods.
Aligning with thefood environmentframework(Downs et al. 2020 our pathway (1) is equal to
food from natural food environments (wild and cultivated environments), and pathway (2) is

equal to purchasing foods from built food environnte (informal and formal markets).

Nutrition & Health status

1

Food security & dietary quality

L]

Dietary diversity — Lnfluencing
actors

Individual

Household & mdividual

Self-consumption Purchase

Influencing factors Influencing factors

Community & household

On-farm diversity —> Market diversity
Sale ‘
Ecosystem Services Income

Information flow = = = = = = >

Figure 1Conceptual model of the local food@uisition pathways and their dietary and health
outcomes (adapted from Bellon et al. 2016)

Thisconceptual modeand our research framewonkill address theressing needor to
increase oumunderstandingof the nutritional importanceof food biodiversity landscapes and
markets in order tanform policy and innovate practicesd approaches towards biodiversity
and nutrition (Fanzo et al. 201Mhe more holistic sooiecdogicaland food systenapproaches
appear suitablgéo achievethis. There is also andneasing recognition that food environment is
an importantfactor affecting diets and nutrition (Downs et al. 2028nd that the greatethe
number of food environmentypes, the greateis theresilierce with regard to diets and food
security (Ahmed etla202Q. This researchaims toreveal the role of food environmentsnd
food acquisition pathwaysand quantifythe share ofconsumed foods and nutrientsoming
from own production(natural environmentsand through theprocurementson markets (built

environments).
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3. Research framework and research questions

The overall research framework considered a soe€icological model of food and nutrition,
which looked at the mainagio-cultural and environmental fetors influencing food biodiversity
and its intake (Blto et al. 2013). Theonceptof the study emerged from sociecological but
also biacultural approacheand food system thinkingt did not look at foodecurityand diets
from a silo point of viewbut it also consideredood acquisition pathway witidetailed
assessments of the role agrobiodiversityand food environment It thus aimed toreveal a
more complexpicture of foodand nutrition securityand food soveregnty. Applying a holistic
and interdisciplinary approach based on social and naturaérees better reflects the
multifaceted nature ofdiets andfood weltbeing (Gartaula et al. 2018The methodology
combined predominantly scientific disciplseof nutritional anthropology (Macbeth&
MacClancy 2004; Pelto et.d989) and food ethnobiolgg(Pieroni et al. 2016). It was also
aligned with the scientific assessmenitiafligenous poples food systems (McCung Kuhnlein
2011) and it used relevant standards fimeasuring food intake (Gibsa& Fergussor2008;
Gibson 2005)dietary diversity (FA@ FHI36@016)and agrobiodiversity (PAR 2018).

The research framework aid to answer four key research questions. As the dietary
outcomes are themain and thusdependet variables in this researclihe study ained to

identify the predictors of adequateiets (research question 1).

Besides looking at the predictors, the research edrto quantify how much food and
nutrients flow through different food acquisition pathws and from different landisesystems

(research question 2)

Since fruits and vegetdds are highly undeconsumed in Indonesiah¢ third research
guestion was about assessing thievel of food plant diversity and identifying barriers and

motivations fa its persistence and use bggple.

And the faurth research question aied to comparefood plantbiodiversity and diets
between the ethnic groups and thus explain how the different culture in a similar environment
affects the level of agrobiodiversity dndietary outcomes For instame, our presurvey
observation has shown that Minangkabpaople maintain a high diversity of fruit and shade
trees in cocoa farms through customary traditiomandailing, @ the other hand, are
hardworking rice farmers and hiiculturalists with more prevalenttomegardengTugby 1963),
and it appears that theyconsume more substantial amounts of vegetablgse{survey

observatior). Possiblythesesociccultural differencescould have an impact odiets.

17



Research question:MWhat social or ecologicdhctors predict a nutritinallyadequate diet?

Research que#bn 2 What proportionof consumedfoods and nutrientcome from different

food acquisitiorpathways and landisesystem&

Research question:3What isthe richness offood plant diversityand what motivations and

barriers affect itpersistence andise?
Research question:4Howdo two different cultures nested in a similaenvironmentaffectthe
use of agrobiodivesity and dietary outcomes?

4. Goal ard objectives

The oweral goal of thedoctoral studywasto contribute tofood and nutritional security ahe
matrilinealMinangkabau angbatrilineal Mandailing communities bg better understandingo
dietary outcomes otheir food systemsand through leveraging the poterial of local food

biodiversity.Theobjectivesand specific aimef the doctoral studywere:

Objectivel: To assess dietndfood securityin relation to socieeconomic charactestics
Specific aim 1.1: To characteribe sociaeconomic profile of the@ammunities

Specific aim 1.2: To descrithee basic health situation of the communities

Specific aim 1.3: To estimate food security levels

Specific aim 1.4: To asselhstary diversity and dietary adequacy

Objective 2: To documenthe diversity of foodplants and charactesé their importance and

potential nutritionally and ethnobotanichl.

Specific aim 2.1: To document agrobiodiversity and associated traditionaléage

Specific aim 2.2: To identifgotivationsand barriers to consuming local foods

Specific aim 2.3: To reveal changethimuse of agrobiodiversity compared to thegta
Specific aim 2.4: To quantify contribution and potential of agrobiodiversitdiEtary diversity
Specific aim 2.5: To identify and recommend nutrigoh localfoods

The comparison of ethnic groups was agiarticularobjective or aim, but it wa treated like a
crosscutting issued reflected across both objectivés.achievehe overall goahnd to havean
impact on the ground this study applied a researcHor-development approach which

combinal both scientificassessmentsvith applied intervation in practice.Therefore, the
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findings from research objectives 1 and 2 were transformed into outputh as community
publications and workshops. Thesetputs aimed to share the findings and raise awareness on
the importance and potential of food ddiversity with anexpectedimpact on a) improved
human nutrition and health, bytrengthened conservation and use afjrobiodiversiy, c)
increased food system resilie@ and food securityFig. 2demonstratesthe expectedimpact
pathway overviewing theesult chain of activities, outpsat outcomes anexpectedimpact.
However, he study was not able to measure the impact in time due to limited time and budget.
The desdption and documentation of the produced materials and events organized is given in

appendix2.

Activities
— Outputs
Scientific assessment
socioeconomy, healthl Community guidebook Outcomes
and diet(objective 1) c it t
Scientific inventory an orrFln":gnl Z P(;S e Increased knowledge o Impact
characterization of foo 0 'Fy ne diet, nutrition and health
agrobiodiversity Community workshops Enhanced capacity to us Improvedhuman
(objective 2) and food competition andmaintain nutrition and health
Academiepolicy agrobiodiversity Agrobiodiversity better
workshops Improved perceptionon| ~conserved and use
Reports, articles and | local agrobiodiversity | Foodsystems more
presentations Traditional knowledge resilient and
valued and conserved | communities more food
secure

Figure ZExpectedmpact pathwayof the study
5. Materials and methods

5.1 Study area

West Sumatra province lies in the range of the Bukit Bafidanntains, wih the western part
aligned with the Indian Ocean. The province has an area size of 43@97 km2 divided into

12 regenciegBontoux 2009)The region falls in the tropical wet climate zone with rainy and dry
seasons. The montane rainfotegeceive raifall, which averages more than 2,500 mm/year
(Whitten et al. 200Q)The area is richiplant and animal biodiversity with iconic species being
tigers, orangutans, gibbon&afflesia plant,and endemic orchids. Tropical forests that in the
past dominatedthe area are restricted to mostly protected areas and only a few customary
forests "hutan adat. The province is dominated by a mosaic landscape which has been

maintained by traditional land management based on the strong relationship ofrigkabau
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peoplewith their land. The core of local lange systems is based on the cultivation of wee

and agroforestry systems dominated by tré&tichon et al. 1986)Rice fields are situated close
to settlements as they need intensive care and watenagement. 6restland and mixed
agroforestry systems are situated in hilly areas where the lowifestility and more frequent
erosion is more suitable for growing trees than annual plgkissmaryandi 2005)The most
important lowland crops are riceoconut and hilli, while hill slopes are dominated by cocoa,
rubber, coffee, durian, cinnamon, clevree, and numerous other fruit or multipurpose trees.
Our study area is located in the PasanRgency, which is isolated, landlocked and has a high

cove of forests Fig 3). The selected regency has the highest rate of stunted children in the

province,reaching 41%MOH20183).
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5.2 Study communities

From a cultural perspective, the region iswioated by the Minangkabau ethnic group and to a
lesser extent by the Mandailing ethrgcoup, which isiative andmore commonin the south of
20



North SumatrgLubis 2005)Our study area was located at a cultu@bssroad in the north of
West Sumatra andcluded both ethnic groups. The Mindabaupeople are Muslims and are
the largest matitineal society in the worl@Go6ttner-Abendroth2003) In this matrilineal society,
where women inherit the land and assetgpmen also play aressentialrole in transmiting
knowledge within thefamily andclan. Minangkabausteward rich local wisdom relagd to
agriculture, land and natural resource manageamaevitch examples dfaditional concepts and
mechanism such asustomary forests, protected rivers and ponds, fitewhal agroforestry,
planting trees after marriage, and mutual work cooperation (Kayawadi 2005; ProfErvizal
Zuhud, personal communidah, February 2018 Minangkabau people have been studied
frequently from an anthropological lendue to their unique matrilineal heritage system
(Blackwood 2000).

Minangkabau rule of lifé!:Adat basandSyarak, Syarak basandi Kitabull@Bustomary cultce

must be based on religion, religion must be based on the holy ook

Mandailing people had initially been a Batakrethnicwhowere Christians until the 19
century when they converted to Islam asthrted to adoptsomeelements of Minangkabau
culture. Our respondents mentioned that their culture and language originated in the Tanapuli
Selatan Regency of North Satra. h contrast to the Minankgabauculture, they adhere to the
patrilineal heritage gstem and maintain their Mandailing languagé&e Mamailing community
is often described as a hardworking agricultural society viitligenous traditions and
community governance(Lubis 2005) Their way of life is also very much tied to the land and
particularly thewet ricefields. Both communities are ¢ldbased, where clans as social units play

an essential role in sociaultural issues and in the management of natuesources.

"Mandailing society has a life philosoptylong and domU, that is loveand affection

between the community members, but algoth nature and the Got(Lubis 2005)
5.3 Approach ethicsand sampling

Thedoctoralstudyemployed a researcfor-development approach, which combined a research
phase with participatory fieldwork, flowed by scientific data analysis, and ended umshort
applied intervention aiming to achieve desired outcomes and impacts on the grdihed.
Indonesian Ministryof Research, Technology, and Higher Education (RISF&Hed the
research permissionghe methodology was further reviewed by the ethical committee of the
University of Indonesia (Ul) in Jakarta, and ethical clearance was ob{@ioegrotocol 1803

029]). The research followed the Code of Ethics of the International Society of Ethngtéaoidg
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all informants were familiased with the research objectives, methods and expected results.
The free prior informed consent was obtained a written form from dl the individual
respondents or their spouses. The data were interpreted anonymouséystlidywas aligned

with the goals and policy of the Indonesian National Medium Term Development Plan (RPJMN)
20152019, in particular witlthe key strategy (c) to impwve the quality and nutritional value of

the diet.

Having improved nutrition as an uitate goal, oursamplingof individual respondents
targeted women at reproductive age (40 years old), as women represent a group vulnerable
to malnutrition (FAO& FHIB0 2016) Sratified random sampling of cocoa farmers involved in
the SCPP (Sustainabl@ocoa Production Programme implemented in the study area by
Swisscontact Indonesia) program was applied. We interviewed 200 women individigly (
women from each ethic group)which was estimated as a sufficient number to coties
studied population ad the dietary variation In the dudied region the total number of
households involved in the SCPP Programme was 480. Out of, fii@dsouseholds were
excluded due to at havinga woman at reproductive age or not beirg active cocoa farmer
anymore. Thusthe remaining population size ofl@ households was considered ftre
sampling framework. Witla 95% confidence level ari®6marginof error, the final sample of
199 householdswas @lculated Thus a total of 200 women from different households were
recruited. The sampling of cocoa farming households means that the study findings may not be
representativeof the whole population inhe region.Besides individual houbeld visits,in-
depth qualitative data were obtained through four focus group discussi(-GD) with 68
knowledgeable womeparticipants. The sampling of FGD respondents was done purposively to
select knowledgeable andtie participants. Key farmers, hiosnds and children were allowed
to join and complement the discussions whenever sugabhd whenever accepted by the
women participants. The Mandailing respondents were selected from the Padang Gelugur sub
district (Sonang and Bahagia villages) and Migkabau respondents from the Simpang Alahan
Mati subdistrict (Simpang and Alahan Matilages), as shown in Fig The selection of these
locations followed a recommendation of the lo&lvisscontacstaff, and it was ased on the
feasibility of the fiallwork, preserved landscape, and a need to improve the pespidritional
status.Themain data collection for dietary assessment was conducted within Mista2018,
which was the beginning of dry season after the efidainy season. The availability lotcal
crops and wild vegetables was still high, but most of the Bpécieswere notin the fruiting

seasonThe overall timeline of the study is providedAppendix4.
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5.4 Individual interviews

Individualsemistrudured interviews using questionnais were conducted by a teamwéined

data enumerators supervised by the principaldstigator(the questionnaires can be requested
from the author) The enumerators had background in nutritiorand experiences with specific

and challengingnethods suchas 24h food recall.Prior to the interview, the ethics were
followed and permissiondr the interview obtained(seechapter5.3). Interviews started with
assessingocioeconomic characteristics, ihmling questions of Progress out of Poverty Index
for Indonesia (Schreiner 2012) and household expenditures. Subsequent was a brief section on
health status and local health care options. It followed by ethnobiological/anthropological
methodssuch adreelisting and ranking exercise§Martin 2004) perceptionson Likert Scale
(Macbeth & McClancy 2004) and attitude statements (Keding et al. 20TIfg attitude
statements were designed a priori with the local partners to fit the study context and objectives.
The next section waslietary assessmentising methods ike quantitative 24-h food recalls
(Gibson& Ferguson 2008Gibson 200% fruit and vegtable frequency questionnaires, and
household food insecurity access scale (HFIAS) (Coates et al. 2007). Tltatiweaf#h food
recalls were conducted otwo non-consecutive days, one on an ordinary day and one after a
market day.Collecting 24 food recalls two times on nogonsecutive dayto obtain a usual
intakeis considered a methodological strength (Gibaod Ferguson 2008)ime of ceremonies
and feasts wereavoided not to encounter the unusual food intakd% reducethe error in
guantifying food portion sizesa national photo book was useduring the 24h food recalls
(MOH 2014) The guidebookcovers standardizedphoto models of food portionqusing
househdd utensils)with weigh equivalents for all common foodmd ingredientsn Indonesia.

Due to relatively simple mealim the study areawe quantified eachindividual ingredient
consumed wit the help ofthe guidebookln addition to interviews, thédouséhold food system
activitieswere documentedy participant observatiodirectly duringfarming,food acquisition,
cookingand eating(PAR 2018 he author andhe fieldteam were staying ithe studied villages

during the fieldwork hencethe participantobservation vasconductedcontinuously
5.5 Ethnobiological food inventory of landisesystems

For each household, all lange systems used for agriculture and food acquisition were
assessed. Diversity of edible plants and animals in alFlaed was documented either by
observation and measurement in case lémegardens(Vogl et al. 2004 or basal on
respondentmemory(for more distant plots such as cocoa gardeii$s might have resulted in

a certain level of diversity underestimatiofror ethnobiologcal inventory, sometimeshe
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husband or other householthemberscontributed to the inerview incase they were more
familiar with certain lanelises such as cocoa farms, which are mostly managed by men. Tended
plots and natural areas such as forests, almaretl agroforests, margins, and riversides were
explored with the informants vidWalk n the woals' for the existence of wild food plants
(Martin 2004). Ethnobotanical information about particudatible speciesvas noted in the field
notebook by the author. Whenever possible, plant specimens were phdteumented and
collected for later idatification. In the field, the plant species were pigentified, stored
(pressed and preserved an alcohol solution) and subsequently determined taxonomically by
botanists (Dr. Nurainas andVis. Rayfiga Maulidahfrom the Faculty of Biology at Andalas
University in Padang. The herbarium specimens were deposited in the herbarium of Andalas
University (ANDAJ-or weltknownspecies specimens were not collected, but thpexies were
identified by the author directlyn the fieldand documented by highuality photogaphswhich

were consulted withthe aforementioned botanists Although the communities perceived
mushrooms as wild vegetables, mushroomere excludeddue to their limited availability
during the fieldworkMain traditional marketslocal grocerie and food stallsvere visitad, but

detailed market inventory was not conducted.
5.6 Focus group discussions

Quialitative indepth data were obtained througtour FGDgone FGD per village) and in total of
68 active women took parf trained facilitator €d the FGD sessiorisllowing an operended
guestionnaire while the assistants took the notes. Besides collecting qualitative information
about local agrobiodiversityand dietary habits of the communitywe applied two main
participatory exercises: seasalrcrop calendardPAR 2018and 4cell analysigSthapit et al.
2012).The latter was the principal method of collecting data on changes in the usédoand
cultivated food plantsalong with motivations and barriers. Firstly, we prepared individualsar
for eachfood plant and women assessed tineoncurrent use by sorting cards into four cells
representing the different extents of plant use. Then we discussed ougrdeary barriers and
motivations. Secondly, we asked women teorganize the cards tehav how the situation was

in the past (around 20 years ago). After reshuffling, we asked the reasons for the change in use.
With the participantspermission, the disasions were recorded by an audio record&omen

also brought traditional foods, locahacks,andsamples of local food plants.
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5.7 Data management and analysis

5.7.1 Data management aggneraldataanalysis

Initially, templates of Microsoft Excel skis were created, and the data from the filled
guestionnaires were transcribed into tee sheets by data enumerators. These sheets were
merged afterwards byhe author. Subsequently, the data were cleaned, and missialges
were corrected, and outliers werexeluded After data cleaning, the individual and quantitative
data were analyzed initiy by functions and pivot tables in Microsoft Excel, followed by the
descriptive and inference statistics performed in th#1IBPSS program version 22 (IBM Corp.,
Armork, NY, USAYhe comparison of means between ethnic groups was made by Student
test when the data met the assumptions and by Rparametric alternative Mamwhitney U
test if the assumptions were violated. Thelations ofdependent variables (mostlyutrition
indicatars) withindeperdent variables gociceconomic and biodiversifgcologial indicators)
were firstly assessed by &son orSpearmarcorrelations.Whenever important and possible,
multiple linear regessions wererun to identify explanatory ariables and predictors of
dependent variablesAll dependent variables were checkedetzsure all assumptions were met
by examining the plot of residuals, homogeneity of variance and normal distribdtf@ndata
were visualized as figures in Microsoftcek in R programming language, and by online tools
such as RAWGraphs (Mauri et al. 20The column chartshowthe standard error of the mean,

to indicate the uncertainty around the estimate of the mean

The gulitative data, such as the reasons for ngas in the use dbod plants were coded
and categorized into emerging themes throuiductive thematic analysiéBraun& Clarke
2006) Theposteriori inductive approactvas applieds it can better represent local vie\iRyan
& Bernard 2003and as thecurrent food system framework does not align well with the context
of consumers who & simultaneously also food producers or collectors. The changes in the use
of food plantswere then discussed in the context of systemic drivgtA0 2019)The codingf
gualitative datawas conducted using the software ATLAS.ti version 7.5.18 (SciSuatficare

Development GmbH, Berlin, Germany).

5.7.2Specific dta analysisvithin objectivel: Toassess diet and food security in

relation to socieeconomic characteriigs.

Minimum Dietary Diversity Score for Women at reproductive age (MDDvas calcukad, and
the proportion of women reaching MDY/ cut off of 5food groups was determined (FAL

FHB602016) MDDW counts the number of different food groups consumecdthe last 24
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hours with a maximum being 10 food groupghe Household Food Insecuritccess Scale
(HFIAS) was used during the individual interviews and the HFIAS score was ca{Cdated

et al. 2007) Based on the 24 food recallsputrientintake was calculated manually in excel to
better control for data quality and for easier ingubf many local foods. For food composition,
the newest Indonesian food composition tables wereedisprimarily MOH 201&),
complemented by values of missing foods oedfic nutrientsfrom SMILING (Berger et al.
2013), ASEAN (INMU 2014) and USDA (26&8)domposition tables/Vhen foods did not have

a composition value in cooked form in FCTSs, the values of raw food were taken for analysis. The
nutrients considered inhis study were protein, carbohydrate, fat, energy, calcium, zinc, iron,
and vitamin Afolate, and vitamin B12No attempt was made to adjust for loss due to cooking
and for bioavailability. This may have led to slight eestimation of intake of some nuents

which suffer losses during cooking or digestjBowell2012).

As a comprehenge measure of nutrientdequacy, the mean adequacy ratio (MAR) was
calculated as the mean of the individual nutrient adequacy rafibsrheim et al. 20083
Individual ndrient adequacy ratios (NAR) represent the quantity of nutrients consumed per its
daily recommended requiremenfor each individual according to age. Individual NAR were
capped at 1, so that nutrients in high amounts could not compensate for nutrientsicetsin
lower amounts when calculating MARachat et al. 2018Higher values of MAReaans better
fulfilment of nutritional requirements (maximum 1, which is equal to 100% of dietary adequacy).
The multiple linear regressions were run using MAR as a lependent variable to identify

explanatory variables and predictors of dietary adequacy.

A proportion of woma reaching the recommended dietary allowances (RDA) for
IndonesiansNIOH 2013) was counted. Specific RDA levels were assigned to individual women
according to their age. Intaked macronutrients (energy, protein, fat and carbohyiralower
than 70% of tk recommended allowances were classified as deficient intadl€H1996). In
case of micronutrients (Fe, Ca, Zn, vitamin A, C, B12, folate) waiittetess than 77% of the
recommended quantities were considered as having deficietatkes (Gibson 2005). ROs
higher than EAR (estimated average requirement) to reflect amounts that will cover people with
higher than average requirements. AlthoughA&RB harder to reach than EAR, wated to use
RDAas there exist specifiecommendatbnsfor Indonesians andsmost of therecentstudies

also follow the RDA (e.g., Diana et al. 2019; Madanijah et al. 2016).

A Simple Poverty Scorecard for Indonesia)(®B$ used to calculate the extent of poverty

likelihoods according taSchreiner (2012 The household experndres were counted for food
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and nonfood expenditures and as the ratio between theifhe frequencies of local health
constraints werecounted ard the perceived overall health status was analyzed based on self
assessed Likert scate2 Excellent, +1. Food Fair,-1 Poor,-2 Bad) (Idle& BenyaminiLl997).

5.7.3 Specific dta analysisvithin objective2: To document the diversity of food plants

andcharacterise their importance and potential nutritionally and ethnobotanically

Basedon the combinedagrobiodiversity assessmemtethods of seasonal calendars, freelisting
and crop inventories, the total number of wild and cultivated food speciesobésned The
diversity of currently cultivated food crops was measuredsamsple speciesrichness(e.g,
Sibhatu& Qaim 208), and mean and total food crop species richn&sly currently cultivated
food cropswere consideredor countingcrop species richess The traditional knowledge on
wild food plants was measured as the numbemdlfd food plantsfreelisted (PAR 2018)Crop
species richness was correlated with available social and ecological varidigesedictors of
traditional wild food plantknowedge were attempted to be identified by multiple linear
regression.The importance oflanduse systems as sources fobd plantswas analyzeand
visualizedby Chord diagram in the R programming language (EthnobotanyR package by Whitney
2020).

All food plantswere categorized into the food groups bfinimum Dietary Diversity for
Women (FAO& FHI3602016).Namely:Grains, white roots and tubers, and plantgifailses
(beans, peas and lentildJuts and seedPark green leafy vegetablgdther vitamin Arich fruits
and vegetablesOther vegetablesOther fruits The reason for following thigrouping was that
the study aimed to improve dietary diversity, and therefore it followed the nutritionally
validated food groups. Nevertheless, the locally perceivettgmies were captured too
Condimentsand mushrooms weraot coveredby this study The species were identified
taxonomically and the nomenclature followed The Plant Listp(//www.theplantlist.org/).
Besides species, we countedbroader number ofplart dfolk F2 2 Ra4é = aAy OS OSNI I 2
provide foods from more nutritionally distinct fad groups of dietary diversitfFAO& FHI360
2016). For examplegne species jackfruit (Artocarpus heterophyllyss consumeeither for its
ripe fruits (other friits), or unripe fruits asa vegetabe (other vegetables)Therefore itbelongs
to two food groupsand is also considered as twdolk foods. In addition, certain species are
locally considered as different ecotypesfolk taxa (for examplepne species water spinach
(Ipomoea aquaticagrows wild in aquatic environments, but there is alatifferent cultivated
type, which is planted and cultivated in gardens or fieldik)s case waalso considered as two
folk foods
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Thefactors and driver®f changesn food plant diversityand its use collected by-ekll
method (Sthapit et al. 201Pwere aralyzed qualitatively by categorizing the reastmough
inductive analysigto the emergedthemes (i) availability; (ii) livelihood and lifestyle; (iii) food,
consumgion, health; (iv) income, marketing, economy; (v) multifunctionality/processing; and
(vi) knowledge and skill¥heperceptions andttitudes towards wild and cultivated foqaants
were characterized by analysing answers of individual respondentdefined statements
through the Likert scale (Keding et al. 201The proportion of resporehts agreeing or
disagreeing (+2 Strongly agree, +1 Agree, 0 NeuttaDisagree;2 Strongly disagree) were
determined The nutrientrich local foods were identéd by reviewing their nutrient content in

food composition tablesasmentioned earlieiin chapter5.7.2

To quantify species” contribution, underutilization and potential for gjiete proposed
and calculated new quantitative indicesShe indices are basexh the data obtained through
24-h food recallsThis innovativeanalysis emerged from otbining two different disciplines of
ethnobotany and dietary assessment. This crdissiplinary approach resulted in a concept of
GF22R MNEeieJAdIoed ¢eporERis an event when a respondeRtonsumed the species
Sin the food groups=G(FGXFGo)*. The number of food reports is the core for calculating new
indices, which are based on the relative importance of species fos diet sudied population
(Tardio & Pardede-Santayana 2008 Indices are calculated while taking into account a
proportion of people consuming them across one or more food groups. The numerical output
values are given at the species level. Initially, all plantarichal species consume the last
24 hours (another period and method can be used too) are identified aratjodzed into the
standard food groups of dietary diversity. Then, the number of food reports for the species is
counted, and this number in dédrent scenarios (actuaimaximal, missed) further operates in
calculations of all the indiceBelow is the simlified explanation of calculating the three

proposed indices:
LYRSE Mo {LISODSEECR) / 2y i NAodziAz2zy (2
CD = FRewa/ N

A FRewa=Actual number of food reportior the speciesSin the food groupsG(FGXFGo)
A N = Total number of respondents imet study

3 Developing new quantitative indicésr assessing the potential of edible speciesdietary diversity.
Presented by Pawera at ANH Academy ib®20ttps://www.youtube.com/watch?v=9TO0yj5VIw9c
410 food groups adapted from the Minimum Dietary Diversity for Women (FAO and FHI360 2016)
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LYRSE Ho {LISOBRSGRON t 23Sy dAlt F2NJ
PD = FRax/ N

A FR.x= The theoretical maximum number of food reports for the spe8ian the food groupsG
(FGXFGQo). FRwaxiscountedas the number of food groups provided by the species multifdiethe
total number of respondents in the study

A N = Total number of respondents in the study

Index3{ LISOAS4Q ' yhDSSWRI At AT | GA2Y
UDs = FRuissed/ N

A FRuis=a =Is the difference between the theoretical maximal number of food reports and thesh
number of food reports for the speci€&FRhissediS countedas FRax ¢ FRcwal

A N = Total number of respondents in the study

For calculation of the indices, foatkms were identified to the species, and the data
analysis was performed at the spesilevel. The indices determined the most important,
underutilized, andnost promising species. The species which are a source of foods from more

than one food groufhawve ahigh potential for dies (multi-food group species).
6. Results

6.1 Results ofobjective 1: To assess diet and food security in relation to socio

economic characteristics.
6.1.1Socieeconomic profile of the communities

6.1.1.1Sociedemographicharacteristics

Tab. 1 summarizes the socidemographic characteristics of thdinangkabau and lindailing
women respondentsThe sampledwomen were mostly thevivesof cocoa farmers and thie
mean age was2lyears old. The mean distance ltcal market wasestimated to be7 minutes
(by motorcycleby Minangkabau women and 6 minutes by Mandailing wontéowever the
occurrence and frequency afarkets, shops, and food stalise higherin the Mandailing area
which is locatedlirectly on the main roadcontrasting tothe Minangkabau area which is more
remote and is accessed by the minor roadly. In terms ofthe number of households, the
majority had four, five or more than six household membersthimcaseof educationmost of

the womencompletedelementary school or jumir high school (SMP).

29



Tablel Sociedemaographic characteristics of theomenrespondents

Mandailing Minangkabau Total

Sociedemographic characteristic (n =100) (n=100) (n =200)
n % n % n %
Number of household members
One 0 0% 1 1% 1 1%
Two 11 11% 9 9% 20 20%
Three 15 15% 15 15% 30 30%
Four 26 26% 27 27% 53  53%
Five 16 16% 28 28% 44  44%
Six or more 32 32% 20 20% 52  52%
Education level reached
No school 1 1% 3 3% 4 2%
Elementary school 29 29% 50 50% 79 395%
Junior high schooSMB 36 36% 13 13% 49 245%
Vocational senior high scho@NK 12 12% 5 5% 17 85%
Seror high school§MA 17 17% 21 21% 38 19%
University 5 5% 8 8% 13 6.5%

6.1.12 Socieeconomic status and poverty levels

ThePoverty Scorecard foandonesia (Schreiner 201&ps usedo estimatethe extent of poverty
likelihood among the studied commuigs. The poverty likelihood is the probability that the
household has per capita expenditure below a given poverty line. In general, Mandailing
households reached a slightly higherdiihood of living in povertynjedian of 87.7% likelihood

that a househdd is in poverty of living under 2.5 USD per capita per day) compared to
Minangkabauhouseholdsredian of 79.7% likelihogdBut the difference is risignificant (t =
-1.611; p = 0.19), and we can say that the prevalence of poverty was high in the sioely
regardless the ethnicityA detailed distribution of households and their likelihood of living in

poverty under 2.5 USD/per capita/per daysfownin Tab2.

Table2 Povertyscoles andikelihood of living in poverty under 2.5 USD/day per capita

PPIScoré Poverty likelihood No. of No. of Total no. of

(%) Minangkabau Mandailing households
households households

0-4 99.6 0 0 0

5-9 99.0 0 0 0

10-14 98.3 0 0 0

1519 96.5 1 2 3

20-24 95.2 9 5 14

25-29 91.5 17 11 28

30-34 87.7 10 9 19

35-39 79.7 19 16 35

30



40-44 68.4 14 14 28
4549 54.7 14 21 35
50-54 40.1 4 8 12
55-59 26.9 2 6 8
60-64 17.6 8 7 15
6569 9.1 1 1 2
70-74 6.9 0 0 0
7579 3.7 0 0 0
80-84 0.2 0 0 0
85-89 0.0 0 0 0
90-94 0.0 0 0 0
95-100 0.0 0 0 0

1The lower the score, theigher the probability of living in poverty
6.1.13 True household expenditures

Household expenditures are commonly used in nutrition and secamomic surveys. In our
study, the particular hosehold expenditures wereoanted to understandwhat the daily osts

are, and how much money is spent on food andfeod expenditures (Figl). Contrary to the
preceding section on poverty likelihoods, here the Mandailing households appear to be less poor
due to slightly higher expenditures. A Min&adpauhousehold pends on average, 273054 IDR
(211.0 USPper month (daily 99.102 ID&jual to7.0 USD), whereas a Mandailing household
spendon average3.110.989 IDIR20.9 in USPper month(daily 103.700DRequal to7.4 USD).
The difference in total expenditures b&een the ethnics is not significafd =0.689; p = 0.491)
and confirming thaboth poverty levels and expenditures are similar between the ethi@cs.
average, the number of household membénghe study area is 4.4. If this is multiplied by 2.5
USD (stndard poverty line), then the resulting value of 11 USD is the actual thokstath
should be spent byhe studiedhouseholds in order to not be classified as living in poverty. In

the studyarea, only a minority of households can be classified asomt p
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Figure4 Monthly household expenditures in IIIR 000,000 IDR is 68.2 USD)

When expenditures aranalyzedfurther and converted to a ratio of food to neieod
expenditures, the ratidgs 1.49 (60%pent on food in case of Minarigabay and 1.19 (8%spent
on food) amongMandailing. Thisshowsthat Minang<abau households tend to spend a 6%
higher proportion of the budget on foods.

Looking at the particular food expenditures (FHg.wecanobservethat households from
both ethnics spend most of tk finances on prein dishes, snacks, and rice. Notably, the

spending on fruits and vegetables is very low with less than 100.000 IDR per month in both

groups.
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Figure5 Monthly household fod expendituresn IDR (100,000 IDR is 6.82 USD)
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On the nonfood expenditure sid of the budget, the households spend most on energies
(mainly electricity, gas, petroljollowed by cigarettes, credits and children education (6)g.
The Mandailingommurity is spending slightly more finances tie majorityof nonfood types

of expenditures.
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Figure6 Monthly household noffood expendituresn IDR (100,000 IDR is 6.82 USD)

6.1.14 The main sources &2 Y'Y dzyidconfe S a Q

We did notmeasurethe exact incane of he communities, but we captureall the sources of
household incomesaccording to their perceived importancEig.7 demonstratesthat farming
is by far the most crucial income for both studiedcoa farmingcommunities. As expected,
cocoaproduction is the most importantsource of incomefollowed bythe production of rice,
rubber and areca nut. Besides farmispmehouseholds also derive their income from small
scale miningpperatinga food stall (warung trading goodsor being a teacherNote that the

figure is showing only the most regular incomes sosin@éh minor activities not displayed.
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Figure7 The most important household income sources
6.1.2Health of the communities
6.12.1 The most common health problems duaglth care options

The five most prealent selfreported health problems (withirthe last year)were flu/cough

(54%), followed by gastritis (17%), rheumatism (14%), high uric acid (10%), and hypertension
(9%)among Minangkabau womemmong the Mandailing women, the most common health
constrants were flu/cough (22%), high uric acid (208tgumatism (16%), headache (9%), and
fever (8%) (TalB). These are quite common health disorders in West Sumdi@H2018.

Only high uric acid is not reported from the region, perhaps as it is not a diealf but rather

an intermediate symptontontributing to other health disordersThese findingavere used to
develop recommendations for the communities on how to tadklentified health constrains. It

isin the community guidebook produced by ttstudy (Pawera et al. 2018).

Assessment ahe healh care optiongevealed thataround half of the women tend to
consult community health workeor doctors. Around twothirds of the respondents had health
insurance (BPJS), showing that @hied of the sampldasuninsured and thusulnerable in terms
of health care. Considering micronutrient supplementation, around -thieds of the
respondents were not using any supplemerfisom those who used supplements, the most

common was th iron supplemeninostly providledby community healthvolunteers(Posyandu).
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Table3 Basic health characteristics of the studied communities

Mandailing  Minangkabau Total
Healthand health carecharacteristics (n=100 (n=100 (n=200

n % n % n %
The most common health problemgirrently or within the last year)
Flu/cough 22 22% 54 54% 76 38%
Uric acid 20 20% 10 10% 30 15%
Rheumatism 16 16% 14 14% 30 15%
Headache 11 11% 10 10% 21 11%

Gastritis 8 8% 17 17% 25 13%
Hypertension 6 6% 9 9% 15 8%
Fever 8 8% 5 5% 13 7%
Low bloodpressure 8 8% 4 4% 12 6%
Local health care ofions

Community health worker/doctor 41 41% 71 71% 112 56%
Buy medicine in open market 26 26% 10 10% 36 18%
Medicinal plants 12 12% 3 3% 15 8%
Buy medicine in pharmacy 6 6% 2 2% 8 4%
Selftreatment 0 0% 3 3% 3 12%
Traditional healer 0 0% 0 0% 0 0%
% of women having health insurance/BPJS

No 37 37% 25 25% 62 31%
Yes 63 63% 74 74% 137 69%
% ofwomen taking micronutrient supplement

No supplement 65 65% 70 70% 135 68%
Iron supplement 20 20% 20 20% 40 20%
Vitamin A supplement 17 17% 1 1% 18 9%
Another supplement 2 2% 9 9% 11 6%
% of smokers

No 100 100% 100 100% 200 100%
Yes 0 0% 0 0% 0 0%

Extent ofphysicalwork (in agriculture)

% of women engaged in agricultural work 67 67% 56 56% 123 62%
Number of working hours per day 7.2 - 6.0 - 6.6 -
Number of working days per week 5 - 4.5 - 4.7 -
Extent of using chemicaglesticides

% of households using chemical pesticide 94 94% 89 89% 183 92%

6.12.2 Perceived health status

Whenwomenwereasked about the perception of their healtatus using the Likert scale, most
of them consideedtheir health to be good or good enough (RY.This means thahe majority
of women are relatively satisfied with their health. On the other hand, around IB%he

respondents perceived their hehlstatus as bad.
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Figure8 Women’s perception of their health status
We also analyzethe perceived quality of the diet (Fi§), and in his case, also most of

the respondents assessed their diet as good or gausligh. A proportion ofvomenperceivirg

their diet to be bad is lower than the perception of bad health.
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Figure9 Women’s perception of their diet quality

6.1.3Food security

The Household Food Insecurity Access S¢HIEIAS)entified thatabout 50%0of the studied
households were food secure (Fig.d). The Mandailingommunity showed to have a slightly
higher level of food insecurity. For example, 32% of the Mandailing households are moderately
food insecure, compared to 20% in the case of Minabgka The mean HFIAS score w21

for Mandailing and B8 for Minangkaau, and the difference was close to statistical significance

(Z =1.750; p = 0.08).
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Figure D The household food insecurity levels based on HFIAS

We used Spearman correlationsdbeck the relationships of food inseiy with socie
economic and agbiodiversity characteristic(Tab.4). Four of the availablevariables showed
to be significantly and negatively correlated with food insecurity, which means that they have
positive asociations with food security. The mosbbust relationship was foundof the
educationlevel, followed by household nefood expenditures, food expenditures, and poverty
levels (the higher the score, the lower the poverfifiese variables are related poverty and

wealth, which are common &ors affecting food and nutribinal security worldwide.

Table4 Correlation of independent variables with food insecurity

Variable r p-value
Education reached -0.190 0.007**
Household norfood expenditures -0.189 0.007**
Household food expenditures -0.185 0.009**
Poverty level -0.175 0.013*
Food crop species richness -0.102 0.151
Age of the respondent -0.093 0.191
Number of household members 0.081 0.257
Distance to market -0.046 0.517
Livestock species ricbas 0.021 0.769

* Statistically signi€ant ( < Q05),**Statistically significantg < 001)
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6.1.4Dietary assessment
6.14.1 Dietary diversity

The dietary diversity of women was assessed by the MDMDdicator (Minimum Dietary
Diversity Scores falVomen atReproductiveAge)following FAQG& FHB60(2016).Different food
groups are sources of various macand micronutrients, and the more food groups consumed,
the better the micronutrient adequacy (Kennedy et al. 200¥hen combining two 24 food
recalls intoa usual intake, the mean dietadiversity scae of Mandailing women was 4.57 and
4.14 for Minangabauwomen (Fig. 1). In both food recall 1 and food recall 2, Mandailing
women reachedsignificantlyhigher dietary diversityZ =-2.969; p = 0.003; and Z-2.729; p =
0.006,respectivey). The overall proportion of women reaching the minimum dietary diversity
of at least 5 food groups was 39% for food recall 1 and 51% for food recall 2. Within the food
recall 1, only 30% of Minangkabau and 47% of Mandailiommen consumed a derse diet,

whereas during the food recall 2, 43% of Minangkabau and 59% of Mandailing women reached

4,43 4,7 4,57
I ! Ii I 4114

Food recall 1 Food recall 2 Mean of food recall

a diverse diet.

Number of food groups
O N W > O O

B Mandailing (N=97) ® Minang (N=98)
Figure 1l Dietary diversity score of women at reproductive age (MBBcore

When looking at the individual food grps consumed in th&ast 24 hous (food recall 2
analyzed due to higher food and dietary diversityt surprisinglythe Starchy staples were
consumed by alvomen from both ethnicgFig. 2). Thenext most consumedbod group was
Meat eatenby a majoriy (81% of Mandailingnd 90% oMinangkabauwomen). This indicates
that the meat is accessibbnd affordablehowever, it is consumed in small amounts, mostly in
the form of a small or medium portion of fisbr( average81 gramsof meat perperson per
day). Another animabased foodgroup ¢ Eggswas consumed to a much lower extent by 28%

and 25% of Mandailing and Minakepau women, respectively. Dairy products were not
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consumed at all, as there is no tradition of consuming milk or its produibes nutrtious food
group of Leafy vegables was consumed by 73% of Mandailing and by 51% of Miabag
women. While Leafyvegetables were more commonly consumiyg Mandailing the Other
vegetables were consumed slightly more by Mingatzpu(68%) than § Mandailng women
(55%). The nutritiougroup of Pulses was consumed much more by Mandailing women (61%)
compared to Minangabauwomen (35%). Other fruits are more widely consumed among
Mandailing women (49%) compared to Min&agpauwomen (31%). In the sa& of Vitanin-A

rich plants and Nuts andseeds, both communities consumed them very raseith less than

10%of the respondents.
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Figure 2 Proportion of women consuming particular food grodfisod recall 2)

During the data collection period, most dig fruit ecies were not in the fruitingeason,
and therefore, the fruit intake was very lowhe limitation is that we were not able to revisit
the study area during the main fruiting seasdncal vegetables, including some wild plants,
were found to 2 consumedjuite commonly. Howevelin general, many ofthe local species
were found to beconsumed rarely or in small amouni&hecore of the diet consists ofeveral
preferred speciesrig. Bdemonstrates the difference in food groups consumed by women who

reached a diverse diet (5 or morea@ups) and those who did not reach it.
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Figure B Food group consumption comparégtween women reaching and not reaching a
diverse diet(food recall 2)

This figure illustrates the gap in dietary diversity, and it showghkvfaod groups could
likely feasibly diversify the diet¢positive deviance approach). An enormous dietary gap and
potential at the same time are found in food groups of Other fruit4=difference), followed
by Pulses (394%ifference, Leafy vegetable81{%), andDther vegetables (25p0Althoughwith
aless dramatigap there is a differencalsoin the consumption ofEggs (22%Meat (16%),

Vitamin Arich plants (11%), and Nuts and Seeds (8%).

The correlations and regression analysis were conductedldatify associations and
predidors of dietary diversity, but any dfie availablevariablesshoweda statistically significant
relationship. Thereforethe predictors ofdietary diversityare not presentedhere, but the

associations are given later foretlary adequacy, here significat relationships were detected.
6.14.2 Quantitative food intake

Based on two quantitative 2hour recals, the mean usual intake was calculated. Teashows
the usualintake of MDBW food groups, where in addition the 10 grougs which compose the
scae, optional groups were added (Savory/fried snacks, Sugared beverages, Sarebts,
Condiments) to completthe picture othe dietary pattern. We can observe that Starchy staples
have by far the highest mean intake of 519 gramsya text is meat with 8d, other vegetables
with 57 g, and oils and fats with 51 g. Comparing the ethnics, Mandailing womenncedsu

significantly moreof Other fruits(+38 g (p < 001), Pulseg+37 g p < 001), Leafy vegetables
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(+22 gp < 001), and Candiments (+ 2 gp < 001). Minangkabau women had higher intakes of
Other vegetable$+30 gp < Q05) and Sugared beveragésl g p < 005).

Table5 Mean ntake of MDBW food groups (in grams)

MDDW food group Mandailing* Minang* p-value Combined!

(n=100) (n=100) (n=200)
Starchy staples 526.9+172.3 516.2+171.1 0.506 521.5+171.8
Meat 78.7£50.2 84.2+51.2 0.483 81.4+50.8
Other vegetables 42.3+46.1 72.2+84.7 0.001* 57.4+69.9
Other oils and fats 45.9+24.2 56.0+28.9 0.034 51.0+27.1
Pulses 65.9+61.9 28.7+39.4 0.000** 47.2+55.1
Other fruits 65.8x74.4 28.3x41.1 0.000** 46.9+62.9
Leafy vegetables 49.9+43.5 28.4+31.5 0.000** 39.1+39.5
Eggs 20.1+26.6 21.9+32.4 0.941 21.0+29.7
Sugared beverages 135+29.6 14.7+14.6 0.001* 14.1+23.3
Sweets 10.6£22.9 12.2+25.1 0.461 11.4+£24.0
Savory/fried snacks 11.6+22.2 5.8+11.7 0.272 8.7£18.0
Vit. Arich plants 7.1+£31.2 3.6£13.0 0.275 5.4+23.9
Nutsand seeds 2.1+5.3 3.2+9.3 0.962 2.6+7.6
Condiments 25+4.6 1.0+6.4 0.000** 1.7+5.6

LAll values are usual intake meansgramswith a standard deviation
* Statistically significanty(< Q05), **Statistically significanf(< 001)

Below, Fig. 4 expresss the percentual contribution of food groups toe total dietary
energy intakgKcal) Starchy staples, Oils and fats, and Meat groups are the main contributors
to dietary energyCombining the whole sample, the contribution of nstarchy foodgo total

energy intake is 45%.
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Figure 3 Contribution of15 differentfood groups to total dietary energy intake

41



Complementary tostandard and globally applicablRIDDW food groups, we also
calculated the mean intakes of food groups spedifby the Ministry oHealth of Indonesia in
the dietary guidelines of Indonesi®QOH2014a). Additionally, we addeda veryimportant and
healthy food group promoted by WHQ@ Fuits & vegetables(\WHO2003). The actual mean
intakesof the respondentsvere compared to the recommmaded daily intakegn Tab.6. We can
observethat recommended daily intalewere reachedior Cerealsé& tubers, Protein foods and
Added oil in somecasesdepending orthe oil type used. The remaining food grougsch as

Fruits& vegeablesdid not reach tle recommened amounts

Table6 Mean ntake of food groups specified by WHO and Ministry of Health of Indonesia

Indonesian and Food intake (in grams) Recommended
WHO foodgroups Mandailing? Minang? Combined daily intake ()
(n=100 (n=100 (n=200)

Cegals& tuberst 526.7£172.3 516.2+171.1 521.5+171.2 300400
Protein foods 166.8+81.5 137.9+70.5* 152.3+77.5 70-140
Fruits 72.3x87.7 29.8+42.4** 51.0£71.9 100150
Vegetable’ 92.8+60.8 102.7+86.7 97.8+74.8 300-400
Added sugar 49+7.2 12.9+£14.1** 8.9+11.9 40
Added oit 459+24.1 55.7+28.5* 50.8+26.9 20-40
Fruits& 165.1+£109.3 132.5+£97.5* 148.8+£104.8 400
vegetables

1 Food groups with recommended daily intake in dietary guidelines ofnesia MOH20143)
2Foad group promoted by WHQONHO 2003)

3All values are usual intake means with a standard deviation

* Statistically significanp(< Q05), **Statistically significanf(< 001)

Subsequently we looked at theexact proportion of women who reached the
recommanded minimumintake of these food groups (Fig. 8). It becameevident that the
majority of women reachedrecommendedamounts ofCereals and tuberé89%)and Protein
foods (87%) however,the tremendousgap inthe low intake of vegetdles and fruitswas
corfirmed. Only 19% of women consumetie recommended amount of fruitgluring the
surveyed seson and just 2% consumed enough of vegetablbnangkabau consumea
significantly lower amount ofFruits ¢43 g;p < 0.01),Protein foods(-30 g p < 0.09, Fruits&
vegetables(-33 g p < 0.05; anda significantly higher amount of Added suga8 g p < 0.0}
and Added oi(+ 10 gp < 0.05 than Mandailing.
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Figure B Proportion of women eating the recommended mir@hamountof the Indonesian
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6.14.3 Dietary adequacy

To assess howutritionally adequate the dietg@re, the mean usual intakewere calculated for
energy, protein, fat, carbohydrate, iron, calcium, zinc, vitamin A (RAE), vitamin B9 (folate), and
vitamin B12 (cobalaim). Comparingthe usual nutrientintake between the ethnic groups
showed slight differences (Tal). The largest difference was noticed for calcium, where
Mandailing women hada mean intake higher by 10# mdgp/d (p < 0,00Q). Statistically
significant vas also thi higherintake of protein 8 g;p < 0.01) and iron{2 g;p < 0.01)In fact,
Mandaiing women had higher intakes of all nutrients apart from fat, which was slightly higher

among Minangabauwomen (1 g;p > 0.05).

Table7 Mean usual dietaryntake of Minangkabauand Mandailing women

Nutrient Mandailing Minang p-value CGombined*
(n=100 (n=100 (n=200
Energy (kcal) 1766.6 £ 450.€ 1713.0 #485.8 0.142 1739.6+469.3
Protein (g) 60.6 £ 20.7 52.3+£17.2 0.003** 56.4+19.4
Fat (g) 521 +19.8 53.31£24.2 0.779 52.7+22.1
Carbohydrate (g) 262.8+71.9 253.4£76.7 0.133 258.2+74.4
Calcium (mg) 548.3 £216.2 440.9+184.5 0.000** 493.8+£207.8
Iron (mg) 11.1+4.2 9.1+3.7 0.001** 10.1+4.0
Zinc (mg) 71+23 6.9t2.2  0.453 7.0£2.3
Vitamin A (RAE) 199.6 £ 2404 207.7+x231.1 0.651 203.7£235.7
Folate ¥it. . 0 06> 152.7+76.1 146.6x74.0 0.605 149.6£75.1
Cobalamin(V. B12p > : 29+£3.2 2.7£2.0 0.194 2827

1All values are usual intake means with a standadation
* Statistically significanip(< Q05),**Statistically significant <0.01)
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The mean adequacy ratioMAR combinedfor nine nutrients (capped at 1) was 0,64
meaning that the diet is adequate by around 64% (whereas a fully adequate dietrrgahbi
recommended intake for atlonsidered nutrients should have a value of 1&0n other words,
being adequate byl00%).It must be noted that the studied diets amaore adequate for
macronutrients than for micronutrientsmeaning that there is a ¢pger gap in consumption of
micronurients. The overallMAR wasonly slightly highe among Mandailing compared to

Minangkabawomen (0.6 vs 0.8) with no significant difference (t = 0.987, p = 0.325).

To uncover the specific nutrient ggpas proportion ofwomen reaching recommended
dietary allowances (RDA) for IndonesiandCH 2013) wascalculated (Fig.@). In the case of
macronutrients, we can see that around tlirds ofthe women mettheir RDA. Much worse
was the adequacy dhe micronutrientsfor which just a small proportion owomenreached
RDA. Only intake of vitamin B12 wasatelely better, with over half of the women (54%)
reaching its RDA. The least met RDA were found for folate (reached by 4%), followed by calcium
(reached by 9%), vitamin Aeéiched by 12%) and zinc (reachgdd%)All these micronutrients
are one of themost essential ones for human health, and their deficiencies might have severe

consequences fgoopulationhealth and development.
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Figure B Proportion of women reachinthe recommended dietary allowancéRDA)
6.14.4 Associations and predictors of dietadequacy

The Spearmancorrelations identified four significant relationships with MAR (T@&b.The
variables with a positive correlatiomere education level reachdgd= 0.213; p = 0.03), food crop

species richness (r = 0.180; p = 0.011), and lower ppvevels (r = 0.175 = 0.014). The
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negative relationship was found with food insecurity (0-465; p = 0.020). Here we can deduce
that dietary adequacy is assot@d with common sociceconomic factors, but also with

cultivatedfood crop diversity.

Tabk 8 Correlation ofmdependent variables with MAR (mean adequacy ratio)

Variable r p-value
Education reached 0.213 0.003**
Food crop species richness 0.180 0.011*
Poverty level 0.175 0.014*
Food insecurity -0.165 0.020*
Household norfood expenditures 0.094 0.188
Age 0.065 0.365
Livestock species richness -0.052  0.467
Distance to market 0.032 0.657
Household food expenditures 0.008 0.915
Number of household embers -0.066 0.915

* Statistically significanip(< Q05), **Statistically significanp(< 001)

Tobetter address research question 1 on what factors can predict the key variable dietary
adequacy we regressed MAR with independent variables to betentify its predictors (Tab.
9). All the variables together in theegressiormodel gave aorrelationwith MAR (r = 0.350),
yet they predicted the MAR only by 129% €R0.123). The predictiomodel was significant
(ANOVAp = 0.005), bubnly 12% of vari#on explainedneans that there aréikelyother factors
predictingdietary adequacyandwhich were no captured by ths study In our final model, the
MAR was predicted significantly only éyltivatedfood crop species richness and by household

non-food expenditures. The other variables didt significantlypredict MAR.

Table9 Results ofmultiple linear regression predicting the MAR (mean adequacy ratio)

Variable 3 Standardized t p-value
Food crop species richness 0.518 0.188 2.586  0.010*
Househdd nonfood expenditures 2.28E06 0.177 2.263  0.025*
Household food expenditures -1.74E06 -0.122 -1.531  0.127
Education reached 1.494 0.14 1.533 0.127
Food insecurity -1.625 -0.103 -1.416  0.159
Number of livestock species -1.145 -0.062 -0.854  0.394
Distance to market 0.136 0.051 0.696  0.487
Age 0.068 0.049 0.643 0.521
Poverty level 0.020 0.016 0.143  0.887
Number of household members -0.125 -0.011 -0.105 0.916

* Statistically significanip(< Q05)

When runningan additional model for thesewo significantvariablesand controlling for
other factors they predicted MARUtcomeby 5%(R change= 0052;p = 0.M@5), while all other
controlled variables accounted for 786 the variaton (R change= 0071;p = 0.09). Lastly,
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when selectingonly the food crop species richnesss a predicting variablen the mode] it
predicted MAR by 3%(R change= 0031; p = 0..0) and all remainingcontrolled variables
accounted for 9%f the variation (R change= 0091; p = 0.B2). All these regression models
reveded that MAR was predicted by 3% by food crop species richness, by 2% 4yodon
expendiures, and by’% by all remaining variablegvenin Tab 9. The richness of cultivated
food crop species was found to be thestpredictor of MAR, where MAR increatéy 0.518
(B)for each cultivated food crop speciemg added food crop species increaskIAR by 0.5%).
This is an important finding showing that there ip@sitivelinkage between the diversity of

cultivated crops andidtary quality.
6.14.5 Food andhutrients acquisition pathways

To answer research question &g quantified the actual contributin of landuses, markets and
different food acquisition pathways for dery adequacyln Tab. @, we can see that on average,
67% of dietary energy came frottne foods purchased on the market. The second main energy
contributor wasown rice field (30%). fie remaining sources of food are not important in terms
of dietary energy. In the casef iron (which we selected ashe key representativeof
micronutrients), the primary source contributing to its intake was also market (75%), followed

by ownrice field(14%) anewn cocoa agroforestry (6%).

Table D Contribution ofdifferentland-uses andnarkets to total dietary energy intake

Contribution to energy intake (%) Contribution to iron intake (%)

Source of food Mandailing Minang Combined Mandailing Minang Combined

(n=100) (n=100 (n=200 (n=100) (n=100 (n=200
Market 78% 56% 67% 83% 67% 75%
Rice field 20% 40% 30% 8% 20% 14%
Cocoa agrofar 2% 2% 2% 8% 4% 6%
Homegarden 0% 1% 1% 1% 5% 3%
Forest 0% 0% 0% 0% 0% 0%
River/pond 0% 0% 0% 0% 2% 1%
Gift/sharing 0% 2% 1% 0% 2% 1%

When the food sources were merged into the two main pathways of a) purchasing food
and b) producing or gathering own food; it becameatlthata larger proportion of nutrient
intakes came from purchasing food on the market (Efy.Mandailing women consned more

foods purchased on the markets, whereas Minangkabau wonmsumedmore from own
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sources The difference was statisticallygsificant for bothdietary energy Z =-5.594 p <
0,00Q1) and iron Z =-5.184; p < 0,00Q).

Although a larger proportion of the consumed foods and nutrients were purchased on the
traditional markets, it is important to note that 95% of all foods consdmere traditional and
mostly localless processedoods, while only 5% were ultqarocessed ad imported foods
(Pawera et al. 2020).

Both ethnics energy intake
Minangkabau energy intake IS
Mandailing energy intake NG
Both ethnics iron intake
Minangkabau iron intake IIINEGEN TS
Mandailing iron intake

0% 20% 40% 60% 80% 100%

m Pathway of purchasing food Pathway of producing/gathering food

Figurel7 Contribution of food acquisition pathways to energy and iron intake

Before moving to the results of the secoobjective, Tab. 11 overviews and compsifee

main findings related to socieconomy, food seaity and diets between the ethréc

Table 11Comparison of key findings on so@oconomy, food security and diets

Key daracteristics compared Mandailing Minang  Satistical 9gnificance

Proximity to the main road | A IK Lower@ Noat significant
and markets

Poverty levels | A IK Lower@ Nat significant
Household expenditures | A IK Lower@ Nat significant
Food insecurity | A IK Lower@ Significan{p < 010)
Dietary diversity | A IK Lower@ Significan{p < 001)
Dietaryadequacy | A IK Lower@ Not significant
Consunption of foods | A IK Lower@ Significant§ < 0,0001

purchased from markets
Consunption offoods from LowerQ@ | A 3K ¢ Significant < 0,000)
own production'gathering
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6.2 Results ofobjective 2: To document the diversityf food plants and characterise

their importance and potential nutritionally and ethnobotanically
6.2.1Qualitative werview ofthe studiedindigenoudood systems

This chapterconsolidates and qualitatively overviewthe studied food systems based on
multiple methods applied particularly individual interviews, FGDs and observatidhglocal

food system of the studied communities is strongly linked wiitle croppingand with cocoa
agroforestry systems(Fig 18a). Almost every household had these two ipcipal landuse
systems, which are used for their own food production as well as for income generation, with a
highly varied ratio of subsistence tioee market orientation between the household&sshown
earlier (Fig8), the main sources of incomarethe production of cocoa, followed by rice, rubber
and areca nutMen are traditionally working in more remote agroforestry farms (tending the
cocoa, rubber, areca nut and associated crops and shade tweis}, women are fily engaged

in the management ofice fields andhomegardensFood crops are grown ihomegardens
(kitchen gardens)agroforestsand occasionally irice fields orfield patchesnot used for rice
production. Crop diversity is generallyghiand around halfof the households raised farm
animals, mostly chicken, and more rarely duck, fish or geae chapte6.2.2 below) Natural
habitats such as forests, rivers, and streams are used to a smaller extent to acquire wild foods,

mostlywild food plantsand varous types of fish.

As found byhe dietary assessment (earlier chapéet.4), dietsare dominated by a high
intake of rice, accompanied by a small amount of vegetables and meat, mostly fresh or dried
fish. Fruits are consumed irregukadind with high vaation due to seasonality. Theaditional
foods contain lots of spices (mostly iiihionion and garlic) and many include coconut milar
study might have missed a few species of spices since we focused on nutritionally important
food groupsthat contribute to dietary intake(FAO& FH360 2016) We found that wild food
plantsare consumed to a small extent and rather spontaneously. In terms of food preparation,
besides a few common species consumed raw (e.g., cucumber, tomato, ldgttecajority of
vegetables are consumed cookedtheir stir-fried or boiled Fuits are primarily consumed raw
besides a very popular fried coated banaBath food crops and wild food plangse cultivated
or collected from natural and managéahds, as well as purchasetdtraditional markets, where
more and more households are purchasing foaaiscording to the respondent€Considering
the transition of food environmentg§Downs et al2020, the area can be characterized as an
agrarian societyith trade. The main food avironment is composed of wild drcultivated food

environments and with regular informal markets composed mainly of wet marketdaod
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stalls (Fig. Bb). Although the communities still prefer and consume traditional foodg, th

availability and consumpin of ultraprocessed foodare slightly increasing.

Figure Ba) Natural food environmentstraditional landuses (rice field in Simpang village on

the left; cocoa agroforestry on the right, Simpang village, 2017).

Figure Bb) Built food environmentg, local wet markets (food plantsn the left; fish and

seafoodoriginallybrought from the coastal regioren the right, Kumpulan town, 2017)
6.2.2Food plant diversitgnd associated traditional knowledge

This section is answering research quesBabou the levels oftultivated and wid food

plantsand explanations of changesthreir use.
6.2.2.1 Overall food plant diversity of the communities

Combining theseasonal calenda, dietary assessmenindividual free lists and ethnobotanical
inventories, wedocumented a total of 31 food plant speieswhich corresponds to @7 plant
folk foods (Tab. Alin appendixl). Surprisingly, he number ofwild food plants 85 species
providing 106 folk foods) is slightly higher than thdiversity ofcultivatedfood plants (79 crop
species providin@8 folk foods), indicating thatbesides high crop diversityhe communities
steward rich traditional knowledge on wild edibles (Tal2).1Quite a high number of same

specieexisted inboth wild and cultivated form§15% oveap).
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Table 2 Diversity ofwild and culivated food plantsand folk foodsaccording to food groups

Foodgroup Number of Number of Number of Number of
speciegand  wild species cultivated species &nd

folk foods) (and folk species (and folk foods)

foods)! folk foods)  purchasedonly

Starchystaples 8 (8) 4 (4) 7(7) 1(1)
Leafy vegetables 28 (32) 27 (27) 16(16) 0 (0)
Other vegetables 42 (47) 28 (29) 26 (27) 2(4)
Pulses 9(9) 6 (6) 7(7) 1(1)
Nuts and seeds 6 (6) 5(5) 4@ 0 (0)
Vit. Arich pgants 10 (10) 5 (5) 5 (5) 1(1)
Other fuits 50 (54) 27 (30) 29 (32) 7(7)
TotaP 131 (167) 85 (106) 79(98) 12 (14)

1Plant foods include different folk taxa, as well as different edible plant parts from the same species
2Totalspecieswumber is not amulative as some species overlap in mfmed groups

In addition tolocal cultivated and wildplants, 12 food plant species(providing 14 folk
foods)were accesseanly from the markets, showing the role of markets in bringing new foods.
Since thesevere consumed, they were considered in theerall diversityin this chapterand in
Tab. Al however, they were excluded in the consequent chapters on cultivated and wild food
plants.If they were excluded from the overall food plant diversity, the total numbglocal food

plants would be 119 spexs and 153 plant folk foods.

The bestrepresented foodgroup is Other fruits withh0 speciesd4 folk fruits), followed
by Other vegetables with 42 species (47 folk vegetab(®s)the other hand, the least diverse

groups are Nuts and seed&omprising onf 6 specie} and Pulses with 9 species.

From thelocally cultivated and collected specigxcluding 12 nothocal species obtained
from the markets) the bestrepresented botanical families wereeguminosag14 specie9,
Arecaceae (10 species), and Andiaceae, Cucurbitacea@nd Poaceadall by 6spedes).
Concerning plant parts, the most prevalently used were fr&#84, including unripe fruits used
as vegetables), leavesl®, including young shoots or tendeaf stems)stems/shoots (17%,

includingpalm hearts of 2 palm speciesgeds (10%), tulve 3%) and lastly flower¢s).

Comparing theethnic groups(Tab. B), the Minangkabau commuity maintained121
food plant species (151 folk fooda)higher divesity compared to Mandailing community wdhi
had 108 food plant specied 35 blk foods).Both communitiehadthe highest diversity within
the category of Other fruitsand the least diverse were Nuts and seadpresented only by
speciesn each commuity. Minangkabau were found to stewd27 unique specieswhich did

not occur in Mandailig area. Vice verstghe Mandailing community had3lspeciesot existing
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in the Minangkabauarea. However, theanajority of food biodiversity overlapg77%)and is

common to both ethnic groupslQ1 species anil19 folk foods.

Table B Comparison of food pht diversitybetweenthe ethnic groups

Foodgroup No. ofspecies No. of No. of No. of No. of
(andfolk species species (and speciesénd species (and

foods)in (andfolk  folk foods): folk foods)  folk foods)*

Minang. foods)!in unique to unique to  overlapping

Mandailing Minang Mandailing in both

Starchy staples 8(8) 7(7) 1() 0(0) 7(7)
Leafy vegetables 23 (24) 24(5) 7(7) 6 (6) 17 (18)
Other vegetables 37(34) 33(37) 7(7) 5(5) 29 (32)
Pulses 8(8) 5 (6) 3(3) 0(1) 5 (5)
Nutsand seeds 5(5) 5(5) 1(1) 1(2) 4 (4)
Vit. Arich plants 10(10) 9(9) 1(1) 0(0) 9(9)
Other fruits 52 (54) 44 (46) 7(9) 1(1) 44 (45)

TotaP 125(151) 108 (135 27(29) 13 (14) 101(119

IPlant foods include diérent folk taxa, as well adifferent edible plant parts from the same species
2Total species number is not cumulative as some species overlap in more food groups

6.2.2.2 Diversity of cultivated food crops

Consiering all landusesthe study documented@9locadly cultivated food plants, Wichprovide

98 folk foods Mandailing households cultivated@&food crops on average, with a total number
of 64 crop speciesn the Mandailing areaThe most frequently cultivad crops by Mandailing
farmers were cassava, eicpapaya, sweet leaf, andf@na (Figl9). Cassava leaves are the most
popularvegetable in both communities. Surprising is a high frequency of sweet3aafqpus
androgynu3in Mandailing area, wdreasthis nutritious vegetable iseglectedby Minangkabau

people.Alsopapaya plant is cultivated much more frequently by Mandailing farmers.
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Minangkabau households weround to maintain a significantly higher food crop
diversity cultivatedwith 9.6 crops on averageZ(=-3.854; p = 0.000 In total, Minangkabau
communitycultivated 77 species of food cropehe higher crop diversity among Minangkabau
is likely due to higher diance from the main road, and also as Minangkalsathe dominant
and native group to West Sumatra, whereas Mandailing arrived from North Sumatra more
recently. Fig. 19 showsthat the most frequently occurringlinangkabaufood crops were
cassava, rice, dian, banana and mangosteeRigurel9 comparesthat durian, mangagen,
guava, jengkol and water spinaehe cultivated to a much wider extent by Minangkabau
community.Besides water spinach, all are food trees that Minangkabau cultivate in traditional
ag?2 T2NBalGNER aeadsSy Ol f f(cBdhagarder shde totoa Babedon&Sthedzy

main agroforestry crop).

Taking into account livestock ownership, 69% and 50% of Mandailing and Minangkabau
households owned one or more kind of livestock, respetyivlhe chicken was by far the most
prevalent. More rardy, peoplekeptduck, fish, goat, or buffalo. Livestock was raised mainly for

own consumption, but sometimes also for selling or for both purposes.
6.2.2.3 Factors associated witltopdiversity

We usedSpearmarcorrelations to look at the relationshémf food crop species richness with
other variableqTab. #). Tre correlationsrevealed two positive and significant relationships
First between food crop species richness divéstock speciesahness (r = 0.154; p < 0.031),

showing that householdsthat cultivate highcrop diversity also maintain higher diversity of
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livestock species. And the second association was the age of the respondent (r = 0.152; p <

0.033), suggesting that older respondenénd tomaintainhigher crop diversity.

Table Y4 Correhtions of independent variables with food crop species richness

Variable r p-value
Livestock species richness 0.154 0.031*
Age of the respondent 0.152 0.033*
Food insecurity -0.102 0.151
Househatl food expenditures 0.102 0.154
Poverty level 0.098 0.1
Education reached 0.089 0.211
Household norHood expenditures -0.072 0.315
Distance to market 0.050 0.485
Number of household members -0.014 0.841

* Statistically significant(< 0,05)
6.2.2.4 Traditional knowledge on wild food plants

Together, thecommunties steward traditional knowledge o085 species of wild food plants,
corresponding t0106 plant folk foodsComparison of traditionaWild food plantknowledge
betweenthe ethnic groups shoed that Minangkabauand Mandailing woren listed 14.0 and
10.2wild food plantspecien averagetespectively. The difference in knowledge is statistically
significant Z=-4.145;p = 0.000). We ran multiple linear regressions to determine the predictors
of traditional knowledgeon wild food plants but none ofour saial or ecological variables
significantly predicted the knowledge (p > 0.05). In the final model, all the variables together
resulted ina weak correlation of = 0.260, and they predictedi¢ knowledge only by 7%=
0.07). However, as mentioneghrlier, Minangkabauwomen knew a significantly higher number
of wild food plans. Fig. ® is showing wild food plants with the highest frequency of citations
based on the individual freelisting excise Minangkabau women were citing wild plarntsa
larger exent than Mandailing The main differences can be seen on wild leafy amaranth, taro,

bamboo and water spinach, which were all citednore Minangkabau women.
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Figure20 The most frequentlyisted wild food plants
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The importance of the local langses from the food provisioning role was assessed initially by
the number of food plants sourced from them. In the case of both etlgnaups, coca
agroforests showed to have the highest diversity of fqadnts (Fig. 2). The next vere
homegardens which are also very diverse. In the middldaests and less foodlant-rich are

rice fieldsand aquaticenvironments Currently, peopleely more ontended plots than forests

which became quite remotand less convenienbtaccess.
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B Mandailing (n=99) ® Minang (n=99)
Figure 2 Total number ofood plant speciescross the landises
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The ten most common food plants in particular landes are shown in Tab5.1naquatic
environments (iver or pond) only a few species oceunostly vegetables. All other ldruses
are dominated by a mix of fruit and vegetable species. Among the most common food plants,
only one species belong® the Pulsesfood group¢ jengkol @rchidendron pauciflorum
demonstrating how rarely pulses occur in the landscape. The compdttef lfood plants and
their habitats can be found ifiah A1 (Appendixl).

Tale 15 Overview ofthe 10 most prevalentfood plants across thiecalland-uses

Cocoa Homegarden Forest Rice field River or pond

agroforestry*

Durian (51%) Cassava (40%) Vegetable fern Rice (71%) Vegetable fern
(82%) (82%)

Cassava (48%)  Chilli (21%) Bamboo (57%)  Cassava (11%) Water spinach

(62%)

Chilli (33%) Banana (20%) Torch ginger Long bean (9%) Yellow buhead
(29%) (30%)

Banana (31%) Guava (17%) Menteng (44%)  Chilli (8%) Taro (27%

Papaya (27%) Eggplant (17%) Durian (wild) Sweet leaf (7%) Water mimosa
(41%) (7%)

Jengkol (17%) Soursop (13%) Stinking passion Water spinach Elephant ear (2%
vine (22%) (7%)

Turkey berry Water apple (13%, Guava (20%) Coconut palm -

(17%) (5%)

Mangogeen Mango (13%) Rambutan (wild) Papaya (4%) -

(15%) (19%)

Sweet leaf (15%) Papaya (12%) Lanzones (18%) Banana (4%)
Avocado (12%) Long bear{12%) Forest mango Eggplant (4%)
(15%)
1For plants in agroforestry, homegarden and rice field, the % shob&fequency of occurrece based
on the inventory
2For plants in forest and river/pond, the % shows a proportion of women citing that-pksetl onthe
freelistingexercise Freeliting of plantsdocumented known plantdut it did nottracethe habitatsof the
plants.For example, vegetable fern was listed by 82% of woraadjt is indicatedin both forests and
rivers/ponds, sincéhe vegetable ferroccurs inboth landuses (basedn observations, inventory, FGD).

This is also demonstratdaly looking pecificallyat the sources of wild food plant$ig.
22). The figurevisualizes thewild food plantdiversityin particular food groups across all the
land-uses. We can see that agooésts are the most diverse and thaild food plantsfrom
agroforests catribute to the following food groupstther fruits, Other vegetables, andleafy

vegetables; and ta lesser extenhuts and seedsRulses andarchy staples.
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Figure22 Land use as sources of wild food plants in particular food groups (the thitier t
stream, the more wild food plants are found imere). Adapted from Pawera et a2020.

6.2.3Perceptions and attitudes towards local food plants

Perceptions and attituds are inportant drivers of human behaviour. We characterized the

attitudes of wonen towards local wild and cultivated fogalants by analysing answers of

AYRADARIZ £ NBALRYRSyGa 2y LINBLI NBR daol NNASNI |

statementsand leveé of the agreementare given in Fig. 2 The strongest agreement came it
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perceive locatrops and even wild food plants gitively, but that the lack of knowledge on

nutrition and health benefits is onefdhe main barriers preventing people from consuming

them more.
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| would eat more wild foods if | know their,
nutrition/health benefits I

Crop diversity is important for nutrition and healtHli
Wild foods are rich in vitamins and mineralSill
Consumption of wild foods is good for healt il

Wild foods are important food resource [l

Crop diversity is important source of other non-fooh
products

I would eat more wild foods but they are not availabl@

My time is the constrain to collect wild foodd

Vegetable and fruits from market are better than Wi|i
foods

Wild foods are associated with low social statls

0O 10 20 30 40 50 60 70 80 90 100

m Strongly agree (%)= Agree (%) m Neutral (%) m Disagree (%)m Strongly disagree (%)

Figure 3B Attitudes of women towards consuming wild and cultivated plants

Similarly, but with a simplified-8ption s@le, we compared the perceptions of women on
locally produced foods versdoods from the markets. The results showed clearly that local food
plants have a lower market price compared to commercialized pfanmshased on markeid-ig.

24). However, bothself-collectedwild and cultivated plants are perceived to be tastier than

plantspurchased on the markets

T O o P T e A

vegetables and fruits from the market

Local crops have lower/higher/same price
vegetables and fruits from the market

Local crops are less/more/same tasty as vegetab
and fruits from the market _

Local crops have lower/higher/same prestige _

vegetables and fruits from the market

Wild foods are less/more/same tasty as vegetables a_

fruits from the market
Wild foods have lower/higher/same prestige a_
vegetables and fruits from the market

0 20 40 60 80 100

M less (%) msame (%) ®m more (%)

Figure 2 Perception of women on local and marketed foods
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Traditional knowledge and uses ofldvfood plants aregenerally decreasmworldwide.Shce

most of the studies have looked at the reasonsther decline in usewe wanted to understand

also the motivations for their continued us€herefore,we let women list specific reasons for
continuing ther consumption. What we found that the mostprevalent motivations were that

wild food plantsare obtained for free omt a low cost 45%); that they are naturafood
unpolluted by agricultural chemicals (44%); and that some are still available and easy to obtain
(32%) (Fig.®). Whik the economicactor (available for free) was of parallel importance for both
ethnic goups, the importance of being an unpolluted natural food wase prevalent among

Minangkabauwomen, whileavailability wadisted moreby Mandailing women

Cheaper/for free

60%
Practical/useful S0% Natural/ lluted food
ractical/usefu 40% atural/unpolluted foo
30%
20%
10%
No other choice 0% g Available/easy to get
N\t

Tasty food Fresh food
Healthy food

— Mandailing (n=94) Minang (n=100)

Figure B Motivations fa continued consumption of wild food plants (% of respondents)

Although we tried to enrich these perceptionsf ¢ocal foods by positive and negative
personal stories through narrativeased documentation, the majority of respondemisre not
able to recallany story related to locdbod plants Thuswe did not conduct a fukinalysis of
the narratives. Nevertheless, a few examples of collected stories can give a broader pfcture

the local food environment:

Apersonalstory from Mandailing woman Ms Karinil Wheral was picking water spinach in my

rice field, suddenly | am hibihg a snake, | was shocked and ran away!

Minangkabau Msv 2 & f | A Y AWhen KvalkiB iR Yhe garden, | was pleased to see many
durian fruits falling down dter whenl came to pickhem, it turned out that tigers had already

eaten the duriangé ®
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These eamples illustrate personal experiences and situations that communities
occasionally face in the rural areas of West Sumatra during agriculture activitieHemting
wild foods. Faners often encounter wildlife, or some other stories often mentionedpstip

and falling down in the field or from a motorbike on the way to the fields or uphill cocoa gardens.
6.2.4Trends andltanges irthe use offood plants

Through the 4ell method onducted during FGD&ig. 26) the study revealed the perceived
driversof changes in production, collection, and consumptiomogtlfood plants The drivers

of change in diversity and species utilization were categorized into different themes through
inductive thematic analysis. In addition, we sought out which factorglatermining whether
aspecies is utilized or underutilized. In generag tlesults showed thathe useof local fruits

and vegetables has declined over the last generation.

plants (®ntangvillage,May 2018)

The reasons for the chgescompared to the pastas well as the barriers and motivations
for contemporary use of food plastvere cdegorized into thefollowing sixemergedthemes:
(i) availability; (ihivelihood and lifestyle; (iii) food, consumption, health; (iv) income keting,

economy; (v) multifunctionality/processing; and (vi) knowledge and skills.
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Thematically categorize@uthentic motivations and barriers to the current use of

cultivatedvegetbles, along with reasons fteir greater use in the past, are givenTah 16,

for cultivated fruits in Tab.7, wild vegetables in Tab8hnd wild fruits in Tab.4.

Table B Bariers, motivations and reasons for changes in the ussutifvatedvegdables

Ethnic group Reasons for

cultivating selected
vegetables orarge
areas currently (FUS)

Reasons for
cultivating selected
vegetables on small
areas currently (NUS)

Reasons focultivating a
higher diversity of
vegetables in the past

Minangkabau Basic food needed daily

(F)

They grow and thrive

easily (P)

Many benefits (U)
Easy marketing (1)

Easy to get (A)

Can be marketed (1)
Liked by people (F)

Nutrition a lot (F)

harvest quigly (A)
Does not need much

land (L)

Not enough land (L)
Less popular (F)

Lack of knowledge on
their cultivation (K)
Narrow land (L)

Canbe bought (D)
Seeds are hard to get (A

Persistence of women in
growing vegetables (D)
People needed vegetables (F
Many benefits (U)

Good for selling (1)

Local vegetables were popule
(F

Pemle were often going to
the forest (D)

Easy to plant (P)

Do notdisturb other crops (P)
Everyone was gardening (D)
Everyone liked them (F)
These were common (A)
Good land availabilitfl)

Mandailing Easy to plant (A)

Needed food, consumec

regularly (F)
Lked much (F)

Can be marketed (I)
Save location (L)

Easy tagrow (P)

rainy season (A)

No other vegetables (A)
Lots of nutrition (F)

Marketing is difficult (1)
Not enough land (L)
Difficult to care for (A)
Not manygardeners (D)
Costs a lot (biaya

Not indemand (1)
Easy for processing (S) Require specific land (L)
Can be grown in the

Many people like them (F)
Good land availability (L)
Healthy food without
chemicals (F)

Fied without chemicals (P)
Vegetables available to some
extent (A)

There areinterested farmers
(D)

Many benefits (U)

Likes to itercrop (P)

LFUS = Fully utilized species, NUS = Neglected and underutilized species
A = Availability; D = Demography/lifestyfe= Food, consumption, health; | = Income, marketing,
economy; K = Knoetige gap; L = Land issue; P = Agricuftuoeuction; S = Processing/storage; U =

Usefulness

Table I Barriers, motivations and reasons for changes in the useltif/atedfruits

Ethnic Reasons for cultivating
group selected fruits on large
areas currenty (FUS)

Reasons for
cultivating selected
fruits on small areas
currently (NUS)

Reasons for cultivating ¢
higher diversity of fruits
in the past
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Minangkabau

They are tasty (F)
Easyto grow (P)

Can be sold (1)

Grow easily (P)
Provide daily needs (F)
Can le processed in
various ways (S)

Own production (D)
Many devotees (D)
Preferred fruits (F)

Need a large space (L)
Seasonal (P)

Own (D)

Hard to find (A)

Depends on the land (L)

Devoteesare decreasing
(D)

Can be sold (1)

Don't know how to
cultivate (K)

Peope liked taste If)

Easy to grow (P)

Could be sold (1)

Own production (D)
Producing seasonally (P)
Homegardens were larger
L

Provided daily needs (F)
Many people interested (D
Therewas a lot of land (L)

Mandailing

Easy to plant (P)
Good to consume (F)
Not difficult to grow (P)

Because it's in the fields (4

Daily needs (F)
Easy marketing (1)
Available in large
guantities (A)

Limited land (L)
Devotees are decreasin
(D)

No time (D)

Hard to get them (A)
Almost extinct (A)
Cultivation is difficult (P)

Therewas a lot of fruits (A)
More land was available (L
Women were diligently
planting them (D)

Easy to get (A)

People liked the taste (F)
Rare in the market (A)
Could be sold (1)

1FUS= Fully utilized species, NUS = Neglected and underutilized species
A =Availability; D = Demography/lifestyle; F = Food, consumption, health; | = Income, marketing,
economy; K = Knowledge gap; L = Land issue; P = Agriculture production; S = Proceagiegist

Usefulness

Table B Barriers, motivationgnd reasons for chayes in the use okild vegetables

Ethnic group Reasons for

collecting selected
wild vegetables to a
large extent currently
(FUS)

Reasons for collecting
selected wild
vegetables to ssmall
extent currently
(NUS)

Reasons focollecting
wild vegetable morein
the past

Minangkabau

People like them (F)
These are required (F)
Can be obtained in the
forest (A)

No need to purchase (I)
Good economic value (I
Can be shared (A)
Good benefitgU)

Many enthusiasts (D)
Land area (L)

Thee are no other
vegetables (A)

Source of income (1)

Reduced interest (D)
Limited land (L)
Competitiveness (A)
Not available in the
market (A)

Don't know the taste (K)
Don't know yet can be
consumed (K)

Hard to get(A)

Dislike (F)

Need good care (P)

Easy to get (A)

Easy to grow (P)

Are for free (A)
Community collection (D)
Still plenty of them (A)
People were gardening (C
People liked them (F)
There were no other
vegetables (A)

Spacious gardens (L)
Easy processin®)
Abundant forests (A)

Mandailing

Easy to get (A)
Eaten everylay (F)
Rich in nutrients (F)
People like them (F)
At close range (A)
Not purchased (1)
Good taste (F)

Many enthusiasts (D)
Many benefits (U)

Competition (A)

Taste is not so good (F)
Not corsumed much (F)
Not much &ailable (A)
Don't know how to cook
(K)

Not alllike it (D)

Hard to get it (A)

Easy to get (A)

Food needed every day (F
Healthy (F)

People were often going
to the forest (D)

There was more forest (L)
Many enthusiasts (D)
Collecttheir own (A)
Traditional processing (S)
No other vegetables (A)
Are forfree (1)
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LFUS = Fully utilized species, NUS = Neglected and underutilized species

A = Availability; D = Demographyl/lifestyle; F = Food, consumption, health; | = Income, marketing,
economy; K = Knowledge gap; L = Land issue; P = Agriculture produeti®md@ssing/storage; U =
Usefulness

Table B Barriers, motivations and reasons for changes in the usdéldffruits

Ethnic group  Reasons for collecting Reasons for collecting Reasons for collecting
selected wild fruits to  selected wild fruits to  wild fruits more in the

a large extent a small extent past
currently (FUS) currently (NUS)
Minangkabau  They are tasty (F) Don't know how to They are tasty (F)
There are no other fruits cultivate them (K) Easy to grow (P)
(A) Not a big interest (D) Can be sold (1)
Can be collected on you Rare (A) There are no other fruits
own (A) Grow in the forest (A)  (A)
Eaen everyday (F) Available seasonally (A) Seasonal (A)
Can be sold (1) Depends on théand (L) People often go to the
Can be processed Not so tasty (F) forest (D)
according to taste (S)  People don't know it (K) Only a few options (A)
They are required (F) Hard to get (A) Manyfruits available A)
Many enthusiasts (D) Used for medime (U) Cheap to purchase (1)
Mandailing Easy to collect (A) Not enough time (D) Easy to get (A)
Available in lage Extinct orrare (A) People did not spray
quantities (A) Decreasing aa result of chemicals (A)
Still plentiful (A) spraying (A) Land was available (L)
No need to buy (1) Hard to get (A) People likedaste (F)
Many people like it (F)  Difficult to cultivate Cheap to purchase (1)
There are no other fruits them (P) Many were available (A)
(A) They are seasonal (A)  No other fruits (A)
Kids like them (F) Not in the market (A) Natural and healthy (F)

People are busy (D) No reed to buy (1)
Many in the season (A)

LFUS = Fully utilized species, NUS = Neglected and underutilized species
A = Availability; D = Demography/lifglst; F = Food, consumption, Hie | = Income, marketing,
economy; K = Knowledge gap; L = Land issaédticulture production; S = Processing/storage; U =
Usefulness

Thetables abovewith authentic explanationslemonstratethat reducedavailability of
local food plantsvasthe mostprevalent explanation for their decreaseidecompared to the
past. Thisgs followed by changes in livelihoadidlifestyle and dter that, factors related tahe

food environment, consumption and health.

The most commorturrent barriersfor not usinglocal food plants werdheir reduced
availability,but alsolimited food conpaosition knowledge, time constraints, and lower economic
value.These findings represent the community perspective, and it informsha factors are

driving underutilization of eveloss of food biodiversity.

62



But there are differences in the extent adelof different speciesSome species are better
utilized mainly for the following reasonseing important and tasty food; easy megement and
growth; good availability and accestiily; having multiple benefits; and providing marketing

opportunity.
6.2.5 Quantifying ontributionand potentiabf food biodiversity to diairy diversity

First, we calculated the gap between the knowledge on available food biodiversity and the actual
consumption inthe last 24 hourgTab.20). It wasfound that Pulses tdthe highest utilization

ratio, as 78% of available species were consumed. On the dthed, the largest gap was
identified for Nuts and seeds where out of 6 available spedely 1 pecies was consumed in

the last 24 hours (17%7.he overall utilizationatio regardles®f the particular food group was

55%, meaning that 45% of availafid®d plant species were not consumedtiie last 24 hours.

Table20The gap between food biodivaty and actual food consumption

Foodgroup Proportion of Number of  Total umber The species gaf
consumers in species of species  and utilization
thelast 24 consumed in available in  ratio between
hours (%) the last 24 the food  consumed and
hours systems available foods
Starchy staples 100 6 8 2 (75% used
Leafy vegetables 62 15 28 13 (54 % used
Other vegetables 62 29 42 13 (69 % used
Pulses 48 7 9 2 (78 % used
Nuts and seeds 8 1 6 5 (17 % used
Vit. Arich plants 6 4 10 6 (40 % used
Other fruits 40 16 50 34 (32% used
Total N/A 65 131 66 (55% used’

Lin food recal 2, which had higher food and dietary diversity

Thenewly proposedndices forlj dz Y GA FAOF GA2Y 2F (KSiskaddSahi S&aQ 02
the data obtained through 24 food realls. The Shecie€XContribution to Diets (CDs)ndex

identifiedthe mostconsumededible species. TmeSpeciesUnderutilizationin Diets (UDs)ndex

identifiedthe most underutilized species. Ataktly, the SoeciesPotential for Diets (PDsindex

identified species with the highegtotentialfor diversifying dietsThe spea@s which are a source

of food from more than one food group showed to have higher potential for dietary diversity.

The indices are complementary, and the full interpretation is a@gdevhen all three indicators

are considered. For example, whilee in he study area obtained the highest CD index (1), the
complementary PD index explained that the species has not a high potential (1) and UD index of

0 added that this species is fulljilized, and there is no more opportunity to use this species
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for diversfying diets (Tak21). Papaya plant, on the other hand, is despite a very high potential
(PD = 3) contributing minimally to dietary diversity of the women (CD = 0.05). However, the
papayaplant offers a vast potential to diversify the diets (UD = 2.98e indices are based on
food intake data limited to one point in time (last 24 hour®)erefore the limitation is that it

does not represent theoverall situation across differentesasons overthe year. This nay
underestimateedible specieghat are notharvestableduring the study period.

Table21 Species” potential, contribution and underutilization for digtdescending order of
species contribution to dist(CD indexfood recdl 2; n=200

Common Latin name Food group NFG FRuax FRecua FRuisss PD  CD ub

name

Rice Oryza sativa  staples 1 200 200 O 1 1 0

Soybean Glycine max  pulses 1 200 91 109 1 0.455 0.545

Cassava Manihot 2 food 2 400 82 318 2 0.41 1.59

(species) esculenta groups

Chicken Gallus gallus 2 food 2 400 76 324 2 0.38 1.62

(species) domesticus groups

Wheat Triticum staples 1 200 76 124 1 0.38 0.62
aestivum

Cassava leal Manihot leafy 1 200 71 129 1 0.355 0.645
esculenta vegetables

Banana Musax 2 food 2 400 67 333 2 0.335 1.665

(species) paradisiaa groups

Banana Musax Other 1 200 64 136 1 0.32 0.68

(fruit) paradsiaca fruits

Chicken egg Gallus gallus  eggs 1 200 49 151 1 0.245 0.755
domesticus

Potato Solanum staples 1 200 44 156 1 0.22 0.78
tuberosum

Eggplant Solanum other 1 200 40 160 1 0.2 0.8
melongena vegetables

Chicken Gallus gallus  meat 1 200 27 173 1 0.135 0.865

meat domesticus

Leafy Amaranthus  leafy 1 200 23 177 1 0.115 0.885

amaranth hybridus vegetables

Long bean Vigna other 1 200 23 177 1 0.115 0.885
unguiculata vegetables
ssp
sesquipedalis

Coconut Cocos nucifera Other 1 200 22 178 1 0.11 0.89

fruits

Anchovy Engraulidae meat 1 200 21 179 1 0.105 0.895
family

Common Phaseolus other 1 200 21 179 1 0.105 0.895

bean vulgaris vegetables

Jackfruit Artocarpus 2 food 2 400 19 381 2 0.095 1.905

(species) heterophyllus  groups

Cow meat  Bos taurus meat 1 200 19 181 1 0.095 0.905

Turkey Solanum other 1 200 19 181 1 0.095 0.905

berry rudepannum  vegetables
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Jackfruit Artocarpus other 1 200 18 182 0.09 0.91
(unripe heterophyllus vegetables
fruit)
Carp Cyprinus meat 1 200 15 185 0.075 0.925
carpio
Catfish Clariassp. meat 1 200 15 185 0.075 0.925
Peanut Arachis nutsand 1 200 13 187 0.065 0.935
hypogaea seeds
Leafy Brassica rapa leafy 1 200 13 187 0.065 0.935
mustard vegetales
Cassava Manihot staples 1 200 11 189 0.055 0.945
(tuber) esculenta
Maize Zea mays other 1 200 11 189 0.055 0.945
vegetables
Papaya Caricepapaya 3 food 3 600 10 590 0.05 2.95
(species) groups
Cucumber  Cucumis other 1 200 10 190 0.05 0.95
satiwus vegetables
Pumpkin Cucurbita 2 food 2 400 9 391 0.045 1.955
(species) moschata groups
Durian Durio Other 1 200 9 191 0.045 0.955
zibethinus fruits
Chayotte Sechium edule 2 food 2 400 9 391 0.045 1.955
(species) groups
Vegetable  Diplazium leafy 1 200 8 192 0.04 0.96
fern esculentum vegetables
Duck meat Anas meat 1 200 8 192 0.04 0.96
platyrhynchos
domesticus
Water Ipomoea leafy 1 200 8 192 0.04 0.96
spinach aquatica vegetables
Chayotte Sechium edel other 1 200 8 192 0.04 0.96
(fruit) vegetables
Jengkol Archidendron  pulses 1 200 7 193 0.035 0.965
pauciflaoum
Bitter gourd Momordica other 1 200 7 193 0.035 0.965
charantia vegetables
Mung bean Vigna radiata pulses 1 200 7 193 0.035 0.965
Pumpkin Cucurbita leafy 1 200 6 194 0.03 0.97
leaf moschata vegetables
Carrot Daucus carota vitamin A 1 200 6 194 0.03 0.97
rich plant
Sweet leaf  Sauropus leafy 1 200 6 194 0.03 0.97
androgynus vegetables
Cabbage Brassica other 1 200 5 195 0.025 0.975
oleraceavar. vegerbles
capitata
Papaya leaf Carica papaya leafy 1 200 5 195 0.025 0.975
vegetabés
Tomato Lycopersicum other 1 200 5 195 0.025 0.975
esculentum vegetables
Yellowcress Rorripa indica leafy 1 200 5 195 0.025 0.975
vegetables
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Papaydripe Carica papaya vitamin A 200 4 196 0.02 0.98

fruit) rich plant

Langsat Lansium Other 200 4 196 0.02 0.98
parasiticum fruits

Ridge gourd Luffa other 200 4 196 0.02 0.98
acutangula vegetables

Bamboo Bambusa other 200 3 197 0.015 0.985

shoot vulgaris vegetables

Orange Citrus sinensis Other 200 3 197 0.015 0.985

fruits

Pumpkin Cucurbita vitamin A 200 3 197 0.015 0.985
moschata rich plant

Eel fish Monopterus meat 200 3 197 0.015 0.985
albus

Sweet Ipomoea staples 200 3 197 0.015 0.985

potato batatas

Banana Musax other 200 3 197 0.015 0.985

flower paradisiaca vegetables

Avocado Persa Other 200 3 197 0.015 0.985
americana fruits

Winged Psophocarpus other 200 3 197 0.015 0.985

bean tetragonolobus vegetables

Qualil Coturmixsp. meat 200 3 197 0.015 0.985

Snake fruit Sallacazalaca Other 200 3 197 0.015 0.985

fruits

Bilimbi Averrhoa other 200 2 198 0.01 0.99
bilimbi vegetables

Cowpea Cajanus cajan pulses 200 2 198 0.01 0.99

Watermelon Citrdlus Other 200 2 198 0.01 0.99
lanatus fruits

Black Solamum leafy 200 2 198 0.01 0.99

nightshade americanum  vegetables

Pineapple  Ananas Other 200 1 199 0.005 0.995
commosus fruits

Kabau Archidendron  pulses 200 1 199 0.005 0.995
bubalinum

Jackfruit Artocarpus Other 200 1 199 0.005 0.995

(ripe fruit) heterophyllus  fruits

Catfish Bagrus meat 200 1 199 0.005 0.995
nemurus

Cauliflower Brassica other 200 1 199 0.005 0.995
oleraceavar. vegetables
botrytis

Papaya Carica papaya other 200 1 199 0.005 0.995

(unripe vegetables

fruit)

Torch ginger Etingera other 200 1 199 0.005 0.995
elatior vegetables

Giant Osphronemus meat 200 1 199 0.005 0.995

Gourami goramy

Genjer Limnocharis  leafy 200 1 199 0.005 0.995
flava vegetables

Sapodilla Manilkara Other 200 1 199 0.005 0.995
zapota fruits
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Jicama Pachyrhizus  other 1 200 1 199 1 0.005 0.995

erosus vegetables

Stink bean  Parkia pulses 1 200 1 199 1 0.005 0.995
speciosa

Date Phoenix Other 1 200 1 19 1 0.005 0.995
dactylifera fruits

Oyster Pleurotus other 1 200 1 199 1 0.005 0.995

mushroom  ostreatus vegetables

Guava Psidium Other 1 200 1 199 1 0.005 0.995
guaava fruits

Pear Pyrussp. Other 1 200 1 199 1 0.005 0.995

fruits

Chayotte Sechium edule leafy 1 200 1 199 1 0.005 0.995

(leaf) vegetales

Mungbean Vignaradiata other 1 200 1 199 1 0.005 0.995

sprouts vegetables

Mungbean Vigna radiata 2 food 2 400 1 399 2 0.005 1.995

(species) groups

NFG = Number of Food Groups
Frmax= The theoretical maximum number of foeports for the species S in the food groups FG
Fracuar= Actual numbBld 2 F F22R NBLR2NIa F2NJ 0KS aLIlSOASa { Ay GKS
Frmissea= IS the difference between the theoretical maximal number offfoeports and the actual number
of foodreports for the species S
t5 I {LSOASaQ t20SyidAlt FT2NI5ASG4a
/5 T {Qa8rbutiéhdoDiets )
'5 ' [ LISOASAQNDes RSNHzG At AT F GA2Y
The new indices can be used and visualized in various Wagsiewanalysis discovered
that certain species are in@ali 1G-¥22 R 3INPR dzZL) aLISOASaé¢ |a GKSAN RA
maturity) feeds into nutritionally different food groups by FAROFHI360 (2016)-ig. Z shows
the contribution of multifood group speies to dietary diversity according to CD index in
particular food groups. We can observe that among these species, cgdaavis the greatest
contributor to dietary diversity of the community (more as a leafy vegetable and less as a starchy
staple).A few species such as papaya plant is a remarkabbrge and potential food source,
providing three food groups in the studarea (Leafy vegetables, Other vegetables, Vitamin A

rich plants).
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Figure Z Multi-food group species and their contribution taets of women in West
Sumatra based on CD index

6.2.6 Identification of nutrientrich local foods

In the previous chaptes.2.5, promisingspecies which havehigh potential to diversify the diets
were identified through newly developed quantitative indscdBesides, using food groups
approach, all itera in the nutritious food groups of Leafy Vegetables, Pulses, Vitafich A
plants, can be considered nutrierith foods (animabased food groups too). The full list of
biodiversity in these food groups can be seen inaheexedTab. AYAppendixl). Nevertheless,

this food group generalization may, in reality, both cesfimate or underestimate true
nutritional content and potential of certain foods. It also does not address the more concrete
nutritional needs of the give population. Therefore, we fther reviewed Indonesian and
additional food composition tables and idéied local foods rich in the undaronsumed
nutrients (iron, folate, vitamin A, calcium, with the addition of protein). This information was
communicaed in the community book prodied by thestudy. Although thestudyfocused on

the plants the communityguidebook included detailed monographs of 100 food plants), the list
of nutrient-dense animabased foods were also included in the book sectiomow to tackle
diet-related healthproblems. In the review, however, the diversity of aguatic resourceswahs
exhaustive as thetudydid not identify all local fish species, and edible fish biodiversity is highly
underrepresented in Indonesian food comptish tables.The food composibn values given

in the following tables (Tab. 226) are based on the véew of food composition tablesOH
2018; INMU 2014 Berger et al. 2013 Several processed sugach food products such as

biscuits and instant bevages were found to have highicronutrient content (iron, folate,
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vitamin A, calcium) due to their fafication. They were kept in the tables for their actual
nutrient content, but due to their overall unhealthy profile, their increased consumption was

not recommended by the study arid the community materials.

Tab.22 shows the richest sources of protdimat are locally availablén the community
book, proteinrich foods were positioned as suitable to reduce stunting and poor grdwtiine
table, we @an see that although a few pigbased foods such as pulses are rich in protein, the
majority of proten-rich foods are animabased. Based on the food intake analysis, 79% of
women reached RDA of protein. But according to the governmental data, the retijicuffers
from a high prevalence of stuntingMlOH20183). This is caused not only by poor dibut by

multiple factors including poverty, hygiene and sanitation. In case o diethe study area

protein intake amemainlyfrom fish,soybean {empeh and tofy, and to a lower gtent from

chicken and eggs. Overall, thbensumedportion sizes of prote-rich foodswere small

Table22 List of availablerotein-rich foods (selection of 30 foods with the highest content)

English name Indonesian hame Food type Protein content
(gramsper 100g)

Broad bean Kacang babi (dried) Plantbased 30.4
Chicken heart Ayam hati Animatbased 27.4
Peanut Kacang tanah Plantbased 26.9
Qualil Burung puyuh Animatbased 25
Cowpeaseeds Kacang tunggak (dried) Plantbased 24.4
Deer Rusa Animatbased 23
Mung beanseeds Kacang hijau (dried) Plantbased 22.9
Red beans Kacangnerah Plantbased 22.1
Tilapia Ikan nila Animatbased 21.4
Shrimp Udang segar Animatbased 21
Sardine Ikan dencis Animatbased 19.9
Beef Daging sapi Animatbased 19.1
Mozambiquetilapia Ikan mujair Animatbased 18.7
Chicken Ayam Animatbased 18.2
Goat Kambing Animatbased 16.6
Snakehead Ikan gabus Animatbased 16.2
Squid Cumicumi Animatbased 16.1
Carp Ikan mas Animatbased 16
Duck Itik/Bebek Animatbased 16
Catfish Ikanbaung Animatbased 15.1
Beltfish Ikan belida Animatbased 14.7
Swamp ek Ikan belut Animatbased 14.6
Tempeh(soy bean) Tempeh Plantbased 14
River snalil Langkitang Animatbased 12
Tofu(soy bean) Tahu Plantbased 10.9
Duck egg Telur bebek Animaltbased 10.9
Chicken egg Telur ayam kampung Animatbased 10.8
Quail egg Telu puyuh Animatbased 10.7
Anchovies Ikan teri (raw) Animatbased 10.3
Pangi Kluwek Plantbased 10
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Tab.23 shows the richest local sources of iron. hoch foods were in the comomity
book recommended as being capable of tackling anaemia. The rehasies of iron are equally
both plant and animabased. Nonetheless, it must be noted that anirhaked soures provide
haem iron which is more bioavailable compared to #@em ironoccurring in plants (Kennedy
et al. 2M7). Based on food intake analysmly 16% of women reached RDA of iron. The-iron
rich animalbased foods are consumed rarely and often inanamounts due to economic
affordability. While leafy vegetables are coram they are consumed in low amounts and in low
species diversity (the pdominantly consumedrethe popularcassavdeavesi LJdzOdz] dzo A € 0 @

Table 3 List of availabléon-rich foods(selection of 30 foods with the highest content)

English name Indonesianname Food type Iron content

(mg per 100g)
Chocolate biscuit Biskuit colat Plantbased 19.8(fortified)
Chicken heart Ayam hati Animatbased 15.8

Beef meaf{rendang Rendang sapi Animatbased 14.9

Shrimp Udang segar Animatbased 8.0

River snalil Langlitang Animatbased 7.9

Mung beanseeds Kacang hijau Plantbased 7.5

Casava leaf (red) Daun ubi merah Plantbased 6.4

Sticky rice Beras ketan Plantbased 6.2

Moringa leaf Daun kelor Plantbased 6.0

Chicken meat Ayam goreng Animatbased 5.4

Duck egg Telur itik/bebek Animatbased 5.4

Local chicken egg Telur ayam kampung Animal-based 4.9
Vegetable fern Daun pakis rebus Plantbased 4.8

Pigeon peaeeds Kacang gude Plantbased 4.7

Biscuit Roma Biskuit roma Plantbased 4.7 (fortified)
Instant coffee Kpal Api Kopi instan kapal api Sweet beverage 4.4 (fortified)
Quail meat Burung puyuh Animatbased 4.4

Snake fruit Salak Plantbased 4.2

Peanut Kacang tanah Plantbased 4.1
Tofu(soybean) Tahu goreng Plantbased 4.1
Tempeh(soybean) Tempeh Plantbasal 4.0

Milo instant drink Milo bubuk Sweet beverage 4.0 (fortified)
Instant noodles Mie instan Plantbased 4.0 (fortified)
Biscuit Nabati Wafer nabati Plantbased 3.7 (fortified)
Pumpkin leaf Daun labu Plantbased 3.7
Common bean (red) Kacang merah Plant-based 3.7
Anchovies (dried) Ikan teri, kering Animatbased 3.6
Leafyamaranth Bayam segar Plantbased 3.5

Sweet leaf Daun katuk Plantbased 3.5
Sardines Ikan dencis Animatbased 3.5

Tab. 2 shows the richest local sources of folate. As folateusial during pregnancy for
foetus development, in the community book,ggnant women were encouraged to consume

more of folaterich foods. Looking at the table, it is evident that pldoatsed foods are the more
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excellent sources of folate than aniradsel foods. Some of the remarkably rich sources are

pulses, which unfortunay, were highly underconsumed. Based on nutrient intake analysis,

only 4% of women were found to reach RDA of falateis is extremely low, caused by almost

non-existent consumptio of pulses and a limited amount of consumed vegetabléste,

particulaty the pdential of leafy vegetables should be leveraged.

Table 2 List of availabléolate-rich foods (selection of 30 foods with the highest content)

English name Indonesian hame Food type Folatecontent
(mg per 100g)

Pigeon peaeeds Kacang gude, biji Plantbased 456.0

Common bean (red) Kacang merah Plantbased 343.0

Instant drink Energen Energen rasa coklat Sweet beverage 275.9(fortified)

Mung beanseeds Kacang hijau Plantbased 208.0

Leafy amaranth (red) Bayam merah Plantbased 194.0

Biscuit Ngsin Crispy Biskuit nissin crispy Plantbased 152.0(fortified)

Peanut Kacang tanah sangan Plantbased 1455

Instant noodles Mie instan indomie Plantbased 145.0(fortified)

Nightshade leaf Daun leunca, segar Plantbased 130.5

Snackringgo Snack ringg Rp. 1000 Plantbased 118.1(fortified)

Chocolate bread Sari roti coklat sobek Plantbased 108.0(fortified)

Broccoli Brokoli rebus Plantbased 108.0

Local chicken egg Telur ayankampung Animatbased 98.7

Stinky bean Petai,segar Plantbased 92.0

Chiken meat Ayam negeri goreng Animatbased 86.0

Bread(wheat) Roti tawar Plantbased 85.8(fortified)

Avocado Alpukat Plantbased 81.0

Duck egg Telur itik/bebek mentah  Animalbased 80.0

Mung bean sprouts Toge rebus Plantbased 80.0

Walffle biscuit Nabth Wafer nabati keju Plantbased 77.0(fortified)

Potato cracker Kripik kentang chitato Plantbased 75.0

French bean Buncis, segar Plantbased 74.2

Leafy mustard Sawi Plantbased 73.0

Biscuit Marie Roma Biskuit marie roma Plantbased 70.9(fortified)

Chicken egg Telur ayam ras, segar  Animalbased 69.0

Shallot leaf Daun bawang merah Plantbased 64.0

Cake Bika Ambon Bika ambon Animatbased 63.0

Lontong (rice cake) Lontong Plantbased 61.1

Cassava tuber Ketela pohon/singkong  Plantbased 53.0

Tab. 25 shows foods with the highest content of vitamin A (RAE). In the guidebook,

vitamin Arich foods were highlighted as crucial for human sight. Both plant and animal sources

are goodsources of it. From plants, there are orartgshed vegetables and alsdark green

leafy vegetableavailable The chicken heart s/ far the most abundant source (note that livers

are not listed, as livers were not found to be consumed locally). Oty df2awomen reached

RDA of vitamin A. The low intake of vitamin A is aatet with small portions of meat and with

limited consumption of vitamin Aich fruits and vegetables. Vitaminr&kh fruit trees such as
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mango or papaya are widespread but consuroety seasonally or occasionally. Vitaminiéh

vegetables are consumedightly morefrequently but in small amounts.

Table 5 List of availableit. Arich foods (selection of 30 foods with the highest content)

English name

Indonesian name

Food type

Vit. A content
(RAE per 100g)

Chicken heart Ayam, hati, segar Animatbased 6127.7
Mango Mangga gedong/gadung Plantbased 723.3
Cassava shack Sarang balam Plantbased 709.0
Sweet potato Ubi jalar manis, segar  Plantbased 698.9
Butter Mentega Animatbased 671.0
Carrot Wortel mentah Plantbased 478.0
Leafyamaranth (red) Bayanmerah Plantbased 469.0
Caviplex supplement Caviplex (supplement)  Supplement 416.7
Lettuce Selada, segar Plantbased 370.0
Moringa leaf Daun kelor, segar Plantbased 362.8
Leafy nustard Sawi Plantbased 316.0
Duck Bebek (itik) Animatbased 275.6
CakeBika Ambon Bika ambon Plantbased 260.0
Instant drink Energen Energen rasa coklat Sweet beverage 258.0(fortified)
Local chicken egg Telur ayam kampung Animatbased 257.5
Chickermeat Ayam, daging, segar Animatbased 246.6
Pak choi Sawi putih/ pecai Plant-based 212.0
Instant drink Milo Milo (bubuk) Sweet beverage 210.0(fortified)
Duck egg Telur itik/lbebek mentah  Animalbased 197.1
Mackerel tuna Ikan tongkol, segar Animatbased 181.8
Cassava leaf Daun ubi merahkukus Plantbased 179.6
Chicken egg Telur ayam ras, segar  Animalbased 149.0
Quail egg Telur burung puyuh Animatbased 142.3
Sardines Ikan sarden, segar Animatbased 119.0
Pumpkin Labu kuning (waluh) Plantbased 100.0
Sea fishRastrelliger sp.) lkan oci/Kembung Animatbased 90.6
Nightshade leaf Daun leunca, segar Plantbased 88.7
Sardines Ikan dencis Animatbased 77.2
Broccoli Brokoli Plantbased 77.0

Tab. B presents local foods with the highest content ofatam. Both plant and animal

sources can be good sources of calcium. fitleest are animabased anchovies, shrimp, and

beef, followed by processednd mostly fortified foods such as cakes, biscuits andtant

beverages. Only 10% of women reached RDZalgfum. Although communities consume dried

or fresh fish basically ondaily basis, the portion size of fish is usually very small, not providing

enough calcium and other nutrients.
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Table % Local sources of calciunch foods (selection of 30 foodstw the highest content)

English name Indonesian nhame Food type Calcium ontent
(mg per 100g)

Anchovies (dried) Ikan teri, kering Animatbased 1200.0
Shrimp Udang rebon, segar Animatbased 757.0
Cake bolu Bolu keju Plantbased 595.0
Beef rendang Rendag sapi, masakan Animatbased 474.0
Biscuit Original Biskuit biskuat oginal Plantbased 416.7
Instant drink Energen Energen rasa coklat Sweet beverage 413.8
Instantdrink Milo Milo (bubuk) Sweet beverage 385.0
Chocolate milk Susu uht indomilk coklat Animatbased 382.6
Sardines Sardines dalam kaleng Animatbased 354.0
Pgaya leaf Daun pepaya, segar Plantbased 353.0
Belida fish Ikan Belida, segar Animatbased 303.0
Common bean (red) Kacang merah Plantbased 293.0
Gurame fish Gurame asem manis Animal-based 283.0
Tilapia fish Nile tilapia (fried) Animatbased 264.0
Noadles with chicken Mie ayam Plantbased 262.0
Sweet leaf Daun katuk, segar Plantbased 233.0
Cake klepon Klepon (rice cake) Plantbased 232.0
Tofu Tahu Plantbased 223.0
Mung bean Kacang hijau Plantbased 223.0
Tofu cracker Kerupuk tahu Plantbased 2230
Leafy mustard Sawi Plantbased 220.0
Papaya flower Bunga pepaya Plantbased 220.0
Salty dried fish Ikan asin, kering Animatbased 200.0
Biscuit Roma Kelapa Biskuit roma kelapa Plantbased 190.9
Cassava cracker Keripik singkong Plantbased 189.0
Instant coffee Kopi bubuk instant Sweet beverage 179.0
Snakehead Ikan gabus, segar Animatbased 170.0
Leafy amaranth Bayam, segar Plantbased 166.6
Cassava leaf Daun singkong rebus Plantbased 160.0

7. Discussion

7.1 Dietsand factors that predict them

This doctoral studygenerateda detailed dietaryassessment of rural women from farming
households living in a biodiverse tropical environmefit West SumatraThe study paid
attention to the thorough identification of foods consumeshd matching the besfood
composition values to minimize therrors, which tend to be high in dietary intake studies due
to limited biodiversity knowledge of nutritionists ariited food compositiondata. In our
study, the dietary assessment used thrdietary indicators: a)minimum dietary diversityfor
women (MDD-W), b) mean adequacy ratios (MAR), andpmportion of women reaching

recommended dietary allowances for Indonesians (RDAg. main findingsedated to these
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indicators willnow bediscussd with studies from Indonsiaor with the most relevant studies

elsewhereThiswill discuss the first reseeh questionon what predicts a nutritious diet

One of themost extensivestudies onanational sale, is the Individual Food Consumption
Survey. Very recently, Utan8i Mubasyiroh (2020) used that data to calate the dietary
diversity of children under 5 yearshestudy resultsshowed that children's most consumed
foodswere cereals, roots, and tubys, while the least consumeadvere fruits and nuts Although
the present tudy looked at the dietary diversity of womeand not children there are certain
similarities such ashe expectedconsumption of stapleg100 % of respondentsind low
consumption 6 fruits (40%)and almost no consumption of nuts and seed8%) Among
pregnant and araemic women in Javanese Madura island, more than (&i%o)reachedthe
MDDW of 5 food groupor more (Diana et al. 2019)That is slightly higher than in our study
area where theproportion of women reaching thIDDW was 39%n food recalll and 51%n
food recall 2. Within food recall 1, only 30% of Minangkabau and 47% of Mandailing women
consumed a diverse diet, whereas during food recall 2, 43% of Minangkabau &thdfb9
Mandailing women reached a diverse diet. The higher dietary diyecsjitured during the
second food recall can be attributed to the fact that food recall 2 was conducted after a market
day. Also, the data enumerators might have been more experiemceasgtalling and probinfpr
foods consumed.The mean dietary diversityscoe of Mandailing women was 6. of
Minangkabau womer.1, and 4.4 in the pooled sampleombining two 24h food recalls into
oneusual intakg. Thesefindingsare very similar to th Sumedang district of West Jawehere
the mean dietary diversity score of rural lactating womerover 3 days was &.food groups
(Rahmannia et al. 2019 West Java, the mean dietary diversity score was higher (5.0 on
average) (Mayeand Rohmawat2019) In the unpublished survey with cocoa farmers in four
regions of Indonga, Pawera et al. (20) found meardietary diversity (measuceby older IDDS
score with 9 groupgp behighest in South Sulawesi (4.7), followed by West Sumatra (4.5), Aceh
Barat D&a (4.2) and the lowest in West Sulawesi (400)the country eash adrier and coastal
environmentof the Komodo island, Gibson et al. (2028)nd tha maternal dietary diversity
was low with less than oneguarter of mothersreaching MDBW in either of two food recall
periods(21%in wet season and £46in dry season)The meandietary diversityscorewas 3.5
and 3.6 andn the dry seasorand inthe wet season, respectivelyfthissuggestghat West
Sumatra and the western part of Indonesia with highgrecipitationin general offer higher
availability of 6od biodiversitythan the drier east of the countryDespite the high food

biodiversity in the study area, around half of the women did not reach MDD his is
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unfortunate, and @iture programs shoual tap the potential ofexistingfood biodiversity to

address this gap.

When looking at the food groups consumedomen in Maduracommonly consumed
meat, poultry and fislandlesseggs odairyproducts. Foods frorRulsesgroupsuch as tempeh
and tofu wereconsumed more thamuts and seeds. The study foundaav consumptionof
vegetables and fruitavith only half of thewomen consuring darkgreen leafywegetablesAlso
Cther vegetables and fruits, includingtamin Arich fruits and vegetables, were consethby
lessthan 30%(Diana et al. 2019)This pattern is very similar tglinangkabau and Mandailing
women inPasaman Regencyhere 85% of women consumeldleat and only 26% consumed
Eggs. Both Leafy vegetables and other vegetsllere eaten by 62% of womemhich is more
than in Madura islandin West Java wherthe diet was moe diverse than in our study, more
respondents consume@ulses,Nuts and seedsQther vegetablesand Vitamin Arich plants
(Mayerand RohmawatR019). Themost commonly consumed foogkoups in Komodo island
were Sarchy staples (mainly rice), followed Bjeat, Legumes and nutand a very limited

consumption of other groupRahmannia et al. 2019).

Considering particular food items, Maduraisland the most consumedgreen leafy
vegenbles were moringa leavdgafy amaranthwater spinach and cassava lea(Diana et al.
2019) In West Java, bok choy, leafy amaranth and vegetable fern were the most commonly
consumed leafy greens (Mayand RohmawatR019). Among more urban women inogor,
leaves of sweeteaf, leafy amaranth and papaya leavesre the mog popular vegetables
(Madanijah et al. 2016)The newly proposed indiceislentified that the most commonly
consumedLeafy vegetables iour studywere cassava leaves, leafy amaranigafy mustard,
and vegetable fern. Fror®ther vegetables, Madurese womeronsumed mainhcucumber,
bean sprouts, and cabbagehereas in our sample, the most popular were eggplant, followed
by long bean and french beawestJavanese preferred to eat tomat long beanmaizeand
scalliongMayerand Rohmawat2019).In the caseof Vitamin Arich fruits and vegetableshese
were limitedin Madura and in West Jaaad themostfrequently consumed wasarrotin both
areas Inthe Pasaman Regenaype most cosumed species were also carrot and then pumpkin
and ripe papayaNeverthdess.this food group was highly undeonsumedaseaten by only 8%
of women though there is dighdiversity in this food groun this studycompared to other
areas (10 speciesiHowever, several species in this group have a short seasonality. The ones
available more continuouslguch as papaya or pumpkiare not considered agriority foods

and are consumed occasionalljheir gomotion could have a high impact on diversifyingtdli
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By reviewing the food composition tables, the present studyo identified other locally
available nutrientrich foods. The list could be further used for improving thiets of the
communities.However, some of these micronutriemich foods arefortified ultra-processed
foods rich in sugars and preservativesy(,Milo beverage, instant coffee, various biscuits and
sweet bread. The foodsthat should bepromoted are vegetables, fruits, pulses, fish and other

animatbased local foods.

Looking athe nutrient adequaiesand factors that explaithem, In Madura island, rost
of the areemicwomen had low adequacy levels of energy and micronutrigvite the least
adequagy for zinc, calcium, vitamin C and(ifon was mostly adequatelue to supplements
(Diana et al. 2019Family size and gestational age hagnificantnegaive associations with
better diets In Sumedang Regency in Javaergy and macronutrient balanceene within
recommendedlevels however, theprevalence of adequacy was less than 5ffoniacin,
vitaminB& vitaminC, and less than 60% for calcium, vitafBiL2 and vitamin An contrastthe
prevalence of adequacy for the fortifiedicronutrientssuch as iron and zincashigh, reaching
79% and 97%, respectivelfRahmannia et al. 20)9Overall the mean prevalence of
micronutrient adequacy was 57%asedon over 11 micronutrients, this composite measure
was strongly correlated witenergy intakes andietary diversity. Theanalysisof the national
level data for children’s dietary diersity by Utami and Mubasyiroh (202@8howedthat the
higher the age, mdter's education and econométatus the more diverse thdiet. Ther results
also showed thathildren’s dietary diversitwashigher in urban area@Jtami and Mubasyiroh,
2020) Among rural Minangkabau and Sundanese women in Indonesia, Stefani et B8) (20
found low dietary quality measured bthe Healthy Eating Indexihe lowdietary quality was
likelydue tothe low education and income leyeksulting in less diverse and carbdgte-rich
diets. In the Bogor district of Java, Madanijah et al. (20it@ntified vitaminC, vitaminA, zing
calcium ad iron as problematic nutrients among lactatiramd pregnantwomen. The more
wealthy quintiles of women had lower deficiencies, maidie to increased consuntipn of
leafy vegetablesOne particular nutrieridense local vegetable contributesiignificarly to the
nutrients intake (sweetleaf - Sauropos androgyniisin the Komodo island ith the lowest
dietary diversity from the reviewedtudies,the dietary quaity was affectedby a range of
factors The autlors identifiedvariability in incomesand a food environment in which access to
nutrient-dense foods was limitedwhile nutritionally poor foods were readily availahle

convenientand highly consume@Gibsoret al. 2020)
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An older review ofndonesian wanen's food intake pointed out the common problematic
nutrients like protein, calcium,and iron (Hartriyanti et al. 2012)n our sample from West
Sumatra,the most problematic nutriets were folate (RDAreached by 4%), calciunRDA
reached by 9%), vitamiA (RDAreached by 12%) and zine@Areached by 34%Mandailing
women had sigificantly higher intakes of calcium, iron and protein. This difference is likely
caused bythe infrastructural factor of bemng located on the main road with more frequent
markets and a cultural factor of different ethnifood habits Mandailingpeople traditionally
consumeleafy vegetables to anore considerablextent than Minangkaba people.However,
there was no statisticayl significant difference in the mean adequacy raibe MAR fothe
pooled sample wa$.64, which means that the diels adequate by 64% (fully adequate diet
would be 100%). The dist were more adequate for macronutrientand less adewggte for
micronutrients due to theaforementioned problematic nutrienfswvhich lowered the overall
MAR.The overall diets appear slitih more adequate than in Sumedang Regency of West Java

where the mean probability of adequacy was 57% (Rahmannia2019).

Our available variables explained dietary adequacy ondfitoited extent. TheMAR was
predicted significantly by food crop species richness and by householbodrexpenditures.
The other likely positive determinant is education lewehich ggnificantly correlateswith MAR,
yet it turned to be insignificant in th final multiple regression modeExpenditures and
education are common factors affecting diets and vibeling in Indonesia and globallyit the
studies assessirthe relationship ¢ dietswith agrobiodiversity in Indonesia atienited. There
are finding from more intensified and cash crop oriented setting in Jambi in Sumatra, where
the low agrobiodiversity and own production had a small association with dietary divansity
the income gerrated intensive agriculture was found more important for theuseholddiets
(Sibhatu& Qaim 2015; Sibhat& Qaim 20B). A larger and longitudinal study with rural
households from across Indonesia found that despite iagireg incomes and marketceess,
household dietary diversity has declinedth decreased productiordiversity (Mehraban&
Ickowitz 2021)A deeperdiscussion on thiselationshipbetweenagrobiodiversity and diets

unfoldedin the following chapter.
7.2 Food acquisition pathwayd.inkages ohgrobiodiversity marketsand diets

The present study conthutes to the ongoing critical discussion on the effestof farm
production diversityand marketson diets (Sibhatu& Qaim 2018; Jones et al. 2018; Sibhé&tu
Qaim 2017 Jones 2017 Sikhatu et al. 201%h This seconddiscusgn chapteris related to
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researchguestion 2on quantifying the food acquisition pathwayswill discuss linkages of crop

diversity, markets and diets from nutrition and then from sustaifigbperspectives.

In our study,food crop species richness predictemlithough not stronglythe women's
dietary adequacy (MARIn the regressiomrmodel, MAR increased by 0.518/ one cultivated
food crop species (Additionalcrop speciesvouldincrease MAR by 0.5%). This isrdgaresting
finding showing thathigher production diversity increasesethry adequacylt supports the
emergingevidence reviewed by Jones (2017), that there is a small but positive association, and
that the magnitude ofthis relationship varies with # extent of farm diversification. More
recently, Jones et al. (2019) fher estimated that these magnitudes could be translated that
four to ten additional crop species produced would need to be added to increase household
diets by one food group. Howevghisestimationhas not bea tested. Jones et a{2019) added
that diversification by a few species from the missing food groups accompanied by nutritional
knowledge and behavigs change strategiesvould likelybe more dfective. In our study,
livestockspecies richness did not correlate and did not predict dietary adeqi&eyragression
analysis resust did not ind that purchases on markets (food expenditures) would predict dietary
adequacy (MAR). Surprisingly, the ndood expenditures were slightland significantly
predicting the MAR. This might be linked to the housldhwealth whichthe present studydid
not measure(just indirectly by poverty levels which had no effects on Jiatgealth was for

examplethe strongest predictor of household eliary diversity in Malawi (Jones 2Id).

In the longitudinal study of Mkawi, besides wealth, crop species richness was also
positively associated with household dietary diversity, intake of energy, protein, iron, vitamin
and zinc (Jones 2@4). Agrobbdiversity was also associated with moderately more diverse and
more miconutrient adequate diets among women in Peruvian AnflEmes et al. 2018This
association was consistent across farms with varying makentation. Among Mayan Achi
people in Gatemala, higher nutritional and dietary diversity scores were positivayrelated
with higher crop and animal species richngssinaGonzalez& Sgrensen2018) Market
remotenes was negatively correlated with diry diversity thereln Uganda, Whitneyteal.
(2018) found many mixed and unexpected relationships and nonelgweny weak correlations
between production diversity and dietary diversityn Tanzania, Cleghorn (201#und no
significant associationsetween agrobiodiversity and dietary dis#ty. Instead agriculturalland
cover(croplandsland selling crop prodttion were associated witthigherdietary diversity.In
Benin, both orfarm diversity and market participation were associated with womeiesady

diversity (Bellon et al. 2016)in Kenya, household agrobiodiversity wagakly butpositively
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associated wh dietary diversity and micronutrient adequa¢®duor et al. 2019)in Asia, the
studies on these linkages are more limitdd. Afghanistan,crop diversity was positively
associatedvith dietary diversity in the regular season, but not in the lean seabothe lean
seasonlivestock diversity and markets becommere important (Zanello et al. 2019)n Nepa)
production diversity had anixed relationshipwith womeris dietary diversiy (Malapit et al.
2015) Sraboni et al. (2014) found a positive assooratf food crop diversityith household
dietary diversityin BangladesliSraboni et al. 2014)n the Phiippines, there was no significant
correlationbetween food group productioand individual dietary diversity (Gonder 2011). On
the contrary,the study of Bhagowalia et al. (2012) from India fouadpositive association

between crop diversity and household dietary diversity (Bhagowalih €042).

InIndonesiathere are studiegrom intense cash cropreaswith only remnants of original
agrobiodivergy (Sibhatu& Qaim 2015; Sibhat& Qaim 2016).r this setting, the imited
agrobiodiversity and subsistence production often contrililiess to dietary diversity than cash
income @nerated through market sale¢Sibhatu& Qaim 2015; Sibhat®& Qaim 20B).
Neverthelessarecentstudyby Mehraban& Ickowitz(2021) with longitudinal data of 2785 rural
Indonesian households showed that theredi@een an overall decline in dietary divaysover
time as the production diversity has decliné&pecificallythe consumption of nutritious food
groups (fruitsJegumes,vegetables, and fistgecreasedIn our studyt wasfound that 67% of
dietary energy came from the pathway of purchasing faothe local markets. The rest tife
energy was obtained bgwn food production (30% from rice produced irice fields). Laoking
further at the pathway ofthe essential and limitingnicronutrient iron, theshare of its intake
from purchasedfoods got even more significan{75%),compared to 25% obtainefitom own
sources, hamlg fromrice fields (14%) and cocoa agroforestry (6% ourstudy contexbof rural
food systems in West Sumatria,became cleathat consuming purchased foods darrently
more important for thecommunities' dies. In East Java, most of the foodemalso purchased
from markets or vendorgxcept forvitamin Arich fruits where 50% were obtained from own
gardens (Mayerand Rohmawati2019. Among smallholders in Ethiopia, own prodoct
FO02dzy i SR F2NJ py:: s2afd 4R92 diih® KatofieR @sDmed aré RoMA S
purchased foods (Sibhat Qaim2017).During all seasonsind especially in the lean season,
purchased foods pleed a much larger role for dietary diversity than sigtence production
(Sibhatu& Qaim 2017)In the Usambara Mountains of maania,Powellet al. (2011) showed

that 41% offood items 45%for energyand 33%for protein, were obtained from the farm.
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A systematic review by Penafiel et@011)demonstrateal that local foodsareimportant
sources of energy, micronutrients, andetary diversification particularly amongrural and
indigenous communities in biodiverse ecosystems (Penafiel et al. 2031pur study,
Minangkabau women consumed slightly mdigods and nutrientsfrom their own sources
compared to Mandailing womerwhich is likely due to thehigher distance of Minangkabau
villages fromthe main road In West Java, Marter& Abdoelah (1987 quantified that
households near to markets ddigher annuanutrient consumption not grown by households.
But according to these dloors, diverse homegardes also plaid an important role as a source of

nutrients such as protein, vitamin A, vitamin C and others.

In our study, #hough a larger share of the consechfoods and nutrients came from the
markets,it is important to note th&95% of all foods consumed were traditional and local foods,
while only 5% were ultrprocessed foods (Pawera et al. 22). This suggeststhat local
communitiescontinue eating tradional foods but there is a shift in food acquisition pathways
from ownproduction and collection téood procurementsn the local markets. In other words

of Downs et al. (2020), it is a transition from natubuilt food environments

In this studyno association oMAR withfood expendituresuggestghat the food from
marketsmight be nutrientpoor in some cases:urther, itappears that despit¢he own crop
production contributes by a lower shate the overallnutrients intake,cultivatedfood crops
are likely nutrient-dense as they predicted dietary adequacyin our gudy area A similar
observation was made by Powell (2)ivhere food fronfarms had higher nutrient density than
purchased foods, and thegontributed significantly to micronutrienintake. The findings of
ReyesGarcia et al. (2019) witthree contemporaly huntergatherercommunitiesfound that
the consumption of nutritionally important foods (fruits, vegetables and animal foods)
decreased vith increasing market integration, while tltwnsumption of foods such as fats and
sweets increasedAlso Dounias eal. 2007 found that the more remote the Punan hunter
gatherers in Indonesian Borneo, the better their diet, nutritional status and pHyficass. In
case of smallholder farmeis Indonesia, Uganda and Keny@ibhatu& Qaim (2018showed
that crop species count was positively associated with most dietary indicatéosvever,when
measured byhe number of food groups produced, the assticia turned insignificant in many
cases. Hther analysis revealed thahe generatedincome was more importantfor diets
(Sibhatu& Qaim 2018) These studiesndicate that among remote farming communities and
hunter-gatherers, the own food biodiversity imore crucial for diets, contrarily tomore

commercialized smallholders for which food procurement on markets besamseeimportant.

80



Certainly marketsare becoming moreriticalfor dietsin the current timesbut theymay
alsocontribute to theescalation of norcommunicable diseasablrough the consumption of
unhealthy and ultrgprocessed foodéMoubarac et al. 202; Demmler et al. 2017)ndigenous
communities are particularly prone to rapid dietary and lifestyle chanigebrflein 201» Gobal
trade and marketplay a major role in shiftingeople'shabits andndigenousommunitiesend
to increase the consumptioof highly processed foods lofv nutrient value(Gracy& King 2009;
Kuhnlein et al. 2009). Moreovecommercialization and generaleincomecan be spent on
nutrient-poor foods or other products and servicesThis has been demonstrated by some
studieswhere therewasa shift from traditional polycultures to cash crop monocultues.,
Purwestri et al. 2010 Alsqg affordability of fads and healthy dietds asignificantchallenge
(Dizonat all. 2019 Jaenickek Virchow 2013ps especiallynutrient-rich and healthy foods such
as fruits vegetables or eggsare rather expensiveA recent SOFI report (FAO 2020)
demonstrated that 50% othe world populationcannot afford a healthy dietln Indonesia,
around 38% of households cannot afford it (WFP 20fh#&ddition, some morerural and remote
areas in Indonesia do not have wdbveloged infrastructure and markef@nd the rapid shift
from sovereignsubsistencdo market dependency mayoh have positive nutritional outcomes
but rather contribute to decreaseddietary diversity (Mehraban& Ickowitz 2021) and
malnutrition (Santika et al. @19). However, according to Sibha& Qaim (2018), there can be
an income tradeoff. In intensified platation areas in Indonesia, cultivating too many species

wasassociatedvith income losseéSibhatu& Qaim 2018)

Indeed, he relationshipbetween agrobiodiversity and diets is more complex and not
linear. There can be numerous confoundeand barriers (Tiner et al. 2020) Termote et al.
(2012) found thata highly biodiverse evironment did not translate into a diverse digt the
Democratic Republic of Condn Afghanistanproved crop diversityaspositively associated
with dietary diversity in the rgular season, but not in the lean season. Livestock species diversity
and marketsbecame more importanin the lean seasowhen the influence of crop diversity
waslow (Zanello et al. 2019)n fact, seasonality ian important and often limiting factorn
TimorLeste, sasonalitypredictedmeat intake which wvasmore likely b be consumed during
the dry seasoninterestingy, this seasonalityvas related to the cultural dimensigpasthe dry
season isvhen more cultural eventwith meat consumptioroccur(BonisProfumo et al. 2020).
Some of our findings algevealed theseasmality limitations. For example, ord§% of women
had consumed fruit duringhe previous dayeven thoughb5 types of fruitswere documented
in the area The problem is thatost ofthe fruits are highly seasonal awgere notfruiting

during the fietlwork. Thus, the fruit intakes were limited ambminated by banana followed by
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coconut and a few other commaand less seasonapecieslt is recommendedo repeat the
dietary assessmernh a different period such as during théruits season. Ando practicdly
overcome seasonality limitations for improving diets, the processing of seasonal food plants

should be developed for increasittge availability of nutritious foods throughout thgear.

Theother factor that adds complexity to the biodiversitjet linkages is thenitial level
of agrobiodiversity Even slight diversification was associated with greater increases in diet
diversity among low agrobiodiversity farmisan diversificatbn among intermediate or highly
diverse farms (Jones et al. 201%®nother issueis the remoteness or stage of market
infrastructure. More isolated Minangkabau households with less frequent markets were found
to consume slightly more foods and nutrientsrh own production than Mandailing who are
settled around the mainaad This observation is similar to the results of Re@escia et al.
(2019) and Powell et al. (2015howing that natural food environments are more important in
more remote communitiesAsisolatedcommunities become more market integrated, they face
changes in their food environmentslikely increasingiccess tgprocessedfoods. Thesdood
systems changes will make it challenging for communities to continue traditional diets and avoid
nutrition transitions that may adversely impact their health amelll-being (ReyesGarcia et al.
2019) To concludethe relationship betweeragrobidaliversity anddiets is complex, and it may
have positive associations in some situations but not in otfi8ilshatu& Qaim2018) In the
end, the present studyagree with Mehraban& Ickowitz (2021) that it is moreriticalto achieve
healthier diets rather than arguing which pathway is better over the otBeth pathways can

be complementary anddjustedto local needs and context.

However the context is crucial hereand among smallholder farmersmaintainingcrop
biodiversity may not only provide foathd income but it also serves asrasilience component
and buffer to climate change and other biotic andbiatic stressesNleldrum et al. 2018;
Mijatovic et al. 2013 It is alscanessentiabource of different ecosystem services aagresents
genetic resources andiocultural heritage Another consideration is sustainability, as
intensification and shift tanonocrops lead not only to a decreased level of biodiversityalsd
to higher production risks, chemical input use, and reduced social equity and sustairebility
happened in West Jav@bdoellah et al. 2020; Abdoellah et al. 2008e agriculture and
landscape in the study area still remain diverse amthtively sustaindle, though the

intensification of rice and cash crops is increasing.

Besides biodiversity for nutrition at the species level, more remain to be uncovered at the

varieties level and eosystem/landscape levéLutaladio et al. 201,0Broegard et al. 2017).
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Changesin agrobiodiversity athe landscapelevel for example aggregation of changesy
multiple households ostakeholdersn a region) mayffect or create newnutrition pathways

For examplediversification athe landscape levahay influence the ersity of foods available
atlocd markets, thus increasing the likelihood that income generation can lead to more diverse
diets. The ecosystem servggrovided byenhanced biodivesity at the landscape scale may also
initiate positive feedbacks on tottéarm productivity (Jones et al. 2019)ithout adoubt, the
landscape heterogeneity should be maintainedthe study areafor numerousecosystem
services, climate ange adaptationand for resilience towards natural disasters such as
landslides and flods which are frequent in the regiofRozi 2017)For instance, there were
floods in theMandailingareaduring the studylt was observed that farmers who only tended
rice field werehit hard by losingheir rice harvestOn the contrary, livelihood and éa security

of farmerswho had more landises such as cocoa agroforestry whrgs affected.
7.3 Food plant diversity and changes in its use

This chapterlaborates on findings relateto research questior8 on what is the richness of
food plant diversityand what motivations and barriers affect its persistence and ingnesian

and especially Javanessomegardens and agroforesthave beenthe subject of many
pioneering studies in # past. Generally, these older studies showed that at that time, gardens
in Indonesia had an extraordinary diversity of both cultivated and wild plants, many of them
useful and edible. AbdoellaaMarten (1986)documentedn total of 235 crop specie@ncluding
medicinal and ornamental plants) cultivated in highly diverse drapgystemsn West JavaA
follow-up study of these systemsoim a nutritional perspectivéound that there was @otal of

120 food crops (including sgis) andmany of theplantsbeing important sources of nutrients
(Marten & Abdoellah 1987)Further inJava,Abdoellahet al. (2001) documented195 plant
species imomegardens aahigher altitude whereasSoemarwotand Convay1992 found272

plant species inowland homegardensHadikusumah (1982) in West Javan village found 112
plant species (of thesé5 food plants) in agroforests and 127 species (of these 54 food plants)

in homegardens.

In Central Sulaweshomegardenslocated atthe edge of Lag Lindu National Park
contained149 crop speciefKehlenbecl& Mass 2004)Out of those, 84 were fruits egetables
and staples (Kehlenbeck 200More on the east, in Bali, SujandoCaneva (2015) documented
36 species belonging to 20 families and 29 genera. Out of these, 46% weresusagktables,

20% as edible fruits, 9% as spices, 2% as edible seetizeams$t as medicine.
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In Sumatra, Silalak8 Nisyawati (2018) foun@0 food pant species in homegardens of
Batak Karo people in North Sumatta.the southern part of North Sumatrayasution et al.
(2018) identified 106 species of food plaspecies(both cultivated and wildused bythe
Mandailing people Michon et al. (1986) @racterized thetraditional agrobrestry systems
around Maninjau lake iWVest Sumatrasdiverse forestlik systems integrating native species
and commercial crops, mostly coffe@nnamon or nutmegrhesecomplex and balanced soeio
ecological productiomsystens provided both ecosystem services and livelihoBdsides a few
cash crops, tere were 3B fruit tree species around 10 species of vegetables and 20 timber
speciegMichon d al. 1986)

In the presentstudy, considering all the landses,a total of 79 species offood crops
which correspond t®8 distinctfolk foodswere documentedThe Minangkabalandscapehad
a total diversity of77 food crop speciesvhereas Mandailinguitivated 64 species in totaln
both areas, cocoa agroforests were foundadand-use withthe highest totd diversity of both
cultivated and wild food plant§n total 82 speciesh Minangkabau and2 speciesn Mandailing

ared), followed by homegarden(1 speciegn Minangkabau and5 speciein Mandailingared).

Most of the cultivated food crops identified in this study are commonly found across other
regions in Indonesiarhefood cropspeciesnumbers are comparable tthe areas inCentral
Sulawesi(Kehlenbeck 2007and North Suméra (Nasution et al. 2018%ut higher than in
Maninjau are of West Sumatra (Michon et dl986), North Sumatra (SilalaRiNisyawati 2018),
and Bali (Sujarwo& Caneva 2015). It appears that the food crop diversity wakenign West
Java in the past (Al@llah et al. 2001; SoemarwofConvay 1992Abdoellah& Marten 1986).
However,three decades later, atudy revisited the West Javanese homegarded found
massivecommercializationand simplificationof the gardens to dew species of cash crops
(Abdodlah et al. 2020)It is known thatincreasingpopulation, proximity of markets andhe
associated commercialisation may lead to a lofdsomegarderdiversity(Abdoellah et al. 2020;
Abdoeallah et al. 2006; Soemarwogo Caaway 1992) Abdoealh et al. (2006) revealed that
smallholdes whocommercializd their homegardensate less traditional vegetablesnd meat
with high nutritional valueind increasd the consunption of instant foods insteadn West Java,
profit maximizaton has become thdriver of changeAs a resultwestern vegetables and cash
crops such asspring onion, carrots, cabbage, and radistive become dominanin both
farmlandsand homegadens(Abdoellah et al. 2020)T heseauthorsidentified a negativeimpact

of homegarden commercializatiaim food sovereigntyand for the food systersustainability
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In this regardstudiedWest Sumatran homegardens and agroforests remain much more
diverseand multfunctional than contemporary Javanesgardens This @an be exphined by
several factors suchs lower intensification pressure, but aldze maintenance of customary
clan land managemer{tvhere not individuals but clans are deciding abpatential land-use
change and where land is not being sold to outsidersyhe ple also plays thenatriarchal
heritage systenfwhere women are more empowered and care for land, family and nutjition
And alastkey factor appears to bthe ecology ofcurrent cash cropsin West Sumatracocoa
and coffee which are shade tolerant andhais relatively biodiversityriendly. However,new
threats (or opportunities depending on the stakeholder view) are apprivac\West Sumatra.
In the neighbouring West Pasaman Regenbjch is located in the coastlowland and where
the Minangkabauculture and population ismore mixed with migrants, the vast monoculture
plantations ofoil palm harebeen rolling ouand transfeming landscapes argbcietieRusman
etal. 2019; Anwar al. 2019) Here we cageehow crucialand fragile the relationship ofuman

culturewith land management and biodiversis

Besides food crops, th&tudiedlocations were found to be still relativetiiverse on wild
food plantsdue to the continuity of traditional landuses and persistence ofocal culture and
knowledge In total, studied communities inthe Pasaman Regencsteward traditional
knowledgeon 85 species ofwild food plants(corresponding ta106 plant folk foods). In the
Maninjau are, alsoin West Sumatra, Michon et al. (18®&ound around 4@pecief wild fruits
and vegetables. Atudy inNorth Sumatra witiMandailingpeople in their natie territory found
106 food plant speciemcluding wild and cultivated onéblasution et al. 2018Further in North
Sumatra, Batak Toba peopleed44wild speciedor food (Silalahi et al. 2018Yowards the east
of the country, Sujarwo et al. (2016) found 86 wild plant species wssfod, while in Lombok
island,only 22species wer@ised inthe cuidne of Sasak peopléSukenti et al. 2016Ninetywild
edibles,a similamumber as in our studyyerefoundin other Asian countes such am Vietnam
by Ogleet al. (2003andeven inthe more arid environment ofindian Gujaraby Chauharet al.
(2018) According to Bharuché& Pretty (20D), diversity of 9¢100 species of W foodsis an
average for Asiarand African agriculturabnd forager communitiesHowever, there are
exceptionswith muchhigher diversity of wild food plansuch asMeghalaya statef North-East
Indiawith 249 species (Sawian et al. 2007), tropical €&enHan with 185 species (Kang et al.
2012), and Thailand with 87 to 252 spediepending on locationQruzGarcia& Price2011).

The overallevel of wild food plantliversity in he studed areaof West Sumatrappears

comparable to otheecologicallysimilarregions, besidesubtropicalparts of India and tropical
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Thailand and China, whelecal communities tend to usegreater diversityof wild edibles The

present study documeed some lesseknown local food plantsnot commonly used in other
regiors such asa nut (Elateriospermum tapgs leafy vegetables Rlukenetia corniculata
Claoxylon longifoliu fruits (Hornstedtia conicaHornstedtia elongataSalacca sumatrana

Nephelium mutabilg, and legumes (Archidendron bubalinummand one unidentifiedegume

t20rtfte OFfttSR 611 OFy3 (d2dK tSYol NI RFdzyda NIy

However, despite the richness and positive perceptsoof wild food plantsamong
Minangkabau and lihdailing womentheirconsumptiorhas declined over thest generation
which is a similar trend worldwid®lost of the available studies from various regions have found
that sociecultural factors arehe main drivers of the reduced consytion ofwild edibles (e.g.,
Thakur et al. 2017, Serrasolsesal. 2016. The present study foundhat instead, reduced
availability was themaost prevalentactor limiting theuse andconsumption ofwild food plants
in West SumatraThis issimilar tofindings byChauharet al. (2018)from India. The reduced
availability is dven mainly by agriculture intensification at the farm level, where farmers

commonly use chemical inputs

Minangkabau womaninSimpa@A f t  3SY aLYy GKS Llaadpsopléwe@NB 4 S
collecting wild fruits and vegetables more. Now peope chemicals in the fields and wild food
LI | yi&a I(aNdpteddrany Baweta et al. 2020)

The ®cond most frequentlynentionedreasmswererelated tochanges ifivelihoodand
lifestyle.For example,n the past, people were gathering plantsore socifly andthe visitsto
forestsand collection of nostimber forest products were moreommon Currently, there is a
reduced interest irwild food plants Peoplementioned to bebusierandthat there isless time
compared to the pastln addition, tastepreferencesstarted to change, egziallyamong the

youngergenerationsvho interact less with the natural food environmeamd its foods.

alyRFATAY3I 62YFYy Ay {pkysédtoed mardviild fbod @axts as th&eF 2 NS
were less cultivated cropsNow more fruits and vegetadsd are being cultivated, traded and
preferredA y 3 S (adapiad framéPawera et al. 2020)

The specificbarriers to consumingvild food plantswere ther low availability, time
constraintsto collect and cook them, their lo@conomic valugand alsolimited knowledge of
their nutrition and healthbenefits. In contrasthe key motivations for theontinued useof wild
and local food plantsvere that theyare for free without costs are natural foods free of

chemicals, and thtacertainspecies arstill abundant.
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The main overallsystemicdrivers of change appearat be socieeconomic fators,
agriculture intensification and changing markeand food environment (Pawera et al. 2020)
Thesefindings inform us whatlrivers,barriers and motivatios ould be addressedo prevent
loss of this food lidiversityand leveage its potential fohuman nutrition and sustainable food

systems
7.4Socieeconomy, diets and food biodiversity in different cultural systems

This chaptereflectsresearch questin 4 It will discuss the results in the context of comparing
matrilineal Minangkabau and patrilineal Mandailing cultural systeriie sociceconomic
results showed that the twatudiedethnic groups have quite similar living conditions and socio
economicindicators. Although the Mandailing households had a slightly higheliHied of
living in poverty, both groups had a higrevalence of povertin general The local government
officers mentionedhe existence oglightly higher poverty in Mandailinglhaiges. According to
them, it is due to more agriculturbased lielihoodand that Mandailindhave arrivedn West
Sumatra more recently from thEapanuli region of North SumatMNeverthelessthe household
expenditure analysishowed that Mandailingre spendingslightly more than Minangkabau
(221 USDcompared to 211 USPer month). Comparing theratio of food and norfood
expenditures showethat Minangkabau spent 60% of expenditures on faminpared to 54%
in the case of Mandailingln general,a higher proportion of the budget spent on food is
associated with higher poverty\ealthier societies spend less than 30%hefirincome on food
while the averagehousehold in the developingpuntriesspendsaroundhalf of its total budget
on food,with theseproportionsvarying from 3 %in Latin America to5%in SubSahararAfrica
(De Hoyos & Lessem 2008h short, he share of expenditures on food by the stutlie

householdss similar tathosein SubSaharan Africa.

However, this relationship between povery and food expendituress not always
straightforward. h the farming cotext, households that produce their own food aaetually
reducing food expenditurest was found that both communities are spending very litthefruits
and vegetablesThisis likely due totheir own production anda higher priority of purchasing
foodssuch adish, chickeneggs, soy bean foodsdother foodsthat are harder to produce by
individual household€ven thoughiMandailinghad slightly higher household expendituressyh
were mildly more food insecure than Minangkabdihis issurprising ad it mayindicatesome

vulnerability in the Mandailing food systeon livelihoodstrategy. The discussions with farmers
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revealed a fluatation in incomeand purchasingower, following the seasonality of cash crop
production, mostly cocoaSeasonality isdown to be a limiting factor for better diets, either
through incomegenerationor own production pathways(3 QSy R2 SSibhatug QaimH nmy T
2017).Acording to theobservatiors, Minangkabau communitywas spendinglightly less due

to a higher remotenes of their settlements and more sedtifficient fruit and vegetable
production On the contrary, Mandailingend to sper more asliving in a more vibrant and
commercial environmentlang the main roadHere,any possibledietary effect of different

cultural kinship and descenmtas not detectedRatherethnicity, socieeconomic characteristics,

and different food environmentbave shapd the diets andfood acquisitiorpathways

Compaison of diets showed that Mandailing womenhad more diverse diet and
significantly higher intake of Pulses, Other fruits, Leafy vegetables and Condiments.
Minangkabau women had significantly higher intale of Other vegetables and Sugared
(conventional)beveragesLooking at what food groups contribute to dietary energyeakd
that Starchy staples, Oils and fats, and Meat growygere the main contributors. The
contribution of nonstarchy foods to total eergy intakewas similar for both ethnic groups, %6
in the case of Mandailing and 44% among Minangkalkhis isa bit lower than the global
average of 50% but higher than the Indonesian avenatpch isonly 30%(Global Food Security
Index 2017). Thhigher the share afion-starchy staples to dietary engy, the more diverse and

less staplebasedis thediet, and the highers thechance of achieving dietary adequacy.

Comparing the nutrient intake demonstrated differences across several nutrients
between the ethnic groupsMandailing womenhad significantly higher intakes of calcium,
protein, and iron.Despite these differetes, the overalMARwasonly slightly higher among
Mandailing compared to Minangkabau women (0.65 vs 0.63) with no significtetedice.
Despiteonly aslight differencein MAR it should be discussed why Mandailing womeadh
higher dietary diversity ahhigher intake or nutritious food groups. Based on quantitative data
observationsandFGDsit appears that it is caused by theo main factors, i.e.infrastructural

characterisics of the food environment and ljfferent ethnicfood habis.

The fist factor is related to theharacteristicef the food environmentmainlyto markets
and alsoagricultural landsThe studied Mandailing community lived in villages located on the
main road, whereas Minangkabau villages were located more inland on ther moad. While
both communities indicated a similar distance to the nearest market, it wasrobd that
markets and food stalls were more frequent in Mandailing vilkagend the ditary assessment

confirmedthat Mandailing women obtained more nutrienteom foods purchased on markets
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(78% and 83% of dietary energy and iron, respectively) comparddinangkabau (56% and
67% of dietary energy and iron, respectively).this context it is surprisingthat Mandailing
households spent less on food expendés than Minangkabau. Reaching better diets with
lower food expendituresindicate either a beter purchase oimore nutritiousfood or more
efficient uses of own resources.Here the factor of ethnic food habits might be stepping in,
ultimately affectingfood choice whetheron the market or from own produc@liscusseanore

in the next paragraph Soc¢al and culturafactors such as ethnicitygre important determinants

of food choice Ehepherd 2007)The analysis of expenditures showed that Minangkabau tspen
more on protein foods but also on less nutritious food snaekgereas Mandailingpent much
more on rice An earlier study in Indonesia found that househokfgendinga greatershae on
animal andnon-starchy foods had a lower prevalence of child stogt{Sari et al. 2010) arad
lower chance of vitamin A deficiency (Campbell et@D&).Snce the food expenditures did not
predict dietary adequacyin our study, it raiseshe idea that foods from markets are not
necessarily nutrientich but alsonutrient-poor. On the contrary, food crop species richness
predicted dietary adequacy, drthis suggests that sefroducedcrops arenutrient-dense.lt

demonstrates the significance of bohatural and built food environments (Downs et al. 2020).

Regarding thesecondfactor of ethnic food habitsit wasfound that Mandailing tend to
eat vegetbles (especially leafy vegetables) more often and in higher amathissconfirms our
initial pre-survey observatiorOn the contrary, Minangkabau diet is known to be mar& S | @& ¢
with largeramountsof animal food, coconut milk and thus highdretary cholesterol (Lipoeto
et al. 2004a).Comparing the studied groups, Mingkabau womethad a slightly lgher fat
intake, although not statistically significafithis can bexpained bythe frequent consumption
ofcocoizi YAt 1 daalyidl yé | YhoughMandajfimggtehlsd ircleakinglyS 2 LX S 6
consuming it as they aradoptingcertain Minangkabau fab habits intotheir food culture).
Minangkabau diet is weknown for thehigh use ofcoconut milk Hatma 201}, which is used
almost daily to make various traditional sauces (gulai). However, the nutritionist and study
collaborator, Prof.[ A LJ2 S{ 2 Mafr@efiafide Yof santan consumption is crucial for
Minangkabau health becae those people who stop eating santan feddnd to replace it by
high amounts of fried foods rich in processed oils containing unhealthy trans fatty acids. Also,
traditional sauceswith santan always contain vegetables. Conimguto consume traditional
foods with santan and vegetables is onetlod best wayso maintain vegetable intake among

MinangkabaulLJS 2 L) S ¢ @
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The use of coconut milk is thus strongly intertwined with the consiionpf vegetables.
Moreover, our food intake analysis did not fiath etremely high intakeof fat, and actually,
one-third of the women did not reach RDA of fat (70% of Minangkabau and 66% of Mandailing
women reached it)\However,the study by Gusnedit al. (2019) highlighted that Minangkabau
people consumed fafmainly fromcoconut milk but also fronsooking oil) in digheramount
than the national average.ike in our study, thefoundthat the total fat intake remained within
the recommendedevels, but they uncovered that thentake ofsaturated fatwashigh, more
than 10%of total energy intakeln this regard, Gusnedi et al. (2019) consideredavigkabau
food habitsto be related to an unfawarable lipid profile andchigh prevalence of dyslipidem
especially among womekarlier, Quwita et al. (2003) describeal poordietary fat pattern and
a high riskof cardiovascularhealth disorders.Furthermore, Htma (2011)found that
Minangkabau womerhad the highest dyslipidemia antie highestplasma totd cholesterol
from severalother ethnicgroups Considering this specifiietary pattern, Gusediet al. (2019)
developed fooebased recommendations specific to Minangkabau people with dyslipidemia.
Overall, thespecificfood habits of the commnitiesseem to beshaped strongly by culture and
ethnicity. The present studgbsewned that both matrilineal and patrilinealamen playa pivotal

role in stewarding traditional food knowledge and practices.

Several studies found that women empowerménan importarn determinant of better
diets and nutrition €.g., Sraboni& Quisumbing 218; Pratley 2016; Malapit et al. 28)1 The
present study did notquantify the level of women empowermentiowever,some of our
available variablessuch as the level of educationart also be usedo indicate women
empowerment (e.g., Sinharoy et al. 2007hough there was ngubstantiadifference between
the ethnic groups and education level reached. Overall, higher education dassotiatevith

better diets, but itdid associte with lowerfood insecurity.

Women from matrilineal culturéend to bemore empowered in certaiaspectssuch as
property ownership finance management, andecisionmaking (Keeni et al. 201,8G6ttner-
Abendroth 2003 However, the extent of this empowermnt tends to be reduced by
mainstream patrilineal religions arttie socb-cultural norm that man isthe household hed
(Keeni et al. 2018)The study of Bhanbhro et al(2003) pointed out that the Minangkabau
people's matrilineal cultur promotes the empowrment of women and offers aopportunity
for enhancingnutrition andreproductive health (Bhanbhro et al. 202@lbeit the reasonally
equitablesocial status of Minariggbauwomen due tathe matrilinealculture, theissuessuch as

poverty,limited foodaccessand irmdequate nutritionaknowledgeremainsignificantchallenges
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(Bhanbhro et al. 2020)n this contextand considering our studyndings,the heritage system
doesnot appear to fpay asignificantrole in diets and nutritioral outcomesIn fact, patrilineal
Mandailing women consumed more diverse diets. Thereftie, learning thatethnic food

habits and characteristics of the food environment play a nuoitical role is reinforcedhere.

A similar finding wagseachedby comparinggender roles indod provision between
matrilineal Khasi and patrilineal Chakhesangesim North-Eastindia (Ellena& Nongkynrih
2017). That study demonstratethat both matrilineal and patrilineal women play equally crucial
roles inagriculture,agrobiodiversity manageent and household food provisioningccording
to the authors, culturatules shapedyender relations rather thanutrition and health status.
The gender roleswere more flexible and egalitarian in the matrilineal society and more
hierarchicalin the patilineal society (Ellen& Nongkynrih 2017)Despite more egalitarian
principles similarlyas the present study and Bhanhbro et al. (2020) foumdzg Minangakbau,
the poor rural contextand food insecurity were barriers to better nutrition and headtimorg
matrilineal Khasi women in Noraast IndigChyne et al. 2017)nthat region, womenfrom the
neighbouringpatrilineal Chakhesangibe reached better nutritional and health status than
women from Khasi tribe and other groufrs India (Longvah et al.027). According to the
authors, theuniquelypreservedChakhesantpod system, including14 plant, animal and insect
foods, was a sbng reason for better nutritional and health stattls|an amongother groups.
This discussion further supports the fdabat the food environmentdietary habits and socio

economic conditions plag morevital role in nutritional and health status than dulral kinship.

Comparing thefood plant diversity between theethnics showed that Minangkabau
maintained a significantly gher number of both wild and cultivated species (in total 121 species
compared to 108 species by Mandailinghlthough most species overlagped in both
communities(77%) the difference was substantiaMinangkabau were found to steward 27
unique speciegnot occurring inMandailingarea), whilstMandailing community haonly 13
unique species Minangkabau not only listed more wild food plants but also cultivated
significantly higher number of food crop%hs indicates a higher level of traditional plant
knowledgeamong Minangkabaulhericherknowledge andliversity of food jpants appears to
be intertwined with the stronger relationship of Minangkabau people with theativelandthat
is governed customarilfadat) Onthe other hand, nomative migratirg people are known to
maintain lower crop diversityas Kehlenbeck (20070lemonstratedin Central SulawesiAn

extreme examplavould bethe past governmental transmigration program (moving millions of
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people from overpopulated islands as Java to outend$d, resulting in high deforestation, land
conflicts, and many social 3 (Miamoto 2006Fearnside 1997; Whitten 1987).

Thus, being native to the region undoubtfudiffectsbiodiversitylevels But inthe case of
uniqgue Minangkabauculture, matrilined kinshipand descent may play a reinforcing rol
Minangkabatsociety womeninherit the land and they play aessentialole in natural resource
management through clan governanddthough the clan meetings and negotiations are led by
men (uncles phy an essential rolan the matrilineal syster the womenshape the disgssion
outcomes byadvising men at home ahead of the clan meetirflys. Yani Nofripersonal
communication March 2021)From thedifferent land-use typesthe most culturally importat
isirrigated rice field (sawah) whidghthe inherited property of matilineage under a lineage head
(BendaBeckmann and BeneBeckmann 2012)The uncultivated part of the village territary
such as forestgivers orrangelandsthe commons (ulayat)fahe village or matriclansvhich is
governedby the villagecustom courcil (Keapatan Adat Nagar KAN)(BendaBeckmann&
BendaBeckmann 201). Minangkabau peoplealso have a unique traditional village
management system known as Nagargemiautonomots regional administrative unitt can
be describedas a cluster of a fewillagesof matriclans According to Tegnan (2015agari was
originallyestablished to settle disputes based on custoamdto protect community members'
rights, primarily relatedto the communal landAlthough affected, thisysten survived the
Dutch olonial administration and also the Javanese national governmental village (desa) system
(Tegnan 2015)The Nagari and customary laws were revived duringonesia's political
decentalisation(BendaBeckmanr& BendaBeckmann 201). The presenstudy confimed the
existence of and adherence to the Nagari system in the studied MinangkabauPairezpally,
Minangkabaucustomaryland and resource management system has prevented lanbdsgra
large-scale land privatiation andany other massive landscape chasggonethelessgconflicts
with approaching palm oil companies and industrial factories lveearred(Rusmaret al.2019;
Tegnan 2015)Nowadaysculture and customary systems are uadincreasing pressuseand
this may result in losses bfological andtultural diversity Here we infer thatvomen's stronger
position in the matrilineal Minangkabau society contributesmore sustainable andquitable

stewardship of community larehnd natural resources.

Besidesdifferent cultural patterns some otherfactors may alsoshapethe extent of
biodiversity.Our data showed that théood crop species richness was positively correlated with
the respondents' agéHowever, he mean age of Minarkgbau women was not higher than that

of Mandailing Consequentlythe higher food plant diversity can be attributed to the different
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culture and relationship of Minangkabau people with their lar@ur observation further
supports this.Minangkabauhousehotls maintained more diverse and complex agroforestry
systems, where removaf shade trees has been culturally restricted and allowed only after the
clan'sagreement(not individuals) The treesn agroforests or community forests aaffowed to

be cut {.e., for timber) only in urgenheedsor culturaly significantoccasios such as whera
baby girl is born and new house is being constructe@ihe hgh biodiversity of Minangkabau
land-uses wasilso identifiedby otherstudies (Davidtal. 2013; Michon eal. 1986) Mandailing
were found tohavemore individual decisioimaking resulting irfaster uptake of new practices
and intensification ofland-uses. Their agroforests, for example, are less diverse wikbwer
proportion of shade trees but with highgsroductivity of the cocoa crop.Mandailing are
hardworking farmers, speating more time in the field than Minangkabau, and they tend to
maximize theirefforts and crop yials. Nowadays, removing shade trees in agroforestry is
becoming more common in bothiwlied communities, as agriculture intensification (currently
mainly maiz monocropping is beingencouragedy the government and private sector. lillw
be up to the communities and strength of their custam#ether the biodiversity across land
uses wil remain ornot. The matrilineal kinship and inheritance of land may phayole in
biodiversity conservationthough the ultimateprinciple may likely be the overall strength of
culture and customary resource managementin this context, the study reveale that
Minangkabaucustomary rulesfunction asa barrier to rapid inequtable and largescale

extraction of natural resources.

This discussiodemongrated the complexity of relationships between human culture and
natural resourcesEvery socigcologich system haits strengths weakneses, synergies and
trade-offs. Our conparison of diets and food biodiversity between different cultuatl kinship
systems generated twkeytake away lessons. Firglietary outcomes are determined strongly
culturally by ethnic food habits andby food environmentrather than bycultural kinship and
descent.Thesecond learningrelated to food plant diversityis thatthe stronger culture and
customary resource managememesults in highebiodiversity. Here, the matritieal descent
seensto play a moreriticalrole bythe stronger voice ofvomen, stewardinghe cultural values
and shaping decisions towardand security and sustainability of resources for future
generations Future research should look modeeplyat the gender differences in values and

motivations towards land management@matural resource use in matrilineal societies.
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8. Conclusiols and reconmendations

Identifying interventions to improve diet and nutrition in Indonesia is one of the key issues for
currentresearch and development in the country. Mainstreapproacheshowever, have been
overlooking the potential oflocal food biodiversityOur research found that thestudied
communities still maintain a high diversity of wild and cultivated food plamhse to the
persistence of traditional landse systems and strong loaallture. A total of 131 food plant
speciesproviding 167 different plant folkfoods, were documented. Minangkabau community
stewarced a higher diversity oboth cultivatedandwild food plants than the Mandailing. Both
communities perceived locdbod plarts positively, but numeroughanges and their drivers
have been identified The mairreasonfor their lower use was decreasedavailability oflocal
food plants (mainly due to agricuktal intensification) and livelihood and lifestyle changes. On
the contray, the keymotivations fortheir continuous use were it they are obtained for free

or at a low cost, and that they are perceived as tasty natural and unpolluted fobdsverall
driversof changewere mainlysocieeconomic factorsproductionintensification andtransition

of the food environment.The comprison of two different cultural systems showed that
customary governance and matrilineal descent appeacdatribute to the conservation of
biodiversity but notto dietary outcomeswhich are more dtermined byoverall ethnicfood

habits and characterigts ofthe food environment.

Thestudy foundthat less than half of womeaut of 200 studied householdsachedthe
minimum didary diversityand only a minorityof women reached recommended dietary
allowances(RDA)of the critical micronutrients. Themost problematic micronutrients were
folate (RDAreached by 4%), calcium (9%), vitamin A (12%), and iron (16%). Overall, the mean
adequacy ratio (MAR) aggregated fuoine nutrients showedthat the diet of the womenwas
adequate by 64%The comparison revealed thatespite having higher agrobiodiversiind
higher food insecurity, Mandailing womeaachedbetter dietary outcomegforemost due to
higher intake of fruits, pulses and leafy vegetahl€uantifying thefood acquisition pathwsgs
disclosedhat around twothirds of the consumednhutrients came from marketsThis indicate
a transition from obtaining food from farms and landgea(natural environments) to local
markets (built food environment). Dege that, the vast majority of ansumed foods were
traditional foods, meaning that people mostly purchase local ingredi@itersity of cultivated
food crops was found important fatiet since the regression analysis identified it as the best

predictor d dietary adequacy
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The ethnoboanical assessment found thabcoa agroforestry was a lanse with the
highest diversityf food plants. Athe same time, cocoa farming was the magurce of income
The study proposed and tested new quantitative indif@sassessing the species cobtriion,
underutilization, and potential for dist The review of food composition tables demonstrated
that the region has numerousicronutrientrich foods that could contributeto reducing
identified micronutrient deficienies. The findings inforrad what barriersshould be addressed
to leverage the potential of biodiversitythe fact that thewomen perceivelocal food plants
positivelyprovidesanopportunity for their potentialpromotionand mainstreaming intpolicies
andprogramsin the regions Thecommunitiesgovernment and NGGshould worktogether to
optimize the use offood biodiversityin a participatory andsustainable way. Thisulti-
stakehoter andinclusiveapproach offood biodiversity conservatiogould improve human
nutrition and health while conservingio-cultural diversity. The study observed that
communities and governments are interested in the potential of local biodiversity and
traditional foods.Therefore, depite many drivers of changthe sociopolitical environment is

still enabled for actions leveragg the potential ofuseful plantsand traditionalfood systems.
Thestudy provides the followingecommendations fofollow upactions andnterventions

9 To raise awareness and understanding of thkdiges of biodiversity, nutrition and health.
Nutrition knowledge and food biodiversity should be integrated into media and local
agriculture, nutrition, health, tourism and educatipnograms irthe area.

9 The consumption of undezonsumed food groups shalibe improved to diversify the
diets. Particularly the intake of fruits, vegetables and pulses should be increased. This could
be achieved by promotintpcal species witthigher poteriial to diversity diets (such as
identified multifood group species). tal markets can also be leveraged for nutrition by
improving their infrastructure and promoting more nutritious food choices and purchases.

1 Also, the intakes of limiting nutrientsoffite, calaum, iron, vitamin A, zinc) should be
increased by enhancing& consumption of micronutrientich foods or food supplements.

1 Developing value chainsmall busineses and processintpcalplant products could bridge
seasonal gaps and lift pel@pout of ppverty while conservingiodiversity and landscape.

9 To designactivities that willsupport participatory conservation and sustainable use of
plants. Besides nutritionally important species, also rare plants should be conserved.

9 It is suggestedto recognze and maintain cultural values and customary resource

managenent, which appears to affect biodiversity and landscape resilience positively.
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And the key recommendations for future research assfollows:

1

To explore the linkages of livelihoofhod environment and health, particularly in the
context of ongoing agridtural intensification with the increased use of aghemicals.

To identify and address specific barriers that prevent people from consuming diverse diets.
This should follow by degmingtailored behaviour change strategies.

To pilot the development ofnew nutritious food products and to assess their
characteristics, consumer acceptance and impact on consumers’ nutrition and health.

To conduct a similar study during a differentioer (e.g.,during thefruit season) and apply

the newly developed indicdsr comparing and monitoring food biodiversity consumption.

To document traditional food recipes and to determine the food composition of neglected
and underutilized species and |dcailieties.

To assess the feasibiliand costsof integrating or devealping policies and programs that
would upscale the conservation and sustainable use of biodiversity.

To study the relationship of biodiversity and landscape heterogeneity with clinretege
resilience and to quantify ecosystem services provided by thdskzape.

To investigate the gender differences in roles, values, and motivations towards sustainable

resource management in matrilineal societies more deeply.

Thestudyshared the keyindings and suggestions througbmmunity awareness materials and

multi-stakeholder eventsn the study areaAll over,the study was perceived well by the

communities and governments, and it is expected to have a positive impact on nutitin

health,agrobiodiversitystewardship andfood systenresilience.
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Appendix1: The list of documentebod plants andassociateglant folk foods

Table AlDiversity offood plants and associateflk foodsused by Minangabauand Mandailingcommunities irthe PasamarRegency West Sumatra

Local namé English name Latin name Local food  Plant part Plant status Habitat? (tations (C) and
(and voucher number) category used Occurence(O)
A) Food groug; STARCHY STAPLES:
Jagung (MiMa) Maize Zea mays. Vegetable  Seed Cultivated Fi, Hg, Af O 4% Ma, 12% Mi
Kentang (Mi, Ma) Potato Solanum tuberosurh. Staple crop  Tuber Cultivated Market Market only
Padi (Mi, Ma) Rice Oryza sativd.. Staple crop Seed Cultivated Rf O: 66% Ma, 76% Mi
Sukun (Mi, Ma) Breadfruit Artocarpus altiligParkinson ex Fruit Fruit Cultivated Af O: 0% Ma, 1% Mi
F.A.Zorn) Fosberg
Talas hitam (Mi) Tania Xanthosoma sagittifoliunfL.) Staple crop  Tuber Cultivated, wild ~ Af C: 0Ma, 1 Mi
Schott(LP56)
Talas (Mi)Sutat (Ma) Taro Colocasia esculenta.) Schott Staple crop  Tuber Cultivated, wild  Ae, Af, Fi  C: 16 Ma, 37 Mi;
(LP16) O: 1 Ma, 10 Mi
Ubi singkong, Ubi kayu (Mi, Ma) Cassava Manihot esculent&Crantz Staple crop  Tuber Cultivated, wild Ag, Ho, Fi C: 30 Ma; 4M;;
O: 80% Ma, 78% Mi
Ubi jalar (Mi, Ma) Sweet potato Ipomoea batatagL.) Lam. Staple crop  Tuber Cultivated Fi, Hg C: 5 Ma, 20 Mi;
O: 1 Ma, 6 Ma
B) Food groug; LEAFY VEGETABLES:
Asam ruso (Mi) Roselle Hibiscus sabdariffa. Vegetable Leaf Cultivated Hg O: 0 Ma, 1 Mi
Bayam, Bayam liar (Mi); Siarum, Slim amaranth Amaranthus hybriduk. (LP49) Vegetable Leaf, stem  Cultivated, wild Fi, Hg, Af  C: 12 Ma, 30 Mi
Siarum liar (Ma) 0O: 19 Ma, 15 Mi
Bayammerah (Mi) Red amaranth Amaranthus hybridus.& w S R Vegetable  Leaf, stem  Cultivated Hg In data not
vaNA SIiFDE dinstinguished from
a. el Ya
Bayam angkik/duri (Mi, Ma) Spiny amaranth Amaranthussp.(LP31) Vegetable Leaf, stem  Wild Fi, Hg, Af C: 1 Ma2Mi
Bulung jepang (Ma) Chayotgleaf) Sechium edulg@hcq.) Sw. Vegetable  Leaf, shoot Cultivated wild Hg, Af C:3Ma, 2 Mi;
O: 7% Ma, 4% Mi
Daun papaya (MiBulung botik ~ Papaya (leaf) Carica papaya. Vegetable  Leaf Cultivated wild  Fi, Hg, Af  C:18Ma, 30Mi
(Ma)
Genjer (Mi) Kalanyoe (Ma) Yellow burr had Limnocharis flavél..) Buchenau Vegetable Leaf, stem  Wild Rf, Ae C:32Ma, 28Mi
Kagama (Mi) Sessile joyweed Alternanthera sessilid.) R.Br. ex Vegetable Leaf wild Rf Only FGD (Mi)

DC(LP34)




Kangkung (Mi, MaKangkuang  Water spnach Ipomoea aquaticdorssk. Vegetable Leaf, stem  Cultivated Hg, Rf, Fi O: 8 Ma, 29 Mi
(Mi); Kengkong (Ma)
Kangkung air Kangkuang (Mi);  Water spinach Ipomoea aquaticdorssk. Vegetable Leaf, stem  Wild Ae, Rf C:73 Ma 49 Mi
Kengkong, Kangkung (Ma) (wild)
Katuk, Taruak mahn (Mi); Nasi Sweet leaf Sauropus androgynys.) Merr. Vegetable Leaf Cultivated, wild  Af, Fi, Hg C: 13 Ma, 7 Mi;
nasi (Ma) O: 43% Ma, 9% Mi
Kelor (Mi) Barrunge (Ma) Moringa Moringa oleiferaLam.(LP22) Vegetable Leaf Cultivated, wild  Hg, Fi C: 10 Map Mi;
O: 7% Ma, 0% Mi
Komen, Koman (Ma) Water mimosa Neptunia oleracedour.(LP15) Vegetable Leaf, stem  Wild Ae, Rf C: 13 Ma, O Mi
Lobakkampung, Lobak local (Mi, Yellowcress Rorippa indicqL.) Hiern(LP30) Vegetable Leaf Wild Af, Fi C:3Ma, 3Mi
Ma)
Lobak maniah (Mi) Pak choi Brassica oleracegar. chinensis  Vegetable  Leaf Cultivated Hg O: 2% Ma, 4% Mi
(L.) Prain
Lobak Pahiak (Mi) Field mustard Brassica rapd.. Vegetable Leaf Cultivated Hg In data not
dinstinguished from
a[20F1 Y&
Lumai (Mi) Ranti (Ma) Black nightshade Solanum americanumill. (LP19) Vegetable Leaf, stem  Wild Ag, Fi, Hg C: 44 Ma, 32 Mi;
0: 9 Ma, 4 Mi
Pahu (Mi)Pakis (Ma) Vegetable fern Diplazium esculenturfRetz.) Sw. Vegetable Leaf Wild Fo, Ae C:69 Ma; 94 Mi
(LFO8)
Pahu (Mi), Pakishutan (Ma) Tree fern Cyathea junghuhnian@Kunze) Vegetable Leaf Wild Fo Only FGD (s
Copel.(LPO7)
PinaPina (Ma) - Plukenetia corniculata SrLPL4)  Vegetable Leaf Wild Fi, Af C: 6 Ma, O Mi
Pucuk jambak (Mi, Ma) Rose apple (leaf) Syzygim spp. Vegetable  Leaf, shoot Wild, cultivated Ag, Hg C: 0 Ma, 3 Mi
0: 0% Ma, 8% Mi
Pucuk labu (Mj)Bulung jelok Pumpkin (leaf) Cucurbita moschat®uchense Vegetable  Leaf, shoot Wild, cultivated Af, Fi, Hg C: 2 Ma, 1 Mi;
(Ma) 0O: 13 Ma, 7 Mi
Pucuk kacagptanah (Ma) Peanut (leaf) Arachis hypogaeh. Vegetable Leaf Cultivated Hg Only FGD (ls)
Pucukubi (Mi, Ma) Cassava (leaf) Manihot esculentaCrantz Vegetable  Leaf Wild, cultivated Ag, Fi, Hg C: 36 Ma, 41 Mi;
O: 80% Ma, 78% Mi
Sawi, Sabi (Mi, Ma) Choy sm Brassicaspp. Vegetable Leaf Wild, cultivated Af, Fi C: 3 Ma, 3 Mi;
0: 10 Ma, 1 Mi
Sayur asam (Ma) Barrelier's Oxalis barrelieri. (LP26) Vegetable Leaf wild Af, Fi Only FGD (Ma)
woodsorrel
Sayur paret, Selada sawah (Mi) Watercress Nasturtium offtinaleR.Br. Vegetable Leaf wild Rf C: 0 Ma, 3 Mi
Sijungkat (Ma) Indian lettuce Lactuca indicd..(LP23) Vegetable Leaf wild Af, Fi C: 4 Ma, 0 Mi
Simmange (Mj)Simmangah (Ma) Water clover Marsilea quadrifolisHook. & Vegetable Leaf wild Rf C: 1 Ma, 0 Mi

Grev.(LP13)




Sitopu (Mi, Ma)Daun manis - Claoxylon longifoliunBlume) Vegetable  Leaf Wild, cultivated  Af C: 6 Ma, 17 Mi;

(Ma) Endl. ex Hassk_P28) O: 2% Ma, 2% Mi

Tubo aie, Pegagan (Mi) Java pennywort Hydrocotyle javanic&hunb. Vegetable  Leaf wild Rf C: 0 Ma, 2 Mi
(LP48)

C) Food groug OTHER VEGETABLES:

Asam belimbing (Mi, Ma) Tree sorrel Averrhoa bilimbL. Vegetable Fruit Cultivated, wild  Af, Hg C: 0 Ma, 1 Mi;

Belimbing besi (Mi) 0O: 0% Ma, 2% Mi

Batang/Taleh keladi (Mi); Keladi Taro (stem) Colocasiapp. Vegetable  Stem Cultivated, wild  Ae, Af C: 0 Ma, 1 Mi;

Suhat (Ma) O: 1% Ma, 0% Mi

Batang/Taleh Kemumu (Mi) Giant elephant ear Colocasia giganteéBlume) Vegetable  Stem Wild Af, Ae, Fi C:0Ma, 1 Mi

(stem) Hook.f.(LP39)

Batang talas (MiMa); Suhat (Ma) Taro(stem) Colocasia esculenta.) Schott Vegetable  Stem Cultivated, wild Ae, Af, Fi  C: 1 Ma, 5 Mi;
(LP57) 0: 1% Ma, 10% Mi

Batang talas hitam (Mi) Tania (stem) Xanthosoma sagittifoliunfL.) Vegetable  Stem Wild, cultivaed  Ae, Af C: 0 Ma, Mi
Schott(LP56)

Bawang merah (Mi, Ma) Shallot Allium cepd.. Condiment  Tuber Cultivated Hg, Fi O: 4% Ma, 0% Mi

Benkuang (Mi, Ma) Jicama Pachyrhizus erosik.) Urb. Vegetable  Tuber Cultivated, wild  Af C:1Ma, OMi
(LPO3)

Brokoli (Mi, Ma) Broccoli Brassica oleraceaar.italica Vegetable Flower Cultivated Market Market only
Plenck

Buncis (Mi, Ma) Green beans Phaseolus vulgaris. Vegetable Fruit Cultivated Hg, Rf O: 3% Ma, 4% Mi

Bungo bawang (MiBawang prei Welsch onion Allium fistulosuni. Vegetable Leaf, flower Cultivated Hg, Rf O: 15% Ma, 11% Mi

(Mi, Ma) (flower)

Bunga kol (Mi, Ma) Cauliflower Brassica oleraceear. botrytisL.  Vegetable  Flower Market only Market Market only

Bunga papaya (Mi, MaBunga Papaydflower) Cari@a papayalL. Vegetable  Fruit Cultivated, wild  Af, Fi, Fo  Only FGD (Ma, Mi);

botiak (Ma) O: 49% Ma, 26% Mi

Gundur (Mi, Ma)Kundua (Mi) Wax gourd Benincasa hispid@hunb.) Cogn. Vegetable  Fruit Cultivated Af, Hg Only FGD (Ma, Mi)

Hunur (Ma) - Artocarpussp. Vegetable  Fruit Wwild Ae, Af C: 1 Ma, 0 Mi

Jantung pisang, Tukua pisang  Banana (flower) Musa x paradisiach.,Musasp. Vegetable  Flower Cultivated, wild  Af, Hg C:0Ma, 2 Mi;

(Mi); Jattung pisang (Ma) O: 40% Ma, 54% Mi

Kacandelimbing (Mi) Kacang Winged bean Psophocarpus tetragonolobgils.) Vegetable  Fruit Cultivated, wild  Af, Hg C: 0 Ma, 1 Mi;

jorbing (Ma) DC O: 0% Ma, 1% Mi

Kacang Panjang (Mi, Ma) Long bean Vigna unguiculataubsp. Vegetable  Fruit Cultivated Hg, Rf, Af  O: 13% Ma30% Mi
sesquipedaligl..) Verdc.

Kimcuang (Mi)Kimcong (Ma) Torch ginger Etlingera elatio(Jack) R.M.Sm. Vegetable  Flower wild Af, Fo C: 6 Ma, 51 Mi
(LP0O2)

Kol, Bunga kol (Mi, Ma) Cabbage Brassica oleracegar. capitatal..  Vegetable  Leaf Cultivated Market Market only




Labu jepag (Mi); Bulung Jepang Chayote Sechium edul@Jacq.) Sw. Vegetable  Fruit Cultivated Hg, Af C: 3 Ma, 2 Mi;
Jepang (Ma) O: 7% Ma, 4% Mi
Lobak cino (Mi, Ma) Daikon Raphanusativusvar. Vegetable  Root Market only Market Market anly
longipinnatusL.H. Bailey
Naneh/Nenas mudo (Mi) Pineapple (unripe) Ananas comosus. (Merr.) Vegetable Fruit Cultivated, wild  Af, Fi, Hg O: 3% Ma, 16% Mi
(unripe)
Nangka mudo, Cubadak (i) Jackfruit (unripe) Artocarpus heterophyllulsam. Vegetable Fruit Cultivated, wild Ag, Fo C:3 Ma 10 M
Sibodak (Ma) (unripe) O: 4% Ma, 16% Mi
Paria/Pariyo/Pare liar (Mi); Paria Bitter gourd (wild)  Momordica charantid..(LP06) Vegetable Fruit Wild Af, Fi C:5 Ma 14 Mi
Pariaparia liar (Ma)
Paria, Pariyo, Pare (Mi); Paria,  Bitter gourd Momordica charantid.. Vegetable Fruit Cultivated Af, Hg O: 6% Ma, 14% Mi
Pariaparia(Ma)
Pariyo/Pio mancik (Mi) Bitter gourd Momordica charantid. Vegetable Fruit Wild Af, Fi C: 0Ma, 4 Mi
abbreviata(Ser.) W.J.de Wilde &
Duyfjes(LP37)
Pepaya mudh (Mi, Ma) Papaya (unripe) Carica papaya. Vegetable Fruit Cultivated, wild Af,Fi, Hg C:1 Ma 2 M;;
(unripe) O: 49% Ma, 26% Mi
Petai cina (Mi, Ma) Leucaena (pods) Leucaena leucocephalaam.) de Vegetable Fruit Wild, cultivated Af, Fi, Hg C: 1M, 0 Mi;
Wit O: 0% Ma, 2% Mi
Pira tobu, Tebu hitam (Ma) Kans grass Saccharum spontaneun Vegetable  Stem Wild Af, Fi C: 1 Ma, OMi
(LPO1)
Pisang hutan (Ma) Banana (wild) Musa acuminataColla Vegetable  Stem Wild Fo Only FGD (Ma)
Gambas, Pitulo (Mi, Ma) Angled luffa Luffa acutangulgL.) Roxb. Vegetable Fruit Cultivated Hg, Af O: 4% Ma, 1% Mi
Pucuk rotan (Mij)Pangakt (Ma)  Rattan paku Calamus exili&riff. (LP24) Vegetable  Shoot Wwild Fo C:21 Mg 1 Mi
Umbut puli (Ma) - Arenga obtusifolidMart. (LP25)  Vegetable Palm heart  Wild Fo C:0 Ma 2 Mi
Umbutsawit (Mi) Oil palm (palm Elaeis guineensitacq. Vegetable  Palm heart Cultivated Fi Only FGD (Ma)
heart)
Umbut aren (Ma) Sugar palm (palm  Arenga pinnatgWurmb) Merr. Vegetable  Palm heart Cultivated Af Only FGD (Ma)
heart)
Umbut kelapa (Mi) Coconut (palm Cocos nuciferh. Vegetable  Palm heart Cultivated Fi, Rf O: 10% Ma, 24% Mi
heart)
Umbut baih/langkok (Mi) - Unidentified (Arecaceae) Vegetable  Palm heart Wild Fo C:0 Ma 2 Mi
Rabuang (Mj)Robung (Ma) Canmon bamboo  Bambusa vulgariSchrad(LP12) Vegetable  Shoot wild Af, Fo C:41 Mg 71 Mi
(shoot)
Rebung batang (Mi) Black bamboo Gigantochloa attefHassk.) Kurz Vegetable  Shoot wild Af, Fo In data not

(shoot)

(LP40)

distinguished from
awl odzl y3a&




Rimbang i, Ma); Campur Turkey berry Solanum torvunsw. Vegetable  Fruit wild Af, Fi,Hg C:31 Ma 56 Mi
campur (Ma)
Selada (Mi, Ma) Lettuce Lactuca sativa.. Vegetable Leaf Cultivated Hg O: 0% Ma, 1% Mi
Tabutabu (Mi) Rattan manan Calamus manaMig. (LP38) Vegetble Shoot Wild Fo Only FGD (Mi)
Timun (Mi, Ma) Cucumber Cucumis sativuls. Vegetable Fruit Cultivated Hg, Rf O: 4% Ma, 3% Mi
Toge (Mi, Ma) Mung bean (sprout) Vigna radiata(L.) R.Wilczek Vegetable  Shoot Cultivated Hg O: 3% Ma, 2% Mi
Tomat (Mi,Ma) Tomao Solanum lycopersicuin Vegetable Fruit Cultivated Hg O: 14% Ma, 6% Mi
Torung asam (Mi, Ma) Hairyfruited Solanum lasiocarpurunal Vegetable Fruit Wild, cultivated Hg, Af C:1 Ma 17 M,
eggplant (LP33) O: 1% Ma, 3% Mi
D) Food group; PULSES:
Jarang (Mi) Joring (Ma&)Jengkol Jengkol Archidendron pauciflorum Vegetable Seed Cultivatedwild  Af C:4 Ma 10 Mi;;
(Mi, Ma) (Benth.) I.C.Nielsen O: 9% Ma, 29% Mi
Kabau, Sikabau (M#aladeh - Archidendron bubalinur@Jack) Vegetable  Seed Cultivated, wild ~ Af C:0 Ma 3 Mi
(Ma) I.C.Nielsen
Kacang hijau (Mi, Ma) Mung bean Vigna radiata(L.) R.Wilczek Seed Seed Cultivated Hg O: 3% Ma, 2% Mi
Kacang kayo (Mi) Pigeon pea Cajanus cajafL.) Millsp(LR12) Seed Seed Cultivated Af, Hg O: 11% Ma,0% Mi
Kacang megh (Mi, Ma) Common bean Phaseolus vulgaris. Seed Seed Cultivated Market Market only
Kacang parang (Mi) Sword bean Canavalia gladiat§Jacq.) DC. Seed Seed Cultivated Hg, Af Only FGIMI)
(LP54)
Kacang tujuh lembar daun (Mi) - Unidentified (Leguminosae) Seed Seed Cultivated, wild  Af, Fi C:0Ma 1 Mi
(LP41)
Kacang tunjuk (Mi, Ma) Cowpea Vigna unguiculatakacang tunjuk’ Seed Seed Cultivated, wild  Fi, Hg Only FGD (MMa)
(L.) Walp(LP35)
Kacang kedelai (MiKacang Soy bean Glycine maxL) Merr. Seed Seed Cultivated Fi, Hg O: 0% Ma, 2% Mi
kuning (Ma)
Petai (Mi, Ma) Stinky bean Parkia specioshlassk. Vegetable  Seed Cultivated wild ~ Af C:4 Ma 3 Mi;
O: 6% Ma, 12% Mi
Potar,Parira (Ma) Stinky bean (wild)  Parkia speciosklassk. Vegetable  Seed Wild Af, Fo C:1 Ma 0 Mi
(LP17)
E) Food groug NUTS AND SEEDS:
Hunur (Ma) - Artocarpussp. Vegetable  Seed Cultivated, wild  Af, Hg C:1 Ma 0 Mi
Siwamang (M) Pangi Pangium edul®einw. Fruit Seed Cultivated, wild ~ Af C:0Ma, 2Mi
Hapesong (Ma)
Melinjo (Mi,Ma) Melinjo Gnetum gnemon.. (LP53) Fruit Seed Cultivated, wild  Af, Fi Only FGD (Mi, Ma)
Tapuih (Mi) - Elateriospermum tapoBlume Fruit Seed wild Af, Fo Only FGD (Mi

(LP43)




F) Food grougg VITAMIN A RICH PLANTS:

Ambacang, Bacang, Macang (M Bachang Mangifera foetidalLour. Fruit Fruit Wwild Af, Fo C:10 Ma 20 Mi
Ambaam (Ma)
Kuini (Mi, Ma) Kuwini Mangifera odorataGriff. Fruit Fruit Cultivated Hg, Af O: 4% Ma,2% Mi
Labu (Mi) Jelok (Ma) Pumpkin Cucurbita moschat®uchense Vegetable Fruit Cultivdaed Af, Hg, Rf O: 13 Ma, 7 Mi
Languang, Polam (Mi) - Mangifera quadrifidaJackLP52) Fruit Fruit Wild Af, Fo C:0 Ma 13 Mi
Latuiklatuik, Markisa HutaMi,  Stinking Passiflora foetidd.. (LP29) Frut Fruit Wild Af, Fi, Fo C:38 Mg 44 Mi
Ma); Rambutan akafMi); passionflower
Sigambus (Ma)
Mangga (Mi, Ma) Mango Mangifera indical. Fruit Fruit Cultivated Af, Hg, Rf O: 13% Ma, 22% Mi
Markisa (Mi) Passion fruit Passiflora eduliSims Fruit Fruit Cultivated Hg, Af 0O: 0% Ma, 3% Mi
Pepaya (Mi)Botiak (Mg Papaya Carica papaya. Fruit Fruit Cultivated, wild  Af, Fi, Hg C:22 Ma 23 M;;
0O: 49% Ma, 26% Mi
Polam, Ampalam (MiManga - Mangifera laurinaBlume(LP05)  Fruit Fruit Wild Af, Fo C:2 Ma 13 Mi
harrangan, Manga kampung (Mg
Wortel (Mi, Ma) Carrot Daucus carotd.. Vegetable Root Cultivated Market Market only
G) Food grougt OTHER FRUITS
Aiaaia (Mi) Langsat Lansium parasiticurfOsbeck) Fruit Fruit Cultivated Hg 0O: 0% Ma, 1% Mi
K.C.Sahni & BennétP45)
Alpukat, Alpokat (Mi, Ma) Avocado Persea ameacanaMill. Fruit Fruit Cultivated Af O: 22% Ma, 7% Mi
Anggur (Mi, Ma) Grape Vitis viniferal. Fruit Fruit Cultivated Market Market only
Apel (Mi, Ma) Apple Malus domesticd&orkh. Fruit Fruit Cultivated Market Market only
Belimbing manih (Mj)Belimbing  Carambola Averrhoa carambol. Fruit Fruit Cultivated Af, Hg O: 0% Ma, 2% Mi
(Ma)
Bonai, LimpangMi) - Unidentified Fruit Fruit Wild Af, Fo C: 0 Ma, 21 Mi
Buah lumai (Mi)Buah ranti (Ma) Black nightshade  Solanum americanumill. (LP19) Frui Fruit wild Af, Fi, Hg C: 0 Ma, 2 Mi;
(fruit) O: 9% Ma, 4% Mi
Buah naga (Mi, Ma) Dragon fruit Hylocereus undatu@iaw.) Fruit Fruit Cultivated Market Market only
Britton & Rose
Buah rotan (Mi)Sihim (Ma) Rattan (fruit) Calamusspp. Fruit Fruit wild Fo C:7 Ma 4 Mi
Buah sery (Mi, Ma) Calabura Muntingia calabura.. Fruit Fruit Cultivated Hg O: 0%, 4% Mi
Sorme (Mi, Ma) Star gooseberry Phyllanthus acidu@..) Skeels Fruit Fruit Cultivated Hg Only FGD (Ma)
(LP32)
Cimparingek, Lancinek (Mi) - Rubus buergeiq. (LP61) Fruit Fruit wild Af, Fo C:0 Ma 12 Mi
Duku (Mi, Ma) Langsat Lansium parasiticumar. duku Fruit Fruit Cultivated Af 0O: 12% Ma, 17% Mi

(Osbeck) K.C.Sahni & Bennet
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Durian (Mi, Ma)Tarutung (Ma)  Durian Durio zibethinus. Fruit Fruit Cultivated Af, Fo 0O: 30% Ma, 71% M;
Durian hutan, Durian mangko Durian (wild) Durio zibethinug., Duriosp. Fruit Fruit wild Fo C:38 Mg 44 Mi
(Mi) (LP59)
Garandan, Barandan (Mi) - Lansium parasiticunaar. Fruit Fruit Cdtivated, wild  Af, Hg C:0 Ma 2 Mi

garandan(Osbeck) K.C.Sahni &

Bennet(LP36)
Jambu bol (Mi, Mg)Jambak (Mi) Malay apple Syzygium malaccengke.) Merr. & Fruit Fruit Cultivated Af, Fo, Hg O: 0% Ma, 8% Mi

L.M.Perry
Jambu air, Jambu madu (Mi) Water apple Syzygium aqueurfBurmf.) Fruit Fruit Cultivated, wild  Af, Fo, Hg C:10 Ma 8 Mi;
Jambu aek/aie (Ma) Alston(LP04 LP5% O: 11% Ma, 24% Mi
Jambu biji (Mi, Mg)Jambu Guava Psidium guajava. Fruit Fruit Cultivated Af, Fo, Hg C: 20 Ma, 20 M;;
paraweh (Mi) J. orsik (Ma) O: 5% Ma, 34% Mi
Jambukaliang (Ma) Java plum Syzygium cumirfL.) Skeels Fruit Fruit Cultivated Hg Only FGD (Ma)
Jeruk (Mi) Ute manis (Ma) Orange Citrus sinensié..) Osbeck Fruit Fruit Cultivated Af, Hg O: 6% Ma, 23% Mi
Jeruk nipis (Mi, Ma) Key lime Citrus aurantiifolig Christm.) Fruit Fruit Cultivated Af, Hg O: 2% Ma, 4% Mi

Swingle
Kapunduang (Mi, Ma) Menteng Baccaurea racemog&einw. ex  Fruit Fruit Cultivated, wild  Af, Fo C:37 Ma 50 M;i;

Blume) Mull.Arg(LP11) O: 0% Ma, 2% Mi
Karamunting (Mi); Haramunting Soaplush Clidemia hirtgL.) D. DoifLP27)  Fruit Fruit Wild Af, Fi, Fo C:7 Ma 22 Mi
(Ma)
Kedongdong (Mi, Ma) Golden apple Spondias dulciBarkinson Fruit Fruit Cultivated, wild  Af, Fo C:10 Ma 1 M;i;

0O: 2% Ma, 2% Mi

Kelapa (Mi, Ma) Coconut Cocos nucifera. Frut Fruit Cultivated Fi, Rf O: 10% Ma, 24% Mi
Kolangkaling (Mi, Ma) Sugar palm (fruit)  Arenga pinnatgWurmb) Merr. Fruit Fruit Cultivated Only FGD (Mi, Ma)
Kudaro (Mi) - Hornstedtia conic&idl.(LP51) Fruit Fruit Wwild Af, Fo C:0 Ma 24 Mi
Langsek (N); Latcat, Langsat Langsat Lansium parasiticurar. Fruit Fruit Cultivated Af O: 12% Ma, 17% Mi
(Ma) domesticum(Osbeck) K.C.Sahni

Bennet
dplokan (Mi) Lapuiklapuik (Ma) Cutleaf ground Physalis angulata. (LP62) Fruit Fruit wild Af, Fi C:3Ma, 1 Mi

cherry
Lengkeng (Mi, MaKalengkeng  Longan Dimocarpus longahour. Fruit Fruit Cultivated Af O: 3% Ma, 0% Mi
(Mi)
Manggis (Mi, Ma) Mangosteen Garciniax mangostanal.. Fruit Fruit Cultivated Af O: 2% Ma, 37% Mi
Matoa (Mi, Ma) Fijian longan Allophyluscobbe(L.)Raeusch. Fruit Fruit Cultivated Hg O: 2% Ma, 3% Mi
Melon (Mi, Ma) Muskmelon Cucumis meld. Fruit Fruit Cultivated Market Market only
NangkaMi, Ma) Jackfruit Artocarpus heterophylluisam. Fruit Fruit Cultivated, wild  Ag, Fo C: 3 Ma, 10 M;i;
0O: 4% Ma, 16% Mi

Nanas, Naneh (Mi); Onélsla) Pineapple Ananas comosus. (Merr.) Fruit Fruit Cultivated, wild Af, Fi,Hg C:3 Ma 2 Mi
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Pir (Mi, Ma) Pear Pyrusspp. Fruit Fruit Cultivated Market Market only
Pisang (Mi, Ma) Banana Musax paradisiaca.. Fruit Fruit Cultivated, wild  Af, Hg C:5Ma 6 Mi;
O: 40% Ma, 54% Mi

Polesan (Mi) Pulasan Nephelium mutabil&lume Fruit Fruit Cultivated, wild  Af, Hg C:0Ma, 4 M;;
(LP46) O: 0% Ma, 2% Mi

Puah, Puahtok (Mi) - Hornstedtia elongatdTeijsm. &  Fruit Fruit Wild Af, Fo C:0 Ma 20 Mi
Binn.) KSchum.

Rambai, Rumbai (MilRambe Rambai Baccaurea motleyan@Miill.Arg.)  Fruit Fruit Wild Af, Fo C:9Ma, 5 Mi

(Ma) Miill.Arg.(LP47)

Rambutan (Mi, Ma) Rambutan Nephelium lappaceurh. Fruit Fruit Cultivated Af, Hg 0:5% Ma, 14% Mi

Rambutan hutan, Rambutan liar Rambutan (wild) Nephelium lappaceurh. (LP20) Fruit Fruit Wild Fo C:22 Ma 15 Mi

(Mi)

Salak (Mi, Ma) Snakefruit Salacca zalacq@aertn.) Voss Fruit Fruit Cultivated Af O: 2% Ma, 11% Mi

Salak lokal/liar (MiMa) Snake fruit (wild) Salacca sumatranBecc. Fruit Fruit Cultivatedwild  Af, Fo C:6 Ma 14 Mi

Sawo (Mi, Mg)Saos (Mi)Sawu  Sapodilla Manilkara zapotaL.) P.Royen Fruit Fruit Cultivated Af, Hg O: 5% Ma, 7% Mi

(Ma)

Semangka (Mi, Ma) Watermelon Citrullus lanatugThunb.) Fruit Fruit Cultivated Market Market only
Matsum. & Nakai

Sikaduduak (Mj)Sikaduduk (Ma) Malabar melastome Melastoma malabathricunh. Fruit Fruit Wild Af, Fi, Fo C:3Ma 12 Mi
(LP18)

Sinasi, Nagiasi (Mi) - Callicarpa arbore&oxb. (LP60) Fruit Fruit Wild Ag, Fi C:0 Ma 1 Mi

Sirsak (Mi, Mg@)Durian belanda  Soursop Annona muricatd.. Fruit Fruit Cultivated Af, Hg O: 4% Ma, 26% Mi

(Mi); Tarutung belanda (Ma)

Srikaya, Buah nona (Mi) Sugar apple Annona squamosh. Fruit Fruit Cutivated Hg O: 0% Ma, 2% Mi

Strobery (Mi, Ma) Strawberry Fragariax ananassgWeston) Fruit Fruit Cultivated Market Market only
Duchesne

Tabu, Tebu (Mi, Ma) Sugarcane Saccharum officinarur. Fruit Stem Cultivated Af, Hg 0O: 2% Ma, 7% Mi

Tarok (Mi) Torop (Ma) Terap Artocarpus elasticuReinw. ex Fruit Fruit wild Af, Fo C:3 Ma 7 Mi
Blume(LP21)

Ukam, Rukam (Mi) Rukam Flacourtia rukanZoll. & Moritzi Fruit Fruit Wild Af, Fo C:3 Ma 22 Mi

(LP44)

1Mi ¢ Minangkabau language, MaMandailing language

2 Ae ¢ aquatic environments, Af agroforestry, F¢ fields/fallows, Fog forests, Hg; homegardensRf¢ rice fields. Mic Minangkabau

3 Citations¢ number of citations of wild food plantzased on individual freelisting@ccurrence;, frequency (%) of occtence of foodcrops ét species leveultivated by individual
household
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Appendix2: Applied intervention for kowledge sharing andwareness raising

Bvents conducted folkknowledge sharing and awareness raising
Food, Nutrition, and Ethnobotany workshopBaigor Agricultural University, Java

On 22. 1. 2018, a capacity building workshop on Food, Nutrition, and Ethnobotany was organized
by the study author and IPBUniversityassisants (Fig.Al). The workshop was held at the
Department of Community Nutrition irPBUniversity and it was attended by 25 participants
from 5 institutions (IPBJUniversity, Department of Community NutritignIPB University ¢
Department of Forest Resources Conservation and Ecotou@®FOR, Slowfood Indonesia,
Czech University of Lifei®nces Prague). A total of 6 presentatidosusingon methods and
results related to ethnobotany, nutrition and food systems were presenédidthe workshop

participants obtained a certificate of workshop participation (and speakers of presentation).

Workshop

Workshop
Food, Nutrition, and Ethnobotany

Bogor Agricultural University, Monday January 22, 2018

Organized by

Department of Community Nutrition IPB
Department of Forest Resources Conservation and Ecotourism IPB
Czech University of Life Sciences Prague
Center for International Forestry Research

y
% R, TN zf = 28 KN oo .s e
e i ekt W swisscontact i RNY K i

FigureA1Photo from the workshop organized by teidyand held at IPRIniversity

Conducting final workshop for government and academi@azfangn West Sumatra

On 7. 12. 2018, the final poli@cademic workshop was held at the Andalas UniversitadaRg
(Fig. A2). The workshop was organized for academicians, students and the provincial
government of Padang. Prof. Indrawaty Lipoeto featéid the workshop. Among the presenters

were a staff of theMinistry of Health of West Sumatrevho presented thenutritional situation
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and strategy in West Sumatr8tudypartners from the Community Nutrition of IRBhiversity

(Prof. Ali Khomsan, and &ssint Utami Wahyuningsih) presented the key results of the FAD
project combined with nutritional recommendationBrof. Ervizal AM Zuhudhe studypartner

from the Faculty of Forestryat IPB Universitypresented the importance of forests and
agroforests for livelihood and culture. The principal investigator Lukas Pawera overviewed the
studyand its results and praded recommendations to governments and researchers for further
research, programs and aohs. Each present ministry and key stakeholders obtained the
community poster, guidebook, and policy brief developed by #tady. Twentythree

participants attendd the Padang workshopll the participants received a certificate.

.

|
v 5‘
-

A

FigureA2 A group phto from the workshop in Padang

Final workshops and traditional food competitions for shediedcommunities

On 9. 12. 2018, the final workshop for the Mandailimgnenunity was conducted in Sontang
village, Padang Gelugur sdistrict, Pasaman distri¢Fg. A3). Then on Monday 10. December,
the second community workshop for the Mindaabaufarmers was conducted in Alahan Mati
village, Simpang Alahan Mati sdistrid of Pasaman districtFig. A4). The workshops were
opened by the head of the villages océl government representatives. It was followed by a
speech of the principal investigator Lukas Pawera who overviewedttldy and its results.
Further, the profesors from IPBJniversity (Prof. Ali Khomsan, Prof. Ervizal AM Zuhud) and
Andalas University(Prof. Nur Indrawaty Lipoeto) provided nutrition and heaighated



suggestion to the communities. The event was accompanied by a traditional food competition,
where the local women groups brought and presented traditional foods and fresh samples of
fruits and vegetables. The foods and crop diversity were evaluated by the gitidgteam and
assistants), and 9 different price categories were announced and judtpedooxes with prices
containing cooking utensils were distributed to the winners alondywie certificates. For the
cocoa male farmers, there was also 1 price category for the best cocoa fruit. All the previous
respondents from the survey and also th@nkshop participants were given the community
book, and illustrations showing agroforestigcoa farm and traditional rice field created by the
study. Head of the villages and governmental officers were also given the policy brief. The

community posters wee provided to each farmer/women group.

-

Y /\‘
=

“‘4
FigureA3 Mandailing women presenting traditionfdod to the committee of Prof. Khomsan,
Prof. Lipoeto, Prof. Zuhud, assistant Ms Utami and Swisscontact staff in Sontang village
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FigureA4 Minangkabau communitwith local government and project teaduringthe
workshop and food competition in Alahan Mati village

Communication materials developed for the local communities and governments

Community poster

Thestudyhas identified nutrientrich local food plants, wich were promotedo increasedietary
diversity and nutrient intake. In the poster, special reference was paid to plants rich in iron,

vitamin A, protein, and vitamin C. d$e nutrients' deficienciewere also directly illustrated in
the poster (see the p&ter inFig.A5).
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Tanaman Pangan Lokal untuk Gizi dan Kesehatan Masyarakat

Tradisional, murah, alamiah, dan kaya gizi

Dampak jika Tanaman Tinggi
o i 0 Kekurangan ° Protein
o o

Tubuh yang kuat,

pemulihan
penyakit, bagus
kulit dan rambut.
Protein Anak Kneng o
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o Manfaat Kekupr:ng.l]an o Vitamin A i

Bagus untuk
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meningkatkan
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FigureA5 Community poster produced by trstudy
Community guidebook

The main material produced for the communities was guidebook that included
recommendations for diet and healtht includes information orthe nutrition and health
benefits of the documented local food plants (Pawera et al. 2018). The community book also
explains how to tackle malnutrition, anaemia, obesity, hypertension, diabetes and the most
common health disorders in the studied area. Theobgpdiversity conserition and farm
diversification were also addressed. Colourful pictures and illustragoniched the book, and

it also includes motivating quotations related to food biodiversity from the researchers, key
respondents, and communitgaders. As the communés can speak the Indonesian language,
the book used Bahasa Indonesia, but the local plant names were given in Matsugnd
Mandailing languagesRaising awareness at the community level through the community
materials is expected to change the behavi@and improve the diet, nutrition, health while
conserving agrobiodiversity. The cover page of the guidebook can be sdg&g. 6. The

guidebook wa strongly aligned with the national dietary guidelinkBQH2014).
Policy brief for the government

The lat type of material developedvas the policy brief where the key messages and

recommendations for the governmeswivere summarized (see the cover g Fig.A7).
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Tanaman Pangan Masyarakat Rlsalah [ 4
Minang dan Mandailing Kebijakan 201 8
di Kabupaten Pasaman

Sumatera Barat '

Potensi Tanaman Pangan
Lokal untuk Perbaikan Gizi
Masyarakat

Ringkasan Eksekutif

Konsumsi pangan di perdesaan di Indonesia termasuk di Pasaman masih kurang dalam hal keberagaman,

gizi dan kesehatan masyarakat. Pemanfaatan tanaman lokal yang kaya gizi sebagai upaya perwujudan pola
pangan dengan gizi seimbang adalah investasi gizi yang bukan hanya bersifat efektif dari segi biaya (cost-
effective), melainkan juga dapat bertahan lama, lestari, dan memilik rasio manfaat-biaya (benefit-cost ratio)
yang baik. Perbaikan gizi dan kesehatan masyarakat dengan pemanfaatan tanaman lokal adalah solusi
yang bersifat win-win solution karena menggabungkan unsur konservasi dan pembangunan. Meningkatkan
kesadaran dan kapasitas petani-p keeil untuk pangan dari
tanaman lokal serta menghubungkannya ke pasar, sekolah, atau restoran dapat mendorong perbaikan
di bidang pendidikan dan produktivitas masyarakat sehingga akhirnya dapat memperbaiki pertumbuhan
sosial-ekonomi.

Apa itu keanekaragaman hayati tanaman pangan dan makanan tradisional
dan mengapa penting?

tanaman pangan, in - baik yang tau diperoleh
secara liar — dapat menjadi sousi untuk malnutrisi dan i kualitas hidup

Indonesia memiliki beragam keragaman spesies-spesies pangan seperti: tanaman pangan liar, ternak lokal,
dan tanaman-tanaman pangan lainnya yang bergizi. Termasuk di antaranya adalah sayuran hijau, kacang-
kacangan, dan buah yang kaya gizi seperti vitamin A dan zat besi. Meski ketersediaannya beriimpah, namun

seringkali pangan-pangan tersebut tidak secara optimal karena keterbatasan informasi
mengenai kandungan gizi dan belum disadari manfaatnya untuk kesehatan. Keunikan keanekaragaman
hayati pangan Indonesia akhimya hilang dan tidak i produksi p:

g
ini dan bangkitnya kesadaran tentang pentingnya membuka pasar tentu akan bermanfaat untuk perbakan

pendapatan keluarga, dan di sisi lain akan mendukung pembangunan desa dan menjaga lingkungan.
untu k M asvara kat Peningkatan keanekaragaman hayati pangan dalam sistem pangan Indonesia akan memberi keuntungan
y jangka panjang dan membantu meraih sasaran ataupun tujuan baik di level nasional atau internasional.
Keanekaragaman Hayati Lokal
untuk Gizi dan Kesehatan Masyarakat

\S, w
. =58 .8
2 te oo #

FigureA6 Cover page of the community bookigureA7 Cover page of the policy brief

Belowis the complete list of individuals or institutions who obtained stiedy materials

(Community guidebook and/or poster and/or policy brief):

© N OA~®WNPRE

PR R R R R R
©O~NoO UM WNEREO

Minangkabauand Mandailing study participants (200 direct beneficiaries from 4 villages)
Dinas Kesehatan SumateBarat (Ministry of Health, Padang, West Sumatra)

Dinas Pertanian Sumatera Barat (Ministry of Agriculture, Padang, West Sumatra)

Dinas KetehamaPangan Sumatera Barat (Ministry of Food Security, Padang)

Dinas Kesehatan Pasaman (Ministry of Health, LulikalpiBig, Pasaman)

Dinas Ketehanan Pangan Pasaman (Ministry of Food Security, Lubuk Sikaping, Pasaman)
Dinas Pertanian Pasaman (Ministry of Agltice, Lubuk Sikaping, Pasaman)

Dinas Pertanian Penyuluh Pasaman (Ministry of. Bgtension, Lubuk Sikapingadaman)

Dinas Pendidikan dan Kebudayaan Pasaman (¥iEducationCulture, Lubuk Sikaping)

. Dinas Kehutanan Pasaman (Ministry of Forestimpuk Sikaping, Pasaman)

. Posyandu Pasaman (Community Health Worker Center, Simpang Alahan Mdistsich

. Universitas Andalas, Fakultas kedokteran (Andalas Universit, Faculty of Medicine, Padang)
. Universitas Andalas, Fakultas pertanian (Andalas UntiyeFsiculty of Agriculture, Padang)

. Universitas Andalas, Fakultas biology (Andalas University, Faculty of Biedaigyng)

. IPB Bogor, Fakultas Ekologi Manusia RBersity Faculty of Human Ecology, Bogor)

. IPB Bogor, Fakultas Kehutanan (UrBrersity Faculty of Forestry, Bogor)

. Swisscontact Indonesia (West Sumatra and Jakarta)

. Surfaid NGO (Mentawai)
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Appendix3: Examples abehaviourchangeillustrationsdevelopedor the communities

£ Selada Air aawss

Fig Illustrationdemonstratingthat wild aquatic vegetables are partwéditional rice field
(adapted from the community guideboddy Pawera et al. 20)8

Vitamin A, Vitamin C

Buah segar, berair
Sumber pendapatan

| Bumbu - antioksidan, Sumber pendapatan
N

Durian Kakao Cabali Cabai Kakao Mangga
Langsat

Fig lllustration demanstrating nutritional importance of fruit trees ilmcalcocoa agroforestry
systems (adapted from the comunity guidebookoy Pawera et al. 2018
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Appendix 4Timeline of thestudy activitiesn Indonesia

Year 2018 Jan| Feb | Mar | Apr | May | Jun| Jul | Aug| Sep| Oct | Nov | Dec

Research permits and
preparations in Jakarta
Team meetings and
preparations in Bogor
Team meetings and
preparations in Padang
Main data collection in
Pasaman

Additional fieldwork
(plant speimens)

Initial data analysis and
development of \% \% \% \% \%
community materials
Final academic/policy

Y

workshop in Padang v
Final community
workshops and v

traditional food
competitions in Pasamg

wPreparatiors in Jakarta starts on 1.1.2018 and ends on 31.1.2018

wPreparations in Bogdat IPB Bogomtarts on 1.2.2018 and ends on 26.2. 2018
wPreparations in Padar(@t Andalas Universitygtarts on 27.2.2018 and ends on 17.3.2018
wContinuousikldwork in Pasamanregencystarts on 18.3.2018 and ends on 28.5.2018

wA short additional fieldworkn Pasanan regency to collect missing plant specimens, followed

by theplant identificationat Andalas University iRadangrom 3.7.2018 to 11.7.2018
winitial data analgis anddevelopmentof community materialsvithin AugustDecember 2018

wThe resultssharingacademic/policy workshopt Andalas University iRadang happens on

7.12.2018

wThe closing community workshops and traditional food competitions in Paseegaeny
happens on 9.12.2018 in Mandailing area (Sontang village), and 10.12.2018 in Minangkabau

area (Simpang village).
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Appendixs: List of publicationananuscript@nd conferenceontributionsbased on
the doctoral study

Published research articles

Pawera L. Khomsan A, Zuhud EAM, Hunter D, Ickowitz A, Pole2®2d@ Wild food plants and
trends in their use: From knowledge and perceptions to drivers of change in West Sumatra.
Foods9 (9): 1240.

Borelli T, Hunter D, Powell B, Ulian.T, Mattana E, Termd®awkra L. Beltrame D, Penafiel D,
Tan A, Taylor M, Engels MN2020. Born to eat wild: an integrated conservation approach to

secure wild food plants for food security and nutrition. Ple®¢40): 1299.
Research articles ipreparation

Pawera |.Khomsan AZuhud EAM, Hunter D, Termote C, Polesnyrikingbiodiversiy with
nutrition: New indices for quantifying importance, underutilization and potential of

agrobiodiversity for dietary diversifvlanuscript to Global Food Security/Food security).

Pawera |.Khomsan A, Hunter D, Termote C, Polesnfgrobiodiversity, markets and diets.
Tracing nutrients and food acquisition pathways in rural tropical food environment

(Manuscript to Public Health Nutrition/Food Policy).
Conferences and seminars

Pawera |.Polesy Z, Hunter D, Termote 2020 Dietaly diversity but from what kind of foods?
Incorporating food processing into dietary diversity indicators. Agriculture, Nutrition, and Health
Academy Week, 30.8. 7. 2020, oline (video presentation).

Pawera |. Khansan A, Zuhud EAM, Lipoeto N, PolesnHinter D 2019 Developing new
guantitative indices for assessing the potential of edible species for dietary diversity. Agriculture,

Nutrition and Health Academy Week,-28. 6. 2019, Hyderabad, India (opaésenttion).

Pawera L2018 Linking Ethnolgilogy with Nutrition: Methods, Approaches, and Way Forward.
Workshop on Food, Nutrition, and Ethnobotany, 2P. 2018, Bogor, Indonesia (oral

presentatior).
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Appendix6: Photos from thalata collection

Fig Discusing Minandood plants withfarmers Fig Market observation in Minang area
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easonal calendar Fig Team conducting-¢ell method

ﬁ 2 !
g z 0
7 y 3
< ¥
) ‘

e e 5”5&: {

Fig Minangkabauwomen withfood 5Iants Fig Mandailingpeoplewith food plants

XViii



Appendix7: Photos of thdocalland-uses and landscape

4
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Appendix8: Photos from theraditional food competitions andommunityworkshops

Fig Mandailing traditional foods Fig Minangkabautraditional foods

Fig Mandailing food plants Fig Minangkabaufood plant diversity

Fig Launch of workshop for Mandailings Fig Officer launching widkshop for Minawgs

Fig Minang women withproducedmaterials ~ Fig Mandailing women receing materials
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