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Chapter 1
CHAPTER 1

GENERAL INTRODUCTION
Introduction

Recurring economic and political crises, serioundrenmental problems and widespread insecurity abou
the future in various parts of the world have ilased the gap between the rich and poor betweealsod
within countries (WHO, 2004). Approximately 1.2ltwh rural people live on less than U.S.$ 1 per day
(the universally accepted poverty line). Expenditon food accounts for a much larger proportion of
family income in developing countries than in deypald countries (Caballero, 2005). Globalization of
food markets has resulted in the introduction ossAaroduced, low cost foods to the domestic food
supply of many developing countries. A developiogrry is one that is poor and whose citizens are
mostly agricultural workers but that wants to beeommore advanced socially and economically
(Thesaurus). The World Bank considers all countnigth Gross National Income per capita below
US$11,905 as developing (World Bank, 2009). Manyhafse low cost foods are energy-dense and in
most cases nutrient poor (Gardner and Halweil, P@#iing to malnutrition problems in these cowggri
In addition, agriculture in developing countriescda a number of pressing challenges, including
prolonged droughts, population growth and widespneaverty. World population is projected to grow
from 6.1 billion today to 7.9 billion in 2025 (U.N2000) and most of this population growth will éak
place in cities of developing countries, whose pajon is expected to double to 3.4 billion by 2025
Widespread poverty persists, contributing to seweanutrition and food insecurity. Also alarming is
that an 18% rise in the number of malnourisheddeéil is projected in Africa by 2020 (IFPRI, 2001).
Both poverty and food insecurity are major develeptrproblems for economic development in Kenya
and most other developing countries. About 56% efyans live below the poverty line and about 50%
of the population lacks access to adequate foodK(@004). Moreover, the little food that is avaikls
of poor nutritional value and quality (GoK, 200Zhe country persistently suffers from transitorydan
chronic food insecurity mainly due to drought atwbdls, which lead to crop failures and over-rel@aoa
one staple food, maize. Diets that are heavily dhasecereal grains lack sufficient amounts of etsglen
nutrients such as proteins, minerals (e.g. iron and) and vitamins (Sands et al, 2009). Thus, the
overwhelming reliance on cereal grains intensifregnutrition which is estimated to cause 50% ofcchi
deaths in developing countries (Smith et al, 20@))ch malnutrition prevents much of the world’s
population from reaching their full potential asyan beings; mentally, physically and financially. iU
2000). It also contributes to higher rates of deataused by heart disease, stroke and cancer (Khaw
2001).

It is estimated that 20% of people in developingntdes suffer from chronic undernourishment
(FAO, 1996a) and over 2 billion persons suffer frdeficiencies of micronutrients (Essential dietary

elements that are needed only in very small quasté.g copper, zinc, selenium, iodine, magnesind a
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General introduction
iron) in their diets (Gardner and Halweil, 2000)boAit 250 million preschool children suffer from

vitamin A deficiency. Vitamin A deficiency is thedding cause of preventable blindness in childreh a
deficiency increases the risk of disease and deaith severe infections (Sommer, 2008). This esaknti
vitamin is especially deficient in Africa and Soe#ist Asia. The dietary sources of vitamin A are
preformed vitamin A (commonly found in meats andydaroducts) and provitamin A carotenoids (
carotenegp-carotene ang-cryptoxanthin) found in yellow and orange flesHadts and vegetables, and
in dark-green leafy vegetables (Jaarsveld et &520ited by Sands et al, 2009). The preformedmiiia

A sources are not affordable to the majority ofglediving in developing countries.

The poverty, food insecurity and malnutrition perk facing most developing countries can be
remedied in great measure by increasing the pramuand consumption of traditional leafy vegetables
(TLVs). Commercial production of TLVs can serveaasseful tool for poverty reduction in Sub-Saharan
Africa and Southeast Asia (IPGRI, 2003) and the eyagenerated from the sale of these vegetables cat
be used to attain food security. These vegetalbkeshae most affordable and sustainable dietarycssur
of vitamins, minerals and other bioactive compoufdaditional vegetables might not be indigenoua to
country, but they can be associated with traditipnaduction systems, local knowledge and usuéadiyeh
a long history of local selection and usage (Ke#eral, 2004; IPGRI, 2005). The TLVs have been
reported to be particularly rich in provitamin B-¢arotene) and vitamin C, crude proteins, fibre dred
minerals potassium, phosphorus, calcium, iron and ¢Akindahunsi and Salawu, 2005; Orech et al,
2005). These vegetables also contain phytochemmatt as phenolic compounds (Imungi, 2002)
(including flavonoids) which possess strong antlaxit properties, and isothiocyanates (group of
glucosinolates)(Wattenberg 1977; Cao, et al, 18@hkonen et al, 1999) and have been implicatetien t
prevention and suppression of diseases such agrcarteriosclerosis, aging (Hertog et al, 1992) an
currently the management of human immuno-deficievioys (HIV/AIDS) (Robbins, 2003; Nair et al,
2009). Studies have shown that the best antioxiddfeict from ascorbic acidj-carotene and the
phenolics accrues from eating fruits and vegetahtesnot from the use of dietary supplements (Kolic
et al, 2002).

Communities in developing countries have in thet papended greatly on the large diversity of
traditional crops for food and as a source of tiotri These foods were, however, edged out of many
diets, especially of the urban populations by thieoduction of exotic substitutes. However, due to
spirited campaigns by governmental, non-governnhemganizations and private individuals on the
superiority of traditional foods in terms of nuiit, health and taste, they are slowly creeping baio
diets (Mwangi and Kimathi, 2006). Of the traditibi@ods, leafy vegetables such Asaranthus spp.,
Solanum nigrum, Gynandropsis gynandra, Vigna ungata andCorchorus olitoriushave successfully
been re-introduced into the diets of most of thepbein developing countries of Sub-Saharan Afand
Asia (IPGRI, 2003). In the past, traditional vedpea were available for sale only in the open arkats

and were purchased



Chapter 1
largely by members of lower socio-economic groudsre recently, however, these vegetables have

started to appear in the modern supermarkets amehggrocer stores where families from the higher
socio-economic classes do their shopping, as has sleown in Kenya (Onyango and Imungi, 2007).
This is a sure sign that these vegetables are mgrpart of the diets of those higher socio-economic
classes and can no longer be regarded as beingfanthe poor. In the modern supermarkets, the
vegetables sell competitively along side their exobunterparts like cabbage and spinach (Onyango e
al, 2008). As a consequence, traditional vegetdides started to play an increasingly importang iol
income generation, especially among small womemdes (Ngugi et al, 2006; Onyango and Imungi,
2007). The cash earned contributes significantlgdosehold food security, access to family headite c
and enables women to attain a degree of finanet#gendence within the family budget (IITA, 2003;
Lewis, 1997; IPGRI, 2003). A developmental orgatie@a— Farm Concern International - has been
assisting small scale farmers in East Africa tramsfthemselves from subsistence farmers into Bssine
Support Units that can produce the vegetables staisiable basis and ensure consistency in suppheto
markets (Ngugi et al, 2006). However, very littesearch has been done to authenticate the advice o
how to profitably produce TLVs.

Although traditional leafy vegetables (TLVs) haweeh an integral part of agricultural systems in
Africa, most countries have not given them priority crop development. They have not featured
significantly on the research agenda of eitherllocanternational agricultural organizations, whisave
often tended to focus on research on highly comiaiezed crops. However, producing more of these
commercialized food crops is not a panacea forthmutrition and food problems of Africa (Ngugiadt
2006) and Asia as their nutrient content is lowr@faar and Halweil, 2000). Traditional vegetablegion
other hand offer higher levels of nutrients, arsieaand cheaper to grow (Watt and Merril, 1975) an
possess more familiar tastes to the communitias tinair exotic counterparts (Akindahunsi and Salawu
2005; Orech et al, 2005). Consequently, improvenoériraditional crops such as amaranths through
research and development could produce an easgamtarffective way of eliminating malnutrition and
promoting the people’s health as well as attaifoay security. Opportunities exist in Kenya as vesl|
other developing countries to use traditional leafgetables (TLVs) to expand the local food base,
improve the health of the population, enhance feexlrrity and generate income.

In addition to their high nutritional value, howeyeany traditional African leafy vegetables also
accumulate high levels of anti-nutritional factstgh as oxalates and nitrates. Many plant speaies &
tendency to accumulate nitrate-nitrogen in thegetative parts. This is so especially with the merab
of the Brassicaceae (Cruciferae) and Chenopodizeaiies ( Mengel and Kirkby, 1979; Kunsch et al,
1983; Salisbury and Ross, 1992). Accumulation thites occurs if the rate of nitrate translocafimm
root to shoot is faster than the assimilation itite shoot. While, nitrate itself has not been shadan
produce a carcinogenic effect in humans, nitraséeshe converted to nitrites by bacteria in humastrga

intestinal tract. Nitrites chemically react withceadary amino compounds present in the food toymed
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General introduction
compounds called nitrosamines which have been femedicit carcinogenesis.

Oxalates also occur in plant materials at relagivagh levels, mainly as soluble sodium and
potassium salts or as insoluble calcium oxalataal&@& contents are high in some leafy vegetablels su
asBasella albaand Amaranths (Schmidt et al, 1971; Dhan and 28l1; Gupta et al, 2005). Oxalic acid
contents of <1.5% irBrassica oleraceavar. acephala,2.8% in Ipomea aquaticaForsk, 2.9% in
Amaranthus cruentuand 10.6% irBasella albaon a dry weight basis have been reported by Sdahenid
al (1971). Working withAmaranthus sppRicardo (1993) reported oxalic acid contents mragpdrom 1.1
% to 7.9% dry weight and 1.8mg/100g fresh weiglsidbavere reported by Imungi (1990). Higher levels
of between 8% and 10% dry weight basis have bgeorterl by Radek and Savage (2008) working with
Amaranthus cruentusndAmaranthus viridigespectively. When ingested in the soluble forralic acid
is known to reduce absorption of dietary calciumpbgcipitating calcium as insoluble calcium oxalate
Its presence in large quantities can, thereforeltrés calcium deficiency even when the diet isesthise
sufficient in calcium. This situation is more ardi in infants and children who are experiencingvac
formation of bones and teeth, and in older persdms can suffer calcium resorption from bones legdin
to osteoporosis (Harper et al, 1979).

The levels of nutrients as well as antinutrient$ririts and vegetables is known to be influenced
by factors such as genotype, environmental growimgditions, growth stage and postharvest handling
and storage (Gad et al, 1982; Goldman et al, 1998jticultural practices and harvesting crops at th
optimal stage of maturity are obvious strategiesofetimizing the nutritional quality of plants (Gishan
et al, 1999). In addition, postharvest processihglant tissues has been used to enhance nutiitiona
quality by either the release of nutrients that raterwise be bound by plant tissues or by elinmmabf

toxins and anti-nutrients (Sands et al, 2009).

Preharvest factors affecting yield and quality of egetables

It has been reported that both plant and enviromahdactors affect the yield and nutritional
quality of vegetables. Among the plant factorstical and stage of maturity of the plant play acal
role. Vegetable quality and size can vary betweelividuals in a population and among cultivars ehil
the timing of harvest can have a great impact andghantity and quality of produce. For example,
Bergquist et al (2005) reported high vitamin C emtin ‘baby’ spinach harvested at an earlier stage
a lower yield at harvest. Similarly, small cabbdgads have been shown to be higher in ascorbic acic
concentration than large heads (Weston and Ba®®i7)1 Water availability, and the mineral and oligan
nutrients of the soil have been shown to have nibefiects on the phenolic contents of plants (Biave
Tomas and Espin, 2001). Phenolic compounds areauitibics in plants and are biologically importaniaas
diverse group of secondary chemical metabolitestgbaio et al, 2008). In plants, phenolic compounds
function as physiologically active compounds, aess protecting agents (Feucht et al, 1997), as

pollination attractants or as feeding deterrent$ iangeneral by their significant role in impartiptant
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Chapter 1
resistance to pests (Treutter, 2006). As antioxglgrhenolic compounds act as free radical scavenge

and act to prevent diseases which follow free @ditechanism in humans (Wargovich, 2000; Scalliert e
al, 2005; Janisch et al, 2006; Stevenson and H206(7). The beneficial role that phenolics playaoth
plants and people who consume them has stimulatedest in the regulation of their biosynthesis in
plants, especially the role of the plant’s envir@minin this regulation. The environmental factdratt
impact on accumulation of nutrients/anti-nutriemtglants, thereby influencing nutritional qualay the
vegetables are altitude, soil quality, soil pH asadinity, production practices, insect injury ankr
diseases. These environmental factors influencevétter and nutrient supply to the plant (Goldmaalgt
1999) which in turn influence the yield and qualifythe material produced. These factors also affex
composition and sensory quality (appearance, textaste and aroma) of harvested plant parts (Gaoldm
et al, 1999). For instance intensive cropping, Whitvolves use of high levels of chemical fertiize
while achieving high levels of production, may nyald the most nutritious food, mainly due to the
accumulation of anti-nutrients such as nitrates@malates (Goldman et al, 1999).

Of the many factors that affect yield and nutriqaality of vegetables, nitrogen (N) nutrition and
maturity at harvest have been found to have thatgse influence on yield and the contents of most

nutrients in leafy vegetables (Khader, 2002).

Nitrogen nutrition in plants

Nitrogen (N) has a high influence on plant growtld @evelopment (Yoldas et al, 2008) and is an
essential component of amino acids, proteins, mueeids and many enzymes. It is the key nutrient
which promotes vegetative growth of a plant (Huflaknd Rains, 1978). Adequate levels of soil N can
result in improved quality of vegetables, generdlly allowing for the development of sufficient
photosynthetic surface area in higher plants (Westad Barth, 1997). Plants grown under limited N
levels have diminished photosynthetic capacity itite deficiency is severe enough it leads to eleul
leaf chlorophyll levels resulting in stunted growdimd ultimately leaf chlorosis (Marschner, 1995).
Increased additions of N usually result in an iase#l yield of vegetables (Greenwood et al, 1980;
Szwonek, 1986; Hochmuth et al, 1999). However,dbxifrom excessively high N concentrations is
possible (Lefsrud et al, 2007). As an example, rewgeld depression was reported when cabbage
(Brassica oleraced.. var. Capitatd was grown at elevated N rates (602 mg ™ Huett, 1989). In
addition, the concentration of nitrate-nitrogen l@ttuce and spinach leaves has been shown to be
dependent on the dose of applied nitrogen fertilieer example, a considerable increase of nitretes
lettuce and spinach was observed when N fertiggiication was increased from 260 to 280 kg Nha
(Szwonek, 1986). N fertilizers are also known tor@ase the concentration of nitrates gNi@ leaves of
most plants (Khader, 2002).

N fertilizer has been shown to influence the nuatrigypes and levels in vegetables and fruits

grown at various levels of N. For instance incnegshe amount of N fertilizer from 8 to 120kgha
5



General introduction
decreased the vitamin C content in cauliflower i@uska and Kmiecik, 1996). Similarly, Weston and

Barth (1997) reported that N fertilization increafecarotene in vegetables. Based on these repoiss, it
important to determine the effect of source of Ntloa yield, nutrients/anti-nutrients and phytocheats
in TLVs.

The two main sources of N used in the productiofeafy vegetables are the inorganic chemical
fertilizers and organic fertilizers or manure. Rynpnts of organic agriculture often claim that oigally
produced plant foods promote health of humans ntba® products from conventional production
systems (Brandt and Molgaard, 2001). However, tiotsms have not yet been sufficiently validated. A
major difference between organic and conventioaaining is in the use of fertilizers. Conventional
farming allows the use of synthetic fertilizersvesll as manure, compost, sewerage sludge and sdiier
amendments (Bordeleau et al, 2002). Most certifigghnic farming only allows the use of manure and

compost and other soil additives such as bone udi lmeal.

Maturity at harvest

Maturity is one of the major factors that determittie compositional quality of fruits and
vegetables. Nutrient contents of vegetables differ only between species or cultivars but are also
affected by stage of harvesting (Olsson et al, 20daddition, leaf contents vary during plant \gtb
(Yoo et al, 2003). Bergquist et al, (2007) workimigh ‘baby’ spinach found that the content of viian®
decreased significantly from 2% weeks to 3% wedier planting while the total carotenoid content
significantly increased 3%z weeks after plantingamother study, Giri et al (1984) reported incraasgbe
contents of phosphorus, calcium, magnesium, sodiuon, copper and manganese and decrease ir
potassium with the age of ti@&hekurmeniplant Chekkurmen)s A number of TLVs are consumed at
different stages of maturity (Khader and Rama, 20038 limited information is available on their
nutrient content at these stages. The socio-ecanconditions of households determine the growth
stages at which traditional leafy vegetables aredsted, with low socio-economic groups harvesting
consuming the vegetables at more immature stag@stlie high socio-economic groups. This is because
the poor socio-economic groups depend entirely mmt as a vegetable source and have very few
alternatives if any. The effect of age of plantgtod concentration of various nutrients and physocical
in TLVS consumed in Africa has not been adequatelgstigated.

Postharvest factors affecting quality of fresh vegables

As with the pre-harvest factors, the quality ofquots after harvest is determined by both plant
and environmental factors. Maturity at harvestuefices the vegetable quality and the development of
physical injury arising from handling during harvemnd subsequent sorting, cleaning, packaging,
transportation and storage. Similarly, environmkfatetors such as soil type, temperature and weaihe

harvest can have adverse effects on storage life qarality. Management practices can also affect
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Chapter 1
postharvest quality. For instance, produce thatbessn stressed by too much or too little wateringh

rates of N or has been physically damaged is peatiy susceptible to postharvest diseases (Anderse
1998).

Generally, quality cannot be improved after harveat can only be maintained. Delays between
harvest and consumption or processing of vegetatdesresult in direct losses due to water loss,
respiration and decay, and indirect losses suctih@se of flavor and nutritional quality (Kays, 1991
These losses result in a short shelf-life for valgkets whose market value is mainly determined by th
physical appearance. Shelf life is the recommerioied that products can be stored, during which the
defined quality of a specified proportion of theoge remains acceptable under expected (or spéecified
conditions of distribution, storage and display €&lgy, 1991). For leafy vegetables, shelf lifeharged
by physical appearance, and wilting, discolorabod decay all reduce the shelf life of leafy veblets.
Catabolic processes such as respiration chardatalis happen more quickly at higher temperatures.
Chemical reactions double their rate for each teatpee increase of G because activation energy
barriers become more easily surmounted at higinepeeatures (Kays, 1991). This is the reason sthelf |
for leafy vegetables is generally extended by teatpee control, for example by refrigeration, ireted
shipping containers and a controlled cold chain.

Processing and preparation methods further redioieecomposition, including the nutritional
value of vegetables. For instance, water solubi@mins such as the B and C vitamins leach into the
cooking water at high rates during cooking andthezefore lost if the cooking water is discardedsas
the case with TLVs cooking method. Fat-soluble coumuls such as carotenoids may be stabilized or
made more available by cooking (Parker-Pope, 200B& manner in which the quality of TLVs is

influenced postharvest by these factors has ndbgen adequately documented.

The effects of temperature

Temperature is usually the most important enviramadefactor limiting shelf life of fresh fruits,
vegetables and herbs (Watada and Qi, 1999). Dedéion of fresh commodities can result from
physiological breakdown due to natural ripeningcesses, water loss, temperature injury, physical
damage, or invasion by microorganisms. All of thésetors can interact, and all are influenced by
temperature. Water loss for example from warm peciglis particularly serious under windy conditions
or during transport in an open vehicle (Bartsch ldtide, 1992).

Fresh fruits, vegetables, and flowers are highlyspable because they are alive. They are very
vulnerable to moisture loss which may detract fribreir appearance, saleable weight, and nutritional
quality (Kader, 1992; Wills et al, 1998). Storedml reserves (e.g. starch) are lost via respiratidrich
means less nutritional value and loss of flavordéta 1992). The respiration rates of commodities ar
directly related to product temperature; the highertemperature, the higher the respiration rate.

The respiration rate of a product strongly deteasiits postharvest life. The higher the storage
7



General introduction
temperature the higher will be the respiration &naghspiration rates and the greater the transgel®s

(rotting and wilting) leading to a shorter posttest/life of the vegetables. Zepplin and Elvehjdia4d,
cited by Lee and Khader, 2000) found that leafyetables held at°€ lost 10% of their ascorbic acid
content in 6 days, while those held at room tentpegadost 20% in only 2 days. Losses in vitaminnC i
kale were accelerated at higher temperatures (hedhader, 2000). Therefore temperature managemen
(especially cool storage) seems to be the mostrt@pomeans to extend shelf life and maintain dyali

of fresh fruits and vegetables that are not clylbensitive.

Vegetable amaranth

Amaranth is the collective name for the domestitapecies of the genusmaranthug(family
Amaranthaceag It is one of the oldest food crops in the waklith evidence of cultivation dating back to
over 6000 years in Puebla, Mexico (Iturbide andp@&is 1994). Although virtually unlisted in
agricultural statistics, it may be the most widghgwn crop in the tropics (Daloz, 1980). This islpably
due to the ability of the genus to grow under aewnidnge of climatic conditions coupled with its
competitive ability which permits cultivation witminimum management (Shukla and Singh, 2000;
Erika, 1995; Campbell and Abott, 1982). In additiamaranth grows quickly, requires little inputglan
can be harvested within a short time (4-6 weeler glanting).

Physiological, genetic, and nutritional studiesénasvealed their potential economic value. With
respect to its use in agriculture, its importangses from its high rate of productivity (Ehlering&983)
as a rapidly growing summer crop, the large amoahgsotein in both seed and leaf with high lysities
high overall nutritional value, and the water uffeciency for the G photosynthetic pathway. Amaranths
are important in the culture, diet, and agricult@eonomy of the people of Mexico, Central and &out
America, Africa, and northern India. (McGraw-HilnEyclopedia, 2005). Genetic, ethnobotanical, and
agronomic research needs to be undertaken to geaeb@ranths as an important food plant in modern

agriculture.

Botanical Description of the Amaranths

Amaranthuscollectively known as amaranth or pigweed, is anual plant (seldom perennial)
distributed worldwide in warm, humid regions. Appiately 60 species are recognized (National
Research Council, 1984) with inflorescences an@del ranging from purple and red to gold. Although
several species are often considered weeds, paopled the world value amaranths as leaf vegetables
cereals, and ornamentals (Toll and von Sloten, 198@aranths are botanically distinguished by their
small chaffy flowers, arranged in dense, greeredr monoecious or dioecious inflorescences, with ze
to five perianth segments and two or three styhesstigmata, and by their dry membranous, indehisce

one-seeded fruit (Schippers, 2002).

While grain and vegetable types can be differemtiabften both the grain and leaves are utilized
8



Chapter 1
from any type (Saunders and Becker, 1984; Tuck@86)l The two principal species grown for grain

include Amaranthus cruentuand A. caudatus while the species grown for vegetable are repitese
mainly byA. tricolor, A.dubius, A. lividuandA. hybridus Amaranthus hypochondriacis considered to
be a dual purpose type i.e. can be used for baiin gnd vegetable purposes.

The vegetable types are generally smooth leafeth am indeterminate growth habit, which
produces succulent axillary growth. The floral badse directly in the leafy axils. Grain types @ar
main stem axis that terminates in an apical largadhed inflorescence. While most amaranth specees
used as food cropAmaranthus retroflexuss considered one of the world’s worst weeds (Nwetio
Research Council, 1984).

Nutritional Quality of Vegetable Amaranth

Amaranthusspp. are utilized for food in diverse geographaraas. The consumption of vegetable
amaranth helps balance vitamin and mineral int&eQ, 1988; IPGRI, 2003; Shukla et al, 2005) and
serves as an inexpensive rich source of proteirdatdry fiber (Shukla et al, 2005). In Kenya, Viadpe
amaranth is cooked in unspecified amount of waie7f— 9 minutes followed by discarding the cooking
water and then frying the vegetables in a smalhtjtyaof oil and is eaten as a side dish wuidpali (a
paste made from maize meal) (Imungi and Potter3)198he vegetable is also sometimes cooked in
admixture with beans, maize and bananas and/otopatel mashed to form a heavy mixture referred to
askienyeji(Swahili). The cooked leaves (not mixed with otfeerds) have been reported to contain about
8% protein, 4% carbohydrates and are rich in calciwon and vitamins A and C (Maune al, 1999).
For example, 8mg/100gdw @fcarotene have been reportedAmaranthus gangeticugkahman et al,
1990), 26.8mg/100gdw of total iron and 629mg/100gdwascorbic acid ilmaranthus tricolo(Singh et
al, 2001). In addition to being a significant seiof vitamins and minerals, amaranth also conteub
the intakes of other phytochemicals such as phemolinpounds (Ricardo, 1993; Felician and Harold,
1998; Mposi, 1999; Imungi, 2002). Earlier studies/dn established the abundance of antioxidants in
Amaranthudeaves (Sokkanha and Tiratanakul, 2006; Khandeikal, 2008) and that there was a general
trend towards increased antioxidant activity withreased total phenolic contentAmaranthus tricolor
L (Khandaker et al, 2008). However how the nutniéib quality of amaranth is affected by both

preharvest and postharvest factors is well docuedent

Marketing of vegetable amaranth

Over several years the populations in developingt@es have become more urban and there has
been a striking separation of food production frimmd consumption. Transportation of food away from
its source of production has amplified the rolesnafrketing, intermediary distribution and procegsin
and shelf-life considerations have influenced theiae of varieties grown, thereby leading to reduce

importance of traditional foods (Sands, 2009). knifa, the volume of production of, and the trade in
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General introduction
vegetable amaranth have increased over the lasyéans in response to the growing urban vegetable

demand (Onyango and Imungi, 2007). The need foh@egale market arises naturally as the population
of a town increases and because of its distantitsbccom producing farms (Mnzava, 1997).

Today, vegetable amaranth is found in many supdetgiand green grocers’ stores in the urban
centres of Kenya. More than 90% of the supply efitagetables to these outlets is normally from $arm
that are within the environs of the urban centray@go et al, 2008). TLVs as a whole have an image
problem that does not apply to farm-produced exatigetables as there have been concerns that thes
vegetables are produced using sewage water fgaiion (a practice observed in urban agriculture;
Neven and Reardon, 2004). orderto assess the quality of vegetable amaranth sdloeisupermarkets
there was need to analyze the nutritional qualitythe vegetables supplied to these markets and to
understand both the pre- and post-harvest factas dffect its yield and nutritional quality. This
important if the vegetable is to make a significaoitribution to the nutrition of the people in é&ping
countries and if it is to contribute significanttyfood security and poverty reduction.

A survey carried out on the marketing of amarambwsed that the main constraint to marketing
of vegetable amaranth is that it is highly peridband therefore has low storage capacity in tashfr
form (Maundu et al, 1999; Onyango and Imungi, 200/¢an not withstand high temperatures during
transportation and marketing. Therefore, farmeesfarced to sell soon after harvest. Special pogtsa
treatments are needed to slow deterioration anditaiai freshness. Besides refrigerated storage,
freshness of produce can also be extended by starader modified atmospheres, correct humidity and
good sanitation (Kays, 1991). Low temperature hagdand storage is the most important physical
method of postharvest wastage control, and ther otfe¢hods can be considered as supplemental (Wills
et al, 1981; Kays, 1991). The same problem of gudeterioration and loss of freshness is facethily
consumers who buy more than enough for one dayiswuoption and have to store the surplus. The
options that exist for these consumers are thastafing in a refrigerator (available to only a few
consumers) or storing at ambient temperatures. iy information exists on the effect of low
temperature storage on the shelf life and the trartal quality of vegetable amaranth.

Educating small-scale farmers on the effects oh lpyeharvest and postharvest factors on yield
and quality of vegetable amaranth will lead to mpreduction and use of these vegetables. With this
knowledge, the farmers will learn the benefit ofstainable production practices. They will take
advantage of value-added markets for their prodddtey will produce a year-round supply of safedfoo
that will be more affordable to poor families. Thikreased availability of food, in turn, will lead
improved health and educational opportunities ofili@s living in the rural sectors. The empowered
families can contribute to the development of edaindustries in the rural sector, thus creatingemo
employment opportunities. All these efforts willntobute to the overall goal of poverty reduction.

Objectives of the study
10



Chapter 1
The main aim of this research is to broaden agricall research to encompass human health. Vegetabls

amaranths have been more thoroughly investigataa te grain amaranths. Nevertheless, limited work
has been done on the changes in nutritional qualliyegetable amaranth during growth and postharves
In addition, it is not well known how N fertilizatn from chemical fertilizer and manure affect yiakd
nutritional quality of vegetable amaranth. The ptitd benefits of using vegetable amaranth will het
realized from increased production alone, but fitarcombination with proper storage to curb thedap
postharvest deterioration.

In the search for solutions to the global probleshpoverty, hunger and malnutrition, amaranth isvno
playing an increasingly important role. The resiitsn this study will be used in increasing produat
and consumption of this vegetable in Kenya and rothb-Saharan African countries for improved

nutrition, food security and income generation.

Thesis layout

Chapter 1: This chapter covers the description of the problémesg developing countries and
how African traditional leafy vegetables such asaeanth can play a role in alleviating some of thém.
also describes both the botany and nutritional iguaf vegetable amaranth. Both the preharvest and
postharvest factors affecting quality of leafy viadpes are also discussed. The role of tradititewtly
vegetables in the marketing chains of Kenya are alsmluatedChapter 2. Assesses the types and
guantities of vegetable amaranths sold in superetsu&nd green grocers in the city of Nairobi (Kgnya
as well as the manner in which they are sold irofygrices per unit quantity. It compares amaranth
guantities sold with those of other traditionalffeaegetables. Both the sources of these vegetaids
the distance between the markets and the produsities are reported. The problems experienced thy bo
producers and traders of these vegetables aredalscribed.Chapter 3. In this chapter, the yield
response of vegetable amaranth (Vemaranthus hypochondriacugo diammonium phosphate (DAP)
fertilizer and cattle manure as sources of nitro@énis presented. The effect of different leveldNoon
Kjeldahl nitrogen and nitrate contents is evaluafus chapter tries to assess the relationshiyeest
guantity (yield) and quality (Kjeldahl nitrogen andrates) ofA. hypochondriacuas affected by use of N
from chemical fertilizer DAP and manure. Use of NMem supplied by DAP increases the yield and
Kjeldahl nitrogen content when compared to mankféect of maturity at harvest on both quantity and
guality of the vegetables is also evaluat€tapter 4: In this chapter, dry matter content, ascorbid aci
(vitamin C) andB-carotene (pro-vitamin A) as affected by both N@ypnd maturity at harvest .
hypochondriacuave been evaluated and discussed. The changesisture content, ascorbic acid and
B-carotene of the vegetables in storage, in bothi@mbemperatures and refrigerated storage hawe als
been evaluatedChapter 5. This chapter looks at total phenolics, querceiml oxalate contents .

hypochondriacusluring growth and postharvest. Phenolics havaflang time been considered as anti-
11



General introduction
nutrients but in the recent past, the flavonoidsugrof phenolics in particular has been recognaza

major source of antioxidants. For examples, quirdstsuspected to play a role in the prevention of
cancer, artisclerosis and heart disea€émpter 6. This chapter analyses the profitability of proihgc
vegetable amaranti\fharanthus hypochondriacuas a commercial enterprise. It takes into acctiumt
small-scale farmers’economic model of what theysader as “free” resources. It outlines the différen
gross margins depending on what the farmers consisiéfree” resourcesChapter 7. This chapter

discusses the main results that were found irhalbther chapters.
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Chapter 2
CHAPTER 2

THE PHYSICO-CHEMICAL CHARACTERISTICS AND SOME NUTRI TIONAL VALUES OF
VEGETABLE AMARANTH SOLD IN NAIROBI-KENYA

Abstract
Twenty one major supermarkets and ten independesinggrocers in the city of Nairobi were

surveyed for types of vegetable amaranths soldlaeid post harvest handling. The nutrient compositi

of the vegetables was also analyzed. In additisiormation on three other traditional leafy vegétab
(TLVs) namely, Cleome gynandra, Solanum nigruamd Vigna unguiculatawas obtained. All the
vegetables were sold in bundles of average weigtbkd. The edible fraction per bundle averaged
38.9%. Chemical analyses showed that vegetableamtiiahad a moisture content of 85.5%, therefore a
dry matter content of 14.5%. Expressed on dry matisis, the mean total ash content was 19.2%ecrud
protein content 26.1% and the crude fiber conteff7%. The mean ascorbic acid content was
627mg/100g, zinc content 5.5mg/100g and iron cdnfdmg/100g. The mean nitrate content was
732.5mg/100g, total oxalates 5830mg/100g and selokhlates 3650mg/100g, while the lead content
averaged 1.03mg/100g. The study concludes thatatelgeamaranth has potential as popular vegetable i

the diets of Kenyans to significantly contributgotovision of micronutrients, particularly iron amuhc.

KEYWORDS: Traditional vegetables, marketing, posthavest handling, nutrition, Nairobi-Kenya.

Published as: Onyango, MC, Shibairo, SI, Imungi, dKkd Harbinson, J. The physico-chemical
characteristics and some nutritional values of tedge amaranth sold in Nairobi-Kenya. Ecology of
Food and Nutrition 47:382-398. 2008. The version included in the ghésis been slightly modified to

ensure consistency of style and usage with the ctrapters.

13



Physico-chemical characteristics of vegetable amtra
Introduction

In Kenya, about 200 indigenous plant species aed as leafy vegetables (Maundu et al, 1999).
Of these, only a few have been fully domesticateule more are semi-domesticated and the majority
are collected from the wild. The most commonly eaoned traditional leafy vegetables (TLVs) in Kenya
include theAmaranthusspp (Pig weed),Vigna unguiculata Cowpea leaves)Solanum nigrun{Black
nightshad® Cleome gynandréCat’s whiskers) Cucurbitaspp (Pumpkin leavesand Corchorusspp
(Jute). These vegetables are either purchasedmoe-goown for personal consumption. The vegetables
have been reported to be particularly rich in vitad and iron, two nutrients that are currentlyibegd
to be deficient in the diet of people in many coi@st The vegetables are also rich sources of wit&n
proteins, fibre and the minerals potassium, phogghe@alcium and zinc (Akindahunsi and Salawu, 2005
Orech et al, 2005). In addition to antioxidant mitas, the vegetables also contain high contents of
phytochemicals such as phenolic compounds (inctuflavonoids), which also posses strong antioxidant
properties (the phenolics) and which have beenigatgd in the prevention of aging related diseaseh
as cancer, arteriosclerosis and diabetes (Hertag £092), and in the management of HIV/AIDS.

The marketing and consumption of traditional leaggetables (TLVs) in Kenya has steadily
changed over the past five or so years. The velgstalsed to be sold mainly in informal open air kets
found in most urban centres and were thereforeupred to be consumed mainly by the lower socio-
economic groups. Recently, however, the vegetdides appeared for sale in increasing quantities in
supermarkets, where the middle and higher socio@oa classes do their shopping. In the
supermarkets, the vegetables are sold alongsidteetk@tic counterparts like cabbage and spinackh wi
which they must compete. This increase in the deini@nTLVs has stimulated many people, especially
women, to get involved in the small-scale growingl sselling of these vegetables to improve their
economic status. There exists, therefore, the dppity to use traditional leafy vegetables to fulfi
several goals including: expansion of the localdfdmase, improvement of community health and
nutrition, enhancement of food security and theegation of income and therefore the reduction of
poverty.

Amaranth is one of the vegetables for which condionphas greatly increased in the city of
Nairobi in the recent past (Mwangi and Kimathi, @D0Like other TLVSs, this vegetable used to be sold
only in informal markets, but is now sold in suparkets and green grocers. Nevertheless, the vdgetab
has an image problem as it is sometimes cultivatethe banks of drains carrying sewage and irrijate
with water from these drains. This deters some wmess from purchasing these vegetables. Another
problem is that there are many cultivars and ra€@snaranth in cultivation, and the growers, beeaafs
the small scale of their production, do not knowickhof these has the highest consumer acceptability
Lastly, once harvested the vegetable has a venry shelf-life.

The study of shelf-life is complicated becausebgetable is normally harvested in three forms
i.e leaves, tender young shoots or whole plants likely that these three forms of the vegetabik
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Chapter 2
have different shelf-lives and different posthatvieandling requirements. Finally, limited infornati

exists on the nutritional quality and safety of amlythe traditional vegetables commonly sold and
consumed in Kenya. The safety of the vegetablesesaproblems not commonly encountered in
agriculture because these vegetables are oftenngmovan urban setting. Lack of land for agriculture
close to and within urban areas coupled with desfinrmany urban poor to generate income has resultec
in some vegetables being grown on the banks ohslrdihis results not only in some consumers haaing
negative attitude to the vegetables, but raisesréla¢ risk of contamination by heavy metals and
pathogens. For purposes of health and nutritiolaaining therefore, it is important to gain knowledmn
the quality and safety of these commonly consurneds.

It was the objective of this study to determine fle¥centage of amaranth, and its physico-
chemical and nutritional characteristics in relatio the main types of TLVs sold in the supermaslestd

green grocers in Nairobi.

Materials and Methods

Using a structured, previously tested questionnairsurvey was carried out in 21 supermarkets
(10 of the ‘Nakumatt’ chain and 11 of the ‘Uchuraiiain) and 10 independent green grocers’ stores in
Nairobi, Kenya. The survey determined the typeslofs sold, the manner in which they were sold, ithei
shelf life in the store, the unit cost per types thstance from supplier, and the problems encoedtie
marketing the vegetables, then the types of amararihe market and the most popular type.

In addition, samples consisting of six bundlesaifrevegetable on sale at 10 of the stores (three of
the ‘Nakumatt’ chain, four of the ‘Uchumi’ chain drthree independent green grocers) were taken.
Samples from each supermarket or green grocer ezendined to form a batch. The samples were then
placed in cool-boxes (at approximately 4@ and transported to the laboratories of the Diapemt of
Food Science, Nutrition and Technology, University Nairobi within two hours and prepared for
analysis. The vegetables were analyzed for thealleegroportion and the nutritional quality of this

fraction.
Preparation of the vegetables for analysis

The edible fraction of each batch was quantitayivedparated from the hard stalks and other inedible

parts. Each fraction was thoroughly mixed, and themnples were taken for analysis.
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Physico-chemical characteristics of vegetable amtra
Analytical methods

Moisture content was determined by drying to camtstaeight at 68C in a thermostatically
controlled air-oven.

Crude protein was determined as total nitrogenhieysemi-microKjeldahl method. The percent nitrogen
was multiplied by an empirical factor of 6.25 tonwert it to percent protein (AOAC, 1999). Cruderdéib
and total ash contents were determined by AOAC au=tf{AOAC, 1999).

Reduced ascorbic acid was determined by grindigg&mple mixed with 5g acid-washed sand in
a mortar and pestle with 100ml of 10% trichloroaxeicid until the mixture was homogenous. The
homogenate was promptly titrated with a standahdtism of 2,6-dichlorophenolindophenol dye solution
(Tomohiro, 1990) and a standard solution preparenh fpure ascorbic acid and titrated with the same
standard dye solution was used to calibrate thayeBse ascorbic acid content was calculated aseng p
100g dry matter.

The contents of iron, zinc and lead were analyredllithe samples using an atomic absorption
spectrophotometer (AAS) (Unicam 939/959, Pye-Unic&@ambridge, UK) equipped with an air-
acetylene flame and a hollow cathode la@upd using lamps specific for each elemente device was
operated under standard conditions using wavelsrayill slit-widths specified for each element (AOAC,
1999). For analysis, 1g of dried and finely growsainple was accurately weighed and incinerated to
constant weight. The ash was extracted with 10nHi@fwater (1:1) and the extract was quantitatively
transferred to 50ml volumetric flask and made upht® mark. Appropriate dilutions were made and the
elements analyzed against their standards.

For determination of total oxalate, the sample extsacted with 30ml 1M HCI, while for soluble
oxalate the sample was extracted with 30ml distilater, by shaking in a water bath at AD@r 30min
in each case. This was followed by precipitatiothvealcium chloride. The suspension was centrifuaged
800g and the supernatant discarded. After washiigetwith 2ml 0.35M NHOH, the pellet was
dissolved in 0.5M KSO,. The solution was titrated with standard solutiér).1M KMnO, at 60C to a
faint violet color that was stable for at leastsEsonds (AOAC, 1999).

For determination of nitrates, the samples weraimploto pass through a 600um sieve then re-
dried in an air oven at 70 overnight. Then 0.1g was weighed and suspend&@rin distilled water. The
suspension was incubated af@Sor 1 hour to allow complete leaching of the atiér and then filtered
through Whatman No. 41 filter paper. The filtratasmused for analysis of nitrate-N by the method of
Cataldo et al (1975)

Data analysis
Descriptive statistics were determined using MSdExdsing the pivot table, depending on the

type of data, means, standard deviations and/quémcies were computed.
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Results and Discussion

Physical characteristics of the vegetables

The survey data are shown in Table 2.1. The distdram the site of cultivation to the shop
ranged from 21.9 km foAmaranthusspp to 38.5 km forCleome gynandrarlhe distance from source is
very important in vegetable production and marlkgtsecause the longer the transport time the greatel
will be the degree of product deterioration duesenescence and dehydration. Important factors
influencing product deterioration per unit distartcaveled are the method of transportation and the

condition of the infrastructure.

TABLE 2.1: The types and characteristics of traditonal leafy vegetable sold in supermarkets and
groceries in Nairobi*

Distance No.of Weight of Edible Price per Bundles Bundles
from bundles bundle portion of bundle purchased by spoilt per
supply received (kg) bundle (KSh) customers  day (%)
(km) per day (%) 1-2 >2
Amaranthus 21.9+8.1 75.2+58 0.50+0.1 38.921.7 13.9®.2 11 20 5.53.2
spp*
Solanum 31.4433.5 88.9488 0.47€8.1 49.3+54 14445 5 26 3.52.9
nigrum
Cleome 38.54#64.4 46.3433 0.42€9.2 40.5®0.3 14.6+1.9 9 20 3.12.6
gynandra
Vigna 33.9#20.8 71.2#45 0.65+0.2 41.145.2 14.6¥1.8 9 20 4.28.7
unguiculata

* In the case of Amaranthus, several species an@mgand soldA. cruentus and A. hybridysno
distinction is made between these species by geureretailers.'Mean +SD (N= 31) 1 US $ = KSh.
70.00

The average number of bundles received by each ptarday was highest f&olanum nigrunat
88.9, followed byAmaranthusat 75.2 and lowest faZleome gynandrat 46.3. The weight of bundle was
highest forVigna unguiculataat 0.65 kg and lowest fo€leome gynandrat 0.42 kg, while that of
amaranth was 0.5 kg. The percent edible portiorbpadle varied between 38.9% fdmaranthuspp to
49.3% for Solanum nigrum The price per bundle averaged KSh. 14.50 (abot WSD) in the
supermarkets/green grocers. The supermarkets aed grocers were buying from the farmer/traders at
KSh. 10.00 (about 0.14USD) per bundle. This theeefmanslates to gross earnings of KSh. 752.00
(10.70 USD) per delivery of vegetable amaranth lagiiveen KSh. 463.00 (6.6USD) and KSh. 889.00

(12.70USD) per delivery depending on the vegetaygbe for the three vegetableSolanum nigrum,
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Physico-chemical characteristics of vegetable amtra
Cleome gynandrandVigna unguiculataAt Ksh. 13.90 per bunch at the supermark&tearanthusspp

were the cheapedtinally, the number of bundles that spoiled perwas highest foAmaranthusspp. at
5.5% and lowest fo€leome gynandrat 3.1%. It appears there was correlation betwieemumber of
bundles spoiling and the size of leaves of the tadajes. Amaranthus has the biggest leaves while
Gynandropsis gynandraas the smallest leaves when compared to the wdigetables used in this study.
The number of bundles spoiling increased with iaseein leaf size. The harvested products rapidig lo
water from their surfaces through transpiratiordieg to wilting and hence loss of consumer appeal.
Moisture loss occurs rapidly in warm, dry enviromtseand is affected by commodity characteristics
such as surface area to volume ratio (Eskin andnRob, 2000). This could have been the case for
amaranth leaves, leading to the high losses expatieduring marketing.

Amaranthusspp and Solanum nigrumwere sold in all the 31 stores studied whléeome
gynandraandVigna unguiculatavere sold in 94% of the sales outlets. Of all titaglitional vegetables
sold, consumers indicated a preferenceMimaranthuspp with most of them likening it to spinach. The
other vegetables were less attractive tharAtharanthuspp because consumers indicated that they have
a bitter taste. Only two species of amara#timaranthus hybriduand Amaranthus cruentugere sold.
Amaranthus hybridugreferred to locally akienyeji; also asAmaranthus hybridus hypochondriacus
(AVRDC Tanzania) was sold in all the stores, wiitearanthus cruentu@vhich is referred to locally as
agriculture because it is widely believed to be an agricultprianproved variety) was sold in 19 of the
stores. The taxanomic statusAfhypochondriacuandA. hybridusis unclear a®\. hypochondriacuss
sometimes classified as a sub speciea.dfybridus(i.e A. hybridushypochondriacus(Asian Vegetable
Research and Development Centre (AVRDC)TanzaniarsoRal communication). There was a definite
preference by the customers famaranthus hybridusompared téAmaranthus cruentusvhich probably
explains why the type was the most popular withstioees. The major reason for the preference doyen
almost all the supermarkets and green grocers wenlvevas that because its broad leaves gave it ¢
succulent appearanc&maranthus cruentusvas perceived by the customers to be grown usrag d
water heavily contaminated with sewage and hence mea fit for human consumption. If consumer
education to dispel this misconception is carriet] consumption of the vegetable should increase.

The results indicate that in 20 out of the 31 dstleustomers purchased two or more bundles of
amaranth (Table 2.1). Those who purchased one éuridbne type of vegetable indicated that they
mixed the amaranth with other vegetables in cookingeduce the pungency of vegetables {lteome
gynandraandSolanum nigrumTwo bundles of amaranth represent 0.4 kg of edlaiction.

The vegetables were supplied directly by the grew@ 28 outlets with some of the green grocers
also growing their own vegetables, which they sepm@nted with those of other growers. The remaining
outlets were supplied with the vegetables by middle. The main mode of transportation of the
vegetables by the suppliers to the stores wasreithe lorry or pickup truck. For transportatiohet
vegetables were either packaged in crates or jasked in the trucks and covered. The vegetables we
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received at all the sales outlets between 8h000@00ON arrival, the vegetables were preserved tineei

holding them in a cold room (6-&) or by holding them at ambient temperatures bitit weriodic
sprinkling with cold tap water. It was reportedthg stores that the vegetables could remain onfesai2
days, although most of the supermarkets sold thetables only on the day of delivery. Of the 3Yestp
only 5 reported selling all the vegetables theyneed. Others sold proportions ranging between a#4éb
97% of the vegetables received based on the nuofibemdles reported as spoilt (Table 2.1).

For vending, the vegetables within each type wese in bundles of similar average size. No
formal packaging was used. The bundled vegetab&e displayed by placing them in a trough which
was nearly always at room temperature - betwe€eiClghd 24°C at the time of survey. Only 1 out of the
31 stores surveyed displayed the vegetables at’6-\/ilting was the major cause of quality loss fud t
vegetables. Substantial losses also occurred thrgpdlage of material onto the ground. It has been
reported that leafy vegetables are easily presebyedtoring them at temperatures close to 0 °C in
packages which are impermeable to the diffusionvafer vapor (e.g. polypropylene film) and which
create a low ghigh CQ atmosphere (Favell, 1998). Packaging also helgsitalown on losses through
spillage.

The main constraint to increased production of Tis/the absence of any appropriate postharvest
management to maintain quality. In the absencehigf they are highly perishable (as are most leafy
vegetables in these circumstances) with a postbaii¥e of 1-2 days, which forces farmers to sk t
product in local markets soon after harvest (Mauetal, 1999). This requirement coupled with a poor
road network limits the distance from the poinsafe within which the vegetables can be grown tiAdl
supermarkets covered in this study strove to dielha vegetables within the day of delivery as telvar
remained at the end of that day had to be discdrdeduse it had already lost consumer appealsaofos
outward appearance may also be paralleled by aoossitritional quality, especially if yellowing ba
begun. Some groceries, however, especially thoerefrigeration, could keep their TLVs for up tea
days before they needed to be discarded due tatyglads. Also unlike the supermarkets, most of the
groceries are not much worried if their vegetalbbe& somewhat wilted because of the type of cliente
that they target. Their main target customers heeniedium to low income groups, who are not very
particular about freshness of the vegetables. Sbest the farmers need to deliver fresh harvesty e
each morning to the supermarkets and every othetodéhe green grocers. This is both expensivéher
small scale farmers and limits the distance ovdckvthe vegetables can be marketed.

The farmers as well as the traders require simpdgharvest treatments to help slow deterioration
and maintain freshness. These technologies wif hetluce the cost of delivery to the outlets far th
farmers and allow the outlets to sell for longeriqus of time. They will also benefit the consumetso
buy more than their needs for one day and do nat hefrigeration to store the surplus. In additigood
sanitation in post harvest handling is importanprievent microbial contamination, which can acceker

quality deterioration of vegetables, especiallythe humid tropical climates where the conditions fo
19



Physico-chemical characteristics of vegetable amtra
growth of spoilage organisms are always favorabbev temperature handling and storage is, however,

the most effective physical method of slowing pastlst deterioration of vegetables and other mathod
can be considered as supplemental (Wills et al1;1k8ys, 1991).

Chemical composition

The chemical composition of the raw vegetable anthrat the point of sale is shown in Table
2.2, the results are expressed on dry weight b&bis.results show that the vegetables had a meistur
content of 85%, representing a dry matter contétt&o. The protein content ranged between 24.7% ana
27.3%, the crude fiber content varied from 13.9%d%505% and the total ash content ranged betweern
18.6% and 20.9%. The results also indicate vitathmith levels of up to 627 mg/100 g, iron conteoits
18 mg/100 g and zinc contents of 5.5 mg/100 g. @hadues are within the ranges reported previously
(Dhan and Pal, 1991; Mwajumwa et al, 1991; Rical®93; Mathooko and Imungi, 1994; Murage et al,
1996) for raw amaranth leaves. Vegetable amaraarihttrerefore contribute substantially to proteleg t
(specific) minerals, vitamin C and crude fiber kadrom diets.

The levels of protein, ascorbic acid, iron and zane reduced in the cooked, drained vegetables
(the form in which they are eaten) due to leactuhthe nutrients into the cooking water. For exasnpl
Mathooko and Imungi (1994) have reported a los8@%o ascorbic acid in cooked drained amaranth
while Imungi and Potter (1983) reported lossesbaiud 12% of the protein, an apparent increase ofitab
13% for iron, a loss of less than 1% for zinc anldss of about 30% for lead in cooked and drained
cowpea leaves. The dietary intakes of these nusri@ill therefore be lower by similar proportiomsthe
cooked vegetables compared to the uncooked formadit person in Kenya will consume about 200g
of cooked amaranth vegetables per day, which corathout 7.6g protein, 5.2mg iron, 1.6mg zinc and
182mg vitamin C, assuming similar changes in thigient contents during cooking to those shown by
cowpea.

It has been reported that Kenya’'s main nutritiggrablems include protein deficiency affecting a
large proportion of the poor urban and rural popoie. Iron deficiency induced anemia has also been
reported to be prevalent among the general popualagispecially among children under five yearsgef a
and pregnant women (WHO, 2000).

TABLE 2.2: Proximate chemical composition, ascorbic acid, iroand zinc contents of raw
vegetable amaranth leaves

Source Moisture Dry Crude Crude Total Ascorbic Iron Zinc
content matter protein fibre (%) ash acid (mg/100g) (mg/100g)
(%) (%) (Nx6.25) (%) (mg/100)

Uchumi 85.2+1.4 14.84.4 27.3+0.7 15.5+0.6 18.6#4 444944 16+3 5.6+0.8
Nakumat 86.790.9 13.30.9 24.7+1.1 13.940.5 19.14 500+119 16+3 4.9+0.34
Others 83.56.9 16.50.9 26.4+2.6 15+2.8 20.98 627.6426 24+2 6.3+0.6
Mean 85.5#1.6 1454.6 26.1+1.7 14.7+1.3 19.22 503.5#418 1848 5.5+0.8

"Mean +SD (N= 6) All values are expressed on dry mattsib
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Considering even just these two headline, nutrdiignrelated problems, the consumption of

vegetable amaranth in diets would be expected tdribote to partly alleviating these problems. If
similar changes in the nutrient contents of theramia vegetables as reported for other leafy véigta
are assumed, consumption of equivalent of 200ghfreeight of vegetable daily will contribute 14%dan
17% of the Recommended Dietary Allowances (RDApmitein for male and female adults respectively,
32.8% RDA of iron for both male and female adulibese vegetables will contribute 8% RDA for
protein and 9.8% RDA for iron in the case of lacigtand pregnant mothers. The vegetables would alsc
contribute 11% RDA for zinc in adult males and fé&asawhich will be 8% RDA for pregnant women
and 6.4% RDA for lactating mothers.

Though amaranth is a valuable source of nutrighesconsumption of this vegetable (along with
other TLVS) may pose some health risks due to ttwuraulation of anti-nutritional factors such as
nitrates and oxalates, and possible contaminatibim toxic materials such as lead as a result ofr poo
cultivation practices and/or pollution. The levefsnitrates, oxalates and lead in the vegetableramiia
samples are presented in Table 2.3. Values aressgul on dry matter basis.

As Table 2.3 shows, the nitrate contents rangedidsst 505 mg/100 g and 1056 mg/100g; this
translates to about 73.2 mg to 153.1 mg/100 g fresight. These levels are much lower than those
reported by (Kariuki, 1998) foAmaranthus hypochondriacu€onsidering consumption of about 200 g
per day of vegetable by adults, therefore, theydatbke of nitrates will be less than 146 — 306. ifige
maximum safe daily intake of nitrate recommended\HyO for adults is 220 mg which is equivalent to

consumption of 208 g of fresh vegetable.

TABLE 2.3: Levels of Nitrates, Oxalates and lead iriresh vegetable amaranth leavés

Source Nitrates (mg) Total oxalatesSoluble Pb (mg)
(mg) oxalates (mg)

Uchumi 1056+105 4860+0.5 2840+40.5 0.986.3

Nakumatt 505490 6450+10.4 3960+0.5 0.850.5

Others 540445 6550+0.5 4200+0.5 1.500.6

General mean 733307 5830+0.9 3560+0.8 1.036.5

"Mean +SD (N= 6) All values are expressed on dry weigigi®

Nitrates are water soluble and therefore some tbssigh leaching is possible in cooked
vegetables if the cooking water is discarded (Ricat993). Abo Baket al (1986) reported that 16% of
the nitrate was lost from peas, 34% from beans, 548 carrots and 34% from spinach (most
comparable to amaranth) when these vegetables bedlerl for unspecified times in water (vegetable:
water = 1:2). This method of preparation leadso&s lof most kinds of water soluble nutrients toywvay
extents during cooking (Imungi and Potter, 1983)e Tooking method described is comparable to the

traditional method used in many Kenyan. If aboui3df the nitrate is lost during cooking (assuming
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amaranth behaves like spinach) then the safe foniemaranth consumption increases to 3149 fresh

weight equivalent of cooked vegetable for a persio60 kg body weight (Mohri, 1993), which is much
higher than the common daily consumption.

Nitrate levels normally found in vegetable amarardio not present a serious health problem to
reasonably healthy individuals if consumption doesexceed 100g of leaf per day (FAO, 1988), 50% of
the typical daily intake of amaranth. Our calcwas indicate that this limit may be excessively
conservative. Most researchers have concluded ttteae is no danger of the daily nitrate intake
exceeding the recommended daily allowance as dt ielsaonsuming amaranth considering the nitrate
levels found in the vegetable and the daily congionf the cooked vegetables.

The total oxalate content of amaranth was foundatege between 4900 mg/100 g and 6600
mg/100 g. The soluble oxalate values were betwe£® 2ng/100 g and 4200 mg/100 g (Table 2.3).
These levels are similar to those obtained by (Mzid999) working witlAmaranthus hybridug Dar-
es-Salaam, Tanzania, but are much lower than thegerted by (Kariuki, 1998) imMmaranthus
hypochondriacusOxalic acid is a major anti-nutritional factor ah is widely distributed in plant foods
(Gupta et al, 2005). It is known to interfere withlcium absorption by forming insoluble salts of
calcium. Unacceptable levels to humans have beggested to be 2 to 5 g of oxalic acid per day for
populations consuming low levels of calcium (Ricard993). The levels of free oxalates found in the
vegetables do not constitute a serious health daparreasonably healthy individuals if consumption
does not exceed a maximum of 200g of fresh leafdagr equivalent to 29g dry weight (FAO, 1988);
which is below the amount required to cause hgathblems. Further, it is expected that if the mdthd
cooking involves discarding of cooking water, tbedls of free oxalates and therefore the levelotal
oxalates in the vegetables as consumed will betauodtaly reduced.

As Table 2.3 shows, the levels of lead in the vagles ranged between 0.98mg and 1.5mg per
100 g dry wt. This translates to consumption ofdMeetn 0.15mg — 0.23mg for every 100g of fresh leaf.
Accumulation of heavy metals differ according tarmil species (Hooda et al, 1997), the age of thd,pla
the environmental conditions in which the plangiswn and the part of the plant analyzed (Isabdl an
Concepcion, 1997), and the soil mobility of thetjgatar metal ions involved. As lead is relatively
immobile in the soil (http://www.atsdr.cdc.gov/torfiles/tp13-c6.pdf) leafy crops are most suscdgtib
to contamination from atmospheric deposition ofdl&m industrial and automotive sources. The US
Food and Drug Administration Advisory Panel suggistt no more than 1mg of lead per day be
consumed from food (Gordon and Wayne, 1993). Itbheen assumed that under normal circumstances
the amounts of cooked vegetables consumed by thdils rarely exceed 100g of fresh weight per day
(FAO, 1988). In Kenya a daily consumption of 208griore common (personal observation). This will
mean that a person will consume between 0.3mg d&mddof lead for every 200g of vegetable amaranth
consumed. This is below the lead limit of 1 mg thas been (Gordon and Wayne, 1993). Moreover, if
the cooking water is discarded, this amount is ledey leaching into the cooking water. Imungi and
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Potter (1983) have reported loss of up to 30% tkathg cooking of cowpea leaves by boiling in water

Assuming this type of loss in cooking, 200g of tlegetables would then contain between 0.2 — 0.35mqg
of lead. Therefore, the levels taken in with theksal vegetables would not be high enough to warrant
public health concern. Lead is a naturally occgrefement found in the earth’s crust and normaliynfl

at only low levels in plant-based food stuffs uslélsey are grown in sewerage or industrial efflaent
(David and Craig, 1994). The majority of dietargderesults from environmental pollution due to axdta
gases from automobiles (especially if vegetablesgaown near roads) and from processing equipment
and storage containers fabricated using lead auntaimaterials such as solder (Pyke, 1981; Davitl an
Craig, 1994).

In conclusion, the study showed that producticaderand consumption of vegetable amaranth in
Nairobi is on the increase. Fresh cut amaranthtabtgs are currently selling competitively with ithe
exotic counterparts in the modern supermarketsganceries. The most popular type of amaranth among
consumers in Nairobi i&imaranthus hybridusThe study also showed that the vegetable amaraagh h
high levels of protein, vitamin C and the minerasn and zinc that could help in overcoming
micronutrient malnutrition at a negligible cost fdeveloping countries. They also had high fibertenh
and hence would serve as a natural source of fibee. levels of nitrates, oxalates and lead in the
vegetables are not high enough to cause publictheahcern. Trade in fresh cut amaranth vegetable i
however, limited by its short shelf life. It is tieéore recommended that simple and affordable post

harvest handling practices that extend shelf henefor limited periods are developed.
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CHAPTER 3
THE INFLUENCE OF ORGANIC AND MINERAL FERTILIZATION  ON LEAF NITROGEN,
NITRATE ACCUMULATION AND YIELD OF VEGETABLE AMARANT H

(Amaranthus hypochondriacus)

Abstract

The influence of manure and diammonium phospha#®P{Dmineral fertilizer on germination,
leaf nitrogen content, nitrate accumulation and ldyieof vegetable amaranth Aharanthus
hypochondriacuswas investigated. Field trials were set up atWinéversity of Nairobi Field Station at
the Upper Kabete Campus, Kenya during the longsraffiMarch — May in 2007 and 2008. Trials were
laid out as complete randomized block design wdtlr ffertilization treatments: 20, 40, and 60kg N ha
supplied by DAP (18:46:0), 40kg N fhaupplied by cattle manure and an unfertilized mdntariant.
The vegetables were harvested at three maturigest®, 7 and 8 weeks after planting. Results atdat
that there were significant differences betweeratinents in germination percentage, leaf nitrogen
content, nitrate accumulation and vegetable yiBldnts that received manure had a higher germimatio
percentage than those that received the same armbthsupplied by the chemical fertilizer DAP. The
yields generally increased from week 6 to weekt& highest yield was recorded in plots receivinggiO
N ha' from DAP at 8 weeks after planting. Plots that aveupplied with manure recorded the lowest
yield when compared to the fertilizer treated platsall rates. Leaf nitrogen content increased with
increasing rate of N but only when N was suppligdD&\P fertilizer. The leaf nitrogen content decres
with increasing age of the plants. The leaf nit@iatent increased with increase in DAP applicataie
but decreased with increase in maturity. Resultbcate that manure application produced quality
vegetables in terms of low nitrate levels, but ledtfogen and vegetable yields were low. DAP

application effected higher yields, but the vegleslhad high though acceptable nitrate levels.

KEYWORDS: Amaranth, Manure, diammonium phosphate, yield, nitogen, Nitrate

Submitted as: Cecilia M. Onyango, Jeremy Harbingasper K. ImungiSolomon S. Shibairo and Olaf
van Kooten. The influence of organic and mineratilfeation on germination, leaf nitrogen, nitrate

accumulation and yield of vegetable amaraAtméranthus hypochondriacus
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Introduction

The success in cultivation of amaran®. (hybridus, A. hypochondriacus, A. rividis and A.
cruentu$ can be attributed to its genetic and physiolddileibility, which allows for adaptation to a
wide range of environments, while individual gerpey tolerate a broad range of climatic conditidns.
addition, their competitive ability permits cultivan with the minimum of management (Campbell and
Abbot, 1982). Like other traditional African leaffegetables, amaranths grow quickly and thus can be
harvested relatively soon after sowing (6 - 8 we¢ksiweya and Eyzaguirre, 1999). They are one ®f th
most important traditional vegetables in many depelg countries, grown mainly for home consumption
and to a lesser extent for retail sale (Chweya Byzhguirre, 1999; Rajabu et al, 2000). Unlike other
traditional vegetables, both the leaves and gm@fimenaranths are consumed.

The nutritional quality of amaranth combined wits environmental tolerance and flexibility
makes it a suitable crop for improving food segqurénd reducing micronutrient malnutrition in
developing countries. Together with some othergedous vegetables it is therefore important in the
strategies for improving livelihoods of many peojethe rural and peri-urban areas of developing
countries. In Kenya, for example, where these \ailes are widely grown for subsistence, they also
offer a significant opportunity for poor householdsgenerate income through commercial production
now that urban dwellers of all cadres increasirappreciate the value of traditional food cropshaiit
diet (Onyango et al, 2008). However it is cleart tie@ growth environment of amaranth, as with other
leafy vegetable crops, can have a major impacbnlyt on the productivity of the crop but its nutrital
value. In this respect the mineral nutrient sugpplthe crop is of particular importance.

Vegetable yields can be increased with properlitaation with nitrogen (N) and other mineral
nutrients (Turan and Sevimli, 2005) and severatflisgihave investigated the influence of fertiliaati
with nitrogen on yield and some quality aspects/@jetables (Sorensen et al, 1995; Elia et al, 1998;
Custi, et al, 2000). The nitrogen status of leaves isngportant determinant of their photosynthetic
capacity and therefore their productivity; nitrogera basic component of proteins, and the praiaih
rubisco content of leaves is strongly correlatethwiie maximum photosynthetic capacity of the lsave
(Evans, 1996). Consequently, it is expected thaelafertilised leafy vegetable crop will be bothlogh
productivity and be more nutritious because of itteeased leaf protein content (Suresh et al, 1996)
This simple model is complicated, however, by timitd capacity of leaves to convert inorganic N to
protein and plants supplied with an excess of teithh accumulate nitrate in their vacuoles (Martnet
al 1981). So though increasing soil N leads toaased yields and the total N content (as protdithe
crop (Evans, 1996), it comes with the penalty @f tisk of unacceptable nitrate concentrations and d
matter content may also decrease (Guttormsen, 1986%ibly being due to an increase in succulence
(Singh and Whitehead, 1996).

If consumed, nitrate can have toxic effects by main routes. First, nitrate is reduced to nitmte i

the saliva and the gastrointestinal tract anddaisthen be re-oxidized to nitrate by oxyhemoglobithe
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bloodstream with the formation of methemoglobinwihich the central iron of the haem group is'Fe

(Kosaka et al 1979). Unlike hemoglobin, methemoglaas no ability to bind oxygen (Santamaria,
2006) so the capacity of the blood to deliver oxyge the body tissues is impaired (Hill, 1999). &'hi
condition is referred to as methemoglobinemia anahore serious with infants than with grown chiidre
or adults. Second, nitrites react with secondarynancompounds commonly present in diets to form
nitrosamines, which have been implicated in cagemesis (Hanssen and Marsden, 1987; Wogan, 1976)
The nitrate content of vegetables is therefore tardenant of their quality and there are recommende
limits for the nitrate content of vegetables (Fd®ndards Agency, 2001). So though amaranth car
constitute a valuable source of micronutrientsigtg] its excessive consumption may pose somehhealt
risk due to excessive intake of nitrates, espgciahere nitrogen fertilization is poorly controlled is
possible however that as they are fast growinggesiting a high photosynthetic activity, amarantiis w
be less vulnerable to excessive nitrate accumuldtian other plants. However there have been few
studies reported on the effects of organic and ralirfertilizers on the yield and quality of fastogring
leafy vegetables such as amaranth (Gontcharenkd, €@stié, et al, 2003).

Studies of the impact of diverse fertiliser reginaes especially relevant to agriculture practiced
by the poor in developing countries where fertiii@a of crops is likely to be less organized andreno
improvised in terms of the timing of applicationsdathe type of fertilizer used. Small scale farmars
developing countries can ill afford chemical fergks so they often either use manure or no feation.
Manure is cheap because it is a by-product of tieel searing of cattle, especially in Kenya whemo ze
grazing of dairy cattle is widely practiced. Someds the vegetables are planted in old and abandone
cattle sheds. Few studies, however, have beeredantit to simulate these methods of productiono Als
information on the effect of mineral fertilizer amdttle manure on the yield and quality of vegedabl
amaranth is very scanty. Turan and Sevimli (2006)kimg with cabbage found that fertilizer type and
dose significantly influenced the weight and miheantent of the cabbage heads. Increasing thé ¢téve
nitrate nutrition stimulated dry matter productiahen 400, 200, 100 kg N fhaf chemical fertilizers
and farmyard manure were used, plant yields wef,661%, 49% and 44% higher than without
fertilization. The nitrate contents of plants alsareased with the increasing N application, buyth
found that the foliar nitrate content was lower wrtee plants were fertilized with manure than with
mineral fertilizer. A possible problem with the usfemanure as a fertilizer for fast growing plasteh as
amaranth is that during the short growth periodfingent mineralization of manure might take plaoe
noticeably improve growth.

This study was therefore designed to evaluaterttheéence of manure and mineral fertilization on
germination, yield, Kjeldahl nitrogen and nitratecamulation inAmaranthus hypocondriacu3.he
taxonomy ofA. hypochondriacuss not fully resolved; it is often classed as bspecies ofA. hybridus
(i.e A. hybridus hypochondriacudut here we will use the nanfe hypochondriacugor the sake of
brevity.
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Materials and Methods

Amaranth seeds were obtained from Asian VegetaBlesearch and Development Centre
(AVRDC) Tanzania. The vegetables were producedald ftrials, set up in the University of Nairobi
Field Station at the Upper Kabete Campus duringdhg rains period between March and May in 2007
and 2008. Kabete is situated about 15 km to thet\0eblairobi city and lies at Latitude®15S and
Longitude 36 44'E, and at altitude 1930 m above sea level (Sombeded, 1982). It has a bimodal
distribution of rainfall, with long rains from egrMarch to late May and the short rains from Octdoe
December (Taylor and Lawes, 1971). The mean antamperature is P&. The soil in Kabete is
characterized as a deep, well drained, dark redutieivn to dark brown, friable clay (Mburu, 1996 her
land used for the plots had not received any feetilduring the previous year, but pigeon p€ajanus
cajan), followed by chickpea(icer arietinun) and then grass for hay had been grown on the.plot

The seeds were sown in a seedbed fertilized wiklleemanure or diammonium phosphate (DAP;
18:46:0) fertilizer. In 2007, planting was donetbe 11" April while in 2008, planting was done on the
6™ of March. The differences in planting days were tuthe different times the long rains seasoriestar
in the two years. The trials were laid out in a ptete randomized block design with five fertilizati
treatments as follows: one plot with cattle maratréOkg N h& (calculated using the content of N found
in the manure; approximately 2 tonnes of manurehpetare, Table 3.1), three plots with DAP (18:46:0
NPK) at 20, 40, and 60kg N fiand unfertilized control plot. While we will focum the N content of
these fertilizers, it is important to note that thanure used is a source of a diverse range ofanaod
micro-nutrients (Table 3.1) and DAP is a phosphdRjsas well as an N source; for the manure, the P
added was 40 g and 2.6 kg P'lia year 1 and 2 respectively. For the DAP 20, A6 80 kg N h# the P
added was 50, 100, and 150 kg P hespectively. Phosphorus (P) (as phosphate) essential nutrient
for plant growth, development, and reproductiort fbams part of key molecules such as nucleic acids
phospholipids, ATP, and other biologically activempounds. After nitrogen, P is considered to be the
second most important nutrient limiting agriculiupaoduction (Lopez-Bucio et al, 2000). However th
phosphate ion is precipitated by many cations arehsily available for plant uptake at a narrowgeaof
neutral soil pH values. In acid soils, P forms Isalubility precipitates with aluminum (Al) and irgRe),
whereas in alkaline soils, it combines efficientdyth calcium (Ca) and magnesium (Mg) to form
sparingly soluble phosphate compounds (Bar-Yos891)] Therefore, although the total amount of
phosphorus in the soil may be high, in most casissunavailable for plant uptake. It is likely thander
the acid conditions of the soil used in our stutig, phosphate in either the manure or the DAP wés n
available for plant uptake.

The treatments were replicated three fold. Théspizeasured 2 m x 2 m with a spacing of 0.15 m
x 0.1 m (Palada and Chang, 2003). Care was takénisririal to use a manure treatment and, where
possible, cultivation practices that were comparablthose employed by local small-scale groweosh B

the DAP fertilizer and manure were applied at ptanfseeding) by hand mixing with the soil in the
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planting hole and the seeds embedded in this ggtlre. Four seeds were planted in each hole, oot t

weeks after germination, the seedlings were thinoexhe per hole. Irrigation was used wheneverfalin
was insufficient in 2008 to keep the soil moisteTdlants were grown in 2007 (year 1) and 2008 (ggar
but the measurements made on the year 1 plantsneér@s comprehensive as those made in year 2 s
not all results are available for both years. Thgetables were harvested at three maturity stéges;

and 8 weeks after planting.

Physico-chemical analysis of the soil and manure

Soil samples were collected from the uncultivasetdl meant for the plots at depths of 0 — 15 cm
and 15 — 30 cm using a soil auger. The soil sampére air-dried and ground to pass through a 2 mm
sieve. The samples were analyzed for organic cartddntotal nitrogen, the exchangeable bases Ca, Mg
K and Na, and for phosphorus. Organic carbon wadyaed using the Walkley-Black wet oxidation
method (Okalebo et al, 1993). The pH was determungidg a glass electrode (Metrohm 605, Pye
Unicam, Cambridge, UK) on the supernatants aftepeading the sample in either water or 0.01 M
CaCl solution and allowing the mixture to settle. Tomgtrogen was determined using micro-Kjedahl
method (AOAC, 1999). Exchangeable bases (Ca, Mgn#& Na) were determined by displacing them
from a soil sample using 0.1N ammonium acetateHa? . Calcium and magnesium were determined
using an atomic absorption spectrophotometer, wéoldium and potassium were determined using a
flame-photometer (Okalebo et al, 2002). Phosphoconsent was determined by first extracting a 54 so
sample using the double-acid method (0.05N HCI .02 N HSO,, Okalebo et al, 2002) and then
measuring the concentration of phosphorous in ttr@a& using an atomic absorption spectrophotometer
(AAS) (Unicam 939/959, Pye-Unicam, Cambridge, UK).

For analysis of manure, samples were obtained fotancattle shed on the Kabete Campus
Veterinary Farm. The shed had been abandoned fooximately one year. This manure resembled that
commonly used by Kenyan farmers, who normally reenfvgsh wet manure (containing dung, urine and
uneaten straw) from the cattle shed and allow pddially decompose in an uncovered heap outsiee t
shed for at least two rain seasons (about 1 yeBr ®he manure samples were air-dried and ground to
pass through a 4mm sieve. The samples were thdgzadafor organic carbon, total nitrogen and
exchangeable cations using the same methods as fosexbil analysis. Phosphorous content was
determined by first extracting a 5g manure sampleguthe double-acid method (0.05N HCI in 0.025 N
H,SQO,, Okalebo et al, 2002) and then measuring the caraten of phosphorous in the extract using an
atomic absorption spectrophotometer (AAS) (Unic&8/959, Pye-Unicam, Cambridge, UK).

The contents of iron, zinc, copper and manganese amalyzed using AAS (Unicam 939/959,
Pye-Unicam, Cambridge, UK) equipped with an airtdeee flame and a hollow cathode lamp, and
using lamps specific for each element. The devias @perated under standard conditions of wavelsngth
and slit-widths specified for each element (Okalebal, 2002). The chemical composition of the aal

28



Yield, Kjeldahl nitrogen and nitrate content
manure are shown in Table 3.1.

Determination of percentage germination, numbdeates and harvest yields

Germination was determined two weeks after plantvhge the number of leaves per plant from
different treatments was determin@aveeks after planting. The yields were determiaiethree different
stages of maturityiz. 6, 7 and 8 weeks after planting by cutting-off teeder edible stems and leaves.
The harvest from each plot was weighed to deteritiagyield per plot. This was then scaled up tddyie
per hectare.

Determination of leaf area and leaf mass (freshgivebasis) per unit area

Determination of the leaf area and leaf weight wase by using a cork borer of known diameter. Leaf
area was calculated by taking 10 leaf discs anculzing an average area of disc as: area of lisaf d
(circle) =nr? wherer = 3.14 and r = radius of the cork borer. Leaf \meigas done by taking the weight
in grams of the 10 leaf discs and getting an averhgaf mass per unit area was given by weigheaf |

disc/area of leaf disc.

Determination of nitrogen and nitrate content

The percentage reduced nitrogen content was detednfiy the micro-Kjeldahl method (AOAC,
1999). This method of analysis discriminated betweseluced N and nitrate N (NQ Nitrate levels were
determined on weighed leaf samples that were dniedthermostatically controlled air-oven a@0and
weighed before being ground to pass through @®0mesh sieve. These dry-weight results were also
used to calculate the dry matter content of thepéasn For determination of nitrates, about 0.1ghef
vegetable powder was weighed and suspended in d@tilled water. The suspension was incubated at
45° C for 1 hour to allow complete leaching of the atiér, and then filtered through Whatman No. 41
filter paper. The concentration of the nitrate-Nthee filtrate was determined by the method of @latadt
al (1975).

Climate records

The daily rainfall (mm), temperaturQ), sunshine hours (h) and solar irrandiance (Mtley™)
were obtained from a mini-meteorological statiocaled on the research farm in Kabete campus of the
University of Nairobi. The readings of rainfall veeused to calculate the amount of rainfall receiped
week during the cropping season. For the temperasunshine hours and solar irrandiance, the agsrag
of each week were calculated for the cropping seaBlee solar irrandiance measurements were done by

using a pyranometer CM6B sensor (Kipp and Zonnen Qalft, Netherlands).

Data analysis

Data was subjected to the general analysis of megiasing Genstat statistical software (Payne et
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al, 2006). Fisher’s least significant differenceSQR) test was used to identify significant differesc

among treatment means (P<0.05).

Results
Soil and manure analyses and climate during theexgents

There were no major differences between year lyaad?2 soil and manure nutrient contents used
in the study except for the phosphorus and magmesmntents of manure. The posphorus content was
more in manure used in year 2 compared to that msgelar 1 while the magnesium content was more in
manure used in year 1. The soil and manure anafrgeshown in Table 3.1 for year 2007(year 1) and
2008 (year 2) growing periods respectively. Durthg first 3 weeks after sowing in year 1 the mean
temperature was 19@ and during the™ 3 week period it was 18 %, in the same period, the total
number of sunshine hours was 13.2h and 18.5h, dlee sradiance intergrated for the period was
428.4MJ it and 350.7 MJ ffi and the total amount of rainfall was 770mm and @2respectively. In
year 2 during the first 3 weeks after sowing thememperature was 20.1 and during tfe2week
period it was 18.%&, in the same period, the total number of sunshim@&s was 20.5h and 21.3h, the
solar irrandiance intergrated for the period wa3.@3J m? and 468.3 MJ i and the total amount of
rainfall was 175mm and 85.1mm respectively. Thep evas irrigated twice a week whenever rainfall was
insufficient keeping the soil moist at all timesawoid moisture stress. The weather conditionshosvn
in Tables 3.2a and 3.2b. Conversion of the incidetdar irradiance to potential dry matter accumarat
was achieved by multiplying by 0.8 to estimatepkecentage radiation absorption (values for injeexk
solar irradiance reach to over 0.9 for a fully deped canopy (Piedade et al 1991, Kamnalrut e98P1
Qiu et al 1992), and then by 2 gMJ-1 (the standamersion factor for intercepted solar irradiance
energy terms to dry matter for C4 plants (derivednf Monteith 1978).

Germination, growth and yield

The manure and control treatments resulted in Inigkemination percentage when compared to
DAP fertilizer treatments (data only for year 2)ach of the three levels of DAP had significantly
(P<0.05) lowered rates of germination, with the dgtvoccurring at the highest rate of N. These tesul
are shown in Table 3.3.

The growth of the plants after germination wasest plots that received DAP compared to the
manure and control plots. Three weeks after plgnfttata only from year 2) the plants on the plahwi
the lowest DAP application (20 kg N Hahad almost three times the number of leaves coedp@ the
plants on the manure and the control plots (Tat8¢ 3creasing the DAP application further resilire
a small increase in leaf number, and there wasigrofisant increase in leaf number at applicatiafs
over 40 kg N hd. In neither year 1 nor year 2 (Fig 3.1) did the u$ manure at an application rate
equivalent to 40 kg N Raresult in a significant (physically or statistigdlincrease in yield (fresh weight
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basis) per hectare compared to the control.

Table 3.1: Chemical properties of soil and manure sed in the study

Year 2007 Year 2008

Soill Manure Soll Manure
PROPERTY 0-15cm  15-30cm 0-15cm  15-30cm
pH (H.0) 6.5 6.4 9.3 6.7 6.7 9.0
pH (0.01M CaCGl) 5.9 6.0 9.0 5.7 5.7 8.8
Total nitrogen 3 2.8 17.9 2.5 2.6 19
(9/ko)
Organic carbon 2.5 2.6 41.64 2.5 2.4 33.6
(%)
C:N ratio - - 231 - - 18:1
P (g/kg) 0.013 0.012 0.018 0.024 0.023 1.25
K (mmol/kg) 22.0 19.2 505 15.2 18.7 600
Na (mmol/kg) 8.0 8.4 15.7 10.8 11.3 21.0
Ca (mmol/kg) 100.8 99.5 116.0 112.3 101.3 125.5
Mg (mmol/kg) 25.0 23.6 81.7 25.2 23.0 49.2
Fe (g/kg) - - 0.002 - - 0.002
Cu (g/kg) - - Trace - - 0.004
Zn (g/kg) - - Trace - - 0.002
Mn (g/kg) - - Trace - - 0.06

Table 3.2a : Weather summary during the growing peiod of vegetable amaranth 2007

Mont | Week of the year Total Mean daily Mean dailly @ Meandaily  Expected dry
h Rainfall temperatur  Sunshine Solar matter
per week e(°C) hours (h) irradiance production
(mm) (MJI m2day’)  (kgha?)
April | 13 3.8 20 5.2 23.7 379.2
14 124.1 19.7 2.1 18.6 297.6
15 (3 day) Planting 441.7 19.5 4.4 20.3 324.8
16 204.1 18.9 6.7 19.5 312.0
17 5.4 19.5 8.4 23.8 380.8
May |18 1.0 18.8 6.4 17.9 286.4
19 15.2 18 3.7 14.6 233.6
20 64.5 18.8 5.8 19.2 307.2
21 17.0 18.7 7.3 16.3 260.8
22 (1* day) First harvest 85.6 18.6 6.1 17.4 278.4
23 (*' day) Second harvest 5.5 19.1 - 18.0 288.0
24 (1*'day) Third harvest 6.0 17.6 - 17.0 272.0

Source: Kenya Meteorological Department (Kabetestation)
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Table 3.2b : Weather summary during the growing peiod of vegetable amaranth 2008

Month | Week of the year Total Mean daily Mean daily Mean daily Expected dry
Rainfall temperature Sunshine Solar irradiance matter
per week (°C) hours(h)  (MJIm™day’)  production

(mm) (kg ha™)

March | 9 3.1 20.2 9.0 26.2 419.2

10 @™ day) Planting- 1.7 19.9 8.8 26.8 428.8
11 35.5 21.0 8.0 26.6 425.6
12 137.6 19.5 3.7 17.0 272.0
13 0.2 18.7 6.3 21.2 339.2
April 14 0 19.0 9.1 24.5 392.0
15 84.9 18.7 59 20.2 323.2
16 16.7 19.1 8.3 22.2 355.2
17 (@* day) First harvest 102.6 18.1 6.6 17.8 284.8
18 (1*'day) Second harvest 0 19.3 7.4 19.7 315.2
May 19 (@*'day) Third harvest 0 18.2 8.2 21.5 344.0

Source: Kenya Meteorological Department (Kabetestation)

Table 3.3: Effect of levels of nitrogen and manuren germination and growth of
vegetable amaranth (year 2)

Source Percent germination No. of leaves 3 weekfem
planting

Control 60.0c 5a

DAP 20kgN/ha 30.6b 14b

DAP 40kgN/ha 21.1ab 16¢c

DAP 60kgN/ha 15.6a 17c

Manure 40kgN/ha 62.2c 5a

l.s.d 10.0 14

DAP = Diammonium phosphate fertiliser, Figures glancolumn followed by the same letter are not
significantly different (P<0.05).

In contrast to manure, the use of the inorganitlifesr did produce increases in yield per hectare
(Fig 3.1). The yields increased steadily from wéeto week 8 with the highest yield being recorded 8
weeks after planting in plots that received 40 kdh& of DAP (Fig 3.1). Notably the effect of the
fertilization on growth is largely saturated by ygplication of 20 kg N hhof DAP at the first harvest in
both years. At the second harvest (week 7) of ylegreld increased for all DAP dosages, but the
differences between the dosages was not signifitangs only by the last harvest (week 8) in ykdnat
any differences arose between the DAP treatmewtfigier though similar yields of the 40 and 60\kg

ha treatments on the one hand and the lower yielkig?@ ha' treatment on the other.
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Figure 3.1: Effect of time of harvesting, chemicalertiliser DAP and cattle manure on above ground bmass of vegetable amaranth (A. hypochondriacus;

During year 2 the yields of DAP treated plots aisoreased with time, but in this case the
increase of the 60 kg N Haerformed less well than either the 20 and 40 kgl both of which had
insignificant yield differences. The poor perforroarof the 60 kg N haplot in year 2 can be attributed
to poor seed germination and therefore to a lomtptaumber in those plots. Yields, overall, in y@ar
were about twice those in year 1.

On per plant basis (data only available for yeath2) plots that received 40 and 60 kg N'ha
recorded the highest yield (Fig 3.2), though atftte¢ harvest the difference between the 20, 49 Gb
kg N ha' was not significant. At weeks 7 and 8 the per piaeld from the 20 kg N haplot was less
than that of the 40 and 60 kg N'hplots, though still conspicuously higher than plee plant yields from

the control and manured plots which were both Ve
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Figure 3.2: Effect of maturity at harvest, chemicaffertiliser DAP and cattle
manure on fresh leaf yield per plant (kg) of vegetale amaranth

The fresh leaf mass per unit area (LMA) was higlestlants that received 60 kg N harhere
were no significant differences in the LMA of théamts that received 20 kg N haand those that
received 40 kg N hhalthough these were significantly higher than ¢éhtisat received manure and the
control (Fig 3.3, year 2 data only). The leaf weigbkr unit area of the manured plants was highem th

that of the controls, so though manuring had necefbn overall growth there was a morphologicattff
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Figure 3.3 : Effect of chemical fertiliser DAP acattle manure on leaf weight

per unit area (kg m'2) of vegetable amaranth

Kjeldahl-nitrogen content
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Yield, Kjeldahl nitrogen and nitrate content
The Kjeldahl nitrogen (amino-nitrogen) content bk tleaves was influenced by the time of

harvest and the fertilizer treatment (Fig 3.4). Miihcreasing time to harvest all treatments showed
trend of decreasing leaf Kjeldahl-N (hereafter Kdgnhtents, expressed on a dry weight basis. Insykar
and 2 the K-N content of the control plants fortarvests was lower than that of all other treatsien
those years. The K-N content of the leaves fromatier treatments were closer to that of the contro
plants in year 2 than in year 1. In year 1, the KKddtent of the manured plants was similar to ¢h&0

kg N ha' DAP fertilized plants on weeks 6 and 7, thoughw®ek 8 the K-N content of the manured
plants had fallen to that of the control plantspAgation of 40 and 60 kg N HaDAP increased the K-N
content to between 5% and 6%. In year 2 there waena to increasing K-N with increasing DAP

application, but the differences between the treatsiwas not statistically significant (P<0.05).

Year 1 Year 2
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N —O0— DAP 20 kg N/ha —{— DAP 20 kg N/ha
—2— DAP 40 kg N/ha —Z— DAP 40 kg N/ha
1 | |9 papeo kg N/ha || —0— DAP 60 kg N/ha
—@— Manure 40 kg N/ha —&— Manure 40 kg N/ha
0 I I I | 1 1
6 7 8 6 7 8
Weeks after planting Weeks after planting

Figure 3.4: Effect of time of harvesting, chemicalertilizer DAP and cattle manure on percent KjeldaH nitrogen content on
a dry matter basis of vegetable amaranth

The K-N content per unit area (Fig 3.5, year 2 pehpowed similar trends to those shown by the
K-N content per unit weight. However, the conteat pnit leaf area was relatively independent oktioh
harvest as a result of decreasing K-N content pgmeight being more or less balanced by an irginga
specific leaf weight. The other major differencesvtlae conspicuously greater K-N content per uaar
of the 60 kg N ha plants compared to those of the 20 and 40 kg Nptents, a consequence of the
higher specific leaf weight of the 60 kg N'hglants. There were no significant differencesitrogen
content per unit area between plot that receivéd) 20ha' and those that received 40 kg N'{&ig
3.5).

The yield of K-N per hectare (Fig 3.6) gives, afatiént, more practical perspective on the
production of human nutrition to that offered by ther plant values. The K-N production per hectare
parallels the weight of leaf in kg per meter squéfiy 3.3, year 2). The addition of DAP leads to
significant increases in the K-N vyield per hectém®ugh the difference between the 20 and 40 kg Nisa

small at all harvests. The 60 kg N“heose is the treatment with the highest K-N yiett pectare
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although it did not give the highest total biomgietd (Fig 3.1, year 2). The total yield in bothayel and

2 contained both the tender stems and leaves éuiittogen content analysed was on the leavesftiere

only the leaf nitrogen produced per hectare ismgive

Year2 —O— Control
—{1— DAP 20 kg N/ha
0.0030 —— DAP 40 kg N/ha
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Figure 3.5 : Effect of maturity at harvest, chemicéfertiliser DAP and cattle manure
on Kjeldahl nitrogen content per unit leaf area ofvegetable amaranth (fresh weight bas
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Figure 3.6: Effects of maturity at harvest, chemichfertilizer DAP and cattle manure
on Kjeldahl nitrogen content per hectare of vegetale amaranth (fresh weight basis)

The K-N yield per hectare was lowest for the cdnptots and the addition of manure and DAP incrdase
the yield of K-N per hectare.

Nitrate content

There was an interaction between fertilizer appilbca time of harvesting and nitrate content;
fertilizer treatment and time of harvesting hadgniicant (P<0.05) effect on the nitrate contehtlte
vegetables (expressed on a dry weight basis) asnshofigure 3.7. In year 1 the nitrate levels were
overall, higher than for year 2, and in both yedtsate levels were highest for each treatmentedknb
and decreased thereafter. In year 1 the nitratddevere lowest for the control and manured pMitih
DAP fertilization, levels were higher and increaséth increasing application rate of DAP. In yeath2
ordering of the nitrate levels was similar, buttlas nitrate levels in this year were only 50% ajs# in
year 1 the differences between the manured, coptoté and the plot fertilized with 20 kg N havere
insignificant. Higher applications of DAP resultiedhigher nitrate levels, but the differences batwénhe
40 and 60 kg N h&plants was only significant at week 8, though@Bekg N h& material had a trend to
higher nitrate levels at the earlier harvests.
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Figure 3.7: Effect of chemical fertiliser DAP and attle manure on nitrate content (dry weight) of vegtable amaranth
Discussion
Germination

Amaranth seeds have been reported to have toughcse¢s which do not rupture easily. While
the hard seed coat does not block water uptakestards germination (Bond et al, 2007) since the
plumule and radicle cannot penetrate it. Manurediss been shown to enhance decomposition of the
endocarp resulting to enhanced permeability of tamsto the seed (Mwaburi et al, 2005). Our results
however, indicate that manure, rather than stirmgagermination, simply lacks the apparent inhikyjito
effects of the artificial fertilizers. Even the lest application of DAP inhibits germination rel&tito the
control (Table 3.3), and with increasing amountsDé&P germination decreases further. Kumar et al
(2008) working withAmaranthus powellifound out that its emergence declined with inarepsN
fertilization via an osmotic effect. Higher conaations of ammonium nitrate fertilizer have alseete
shown to significantly inhibit germination of reartopigweed Amaranthus retroflex)ygSardi and Beres,
1996). Overall, therefore, the application of &i#l fertilizer of the kind used in this study erito
germination has a significant negative effect omgeation.

Growth and yield

The growth and yield of amaranth is strongly infloed by soil fertility when this has been
enhanced by an inorganic fertilizer, but not by aranIn common with many plants, nitrogen supply is
known to have a considerable effect on the yieldro&ranth (Makus, 1986). The results obtainedigm th
study show that though yields responded to supplyioeral N, the response is not proportional te th
supply of N, with the response depending on N suppd harvest date. The typical growth duration of
amaranth in Kenya is 8-10 weeks from planting ww#ring, with the main harvesting of leaves
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occurring between week 6 and 8. Under this regirakl ywaturated at an application of DAP of no more

than 40 kg N hdwhen this was applied as a single dose.

Working with grain amaranth and using 0, 15, 30ad8 60kg N ha, Olaniyi et al (2008) found
that fresh and dry shoot yields and grain yield Ipectare were significantly influenced by applied N
rates. Although the highest fresh shoot yield iasggl up to the maximum rate of 60 kg N'hihere was
no significant difference between the values oleiat 45 kg and 60 kg N havhich is similar to our
experience with vegetable amaranth. The grain ypeldhectare was increased as the N rates increase
from O up to 45 kg N Haand declined at 60 kg N iaSince there was no increase in yield when 60 kg N
ha' were used, it could be that higher rates of Nltésuuxury N uptake leading to nitrate accumubati
or loss of N through leaching (Maurao and BritoD2p0 Higher rates (45, 90 and 135 kg N'haave
been successfully used to increase the producfiaregetable amaranth but in this case the N amount
was applied as a split application, half at gertmgmaand the other half two weeks later (Singh and
Whitehead, 1996). In this case leaf area increasdN-fertilization until 90 kg N h@ then decreased at
135 kg N h&.

The lack of any yield increase in the manured ploés disappointing but not unprecedented.
Adediran et al (2004) working with maiz€da maysand cow pea\{igna unguiculata found out that
use of manure did not result in significant yielasing when compared to the control. Recent work by
Sousa et al (2008) demonstrated an overall trerdgbier total phenolics concentrations in orgatycal
grown tronchuda cabbage, accompanied by lower ffiteash weight, as compared with conventionally
fertilized samples. They suggested that the ladkutfients, particularly insufficient nitrogen sup@s a
result of a low mineralization rate under organioduction, could have boosted synthesis of phenolic
compounds while limiting rapid growth of new leav€dher studies have shown that manure is not as
effective as artificial fertilizer (Van Lauw et @001, Turan and Sevimli, 2005). Compared to minera
fertilizers, manure contains relatively smaller amis of nutrients readily available for growth dams
(Edmeades, 2003). It is possible that after ememgethe supply of these essential nutrients was
insufficient to promote continued rapid growth.

Care was taken in this trial to use a manure treatrthat was comparable to that employed by
local small-scale growers, so the differences englowth responses obtained between the manured an
DAP-fertilized plots are both significant and redet. Manure is an important source of nutrients for
many smallscale farmers in East Africa who canffiairé chemical fertilizers (Onduru et al, 2008).The
manure used in this study was 1 year old and fromareovered old cattle shed. It has been repohniatd t
old manures tend to be lower in nutrients due ®ltimg periods of decomposition and mineralization
(Harby et al, 2001). In addition, in an uncoveredbosely covered manure heap, free nitrogen &yiko
be lost through volatilization during hot periods tbrough runoff or leaching during the rain season
thereby reducing availability to plants. The vadatin nitrogen (N) contents of cattle manures from

Africa is large depending on ration composition amitization by animals, and collection and storade
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the manures (Snijders et al, 2009). Lekasi et@32eported total N contents of between 1.12 %laad

% in Central Kenya. Our values of 1.79 % in yead &rD % in year 2 are slightly above these values.
However, not all the nutrients in manures are gadiailable for uptake by plant roots. Much of the

and P in manures is combined with organic substaand only becomes available to plants when these
substances decay. In Cattle manure, only about 2if #e total N and 40 % of the total P becomes

available in the year of applicatiorht{p://agriculture.kzntl.gov.za/portal/agricpublicens/327). N

content in manures from temperate countries aendftgher, probably due to higher protein contémts
feed rations and more favourable collection andagg@® conditions, including lower temperatures
(Snijders et al, 2009). In the Netherlands, formepke, average N contents in cattle manure of 2la%e
been reported (Anonymus, 1997 In Snijders et &920

It is evident that yields in year 1 (especiallytts rate of DAP application) are lower than in year
2. A comparison of the harvests in the two yeaggests that the plants in year 1 were about on& wee
behind those of year 2. The composition of the ebilhe two plots was comparable in the two years
(Table 3.1) and though there are differences invthather of the two years (Table 3.2a and 3.2b), we
cannot reliably attribute any particular cause e yield differences observed. The results suggest,
however, that amaranth is more sensitive to enwiental factors than is commonly supposed. Vegetable
amaranth has been reported to achieve optimum grawven air temperatures are abové@ESingh and
Whitehead, 1996). During the growing period in study, the air temperature ranged betweefCl8nd
19.7°C in year 1 and between 18C and 21C in year 2. The crop received a total of 43honrgdar 1
and 59 hours in year 2 of solar energy and espg@atly in the growing season (the first and sec8n
weeks periods). The number of sunshine hours in egas much less than that in year 2. It is pdssib
that the extra hours of solar energy received ar gemay have contributed to the higher yieldsizedl

The greatest increase in above ground fresh welghions ha, occurred between weeks 7 and 8
for the 40 kg N ha treatment of the year 2 experiment. This equateés35 tons hHadry matter using a
15 % dry matter content (see chapter 4), or abd8tkg) ha day* dry matter. Expected plant production
can be estimated from the intercepted total soladiance and estimates of conversion of absorbed
irradiance to dry matter, (Monteith, 1978) which &, plants is conservatively estimated to be 2 g-MJ
(Echinochloa polystachyafor example, growing in the Amazon basin has aergy conversion
efficiency 2.3 g M3 (Piedade et al, 1991). Assuming that the absoifradiance is only 80 % of the
incident, then the highest actual productivity smparable to that expected from the total solar
irradiance measured near the field site (Table @25 kg hd expected productivity versus 279 kg'ha

actual productivity).

Foliar nitrogen contents
The nitrogen content of the leaves is importanttvum major respects; the reduced (amino)
nitrogen content (in our case measured by the agetilahl method) is nutritionally important asghs
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largely made up of protein, whereas the oxidizattgie) nitrogen content is important because ®f it

toxicity. The increase in foliar K-N or protein wWitincreasing N fertilization under high irradiance
conditions is consistent with numerous publishgubres (e.g. Terashima and Evans, 1988; Evans anc
Terashima 1988 , Makino, et al, 1997; Evans, 1996).

A comparison of the differences between the fedtion treatments with respect to productivity
and K-N content is useful. The yield of the DAPtifezed plots was much higher than that of eithes t
control or the manured plots. In terms of the K-dbhtent, the leaves from the DAP fertilized plots
generally had the highest content, though in betirythe leaves from the 20 kg N'haot were in some
harvests no better than those from the manured.gliothis higher K-N content translates directiyo
available protein then clearly there are nutritidmenefits to be gained by using DAP at 40 kg N,Haut
above that treatment the benefit is minimal. Theitlonal value of young leaves from young plantsoa
exceeds that from older plants. In terms of petarecyield of K-N, the 60 kg N Hatreatment is more
productive though this benefit is outweighed by ltheer leaf yields achieved under this treatmend.(F
3.1) compared to that from the 40 kg N*heeatment.

Though the K-N content of the control and manuréhgs was lower than that of the DAP
fertilized plants the decrease was proportionabtelich less than that of yield. So the K-N content of
control plants at week 6 of year 1 (the most ex&rgrar in terms of K-N content) on a weight basis w
about 60% of that of the 60 kg N halants, despite their productivity being approxieha 18 % of the
60 kg N h& plants. A beneficial effect of the manure treatmeespite its low yield, was the generally
higher K-N content of the manured plants compaeethé controls. However the increased K-N content
of the manured plants needs to be viewed in theegbof the low productivity of the manured ploEd.
3.1). This results in a low K-N productivity perdtare (Fig 3.6).

An interesting consequence of these relationstopghfe consumer is that even if amaranth is
grown on fallow land the K-N content of its foliagestill appreciable compared to that from fexgfi
land, so arguably the K-N content of fresh amaranipht always be expected to lie within a limited
range of values. The K-N content of leaves of tekated Amaranthus palmergrown under natural
conditions was observed tlecrease from about 4.5% to just over 2.0% duripgpbonged drought stress
that ultimately stopped photosynthesis (Ehlering@83). If A. hypochondriacusvere to behave in a
similar way, it would suggest that even droughésded plants would retain significant, if diminidhe
nutritional value.

Other African leafy vegetableS¢lanum africanum, Amaranthus hybridus, Amarantauglatus,
Telfaria occidentalis, Venonia amygdaliiertilizer treatments used not known) have begromed to
contain a crude protein content of between 31.B%.6% (Aletor et al, 2002). Dividing the crude piot
with 6.25 a factor used to convert the percenbgén to crude protein, these vegetables contairretNa
content of between 5.1% - 5.5%. These values arhirwithe range of that obtained IA.

hypochondraicusised in this study which were 6.0% in year 1 arf®@3#in year 2 when produced using
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60 kg N hd DAP. In the absence of fertilization or when usingnure, the K-N is conspicuously lower

than the values reported for other comparable abigs (Fig. 3.8).

Nitrogen is a basic component of protein and thal t4, protein or rubisco contents of leaves is
strongly correlated with the maximum photosyntheapacity of the leaves for both C3 and C4 plants,
though the nitrogen use efficiency of C3 is loweart that of C4 leaves (Ehleringer, 1983; Field and
Mooney, 1986; Evans and Terashima, 1988; Evang;@8kino et al, 1997; Makino et al, 2003). In the
case of the North Americah. palmeri(a C4 amaranth liké. hypochondriacysrates of CQ fixation of
over 80umol m? s* at an irrandiance of 20Q0nol m? s are achieved with a K-N content of 4% - 4.5%
(Ehleringer, 1983); to the best of our knowledges ik the highest rate of GGixation ever measured
from a leaf in air. This is comparable to the higthi€-N content found iA. hypochondriacum year 2
and less than that found in year 1 and suggestslik@aA. palmerj A. hypochondriacusnight have
exceptional photosynthetic capacity. High leaf prmotcontents are associated with high leaf levéls o
other nutritionally valuable components, such asyfacids (Witkowska et al, 2008), minerals and

organic cofactors associated with photosynthesis.
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Figure 3.8: Crude protein content of other leafy vgetables compared with that ofAmaranthus hypochondriacusin year
2. Source: Aletor et al, 2002. Food Chemistry 78:36- 68.

Foliar nitrate levels and toxicity

A consequence of nitrogenous fertilization is ihatpplied in excess some of the N taken up will
accumulate as nitrate in the vacuoles instead iofjbenverted to amino-nitrogen (Martinoia et &81;
Santamaria et al, 1999a; Santamaria et al, 200isBe et al, 2004). This accumulated foliar nitrate
poses a health risk and is often subject to reiguatTherefore the benefits of increased yield and
increased protein content of leafy vegetablesragigiom nitrogenous fertilization need to be ba&hc
against the risk of excessive nitrate contents.

A comparison of the K-N content with the nitratentant of the leaves in years 1 and 2 (Fig 3.9)
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suggests that up to about 35 g'kg3.5%) K-N nitrate does not accumulate excesgiand the balance

of K-N and nitrate favours K-N. Above 35 g kd<-N though further increases of K-N can still occu
(they increase to nearly 60 g kd-N), this only occurs with the accumulation ofda amounts of
nitrate, a response that is particularly conspisumuyear 1. Overall, the leaves from the firstvieat
(week 6) have relatively the greatest amounts wate compared to K-N, and in year 1 the decremase i
nitrate as the crop matures is paralleled by inBggmt decreases in K-N. Early in the growing ssathe
levels of leaf K-N and nitrate are both high andutjh the levels of both decrease with increasimg tio
harvest this effect is relatively greater for riéraontent than for K-N content.

Both foliar nitrate and K-N are coupled to yield; year 1 when leaf yields were overall lower
than for year 2 both K-N and nitrate levels weresmcuously higher at the higher levels of DAP
application, but the increase in nitrate was reddyi greater than that for K-N. The week 6 leavesnf
the 20kg N ha showed a similar response. So though the lower yidl the crops in year 1 was
compensated for by higher K-N contents, the reddyilarger increase in nitrate content raises igle of
nitrate toxicity from the more heavily fertilizeavith DAP) crops from year 1. In contrast to the DAP
fertilized plots, the leaves from the control andnured plots while possessing reasonable K-N ctaten
(about 30 g/kg) had relatively low nitrate levesb@ut 5 g/kg). This favourable situation in relatim
nitrate, however, is largely outweighed by the allelow yields obtained from these treatments. The
problem with DAP fertilization, where yields andNKievels are high, is balancing the benefits otéhe
increases against the risk of excess nitrate, edlyewhen nitrate levels increase strongly if yiab

decreased.
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izer DAP and cattle manure on the nitrate-ntrogen balance in vegetable amaran

Increased nitrate accumulation often follows higterapplication of nitrogen fertilizers. Nitrogen

fertilization and weather conditions have

nitrate accumulation in spinach, maize

also beemd to be of equal importance as factors inftireg
biomass @otdto tubers (Schmidt et al, 1971; Bassioni et al,

1980; Amalin et al, 2002) in that the accumulatddmitrates by the same plants differed signifibairt
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different years. The differences were shown to be tb different levels of illumination or different

lengths of sunny periods, fluctuations in tempemtand humidity. In these studies, increased mitrat
content was found to be due to even an insignificviation from the optimal value of the crop.
Accumulation of nitrates in the plants decreaseti Wie the increase in the number of sunny daysglur
the vegetative growth (Amalin et al, 2002) whichsimilar to what was found in this study in which
nitrate amounts recorded in year 2 were lower thage of year 1 that received less sunshine hours.

DAP at the rate of 40kg N Hagave the highest yields with nitrate levels of @h%/100gdw (year
1, week 6 harvest). This is equivalent to 320mggldésh weight. These levels are slightly highemth
the levels of between 250mg — 300mg permitted iAgl6f edible lettuce (Santamaria, 2006; Food
standards Agency, 2001). Unlike lettuce, howeverKenya and most developing countries amaranth
leaves are normally cooked by boiling in large dites of water, draining and discarding the wated
then frying the vegetables in a small quantity ibf Mitrates are water soluble and therefore sooss |
through leaching is expected, especially if thekaog water is discarded. Such losses have beemtegpo
by Ricardo (1993) and Imungi and Potter (1983). Aadkr et al (1986) reported losses of 16% of the
nitrate from peas, 34% from beans, 51% from careotd 34% from spinach (a leafy vegetable
comparable to amaranth) through boiling with wdtergetable: water = 1:2) for unspecified periods of
time. Using the release of nitrate from cooked apinas a guide, cooked amaranth would contain abou
210mg/100g. According to the FAO (1988), nitrateels normally found in vegetable amaranths do not
pose a serious health problem to healthy indivslifatonsumption does not exceed 100g of leaf pgr d
and our results are consistent with this. Notaltgaranth is often cooked with other leafy vegewhled
therefore it is unlikely that more than 100g wobkl consumed in a single meal. Even if amaranth was
prepared alone for consumption, conventionally fexwy families will consume more than 100g of the
vegetable per day per person.

The rapidly rising costs of chemical fertilizergeof force small scale vegetable farmers to look for
alternatives such as manure. The results of thikwwwever, fail to justify the use of manure over
chemical fertilizer due to low yields and low K-ld (neasure of protein content), although the use of
manure results in low levels of nitrates. In thisdy manure was being used for the first time englots
and it is possible that its rate of decompositiaswnsufficient to release N rapidly enough to nibet
needs of a fast growing plant such as amaranth plbssible the repeated use of manure on the pbrne
as is the case with most small scale farmers waeakllt in improved vyields, as might other
improvements in land management. Clearly more rekga needed to verify this. The use of artificial
fertiliser results in significant increases in fidsaf yield and K-N content of the leaves, but tise of
these fertilizers can result in the substantialuaudation of nitrate, especially when growth is poo
Improvements in the amount and timing of fertilizg@plication might help avoid nitrate problems hst

with improving the effectiveness of manure, thisdorequire more guidance to the producers.
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CHAPTER 4

INFLUENCE OF MATURITY AT HARVEST, N FERTILIZER AND POSTHARVEST
STORAGE ON DRY MATTER, ASCORBIC ACID AND B-CAROTENE CONTENTS OF
VEGETABLE AMARANTH ( Amaranthus hypochondriacus)

Abstract

Vegetable amaranth is a leafy vegetable traditlgrggbwn in sub-Saharan Africa and Asia where
it is the most consumed traditional vegetable eséhcountries. It is considered to have high morad
guality, containing relatively large amounts ofawvitins A and C. We have assessed the influenceeof th
maturity of the vegetable and soil nutrition andtbe visual and internal quality of amaranth. Wenio
out that leaf ascorbic acid content is strongljuificed by both maturity and soil nutrition, wigdales of
7 week old manured plants having the highest confecarotene increases with increasing amount of
soil nitrogen and with increasing plant age. Tteslof both visual and internal quality during st@ravas

influenced more by maturity at harvest and the tenapire of storage than the soil nutrition.

KEYWORDS: Amaranthus hypochondriacus, growth stage, N fertilizer, ascorbic acid B-carotene,

moisture loss

Submitted as: Cecilia M. Onyango, Jeremy Harbindasper K. Imungand Olaf van Kooten. Influence
of maturity at harvest, N fertilizer and posthatvst®rage on dry matter, ascorbic acid @nacarotene

contents of vegetable amarangn{aranthus hypochondriacus
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Introduction

Though an adequate and balanced diet is essentidhdalth, for the majority of people in
developing and underdeveloped countries obtainirigplanced diet is hampered by poverty and the
insufficient supply of nutritious foods (Negi ancdy 2003). This problem can be partly solved by
increasing the consumption of locally availablededecause these are inexpensive and can be highl
nutritious. Leafy vegetables are an excellent sawfcprotein, vitamins and minerals, and dietabydi
(Orech et al, 2005) and being familiar and inexpenshese can be used by large segments of the
population to meet essential dietary requiremeltiese vegetables are one of the most cost-effeative
sustainable solutions to counter micronutrient aeficies, which affect far more people than hunger
alone and are widespread in most of sub-SaharacaXferabhu and Barrett, 2009).

A high intake of fruits and vegetables is corredatath a low incidence of a number of chronic
diseases, including cancer and cardiovascular sksedHertog et al, 1992). It is suggested that
antioxidants, such as the ascorbic acid (vitaminc@jotenoids and flavonoids commonly found in high
concentrations in fruits and vegetables, are irv@lin the protection against these diseases (Q@alr a
Frei, 1999). Studies have also shown that to masdrthe benefits from ascorbic acid ghdarotene it
may be better to eat fruits and vegetables comigitiiese antioxidants than to rely on supplemeots f
their supply (Holick et al, 2002).

The antioxidant content of fruits and vegetablekniswn to vary with factors such as genotype,
environmental growing conditions, growth stage atvhst, and postharvest handling, storage (Goldman
et al, 1999) and processing (Verker and Dekker4p0rthe ascorbic acid ardcarotene contents of leafy
vegetables such as spinach have been found toexaeysively during plant growth (Bergquist et al,
2005) and even during diurnal cycle (Bartoli et28106). While variation in ascorbic acid contentidg
plant growth has been observed in spinach thereappo be no consistent pattern to this variation.
Bergquist et al (2006) working with immature spindound a higher ascorbic acid content in younger
leaves (stage 1) than in older leaves (stage Il1dhavhile Stino et al (1973) reported that asdoracid
concentration increased with plant age. In othafyleeegetables, ascorbic acid and carotenoid ctsten
have been found to change during growth, but widhcansistent trend to increase or decrease (Guil-
Guerrero et al, 2003; Sgrensen et al, 1994; WestdrBerth, 1997).

Differences in nutritional value of vegetables dndts grown with differing levels of nitrogen
fertilization have been found (Weston and Barth97)9 Lisiewska and Kmiecik (1996) reported that
increasing the amount of nitrogen fertilizer fromd3120kg N ha decreased the vitamin C content in
cauliflower curd. Similarly, Tedone (2005) workimgth potato, found that the use of nitrogen fezéh
resulted in a reduction of ascorbic acid levelstha tubers. In addition to effects on ascorbic acid
nitrogen fertilization produces increases in fhearotene content of vegetables (Flores et al, 2004

Mozafar, 1993). In spite of the importance of rgeaous fertilisers in increasing the productivityeafy
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vegetables and the importance of leafy vegetablsoasces of both ascorbic acid aitarotene, the

impact of nitrogenous fertilisers on the levelsastorbic acid anfl-carotene of these vegetables is not
well known. However, as both are involved in phgtdkesis and nitrogen nutrition is an important
determinant of photosynthetic capacity it wouldelx@ected that the nitrogen status of the cropafiiéct

their content.

With regards the nutritional value of a vegetalie influence of post-harvest factors on nutrient
content are as important as those of the produgii@ase. Leafy vegetables are highly perishable with
relatively low storage potential in terms of visgaklity, as well as other quality variables sustwéting
and nutritional content. This loss of quality i®portional to temperature (Kays and Paull, 2004yegal
studies have been carried out on the effect oidfit storage conditions on ascorbic acid and eaoads
(Lee and Kader, 2000; Negi and Roy, 2003; Prabldi Baxrett, 2009) but we have found very few
comparing changes during storage in leaves ofrdifteages (Bergquist et al, 2005) grown using both
organic and inorganic fertilizers. Since metabddites are usually higher in younger leaves, theydcbe
expected to loose antioxidants more quickly thateoleaves. The ascorbic acid contents of mosy leaf
vegetables declines quickly during storage, espig@h ambient temperature, mainly through oxidatio
while the carotenoids are relatively more stablegared to ascorbic acid. Vegetable amaranth isllysua
displayed at ambient temperatures for vending (@ggaet al, 2008). The high temperatures cause rapic

deterioration through loss of water, resulting ifting and loss of consumer appeal.

Based upon results obtained from other vegetaBlisq et al, 1973; Sgrensen et al, 1994; Weston
and Berth, 1997; Guil-Guerrero et al, 2003; Flogesal, 2004; Bergquist et al, 2005; Bergquist et al
2006; Bartoli et al, 2006), it is expected that #szorbic acid an@-carotene contents in vegetable
amaranth will be modified by the cultivation prae$ used in the production of the vegetables. {imno
nutrition is important in increasing the produdiyvof vegetable amaranth, and both manure andcaatif
fertilisers are commonly used as nitrogen sounséth, weathered manure from cattle sheds being more
commonly used by small-scale farmers in Kenya tdificial fertilisers (Personal observation). Ass
likely that fertilisation will affect the ascorbiacid andp-carotene contents at the time of harvest, the
potential interaction with crop productivity is imgant in assessing the overall outcome of the

production process in terms of the production dfitian.

During the postharvest phase the retention of skkerhic acid an@-carotene produced during the
production phase is expected to be influenced bysthrage conditions, and possibly by the prodaoctio
conditions, of the vegetables. So far, howevery Vidite is known about how either the ascorbicdaor
B-carotene content of vegetable amaranth is infle@rxy either pre or post-harvest conditions. The ai
of this study therefore, was to investigate thdugrices of N from chemical fertilizer diammonium
phosphate (DAP) and cattle manure (fertilizers camiyn used to increase amaranth productivity), and

maturity at harvest on dry matter, ascorbic acid oarotene contents éfmaranthus hypochondriacus.
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Likewise it is not known how postharvest storage@$ moisture, ascorbic acid apigtarotene contents

of this vegetable.

Materials and Methods

Amaranth seeds were obtained from Asian VegetaBlesearch and Development Centre
(AVRDC) Tanzania. The vegetables were producedald ftrials, set up in the University of Nairobi
Field Station at the Upper Kabete Campus duringdhg rains period between March and May in 2007
and 2008. Kabete is situated about 15 km to thet\&eblairobi city and lies at Latitude®15'S and
Longitude 38 44E, and at altitude 1930 m above sea level (Sombededd, 1982). It has a bimodal
distribution of rainfall, with long rains from egrMarch to late May and the short rains from Octdbe
December (Taylor and Lawes, 1971). The mean antamperature is P&. The soil in Kabete is
characterized as a deep, well drained, dark reduisivn to dark brown, friable clay (Mburu, 1996her
land used for the plots had not received any ieetilduring the previous year, but pigeon p€ajanus
cajan), followed by chickpeaCicer arietinum) and then grass for hay had been grown on ths.plot
The seeds were sown in a seedbed fertilized witteeimanure or diammonium phosphate (DAP;
18:46:0, N:P:K) fertilizer; manure is potentiallysaurce of not only nitrogen (N) but other plantcnoa
and micro-nutrients while the DAP will also provideosphorus as well as N: In 2007, planting wasdon
on the 11 April while in 2008, planting was done on th® & March. The differences in planting days
were due to the different times the long rains seasarted in the two years. The trials were laitio a
complete randomized block design with five ferailibn treatments as follows: one plot with cattle
manure at 40kg N Ha(calculated using the content of N found in thenora, approximately 2 tonnes of
manure per hectare, Table 3.1), three plots withPD@A8:46:0) at 20, 40, and 60kg N™“haand
unfertilized control plot. While we will focus ommé N content of these fertilizers, it is importémtnote
that the manure used is a source of a diverse rahgeacro- and micro-nutrients (Onyango et al, in
preparation) and DAP is a phosphorus (P) as wedinal source; for the manure, the P added was 40 ¢
and 2.6 kg P h&in year 1 and 2 respectively. For the DAP 20, a0 60kg N hathe p added was 50,
100, and 150 kg P Ha Phosphorus (P) (as phosphate) is an essentidemufor plant growth,
development, and reproduction that forms part of kmlecules such as nucleic acids, phospholipids,
ATP, and other biologically active compounds. Aftetrogen, P is considered to be the second most
important nutrient limiting agricultural productighdpez-Bucio et al, 2000). However, the phosplate
is precipitated by many cations and is easily awd for plant uptake at a narrow range of nesod!
pH values. In acid soils, P forms low-solubilityepipitates with aluminum (Al) and iron (Fe), whesea
alkaline soils, it combines efficiently with calau(Ca) and magnesium (Mg) to form sparingly soluble
phosphate compounds (Bar-Yosef, 1991) Therefotkeoadh the total amount of phosphorus in the soill
may be high, in most cases it is unavailable fanpuptake. It is likely that under the acid coiadis (pH

5) of the soil used in our study, the phosphateitimer the manure or the DAP was not availablefant
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uptake.

The treatments were replicated three fold. Thesplo¢éasured 2 m x 2 m with a spacing of 0.15 m
x 0.1 m between and within rows in each plot (Paladd Chang, 2003). Care was taken in this trial to
use a manure treatment and, where possible, didtivaractices that were comparable to those engploy
by local small-scale growers. Four seeds were @thimt each hole, but two weeks after germinatiba, t
seedlings were thinned to one per hole. Irrigati@s used whenever rainfall was insufficient in 2008
keep the soil moist. The plants were grown in 20@ar 1) and 2008 year 2, but the measurements mad
on the year 1 plants were not as comprehensivieoae imade in year 2 so not all results are availiol
both years. The vegetables were harvested at thegerity stages; 6, 7 and 8 weeks after planting by

cutting-off the tender edible stems and leaves.

Storage trials

The harvested vegetables were then stored in a stmmefrigerator (43°C) and at ambient
temperature (208°C) for a period of 4 days, the typical time pertbdt elapses between harvesting and
consumption in Kenya (Onyango and Imungi, 2007 &Hible portion of the fresh and stored vegetables
were analyzed for dry matter/moistufecarotene and reduced ascorbic acid, the storeetalelgs were

analyzed after every two days of storage.

Preparation of the vegetables for analysis
The vegetables were freeze-dried, then ground $s pgaough a 600um sieve. The powder was
stored in tightly closed plastic vials in a free¢&t(°C) prior to their analysis for ascorbic acid ghd

carotene. All the analyses were done in triplicamples.

Determination of moisture and dry matter content
Moisture and dry matter were determined as a p&genby drying 5g of fresh vegetables in a

thermostatically controlled air-oven at°@0to constant weight (AOAC, 1999).

Determination ofs-carotene

B-carotene was determined by the method of Gar@aaBla and Becerril (1999) with slight
modifications. About 20 mg of freeze-dried, powdkteaf was accurately weighed and placed into a
plastic centrifuge tube. About 5mg magnesium hydi@xarbonate and 2.5 ml tetrahydrofuran:methanol
(50:50) mixture were added and vortexed. The tuag placed in an ultrasonic bath for 15 minutedién t
dark, then 2.5 ml methanol was added and vorteXkd. mixture was centrifuged at 4,500 rpm for 5
minutes at 2C. One-and-half millilitres of the supernatant wéren placed into an eppendorf tube and
centrifuged at 8,000 rpm for 5 minutes &C4 From the eppendorf tube, 1ml of supernatant was

withdrawn and used for analysis [Btarotene using HPLC (Column: Alltima C18§8 + guard column,
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Detection: UV 470 nm, Flow: 1 ml/min, Column temgieire: 36C). The concentration @f-carotene in

the samples was determined from a standard cumpapd from known concentrations of pire
carotene (Sigma-Aldrich, St. Louis, MO, USA) in imatol.

Determination of Reduced Ascorbic Acid (RAA)

Determination of ascorbic acid was by the metho#ielsper et al (2003). A weighed sample of
approximatelyl5mg of freeze dried, powdered lead wlaced into a 2.2 ml eppendorf tube to which 2ml
of 5% metaphosphoric acid (HRprepared each day) was added. The tubes wesed;lgortexed then
placed in an ultrasonic bath for 15 minutes at ambiemperature. They were vortexed again, and ther
centrifuged at 8,000 rpm for 5 minutes 4€C4One millimetre of the supernatant was then taded
analyzed for RAA using HPLC (Column: LiChrosper 1®B-18 (fum), Detection: UV 260nm, Flow: 0.5
ml/min, column temperature: D). The concentration of ascorbic acid in samplas determined from
a standard curve prepared from known concentratidnsure ascorbic acid (Sigma-Aldrich, USA) in

aqueous solution.

Statistical analysis

Data was subjected to the general analysis of megigd ANOVA), using Genstat statistical
software (Payne et al, 2006). Fisher's least siggmit difference (LSD) test was used to identify
significant differences among treatment mean$(f).

Results

Preharvest

Dry matter
The dry matter contents of the harvested vegetatiiésnot differ in Year 1, but differed

significantly (P< 0.05) among treatments in YedFR) 4.1) when the highest dry matter contents were
recorded in control plots followed by those of thanure treated plots. In no case were there sognifi
differences in dry matter content of the vegetaldegiving mineral fertilizer at different rateshére was

a general increase with maturity of the vegetainiése dry matter content in all the treatments.

B-carotene content

The B-carotene content increased between 6 and 8 wéekgpkanting for all plants that received
DAP at all N levels in both years. Comparing yeavith year 2, thg-carotene levels were overall higher
(typically by 50%) in year 1 (Fig 4.2). There was significant increase ifi-carotene for those that
received manure. There was no interaction betwkersource of N and the time of harvest on fthe
carotene contents of vegetable amaranth grown 4R at different levels in either year 1 and 2.
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Figure 4.1: Effect of diammonium phosphate fertilizr, manure and maturity at harvest on dry matter
content of vegetable amaranthA. hypochondriacus).

Year 1 Year 2
25 r
H
©
=)
o 20 - r
S
—
Ay
(=]
E
@ 15 r
L
e
<
?
@ 10 r
—(QO— Control
—(QO— Control
—{1+— DAP 20 kg N/h
9 Tiha —{F— DAP 20 kg N/ha
—7/— DAP 40 kg N/ha
5T —— DAP 60 kg N/ha - —2— DAP 40 kg N/ha
v 40 ka N/h —O— DAP 60 kg N/ha
o anure g Niha —~@&— Manure 40 kg N/ha
| | | | | |
0
6 7 8 6 7 8
Weeks after planting Weeks after planting

Figure 4.2: Effect of diammonium phosphate fertilizr, manure and maturity at harvest onf-carotene
content of vegetable amaranthA. hypochondriacus)

In both years the use of DAP as a source of N teduh highe3-carotene contents than manure
(Fig 4.2). The use of DAP also resulted in highgel#ahl nitrogen (K-N) contents than in either the
control and manured plots (Fig. 4.3) and compalkadl content with that off-carotene reveals a
correlation between both; #scarotene tends to zero K-N tends to about 2.5@4L0 Year 2, Fig 4.4) ,
and with increasing K-N thg-carotene levels increase (Fig 4.4) uftidarotene levels reach a maximum
at around 25 mg/100 g (fig 4.4, year 1).
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Figure 4.4: Effect of diammonium phosphate fertilizr, manure and time of harvesting on bottg-carotene
and Kjeldahl nitrogen content of vegetable amaranth(A. hypochondriacus).

Ascorbic acid content

Ascorbic acid contents (data only available for Y2awere overall very variable, ranging from
nearly 0.3g to over 3 g/100 g on dry weight basid differed significantly (P=0.05) among treatments
The highest ascorbic acid contents were recordgdhints receiving manure at 40 kg N*h#ollowed by
those receiving DAP at 20kg N h4Fig 4.5). With DAP at higher rates than 20 kg & fthere was a
decrease in ascorbic acid content. The lowest bscacid content was found in either the controbor
kg N ha' plants, depending upon the harvest date. The liscacid contents increased between week 6
and 7, but decreased in week 8 (Fig 4.5). Unlilee réationship betweefrcarotene and K-N content,
that between ascorbic acid content and K-N showsleer correlations (Fig 4.6). Nonetheless thetglan
grown under different fertilisation regimes cangaced into three broad groups; group A (contra an
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manured plants) is characterised with low to magetaN contents and low to high ascorbic acid

contents, group B (20 and 40 kg N'hRAP fertilised plants) contains moderate to higiNkand low to
high ascorbic acid content, while group C (60 képad DAP fertilised plants) are characterised by high

K-N and low ascorbic contents.
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Figure 4.5: Effect of diammonium phosphate fertilizr, manure and
maturity at harvest on ascorbic acid content of vegtable amaranth @A. hypochondriacus).
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Figure 4.6: Effect of DAP, manure and time of harvsting on both ascorbic acid
and Kjeldahl nitrogen content of vegetable amaranth(A. hypochondriacus).

Postharvest
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Moisture content

The loss in moisture content postharvest did nibérdbetween the cultivation treatments and the
different harvest maturities so the results froresth have been combined. During storage, higher
moisture losses were experienced at ambient3ZD+than refrigerated (4#C) temperature of storage.
These results are shown in Fig 4.7. The loss ofstue after two days of storage under ambient
conditions was about twice that under refrigeratigfter 4 days in storage, the vegetables held at
ambient temperature had lost nearly 10% of thetimirmoisture content (Fig 4.7). While those képta

refrigerator (which was without any humidity corjrimst about 5 % of their initial moisture content

—O— Refrigerated
82 — | —TF— Ambient temperature

Moisture content (%)

I I I
0 2 4

Day in storage

Figure 4.7: Changes in percent moisture content afegetable amaranth
during refrigerated and ambient temperature storage

B-carotene content

The effect of fertilizer application and maturityrervest on beta carotene during storage was no
significant but the effect of storage temperatues wignificant (P<0.05) (4.8). There was no sigaiiit
change inp-carotene when the vegetables were stored undegeedtion for up to 4 days. However,
there was a significant (P<0.05) decreased-carotene when the vegetables were stored at ambien
temperature for a period of 2 or 4 days (Fig 4180 after 2 days and 25% after 4 days. There were n

significant differences between leaves harvestatifi@rent maturities and stored either refrigedabe at
ambient temperatures.
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Figure 4.8: Effect of source of nitrogen, temperatureand duration of storage on B-carotene content of vegetable amaranth

Ascorbic acid content

The ascorbic acid content of the amaranth leavesedsed significantly whether they were
refrigerated or stored at ambient temperatures 49 The rates of decrease were much highethfor t
leaves stored at ambient temperature comparedo&e tetored in the refrigerator. Figure 4.9 shows
ascorbic acid losses with conditions such as teatpes and storage period of preservation. The bgror
acid content slowly decreases with duration ofajerwhen refrigerated while under ambient tempezatu
storage close to 100% of the ascorbic acid isviatstin 2 days.

Considering postharvest losses separately for leackest maturity the effect of a low initial asderbcid
content (i.e. at time of harvest) can be clearbBns@-ig 4.10). At ambient temperatures the ascabiad
decrease rapidly to practically zero within 2 dawhile under refrigeration the already poor asaorbi
acid content of week the week 8 vegtables decrdadbgr. So by day 2 all material, except for thiam

the manure plots had an ascorbic acid contentwhatclose to zero, comparable to the week 7 mébteria
after 2 days of storage at ambient temperatures.
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Figure 4.9: Effect of source of nitrogen, temperatte and duration of storage on ascorbic acid conterdf vegetable
amaranth
Discussion
Preharvest

The dry matter of plants, including that of theilitde parts, is a complex mixture of components eain
which, such as proteins and low molecular weighbalaydrates have a clear nutritional value (about
25% of the edible parts of an amaranth are prosaia,chapter 3) while other parts are undigesfédiis
which may still be beneficial. Overall, it is nobgsible to attribute specific benefits to the dratter
content of a vegetable though generally speakiagltih matter component is the nutritionally sigrafit
part of the vegetable. The moisture content ofgetable is also important because it affects thighte

of the feed but does not provide nutritive valuetite consumer (htt:www.extension.org/dry matter
determination).

Vegetable amaranth dry matter content is often ,higgnce an equivalent amount of fresh
amaranth often provides from 2 to 3 times the arh@fimutrients found in other vegetables (Ruskin,
1984). The dry matter content in our study rangeivben 19% and 23 % by the third harvest (8 weeks
after planting). Grubben (2004) reported rangedbeatfveen 9 — 22% in different vegetable amaranth
types. The dry matter content was higher in plott received manure than the DAP and was either
greater or similar in the plots that received mtilfeer at all. The growth rate in both the contptots and
the manure plots was however lower than that ofXA® plots (Personal observation). The fresh yields

were higher in plots that received DAP than the mariOnyango et al, submitted).
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Figure 4.10: Effect of source of N, maturity at havest and days in refrigerated (a, b, c) and at
ambient (d, e, f) temperatures of storage on ascoibacid content of vegetable amaranth.

The fresh weight of the harvested material canmoeéisily compared to the relative dry matter
content, but whenever the relative amount of dryttenadecreases there is an increase in succulence
(Singh and Whitehead, 1996). Lisiewska and Kmiddi®96) working with broccoli and cauliflower
reported that increasing the amount of nitrogetilitezr from 80 to 120 kg N Ha significantly increased
their commercial yield but led to a decrease in drgtter content, though, this decrease was not
significant.

The B-carotene content increased with maturity of thgetables between week 6 and 8. This is
similar to immature spinach harvested at 18, 243h(Stages I, Il and Ill) days after sowing (Barig
et al, 2006) in which the major carotenoids, vialathin andB-carotene, were significantly higher at
stage Ill than at stages | and Il. The higher autst®f total carotenoids in mature leaves thanoung
leaves have also previously been reported in déady vegetables (Guil-Guerrero et al, 2003). Ttiect
of DAP on B-carotene content was more significant than thathef manure, with high concentrations
giving high levels oB3-carotene. This is probably due to the fact thabgen from DAP is more readily
available to the plants compared to the slow-Nasteand slow nitrification properties of manure {Go
and Vityakon, 1986).
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Since DAP at 40 kg N Aagave the highest yields on a fresh weight basig 8FL, Onyango et al, in

preparation) it is necessary to determine whetherdoncentration op-carotene in these vegetables
would be sufficient to meet the needs of the coresumhe highesp-carotene content obtained ranged
between 19 mg/100g (year 2) and 26 mg/100g (Yealrylweight basis. This translates to 2.9mg/100g
and 3.9 mg/100g fresh weight. There is no recomme@rdietary allowance fos-carotene but studies
have used doses ranging between 15 and 180 md/daygd, 2004). Therefore a person would have to
consume between 480-5509 of fresh leaf per daytaio 15mg ofs-carotene per day. Since people in
developing countries consume two hot meals per dlayould be necessary to consume between 240-
275g of amaranth per meal. Given that amaranttoiseaten in the fresh form but is cooked and the
cooking water discarded, there may be lossgsazfrotene during cooking. Rahman et al (1990) tegor
loses off-carotene of 31% of the initial contentAmaranthus gangeticushen cooked in water for 7 —

9 minutes followed by discarding the cooking wated then frying the vegetables in a small quarmatity
oil for 4-6 minutes. While, Sungpuag et al (1999rking with Amaranthus viridisfound out that
steaming the vegetables at 30Cfor 8 minutes resulted in a 15% increas@-carotene. This increase
was attributed to the changes in tissue morpholagiych occur, as a result allowing greater penietnat
of organic solvents into the cells and enhancesasel offf-carotene. The method of preparation of
vegetable amaranth in Kenya and most sub-Sahararir@s compares very well with that of Rahman et
al (1990). This means then that after cooking,pioarotene content decreases to between 2mg and 2.
mg/100g fresh weight. This implies that dependingtee initial content op-carotene in the vegetable, a
person would have to consume between 560-750g gdtable to obtain 15mg @Fcarotene per day. It
is, therefore, possible to use amaranth to allevilagé vitamin A deficiency in developing countrieg
either increasing the quantity consumed or changiegpreparation methods, for example encouraging
people to steam the vegetables rather than boddoce losses @fcarotene due to cooking. Nonetheless
it is clear that the normal consumption of amaraf#@0g per day) in Kenya will not provide the
minimum recommended daily intake f@rcarotene of 15mg. Increasing the quantity of Vaige
consumed will lead to an increase in the intakenitlates (NO’) (chapter 3, this thesis). Using the
fertilizer level of 40 kg N ha and using the release of nitrate from cooked spires a guide, cooked
amaranth would contain about 210mg/100g. Increagiegconsumption to between 560 and 750g will
mean a consumption of more than 1g of Niédm the vegetables. This is 3 times the highest intake
from lettuce, (300mg) (Food standards Agency, 200hg only option left therefore, is to change the
cooking method, for example by adopting the methedd by Sungpuag et al (1999) working with
Amaranthus viridisvho found out that steaming the vegetables atd®6r 8 minutes resulted in a 15%
increase irg-carotene.

Nitrogen fertilizers at high rates tend to decreaseorbic acid accumulation in many fruits and
vegetables (Lee and Kader, 2000). In our studyrasracid content decreased with increasing rat¢ o
from 20 to 60 kg N HAwhen supplied by the chemical fertiliser DAP. kigska and Kmiecik (1996)
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found that increasing the rate of nitrogen fertitifrom 80 to 120 kg N Haresulted in a decrease in the

vitamin C content of cauliflower curd by 7%. Theabic acid level decreased as N amount increased i
the fruit of yellow grape tomato (Simonne et alp2p Nitrogen fertilization generally enhances plan
growth so that an apparent solute dilution effecblbserved in the plant tissues (Lee and Kader);200
Pieper and Barrett, 2009). Nitrogen fertilizer isoaknown to increase plant foliage, which may mdu
the light intensity onto the leaves, thereby redgcaccumulation of ascorbic acid in the shadedtplan
parts (Lee and Kader, 2000; Bartoli et al, 2006) aausing accumulation of potentially hazardous
concentrations of nitrates, which adversely affaatritional quality (Maynard, 1984). Since highest
(60 kg N h&d) of nitrogen fertilizer as DAP also causes anéase in accumulation of nitrates (§@nd

a simultaneous decrease in ascorbic acid, thisdsuble negative effect on the quality of vegetable
amaranth.

Weston and Barth, (1997) reported that in snap $ead other green vegetables, ascorbic acid
tends to increase with maturation and decrease adtfanced maturation and senescence. This is ir
agreement with our results in which ascorbic acidreased between 6 and 7weeks, followed by a
decrease at 8 weeks after planting. Biesiada €R@07) working with leeks found out that plants
harvested at later stages of maturity containetddrigmounts of dry matter and total and reducimgusu

and this was accompanied by a significant decrieagigamin C.

Postharvest

In storage more moisture was lost when the vegesaliere stored at ambient than at refrigerated
temperatures. At the end of 4 days of storage dyetables had lost close to 10% of the initial hooes
content when held at 20. Generally, a loss of 5 — 10 % moisture rendevsice range of products
unmarketable (Kays and Paull, 2004). For leafy tedges, such as amaranth, transpiration causes
wilting, which lowers consumer appeal. The lossvater also leads to loss of saleable weight, inmgiyd
loss in monetary returns for vegetables such asattawhich are sold by weight. Leafy vegetableth wi
large surface area to volume ratios are particuhaulnerable to loss of water during storage whigh
increase with storage temperature and vapour pees$eficit. Low temperature of storage has been
shown to slow down evapo-transpiration (Kays, 19843l hence ensures a longer shelf life of the
vegetables and in this study, the loss of water slasved down by storing the vegetables under
refrigerated temperatures.

The -carotene content did not change significantly miyistorage at refrigerated temperatures but
losses were observed during ambient temperaturaggoCarotenoids have been found to be relatively
stable in storage, but are still susceptible taaton and isomerisation (Buescher et al, 199%a# been
reported that temperatures of°@0or more causes some of the carbon-carbon dowlgsbof the long
polyunsaturated carbons chain to undergo infletiom the trans- to the cis- form, leading to lo$she

vitamin activity (Tannenbaum, 1976). With the exigtcooking methods of amaranth, it is likely that
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some of the3-carotene would be lost. However, if the cookinghmod is changed amaranth would be a

good source of the vitamin.

Our results indicate that more ascorbic acid i$ &ishigher than low temperatures of storage.
These results compare well with those of Lee andeK#&2000) working with kale. They reported that
losses in ascorbic acid were accelerated by higtage temperatures. Favell (1998) observed greatel
losses for example only 10% retention in spinacthiwi3 days of storage at 2D, and 20% retention
when stored under refrigeratior’®@® for 7 days the same temperatures as evaluatidsistudy. Prabhu
and Barrett (2009) working with two African leafyegetables Gassia toraand Corchorus tridenk
reported ascorbic acid retention of between 2868% of their initial content when stored 4C4for 14
days. Yadav and Sehgal (1995) observed 44.8 arida34dscorbic acid retention samaranthus tricolor
leaves stored at 30 for 24 and 48 h respectively. Our results indictétat ascorbic acid is lost after
harvest even under refrigerated storage

The concentration of ascorbic acid declines faidgidly in many of the more perishable fruits
and vegetables after harvest. Losses are greadternvereasing storage temperature and duration gKay
and Paull, 2004, Lee and Kader, 2000, Yadav andji@eh995). This was true with the current study
where more ascorbic acid was lost during storagenditient rather than at refrigerated temperatuwea f
period of 4 days. The study also demonstratesréfageration of vegetables with a low initial adoic
acid content, like those found in vegetable amaraiarvest at 8 weeks after planting, does not prese
its concentration during storage. Overall, ascoagid levels are labile and fluctuate substanti@lghort
term; ascorbic acid levels decrease during the darlod and still further during the early photaper
before recoverying the photoperiod (Bartoli etZ8l06). Dark storage which is typical for leafy \adges
in boxes or bunches would be expected to provokapal loss in ascorbic levels, though this loss is
delayed, though not prevented, by refrigeration.

The ascorbic acid of plants is known to change resxtely before and after harvest, and a
complete understanding of these changes is negeighe full potential of Amaranth as a source of
dietary ascorbic is to be realized. (Bergquestle@05; Rahman et al, 2007). From our study, the
contribution of amaranth in terms of ascorbic azath be realised mainly when the leaves are utilized
immediately after harvesting. For storage of thgetables, harvesting should be done 6 and 7 week:
after planting and these should be under refrigardbr a maximum period of 4 days.

For consumption, vegetable amaranth is normallkedan large amounts of water that is drained
and discarded after cooking followed by frying israall quantity of oil (person observation). Asdorb
acid is known to be heat labile and sensitive dttlioxygen and oxidizing agents (Astier-Dumas,5197
cited In Yadav and Sehgal, 1995). The extent offt@ease will depend upon the extent and durafion
exposure to heat. Cooking involves heat treatnferefore a decrease of ascorbic acid during coaking
vegetable amaranth is expected. Cooking of #issia toraand Corchorus tridensleaves for 20
minutes in 50ml of water for every 2 g of vegetafffesL of water/100g of vegetable) followed by
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draining of the cooking water resulted in a subsiatoss of ascorbic acid, with only 1-4% retentiof

the fresh content (Prabhu and Barrett, 2009). Amtarleaves are cooked in a similar way followed by
frying in a small quantity of oil. Therefore theskes in vegetable amaranth leaves may even bethaore
those recorded i@assia toraandCorchorus tridendecause frying causes a further decrease in ascorbi
acid. The losses from the cooked vegetable mayueeta both leaching into the cooking water and
thermal breakdown. This effect of cooking is a mgjmblem for the use of amaranth as an ascorlat ac
source as the vegetable can not be eaten uncogkgdtables prepred by microwave-steaming and stir
fried with oil have been shown to contain signifitg higher (1.3-1.8 fold) ascorbic acid rentiorlues
than those that were boiled (Masrizal et al, 19%1wever, this method of cooking is not possible in
Kenya and most of the developing countries. Stegrtiia vegetables rather than boiling will help ezlu
the ascorbic acid losses but steaming will causenall decrease or no change in the nitrate or solub
oxalate content which are the major anti-nutri@ssociated with increased application of N fewiiian.

It can therefore be concluded that with properilieer management, it is possible to obtain both
high yields and high quality vegetable amarantterms offi-carotene content. DAP as fertilizer up to 40
kg N ha' enhances the product quality. In addition, majwuattharvest influences the vitamin contents of
vegetable amaranth with higher contents of ascatiat found in younger leaves while thafe¢arotene
is found in more mature leaves. After harvest, dscacid and moisture contents decreases witlease
in both temperature and duration of storage. Aigdxé amount of ascorbic acid remains after twgsda
of storage at ambient temperatures. However, soitst@amounts of ascorbic acid are retained when th
vegetables are refrigerated but if the initial abeopacid content is already low, vegetables stalesl
way may be little better after 2 days of storagmtkiegetables stored at ambient temperatures beginn
with a high ascorbic acid content. As a sourcesabebic acid the temperatures used for displaynduri
marketing and the cooking method currently usedhbgt of the people consuming amaranth makes it an
inapproprate sourc@-carotene is relatively stable in storage espgcialien the vegetables are held at
refrigerated temperatures with substantial amoheisg retained after 4 days of storage. A probleat t
remains, however, is that even if the vegetablesreirigerated prior to sale, the storage life vitik
consumer will be short as this also depends omgotstorage at low temperature is advantageous for
preventing degradation of ascorbic acid #nchrotene contents and reducing water evapo-tnaism,
slowing down these processes considerably. Therébomaintain the quality in terms of ascorbic agid
carotene and general appearance (using percentungot®ntent as a proxy) of vegetable amaranth afte

harvest, refrigerated storage is required.
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CHAPTER 5

EFFECTS OF SOURCE OF NITROGEN FERTILIZATION, MATURI TY AT HARVEST AND
STORAGE ON PHENOLICS AND OXALATE CONTENTS OF VEGETA BLE AMARANTH

(Amaranthus hypochondriacus)

Abstract

For long, nutritionists have considered dietarylates and phenolics as nutrition antagonists; the
oxalates impairing absorption of calcium and sorh¢he phenolics impairing absorption of proteins.
However, recently it has come to dawn that clas$ghenolics, among them quercetin, fulfill benific
health functions in the body. This study was theneefdesigned to assess the effect of chemicalierti
and manure on the accumulation of total phenotjagycetin and oxalates during production and storag
of amaranth vegetables. Results showed that dgmogth, the total phenolics content decreased with
increasing N, the extent of the decrease deperatinipe level and source of N. The levels of phesoli
and quercetin increased; the oxalate contents asaidewith age of plants during both years of thdyst
Phenolics increased in refrigerated storage, itrttrease was not significant. The levels of aeslaid
not change appreciably during refrigerated storddiere was a general decrease in phenolics conten
during storage at ambient temperatures. Storagtheffresh vegetables afGi for limited periods

improves their quality by increasing total phensland quercetin contents.

KEYWORDS: Vegetable amaranth, mineral fertilizer, manure, phenolics, oxalates, storage

To be submitted as: Cecilia M. Onyango, Jeremy iHadm, Jasper K. Imungi, Solomon I. Shiabainol
Olaf van Kooten. The influence of organic and mahéertilization on germination, leaf nitrogen, naite

accumulation and yield of vegetable amaraAtim&ranthus hypochondriacus
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Introduction

Vegetables have had conferred upon them the stétiisctional foods (Hasler, 1998) because
they seem to be delivering health benefits besiuégling physiological nutritional needs. Their
consumption is associated with protection againgjomdiseases including cancer and cardiovascular
diseases (Wargovich 2000; Kaur and Kapoor 2001tb8daet al, 2005). The protective action of the
vegetables has been attributed to the presenaetioki@ants (Prior and Cao, 2000). Studies havevsho
that the majority of the antioxidant activity mag rom secondary metabolites such as polyphenol
compounds which include flavonoids, isoflavoneghaayanin and catechin rather than from vitamins C
and E, and3-carotene alone (Cao et al, 1997; Kéahkonen et289)l Moreover, a positive correlation
between total phenolics and antioxidant activitgame vegetables and fruits has been reportec(@l|
2000; Pyo et al, 2004; Khandaker et al, 2008).

Vegetable amaranth, members of the genus Amargraheisvidely grown in the tropics. They are
a group of fast growing C4 herbs that yield a hstafgle product within 4 — 6 weeks after plantingjol
makes them attractive to resource-poor farmersoine countries such as Kenya, they are largelygrow
by women thus providing this gender with a degrédirancial independence (IPGRI, 2003). The
vegetable type selected for this study represemtsngortant source of proteins (Carlsson, 1980) and
vitamins A and C as well as minerals such as icaicium and magnesium (National Research Council,
1984) for a majority of people living in sub-Saharafrica. In Kenya, for example, the diet of lower
socio economic groups consists largely of maize waadous traditional leafy vegetables, such as
amaranth.

Earlier studies have established the abundancatafxédants inAmaranthusleaves (Sokkanha
and Tiratanakul, 2006; Khandaker et al, 2008) drat there was a general trend towards increasec
antioxidant activity with increased total phenolicantent inAmaranthus tricolorL. The beneficial
effects of phenolics makes it important to underdtavhich circumstances they are synthesized and
accumulate in these plants. Among the group ofoflands,quercetin has been reported to be a strong
antioxidant (Hollman, 1997). It has been found telate metals, scavenge oxygen free radical and
prevent oxidation of low density lipoprotein im vitro studies (Bors et al, 1990; de Whalley et al, 1990;
Kandaswami and middleton, 1994).

Unfortunately, in addition to their high nutritidnzalue, amaranths also accumulate high levels of
anti-nutritional factors such as oxalates (Vityaleod Standal, 1989; Gupta et al, 2005). A growiodyb
of evidence indicates that oxalate plays variougtional roles in plants, including calcium regidat
plant protection and detoxification of certain nietdgranceschi and Nakata, 2005). For instancesrakv
plants such as buckwheat, taro and rice exude aadémmulate oxalate in vivo to cope with aluminum
and lead toxicity (Ma et al, 1997; Ma and Miyasdle®8; Yang et al, 2000). More interestingly, oxalat
can serve as an antioxidant to quench the oxiddiist during plant response to pathogen attacks
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(Cessna et al, 2000; Weir et al, 2006). A molecgéaretic analysis confirmed a long-held hypothtsas

calcium oxalate crystals act as an effective defegminst chewing insects (Korth et al, 2006).

Despite these suggested functional roles in plaaxsess levels of oxalate in plants have long
been a concern to human nutrition and health (fesoic and Nakata, 2005). The high levels of oxatate
any edible parts of vegetables and food cropssighificantly lower their nutritional quality aneéad to
health concerns. Soluble oxalate decreases calbiaavailability by forming calcium oxalate crystals
(Radek and Savage, 2008) which can also lead téothwation of kidney stones (Libert and Franceschi
1987; Massey, 2003). As oxalate can have dual amdrasting roles in plants, depending on its
concentrations and/or tissue localization, a propanipulation of its concentration in vegetativetpdor
its natural functions and in edible parts for hettaman food quality, therefore, becomes incredging
important.

Studies have shown that availability of plant rernts can be an important factor in determining
the activity of secondary metabolism within plaf@ad et al, 1982; Kopsell et al, 2003; Aires et al,
2006). Nitrogenous fertilizer is one of the mostportant factors controlling the yield and quality o
vegetables (Juan et al, 2008). In developing cas)tisuch as Kenya, nitrogenous fertilizer is often
supplied as manure because of the cost of syntfestiizers. However information on the effect of
manure or inorganic fertilizers on the polypheratsl oxalic acid contents of vegetables is stilhtga
Only a few studies (Stout et al, 1998; Juan e2@D8) have investigated the effect of differentelevof
nitrogen on the total phenolics and oxalate costehtregetables.

Secondary metabolites are also known to vary inusrhand content depending on the age of the
plant (Dumas et al, 2003). Although it has beerorigal that there exists a large variability in t&eels
of phenolic compounds at various stages of maturaficlinain-Wojtaszek et al, 2001) of some leafy
vegetables, the changes that occur in the contenbese chemicals at different growth stages of
traditional leafy vegetables found in Sub-Sahancafrs poorly understood.

Information on the fate of the harvested amaramttetables during storage is limited and even
more so the fate of their constituents. The presardy was therefore designed to assess the lefels
total phenolics, quercetin, and total and solubbealates in vegetable amarantiAnfaranthus
hypochondriacusgrown using a mineral fertilizer diammonium phloafe (DAP) and cattle manure, at
different maturity stages. The changes in the kewélthese substances during storage at ambient an

refrigerated temperatures were also assessed.

Materials and Methods
Amaranth seeds were obtained from Asian Vegetaldse&ch and Development Centre (AVRDC)
Tanzania and grown in the University of Nairobil&iStation at the Kabete Campus during the longsrai
periods between March and May of 2007 and 200&nbthods already described (Palada and Chang
2003). Kabete is situated about 15 km to the WédNairobi city and lies at Latitude®15S and
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Longitude 36844'E, and at altitude 1930 m above sea level (Sombebek 1982). Kabete has a bimodal

distribution of rainfall, with long rains from egrMarch to late May and the short rains from Octde
December (Taylor and Lawes, 1971). The mean antamperature is P&. The soil in Kabete is
characterized as a deep, well drained, dark redutisivn to dark brown, friable clay (Mburu, 1996 her
land used for the plots had not received any ieetilduring the previous year, but pigeon p€ajanus
cajan), followed by chickpeaCicer arietinun) and then grass for hay had been grown on the.gdlbe
seeds were sown in a seedbed fertilized with emh@nure or diammonium phosphate (DAP; 18:46:0)
fertilizer. The trials were laid out in a complegndomized block design with five fertilization atenents
as follows: one plot with cattle manure at 40kg Nf@alculated using the content of nitrogen (N) ia th
manure; Onyango et al, in preparation), three plith DAP at 20, 40, and 60kg Nhaand an
unfertilized control plot. While we will focus omé N content of these fertilizers, it is importémtnote
that the manure used is a source of a diverse rahgeacro- and micro-nutrients (Onyango et al, in
preparation) and DAP is a phosphorus (P) as welhds source; for the manure, 20, 40 and 60 kg'N ha
treatments, the P added by the manure was veryndoeth years while that added by the DAP was 50,
100, and 150 kg P Ha Phosphorus (P) (as phosphate) is an essentidemufor plant growth,
development, and reproduction that forms part of k®lecules such as nucleic acids, phospholipids,
ATP, and other biologically active compounds. Aftetrogen, P is considered to be the second most
important nutrient limiting agricultural productigh6pez-Bucio et al, 2000). However, the phospliate
is precipitated by many cations and is easily awd for plant uptake at a narrow range of nesod!
pH values. In acid soils, P forms low-solubilityepipitates with aluminum (Al) and iron (Fe), wheseéa
alkaline soils, it combines efficiently with calau(Ca) and magnesium (Mg) to form sparingly soluble
phosphate compounds (Bar-Yosef, 1991) Therefotieoadh the total amount of phosphorus in the soill
may be high, in most cases it is unavailable fanplptake. It is likely that possible that undes ticid
conditions (pH 5) of the soil used in our study fthosphate in either the manure or the DAP was nof
available for plant uptake.

The treatments were replicated three times. The was irrigated twice a week whenever rainfall
was insufficient keeping the soil moist at all tsn& avoid moisture stress. The vegetables were

harvested at 6, 7, and 8 weeks from planting biyngsbff the tender edible stems and leaves.

Storage trials on the vegetables

Bundles of average weight 0.45 kg from each fedilitreatment harvested at 6, 7 and 8 weeks
after planting were stored at ambient (2%3) and refrigerated (4#C) temperatures for 4 days. Initially
and at 2 days interval, the vegetables were andlyae total phenolics, quercetin, total and soluble

oxalates.

Preparation of the vegetables for analysis
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The edible parts of the vegetables which consistddaves and tender stems were separated anc

freeze-dried. The residue was ground to pass threaugOOum sieve. The powder was stored in tightly
closed plastic vials in a freezer (°8) to await analyses for total phenolics, quercedind total and

soluble oxalates.

Determination of total phenolics

For the analysis 25mg of the freeze-dried powdaradranth was weighed into a 50 ml centrifuge
tubes and 20ml of 50% methanol:water added. Thdumaxwas allowed to stand overnight at room
temperature. The mixture was then centrifuged 80g84or 15 minutes, filtered and the filtrate magbe
to 20 ml each with the methanol:water mixture (1The total phenolic contents of the filtrate were
measured with a slightly modified method of Ragamzd Veronese (1973). To 1.0 ml of filtrate in a
25ml volumetric flask, 1ml Folin’s Reagent (1 N)da@ ml of 20% NgCO; were added and mixed
thoroughly with a cyclomixer. The mixture was made&5 ml with distilled water then allowed to stand
at room temperature for 30 minutes. The absorbah¢ke mixture was measured at 720nm on a UV-
Visible spectrophotometer (UV mini 1240, spectruandwidth 5nm, Shimadzu Corporation, Tokyo,
Japan). The concentration of total phenolics infillrate was determined using a standard curveaned
from known concentrations of pure gallic acid aquesolutions subjected to the same analytical
procedure. The concentration in the filtrates waeduto calculate the total phenolic contents of the

vegetables as mg gallic acid equivalent /g on angright basis.

Determination of quercetin

Quercetin content was determined using the methbdBavy et al (2002) with slight
modifications. Into a 50ml plastic centrifuge tub@mg of the freeze-dried powder was weighed anld 4m
of 62.5% aqueous methanol containing 2g/L tertdhytroquinone (TBHQ) were added, followed by 1
ml 6N HCL and carefully mixed. The centrifuge tulvesre closed and placed in a shaking water bath at
90°C for 2 hours. The extract was cooled, and madiOtal with methanol and placed in an ultrasonic
bath for 5 minutes. This was followed by centrifiga at 13609 for 3 minutes. An aliquot of 1.5 masw
then transferred to an Eppendorf tube and cenedugt 3600g for 10 min. A 1ml sample of the
supernatant was then injected and eluted throughCHRColumn:Waters Nova-pak C18,umh,
3.9x150mm; Eluent: 25% acetonitrile in 0.1% triftacetic acid; Detection: Dionex UVD 340S at
370nm; Flow: 0.9 ml/min; Injection: 20, Temperature: 3W). The concentration of quercetin was

determined from a standard curve prepared from knmamcentrations of pure quercetin in methanol.

Determination of total and soluble oxalates
For determination of the oxalates, 0.1g of powdas weighed and mixed with 30ml of 1M HCI.
Each mixture was then shaken in a water bath &iC1Lé8r 30min. To each mixture was added 0.5ml of
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5% calcium chloride and thoroughly mixed to pretaif@ out the calcium oxalate. The suspension was

centrifuged at 800g for 15minutes and the supemba@canted. The pellet was washed twice with Zml o
0.35M NH,OH then dissolved in 0.5M 430,. The solution was titrated with standard solutodr0.1M
KMnQO,4 with the temperature being maintained at@6b a faint violet color that persisted for atdes5
seconds (AOAC, 1999). For soluble oxalates, theespmocedure was used except that instead of
extracting the oxalates with 30 ml of 1M HCI, thdraction was with 30ml distilled water. The tosadd
soluble oxalate contents were calculated as peofeiry weight.

Statistical analysis

Data was subjected to the general analysis of megigd ANOVA), using Genstat statistical
software (Payne et al, 2006) to check for both nediacts of treatments and their interactions. &ii'sh
least significant difference (LSD) test was usedlantify significant differences among treatmergans
(P<0.05).
Results and Discussion

Preharvest

Total phenolics and guercetin content

The phenolic contents differed significantly (P<g).@mong the sources of N and maturity at
harvest. These results are shown in Figures 5.2. highest content was recorded in the manure anc
control plots at all maturity stages. The use ofFDied to a decrease in the phenolic contents. The

antagonistic effect of DAP on total phenolics comteas increased with increasing levels of N.
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Figure 5.1: Effects of diammonium phosphate fertitzer, manure and maturity at harvest on total phendt
content of vegetable amaranthA. hypochondriacus) (GAE = Gallic acid Equivalet

These results are in agreement with those of lal é2008) who found that the total phenolics
concentrations of leaf mustardr@ssica junceaCoss) were considerably decreased by increasing
nitrogen supply. This negative correlation betwegmnogen application and total phenolics could be
explained by the protein competition model (PCM)n@s and Hartley, 1999). The PCM hypothesis
makes a contingent prediction: when biomass ineseas response to elevated nitrogen nutrition,
phenolic concentrations will decline because ineeeaprotein demand for growth will decrease
partitioning of carbon skeletons to phenolics (domed Hartley, 1999).

In addition, it has been reported that water abditg, and the mineral and organic nutrients of
the soil have marked effects on the phenolic cdateh plants (Barberan and Espin, 2001). Under the
conditions of abundant insolation normally encotedein the tropics, the rate of photosynthesis of
carbohydrates may be so high that if the levela\ailable nitrogen and minerals are low, they get
quickly depleted by synthesis of primary metabslifEhe excess carbohydrates can then only be shunte
to production of nitrogen- and mineral-free molesusuch as the phenolic compounds (Waterman et al
1984). This is probably what happened with the gglan the control and the manure plots. However
though within each year there is support for thévH@/pothesis, between the years the picture issoot
clear. Compared to year 1, the plants from yeama@ lower leaf N and considerably better growth
(Onyango et al, in preparation) (chapter 3 thisig)e The Leaf N content in DAP fertilized plantene
lower in year 2 compared to year 1, the oppositiaeéoprediction of the PCM hypothesis. It is howeve
relatively easy to accommodate this conflict by myadg the PCM model to include not only the use of
carbon skeletons for protein synthesis but alsgfowth

Recent work by Sousa et al (2008) demonstrated vamalb trend of higher total phenolics
concentration in organically grown tronchuda calehagmccompanied by lower plant fresh weight, as
compared with conventionally fertilized sampleseytsuggested that the lack of nutrients, partitylar
insufficient nitrogen supply as a result of a lownaralization rate under organic production, cdudde
boosted synthesis of phenolic compounds while iingitrapid growth of new leaves. In our study the
control and manure plots that recorded the higpkeholic content, recorded the lowest leaf yieldlat
maturity stages (Onyango et al, in preparation).

The levels of total phenolics found in our samgdiesn all treatments ranged between 50 and
70mgGAE/g dry weight. These levels are higher thla®m 45.5mg/g recorded in leaves lodrrea
tridentataa desert shrub (Hyder et al, 2002), but are lesms 88.6mg/g recorded in leaves of other desert
shrubs (Hollechek et al, 1990). The presence cfetltdmpounds in green stems and leaves is related t
deterring herbivory, with protection of photosyritbdissues from damage by ultra-violet radiatiainig
a secondary function (Gonzalez-Coloma et al, 1988)as also been shown that the biosynthesis of

phenolic compounds can be induced by sunlight (blayband Balentine, 1997). This could explain the
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higher levels of phenolics recorded in vegetablaramh used in this study which was grown under

tropical conditions where sunlight is not limiting.

For the flavonoid quercetin, there were very sigatft differences between the two years of study
with very low amounts recorded in year 1. The atifference recorded in the two years was the smeshi
hours received by the crop during the growing seasal the air temperatures were slightly coolgreiar
1 than year 2. This could have caused the diffagsbown in Fig 5.2. This results are in agreemwght
those by Goldberg et al (1998) who found out tharcetin concentrations were clearly highest imewi
from warmerclimates notable for high sunshine while Patil et(2095) working with onions also
recorded higher quercetin contents in onions thetevgrown under high light intensity than thosarfro
low light intensity locations.

There was a significant difference in content oérgetin among fertilizer treatments and time of
harvesting in year 2 (Fig 5.2). Quercetin contémtseased significantly (P<0.05) between weeksdb&n
in all treatments except the 60 kg NhBAP in year 2 . The highest increase occurred whe2D kg N
ha' DAP and manure were used. Use of higher leveN efipplied as DAP (60 kg N Haresulted in
only slight, further increase in quercetin conteéit60 kg N h&, the quercetin content of week 7 harvest
was almost equal to that of week 8 harvest. Jkistthe total phenolics, there was a negative catros

between N levels supplied by DAP and quercetinemnt
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Figure 5.2: Effects of diammonium phosphate fertilzer, manure and maturity at harvest on
quercetin content of vegetable amaranthA. hypochondriacus)

Total and soluble oxalates

Measurement of the total and soluble oxalates cbmtethe vegetables was done only in year 2.
The results are shown in Fig. 5.3. There were goifstant differences between treatments in terins o
the total and soluble oxalate contents. The totalates decreased with maturity of the vegetaldeslf

treatments but this decrease was not significames@& results are comparable with those of Kitchmeh a
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Burns (2006) working with Dark Green Bloomsdalensgh who found that total oxalate content was

maximum at 32 days after planting and decreasedesuigntly as the plants developed vegetatively.
Some weeds have been known to accumulate compauatisas oxalates to act as a defense agains
chewing insects (Korth et al, 2006). This couldHe case iMmaranthus hypochondriacus

There was no significant difference in soluble axad among fertilizer treatments as well as the
time of harvesting (Fig 5.4). The soluble oxalae®mained unchanged throught the growing period. The
soluble oxalate contents range between 3% and 4%elight in all treatments (Fig 5.4). Schmidt et al
(1971) reported 2.9% iIAmaranthus cruentuk., while Radek and Savage (2008) reported 4.7b®

oxalates imMmaranthus viridiand 4.4% inrAmaranthus cruentus
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Figure 5.3: Effects of diammonium phosphate fertilzer, manure and maturity
at harvest on total oxalate content of vegetable aamanth (A. hypochondriacus)
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Figure 5.4: Effects of diammonium phosphate fertilzer, manure and maturity
at harvest on total oxalate content of vegetable asmanth (A. hypochondriacus)

Our results fall between the ranges reported bynfsithet al (1971) and Radek and Savage
(2008). This translates to consumption of betweég @nd 0.6g of oxalates per 100g of fresh vegetabl
Unacceptable levels for humans have been indicased to 5g of oxalic acid per day for populations
consuming low levels of calcium (Ricardo, 1993).eTtixalate levels in the vegetables that received
manure and DAP are within safe limits as long assamption does not exceed the equivalent of 800g of
fresh leaves per day which is far above the amaumrtsally consumed, for example, in Kenya which are
200g fresh weight per day (Personal observationpkihg by boiling has been shown to significantly
reduce the amount of soluble oxalates Qmlocasia esculentgl) Schott, andOxalis tuberose
(Catherwood et al, 2007; Albihn and Savage, 20Qkugh leaching into the cooking wateSince
vegetable amaranth is cooked before consumptiois, éxpected that during cooking, which involves
boiling in water which is thereafter discarded taeels of soluble oxalates and therefore the leweéls

total oxalates in the vegetables as consumed widiutostantially reduced.

Postharvest
Total phenolics and quercetin content
There were no differences in the trends between yead year 2 during storage, therefore only

data from year 2 is presented. The N source aneldedid not cause significant changes on total

phenolics and quercetin contents during storageweder, maturity at harvest as well as storage
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temperature resulted in significant (P<0.05) chanigeboth the phenolics and quercetin content. &her

was a gradual decrease in total phenolics througiheustorage period when the vegetables weredstore
under refrigeration and this decrease was greatenwhe material was stored at ambient temperature:s
(fig 5.5). For quercetin, there was a slow initiarease after 0 — 2 days in storage followed lyaalual

decrease from 2 — 4 days in storage under reftigerg4’C). Storage of vegetable vegetable at ambient

temperatures led to an accelerated decrease qtihreetin content (fig 5.6).

70 -

60 -

50 -

40
—(QO— Refrigerated
30 —{F— Ambient temperatures

Total phenolics (mgGAE/qg)

20

10 -

0 | | |
0 2 4

Days in storage

Figure 5.5: Effect of temperature and duration ofstorage on total phenolic
content of vegetable amaranth

*Results from material grown under different fertilizer regimes anddséed at different times
have been combined.

72



Chapter 5

08 -

0.6

Quercetin content (mg/qg)

—(QO—Refrigerated
_D_Ambient temperature

0.2

0.0 L L L
0 2 4

Days in storage

Figure 5.6: Effect of temperature and duration of $orage on quercetin content

of vegetable amaranth

*Results from material grown under different ferdr regimes and harvested at different times
have been combined

Changes in both total phenolics and quercetin cdntiepended on the maturity at harvest.
Vegetables harvested 6 weeks after planting anckdteefrigeratred had their total phenolics content
increase after 2 days in storage followed by a wphdecrease (Fig 5.7). For vegetables harvested ¢
weeks after planting, the increase in total phesolvas recorded after 4 days in refrigerated séorag
Vegetables harvested at 7 weeks after plantingahadn-significant increase in total phenolics afzer
days in refrigersted storage followed by a gradiesrease. Unlike the total phenolics, quercetirtern
of vegetables harvested 7 and 8 weeks after ptamticreased significantly while that of the week 6
harvest decreased when the vegetables were stfraggerated (Fig 5.8).

Venere et al (2005) storing escarol€idhorium endiviaL. latifolium group) and radicchio
(Cichorium intybusL. (rubifolium group) at 4C found that in escarole, the most abundant phenoli
compound increased markedly during storage afterfifith day. In radicchio, the phenolic content
showed a oscillated trend during storage: afteindial increase, it showed a gradual decreaséyviad
by a sharp increase around the ninth day in sto@geresults are comparable with those of Vented e
(2005) although our storage period was only foreaqal of 4 days after which the amaranth becomes

unsaleable.
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Figure 5.7: Effect of maturity at harvest, temperatire and duration of storage on total phenolic contet of

vegetable amaranth A. hypochondriacus)
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Figure 5.8: Effect of maturity at harvest, temperatire and duration of storage on quercetin content of
vegetable amaranth A. hypochondriacus)

In storage at low temperature (#€), the total phenolics and quercetin contentseiased after 2
or 4 days in storage depending on the stage ofrihat harvest. These observations agree withrtepo
by Souzan and Abd El-aal (2007) and Rivera et @0§2, both groups working with lettuce. They found
that the phenolics content increased during lowptature storage reaching a maximum after 2 and 3
days, then decreased marginally until the endarbge of 8 days. The basis for the increase igasy to
explain, but there is a possibility that dependorgthe amount and type of stress, the synthesis of
phenolic compounds may be induced as a resultcoé@sed transcription of genes encoding the enzyme:

in their biosynthetic pathway (Dixon and Paiva, 39Berrante et al, 2009); the synthesis of phesasic
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known to be up regulated in exposure to light, @id wounding (Tavarini et al, 2007). While thisdeb

is attractive its relevance tAmaranthuswhich is a tropical genus and therefore probaliiiling
sensitive would need to be confirmed. In storageigtt temperatures, most of the phenolics may be lo

in the respiration and oxidation processes whishilte in the decrease observed

Total and soluble oxalates

There were no significant changes in both total swidble oxalates during refrigeration as well as
ambient temperatures of storage. The fresh sanmalésan average total oxalate content of 5.1% which
after storage for 4 days in the refrigerator wasntbto be 5% and while that of the material staxed
ambient temperatures was 5.2%. The soluble oxaattent of the fresh samples was 3.4% which
increased to 3.5% after storage for 4 days in #eigerator and to 3.7% if stored at ambient
temperatures. A small increase in soluble oxaldiging storage has been shown to be related to ar
overall loss in moisture content of other vegetal§featherwood et al, 2007). This can explain thalkm
increase shown in vegetable amaranth after 2 addy4 in storage. Our results for soluble oxalates
indicate that minimal changes occurred during gfera his is in agreement with those of Kuan (2003)
working with soyabeans who found that the levelssoluble oxalates remained constant through 6
months of storage at -20, £C and 25C; the temperatures usetC4and 25C are similar to those used

in this study, although the periods of storage usdHis study were considerably shorter.

Conclusion

The study concludes that vegetable amaranth @mraranthus hypochondriacduaccumulates
higher levels of total phenolic and quercetin wigeswn with manure than with DAP for similar leveis
N. Total phenolics and quercetin levels increaskeilemhat of oxalates decrease, with maturity a th
vegetables. The accumulation of oxalates duringgéeods considered normal for growth are low
enough to maintain their levels within safe linfits human consumption. Low temperature storaga.of
hypochondriacushelps maintain the contents of both phenolics quercetin. Both total and soluble
oxalates do not change significantly during storafjgegetable amaranth (vak. hypochondriacysfor
up to 4 days.

Evidence is slowly mounting that the phenols ind®are absorbed by humans (Vinson et al,
1998). For example one Dutch group found that qtardrom onions was still detectable in human
plasma 48h after ingestion of 215g of dried onidnat provided 64.2mg of quercetin equivalents
(Hollman, et al, 1996). Spiking studies (Vinsonagt 1998) indicate that phenols in vegetables, once
absorbed, can enrich the low density lipoproteid prevent them from oxidizing. This effect provides
one mechanism for the beneficial effect of vegatalsuch as amaranth against diseases e.g headalise
In addition, phenols belong to a reactive groupcompounds that can be attacked by the weak

electrophile nitrosonium ion (NQ and nitrosation may occur easily in aromatic sirgearing more
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activating groups such as —OH and -OR (Mohamme@®2R0Therefore in addition to free radical

neutralization, the natural phenolic compounds npgy some important role in prevention of
nitrosamines (potent carcinogens) formation whichproduced due to the reaction of nitrite with a@si
in vivo (See chapter 3, this thesis)

From this study, the contents of total oxalatesai@nanchanged during growth and in postharvest
under the conditions described. It is possible these conditions do not influence the content@iiates
found in this vegetables. The two fractions of axes that have been found to be dorminant in arttaran
are the boiling-water soluble fraction and an inbte fraction (Vityakon and Standal, 19890). Thi&lto
oxalates in amaranth is made up of both the solaibtethe insoluble fractions. As it also precigthby
Cé&" the insoluble oxalate cannot inactivate furthef*Cahereas the soluble forms can combine with
cd" from food and reduce its availability. Therefoor futrition purposes, the contents of the soluble
oxalates in the vegetables are of concern. The tijiegnof soluble oxalates found inmfaranthus
hypochondriacusised in this study are not high enough to caubéghealth concerns. However, further

research on the effect of other types of fertiszand different modes of application is recommended
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Commercial production of vegetable amaranth
CHAPTER 6

FEASIBILITY OF COMMERCIAL PRODUCTION OF AMARANTH ( Amaranthus
hypochondriacus) LEAF VEGETABLE BY SMALL-SCALE FARMERS IN KENYA

Abstract

Vegetable amaranthA(naranthus hypochondriacdusvas grown under a range of fertilizer
treatments (manure and a range of diammonium pladsgBAP) applications) to determine the potential
profitability under commercial production conditgnThese trials were carried out at the University
Nairobi Field Station in the Upper Kabete Campusrduthe long rains of March — May 2008. Trials
were laid out as complete randomized block desmgmplots measuring 2m x 2m, with four fertilization
treatments: 20, 40, and 60kg N'haf DAP (18:46:0), 40kg N Kafrom cattle manure, and an unfertilized
control. The vegetables were harvested at 6, Bandeks after planting. Gross margins were caledlat
based on a range of the possible choices; hirddroily labour, rented or owned land, and purchased
manure or that produced by cattle on the farm. Asgwity analysis was performed on the possible
effects of changes in fertilizer cost and the pr¢evegetables on the resulting revenue. The week 8
harvests resulted in the maximum vyields for alatmeents. The highest yield, which was obtained from
the plots receiving 40kg N HeDAP, was equivalent to 29,925 kg haThe yield from the manured plots
was equivalent to 3,700kg tha Based on use of manure alone and the differptiors the predicted
gross income per hectare ranged between KSh 53yitBpurchased manure, and hired land and labour,
to KSh 81,780 with own land, labour and manurengdbAP, the predicted income ranged from KSh
483,273 with hired land and labour to KSh 498,14thwwn land and labour. The change in the gross
income to the farmer was more sensitive to the ghan the price of the vegetables than to the obst
fertilizer. These results show that small farmeasm eanake money from commercial production of
amaranth vegetables. This conclusion is based eratmer judging the opportunity costs of his own
land, family labour and manure from his own farnzeso. The results make it clear that at currenketa
prices the revenue from growirgmaranthus hypochondriacusan be increased by using artificial

fertilizer rather than manure.

KEYWORDS : Amaranth, Commercial production, small-scale farmers, Kenya

To be submitted as : Cecilia M. Onyango, Jaspeiningi, Lawrence O. Mose, Jeremy Harbinson and
Olaf van Kooten. Feasibility of commercial prodoctiof amaranthAmaranthus hypochondriacukeaf

vegetable by small-scale farmers in Kenya.
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Introduction

Most of the farmers in the developing world are bseale. For example, in south Asia, there are
125 million farms with an average size of 1.6 maBangladesh, 96% of all holdings have a size &5 le
than 0.3ha (AVRDC, 2002) while in most countriesSimb-Saharan Africa small scale farmers operate on
an average size of 0.4ha. Though most of theseefargrow traditional leafy vegetables (TLVS) inithe
kitchen gardens only for home consumption, in Kerlgase vegetables are found in increasing quesititi
in formal markets where the middle and higher sedonomic classes shop (Ngugii,al,2006). In terms
of quantities supplied to these markets, amaranathls second aftevigna unguiculatabut they are the
more preferred by consumers. In these markets, TaMssold competitively alongside their exotic
counterparts like cabbage and spinach (Onyango lamohgi, 2007). The increase in demand has
stimulated many entrepreneurs, especially womegrdw and trade in these vegetables on a smak.scal
Currently, therefore, opportunities exist in Kengaise TLVs, such as amaranth, to generate income.

It has been previously demonstrated that commengiabuction of TLVs by small scale
enterprises can be viable (Ngugt,al, 2006; Besonget al, 2001). This form of commercial production
can serve as a useful tool for poverty reductiarmfomen with little capital, limited access to laadd
working under labour constraints (Lewis, 1997). Tiewenue generated contributes significantly to
enhancement of household food security, accesanmdyf health care and enables women to attain some
degree of financial independence within the farbilglget (IITA, 2003).

Production of TLVs is very simple and is practisdth very few inputs - normally just the use of
farmyard manure as fertilizer and very rarely igmolcal fertilizer used in the production of TLVsorF
marketing, the harvested vegetables are packeduirdlés of sizes dependent on the method of
harvesting. Driven by trade liberalization and rteshnologies in food processing and retailing,-&gd
markets are becoming more concentrated at alldgvaiolesale, retail and intermediary traders). kdar
expansion results in increasing price competitiod aew large distribution agents are setting €rict
standards in terms of product quality, reliabilgd scale of delivery. Procurement patterns aregbei
adapted to these new requirements and changingnérket opportunities for farmers in the process
(Vorley et al, 2007). In order to assist farmersgrow TLVs and access markets, a developmental
organization — Farm Concern International - hasmbessisting small scale farmers across Sub-Saharal
Africa to transform themselves from subsistencenéas into Business Support Units that can prodoee t
vegetables on a sustainable basis and ensure temtsisn supply to the markets (Ngugi et al, 2006).

In developing countries, small-scale agricultiemains a critical contributor to poverty reduction
and rural development (through direct linkageshrion-farm economy) (The World Bank, 2008). It has
been shown that that there is high demand of TuVmajor cities of developing countries e.g. Kenya
(Onyango et al, 2008) and that these vegetableBer@ming a major source of income to rural and per
urban small scale farmers. In order for the Tit¥play a significant role in poverty reductiongrfers
involved in their production and marketing reque@éucation on profitable production and marketing
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aspects. The purpose of this study is to pres@rbas Margin analysis for producing vegetable antara

as a commercial enterprise. The Gross Margin @merprise is the enterprise total income lesgaitgble
costs. It is a simple measure of an enterpris@gibation to the overall cost of running the farfmus if all

the enterprises that go to make up the farm shpasdive Gross Margin, then the farm is likely take a
profit (FAO, 2007). The Gross Margin calculationymze used as a convenient step in preparing a farm
budget or investment plan for the future. The ca$igrged to an enterprise when calculating its &ros
Margin are called variable costs because they aapprding to the size and nature of the enterprise.
Examples are: Seeds (purchased or home-growni)iziend, chemicals, casual labour and hired equigme
Fixed costs are not shown in the Gross Margin amlyixed costs are those costs that would ocour n
matter what quantity is produced. Examples arer&gation on buildings and machinery and interest o
capital.

The Gross Margin analysis for vegetable amarargdymtion is likely to be affected by both
changes in artificial fertilizer (which is importfedosts due to the fluctuating dollar to the Keskdling
exchange rate and the changes in vegetable prices different seasons (rain and dry seasons). An
analysis of the Gross Margins given the changé®ih fertilizer cost and vegetable price will detare
to which of the two factors the gross margin is trs@nsitive to.

It is also necessary for the farmers to know thantjty of the vegetables they will need to
produce in order to cover all the costs incurredriuthe production (the break-even point). Theakfe
even yield is the quantity of yield required totjuscover the cost spent on producing the commadity
given price. The higher the expected or actualdgiedbove the break-even yield level the greater the
profitability. At the planning stage, if after calating the break-even yield, it is found to be imlawer
than the recommended or farmer’s usual yield, aedetis no way to push the yield above the breaaev
point, then the farmer should not produce the @naguestion.

The objective of this study was therefore to usaatanthus hypochondriacugelds obtained
from experimental plots using manure and DAP fiedil to generate gross margins based on small scale

farmers’ economic model.

Materials and Methods

Amaranth seeds were obtained from Asian VegetaBlesearch and Development Centre
(AVRDC), Tanzania. The vegetables were producefieid trials, set up in the University of Nairobi
Field Station at the Upper Kabete Campus duringdhg rains period between March and May in 2007
and 2008. Kabete is situated about 15 km to thet\WkBlairobi city and lies at Latitude® 15'S and
Longitude 36 44'E, and at altitude 1930 m above sea level (Sombetedd, 1982). It has a bimodal
distribution of rainfall, with long rains from egrMarch to late May and the short rains from Octdbe

December (Taylor and Lawes, 1971). The mean antamperature is P&. The soil in Kabete is
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characterized as a deep, well drained, dark redafiglvn to dark brown, friable clay (Mburu, 1996her

land used for the plots had not received any feetilduring the previous year, but pigeon p€ajanus
cajan), followed by chickpea(icer arietinun) and then grass for hay had been grown on ths.plot

The seeds were sown in a seedbed fertilized willeemanure or diammonium phosphate (DAP;
18:46:0) fertilizer. The trials were laid out incamplete randomized block design with five fertlion
treatments as follows: one plot with cattle maratrdOkg N h# (calculated using the content of N found
in the manure; Table 3.1), three plots with DAP:4B80) at 20, 40, and 60kg N haand unfertilized
control plot. The treatments were replicated tHode. The plots measured 2m x 2m with spacing of 15
cm x 10 cm (Palada and Chang, 2003). Care was fakiis trial to use a manure treatment and, where
possible, cultivation practices that were comparablthose employed by local small-scale growewsr F
seeds were planted in each hole, but two weeks gdtenination, the seedlings were thinned to one pe
hole. Irrigation was used whenever rainfall wasiffisient to keep the soil moist. The plants werewgn
in 2007 (year 1) and 2008 (year 2) but only thédgdrom year 2 are used for gross margin calautati
Year 2 was used to because conditions experiengedgdthis year were considered to be the average
encountered by farmers in Kenya. The vegetable® \warvested at three maturity stages; 6, 7 and 8
weeks after planting.

The yields were converted to bundles per hectatbeaswould if being produced for sale by the
small-scale farmers and the gross margins per teectanputed for a harvest at 8 weeks after plar{ang
season), when the vegetable yields are at the nuaxinvields from year two (2008) when using manure
at 40 kg N h# and DAP at 40 kg N ha were used for the Gross Margin calculations. Theselevels
were used because small scale farmers in Kenyadwarimally use manure and the recommended rate
of N for vegetable amaranth is 40 kg N'harhe fertilizer costs used in the analysis wemséhthat small
scale farmers would have paid when buying fertilinesmall quantities from local suppliers; thesegs
are somewhat higher for DAP than when the fertilisgourchased in bulk by large scale farmers. &ros
margin is a proxy for profitability and is in tura reflection of the commercial viability of growing

amaranth. All values and calcultions are preseated growing season basis.
Gross Margin = Gl - TVC
Where:
Gl = Gross income (Ksh Reseasof)
= Yield in (kg h& season®)x Price (Ksh kd)

TVC = Total variable cost (cost of land, labour, muae/fertilizer, seed)

Land rates = 4,000 (Ksh seastm?)
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Commercial production of vegetable amaranth

Labour = 4,400 (Ksh Haseasoit)

Seed = 360 (KSh Haseasoit)

Cost of fertilizer = 166,500 (KSh Haeasoit)

Cost of Manure = 13, 888 (KSh haeasoit)

Ksh: 1 Kenya shilling is equivalent toUSD 0.014

Note: The rates of the variable costs used inghidy were given by Farm Concern International — an
organization that assists small scale farmers m®dnd sell TLV in East and Central Africa.

Amaranth production like most agricultural prodoati suffers from changes in input and output
prices. In order to assess whether amaranth proeducbuld be commercially viable, a sensitivity
analysis was performed by simulating the effecteallistic vegetable and fertilizer price changedhan
Gross Margins obtained above. This was followedddgulation of the break even points (BEP) for diel

for different vegetable prices and fertilizer costs

Gross Margin Sensitivity analysis = Change in Grosgome with a change in

vegetable price and cost of fertilizer

Break-Even-Point (BEP) occurs at the point when BIE.

The Break-Even Point for Yield = the quantity adlgirequired to just recover the cost spent on

producing the commodity, at a given price.

Where:
Gl = Gross Income
TVC = Total Variable Cost

BEP (Yield)( kg ha seasott)= TVC (Ksh seasotha®)/Price (Ksh k)

Results and Discussion
The yield data are presented in Table 6.1. Tottyper hectare increased steadily from week 6 to
week 8 with the highest yield being recorded intplthat received 40 kg N fheof DAP at week 8
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harvest. Plots with manure application also recdrihe highest yield at week 8 harvest. Evidenthg t

growth and yield of amaranth is strongly influendsdsoil fertility when this has been enhanced by a
inorganic fertilizer. Nitrogen supply is known t@ve a considerable effect on the yield of amaranth
(Makus, 1986). The results obtained in this stuaysthat though yields responded to supply of naher
N, this response is not proportional to the supglN, with the response depending on N supply and

harvest date.

Table 6.1: Vegetable amaranth yields (kg b3 during a long rains season at different levels
of nitrogen application and stages of maturity at larvest; all values sre for one growing season

Source of N Yield (kg ha™) at different stages of maturity
(weeks after planting)

6 7 8
Control 800 1,225 3,150
DAP 20kg N/ha 8,275 16,975 25,025
DAP 40kg N/ha 9,825 19,075 29,925
DAP 60kg N/ha 10,025 11,825 16,350
Cattle manure 1,425 1,725 3,700

DAP = Diammonium phosphate fertilizer

The manure treatment used in these trials was c@hblgato that employed by local small-scale
growers. Therefore, the differences in the growgponses obtained are both significant and relevant

Conventionally, a majority of the farmers will growops on the same plot of land season after
season without any soil fertilization. Farmers’ wrgields therefore continually dwindle. A possible
redeeming factor for manure application (other tlla@ improved germination — Onyango et al, in
preparation) is that many farmers may be usingldtst is more exhausted than the soil employethas
control in this study. Application of manure to nent depleted plots, such as those typical of bmal
farms, would probably have elicited discerniblefetiénces in the yields between the manured and the

control plots.

Gross margin analysis at 8 weeks after planting

Farmers in Kenya sell vegetable amaranth in bundfeaverage weight 0.45 kg per bundle
(Onyango et al, 2008). Each bundle is sold for ammgrice of KSh 10.00. This translates to a prite o
KSh 22.2 per kilo. The different gross margins stiewn in Table 6.2 and 6.3 for manure and fertilize
respectively.

Case 1: application of manure 40 kg N'ha
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Commercial production of vegetable amaranth
Yield (kg hd seasoft)= 3,700.

Gross Income (Ksh Haseasoit) = Yield(kg ha' seasoft) x Price (Ksh kg)
=3,700 x 22.2
= 82,140.00
Most small-scale farmensse family labour, have their own land and practiee grazing of dairy

animals so manure is readily available. These fesno®nsider land, labour and manure as ‘free’
resources. Although these resources have opportwasts, these are normally considered zero.
Consequently the only variable cost that shoulddflected in the gross margin calculations is tifahe
seed. Sometimes the seed will be own producedmatdd by a neighbour or friend. In this case, deds
can also be placed in the same category of ‘frg@uts by the farmer, and the opportunity cost bexom
zero. These considerations vary the gross margipsraling on what the farmers consider as ‘frealtisip

and create the following scenarios; in each casdsskeing purchased:

Farmer 1: Purchased manure, hired labour and land
Farmer 2: Hired labour and land, own manure
Farmer 3: Hired land, own manure and labour
Farmer 4: Own land, manure and labour
Farmer 5:Purchased manure, hired labour, own land
Farmer 6: Purchased manure, own land and labour
Farmer 7: Hired labour, own land and manure
The different gross margins based on these scenargoshown in Table 6.2.

Table 6.2: Gross Margin analysis on season basig feroduction of vegetable amaranth using cattle
manure based on seven scenarios (values are in Ksh)

Farmerl Farmer2 Farmer3 Farmer4d Farmer5 Farmer6 Farmer?/
Gross Income (GI)
(Ksh ha'seasoft) 82,140 82,140 82,140 82,140 82,140 82,140 82,140
Total variable costs
(TVC)
(Ksh ha' seasor)
Seed cost 360 360 360 360 360 360 360
Manure cost 13,888 0 0 0 13,888 ,888 0
Labour cost 10,866 10,866 0 0 66,8 0 10,866
Land Rent 4,000 4,000 4,000 0 0 0 0
Total cos{ 29,114 15,226 4,360 360 25,114 14,248 11,226
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Gross Margin
(GI-TVC)

(Ksh haseasoft) 53,107 66,914 77,780 81,780 57,026 67,892 70,914

1US Dollar = Ksh 74
Many small-scale farmers in Kenya today practise zgazing and will therefore use manure
from their cattle sheds in the production of thesgetables.

Case 2: application of DAP 40 kg N'ha
Yield (kg hd seasoit) = 29,925.
Gross IncoméKsh ha'seasoft) = Yield (kg h& seasoft) x Price (Ksh kg)
=29,925x22.2
=664,335.00

Just like the farmers who produce the vegetablesggusanure, small-scale farmers using fertiliser

will consider the use of family labour and theirroland as ‘free’ resources hence the opportunisy 0b
these resources is zero. With this in mind, theisea several scenarios in which the seed andifertis
purchased:
Farmer 1: Hired land and labour
Farmer 2: Own land, hired labour
Farmers 3 Owns land and labour
Farmers 4: Hired land, own labour
Gross margins for these scenarios are shown ireTaB|

The prohibitive costs of chemical fertilizer medhat it is very rarely used in the production of
TLVs such asAmaranthus hypochondriacusVhenever it is used, it is usually in combinatiaith
manure, and the fertilizer is usually applied wels that would be sub-optimal for fertiliser alone

Table 6.3: Gross Margin analysis on a season ba$s production of vegetable amaranth using
DAP fertilizer (18:46:0) (values are in Ksh)

Farmerl Farmer2 Farmer3 Farmer4

Gross Income (Gl)
(Ksh ha'seasoit) 664,335 664,335 664,335 664,335
Total variable costs (TVC)
(Ksh ha® seasoit)

Seed cost 360 360 360 360
Fertilizer cosf 166,500 1685 166,500 166,500
Labour cost 10,866 10,866 0 0
Land rent 4,000 0 0 4,000

Total cost| 181,726 177,72 166,860 170,860

Gross Margin (GI-TVC)
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(Ksh ha'seasoft) 482,609 486,609 497,475 493,475

1US Dollar = Ksh 74

From the gross margin analysis, it can be seenajhalication of the recommended rates of DAP
fertilizer results in higher yields of thmaranthus hypochondriacand therefore better returns to the
farmers than from the use of manure. Most of thgeteble amaranth farmers have access to an averag
of 0.1ha (0.25 acre) of land for production of ttegetables. If the gross incomes estimated forclane
are scaled down to one-quarter acre, a farmermalke a gross income of Ksh 66,434 and Ksh 8,214
when the vegetables are produced using DAP and maamesgpectively. This shows very clearly that
farmers will obtain higher yields and hence gaighler returns by applying DAP fertilizer at the
recommended rate of 40 kg N haSome farmers will use sub-optimal artificial fézer levels in
admixture with the manure. The yields and returosfthis option will fall between that of produatio
using 40 kg N hd DAP and 40 kg N dmanure.

Sensitivity analysis

The Gross margins shown in Table 6.2 and 6.3 wilnge depending on the changes in the
variable costs and the changes in market pricéseo¥egetable. The artificial fertilizers form tlaegest
fraction of the total variable cost under this tygfeproduction and therefore the changes in itd wolé
have significant effects on the total variable sostcurred for production of the vegetables. The
vegeteable prices determine the gross income dautafrom production. It is therefore important to
determine which of the two the Gross Margins wélrhost sensitive.

Vegetables normally sell at Ksh 22.2 per kg (Onyaeg) al, 2008). However during the rain
season the prices drop to Ksh 11.5 per kg and gldhie dry season the prices rise to Ksh 33.3 per kg
Cost of Fertilizer = USD 1 per kg (The dollar rateghe Kenyan shilling fluctuate between Ksh 78 an
Ksh 100).

Our results show that the gross margins are marsitsee to change in vegetable prices than the

change in fertiliser prices (Figure 6.1). The praderegetables will normally rise during the dryasen in
response to diminished supply in that period.
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Figure 6.1: Effect of fertilizer (DAP) cost and vegtable price on the Gross margins
for vegetable amaranth production per hectare peraason (1 US Dollar = Ksh 74)

The changes in fertilizer prices are unpredictdlgleause fertilizers are usually imported and their
prices are pegged to the hard currencies whoseaagehrates with the Kenya shilling usually fluceuat
In most cases however, these fluctuations are nainigsulting in only small changes in cost of tex#irs
and small effects on the Gross Margins. This ingptieat the returns obtained per unit of land by the
farmers depend greatly on the price the vegetaivlaranth will attract. The small scale farmers can
therefore take advantage of the high prices of tadxes during the dry season. Most of the smallesca
farmers in Kenya grow TLVs near rivers and hence carry out irrigation using watering cans to

produce these vegetables during the dry season.

Break Even Point (BEP) Analysis

The break-even yield is the quantity of yield regdito just recover the cost spent on producing
the commodity at a given price of the commoditythis case, price of the vegetable. The break-even
point with the use of DAP fertiliser requires a lineg productivity of the vegetable than when marisre
the fertiliser (Fig 6.2). This arises from the higbst of the chemical fertiliser as compared to unan
However as the price of the vegetable increasesptbak-even point for yield when DAP fertiliser is
used decreases significantly. The BEP analysismigoitant to the planning stage because if after
calculating the break-even yield it is found torbach lower than the recommended or farmer’s usual
yield, and there is no way to push the yield abthwe break-even yield, then the farmer should not
produce the crop in question. This is because miaduat a yield lower than the break-even yield idou

mean producing at a loss.
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Figure 6.2: Effect of fertilizer (DAP) cost and vegtable price on the break even yield
for vegetable amaranth production per hectare peraason (1 US Dollar = Ksh 74)

As vegetable productivity is increased by using CfaRilizer at the recommended rate of 40 kg N

ha' the break-even point can be reached.

Example: If the DAP cost rises to Ksh 100 per kg, sing the yield obtained by using DAP at 40 kg N
ha™ at 8 weeks maturity and the lowest price for the vgetable (Ksh 11.1Kg)

BEP (Yield)( kg ha seasoft)= TVC/Price kg*
=237226/11.1
=21371kg

=21.37Tons

The yield of 21.4 tons will be equivalent to thedk even point. To the small scale farmer who
considers use of family labour and land as zerd, dbe cost assigned to these two factors will be
perceived by the farmer as accrued income. At tirenal price of Ksh 22.2, the farmers will produce
yield that are above the break-even point and thexevill make a profit. However, using the samtera
of DAP, lower yield have been recorded in vegetaniearanth produced under different conditions
(Onyango et al, in preparation, chapter 3 thisif)eSince farmers have no control over the mapkiee
of the vegetables, it is clear that at the lowetds and using a price of Ksh 11.1 per kg of vegetased
during the long rains season, the farmers wouldanbieve the break-even point.

87



Chapter 6
In spite of the benefit of being free, the use anore results in less income than the use of

artificial fertiliser. In this study gross margiralculations have been based on small scale farmers
perception of the costs of required inputs and nmedrom production in order to produce results drat
consistent with the farmers’ economic model andcwhwill, therefore be more convincing to them,
rather than the conventional calculations basedh g@ndard economic principles which, however,rofte
seem unrealistic to small-scale farmers.

Our results indicate that returns to investment tog TLV farmers depend largely on the
vegetable prices. Development of proper infrastmecbetween production sites and markets is regjuire
to be able to get the produce to the markets offehigh prices. The presence of middlemen in the
marketing of the TLVs in Kenya (personal observatiesults in small scale farmers getting lowecgsi
for their produce than it would be if they soldeditly to the marketing outlets. Formation of farmer
groups to take advantage of the economies of stalecessing the markets directly will result igter
incomes. Considering the whole value chain fronmfag to the final consumer is vital for furthering
sustainable livelihood in amaranth.

Agriculture, in particular pro-poor agriculturalayvth is back on the international development
agenda (U.N. 2000). Use of traditional leafy vepkta such as amaranth to promote the role of
agriculture in economic growth and poverty reductio developing countries is possible. As the globa
economy becomes knowledge-based, the managementtiéindtion of information will increasingly
drive agricultural development. Knowledge on inteastechnologies and services (pest management
strategies, seed, fertilization strategies, valdéed markets), will continue to increase in impoc&
within the agricultural sector. All farmers, incind small-scale farmers, will need both ingenuibhda
competency to remain competitive.

Most African governments have clearly not priogtisagricultural transformation and continue to
treat smallholder agriculture as just a way of fdea peasant population, with little to contriedbwards
economic growth and poverty alleviation. The farsnbave also remained poorly organised, and fail to
lobby for an adequate share of public resourcesurpd3eful and sustained engagement of these
stakeholders is required to unlock the potentialsofallholder agriculture as the best option for
transforming the lives of large numbers of poordeholds in rural communities across Africa (Mutamba
and Nyagah, 2009).
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CHAPTER 7

GENERAL DISCUSSION

Production of amaranths and other traditional lea®getables (TLVSs) is increasingly being
viewed as an important part of the livelihood stgi¢s of many people in the rural and peri-urbaasr
of most of the developing countries. Apart from sigtence production, amaranths also offer sigmfica
opportunity for poor households to generate revehrmigh commercial production (Chapter 6), because
due to increase in their consumption by people riman areas, market demand for traditional leafy
vegetables has increased.

This study established that the growth and yieldmfranth is more strongly influenced by soil
fertility when this has been enhanced by inorgdaitilizer but not by manure. Common with many
plants, nitrogen supply is known to have consideraffect on the yield of amaranth (Makus, 1986).
There was no significant yield increase when manvas used as a source of N when compared to the
control. The lack of yield increase due to manypliaation was disappointing but not unprecedented.
Adediran et al, (2004) working with maiz8dga maysand cowpea\(igna unguiculatafound that use of
manure did not result in significant yield gainsmgmared to control plots. Other studies have shdwn t
manure is not as effective as artificial fertiliz@fan Lauw et al, 2001, Turan and Sevimli, 2005).
Compared to mineral fertilizers, manure containatiesly smaller amounts of nutrients readily ashle
for growth of plants (Edmeades, 2003). It is pdssthat after emergence, the supply of these assent
nutrients was insufficient to promote continuedidagrowth. The results obtained in this study shbat
although yields responded favourably to supply aferal N, the response depended on N supply and
harvest date. The typical growth duration of am#éram Kenya is 8-10 weeks from planting to floweyin
with the main harvest of leaves occurring betweeeks 6 and 8. Under this regime yield saturatehat
application of diammonium phosphate (DAP) fertitiz&f no more than 40 kg N Hawhen this was
applied as a single dose.

Working with grain amaranth and using 0, 15, 30ad8 60kg N ha (NPK 15-15-15), Olaniyi et
al, (2008) found that fresh and dry shoot yieldd grain yield per hectare were significantly intheced
by applied N rates. Although fresh shoot yield @aged with increasing level of fertilizer applioati
between 0-60 kg N Ha there was no significant difference between theamyields obtained at 45 kg
and 60 kg N hd. These results are similar to our results with etagle amaranthAfnaranthus
hypochondriacus Since there was no increase in yield when 60Nképa® were used, it could be
concluded that higher rates of N than optimal esuluxury N uptake, leading to nitrate accumudatior
loss of N through leaching (Maurao and Brito, 20(Higher rates (45, 90 and 135 kg N*h&ave been
shown to cause an increase in the yields of vetgetaharanth Amaranthus tricolay, but in this case a
split application of N , half at germination ancetbther half two weeks later, was used (Singh and
Whitehead, 1996). Leaf area increased with N-featiion until 90 kg N hathen decreased at 135kg N
ha'.
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There was continuous increase in yield betweendb8weeks after planting. The highest yield

was recorded at 8 weeks after planting in all tresits. This is important for the farmers to optienilzeir
income from the vegetables especially if they arprbduce it for commercial purposes.

Nutritional quality of vegetable amaranths

The nutritional value of vegetable amaranth haslvated to be equal, or even superior to that of
spinach, as it is considerably higher in vitamina® C, calcium, iron and phosphorus (Watt and Merr
1975). The vegetable amaranths sampled from theoblanarkets in this study contained an average
protein content of 26%, an average vitamin C candér627 mg/100 g, an iron content of 18 mg/100 g
and a zinc content of 5.5 mg/100 g on dry weiglgivarhe vegetables were also analyzed for nitrates
and oxalates, and possible contamination with théctmetal lead to assess the safety of cultivation
practices and/or pollution. The nitrate contentsgead between 505 - 1056 mg/100g dry weight; this
translates to about 75 - 158 mg/100 g fresh weibhis level is below the maximum safe daily intaie
220mg/100g fresh weight recommended by WHO for tad(WHO, 2000). The total oxalate contents
were found to range between 4900 - 6600 mg/100gsahdle oxalates between 2800 - 4200 mg/100g
dry weight. Levels toxic to humans have been indiddo be 2 to 5 g of oxalic acid per day for those
populations consuming low levels of calcium (Riagrd993). The levels of free oxalates found in this
study therefore do not constitute a serious hdwlitard for reasonably healthy individuals if conption
does not exceed 200g of fresh leaf per day (FA@8L9Further, it is expected that if the method of
cooking involves discarding of cooking water a®ften the case with leafy vegetables in Kenya, the
levels of total and free oxalates as well as lewdlqitrates in the vegetables as consumed will be
substantially reduced.

The levels of lead in the vegetables ranged betw@88 - 1.5mg/100g dry weight, which
translates into 0.15 — 0.2 mg /100g fresh weighe US Food and Drug Administration Advisory Panel
suggest that no more than 1mg of lead per day bsuroed from food (Gordon and Wayne, 1993). The
levels that were found in the vegetables in thislgtwould lead to intakes of less than 0.5mg assgmi
consumption of 200g of leaf by adult persons wihschelow the recommended limits.

Lack of land for agriculture in the urban and petdan areas coupled with desire by the poor
populations in these areas to generate incomedsad#ted in some vegetables being grown on the bank
of urban drains and sewers. This results not amlgame consumers having a negative attitude to the
vegetables, but raises the real risk of contanonably heavy metals and pathogens. For purposes o
health and nutritional planning therefore, it waportant to gain knowledge on the quality and yabét
these vegetables and the possible methods of jatepato reduce potential of intoxication. Findirigs
chapter 2, indicated that most of the vegetablerantlas together with other TLVs sold in supermasket
in Nairobi are cultivated 20 - 40 km away from ttigy. Vegetables grown in the banks of drains and
sewers will probably be found in some of the mlittity of open air markets within the city and nat
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these formal markets.

The Kjeldahl nitrogen contents of edible partsAoharanthus hypochondriacusanged between
3.7% to 6% in vegetables produced in Year 1; atéo3o 4.2% in those produced in year 2. Converting
these values to crude protein by multiplying bys6 the protein content ranged between 23% and 37.5%
in year 1 and 19.4% and 26.3% in year 2 (Chapteft3 values obtained in year 1 were slightly highe
than those already reported in literature for valglket amaranths (Aletor et al, 2002; Sleugh et @012
and the average values for the vegetable sampliesteal from the supermarkets and green grocemies i
Nairobi (Chapter 2). The values in year 2 were carable to those reported in literature and thosé th
were obtained in samples collected from the markétse B-carotene contents ranged between
15.5mg/100g and 26.3mg /100g dry weight for has/@styear 1; and between 9.6mg/100g and 19.5
mg/100g dry weight for harvests in year 2. The eot# of ascorbic acid (vitamin C) ranged betweeh 12
mg/100g (control) and 1699 mg/100g ( plots thaensd manure) depending on the time they were
harvested (Chapter 4). The other vegetable amarspphwould be expected to give values that are
comparable with these results. The protein as agbhep-carotene contents &. hypochondriacuare
greatly improved by the use of the chemical feritiDAP which provides an easily available form\of
(and P). At the rate of 40 kg Nhait is possible to obtain both high yields of vied®es with high protein
and beta carotene contents (Chapter 4). Howevehigathigh levels the ascorbic acid content was
decreased. Use of manure led to higher amountsaijriic acid compared to the use of DAP but
harvestable yield and protein levels were the ldwes

It has been reported that Kenya’s main nutritiopedblems are the same as those of other
developing countries, and include protein and vitaf deficiencies which affect a large proportioh o
the poor urban and rural populations. Iron-deficiennduced anemia has also been reported to be
prevalent among the general population, especatipng children under five years of age and pregnant
women (WHO, 2000). Considering just these two haeadlnutritionally related problems the
consumption of vegetable amaranth in diets wouldmected to partly contribute to alleviating these
problems. The vegetables contribute substantiallthé protein, the mineral (iron, calcium, phospisor
and potassium) vitamins A and C and crude fibeakies from diets. The levels of protein, ascorbid,ac
iron and zinc are reduced in the cooked, drainegetables (the form in which they are eaten) due to
leaching of the nutrients into the cooking watest Example Mathooko and Imungi (1994) have reported
loss of 80% ascorbic acid in cooked drain&gharanthus hybridusvhile Yadav and Sehgal (1995)
reported ascorbic acid losses of 93% @rzhrotene losses of 1.3% Amaranthus tricolorlmungi and
Potter (1983) reported losses of about 12% of théem, an apparent increase of about 13% of i ir
and a loss of less than 1% of the zinc in cookedldrained cowpea leaves. With the exception of,iron
the dietary intakes of these nutrients from thekedd. hypochondraicusegetable is therefore expected
to be substantially lower than that expected framléevels in fresh vegetables.

The phenolic content including that of quercetirg anhanced by use of manure, low levels of N
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as DAP and with advancing maturity of the vegetalleharvest (Chapter 5). Polyphenols, principtiéy

group of flavanols consisting of kaempferol, quércand myricetin, have bee implicated in playing a
important role in human health. Of special interigstheir antioxidant activity and their wide rangge
pharmacologic properties (Wargovich, 2000). Theyeh&éeen associated with anticarcinogenic and
antiarteriosclerotic properties and they have thiétga to fight dental carries and diarrhoea (Hertet al,
1992; Prior and Cao, 2000; Imungi, 2002). The po&mwls are also considered to have potential f®r th
management of HIV/AIDS. For example, caffeic acatidatives (e.g dicaffeoylquinic and dicaffeoyly-
tartaric acids) have been shown to selectivelybimhiuman Immunodeficiency Virus typel (HIV-1)
integrase (Robbins, 2003). In addition,vitro studies have shown that quercetin prevents oxidaif
low density lipoprotein (Kandaswami and Middletal®94), a process which is thought to be an
intermediate step in the formation of ateriosclerptaques (Hollman, et al, 1997). It is possilfiattthe
preference for some of the traditional leafy veflets shown by some communities arises not only from
desire to enrich their diet, but also from theiiligbto prevent and cure diseases. It is posstiole
manipulate the contents of various nutrients iséheegetables during production by changing the tin
maturity at which the vegetables are harvestedasal by the use of various doses of N supplied by
either manure or chemical fertilizer.

ThoughA. hypochondriacuss a valuable source of nutrients, the consumptibthis vegetable
may pose some health risk due to the accumulatfoang-nutritional factors such as nitrates and
oxalates. A consequence of nitrogenous fertilizatgothat if supplied in excess some of the N talgen
will accumulate as nitrate in the vacuoles instetleing converted to amino-nitrogen (Martinoiaagt
1981; Demsar et al, 2004; Santamaria et al, 20@btadnaria et al, 1999a). This accumulated foliar
nitrate poses a health risk and is subject to eggul as it is known to interfere with the blood
haemoglobin in the oxygen transport. If consumettate can have toxic effects by two main routes.
First, in the saliva and the gastrointestinal tradtate is reduced to nitrite which can then é®xidized
to nitrate by oxyhemoglobin in the bloodstream with resultant formation of methemoglobin (in which
the central iron of the haem group is’féKosaka et al, 1979). Unlike hemoglobin, methetobin has
no ability to bind oxygen (Santamaria, 2006) so d¢apacity of the blood to deliver oxygen to the yod
tissues is impaired (Hill, 1999). This conditionréferred to as methemoglobinemia and is more $&rio
with infants than with grown children or adults.c8ed, nitrites react with secondary amino compounds
commonly present in diets to form nitrosamines,otiave been implicated in carcinogenesis (Hansser
and Marsden, 1987; Wogan, 1976). The nitrate cordenegetables is therefore a determinant of their
nutritional quality and hence the recommended &nfiir the nitrate content of vegetables (Food
Standards Agency, 2001) need to be strictly folldwe

The field experiments in year 1 revealed that tighdst levels of nitrates were found at 6 weeks
after planting and ranged from 844 to 2530mg/108gdoy weight basis. These contents dropped to
between 629 to 2012mg/100g dry weight by 8 weekar aflanting. In year 2 the nitrate content was
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lower and ranged from 567 t01233 mg/100g dry weajhd weeks after planting. These values dropped

to 255 to 758 mg/100g at 8weeks after planting (@#ra3). Taking the highest amount of nitrates
recorded in year 1 (2530mg/100g dry weight) whek@M ha' was used in production of the vegetables
and harvesting done 6 weeks after planting, it miélan that a person will consume 266mg/100g fresh
weight, assuming that there will be a 30% losstdueaching in the cooking water. Assuming an agera
consumption of 200g of vegetable per day, thisdiete to a consumption of 530mg of nitrates per. day
This is far above the 220 mg maximum safe dailgkatof nitrate recommended by WHO for adults of
(WHO, 2000). Therefore the benefits of increasedldyi protein andB-carotene contents of leafy
vegetables arising from nitrogenous fertilizatiazed to be balanced against the risk of excesstvatai
contents.

The total oxalate content of vegetable amaranttssfaand to range between 3700 - 6800 mg/100
g while that of soluble oxalate ranged between 28@200 mg/100 g dry weight, both for samples
collected from the markets and those grown in erpartal plots. FOA. hypochondriacysthe oxalate
contents decreased with maturity of the vegetaff@sapter 5) the highest levels were recorded in
vegetables that were harvested 6 weeks after ptarfiur oxalate levels are comparable to thosertegho
by Schmidt et al, (1971) who reported a soluble lateacontent of 2900mg/100g dry weight in
Amaranthus cruentuk., while Radek and Savage (2008) reported a comte4700mg/100g dry weight
in Amaranthus viridisand 4400mg/100g dry weight Aamaranthus cruentus'hese levels are similar to
those obtained by (Mziray, 1999) working witmaranthus hybridugh Dar-es-Salaam, Tanzania., but
are much lower than those reported by Kariuki, @98r Amaranthus hypocondriacus

Oxalic acid is the major anti-nutritional factoruftd widely in plant-derived foods (Gupta et al,
2005). It occurs mainly as soluble sodium and Et&s salts or as insoluble calcium oxalate and ihe
soluble forms that are most damaging as they cecigitate C4". Variation in oxalate contents of plants
can occur depending on season, species, variegyaad part of the plant, and soil conditions during
growth (Gad et al, 1982). The highest levels aponed in spinach (Wills et al, 1981), but the lsve
reported in vegetable amaranths are also high (@nanPal, 1991; Lathika et al, 1995). Levels raggin
from 1.1% to 7.9% have been reported by Ricard®3)L90xalic acid is known to reduce absorption of
dietary calcium by precipitating insoluble calciumalate. Its presence in large quantities cangetbes
cause an apparent manifestation of calcium defigie@ven when the diet is sufficient in calcium. §hi
situation is more critical in infants and childrefmo have active formation of bones and teeth, and t
older persons who can suffer bone resorption |lepttirosteoporosis (Harper et al, 1979).

The levels of soluble oxalates found in the vedetahbsed in this study do not constitute a serious
health hazard for reasonably healthy individuatoifisumption of the vegetables does not exceed @00g
equivalent fresh leaf per day (FAO, 198Burther, it is expected that if the method of dagkinvolves
discarding of cooking water (as occurs in the pragi@n of vegetable amaranths for consumption), the

levels of free oxalates, and therefore the levél®tl oxalates, in the vegetables will be subtssdin
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reduced.

Amaranthus hypochondriacus an important source of ascorbic acid (vitamjna@d 3-carotene
(pro-vitamin A) and phenolics (including quercetiQf these pro-vitamin Aptcarotene) is especially
important as its deficiency results in the most gwn nutritional deficiency in the tropics and ledds
blindness in thousands of children each year. Tigk bontent of quercetin is also significant as tisi
currently rated as one of the strongest antioxglantl helps to prevent chronic diseases such bstd&
cancer and arteriosclerosis (Scalbert et al, 200&govich, 2000). Quercetin has also been congidase
a tool for the management of HIV/AIDS. Nair et @009) have reported thauercetin significantly
down-regulates HIV-1 p24 antigen production andhinfectivity in a dose dependent manner (5450
as compared toan HIV infected untreated control.

Amaranths have a high potential to contribute ® rieduction in malnutrition, especially among
people in rural areas where it constitutes an it@pdrpart of the diet. In addition, they grow quyck
require little input and can be harvested withishart period of time (6-10 weeks after plantinghisT
makes them useful in nutrition-intervention prognaes (Okigbo, 1977). This is especially so when
produced using DAP rates of not more than 40kg N kéth proper fertilizer management, it is possible
to obtain both high yields and high quality hypochondriacudn addition, maturity at harvest influences

the vitamin and phytochemical contents

Commercial production of vegetable amaranths

In order to assist farmers to grow these vegetadniesaccess markets in East and Central Africa,
a developmental organization Farm Concern Intesnati has been assisting small-scale farmers
transform themselves from subsistence farmers Business Support Units that can produce the
vegetables on sustainable basis and ensure comsistesupply to the markets (Ngugli al,2006). Most
small-scale farmergse family labour, have their own land and canmsaeure generated from the zero-
grazing dairy units. These farmers therefore carsidnd, labour and manure as ‘free’ resources.
Although these resources have opportunity cosesetlare normally considered zero from the point of
view of the farmers. Consequently the only variatbst that should be reflected in the gross margin
calculations for amaranth production is that ofsbed (Chapter 6). Sometimes the seed will be pextiu
on the farm or donated by a neighbour or friendthis case, the seed can also be placed in the sam
category of ‘free’ inputs by the farmer, and theogtunity cost becomes zero. These consideratians v
the gross margins depending on what the farmersid¢enas ‘free’ inputs. Just like the farmers who
produce vegetables using manure, small-scale farmgng fertiliser will consider the use of family
labour and their own land as ‘free’ resources heéheepportunity cost of these resources is zero.

The prohibitive cost of chemical fertilizer meamgtt it is very rarely used in the production of
TLVs such as amaranth. Whenever it is used, isisally applied in combination with manure, and the
fertilizer is usually applied at levels that woldd sub-optimal for fertilizer alone. From the yielata and
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gross margin analysis (Chapters 3 and 6 respeg}ljvil can be concluded that application of the

recommended rates of DAP fertilizer results in kigyields of the vegetables and therefore betterme

to the farmers than from the use of manure. Mosheftraditional leafy vegetable farmers have axtes
an average of 0.1ha (0.25acre) of land for produatif the vegetables. If the gross incomes estidniate

1 hectare are scaled down to one-quarter acreeefavill make a gross income of Ksh 66,434 and Ksh
8,214 (US $ 900 and 120) when the vegetables avduped using DAP and manure respectively
(Chapter 6). This means that farmers will obtaighler yields and hence gain higher returns by apglyi
DAP fertilizer at the recommended rate of 40 kg &'.hSome farmers will use sub-optimal chemical
fertilizer levels in admixture with the manure. Tyields and returns from these variants will beestpd

to fall between that of production using 40 kg N*B8AP and 40 kg N Hémanure.

From this study, commercial production of amarantigetables (varA. hypochondriacysby
small-scale farmers on land holdings as small 48a0(1 acre) and using purely manure, fertilizer or
mixtures of these is viable (Chapter 6). It is ectpd that the farmers will find the use of manureren
attractive even though it gives lower yields thaemical fertilizer (Chapter 3). This is because urans
much cheaper than fertilizer and in most caseshelconsidered as a ‘free’ by-product of the fateser
cattle rearing activities. In this latter case, tmportunity cost of the manure, like the costdawhily
labour and family land, will be perceived by thenfer as zero. In spite of the benefit of being free
however, the use of manure results in less incohan tthat use of either artificial fertiliser or
combinations of manure and atrtificial fertiliserhe gross margin calculations (Chapter 6) have been
based on farmers’ perception of the costs of reguinputs and income from production in order to
produce results that are consistent with the fasmeconomic model. This will therefore, be more
convincing to them, rather than the conventiondtuations based upon standard economic principles
which, unfortunately, often seem unrealistic to biseale farmers. It is also possible to sensitize
farmers on the use of fertilizer to get more incoam® use the additional revenue for purchase of
fertilizer.

Agriculture, in particular pro-poor agriculturalayrth, is back on the international development
agenda (U.N., 2000). Use of traditional leafy vepts such as amaranth to promote the role of
agriculture in economic growth and poverty reduttio developing countries is possible. As the globa
economy becomes knowledge-based, the managementtidimdtion of information will increasingly
drive agricultural development. Knowledge on inteastechnologies and services (pest management
strategies, seed, fertilization strategies, valdéed markets), will continue to increase in impoc&
within the agricultural sector. All farmers, incind small-scale farmers, will need both ingenuihda
expertise to remain competitive.

In most poor countries, agriculture is a major esgpt and a source of national income and export
earnings. Growth in agriculture tends to be profped harnesses poor people’s key assets of ladd a

labour, and creates a vibrant economy in ruralsakehere the majority of poor people live (OECD,
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2006). Given its dominance in the economy, it wéinain a primary source of growth and means of

poverty reduction for some time. It remains thekibaoe of the rural economy, and employs the mgjorit
of the world’s poor people. The proportion of p@&ople remains highest in sub-Saharan Africa, where
slow economic growth has left millions at the masgof survival (OECD, 2006). Improved productivity
of traditional crops such as amaranth through rekeaill go a long way in improving their contriboih

to poverty reduction. For example a 10% increasaap yields leads to a reduction of between 6% 10
of people living on less than 1 USD a day (Irzle2801).

Postharvest handling

Results of this study show that in terms of quéatitf TLVs supplied to the markets, amaranths
rank second afteégolanum nigrunbut they are the most preferred by the consunedemand for them
is, therefore, higheHowever, high losses are incurred for vegetablaranths and are due to wilting and
rotting at the point of sale (Chapter 2).

One of the main constraints to increased produatiovegetable amaranths is the absence of any
appropriate postharvest management to maintairitg@nyango and Imungi, 2007). In the absence of
this, and because they are highly perishable (@srarst leafy vegetables in these circumstance#) the
postharvest life is limited to 1-2 days, which fesdarmers to sell the product in local marketssafter
harvest (Chapter 2). This problem coupled with argoad network limits the distance from the paht
sale within which the vegetables can be grown. disence from supply is very important in vegetable
production and marketing because the longer thesp@rt time the greater will be the degree of pobdu
deterioration due to wilting and possibly seneseemmportant factors influencing product deteriamat

per unit distance traveled.

Leafy vegetables have a relatively low storage mitakin terms of visual quality, as well as other
quality parameters such as microbial growth andriterial quality. They are usually stored in
polypropylene bags, and the recommended storageetature is close to 0 °C (Favell, 1998). However,
for vending in Kenya, vegetable amaranth is somegikept at higher temperatures (32pin display for
sale. Compared to more massive vegetables, suthvegetables, increased storage temperatures pos
even more risk for leafy vegetables which becadigbeir very high surface area to volume ratiosibkith
very high rates of transpiration, and they are b@teally active leading to high rates of respioati
Transpiration results in the product wilting andiwling while respiration causes rapid heat byjldi
the vegetables are tightly packed and resulteplation of nutrients (Kays and Paull, 2004). Tighh
potential benefits from the growth and consumptbamaranth vegetables can not be realized simply b
increased and improved production alone, but frogirtcombination with proper storage to curb the

rapid postharvest deterioration.

In this study, more moisture, ascorbic acid apwtarotene content were lost wheh.
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hypochondriacusvas stored at ambient than at refrigerated tenyres (Chapter 4). At the end of 4 days

in storage, the vegetables had lost close to 10%hefinitial moisture content when held at°@0
Generally, a loss of 5 — 10 % moisture rendersdewange of products unmarketable (Kays and Paull,
2004). For leafy vegetables such as amaranth, nigt wilting due to water loss but colour changes
associated with senescence lower the consumer lagipibee product. The loss of water leads to loks o
saleable weight implying a loss in monetary retdrom the vegetables such as amaranth which ade sol
by weight. In addition, conditions favourable toteraloss after harvest result in the loss of wat#uble
vitamins such as ascorbic acid especially in lesdgetables (Lee and Kader, 2000) leading to a low
quality product.

The study also demonstrated that there was a flasteiof ascorbic acid in younger leaves (6 and
7 weeks) than the older leaves (8 weeks) duringaggy most probably because metabolic rates are
usually higher in younger leaves than older onesrefore, they loose antioxidants such as ascexic
more quickly. However, due to a high content ofoalsic acid found in the younger leaves before gi@ra
refrigerated storage helped to preserve substaanti@unts of ascorbic acid. This was not the casle wi
leaves harvested 8 weeks after planting as refigdrstorage did not help preserve the low questif
ascorbic contained in the leaves. The concentrati@scorbic acid declines fairly rapidly in maoiythe
more perishable fruits and vegetables after hartesises are greater with increasing storage teatyner
and duration (Kays and Paull, 2004; Lee and Ka@6QO; Yadav and Sehgal, 1995). Conditions
favourable to water loss after harvest also resuléd rapid loss of ascorbic acid, especially infylea
vegetables (Lee and Kader, 2000). Carotenoids bege found to be relatively stable in storage,drat
still susceptible to changes due to senescences@Bee et al, 1999) both of which are favoured lghhi
temperatures such as the ones used in this studynibient storage. For the phenols, low temperature
reduced the rate at which they were lost in stoeagkin some cases even it led to slight increissteir

content.

Use of DAP as a source of N in vegetable amarargdygtion results in high fresh leaf yield,
high protein,g-carotene, nitrates and oxalate contents. The uisganure as an N source results in very
low fresh leaf yields, reasonable amounts of pro&idp-carotene contents, high levels of ascorbic acid
and phenolics and very low levels of nitrates. E@mmercial production of vegetable amaranth the use
of DAP, and not manure, combined with harvesting ateeks maturity gives high returns on investment
for the farmer. However, at this maturity the adoomacid content is very low which makes vegetable
amaranth, which is otherwise a very rich sourcasarbic acid, a poor source of the vitamin. Tloigld
be overcome by harvesting more immature plants @.gr 7 weeks after planting) and changing the
cooking method from boiling followed by discardintige cooking water to steaming. These options,
however, exacerbate problems due to nitrate anticox@d toxicity. Nitrate levels are higher in yager

plants fertilized by DAP, and boiling the vegetabtbough it results in a major loss of ascorbidaalso
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reduces the nitrate and soluble oxalate contethefvegetables and, especially for nitrate, reddices

toxicity risk. Alternative cooking methods whichas the use of large quantities of water would lteisu
less, or even no loss of nitrates and oxalates ftenvegetables. In addition, the farmers cannealor
even given the low yields obtained at these staesaturity. Hence there is a conflict of interest
between amaranth becoming a source of income feerporeduction and, a source of major nutrients
such as ascorbic acid to solve the nutriton probleim the short-term it is unlikely that the custon
cooking amaranth by boiling can be changed andngilie catastrophic effect cooking has on ascorbic
acid levels, it implies that despite being a patdlytgood source of ascorbic acid, the role of eanéh in
this respect should be discounted. In the long-tdratter cultivation practices or improved varistizf
amaranth (i.e more ascorbic acid at later matwgtiges, less accumulation of nitrates) combined wit
better cooking methods might improve the valuem&eanth as an ascorbic acid source. Ascarotene
source vegetable amaranth can make a major cotidribto people consuming it expecially when
produced using manure and if new cooking methoelsised in its preparation for consumption.

Further research on the response of vegetable athamcontinuous use of manure as well as the
different sources of manure is recommended asishiormally the case with small scale farmers in
developing countries. A detailed study on the pegtthetic capacity of different varieties of vedp¢a
amaranth under various field conditions is requitedlocument their leaf yield potential if vegetbl
amaranth is to play a crucial role in food secudtgong developing countries. Breeding programs to
come up with varieties of amaranth that accumulkegs nitrates will help in solving the nitrate toiy
problem in immature leaves. Traditional preservativzethods such as boiling for limited periods ofdi
followed by sundrying should be evaluated to deteenthe quality of the vegetables since these nakstho
compared to refrigeration are more affordable tgonitst of the people living in developing countries
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SUMMARY

Kenyan communities have in the past depended greatla large diversity of traditional green
leafy vegetables as a source of nutrition and ve gariety to the diet. These vegetables were, kiewye
edged out of many diets, especially of the urbgoufadions by the introduction of exotic substitusesh
as cabbage and spinach. However, due to spiritegpaigns on the superiority of traditional vegetahie
terms of nutrition, health and taste, these vedesabave started to make a come-back into the dfets
Kenyans of all social classes. Some of these vbtare therefore currently being sold not only in
open-air markets, where low socio-economic poputeti do their purchases, but even in formal
supermarkets and green grocer stores in the urbatres where middle and upper socio-economic
classes do their shopping. In these latter markedy are competitively sold alongside their exotic
counterparts. This unfolding scenario, thereforepvigles an opportunity to use traditional leafy
vegetables to expand the local food base, impreadtin and enhance individual and household food
security and income.

The most commonly consumed traditional leafy veget (TLVsS) in Kenya include the
Amaranthus spp., Vigna spp., Solanum spp., Clegmanglra, Cucurbita sp@ndCorchorus sppThese
vegetables are particularly rich sources of vitakjrC, B, and folacin, crude protein, fibore and minerals
such as iron, zinc, sodium, phosphorus, and calciuimse vegetables also contain other phytochesnical
such as phenolic compounds including flavonoids) glucosinolates, which possess strong antioxidant
properties and have been implicated in the prewerif diseases such as cancer, arteriosclerosigy ag
(Hertog et al, 1992) and currently the HIV/AIDS.

Traditionally, agricultural scientists and nutritists have worked independently. The
agriculturalists endeavored to produce adequatd fooquality and quantity, while the nutritionists
endeavored to ensure that the food was wholesordecantained the required nutrients in the right
amounts for life sustenance. In order to bringghamise of enhanced health due to better dietuitidn,
it has been recognized that these two sciences toeedrk together (FAO, 2004). This will provide a
framework for agronomists, plant physiologists, daters, genetic engineers, food chemists, food and
agricultural engineers, and food marketing andrithstion experts to work together to ensure that
production from these crops reach the family tabith the maximum possible nutritional and health
values. Limited work has been done on the changesutritional quality of traditional green leafy
vegetables during growth and postharvest handliigs study was designed to assess the quantity anc
quality of vegetable amaranth sold in major markatdNairobi, Kenya. Subsequently, field trials of
Amaranthuscultivar Amaranthus hypochondriacwgere carried out to evaluate the yields and nuttrie
contents as affected by different levels of N, @sptied by the artificial fertilizer diammonium péghate
(DAP) and cattle manure, and the maturity at harveésrther, the effect of ambient and low storage
temperature () on nutritional quality and shelf life was detémed.

In Chapter 2 we set a baseline for the study bgssesg the physico-chemical characteristics and
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some nutritional values of vegetable amaranth s$oldNairobi, Kenya. Through a survey of major
supermarkets and green grocers we identified thestpf traditional leafy vegetables sold, the gitiast
sold, the proportion of the edible portion as saldd their post harvest handling. In addition, peois
encountered by both the producers and the traders identified. The main TLVs found in the markets
were the Anaranthus spp, Cleome gynandra, Solanum nigrum, Cucurbita apdVigna unguiculata

Of all the TLVs, only amaranths were sold in ak ttupermarkets and green grocers. All the vegetable
were sold in bundles of an average weight of 0.4&tgemical analyses showed that vegetable amarantt
had a moisture content of 85.5%, total ash 19.2#dec protein 26.1% and the crude fiber 14.7%. The
ascorbic acid content was 627mg/100g, zinc 5.5nfg Ehd iron 18mg/100gdw. The nitrate content was
732.5mg/100g, total oxalates 5830mg/100g and selokhlates 3650mg/100g, while the lead content
averaged 1.03mg/100g on dry weight basis.

In Chapter 3 we analyzed the quantity and qualithrmaranthus hypochondriacas affected by
different levels of N supplied by DAP and cattlermaee. This was carried out under field conditions
during the long rains season of 2007 and 2008hénUniversity of Nairobi, Kabete, Kenya. We also
combined the fertilizer levels and stage of mayuat harvest to determine optimum leaf yields that
contain high levels of Kjeldahl nitrogen (a measaf@rotein content) and acceptable levels of tega
The highest yield was recorded in plots receiviBggN ha' from DAP at 8 weeks after planting. Plots
that were supplied with manure recorded the lowidtl when compared to the fertilizer treated plats
all rates. Leaf nitrogen content increased witlréasing rate of N but only when N was supplied BPD
fertilizer. The leaf nitrogen content decreasecdhvitiicreasing age of the plants. The leaf nitratetemt
increased with increase in DAP application ratedadreased with maturity of the vegetables.

In Chapter 4 we compare the influence of soil iotniand maturity of the vegetable on the visual
and internal quality of amaranth. We also assesbedeffect of storage temperature on these two
gualities. The visual quality was assessed by dayterymoisture content, while the internal qualitsts
assessed by the ascorbic apwdarotene contents. The study showed that ascatid content is
susceptible to plant nutrition and maturity. Theabic acid content increased with reduced levél o
and with the use of manure as a source of N aathatt a maximum at 7 weeks after plantifxgarotene
increased with increasing soil nitrogen and withaagted maturity of the vegetable. Loss of both alisu
and internal quality during storage were influenoeore by maturity at harvest and the temperature of
storage than by soil nutrition.

In chapter 5 we examine the effects of source tsbgeén fertilization, stage of harvesting and
storage on the total phenolics and oxalate conteihfsmaranthus hypochondriacuslutritionists have
long considered dietary oxalates and phenolics atsitional antagonists; the oxalates impairing
absorption of calcium and some of the phenolicsainipg absorption of proteins. However recently it
has become clear that some classes of phenoliesygathem quercetin, fulfill beneficial health fuitets
in the body. Results showed that during growth, ghenolics decreased with increasing N levels when
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supplied by DAP. Use of manure promoted increasdots#l phenolic contents. The levels of total
phenolics and quercetin increased while the oxatatgents decreased with age of plants during the
study. The Phenolics increased in refrigeratecagmrbut the increase was not significant. Thel¢ewk
oxalates did not change appreciably during refaget storage. There was a general decrease ir
phenolics content during storage at ambient tentyppEs. Storage of the fresh vegetables °&t for
limited periods led to insignificant change of bedkal phenolics and quercetin contents.

In chapter 6 we present an analysis of thasibility of commercial production of vegetable
amaranth (varAmaranthus hypochondriacuby small-scale farmers in Kenya. We use the \adget
yields obtained in chapter 3 to calculate grossgmarbased on a range of the possible choiceg] bire
family labour, rented or owned land, and purchaseahure or that produced by cattle on the farm. A
sensitivity analysis was performed on the posséftects of changes in fertilizer cost and the prce
vegetables on the revenue generated by farmerausBy hired land and labour, the DAP treatment
resulted in a gross margin that was about 9 timgisen (KSh 483,273 against KSh 53,107) than when
using manure. Also use of DAP in combination witlinoland and labour yields a gross margin that is 6
times higher than when using manure (i.e KSh 498 A4dainst KSh 81,780). The change in the gross
income to the farmer was more sensitive to the ghan the price of the vegetables than to the obst
fertilizer. These results show that small farmeasm eanake money from commercial production of
amaranth vegetables. This conclusion is based@fatiner considering the opportunity costs of hig o
land, family labour and manure from his own farnzeso. The results make it clear that at currenketa
prices the revenue from growirgmaranthus hypochondriacusan be increased by using artificial
fertilizer rather than manure.

In chapter 7 we present a synthesis of the mosoiitapt findings of the study. The study shows
that amaranth yields can be increased by use ommiché fertilizers. The study also shows that
Amaranthus hypochondriacisan important source of protein, ascorbic agithinins C) ang-carotene
(pro-vitamin A) and both total phenolics and quérceontents. Important to note is pro vitamin  (
carotene), the lack of which results in a mostoserinutritional deficiency in the tropics and ledads
blindness in thousands of children each year. Gpresgly, amaranths have a high potential to conteib
to the reduction in malnutrition, especially amgrepple in rural areas where it constitutes an inambr
part of the diet. An addition advantage is that mmtns grow quickly, require little input and cae b
harvested within a short period of time (6-10 weaftsr planting). However, increases in leaf yiethust
come with use of high levels of N fertilizers com@gh a penalty in terms of poor quality due to
accumulation of the antinutrients nitrates and abtes. Therefore, the benefits of increased yield an
increased protein content of leafy vegetablesragi$iom nitrogenous fertilization need to be bathc
against the risk of excessive nitrate contentsh\Wibper fertilizer management, it is possible bbam
both high yields and high qualit%&. hypochondriacusln addition, maturity at harvest influences the

nutrients and anti-nutrients contentafhypochondriacus.

120



This study shows that commercial production of an#r vegetables A. hypochondriacysby
small-scale farmers on land holdings as small asamme (0.4ha) and using purely manure, fertilarer
mixtures of these is viable. The farmers will fittet use of manure more attractive even thoughvesi
lower yields than chemical fertilizer because mangrcheaper than fertilizer and in most cases bll
considered as a ‘free’ product of the farmer’s shedhis latter case, the opportunity cost of mi@nure,
like the costs of family labour and family land,IMbe perceived by the farmer as zero. In spitéhef
benefit of being free, however, the use of manesailts in less income than the use of either aifi
fertiliser or combinations of manure and artificfaktiliser. The gross margin calculations haverbee
based on farmers’ perception of the costs of requinputs and income from production in order to
produce results that are consistent with the fasimeconomic model. This will therefore, be more
convincing to them, rather than the conventiondtwdations based upon standard economic principles
which, however, often seem unrealistic to smallestarmers.

To minimise the losses incurred during post harveltvegetable amaranth, use of low
temperatures (€) is required. This helps to preserve both thesigay appearance as well as the
nutritional quality for up to 4 days after harvest.

Further research on the response of vegetable athata continuous use of manure is
recommended. The effect of different sources of unaron yield and nutrient contents of vegetable
amaranth will be very useful given that most snsakllle farmers in developing countries have acaess t
diversified sources and quality of manure. Detaitddy of the photosynthetic capacity of different
varieties of vegetable amaranth under various foeldditions is also required. Traditional and clezap
preservation methods such as sun-drying and featientshould be evaluated and modified to optimize
nutrient and quality retention as these methodkleilmore appealing and affordable to majority e t

people living in developing countries as compaceckefrigeration.
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SAMENVATTING

Een groot deel van de bevolkingKenia was in het verleden grotendeels afhankehjk sle grote
diversiteit aan traditionele groene bladgroentes labn van voedingsstoffen en voor het bieden van
variéteit in de dagelijkse maaltijd. Deze groentgn echter grotendeels verdwenen uit de maaltijden
vooral in stedelijke gebieden. Uitheemse groentrbkn hun plaats ingenomen. Momenteel keren deze
traditionele groenten weer terug in de maaltijdan Kenianen in alle sociale klassen van de bevglkin
Dit dankzij campagnes die de voordelen van tradéie groenten met betrekking tot voedingswaarde,
gezondheid en smaak benadrukken. Een aantal vam gleenten wordt tegenwoordig niet alleen
verkocht op de markt, waar mensen uit lagere secamomische klassen hun boodschappen doen, mae
ook in supermarkten en groentezaken in het cerdra de stad, waar de middel en hogere socio-
economische klassen hun boodschappen halen. In ldetst genoemde zaken worden zowel de
traditionele groenten als hun uitheemse tegenhangeals spinazie en kool, verkocht. Dit biedt de
mogelijkheid om het gebruik van traditionele blamgmten te stimuleren. Het biedt mogelijkheden om de
diversiteit aan groenten te vergroten, de gezonldieeverbeteren en de voedselzekerheid en inkormen v
individuen en huishoudens te vergroten.

De meest gegeten traditionele blad groenten (TBf@&'&enia zijn Amaranthus spp., Vigna spp.,
Solanum spp., Cleome gynandra, Cucurbita splCorchorus sppDeze groenten zijn vooral rijk aan
vitamine A, C, B, folacine, ruwe eiwitten, vezels en de minerajearj zink, natrium, fosfor en calcium.
Ze bevatten ook fytochemicalieén zoals fenoleayehoiden en glucosinolaten. Deze stoffen hebben
sterk anti-oxiderende eigenschappen en spelen @ehbijrhet voorkomen van ziekten als kanker en
arteriosclerosis, veroudering (Hertog et al., 1992momenteel ook HIV/AIDS.

Agronomen en voedingsdeskundigen werkten tot voor énafhankelijk van elkaar. Agronomen
streefden ernaar om genoeg voedsel van de juisiBt&ivte produceren. Voedingsdeskundigen streefde
naar voedzaam eten, wat de juiste nutriénten kewaibr een goede gezondheid. Echter, om de
fytochemicalieén ook daadwerkelijk te laten bijdragaan een beter gezondheid, moeten agronomen e
voedingsdeskundigen gaan samenwerken (FAO, 2004)zdD er toe moeten leiden dat agronomen,
plantfysiologen, veredelaars, voedingschemici, neweiddelentechnologen, marketing- en logistieke
deskundigen eendrachtig samenwerken om de traeiiorgewassen met zo goed mogelijke
voedingskundige- en gezondheidseigenschappen lbpasument te brengen. Er is slechts zeer beperki
aandacht besteed aan de veranderingen in voedimgjgleueigenschappen van de TBG's, die optreden bij
de groei en de naoogst fase. In deze studie i$ derkwantiteit en kwaliteit van de groente amarant
(Amaranthus hypochondriacus de voornaamste verkoopplaatsen van Nairobni@ebepaald. Daarna
zijn er proeven gedaan om na te gaan wat de opftrenghet gehalte aan voedingsstoffen van amarantt
cultivar Amaranthus hypochondriacusvaren bij verschillende hoeveelheden stikstofgiReze
stikstofgiften werden gedaan als de chemische moésiEammonium fosfaat (DAF) en als koemest.

Verder is het effect van bewaren bij omgevingstamiperr en een lage temperatuur (4°C) op de
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voedingswaarde en de houdbaarheid van het proéstideerd.

In hoofdstuk 2 is de basis van het onderzoek gelegtl het inventariseren van de fysisch-
chemische eigenschappen en een aantal voedingseiiggmpen van de groente amaranth in Nairobi,
Kenia. We hebben bij de belangrijkste supermarktergroentezaken een inventarisatie gedaan naar d
soorten traditionele bladgroenten die werden vdrkoim welke hoeveelheden, welk gedeelte van het
verkochte product gegeten kon worden, en hoe atenaogst mee werd omgegaan. Daarnaast werder
knelpunten bij zowel de boeren als de verkopendarosaties geidentificeerd. De belangrijkste TBG’s
die op de markt werden verkocht warema&ranthus sppCleome gynandra, Solanum nigrum, cucurbita
sppenVigna unguiculataVan de TBG’s werd alleen amaranth ook in supekiearen bij groentezaken
verkocht. Alle groenten werden in porties van Ogtskerkocht. Chemische analyses lieten zien dat de
groente amaranth had een vochtgehalte van 85.584ptade asgehalte was 19.2%, de ruwe eiwitten
maakten 26.1% van het gewicht uit en ruwe voediegsis 14.7%. Het gehalte aan ascorbine zuur was
6279/100g, het zinkgehalte was 5.5 mg/100g en jhetgehalte 18 mg/100g. Het nitraatgehalte was
732.5mg/100g, het totale oxalatengehalte was 58§000g en het gehalte oplosbare oxalaten was 365(
mg/100g. Het loodgehalte was gemiddeld 1.03 g/1(@llg voorgenoemde gehaltes zijn uitgedrukt ten
opzicht van het drooggewicht). Uit het berekenen #a bruto inkomen werd duidelijk dat de groente
amaranth een belangrijke rol kan spelen in het igeae van inkomen, met name bij kleine vrouwelijke
boeren. In voedingskundig opzicht kan het signiftdaijdragen aan de inname van micronutriénten, met
name eiwitten, ijzer en zink.

In hoofdstuk 3 worden productie en kwaliteit vAmaranthus hypochondriacusekeken, zoals
die beinvioed wordt door verschillende stikstofgift toegediend als DAF en als koemest. De proever
werden uitgevoerd tijdens het lange regenseizoen 207 en 2008 op de universiteit van Nairobi,
Kabete, Kenia. De uitkomsten bij combinaties varseillende bemestingsniveaus en rijpheid bij oogst
zijn vergeleken om tot een optimale bladoogst teéw, die hoge concentraties Kjeldahl stikstof bevat
(een maat voor het eiwitgehalte) en toelaatbamaatjehaltes. De hoogste opbrengst werd behaald ir
velden die bemest werden met 40kg N hgegeven als DAF, en 8 weken na het planten wegdengst.

Op alle bemestingsniveaus behaalden de velden eli&kmemest waren bemest een lagere opbrengst da
de velden die met DAF waren bemest. Het gehaltesaéistof in het blad nam toe met toenemende
stikstofbemesting, maar alleen als de stikstofDs#l& was gegeven. Het gehalte aan stikstof in had bl
nam af naarmate de planten ouder waren. Het gehaltenitraat in het blad nam toe met toenemende
DAF bemesting, maar werd minder naarmate de grogpé was.

In hoofdstuk 4 vergelijken we de invloed van bodembsting en rijpheid van het gewas op de
visuele en interne kwaliteit van amaranth. Ook k#ect van bewaartemperatuur op deze twee
kwaliteitsaspecten is bekeken. Onder visuele keiéterd verstaan het droge stof gehalte/vochtgehal
De interne kwaliteit werd bekeken aan de hand vanh dehalte ascorbinezuur dhcaroteen. Het
ascorbinezuur gehalte liet een optimum zien ineldproeven. Het ascorbinezuur gehalte nam toeeals d
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stikstofgift afnam en als de stikstof als koemestdmgegeven. Het ascorbinezuur gehalte was maximaa
bij 7 weken na het plantefi-caroteengehaltes namen toe met het stikstofgeimatte bodem en met de
rijpheid van het gewas. Afname van visuele en maegwaliteit tijdens het bewaren werd voornamelijk
bepaald door de rijpheid bij oogst en de bewaaregatpur, en minder door de bodembemesting

In hoofdstuk 5 bekijken we het effect van de voram stikstofbemesting, de rijpheid bij oogst en
bewaring op het totale gehalte van fenolen en ds@alain Amaranthus hypochondriacus
Voedingsdeskundigen hebben oxalaten en fenolereldijdy beschouwd als antagonisten. De oxalaten
houden de opname van calcium tegen en bepaaldéefenremmen de opname van eiwitten. Echter,
recentelijk is aan het licht gekomen dat sommigpety fenolen, waaronder quercetine, gunstige
gezondheidseigenschappen hebben in het lichaameddéaten lieten zien dat de fenolen gedurende de
groei afnamen met toenemende N-niveaus toegedisrdAd-. Koemest bevorderde de toename van het
totale fenolengehalte. De totale fenolen- en queregehalten namen toe, terwijl het oxalaatgehalte
afnam met de plantleeftijd gedurende deze proeffddelen namen toe in gekoelde bewaring, maar de
toename was niet significant. Ook de oxalaat- eercptinegehalten namen niet noemenswaardig toe
gedurende gekoelde bewaring. Er was een algemeneé Wan afname in het fenolengehalte gedurende
bewaring bij kamertemperatuur.

Hoofdstuk 6 bevat een analyse van de haalbaarlaiccommerciéle amarant (va#&maranthus
hypochondriacus groenteteelt door kleinschalig producerende bodre Kenia. De groenteoogsten
beschreven in hoofdstuk 3 zijn gebruikt om het dinkomen te berekenen, gebaseerd op een reeks va
mogelijke keuzes: Arbeid door familie of personéahd in pacht of in eigendom en gekochte koemiest o
koemest geproduceerd door vee op eigen boerdezij. gevoeligheidsanalyse is gebruikt voor de
mogelijke effecten van veranderingen in de kunstrkestprijs en de groenteprijs op de door de boeren
behaalde inkomen. Bij gepacht land en arbeid d@vsqmeel resulteerde de DAF-behandeling in een
bruto inkomen dat ongeveer 9 keer hoger was daimnkemen bij gebruik van koemest (KSh 483.273
tegenover KSh 53.107). Ook het gebruik van DAFombinatie met land in eigendom en arbeid door
familie resulteerde in een bruto inkomen dat 6 kemyer was dan bij gebruik van koemest (KSh 498.140
tegenover KSh 81.780). De verandering in het binokmmen van de boeren was gevoeliger voor de
groenteprijs dan voor de kostprijs van de kunstm&s resultaten tonen aan dat kleinschalig
producerende boeren geld kunnen verdienen met cociétee amarant groenteteelt. Deze conclusie is
gebaseerd op de aanname dat de boer opporturotgiskvan zijn eigen land, arbeid door zijn famére
koemest geproduceerd door zijn eigen vee nihil.dabtresultaten laten duidelijk zien dat bij dedige
marktprijzen de inkomsten door het telen vamaranthus hypochondriacuginnen worden vergroot
door kunstmest te verkiezen boven koemest.

In hoofdstuk 7 wordt een samenvoeging van de niedangrijke bevindingen van dit onderzoek
gepresenteerd. Het onderzoek toont aan dat de rgdireyan amarant kan worden vergroot door

chemische meststoffen te gebruiken. Het onderzoektttevens aan d@&tmaranthus hypochondriacus
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een belangrijke bron is voor eiwitten, vitamine & fecaroteen (pro-vitamine A) en voor zowel totale
fenolen- als quercetinegehalten. Het is van belamgop te merken dat pro-vitamine B-¢aroteen)-
gebrek veel voorkomt in de tropen. Het gebrek tesul in zeer ernstige ondervoeding en leidt i¢aler

tot blindheid bij duizenden kinderen. Aldus biedbaant belangrijke mogelijkheden om bij te kunnen
dragen aan de afname van ondervoeding, vooral aneesen in rurale gebieden, waar het een belangrijk
bestanddeel van het dieet vormt. Een bijkomenddeslris dat amarant snel groeit, weinig input vergt

al na een korte groeiperiode geoogst kan wordehO(@veken na planten). Echter, de toename in
bladoogst door het gebruik van hoge doseringen iWé&oade kunstmest brengt het nadeel met zich mee
dat de kwaliteit slecht is vanwege ophoping varadi-nutriénten nitraat en oxalaat. Daarom moetn d
voordelen van een toegenomen oogst en eiwitgehattdladgroenten door stikstofbemesting afgewogen
worden tegen het risico van een excessief nitrhattee Door een goede bemestingsstrategie is het
mogelijk om zowel een grote oogst als een hoge il@italvan A. hypochondriacuge verkrijgen.
Bovendien beinvloedt het ontwikkelingsstadium vanpthnten tijdens de oogst het nutriénten- en anti-
nutriéntengehalte vai\. hypochondriacus.

Dit onderzoek toont aan dat commerciéle amaranergeteelt A. hypochondriacys door
kleinschalig producerende boeren op percelen nieteg dan 0.4 Ha en gebruikmakend van alleen
koemest, alleen kunstmest of een combinatie hielmaensvatbaar is. De boeren zullen het gebruik van
koemest een aantrekkelijkere optie vinden ondarksadere oogst vergeleken met kunstmest, omdat
koemest goedkoper is dan kunstmest en meestaldiesdtzal worden als “gratis” product uit de stal. |
dit laatste geval worden de opportuniteitskostem k@emest, evenals de kosten van arbeid door famili
en land in eigendom, door de boer als nihil besalbuOndanks het voordeel gratis te zijn, echter,
resulteert het gebruik van koemest in minder inkordan het gebruik van 6f kunstmest 6f combinaties
van koemest en kunstmest. De bruto inkomensbenmegenizijn gebaseerd op de perceptie van de boel
op de kosten van de vereiste inputs en inkomeproductie, om resultaten te verkrijgen die consiste
zijn met het economische model van de boer. Deapakazal daarom overtuigender zijn voor hen dan de
conventionele berekeningen gebaseerd op algemememdsche principes, die vaak onrealistisch lijken
in de ogen van kleinschalig producerende boeren. d@mnaoogst verliezen bij amarantgroente te
minimaliseren is een lage bewaartemperatuur vei#i8). Dit helpt om zowel de visuele kwaliteit als de
voedingswaarde te behouden tot aan 4 dagen nagdé oo

Verder onderzoek naar de reactie van amarantgragntet continue gebruik van mest is aan te
bevelen. Het effect van verschillende mestbronnermagst en voedingswaarde van amarantgroente is
een goed bruikbaar gegeven omdat de meeste klaligsgroducerende boeren in ontwikkelingslanden
toegang hebben tot diverse soorten en kwaliteitestnDetailonderzoek naar de fotosynthesecapaciteit
van de verschillende variéteiten amarantgroenteelomgrschillende groeicondities is tevens aan te
bevelen. Traditionele en goedkope bewaarmethodals zondrogen en fermentatie zullen geévalueerd
moeten worden en aangepast om het behoud van gssthffen en kwaliteit te optimaliseren, omdat
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deze methoden voor de meerderheid van de mensentiikkelingslanden aantrekkelijker en beter

betaalbaar zijn dan koeling.
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