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Foreword

Root crops are a staple food in many countries throughout the tropical
regions of the world. Varieties may differ greatly in their nutritional value, and it
is important for alleviation of malnutrition that the best varieties be chosen.
However, nutritionists and agriculturalists have frequently not had access to
relevant analytical data. This is particularly so in the Pacific Islands where several
species important in atoll countries are not widely grown elsewhere. Root crops
such as sweet potato, cassava, yams and several types of taro are staple foods
throughout the region.

In 1983 ACIAR commenced a project to determine the chemical composition
and nutritional status of a wide range of Pacific root crops. Over the past four
years, Dr Howard Bradbury and a number of colleagues at the Australian
National University worked with 17 collaborators in eight Pacific countries to
provide a wealth of chemical information about Pacific root crops. This book is a
compilation of the data resulting from their study.

The results obtained compare well with more fragmentary data published
elsewhere. The present information is not country-specific, and should be of value
to nutritionists and agriculturalists concerned with tropical root crops worldwide.
The volume contains a literature review summarising previously published data as
well as the original data generated in the ACIAR project.

The publication is thus a comprehensive text on the chemistry of tropical root
Crops.

The contribution to this work of scientists and nutritionists in several Pacific
countries, and from the South Pacific Commission, is gratefully acknowledged.
The project was one of the first supported in ACIAR’s South Pacific program,
and we are pleased to see it coming to fruition.

Canberra Gabrielle J. Persley
11 April 1988 Research Program Coordinator
Crop Sciences

ACIAR
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Preface

We live in a crazy world. On the one hand we read of a surplus of wheat and
mountains of butter and meat, and on the other we see on our TV screens the spectre
of starving people. We can attempt to rationalise this by pointing to the unequal
distribution of food and wealth between the developed (rich) and the developing
(poor) countries, and the further inequalities of wealth between individuals within
any particular developing country. This disparity between developed and developing
countries should be reduced. Unfortunately the level of aid from some of the richer
nations has progressively declined in real terms over the last few years. An increased
awareness and concern by the people of the developed world towards the poor and
hungry in developing countries is needed.

The prevalence of protein energy malnutrition amongst children under 5 years
old has becn compared worldwide using weight for age data for the periods 1963-73
and 1973-83. It is impossible from the results to determine if malnutrition is getting
better or worse, but the total number of malnourished children increased by 15% in
the second period to 145 million (Weekly Epidemiological Record 1984). The num-
bers are so large that they tend to lose significance. The 166 Member States of the
World Health Organization have recently adopted a universal goal ot health for all
by the year 2000 (WHO 1986a). Global indicators for monitoring progress towards
health for all have been developed including, for example, an estimated probability
of a child dying before the age of 5 years. This indicator varies from 1.2% in
Australia and the United Kingdom to greater than 30% in several African countries
(WHO 1986b).

The increase in the population of the world can be described by noting that it
took 130 years after 1800 to add a second billion, 30 years after 1930 to add a third
billion and 15 years to add a fourth billion. The rate of increase of population
peaked in the early 1960s. The population in 1984 was 4.8 billion, an increase of 81
million in one year. Most demographers project that world population will eventually
stabilise at around 10 billion people (Brown et al. 1985). Today about 75% of the
world’s people live in developing countries and about 90% of the increase in
population will take place in present-day developing countries. Thus, virtually all the
additional pressure on global resources of food will occur in those areas of the world
least able to withstand it. Most of the developing countries fall within the tropics and
therefore the need for additional food resources will be most acutely felt there.

It is, therefore, particularly important to carry out research on tropical food
crops. There are two major reasons why tropical root crops should be chosen for
study. First, they are staple foods of hundreds of millions of people, particularly
poor people, in Latin America, Africa and Asia. Improvements in yield or in the
nutrient content of tropical root crops would therefore benefit the poorest people,
those who do not have the money to purchase cereals such as rice or maize (Norman
et al. 1984). Second, compared with the large amount of research carried out on
crops that are important in developed countries, research on tropical root crops is
small (Coursey 1983a). In recent years research has been carried out on sweet potato
at the Asian Vegetable Research and Development Center (AVRDC) in Taiwan and
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the Centro Internacional de la Papa (CIP) in Peru, on cassava at the Centro
Internacional de Agricultura Tropical (CIAT) in Colombia and on cassava, yams and
sweet potato at the International Institute of Tropical Agriculture (IITA) in Nigeria.
However, having regard to the worldwide importance of these root crops in subsis-
tence agriculture (see Chapter 1), there can be no question that the current level of
research is inadequate.

The situation in the South Pacific is different from that in other countries where
tropical root crops are grown. In the South Pacific, tropical root crops are the major
staple foods of the indigenous people and as such are a prime object of research.
Furthermore, much of the research of the international centres (AVRDC, CIP, CIAT
and IITA) is not applicable to the agricultural subsistence systems of the South
Pacific. Thus, root crop species differ, pests and diseases differ and the edible aroids
(taro) are much more important and cassava less important than elsewhere. The
small amount of research worldwide on the edible aroids is being done in research
centres around the Pacific and South Asia.

In the South Pacific, selection and breeding programs are in progress in Solo-
mon Islands for taro and sweet potato, in Fiji for taro, in Western Samoa for taro, in
Tonga for sweet potato, in Papua New Guinea for sweet potato and in Vanuatu for
yams. Over the past four years, workers in these countries and also in Kiribati and
Pohnpei State (Federated States of Micronesia) have sent samples of their popular
and elite cultivars to the ACIAR/ANU Program on Nutrition of Tropical Root
Crops in the South Pacific at Canberra, Australia, where they have been analysed for
all major nutrients.

The major aim of the Program has been to obtain a comprehensive set of
nutrient data on the root crops, which may be used by nutritionists in the region.
Currently there are considerable gaps in the nutrient data for tropical root crops, but
the general consistency of much of the data obtained worldwide with our data (see
Chapter 3) confirms that our comprehensive data set may be used throughout the
world. Furthermore, it is important to nutritionists, plant breeders and other special-
ists in the South Pacific countries to have data available on the particular cultivars
that are popular in their own country. These data are given in the Appendix tables.
Other aims of the program included a study of the effect of cooking on nutrient
content of the major root crops (Chapter 4), a study of antinutritional factors such
as acridity in the edible aroids, cyanide in cassava and trypsin inhibitors in all root
crops (Chapter 5) and studies of the effects of various environmental factors during
growth on yield and nutrient content (Chapter 6).

This project has been supported financially and in other ways by the Australian
Centre for International Agricultural Research (ACIAR). In order to make the data
available to a wide audience in the South Pacific and to nutritionists and tropical
root crop specialists throughout the world, it was decided that a monograph should
be published by ACIAR. This is the result.

The work has represented a team effort which has involved seventeen collabora-
tors from nine countries of the South Pacific whose names and addresses are given
following the title page. Also involved were nine co-workers from the Chemistry
Department at ANU who carried out nearly all the analyses. To these people we
tender our grateful thanks. Thanks are also due to Dr Grahame V. H. Jackson who
was involved in the development of the original program, and has made constructive
suggestions throughout its course, Dr Gabrielle J. Persley of ACIAR who facilitated
and supported the program, and the Director of ACIAR, Dr J. R. McWilliam, for
financial support, without which this project would not have been possible.

In the production of this book there are many persons who have read and made
comments on either the whole manuscript or parts of it. These include M. Alpers,
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R. M. Bourke, R. L. Hide, G. V. H. Jackson, P. R. Linton, S. Parkinson, M. F. Quin
and J. E. Wilson. Messrs P. Ferrar and R. MacIntyre of ACIAR are thanked for their
facilitation of the project and work on publication of the book respectively. We wish
to thank our typist Mrs Inta L. Payne for her sterling efforts in the production of the
manuscript. Finally one of us (JHB) wishes to thank his wife for her forbearance and
understanding during the long and intense period of writing this book.

J. Howard Bradbury
Warren D. Holloway
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Chapter 1.
Introduction

The major tropical root crops of the world are cassava (Manihot esculenta), sweet
potato (Ipomoea batatas), yams (Dioscorea spp.) and taro (Colocasia esculenta and
Xanthosoma sagittifolium). The world production of these crops in 1985 was 136, 111,
26 and 5.6 million t, respectively. In terms of world production, these tropical root
crops are fifth behind wheat (510 million t), maize (490 million t), rice (466 million t)
and white potatoes (299 million t) (FAO Production Yearbook 1985). The total world
production of all root crops exceeds that of wheat.

In the South Pacific, taro is relatively much more important and cassava much
less important than elsewhere in the world. Taro (Colocasia esculenta var. esculenta
and C. esculenta var. antiquorum, and Xanthosoma) are the most important members
of the edible aroids which form part of the Araceae family. The other three members
are of minor importance worldwide, but are of some importance in the South Pacific,
viz. giant taro (Alocasia macrorrhiza var. macrorrhiza), giant swamp taro (Cyrto-
sperma chamissonis) and elephant foot yam (Amorphophallus campanulatus) (On-
wueme 1978; Plucknett 1983; Sakai 1983).

The large number of common names used for some of the root crops is indeed
confusing. For example, taro (C. esculenta var. esculenta) is called taro in the Pacific
and Asia, dasheen in the West Indies and old cocoyam in Africa; taro (C. esculenta
var. antiquorum) is called eddoe in the West Indies and dasheen in the Pacific and
Asia, and Xanthosoma is called tannia or new cocoyam in Africa (Onwueme 1978;
Plucknett 1983).

1.1 Agriculture

Tropical root crops are grown widely throughout the tropical and subtropical
world and are the staple food for 400-500 million people. They are grown over a range
of climates and altitudes and on a variety of soils. Cassava and sweet potato are grown
from high rainfall to semi-arid regions because they tolerate drought and will grow in a
wide range of soils. Taro, however, is best adapted to wet and flooded areas and is also
tolerant to shade. They are grown largely for home consumption in gardens and
smallholdings and rarely appear on world markets, except when grown for industrial
use (e.g. cassava for starch production, and cassava and sweet potato as livestock
feed). The edible green leaves of sweet potato, taro and cassava are a good source of
protein, vitamins and minerals and are often used to augment the diet.

Some root crops, like sweet potato and cassava, require little attention after
planting. This is why the energetic efficiency of nonmechanised crop production (i.e.
the average energy ratio of output by the crop/input by the farmer for rainfed cereals
or sweet potato, cassava or yams) is higher for tropical root crops at 42-60:1 than the
cereals 9-39:1 (Chandra 1981; Norman et al. 1984). Cassava and the edible aroids may
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be left in the ground until they are needed for eating (Cobley and Steele 1976; Hahn
1984). Root crops therefore form a valuable, sustained food supply when other crops
fail, and are much less subject to damage by cyclones than tree crops or cereals.

The high efficiency of tropical root crops as food producers is due partly to their
plant architecture, because strength in the plant stem is not needed to support heavy
tubers and corms (Hahn 1984). This efficiency may be compared in terms of yields.
For cassava and sweet potatoes the average yield worldwide in 1985 was 9.6 and 13.9 t/
ha respectively, and for rice paddy was 3.2 t/ha (FAO Production Yearbook 1985). A
better measure of efficiency may be calculated in terms of the comparative edible
energy yields of the crop per hectare per day. The edible energy yields for rice, cassava
and sweet potato are calculated as 149, 138 and 194 MJ/ha/day, respectively, which
shows that sweet potato is probably more efficient in energy production than cassava
and rice (table 4.2 of Norman et al. 1984). This agrees with the results of calculations
in Japan where the sweet potato has an average yield of 21 t/ha from which the edible
energy is 1.23 x 10° MJ/ha, which is 1.9 times that of rice with an average yield of
4.5 t/ha (Hahn and Hozyo 1980); the average crop growth period is about the same for
the two crops. In a similar way, it is possible to calculate the average protein yield from
tropical root crops, cereals and legume crops. It is found that the average protein yield
of cassava, sweet potato and yams (100-140 kg/ha) is about the same as that of rice,
maize, beans and chickpea and less than that of groundnut (217 kg/ha) and soybean
(505 kg/ha) (tables 4.3 and 14.2 of Norman et al. 1984). A disadvantage of root crops
is that, except for yams, they cannot be stored for long after harvest, and because they
perish rapidly (see section 4.6), they are difficult to transport to markets. A more
detailed consideration of the various root crops follows.

1.1.1 Sweet potato, I. batatas

Sweet potato is a creeping plant (Fig. 1.1 and 1.2) and the only economically
important species of the family Convolvulaceae (Cobley and Steele 1976). The starchy,
tuberous roots are the major source of food, but the leaves are also a useful source of
vegetable greens in some countries (Villareal et al. 1979, 1982; Pace et al. 1985a, b).
The plant originated in tropical America and from there has been taken throughout
the world (Yen 1982). Sweet potato is ranked seventh in world production after wheat,
maize, rice, potato, barley and cassava (FAO Production Yearbook 1985). The largest
amount (81%) is grown in China which, combined with other Asian countries,
accounts for more than 90% of production. In Papua New Guinea (PNQG) it is the
major crop and the staple food (Bourke 1982, 1985a). It is also the staple food in parts
of the Philippines (Villareal 1982), Solomon Islands, and Tonga.

Sweet potato is grown in a very wide range of environments, in the tropics from
sea level to altitudes of about 2700 m (Bourke 1985a), and in temperate climates, in the
absence of frost, in China, Japan, USA, New Zealand and Australia. It is a perennial
plant but is normally grown as an annual. It is propagated from vine cuttings in the
tropics and from tubers in temperate zones. Flowering occurs readily in the tropics
where day lengths do not exceed 13.5 hours, but is rare in temperate latitudes. The
crop is self-incompatible, out-breeding and the production of seeds combined with the
normal vegetative propagation favours the accumulation of a large number of
cultivars (Cobley and Steele 1976). Sweet potato accessions number 1200 for PNG and
a total of 1660 for an incomplete listing of South Pacific countries (Jackson and Breen
1985). Accessions represent different cultivars which have not been exhaustively com-
pared to see whether duplicates exist in the collection. Bourke (1985a) estimates that
there may be 5000 cultivars in PNG. A major problem in the lowland tropics is
infestation of the tuber with sweet potato weevil (Cylas formicarius), related species C.
puncticollis (Talekar 1982) and Euscepes postfasciatus. In Tonga, E. postfasciatus is
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Fig. 1.1 Sweet potato in the foreground with cassava behind at Dodo Creek Research Station, Tenaru,
Solomon Islands.

Fig. 1.2 Freshly dug sweet potato tuber and plant, Visayas State College of Agriculture, Leyte,
Philippines.
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considered to be the most important root crop pest in the country (Van Wijmeersch
1986). In PNG yields vary from crop failure to 70 t/ha but are usually 10-40 t/ha.
Time to maturity is 4.5-6 months in the Lowlands and 6-8 months in the Highlands,
and the tubers are usually progressively harvested as they develop and the need arises
(Bourke 1985a). Sweet potatoes with white to cream-coloured flesh are usual in the
South Pacific, whereas American sweet potatoes normally have yellow to orange flesh,
and there are differences in chemical composition between them (see section 3.10).

1.1.2 Taro, C. esculenta

Taro Colocasia and Xanthosoma are the most important edible aroids and are
members of the Araceae family (Plucknett 1983; Chandra 1984). Taro Colocasia is a
very ancient crop that originated from Asia, probably India (Onwueme 1978; Wang
1983; Cable 1984) and was taken to Egypt, where it was called golgas and was an
important food there 2000 years ago (Darby et al. 1977; Parkinson 1984b). It is one of
the most widespread of the root crops, being grown to some extent throughout the
humid tropics. About 60% of world production of 5.6 million t is grown in Africa and
most of the remaining 40% in Asia and the Pacific (FAO Production Yearbook 1985).
There are two varietal types of Colocasia: C. esculenta var. esculenta which produces a
large edible corm with a few suckers (cormels), and C. esculenta var. antiquorum
which has a small or medium-sized corm and a large number of small edible cormels
(Onwueme 1978; Plucknett 1983). In the Pacific, taro C. esculenta var. esculenta is of
major importance and var. antiquorum is only rarely present (Sivan 1981; Bourke
1982), hence all further reference in the book to taro Colocasia refers to var. esculenta
and not var. antiqguorum.

Taro Colocasia (Fig. 1.3 and 1.4) needs fertile soil and a rainfall of at least
2000 mm/annum (Onwueme 1978). It grows in the tropics from sea level up to 2700 m
(Bourke 1982) with reduction of yield and increased time to maturity at higher
altitudes. It has a low tolerance to frost. Time to maturity is generally 7-9 months at
sea level, but it may be as short as 4 months, and up to 18 months at high altitudes
(Bourke 1982). Corm yields are variable; in Hawaii 20-30 t/ha/year (Wang 1983), in
Fiji 10-30 t/ha (Sivan 1984), and in PNG 4-13 t/ha (Bourke 1982). The average yield
worldwide is 5.6 t/ha (FAO Production Yearbook 1985). There is a wide variety of
pests (Mitchell and Madison 1983) and diseases (Jackson 1980a; Ooka 1983) of
Colocasia with perhaps the taro beetle (Papuana spp.) and leaf blight, caused by the
fungus Phytophthora colocasiae being the most serious. There are 722 accessions so
far recorded in collections in South Pacific countries, with the largest numbers in PNG
and Vanuatu (Jackson and Breen 1985). The leaves and corms of certain cultivars of
taro Colocasia are acrid (see section 5.4), but leaves and stems of non-acrid varieties
are used widely as a green vegetable and in salads and traditional dishes in the Pacific
(Standal 1983; Parkinson 1984a, b). Taro Colocasia requires high labour inputs for
weed control compared with sweet potato. Corms may be progressively harvested as
required, but they do not store well (sce section 4.6).

For a variety of reasons, taro Colocasia is in decline in PNG and Solomon
Islands, being largely replaced by sweet potato (Bourke 1982). In Fiji the area planted
to the crop has decreased, although production has actually increased as yield per
hectare has increased, and cassava production has increased (Sivan 1981, 1983).
However, in most South Pacific countries taro Colocasia remains a prestigious food
and in some countries such as Western Samoa, production has increased because of
export demand from Pacific Islanders living in New Zealand and Australia.
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Fig. 1.3 Taro (C. esculenta) growing in foreground with bananas above in Western Samoa.
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1.1.3 Taro, X. sagittifolium

This species (Fig.1.5) originated in tropical America and spread to Asia, the
Pacific and Africa probably in the 19th century (Onwueme 1978). It requires high
rainfall but cannot tolerate continuous flooding. It can withstand drier conditions and
lower soil fertility than Colocasia but like Colocasia is shade tolerant.

The main corm is usually not eaten, presumably because of its acridity, and is
used for planting setts and fed to animals (Bourke 1982; Van Wijmeersch 1986). Plants
produce many cormels that are eaten and yields are normally higher than Colocasia.
Xanthosoma is less subject to pests and diseases than Colocasia. As with Colocasia,
the stems and leaves are used in salads and as a green vegetable. The cormels store
better than the corms of Colocasia (see section 4.6). Xanthosoma is of much less
importance in the South Pacific than Colocasia although in Tonga it is second in
importance to cassava (Sivan 1981; Bourke 1982; Van Wijmeersch 1986). Only 32
accessions have been documented in the South Pacific (Jackson and Breen 1985).

1.1.4 Giant taro, A. macrorrhiza

Giant taro (Fig. 1.6, 1.7) probably originated in Sri Lanka or India, where it is
still grown, and spread to Southeast Asia and the Pacific. It is a major staple and
prestigious food in Western Samoa, Tonga, Wallis and Futuna and in some atoll
countries (Sakai 1983). In other countries such as Solomon Islands and PNG, it is a
reserve for use in times of famine (Bourke 1982). Twenty-two accessions are held in
collections in the South Pacific (Jackson and Breen 1985). Giant taro grows well under
evenly distributed high rainfall, since it cannot withstand waterlogged conditions or
prolonged drought. It is a perennial, and planting and harvesting take place through-
out the year. The corm grows above ground as a stem, typically about 1 m long, 15-
20 cm diameter and weighs up to 18 kg (Fig. 1.6 and 1.7). The leaves as well as the

! 4N A .

Fig. 1.5 Taro (X. sagittifolium) at Tenaru Research Station, Solomon Islands.
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stem are eaten in Indonesia (Sakai 1983). Corms are harvested as nceded from 6
months to 4 years after planting. The thick skin layer, which is usually acrid, is
removed and if the flesh is also acrid, then special cooking techniques are required
before it can be used (Sakai 1983; section 5.4). It is a very hardy plant that is resistant
to most pests and diseases. Sakai (1983) reports that root sections from giant taro may
keep away white ants that commonly would damage coconut seedlings grown as an
intercrop. A possible explanation for this is given in section 5.5.
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¥ig, 1.0 Uiant taro (4. macrorrhiza) growing at 17 .. | ficld station, Alafua, ..estern Samoa. One of

our collaboratore ' Jill E. Wilson, is pictured.
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Fig. 1.7 Giant taro corms (stems) and much smaller taro Colocasia corms at Apia markei, Western
Samoa.

1.1.5 Giant Swamp Taro, C. chamissonis

The giant swamp taro (Fig. 1.8) probably originated in Indonesia. Its range now
includes the Philippines and the Pacific from 18 ° north to about 20° south latitude. It
is commonly grown in freshwater swamps or artificial pits excavated to reach the water
table. It can be grown under difficult, often saline, swampy conditions where few
other crops would survive (Sivan 1983). It is one of the few subsistence crops that can
be grown in the atolls, where it is a major food crop and has high cultural signiticance
cspecially in the countrics of Micronesia (Sakai 1983). In Fiji, it is an important crop
for pecople living in swampy lowland areas such as the Rewa River delta (Sivan 1983). It
is an important reserve food, as it may remain in the ground almost indefinitely. There
arc morc than 100 accessions located in Pohnpei State of the Federated States of
Micronesia, Kiribati and Tuvalu (Jackson and Breen 1985). It is rclatively free of pest
problems, except tor Papuana taro beetle which has caused severe losses in some areas
(Sivan 1983). Like giant taro it is a perennial, hence planting and harvesting may be
done at any time. Harvesting may occur in less than [ year for some cultivars, or may
be delayed up to 6 years and even longer. Commonly corms weigh 1-4 kg, but those
thal arc very old, beforce being used for prestige purposes in celebrations, may rcach
180 kg (Sakai 1983). The corms may be acrid and contain high levels of calcium
oxalate (see scction 5.3). The young leaves and young inflorescences are used as a
vegetable in parts of the Philippines but not in Micronesia (Sakai 1983).
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Yig. 1.8 Giant swamp taro (C. chamissonis) growing at Dodo Creck Rescarch Station, Solomon
Islands.

1.1.6 Elephant Foot Yam, A. campanulatus

This species can be distinguished from the other edible aroids described above by
its dissected leaves (Fig. 1.9). It may have originated in India and is also present in
Malaysia, Indonesia (Sastrapradja et al. 1984), Philippines, Melanesia and Polynesia,
but is only of minor importance. It is sometimes fed to pigs in Indoncsia and the
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Philippines (Sakai 1983; Sastrapradja et al. 1984). It is a tropical and subtropical crop
with crop duration of up to 4 years with annual harvesting, storage and replanting of
cormels. No major pests or discases affect the crop (Sakai 1983).

Fig. 1.9 Llephant foot yam (A. campunulatus) at tenaru, Solomon Islands.
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1.1.7 Yam, Dioscorea spp.

‘ams arc traditional tood crops of great antiquity that originated in Africa, Asia
and Arcerica, and are now widely distributed throughout the tropics, with a few
members occurring in temperate zones (Coursey 1983b). World production in 1985 was
26 miilion t of which about 95% was grown in Africa (in the so-called yam belt of West
Africa, particularly Nigeria where it is a staple crop), with the remainder spreac
throughout thic tropical world, including PNG, Solomon Islands, Vanuatu amd M:-
cronesia ('AO Froduction Yearbook 1985). The major species that originated in West
Africa, and which are most important there, arc D. rotundata and 1} cayenensis,
wherecas D. alata (greater yam) and D. esculenta (lesser yam) originated in Southceast
Asia and are the most important yz s in the Asia-Pacific region  Greater vam is a
prestigious tood in parts of PNG, Fiji, Tonga, Vanuatu, Samoa, and the Trederated
States of Micronesia. Although worldwide there arc probably 50-60 spccies of Diosco-
rea that are sometimes used as tood plants, the four mentioned above are most
com 1only used (Courscy 1983b).

~he yam is a perennial plant with long trailing vines (Fig. 1 10 and 1.11). The
tubers mature i1 6-10 months and when stored remain dormant for 3-6 months
depending on species and cultivar, Yams grow best in decp, well-drained soils with a
raintall of 1000-3000 mm in the absence of frost. Dioscorea alata may be grown up to
an altitude of about 2000 m (Bourke 1982). Average yiclds worldwidce in 1984 over all
species were 10.5 t/ha (FAO Production Yearbook 1985), but may range from < 10 to
> 30 t/ha (Bourke 1982; Quin 1984). The tubcers from the greater yam (2. alata) may
grow to be very large, up to 3 m long and 60 kg in weight, whereas those of the lesser
vam (). esculenta) are more numerous (5-20), much smaller and are less tibrous than
the larger tubers of other species. Yam tubers are fragile and necd to be harvestea with
care if they are to store well during their period of dormancy. Storage usually occurs in
well-ventilated sheds or at least under shade (Passam et al. 1982). Yams are vegetatively
propagated from the tubers (about 20% of the previous crop is stored for planting),
and perhaps as a result, many cultivars now only rarcly flower In the Pacific, there are
about 1100 accessions, mainly of .. aleta and D. esculenta, so far recorded in
vanuatu 107 and Solomon Islands (Jackson and Breen '985). There are five other
species (L. nummularia, L. bulbifera, D. pentaphylla, D. rotundata, and 2. tritida)
t1at arc of miror importance i 1 the Pacific. In PN ™ yam is usced in sor ¢ arcas as a co-
staple food wiih sago, taro or bananas (Bourke 1982) Major discasc problems occur
with D. alata in Solomon :slands (sackson and Liloqula 1979; Jackson 19800) and in
the East Sepik Provinee of PN, whereas I3 esculenta is a morce rugged species (Quin
1984). _.1e variely of 1. esculenta (» sakua) in the Fast Sepik Province does not need
to be staked (Qu.. '984).

« 1.8 Cassav M ascul ta

Cassava is a dicotyledonous plant, -3 min height (Fig. 1.1, and 1.12), belonging
to :he family Buphorbiaccae. The plant originated in Brazil with Ceniral America as a
likely additional centre of origin (Oawueme 1¢78). Its world productio= ot 136 million
t in 1985 puts cassava in sixth place after wheat, maize, rice, potato and barley. it i
widely spread throughout tropical Africa, Asia and South America, being partic uly
important in Brazil, Thailand, Indonesia, Zaire, and Nigeria (FAO Production Year-
boo« 1985). in the South Pucific it is the major root crop in Fiji and Torga, whereas in
.7 5 and most otier countiies it is a minor crop compared with sweet potatoes, taro
and yam (bhurke 1982; van Wijmeersch '980). However, cassava is increasing in
inmportance, particularly in drier arcas, becausc it is a hardy drought-resisiant crop
that can give acceptable yields on low-fertility soils (Rickard and Coursey 1981;
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Yamu (2). alore)y at lenaru, Solomon Islands.

Fig. 1.11 Yam (D. esculenta) at [yodo Creek Research Station, Solomon Islands.
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1.2 Nutrition

1.2.1 Comparison of Tropical Plant Foods

A comparison is made (Table 1.1, Fig. 1.13, 1.14) betweer the major components
of the diet (energy, protcin, minerals and vitamins) obtained from root crops and thosc
from the tropical cercal (rice), legumes (beans), and a tropical green vegetable (taro
leaves). For the sakc of sii. n'icity, other important staple foods of the South Pacific
such as sago, bananas and breadfruit have not been mcluded. The encrgy valucs in
Tablc 1.1 should be read in conjunction with the moisture content, because tor those
foods which contain low amounts of fat and dictary fibre, there is an inverse lincar
relation between energy and moisture (Bradbury 1986; scction 2.9). Thus, the root
crops have lower energies than rice because of their much higher moisture contents,
but after boiling the moisture contents of rice and beans arc about the same (70%)
(Paul and Southgatc 1979) as that of boiled sweet potato or cassava (sce scction 4.3).
Zlearly, the boiled root crop has aboul the same energy content as boiied rice, and

Table 1.1. Comparison of nutrient content of different uncooked foods.®

Beans
Yam (kidncy, Taro
Sweel D. Taro Rice  lima or cdible
potato  Cassava esculenta  Colocasia  polished  mung), green
tuber tuber tuber corm raw dried feaves
Moisture % 71 63 74 69 12 12 83
Energy (k. /100 ¢) 460 610 414 490 1500 1200 110
Protein % 1.4 0.5 2.0 1. 6.5 22 4.2
Pereentage of energy of
food provided by protein
(P1:00) 5.3 1.5 8.5 39 7.2 1 63
Dictary fibre % 1.6 1.3 1.2 .5 2.4 22 5.0
Minerals (mg/100 g)
Ca 29 20 8 2 4 100 182
e 0.4 0.2 0.8 0.5 0.5 8 0.6
Vitamins (mg/100 g)
Vitamin A
(rentinol cquivy? 0.0 tr 0.02 0.01 0 0.008 0.5
Fhiamin 0.09 0.05 0.05 0.03 0.08 0.5 0.14
Ribotlavin 0.03 0.05 0.03 0.03 0.03 0.2 0.3
Nicotinic acid
(total)* 0.6 0.6 0.4 0.8 3.0 2 1.0
Vitamin O
(ascorbic uacid) 24 15 20 13 0 i 37
Referenced a a a a b b,d e
World production, al all
1983 million yams Ltaro
t/year, ref. td 12 136 26 5.6 466 nk nk
4 Selected values on basis of tresh weight; nk - not known; r irace.

" Vitamin A is cqual to the sum of retinol - 3-carotene /6. White sweet potatoes as given in the table
contain small amounts of 3-carotene, but yellow varieties contain a large amount (ref.b).

¢ Total nicotinic acid cquals nicotinic acid - tryptophan/60.

d <eferences: a, Table 3.15; b, Paul and Southgate 1979; ¢, Table 3.4; d, South Pacific Commission
1983; ¢, Wenkam 1983; f, 7. O Production Yearbook 1985,
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where energy s expressed in ki/i00 g and the factor 17 is the energy (kJ} produced by
the metaboiism 0f 1 ¢ ot protein (Atwatcr factor; Passmore and Eastwood 1986). . _ost
satistactory diets provide 10-15% of the energy ‘rom the protein present in the ‘ood.
On this basis it is clear trom Table 1 that edible green leaves and beans are excelleni
sources of protein, whereas yam and rice are margin® sources and the sther root crops
arc inadequate; this is particularly true for cassava = should be noted, however that
the values of PE% reported by different workers for .he same food show cons’ .. rable
variation. For example, cassava and taro are reportcd as 3.3 and 6.8 by Passmore and
Eastwood (1986), whereas we have obtained 1.5 and 3.9 respectively. Our :ower values
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arc due to the lower protein content that we found for cassava (Table 3.14) and taro
(Table 3.3) compared with other workers. The use of PE% as a measure of the
adequacy of a diet with respect to protein is fraught with difficulties which are
discussed elsewhere (FAO/WHO/UNU 1983), but the general conclusion that most of
the root crops arc inadequate sources of protein is probably correct.

Huang (1982) found that growing teenage boys were unable to maintain nitrogen
balancc on an intake of sweet potato that gave 0.69¢ protein/kg body weight. On the -
other hand, adults fed about 2.5 kg of sweet potato/day supplemented by a small
amount of fish and vegetables (0.63 g protein/kg weight) showed no signs of protein
deticiency after 2 months, Huang (1982) concluded that a dict solely of sweet potato
did not maintain adequate protein nutrition in subjects of growing age. Clearly, a root
crop dict of cassava, taro or sweel potato requires supplementation with foods of
higher protein content, as discussed in section 1.2.2,

The calcium content of edible green leaves of taro is higher than that of other
edible green leaves such as from swect potato (Table 3.1), because of the large amounts
of calcium oxalate present in taro leaves (section 5.3). The calcium content of legumes
is also high, and that of the roots and tubers of sweet potato, cassava, yam and taro is
still acceptable, whercas that of rice is iow (FFig. 1.13). The iron content ot legumes is
much higher than in all other foods, which arc about equal except for cassava which is
lower. for the two mincrals taken together, :cgumes appear to be the best sourcc,
followed (in general) by cdible green leaves, root crops and finally polished rice.

With regard to vitamins, the edible green leaves are the best source with adequate
amounts of all vitamins listed, followed by root crops and legumes which cach show
small amounts of two vitamins and finally polished (white) rice which is missing threc
vitamins (Fig. 1.14). Brown rice is to be preferred to white rice in this regard because of
retention of the germ and the aleurone layer, both rich in thiamin and nicotinic acid
(Bradbury ct al. 1984b; Passmore and Eastwood 1986).

A short summary of the situation is as follows:

Energy rice (boiled) ~ root crops ~ legumes > edible greens

Protein legumes > edible greens > rice (boiled) > root crops
Minerals (Ca, Fe) legumes > cdible greens ~ root crops > rice

Vitamins cdible grecens > root crops ~ legumes > rice

Thus, compared with the other plant food groups, root crops are a good source of
cnergy, an average source of minerals and vitamins and the poorest source of protein.
The variability of the protein content of different cultivars of the same root crop is
large (scction 7.1), and in the case of swect potato there have been attempts to breed
for increased protein content (Li 1982).

1.2.2 Nutrition in the South Pacific

In general, the traditional diets of the peoples of the South Pacific are based on
root crops, yet there are very wide differences between subsistence dicts in various
countries and in different parts of the same country. The subsistence diet in a
particular place clearly depends on a range of local environmental factors including
climate, altitude, distance from the sea and vegetation (Oomen 1971; Parkinson 1982;
Keig et al. 1983). These factors and others including cultural preferences, food taboos
and population density are just some of the constraints that determine the nutritional
status of the people. Since the conditions in PNG are in some ways different from
those of the rest of the region, we will consider them separately.

Papua New Guinea There are many different physical environments or eco-
logical zoncs in PNG. They arc distinguished from one another by environmental
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paramcters such as landform, mcan annual raintall and altitude (Keig ct al. 1983). The
physical environment (c.g. coastal, riverine, upland or highland, flat or hilly) partly
determines what crops will grow. Thus, in the coastal arca and along the big rivers, the
staple food is usually the sago palm (Metroxylon sop.) from which high-starch, low-
protein sago is produced (Wina ct al. 1986). Fish, shellfish and crustaccans are
available at the coast, but these high protein sources may not be available to people
living only 3 miles inland. In other lowland situations the staple may be taro (Ferro-
Luzzi et al. 1975) or yam and sweet potato (Heywood and Nakikus 1982). In upland
and hilly regions yam is of importance in drier arcas and taro Colocuasia and Xantho-
soma with bananas in wetter areas, whilst in the Highlands the staple food is sweet
potato (Oomen ct al. '961). In all regions there is a variety of cdible green leaves.
Secondary foods include fruits (bananas, coconut, breadfruit, papaya), legumes and
scasonal supplics of nuts. There is also a wide variety of protein-rich food that
includes insects, reptiles including snakes and crocodiles, many small animals includ-
ing bandicoots and rats, dogs, tish and ceis (Parkinson, S., pers. comm.). Dwyer
(1983) reported that one community in Southern Highland Province averaged 6 ¢
protein/person/day over 1 year from medium-sized mammals. These secondary foods
provide important supplements of protein, vitamins and minerals, and increase the
attractiveness of an otherwise starchy and monotonous dict. However, their contribu-
tion is often scasonal and/o: irrcgulai.

There is a continual slow change in the diets of the pcople due to: (1) a reduction
in the amount of taro Colocasia and an increase in the amount of swecet potato and
waro Xunthosoma (Bourke 1983), and (2) an increase in the extent of imported foods
(Harvey and Heywood 1983). Allowing for this slow change, Jenkins et al. (1984)
considered that the diet of the rural 90% of (he PN} population in 1984 was still
largely traditional, and that where significant amounts of imported foods were con-
sumed (rice and tinned mcat or fish) improved nutrition was cvident.

There have been many food and nutrient intake studics in various regions of - N
over about 30 years (reviewed by Heywood and Nakikus 1982). Somc of these show
low intakes of energy and also, tentatively, that the amount of protein in many arcas
may be low. Similar conclusions were obtained from a study of children in two
coatrasting environments near the coast and in the Highlands, any of whom showed
a deficit of energy and of protein intake on an age basis or a smaller deficit f
calculated on a basis of intake/kilogram ot body weight. There was, however, a low
incidence of chnicat signs ot nutritional deficiencics and it was concluded that (he high
proportion of nutritionally inadequate diets (assessed using Caucasian populations as
standards) did not match with the low levels of physiological or clinical signs and
symptoms of malnutrition (Ferro-i.uzzi et al. 1975). However, in 1972 throughout
PNG, malnutrition was the “ifth most common diagnosis and cause o) death in
children under 5 years of age, and the infant mortality rate of 106/1000 in 1974 was
similar to that of other developing countries (Korte 1975).

A more recent survey in 1981 in Simbu Province ot the Highlands, which had
been studied over 2 23-year period, showed an improvement, to adequatc levels, of
intake of encregy and particularly of protecin, and an associated increase in the growth
rate of children. This improvement was due to availability of income from cash
cropping and conscquent purchase of store foods (e.g. cercals, tinned fish and tinned
mcat). This undoubted improvement in nutrition has been at the cost of increased
dependency on imported foods, which has adverse cconomic repercussions in PNG
and may possibly lead to an increase in chronic degenerative diseascs in adults in the
future (Harvey and Heywood 1983). In 1983-84 a National Nutrition Survey was
conducted throughout PNG, and about 40 000 children under S ycars of age had their
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recumbent length, weight and mid-upper-arm circumference measured (Heywood and
Singleton 1984).

Islands of the South Pacific The traditional diet ot the pcoples of the South
Pacitic Islands depended greatly on the climate, geographical location and fertility of
the land. Parkinson (1982) described three difterent types of diet found in (1) coastal,
river delta and lowlands, (2) highlands, and (3) atolls In coastal areas, river deltas and
lowlands, nutrition was good due to an adequate supply of root and tree crops (sago,
coconut), cdible green leaves as well as fish, shellfish, birds and small animals. The
food supplies of the inland (Highland) people was, as in PNG, more limited to root
vegetables, fruits and nuts with edible green leaves as a major source of protein and
with very limited supplics of animal foods. In the atolls the staple foods were bread-
fruit and giant swamp taro (Cyrrosperma) supplemented in high rainfall aceas by
coconuts, bananas, taro and sweet potatocs, and in lower rainfall arcas by pandanus.
Fish and shellfish provided a good source of protein, but fruits and green vegetables
were scarce. Traditional foods provided a reasonably balanced diet except for the
possibility of a shorttall of protein in the highlands, of vitamins (due to lack of edible
green leaves and fruit) in the atolls, and the fact that the bulkiness of the dict made it
difficult for small children to achieve a reasonable intake of energy and protein (Binns
1975; Parkinson 1982).

Anacemia, a condition which occurs when the concentration of hacmoglobin
present in the blood falls below a certain level, is very prevalent particularly amongst
women and children in tropical countries, and is common throughout the South
Pacific. Nutritional anacmia may be duc to a deficiency of iron, folic acid, vitamin B,
and/or other nutrients such as protein and ascorbic acid (Passmore and Eastwood
1986). The most common causce of nutritional anaemia is a shortage of iron, and
infections such as hookworm and malaria that result in loss of blood also cause and
exacerbate the discase. Legumes, dark green leaves (Table 1.1), shellfish, red-fleshed
tfish and birds cggs arc good sources of dictary iron. The traditional diets in the Pacific
Islands were probably adequate in this respect.

The traditional diets of the people of the South Pacific Islands are rather similar
to those alrcady described for PNG, except for the atoll dict, which is distinetly
different. However, whilst the PNG diet has changed only slowly over the last 30 years
(sec above), that in the Islands has undergone more rapid change through the import-
ation of foods, particularly ot cereals, sugar, tinned meat and fish (Parkinson 1982;
Thaman 1983; Pollock 1983). Furthermore (as in PNG) the production of taro
Colocasia has decreased in Fiji from 28% of the total root crop production in 1968 to
17% in 1978 and that of cassava has increased over the same period from 57 to 77%
(Sivan 1983). This replacement is unforiunate because not only is the cassava tuber
nutritionally inferior to the taro corm (sce section 3.8), but taro leaves are also onc of
the few traditionally important green vegetables in the region (Parkinson 1982; Tha-
man and Thomas 1982; Sivan 1983).

Changes in the diet of the South Pacific islanders are not casy to quantify
(Pollock 1983), but have resulted in increased consumption ot animal fat and protein,
refined sugar and salt and decreased intake of dietary fibre and possibly vitaming
(Parkinson 1982; Taylor 1983; Pollock, N ., 1988, pers. comm.). This dietary change,
as well as an increasc in bottle feeding of babies, increasing urbanisation and other
factors have probably resulted in increases in obesity, diabetes, heart disease, dental
caries, anaemia, gout, diarrhoea, food allergies and childhood malnutrition in the
region (UNDP 1982; Taylor 1983; Parkinson and Lambert 1983; Thaman 1983). Heart
attacks and strokes arc now the major causes ot dcath amongst adults in Fiji and a
number of other Pacific Island countries (Parkinson and Lambert 1983). In the 1970s
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the diabetes prevalence rate in the highly urbanised island of Nauru was 44% among
those aged 20 and older, in urban funafuti, Tuvalu, it was 0% (the two worst cases),
and it was an increasing health problem in the Zook Islands, Tonga and Western
Samoa (Ward and Hau'ofa 1980). Recent research has shown that traditional foods are
digested morce slowly than western foods and the possible presence of a thrifty gene
amongst Polynesians and certain other racial groups has been postulated (Thorburn ct
al. 1987).

Sufticict examples have been given to indicate that deleterious changes have
occurred in receat years in the nutrit‘on of the peonle of the South racific and that
these changes can generally be attributed to indiscriminate use of imported western
foods. From the cconomic point of view, food imports are a major item in the trade
figures of every :sland community and trade deficits are widespread. A wide-ranging
series of recommendations on the problem have been put forward, which have in-
cluded vroposals for increased local production of food crops, promoticn of home
and school gurdens (‘Sershon 1986), and increased education in the »roper use of
foodstutts (Uls P 1982  -arkinson and Lambert 1983).

1.3 Chemicz '_ .mp. . ‘ion in Relation to
1 ‘utrition and A« iculture ¢ - R: ot Crops

In order to relate food intake studics to the amount of energy, protein, minerals
and vitamins that arc actually absorbed by the human body, it in accessary to know
both the chemical composition and ihe degree of absorption py the body of the
various components of ihe toods that are caten. The absorption is normally greater
than 90% for protein, fat and carbohydrate, but may be as low as 1% for iron,
particularly iron [rom plani sources (Passmore and — astwood i986). The degree of
absorption of nutrients oy the hody is an aspect of human nutrition that wili not be
adaressed here, but attention will be tocused ¢n tae chemical comnosition of the root
crops.

A considerable amount of information on the chemical composition ol rool crops
has been obtained by food analyses carried oui over a period of about 50 year Peters
(:957) produced a uscful bibliogranky of carly wor:. Since then, more results have
been obtained which are reviewed in Chapter 3 for each of the root crops, together
with the resalts of the work produccda by the ACIAR/ANU Program on Nutrition oi
Tropical Root Crops in the South Pacific (Bradbury et al. 1985a). Much of the data
alrcady available has been obtained from cultivars used in other parts of the world,
and onc aspect of the present program has been to obtain data on cultivars locally
important in countrics of the South Pacific Thus, for example, the yellow sweet
potatoes popular in North and Central America have a much higher content of 3-
carotene (100-200 times greater) anc a higher sugar content than the white sweet
potatocs which are popular in the South Paciftic (Singh and Bradbury 1987).

In the older analyses carbohydrate was usually obtained by differcnce and separ-
ate analyses were not made for starch, sugar and dictary fibre. Amino acid anzlyses
were not recorded for Xunthosoma, Alocasia and Cyrtosperma corms, there were no
analyses available for potential antinutritional factors such as calcium oxalate in these
aroids and for trypsin inhibitor in all the root crops. Also, there were only a limited
number of analyses on the edible leaves of taro, sweet potato and cassava. Faced with
this situation, it was clear that full chemical analyses were needed on the popular
cultivars of the various root crops for countries of the South Pacific. Samples were
therefore obtained from research stations, local gardens and from local markets by
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collaborators in Fiji, Kiribati, PNG, Pohnpei (Federated States of Micronesia), Solo-
mon Islands, Tonga, Vanuatu, and Western Samoa, and were sent to Australia for
analysis.

Anothe important aspect concerned the cffects of cooking on the nutrient
content of tic root crops. Some information was available in the literature on this
subject mainly for sweel poiato and cassava {sec Chapler 4), but it was considered
important to study ihe c¢ffects of particular methods of cooking, some of which may
be unique to the region, on the major root crops of the South Pacific.

Because of the large variability in chemical composition of root crop tubers (see
section 7. 1), it s possible, for example, for people to be cating a staple diet of sweet
potato which has a protein content that s far lower than the accepted mean value uscd
for nutritional calculations. We have identified such a case with 12 sweet potato
cultivars from the Kaintiba District of PNG, where the mean prolein content over 54
samples was 0.62% (Appendix Table A.13; section ¢ 2.4) . he average protein compo-
sition of these tubers was less thar half that of the accepted average used for
nutritional calculations, and would clearly seprescat a large source of error in dictary
untake studics if the accepted average was used. It highlights the need for a cautious
approach to the interpretation of dietary uptake studies as discussec by . .cywood and
Nakikus (1982). This particular source of error would be eliminated if the actual food
consumed in the survey was subjected to chemicai analysis, as was done in studics in
FNG by ierro-iLuzzi et al. (1975,1978) and Norgan et al. (1974, 1979).

The variability in chemical composition of root crops is clearly usefu: for the
plant breeder who may wish to select/breed for a combination o desirable characteris-
tics such as high yield, disease and pest resistance, high protein content and accept-
ability as food. Taking vrotein content as an example, onc may ask what fraciion of
the low protein content recorded for the Kaintiba sweet potato mentioned above was
duc to mferior cuitivars and what fraction to poor environmental conditions dur g
growth. iiterature studics of the effect of environmental constraints on yield and
chemical composition are discassed in - hapter 6 as well as our own studics on sweet
potato, y. 1 (... esculenta) and the edible aroids

The antinutritiona: factors studicd in these root crops arc cvanide present in
cassava, trypsin and chyrmotrypsin inhibitors in all root crops, insolubie calcium
oxalate, and the acrid factor of the edibie aroid . Mason (1956) rcported that the
South Pacific cassava cultivars were gencerally low 1n cyanide and our results given in
section 3 8 confirm this assessment. Nevertheless, there are several medical conditions
that may result from continued :ngestion of ¢cyanide from cassava (sce section 5..).
Trypsin and chymotrypsin inhibitors present ir tubers and corms are capable of
inhibiting the action of the major proteinases of the gut, thereby reducing the diges-
tion of protein. _his would present a problem in the feeding of uncooked tubers and
corms to animals, but fortunately these inhibitors are inactivated (denatured) by
prolonged cooking A detailed study has been made (Hammer 1987; see also section
5.2). The amount of insoluble calcium oxalate and water soluble oxalate has been
determined in the root crops (Holloway et al. 1988; see also scction 5.3). Acridity in
aroids causes swelling of the mouth and throat. The discomfort produced prevents the
full utilisation of the uncooked taro plant by animals (Sakai 1983), and it the acridity
is not properly removed by cooking, it is a deterrent to its use by humans. This
problem is discussed in section 5.4.
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Chapter 2.
Experimental Methods

i this chapter the methods used in sample preparation and chemical analysis are
desceribed. Al results recorded in this monograph are calculated on the basis of the
fresh weight of the sample.

2.1. Sample Collection

Vresh root crops were harvested from agricultural research ctaiions, farmers’
fiel¢s or in some cascs they were purchased in the market. The source countrics were
I'iji, Kiribati, Papua New Guiaea, Poiinpei (Federated States of Micronesia), Solomon
[s'ands, Tonga, Vanuatu and Western Samoa. The names of the various coliaborators
in cach country arc listed clsewhere The agricuitural details pertaining to the con-
ditions of growth of each crop are given in the particular Appendix table containing
the chemical data. Ater harvesting, the tubers or corm: were washed to remove all
soil, dried in air and weighed to three significan: figures to obtain the fresh weight.
Sweet potato, taro and yam were wrappec 1 ciean, dry paper and packed in ca-dboard
hoxes. Cassava tubers were piaced in layers in cardboard or wooden boxes and
surrounded by moist vermiculite The boxes were consigned by air-freight to Canderra,
Australia, where they were normally received in good condition within 2-7 days. . hey
were cit rer processed imrediately or were stored from 1 to 14 days in a cool room
maintaincd at 15°C.

L. So1 e P."“.[J“".“:A"

The tuber or corm was weighed just before processing to determine the weight 10ss
that occurred during transport and storage. It was peeled and any diseased material
was removed. With the smaller tubers or corms the whole sample was used, but with
the larger savoples three slices or discs of aoout 100 g each were taken (one from each
end and onc slice from tie middle) and bulked fogether. This sampling procedure
allowed for any (ongitua. a" and ra: “al gradients ¢ composition with' 1 the tuber or
corm (section 3.9) and hat >een used tor cassava - _ooke :978), taro (W1 s et al. 1983)
and in a modified form for yarr (Ologhobo 1985). All samples were shredded using a
food processor and aoe 100 g was sicred at =20 Two accurate'y weighed samples
(about 10 g) of the eshly shredded materia! were dried at 40°C until constant dry
weights were obtained atter about 4 days. A siriiar d-ying procedure at 100°C was
a 50 carried out, from v " ich the total moisture content of the fresh materie. was
calculated.

The bulk of material was dried a1t 40°C and was ground to a fine whitc powder
usirg an electric grinder. This ground material stored well in bottles and contained a
known small amount of ‘esidual woisture, as compared with the material dried at
100°C. The material dried at 40 °C was used in all analyses except for determination of
vitamin C and free and bound cyanide.
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2.3 Sampling Procedures

In much of the carlicr work, duplicate analyses were made on single tubers or
corms, or on multiple tubers or corms of a particular cultivar that had been bulked
togcther and treated as a single sample. Assuming that the bulking procedure included
thorough mixing of the dried material, then the final analytical result represented an
accurate mean value. No mecasture could be obtained, however, of the variability of
composition of tubers within the one cultivar and hence it was not possiblc to test
statistically tor differcnces between different cultivars. This problem was overcome by
carrying out later analyses on 3-10 tubers or corms of the same cultivar Such analyses
showed that the difterences between tubers or corms of the same cultivar were usually
much greater than the analytical variance of the analysis (section 3.1).

2.4 Moisture Analysis

As alrcady indicated in section 2.2, the moisture loss of the tuber or corm during
transport and storage was mcasured and duplicate 10 g samples of shredded material
were dried to constant weight at 100 °C. The total moisture content of the fresh tuber
or corm was calculated from the loss in weight during transport and storage (usually
about 10%) and the further loss in weight during drying at 100°C.

2.5 N :gen Analysis

The organic nitrogen content was determined routincly by the Kjeldahl pro-
cedure, but some samples were also analysed for total nitrogen using an automatic
CHN analyser (Dumas method) by the Analytical Group in the Rescarch School of
Chemistry, Australian National University (Bradbury ct al. 1985b). There was good
agreement between the results of the two methods which showed that inorganic
nitrogen-containing compounds such as nitrate were absent from sweel potato. The
Kjeldahl method was more reproducible than the Dumas mcthod (section 3.1). The
Kjeldahl method described below was expedited by use of the Kjeltec digestion and
distillation apparatus. To the dried sample (0.1 g) was added 2 m! of digestion mixture
(187 g of K,SO, in 250 mi of conc H,SO,) and 0.5 ml of mercuric sultate solution
(13.7 g in 100 ml of 2M H,SO,). The mixture was heated at 450 °C for about 10 min in
the Kjeltec digester until a clear solution was produced. The tube was placed in the
Kjeltec distillation apparatus and 10 ml of a solution which contained 5 g NaOH +
0.5 g Na,S,0,5H,0 was added. The ammonia from the samplc was steam-distilled for
S min into a receciver flask, which contained 5 ml of a solution of boric acid and
indicator. This latter solution was made by dissolving 20 g H;BO, and 0.0067 g
methylene blue in water, 0.0133 g mcthyl red in 10 ml ethanol, mixing the solutions
and making up to 1000 ml| with water. The ammonia in the receiving flask produced by
the breakdown of organic nitrogen-containing compounds in the sample was titrated
with standard 0.01 M potassium biiodate (KH(IO;),) until the indicator solution
changed from green to blue at the end point (McKennie and Murphy 1970). This
allowed calculation of the percent nitrogen in the dry sample and in the fresh sample

2.6 Protein Content and Non-Protein Nitrogen

The crude protein content, which is hercalter called simply the protein content,
was calculated by the cquation
protein content (%) -= % nitrogen X 6.25. (n
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The factor of 6.25 is the standard agreed factor used for all foods with the exception of
some specially designated foods such as some cereals, nuts, milk and other products
(Paul and Southgate 1979). The valuc of 6.25 is based on the assumption that the
protein contains 16% nitrogen, but in fact the nitrogen content of the protein is
dependent on its amino acid composition. The sccond difficulty with the use of
cquation (1) is that some of the nitrogen present in the root crop is not combined as
protein and this is called non-protein nitrogen. For example, with sweet potato about
one-quarter of the total nitrogen is present as non-protein nitrogen (Tamate 1985) and
about 80% of this occurs as amino acids (Purcell and Walter 1980; Tamate 1985).
Thus, since the bulk of the non-protein nitrogen is present as amino acids, there is
little dietetic error involved in the use of total nitrogen to calculate protein, although
the true protein content is in fact overestimated.

2.7 Lipid Analysis

A dried sample (5 g) was weighed into an extraction thimble which was immersed
in 50 ml boiling diecthyl cther for 10-15 min and then raised above the boiling solvent
and extracted for a further 20-25 min. The ether was then removed from the extraction
flask and the weight of ether insoluble material obtained. The lipid content was
calculated as a percentage ot the fresh weight of the sample.

2.8 Analysis of Starch

After removal of sugars by extraction with 80% cthanol, the starch content of the
sample was determined by gelatinisation of the starch at 100°C, tollowed by its
hydrolysis to glucose at 60°C, catalysed by «-amylase and amyloglucosidase and
finally colorimetric determination of glucose. This was a modification of the AOAC
(1984) mcthod used for determination of starch in cereals. A dry sample (0.5 g) was
blended with 40 ml of 80% ethanol (v/v) in a Polytron (Kinematica, GMBH Luzern-
Schweiz) for 2 min. The resultant slurry was filtered and washed once with 80%
cthanol. The slurry was transferred to a 100 ml standard flask and heated at 100 °C for
30 min with intermittent shaking. The solution was cooled at 60°C and 5 ml of 0.1%
«-amylase (Sigma) and 1.0 ml of amyloglucosidase (1400 units/ml, Sigma) was added
and the mixturc heated at 60°C for 45 min. The mixture was cooled and made up to
100 ml with water (suspended material used for dictary fibre analysis; section 2.9).
About 30 ml of this solution was centrifuged at 5000 rpm for 30 min and 0.5 ml of the
supernatant diluted to 50 ml with water. Two millilitres ol the diluted solution was then
added to 2 ml of the reagent (10 mg o-dianisidine (3,3 '-dimethoxybenzidine) dihy-
drochloride, 10 mg of horscradish peroxidase and 0.40 ml glucose oxidasce (1100
units/ml), that had been cquilibrated at 30°C. After mixing and reacting for 30 min
the reaction was stopped by adding 10 ml of H,SO, (25% v/v). The absorbance of
cach solution was then dectermined at 540 nm. The method was always calibrated by
use of five different glucose standard solutions and the percent glucose converted to
percent starch by multiplication by 0.90.

2.9 Dietary Fibre

The fibre content of the root crops was determined by a moditication of the
neutral detergent method (Holloway et al. 1977). Nonfibre material was removed from
the suspension from the starch analysis (sec section 2.8) with 100 ml of a neutral
detergent solution. The latter was made by dissolving 30.0 g of sodium lauryl sulfate,
18.6 EDTA 2H,0, 6.81 g Na,B,0,10H,0, and 4.65 g Na,HPO, in water, adding 10 ml
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of cthylene glycol and making up to 1000 ml with water. After refluxing for I hour the
suspension was tiltered while hot through a No. 2 sintered glass crucible and washed
with water and acctone. The crucible which contained fibre and ash was dried at
100 °C overnight and weighed. The tibre was removed by heating the crucible at 5507 .°
fér 3 hours and the weight of the crucible plus ash was obtained. The difference
between these two weights equalled the amount of dictary fibre present in the sample.

2.10 Total Sugar

The total sugar content was determined using a modification of the anthrone
imcthod (Holloway et al. 1985) “the free sugars were extracted from 0.5 g ot dried root
crop (0.1 g in the case of sweet notato) with three extractions of 25 ml cach with hot
80% cthanol/water at 60-70°C. The combined cthanol extracts were filtered and made
up io @ total volume of 100 ml with 80% cthanol. T'he anthrone reagent was prepared
by dissolving 200 mg ot anthrone in 400 = »t sulfuric acid (560 +lconc S, added
to 240 ml watcer). ‘i'he anthrone reagent (4.5 ml) was cooled in ice ard 0 1 ml of the
cthanol extract added The solution was mixed, cooled in ice and then the tube placed
in a boiling watcer bath for exactly 7 min. It was cooled in ice and the absarbance
measurced at 625 nm  The total sugar content was determined using a scries of four
sucrose solutions (25-100 pg/0.1 ml) a; standards in cach run.

211 Comi.  of ndual Sugars

PN

The individual suga-s were determined by a moditication of the method
described by Tamate and Bradbury (1985). Ory root crop (5 ¢) or fresh root crop (©5 g)
was biended with 35 ml of 80% cthanol and the solution filtered. The residue was taen
extracted three times with 10-ml aligucis of hot 80% cthanol. The extracts were pooled

and the volume reduced to about 3 ml using rotary cvaporation at 3 40 water
‘ " erade) was added (o make the volume to 10 ml. A samole (about 0.5 ml) was
filtered through an .c-odise” and SO pl injecied into the Waters Zsaem The
coluran way a radial-pak Si cartridge which fitted into & Z-module anc ¢ s lvent used
woe 75% acctonitrile 25% weter and 0.2% . 41 mod fier at a tlow ratec of .« *»1/"1in

(Zgan eral, 1981) The individual @ gars were detected by a differential refracior »eter
and peak arcas were used for quantitation compared with a staadard mixture (1) g/
100 ml) of cach of fructose, glucose, sucrose, maltose and ratfiqose ( amate and
_radbury 1985).

1 A oo
cazcho.. . 8§ -C  onts

The energy couent , (kJ/100 ¢) ot the ruot crop sample was calenlated by the

following cquation
o = 17b + 38c¢ + 17¢ 4 lof

where D = percent protein, ¢ pereent fat, ¢ = peccenc starch and - pereeni total
sugar present 11 the sample. Lhe so-called . v ater factors ko /g) were, for protein 17,
fat 38, starc 17 and sugar 1o~ /*N'""7 7 JWNU 1785}, The contribution of orge 1ic
acids (oxalate, citrate, malate and svccinate) 2o the ¢ ~~gy of ihe root crop amounced
to about 10 I'J/g of organic acid = aul » 0 Southgate 1979), but was nat included
because analyses were made for organic ac’ds onty on selected samnics of zuch root
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crop. Inclusion of the energy contribution tfrom organic acids would have increased
the energy by 2 kJ/100 g for yams up to a maximum of 14 kJ/100 g for clephant foot
Vet

e Ene+y Cilculate from .. sture C itent

Lradbury ¢ 286) showed that tor samples of food which contained only <mall
amounts ¢t fat and < 3% dietary fibre, the energy E, was inverasaly related o pereent
moisture content ..° by the empirical relatio wship

-27.38 N 1599

b

Yalues of | and ) were caleulated wherever possible from the data in the book. 'n
many cases the average energies calculated trom the moisture content were higher by
aboui 10% than those obtained using the Atwater factors, although in a few cases
both methods gave essentiady the same result. /. llowance fo. organic acids would have
increased 7, somewhai and the values of * - are slightty overestimated because of the
appreciab : amounts of dictary fibre and a5l and low amounts of fat present (Cirad-
oury '986). hus the values of i and Iy given i the * ~pendix tables were averaged to
gei rounded values tor ithe comparative tables in Chapter 3.

4 A 1A

/5 2-g sample of dried root crop wa i placed in a crucible and ignited at 530° ° “or

< 4 h (normally overnight). The crucisles werce cooled to about 100” " in air then to
coom te perature 11 a desiccator and weighed.

['he ash ootained by ignition ‘sectio™ 2. 14) wa: dissolved in 5 ~mlof 3., _land

the solution  wde up to 25 mi with dist.led wate. he amount of fron was determined

Tag o Vorian 1770 atoriic absorption spectrometer and the syvstem w o, calibratec

against solutions of knoven concentrations; prenared by quantitative dilution of an tron
standard Hlution (I erck).

ccause of ihe much greater camouni of calcium thaa wron in the samples, the

25 ml solution « «d tor iron was diluted 100-told as follows: The solution (0. 5 i)

v added to o mloof lantl*anum solution (13 000 npm) and was made up tc 25 il

with water (" . " 1984, The abscrbance of this solution was compared v 1 that ¢f 4

ser'en of calcium standards in the raage of 0-3 ppm, prepared from dried caicium

(BN

corl onaie {Analer, o

a N D l

ry oot crop {1 ¢) was ashed at 2.0 7 (seciion 2.14), dissolved "a 2 bof 5.7
(4 and the sotution made vo to 25 mi with didilled water. . n aductively coupled
argon plasma emiscion @ ¢t meter located at the "Tniversity of Jew »cuth "Va.cs was

used (Clee 12810 he ipson and - ‘alsh 1982) alyses m duplicae were “ade for
calel 1, phospnorus, magnesin, sodium, potassic ~ sulfur, con, copper. zine,
manganese, aluminium and boron oy r atlayson at the Jniversiiy of 4 o ¢ South



Wales, using an inductively coupled plasma spectrometer {model ‘Labtam, Inter-
national Plasma Lab., Melbourne, Australia). Standard solutions in 1 M HNO; of
these elements were prepared and these were included as check standards amongst the
samples determined. For calcium and iron there was also a direct comparison between
the results determined by atomic absorption and those obtained by the inductively
coupled plasma (ICP) method.

2.17 Vitamin A and Vitamin D,

Vitamin A (rctinol) commonly occurs as an ester in foods and is normally
saponified by alcoholic potassium hydroxide prior to its analysis (Dennison and Kirk
1977; Singh and Bradbury 1988). The root crops usually contain the provitamin (-
carotene, but no appreciable amounts of «-carotene (Singh and Bradbury [988).
Another possible provitamin (8-cryptoxanthin) was shown to be absent from a range
of vegetables including sweet potato (Burcau and Bushway 1986) and hence was not
studied.

The method used was bascd on Singh and Bradbury (1988). The root crop dried at
40°C (5 g) was saponified in 10% KOH in alcohol-water (50:50) at 80°C for 1 hour.
After filtration the solution was cxtracted with hexane and the organic layer dried,
evaporated to dryness and the residue dissolved in the HPLC mobile phase of
methanol-acetonitrile-water (40:40:20). Separation on the HPLC was achicved using
a 5 p C18 steel column. Retinol and $-carotene were detected at 325 and 452 nm
respectively, using a dual-wavelength UV absorption detector and dual-pen recorder.

Recoveries of authentic compounds of retinol, «-carotene, 8-carotenc and vita-
min D, which were added to the root crop sample betore saponification were greater
than 90% . However, there was no retinol, «-carotenc or vitamin D, present in any o*
the root crops analysed. The vitamin A content was cxpressed in retinol equivalents
(RE) which equalled the amount of retinol + 0.167 (8-carotene) in ug/110 g fresh
weight of root crop (Olson 1984).

2.18 Thiamin

The method of determining the thiamin content of root crops followed Bradbury
and Singh (1986b) which consisted of using fresh (4 g) or dry (1.5 g) root cron
homogenised and heated at 100°C in 0.1 M HCl for 1 hour, followed by centrifugation
to remove insoluble material. After treatment with basic lead acetate, dilute sulfuric
acid and centrifugation, the thiamin was oxidised to thc fluorescent compound thio-
chrome in alkaline solution using potassium ferricyanide. The thiochrome was ex-
tracted with isobutanol and the fluorescence of the solution was mecasured in a Perkin
Elmer Modcl 512 fluorescence spectrometer in the excitation mode, with excitation
wavelength 370 nm and cmission wavelength 445 nm (Bradbury and Singh 1986b).

2.19 Riboflavin

About 4 g fresh or 1.5 g dry root crop was homogenised in acetate buffer at pH
4.3 and then heated at 100°C for | hour. After centrifugation, the supcrnatant
solution was oxidised with potassium permanganate, the excess permanganate was
removed by hydrogen peroxide and the fluorescence of the riboflavin was measured as
in section 2.18, with an cxcitation wavelength of 440 nm and an emission wavclength
of 530 nm. The fluorescence of the sample was comparcd with that obtained after
spiking the sample with a known amount of an authentic sample of riboflavin
(Bradbury and Singh 1986b).
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2.20 Nicotinic Acid

About 5 g fresh or 2 g dry root crop was homogenised in 0.5 M H,SO, followed
by hecating at 100°C for | hour. The pH was adjusted to 4.5 with sodium hydroxide
and the solution was filtered. Ammonium sulfate was added followed by cyanogen
bromide and sulfanilic acid which produced the coloured compound glutaconic
dialdchyde. The colour intensity at 440 nm from the sample and the blank was
compared with that from an authentic sample of nicotinic acid taken through the same
treatment (Bradbury and Singh 1986b).

[n the body, tryptophan is converted to nicotinic acid with variable efficiency and
a factor of 60 is considered to be a useful approximation. The tables in Chapter 3
therefore contain an entry for potential nicotinic acid which equals tryptophan/60,
which is added to the nicotinic acid content to give ‘nicotinic acid equivalents’ (total
nicotinic acid).

2.21 Vitamin C
(Ascorbic Acid + Dehydroascorbic Acid)

Fresh material (5 g) was homogenised in aqueous HPO, at room temperature and
the extract was tiltered. Tt was again filtered through an Acrodisc filter and run on an
HPIL.C column (Waters, p-Bondapak-NH, cartridge for a Z-module). The mobile
phasce was a (30:70) mixture of aqucous 0.005 M KH,PO,, adjusted to pH 4.6 with
dilute HCI, and acctonitrile. The dchydroascorbic acid peak that eluted first was
monitorcd ai 210 nm and the peak due to ascorbic acid at 254 nm using a dual
wavelength UV detector and dual-pen recorder. The arca of cach peak was quantitated
against standard solutions of ascorbic acid and dchydroascorbic acid (Bradbury and
Singh 1986a). The total vitamin C content equals the sum of the amounts of ascorbic
acid and dchydroascorbic acid (Jaffe 1984).

2.22 Amino Acid Analysis

Amino acid analyscs were carried out in duplicate on 25-mg samples of dry root
crop using an LKB 3201 amino acid analyser (Bradbury et al. 1985b). Cystine was
destroyed on acid hydrolysis in the presence of a large amount of starch and hence was
determined in a separate analysis after oxidation to cysteic acid (Moore 1963). Tiyp-
tophan was also destroyed during the normal acid hydrolysis of proteins and was
determined separately after hydrolysis in base. No corrections were made for losses of
other amino acids by decomposition during acid hydrolysis. The amount ¢t nitrogen
present in each of the amino acids recorded was calculated and summed and compared
with the total amount of nitrogen loaded on the column.

For tryptophan analysis a powdered sample of root crop dried at 40°C was
weighed into a hydrolysis tube. Sample weight was 1-2 ¢ depending on the nitrogen
content. Recrystallised barium hydroxide (2-3 g) was added followed by 10-20 1l
distilled water. After thorough mixing, the tube was scaled in vacuo and heated at
110°C for 16 hours. The tube was opened and the solution filtered through a glass frit.
The filtrate was ncutralised with H,SO, to pH ~4 and made up to 50 ml. The
precipitate of BaSO, was allowed to settle and about (0 ml of the supernatant was
filtered through an Acrodisc filter in readiness for loading on the column.

A short (14 ¢m long, I ¢cm internal diameter) jacketed column of spherical beads
of Dowex 50 resin was prepared in citrate buffer (9.8 g sodium citrate dihydrate in
500 ml, pH adjusted to 4.25). The sample solution (I ml) was loaded on the column,
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heated at 50°C and was cluted with citrate buffer at pH 3.4 (82.3 ¢ sodium citrate
dihydraie, 4.8 ml Brij 35, pH adjusted t0 5.4 with HCI and diluted to 4 ). .* large
overlapping band ot acidic and neutral amino acids was cluted followed by a separate
peak identified as tryptophan by spiking the sample with an authentic sample of
tryptophan prior to hydrolysis with barium hydroxide (Hugli and Moore 1972). The
<o amn was regenerated in the usual way by pumping through dilute NaO™ solution,
foniowed by citrate buffer at p 14 25 “he amount of tryptophan in the sample was
determined by comparing the arca uncer the tryptophan peak with that obtained by
running on the same day 1 ml of a standard solution containing 100 nmol trypiophan/
ml. ‘ontrol expe  ~ents showed that the recovery of irypiophan ootained by addition
of tryptophan (o a rool crop sample prior 1o alkaline hydrolysis was about 90%. This,
mcthod, although slow, was much more reliable than the color™ cotric method for
tryptophan which utilised p(dimethylamino) benzaldchyde (iombe and .ozano
1980), which wc had used previously (Fradbury et al. 19870).

An essential amino acid is onc that cannot be produced by the hiiman body and
hence must be obtained in the die . The amino acid score is defined as the perceatage
of 2~ essential amino acid determined in the sample as compared with that of a certe’s
paitern of requirement. The pattern used here °s that proposed for a preschool child
aged 2-5 years (table 28 of 177/ 'F O/ JNTJ1985) which gives the following valucs
for the esseatial amino acids {n mg amino acid/g I in sample). histidine 119,
isoleucine - 75, leucine 412, lysine 363 mecthionine + cyst. 1c 156, phenylalanine +
tyrosine Z ", threonine © 3, trypiophan 69 and valine 2i9. ¥ »r eny particular amino
acid analysis, :he calculated lowest arino acid score is callee the chemical score and
the amino acid that gives the lowest score is the first | eiting ¢ ~ino acid

Tt should be nited that the above vilues used for calculation of aniino ocid score:
arce different from those given in a previous F47 publication (0 /WL O 273). Thuy
carlicr amino acid scores reported ©  the literature have (if necessary) been recaleuiated
usiag the newest values reported a. ove. the differences between the older and the new
saue ns of requircment arc as follows: ') histidine was not formerly but is now
inc.uded as an essential amino acid; and (2) the new values for essential amino acide
given above are smaller than the older ones (v /07 1973) except for lysiac,
ptenylaianine + tyrosine and tryptophan which are larger. This has had the effect ¢f
decreasing tiic amine acid scores of the latter essential a. ino acid and of lysine in
particuiar, which _iing the new valucs now becoraes the frst imiting amino acid in
nearly an casces.

- oA ' . . ~ 1 |
»
et ' K [ L P (ORI | .
- . .
: " L

“he powdcred root crop ar e (- g), dried ai 40° _. was muxed with eithes 25 m!
of Cistiilec water or 25 mif of 0.25 - 5, aad 1 ml of internal standard (10 g of
¢luiaric acid m 100 mi of water) was addec  The mixture, in a glass-stoppered te
tebe, waos heated in a water bath at 100 for 0m cooled and made up to 100 il in
astanda  fask. S aall volume of the solutro was ttered and the filtered solution
vas agd . clari Ted by passage through an Acrodisc "'ter before injection into the
o Coparat y  was by a 360 < /.8-mm ion-exclusion colur .. .7-"7 ) uiing
0.012. . "~ uent, flow rate 0.5 ml/min and a JV detecter a2z - nm. li-
bration of thie system was oblained by ¢ standard mixture which conte 2d 20 mg of
cach ol sodium oxalate, maiic acid, « “uum citrate, succinic a1 80 mg of glutaric
acid rnade up to 100 mlwit™ 0.0125 . ., 7, T 'nown quantities ¢t oxalic acid add
to the original sample were recovered with 92% yield [ olloway et al. .988).  tent'on
times of Gxalate, citrate, matate, succinate and g' “arate were 2.0, 10,5, 12.5. "o ne !
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19.4 min, respectively, using 0.0125 M H,SO,, which was required to scparate oxalate
from a large unidentificd pecak which preceded it and originated from the sample
preparation. Actd of lower concentration (0.004 M H,50,) gave better separation of
oxalate and citrate, but in this casc the oxalate peak was obscured by the large
unidentified peak alrcady mentioned (Holloway ct al. 1988).

The extraction with boiling water followed by cooling, dissolved water-soluble
oxalates (potassium, sodiurm and ammonium oxalates and oxalic acid). Wills et al.
(1983) usced water for extraction of taro, and Picha (1985a) used 80% cthanol tor
extraction of sweet potato. It is doubtful whether 80% cthanol would extract sodium
and potassium oxalates (sce Appendix Table A 11). Extraction with hot dilute sulfuric
acid dissolved water-soluble oxalates and calcium oxalate and hencee gave a value for
total oxalates. The amount of calcium oxalate (mg/100 g fresh weight) was therefore
calculated from the difference between total oxalate (mg/100 g fresh weight) and
water-soluble oxalate (mg/100 g fresh weight) by the equation

calcium oxalate == (lotal oxalate-soluble oxalate) 128/88. (4)
i'he results obtained for citrate, malate and succinate were the same, within experi-
mental crror, from the water extraction method and the sultvric acid extraction
mcthod, and heace the results were averaged.,

The total amount of calcium in the sample was obtained by atomic absorption
and/or by 1C - analyses (sections 2,15 and 2.16). CThus, the calcium not combined as
calcium oxalate, the so-called free calcium (in mg/100 g fresh weight) may be calcu-
lated trom the difference between the total calcium (in mg/100 g fresh weight) and the
caleium oxalate (Ca®x) by the equation

free Ca = total Ca - (40 CaGx/128). (5)
The amount of free calcium represents the calcium present in the root crop that is
definitely available for human nutrition, whereas the calcium present as insoluble
calcium oxalate may not be digesiible (sce section 5.3.1).

T pin Ctar A say
A krown weight of fresh root crop (10-40 g) or of the 40°C dried sample wee
placed I a 100 ml measuring cylinder and buffer (485g “Iris, 1.47¢ ¢ 1,277
dissolved in watcer, pl? adjusted te € "0 with “Fand made up to 1 1) addec to make a
total volume of 30 ml. “he solution was hamogenised using a Polytron for ¢ pout
min, allowed o seti'z for 5 m'n and then centrifuged. The supernaiant sol-  on which
contained trypsin inhibitc was then used to inhibit the rate of atiack of the synthetic
substrate p-t~ .y - ~arginine aethylester  CI(TY o, Sigrea Chemicial Jo ) by trypsin
(Gigm4 “hemicet o)) (CTammer 1987),
soluticn of trypsin {1.00 mg/mlin 10 '~ i) wa; prepared. /.t least tour 5-
ml " i buffer solutions were prepared, cach of whicl* contained difterent amounts
Suchr . g zero) of the supernatant solution. ‘irypsin solution (0.050 ml) was added to
cach S-mal solution which was mixca ~ ¢ allowed to stand for 10 min at 30" *. An
aliquot (0.:00 ml) was taken from cach of these solutions and added with stirring 1o
3 ml ot T ... solution (0.001 ,» "7/ T dissolved in ‘iris buffer at pbE 8 10) in 2
quarts cuvette The cuvette was preincubated at 30 0 7 for 10 min and positioned in
the carousel ot a Yarian 7 ry 219 spectrophotometer. 1 he absorbance ai 247 nm wag
measure 1 for 5 min ¢ a these was always a lincar dependence of absorbance on time.
~omrol o pericents usiag supernatant solutions, but in the absence of added trypsin,
gave, as expected, no change in absorbance with time.
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The residual tryptic activity of each trypsin incubated solution was obtained using

a modification of the general formula for specific activity (in U/mg) (Bergmeyer ct al.
1974) as follows: _

U/mg = VAA/edvcAt (6)

where U/mg is the turnover of TAME in pmol/min/mg trypsin, Vis the assay volume
(3.10 ml), € is the extinction coefficient of the TAME hydrolysis product at 247 nm
(0.540 cm*/pmol; Hammer 1987), d is the path length of the cell (I cm), v is the
volume of trypsin incubated solution added to the cuvette (0.100 ml), ¢ is the concen-
tration of trypsin in the incubated solution (9.9 x 10 * mg/ml) and AA is the change
in absorbance at 247 nm in the time At (in min). For this assay the source and weight
of trypsin was always the same at 0.050 mg, hence substitution in equation (6) gives
(Hammer 1987)

U (umo! TAME/min) for this assay = 290 AA/AL. (7

A graph of the values (U) of the residual trypsin activity for cach sample against
the corresponding volumes of trypsin inhibitor supcrnatant solutions gave a straight
line from zero inhibition (trypsin inhibitor supernatant solutions gave a straight line
from zcro inhibition (trypsin activity was 15.0 U) to > 50% inhibition. Zero inhibi-
tion that corresponded to a trypsin incubated solution containing no supernatant
solution gave a tryptic activity of 15.0 + 0.5 U(300 U/mg trypsin). We define a trypsin
inhibitor unit (TIU) as the amount ol inhibitor required to cause 50% inhibition of the
trypsin activity present (viz. 15.0 U) using the conditions of the present assay. The
volume of the supernatant solution containing 1 TIU was read off the graph and this
was related back to the original weight of fresh root crop, hence the number of (rypsin
inhibitor units per gram of fresh root crop (T1U/g) was calculated (Bradbury et al
1984a; Hammer 1987).

2.24.1 Diffusion Inhibitor Assay

The method of Gatehouse and Gatehousc (1979) was adapted by Hammer (1987)
for the rapid, routine determination of trypsin inhibitor concentrations in solutions
prepared from root crop samples.

2.25 Chymotrypsin Inhibitor Assay

The method used here was similar to that for trypsin inhibitor. The root crop
sample was homogenised in buffer (4.85g Tris, 7.35g CaCl,2H,0 dissolved in distilled
water, pH adjusted to 7.82 by addition of HCI and madc up to 500 ml with distilled
water) and centrifuged as described for trypsin inhibitor in section 2.24. The superna-
tant solution which contained chymotrypsin inhibitor was used to inhibit the attack of
the synthetic substrate N-benzoyl-L-tyrosine ethyl ester (BTEE, Sigma Chemical Co.)
by a-chymotrypsin (Sigma Chemical Co., type 11) (Hammer 1987).

A standard solution of «-chymotrypsin (1.00 mg/ml in 0.001 A/ HCI) was pre-
parcd. At least four S-ml Tris buffer (pH 7.82) solutions were prepared, each contain-
ing different amounts (including zero) of the supernatant solution. Chymo-
trypsin solution (0.100 ml) was added to each 5 ml solution with mixing and incuba-
tion for 10 min at 25°C. An aliquot (0.10 ml) of cach of these incubated solutions was
added with stirring to a quartz cuvette containing 2.9 ml of solution (1.4 ml of
0.001 M BTEE in 50% mecthanol: water (w/w) mixed with 1.5 ml of Tris buffer at pH
7.82). The cuvette was preincubated at 25°C and placed in the carousel of the
spectrometer. The absorbance at 256 nm was mcasured for 5 min and changed linearly
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with time. Control experiments using supernatant solutions from all root crops stud-
icd, but in the absence of added chymotrypsin, gave no change in absorbance with
time.

The residual chymotryptic activity of each chymotrypsin incubated solution was
obtained using cquation (6) in which V' 3 ml, ¢ is the extinction cocfficient of the
BTEE hydrolysis product N-benzoyl tyrosine at 256 nm (0.964 ¢cm?®/pmol; Hammer
1987), d is 1.00 cm, v is 0.100 ml and ¢ is 1.96 x 102 mg/ml. The same sample of
chymotrypsin was used for all assays and the weight of chymotrypsin was always
0.100 mg and substitution in cquation (6) gave

U (umol BTEE/min) for this assay = 159AA/AL. (])

As with trypsin a graph of the volumes (U) of residual chymotryptic activity for each
sample against the corresponding volumes of chymotrypsin inhibitor supernatant
solutions gave a straight line from zcro inhibition (chymotryptic activity was 4.9 U) to
> 50% inhibition. A chymotrypsin inhibitor unit (ClU) was defined as the amount of
inhibitor required to 50% inhibit 4.9 U of chymotryptic activity under the conditions
of assay used here. The volume of supernatant solution required to 50% inhibit the
chymotrypsin was read off the graph and was related back to the original weight of
fresh root crop. The concentration of chymotrypsin inhibitor (in CIU/g) was then
determined for the fresh root crop (Bradbury et al. 1985b; Hammer 1987).

2.26 Cyanide Analysis in Cassava

The method in outline consisted of extraction of the cyanide (both free and bound
as linamarin) from cassava using aqucous phosphoric acid, the enzymatic hydrolysis
of the linamarin using linamarasc and the colorimetric determination of total cyanide.
Free cyanide was dctermined in a scparate experiment on the same sample, without the
use of linamarase (Cooke 1978; Rao and Hahn 1984),

About 30 g of fresh pecled cassava (cut in sections across the tuber to avoid
sampling problems, scction 3.9), or cassava stored in the deep freeze at -20°C, was
blended with 160 ml of 0.1 M phosphoric acid. The acid solution was filtered through
a GF/A glass filter paper; in some cases it was neccssary to centrifuge the solution to
remove solid material. The total volume of this stock solution was noted.

In order to determine total cyanide, 0.1 ml of the stock solution was added to
0.40 ml of 0.1 M phosphate buffer at pH 7 and 0.10 ml of linamarase solution was
added. The linamarasc solution was prepared by dissolving 50 EU of linamarase
(BDH) in 20 ml of 0.1 M phosphate buffer at pH 6.0. After mixing, the solution was
stoppered and incubated at 30-35°C for 45 min. To determine tree cyanide, the same
procedure was followed but with no addition of linamarase. Sodium hydroxide sol-
ution (0.6 ml of 0.2 M) was added to stop the reaction followed by 6.8 ml 0.1 M
phosphate buffer at pH 5 2 and 0.4 ml of chloramine-T (0.5 g/100 ml H,0). The
solution was mixed and cooled in ice for 5 min and 1.6 ml of pyridine rcagent added.
(The pyridine reagent consisted of 40 mg bispyrazolone (BDH) dissolved in 40 ml of
pyridine to which was added a filtered solution of 1 g of 3-methyl-l-phenyl-5-
pyrazolone (BDH) in 200 ml of water.) The solution was stoppered and allowed to
stand for 60-130 min at room temperature to develop the colour, and the absorbance
was measured at 620 nm. All analyses were made in duplicate. A check of the method
was carried out using an authentic sample of linamarin, obtained from Calbiochem
Laboratories. Also blank checks were made with no cassava sample present and both
with and without linamarasc.

A stock solution of 125 mg KCN (AR) was prepared in 500 ml of 0.2 M NaOH.
Four working solutions were prepared fresh cach day by quantitative dilution of up to
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50 times of the stock solution to give a sixtold range of concentration, Aliguots
(0.6 ml) of these solutions were taken through the same procedure for colour develop-
ment as that given above a v the absorbance of the solutions determined at 620 nm- A
linear graph of absorbance vs concentration of cyanide was obtained from which the
free and total cyanide concentrations of the cassava samples were determined.
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e this chapter, thie cheirical composition of the root crops and edible leaves 1s
discussed, including curreat and carlier data, and the results are discussed. ™ tailed
analvses have been avade of the popular cultivars across several cot tries for most root
crops. Hince such data would undoubtedly be usetul for those persons (¢.g. agricultur-
alists and pla .t breeders) who may need to compare differcat cultivar; within a
particular cov ry, we have included this detailed information in the appendix tables.
ihe rooi crops are considered separately (sweet poiaio, arotds (taros), yams and
cassava), follewed by a comparison of the composition of the various rGot crops .
final short section deals with the variabidity of composition of nutricnts betwena
tubess and corms.,

Fhe resuids given «1 - abie 5.1 summarice he data of carlier workers on tubers and
edible icaves end also our work on tubers There are various sets of data that are not
included, hecavse they refer to one or only sever  analyses rather than a whole range
of d'tfe: >nt analyses. “hus eywood and Ulakikus (1822) summarised carlier Papus
Jew | udaca results on moisture, energy @ac protein, i (1982) gave protein resull s tfor
300 saraples, and rurcell et al, - 72, 19783 gave protein and amino acid analyies for
US sweet potato. « nalyses for sugar (camate and  cadbury 1985; Picha 985h;

“ruong ct al. [o36), organic acids ¢ oicha 1982a  coolloway ¢t al. 1968), carotenoids
o oartin 198, ishway 1985: singh and ™ radbury 1987) in sweet potato tubers e ¢ for

wooceand Lnoconteat 07 sweet potiato greens (Cace of al. 1983b) have been reported.
" hen comraring the ftrher results inable 3.1 with those of the present study it
should be noted that ihe 1can values reported 7 bie 2.2) were obiained from 104
saraples from five © outh racific countries. Analyses for - nerals other than 2 a and
covitamins and aniino acids were from a more limited mber of samples, Che
moisture o orgy ad protein values show conside-able variability acress the results of
dfferent workers, In much of the cartier work carbohydrate wan obtained by differ-
enee, a fibre was expressed as crude fibre rather than o dictary fibre, elow sv. ot
potato gave a higher valuc for sugar and “or vitamin 7 (awl and Couthgate )74 due
w the B-carotenc preswe i which corfers the colour, whereas the  vhite sweet Hyoteto
norimally used in the ¢ th ecific nes only a4 small amount of vitamin /.~ 1w a lower
sugar content  here s good agrcement amongst ditterent workere s v the cesu ty for thie
other vitamins. = e reselts tor minerals show reasonable agreemen. among ditterent
worliers, except for sedic m and zine which are variable
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Table 3.1. Chemical composition of sweet potato Lubers and edible leaves from present work (Table 3.2) and litcrature sources.

Tubers Ldible leaves
South Quen
Present Paul and Pucific Qomen Ohtsuku Villareal and
Work, Southgate  Wenkam Connm, et al. et ul. Goodbody Peters Wenkam et al, Peters  Grubben
Table 3.2 (1979) < (1983) (1983) (1961) (1984) (1984) (1957) (1983) (1979) (1957) (1978)
Number of 164 samples, 1 sample, 4 rosults, Irample 93 samples, Isamples, 1 «ample 10 2 samples,
samples and 5 South Pa. Hapw it PNG PNG  Simbu, PNG Central Hawaii Taiwan Central
country countrics Americad Americab
Moisture % 71.1 70.0 70.2 —_ 75.4 80.6 68.2 68.4 87.8 85.5 86.3 86.7
Encrgy (kJ/100g) 438 387 477 480 — 322 — — 151 — — 176
Protein % 1.43 1.2 1.6 1.5 1.19 1.1 1.0 1.03 4.0 2.81 3.99 3.2
Starch % 20.1 11.8 — — 14.1 — — — - — —
Sugar % 2.38 9.7 — — 4.7 - — — — — — —
Carbohydrate %

(diff) — — 27 26 — 15.5 — — 6.6 - - —
Dietary fibre % 1.64 2. — — -~ — — - — — — —
Crude fibre % — — 0.8 — 0.95 1.1 1.5 0.85 1.2 1.9 1.6 1.6
Fat % 0.17 0.6 0.14 0.3 — 0.7 1.0 0.12 0.3 — 0.83 —
Ash % 0.74 — 1.1 — 0.79 1.1 - 0.93 1.3 1.7 1.24 —
Oxalate (mg/100g): 89 — — — — — - — — 370 —
Calcium oxalate

(mg/100g) 32 — — — — — — — — - —
Minerals (mg/100g)
Calcium, Ca 29 22 30 25 29 21 — 22 37 73 110 85
Phosphorus, P 51 47¢ 37 - 48 49 — 31 94 — 30 —
Magnesium, Mg 26 13« 12 — 27 20 — — 62 — — —
Sodium, Na 2 19+ 47 — 1 19 — — 9 — — -
Potassium, K 260 320¢ 380 — - 360 — — 530 — —
Sulfur, S 13 16¢ — — - — — — - — — —
lron, TIe 0.49 0.7¢ 0.40 1.0 — 0.62 — 1.1 1.0 39 29 4.5
Copper, Cu 0.17 0.16v — — 0.15 — — — — - —
Zinc, Zn 0.59 — — — 0.21 — — — — -
Manganese, Mn 0.11 - — — 0.23 — — — -
Aluminium, Al 0.82 — — — — ~- - — — - — -
Boron, 13 0.10 — — — — - -— — - — —
Vitamins (mg/100g)
Vitamin A
(ret. 4 3-car/e) 0.011 0.67 0.077 0.03 - — — — 0.69 0.1¥ 1.67 1.7 2.7



£s

Thiamin 0.086 0.10 0.10 0.10 — — — 0.11 0.16 — 0.086 —

20

Riboflavin 0.031 0.06 0.028 0.04 — — — 0.70 0.37 0.35 0.26 -
Nicotinic acid 0.60 0.8 0.45 0.7 — — — 0.66 1.14 — 1.1 —
Pot. Nic. Acid

Trp/60 0.32 0.4 -— — — — — — — — —
Vitamin C 24 25 N 30 34 11 41 58
Vitamin D 0

Limiting Amino
Acidy and Score

IFirst Lys 70 — — — 54 S-conig - 69 Lys
Second Leu 80! — — — S6 Lysd 83 S-contg® — - — —

Trypsin Inhibitor
(T1U/g) 13.4 — - - _ _ _ , _ B B
Edible matter,
prop. of wi.

purchased -— 0.86 0.90 0.85 — — — — 0.7] _ “ =

Yelow sweet potato. Amount ol other vitamins: vitamin £ 4.0¢, vitamin By, 0.22, vitamin B> 0, folic acid 32, pantothenic acid 0.94.

Munscell et al. 1949; 1950a. b; 1953,

Results are estimates,

Recaleulated with new standards (FAQ/WHO/UXU 1985).

< Mean of 13 Simbu cultivars. Recalculated (FAO/WHO/UNU 1985).

Based on 33 analyses ol PNG highland sweet potato (Bradbury et al. 1984a, 1985b), four analyses of Solomon Islands and of Tongan sweet potato (Appendix lable AL10) with new
standards (PAO/V. {0 UNU 1985).

© Resulis for other organte acids and free calcium are given in Appendix ‘Table A1

I~



“LSummary of sweet potato data trom Sclomon Island:, longa,
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The analytical data on sweet potato cdible feaves are incomplete with gaps for
starch, sugar, dictary ibre, some minerals and amino acids. Zompared with tubers,
the feaves contain much more moisiure and hence ruch less energy, more protein, g,
K, Fe, vitamin A iboflavin and nicotinic acid. Edible green [caves are an important
source of vitamins, protein and minerals (section |.2.1)

The summary oi results for sweet potato samoles from five countries is given in
Table 3.2, anc the detailed results on a cultivar-by-cultivar basis for cach country are
given in Appendix Fables A 1 to A.7. «he sum of all the major components in sweet
potato tubers in lable 3.2 amounts (¢ 57.6% which is within ¢xperimental error of
100% and is a cheek of the overall correctness of the data. 1 ne results for (he a. ferent
countrics are generally similar but there are some ¢i‘ferences of interest. ™ e : “oisture
content (inversely related to the energy conient; sece >n 2.1 3) is lowest ir iubers from
Western Samoa (grown under wet conditions) anc highest in those from the
ighlands. ifowever, it is often quite low for sweet potats [tom the PN Highland«
(" nodbody 1984, Bradbury ct al. 1984a, 1985b). The basis of the variability o”
moisture content with cnvironment is discussed in section .31 Vhe results for
Solomon Islands (.* ppendix Table £ 2) and Tongan sweet potatoes (Appendix ".ple
A.3) show significant differences between the moisture content of different cult’vars.,

There 15 a significant increase in the crude protein content of samples trom
Solomon islands ot the same cultivar from 1983 to 1984 (Table 3.2 and Appeadix

ables ALl and A2y, This may be duc to the fact that the 1983 samples were planted at
wenary, i as area cropped previously with sweet poiato, and also because the ranfall
vas low during the growing period. the <ugar content ol sweet potato from  1ji and
c 5 aghlands s low compared with Solomon Lslands and much lower than that of
yellow sweet potato (oble 3010 Analyses for cach different sugar are given in - able 4.1
and also by “"amate and Bradbury (1985) and Eradbury ct al. (1988a). and the large

v

incre: se in maltose coatent due to cooking is 1oted. The calcium content of _ _°

lig "inds sweet potato is also low cor pared wich that of other samples in Fable 3.2,
Hossibly due te Tow calcit 1 ¢c itent in the soil. Tn a separate experiment at <iburu
(Souther~ g and  rov ace ) sweet otatoes were grown in ~djacent plots in
the abscnce and wresence o7 added gypsum (Cae ) at 500 kg/ha (- radbury et al
1985b). “2sults 0 a range of cultivars showed a very sig-ificant inceease fram "2
(.02 77 absence o gyprum to 5.4 7 3 7)) me/100 g 7 the preseace o7 gypsum
fiection v.2.3). T this case, (ne caleium conten: o the tube v 5 hown to be celater to
the calciui conent of the soil, as also shovn beow v e ¢ se of glant swainp taro.

radbury ¢t al. {19€3b) fornd ihe trypsin inhibitor co ~tent of sweet Hotatoes v 1,
henee the large var-ability saewn in Zable 2 T o qount of chymoteype ~ Frhibitor
present was either v.oy sme or zore.

ihe detailed resalts for the vartovs cu dvars from cach individaal country @
given in Appendix ©ooles . to 4 7 In gener [, the cultiva anelysee a ot ¢ o
commonly grown in that locality or country he obvious  cc tions to hit, cule are
o 2498 analysed from Zhlomon Llands and Fijiaadth ¢ CDand v denltUvars
in ppeni’i. able o/ hich were obtained fro n otne  nter ationa  .nulil te of
1ropical Lagricuiture £ 1)), Higerta, onogeneral, the cultivars were ¢ ro /1 on T oaren
stations, out two culiivars fre n Conga (¢, pendix “able /- 3} vere obidine  {rom
farmers fields. certilizer was generally not used, oxeept for the  ijian cutivar: in
sppendiy Tavn 47
£onalyses 24 Hpendix Table A.2) for e sture and for L umas and jelaahl nivro-
gen {crede protein) results over 10 tubers of each of four cultivars showed: (15 eood
agrec. oni biciween the different analytical methods indicating that ino, ranic nitrogen-
containi g compounds such 4 nitrate wers 1b - nt from sweet potate, 2) the Jjeldahl
cthod was  ore reproducible than the  nmas method; (&) that the variability in



protein content between different tubers of the same cultivar normally exceeded the
variability of the analytical method; (4) that TIS 2498 was a significantly drier cultivar
than cither Three Months or 220 MK 10; and (5) that TIS 2498 had a significantly
higher protein content than the local cultivar Santa Cruz.

Results in Appendix Table A.3 for Tonga sweet potato showed that: (1) Hawaii
and Tongamai produccd significantly drier (higher encrgy) tubers than Melefakahau;
(2) Hawaii gave the highest protein content and Siale was by far the lowest; (3) Siale
gave the highest sugar content and Halasika the lowest in the uncooked tuber (sce
Chapter 4 for effect of cooking); and (4) Hawaii had the highest calcium content and
Halasika the lowest. All these differences were statistically significant. Similar differ-
cnces were observed between cultivars in Appendix Tables A.4 to A.7. This showed
that most of the major nutritional traits of the sweet potato tuber, viz. ecnergy, protein,
sugar and calcium content, were cultivar-dependent and hence should be subject to
manipulation by sclection and/or breeding.

The dctailed results of mincral analyses of sweet potato from Solomon Islands
and Tonga are given in Appendix Table A.8. Significant differences between mincral
contents of Ca, P, Mg, Na, Fe, Cu, Mn, Al and B are noted from the two countrics,
which may result from differences in composition of the soils in which the tubers were
grown. The only diffcrences between the vitamin contents of sweet potatoes from
PNG, Solomon Islands and Tonga is that there is significantly less nicotinic acid
present in the cultivars from Tonga than in those from the other two countries
(Appendix Table A.9).

The amino acid analyscs of cight sweet potato cultivars from Solomon Islands
and Tonga arc given in Appendix Table A.10 and these will now be considered along
with 33 analyses of cultivars from the Southern Highlands of PNG reported carlier
(Bradbury ct al. 1984a, 1985b). Recalculation ol the amino acid scores using the new
FAO/WHO/UNU (1985) values gave a mean chemical score for lysine and leucine of
83%. In Appendix Table A.10 the first limiting amino acid was lysinc with a chemical
score of 59% (Tonga) and 69% (Solomon Islands). When the results in that table were
averaged with the previous recalculated results from PNG, lysine was the first limiting
amino acid with a chemical score of 70 (SD 12), and lcucine was the second limiting
amino acid with a score of 80 (SD 5). Sulfur-containing amino acids, formerly
considered to be limiting in many cases (Oomen et al. 1961; Bradbury ct al. 1984a),
were now found not to be limiting because of: (1) the decreased value used in the
calculation of the new score (FAO/WHO/UNU 1985) as compared with the previous
value (scction 2.22); and (2) likely errors in determination of cystine in carlier work
(Oomen et al. 1961).

The content of oxalate and other organic acid anions and calcium oxalate is given
in Appendix Table A.11. The amounts of water soluble oxalate and of calcium oxalate
were small. Even if calcium oxalate is not utilised in the human body, there is still a
rcasonable amount of free calcium available for human nutrition (Holloway et al.
1988). The content of organic acid anions was quite variable between different tubers
of the same cultivar and also between different cultivars; in some samples succinate
was not present.

3.2 Taro

3.2.1 Taro, C. esculenta var. esculenta

The chemical composition of taro corms and of taro edible leaves is given in Table
3.3. Because of thc more limited interest in Colocasia taro as compared with sweet
potato, few additional analyses have been made on taro except for work on acridity
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(see scction 5.4). In general, there is reasonable agreement between the results of
different workers. However, recent results for crude protein obtained in the South
Pacific region by ourselves and Wills ct al. (1983) show that the carlier values including
the South Pacific Commission value of 2.0 should be revised downwards. The valuc
for sodium ftor the Pacific region is low; our valuc for Fe is lower than that obtained by
others, and our valuc for Zn is higher than that obtained by Ohtsuka ct al. (1984) and
Wills ¢t al. (1983). The latter reported variable results for zine content, with low levels
in taro corms from two districts with zinc-deficient soils. The vitamin A content of
taro corms is very low; our value for thiamin is lower than that of others and our value
for vitamin C is higher than others, by an amount which approximately cquals the
dehydroascorbic acid content of taro. The latter was not determined by earlier meth-
ods, but should be included as part of the total vitamin C (Bradbury and Singh 1986a).

The edible leaves of taro fulfil nutritional expectations of green leaves as discussed
in Chapter 1, viz. they are a good source ol protein and of all the vitamins listed, but
especially of vitamin A, riboflavin and vitamin C. The energy content, which is low
comparcd with the corm, has been considerably overstated by carlicr workers, because
of its calculation u.. g a carbohydrate content obtained by difference. We obtained a
very low starch conte: t and hence low cnergy content, and a large amount of dietary
fibre. The high tat content compared with the corm is largely due to the wax present
on the surface ot the shiny leaf, which may not dbe digested by humans.

In Table 3.4, the data are summarised for analyses of taro corms from three
successive plantings ot the same cultivars in Fiji, and from single plantings in Western
Samoa and Solomon Islands. Taro suckers (sec scection 1.1.2) and cdible lcaves were
also analysed. In Table 3.4 the moisture content of the first planting (grown in the wet
scason) is significantly grcater than that of the second planting, grown in the dry
scason. The high moisture content for Solomon Islands taro is largely due to the
inclusion of results from 10 iincs bred for their resistance to Phytophthora, which the
taste panel in Solomon Islands described as spongy (sce Appendix Table A.17). The
calcium content of Solomon Islands taro in Table 3.4 is the highest and its iron content
is the Jowest.

Appendix Table A.14 gives the data for taro over three successive plantings of
popular (e.g. Samoa, Toakula, Hawaii) and breeding lines (¢.g. Samoa green, Samoa
hybrid) from Fiji. The results for the four cultivars that arc common to the three
plantings, viz. Samoa green, Samoa, Toakula and Tausala ni Samoa, have been
analysed and show a higher protein in the first crop, except for Toakula which is
similar at all harvests. There is an interesting parallel to be drawn with sweet potato
from the Southern Highlands of PNG. Bradbury et al. (1985b) found that for 10
common cultivars grown over five different environments there was much more
variability in protein content across the environment, compared with these results. The
range of protcin content of taro in our results is about fourfold, which is considerably
less than the ninefold range of protein content observed among cultivars of sweet
potato (section 7.1). The sugar content in the first harvest is significantly greater than
in the sccond and third harvests. Analyses of individual sugars present in taro arc given
in section 4.4.

Results from two popular taro cultivars obtained from the Suva market are given
in Appendix Table A.15. The composition of Samoa and Toakula cultivars is similar to
the results obtained for the three harvests of the same cultivars obtained from the
rescarch station (Appendix Table A.14) grown with added fertilizer. This shows that
data on chemical composition obtained from local popular cultivars, grown with
addecd fertilizer in the research station, may be validly uscd for nutritional purposcs in
the present study and probably also with other root crops.
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Tahie 3.3, Taro (C. esculentu). chemical composition of corms and leaves from present work and literawure sources.

Taro corms

Present
work South
Tubles 3.4, Puc. Ohtsuke
A.19-1.21 Wenkarm Comm. Standal et al.
und A.23 (1983) (1943) (1983) (1984)
umbui of 71 Samples India and 3 Samples
sanples and tfrom 2 Philippines PG
country countries
Moisture %o 09.1 72.4 75 66.6
t nergy (kJ/100 g) 480 439 470 3 545
Protein % 1.12 1.48 2.0 2.7 1.8
Starch Ya 24.5 — -
Sugar Yo 1.01 - -~ —
_arbohydrate % (diff.) — 24.¢ 26 20 29.9
Dictary fibre % 1.46 — — —
Crude fibre % — 0.6] (.7 0.7
Fat % 0.10 0.11 0.13 0.1
Ash % 0.87 1.20 - 0.8 1.0
Total oxalate!
(mg. 100 g) 65 — — — —
Calcium oxalate
(mg/100 g) 43 - - -—
Free calcium 10 — -
Minerals (mg/100 ¢)
Ca 32 22 25 38 17
P 70 69 64-140 50
e 115 20 — —
a 1.s 12 & 0.7
N 448 323 530 348
N 8.3 - — — - -
12 (.48 1.7 1.0 0.8-1.7 1A
Cu 0.20 - - 0.24
Zn 3.6 - - "2
NMin 0.34 — 017
Al 0.39 - — —
B 0.09 — - —

Wills

el al.
(1983)

36 Sainples
frow 22

o PG

Highlunds

66.8
509
1.2
26.2
1.0

Taro edible leaves

Present

work

Tubles 3.4,
Peters A.19, A.22 Wenkain Standul  Purkinson
(1957)  and A.23 (1983) (1983) (1954 a, b)
2 Samplesi 10 Fijian Indic and  Food comp.
from o Philippines tables
Central IAO 1972b

Americi
60.5 85,4 87.5 81.0 81.4
- 14 151 260 255
2.25 4.2 5.0 4.2

0.07 - -
0.92 — - —
— 4.8 9.5 11.9
mcl. fibre
- 5.03 — - —
0.6 ~- 2.0 3.3 —
0.27 0.61 0.74 1.7 -
1.1 1.58 1.9 2 —
426 —
-— 400 —
— 24 -
13 182 107 250 162
16 61 60 80 6Y
— 90 15 - —
7.9 2 11 —
487 437 1240 963
24 . .
0.7 0.62 2.3 1.0
0.15 -

0.60

4.5

1.81

0.36
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Vitamins (mg/100 g)

Vitamin A

(ret. -+ 3-car./6)

Thiamin

Riboflavin

Nicotinic acid

Pot. Nic. Acid -
Trp/60

Vitamin C

Vitamin D

Limiting Amino

Acids and Score

First

Second

Irypsin inhibitor
(TIU/g)

Edible matter, prop.
of wi. purchased

0.007
0.032
0.025
0.760

0.19
15

Lys 66
Thr 94

13.6

0.14
0.02
0.44

N

0.86

0.10
0.03

Fool

0.80

0.02
0.09
0.03

0.6

0-10

Lys 66¢
His 92

0
0.13
0.036
1.38

6.9

teu 57
Lys 62

7LT0

0.50
0.14
0.31

1.0

0.65

7.3
0.16
0.3
I.6

12-140

0.55

2 Munsell et al. (19500).

P Folic acid content of edible leaves is 0,163 mg/ 100 g.
¢ These resulls were recaleulated using the new pattern of requirenient (scetion 2.22).
d For ather organic acids see Table A.23.
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Table 3.4. Summary of composition of corms, suckers and cdible leaves of taro Colocasia from Iiji, Western Samoa and Solomon Islands.

Digiary Total Cualewon [rypsin St
Part of plamt Moisture Lnersy Proicin Sturch Stizor fihre Fat Ash oxutaty oxuluic Culer Irun inhibior fa ¢
and source Moo AESIO ap i w5 b "y i (Mt g G IO T (e IO (e 10 o) (L d e 1w

1% h ¢ ¥i I3 ¢ 1

Corms, I'iji 70.1 473 1.39 22.4 1.86 1.75 0.12 1.01 - - 29.0 0.69 2.7 98.6
Table AL 14 (first)
Corms, Fiji 62.9 575 0.95 29.8 0.98 1.23 0.11 0.75 - 210 0.73 96.2
Table A 14 (sceond)
Corms, Fiji 65.2 536 0.98 28.0 0.73 1.26 0.09 0.87 65 37 23.0 0.51 - 96.6
Table A.14 (third)
Corms, I'iji 65.9 543 1.21 28.8 1.2] 1.45 0.08 0.74 - : 15.4 0.80 c— 99.4
Table A.1S
Corms, Weslern
Samoa 71.4 444 0.89 239 0.40 1.23 0.07 0.75 - 25.8 0.38 8.8 98.0
Table A.16
Corms, Solomon
[slands 78.6 308 1.22 14.0 1.11 1.83 0.10 0.96 : . 60.8 0.29 5. 97.0
Table A.17
Mean of corms 69.1 480 1.12 24.5 1.01 1.46 0.10 0.87 — Kl 0.52 13.6 97.7
Suckers, Fiji 67.6 499 0.81 26.2 0.64 1.27 0.11 0.80 60 - 13.6 0.36 12.0 97.0
Table A.14
Leaves, Fiji 85.4 110 4.20 0.07 0.92 5.03 0.61 1.58 426 400 182 0.62 7LT0 97.1
Table A.18

4 Average value from the two methods of caleulation, scections 2,12 and 2,13,
b See Appendix Table A.23 for vrganic ucids.
¢ ONegligible amounts of chymotrypsin inhibitor »were proseni from three different cultivars tesicd.



The results for common cultivars of taro from Western Samoa are given in
Appendix Table A 16. The cultivar Manua is called Saraoa in biji, and Niue is named
Tausala ni Samoa in i1iji (Wilson, J. E., pers com:m.). A comparison of the compo-
sitions of these pairs of cultivars in Appendix Tables A.lo and A.14 shows that there
are no significant differences between the chemical compositions as a result of change
ol country (except for trypsin inhibitor which is absen: from Manua but present in
Samoa). There are significant differences, however, between the chemical compo-
sitions of difterent cuitivars grown in the same environment  Thus, there are signifi-
cant differences in protein, sugar, ash, Ca and Fe contents between different cultivars
i Appendix table ALl1o and highly significant differcnces in Ca and e contents
between different cultivars in lable /.14 (seccond harvest).

the composition of taro corms from four common cultivars and 10
Phytophthora-resistant lines frow Solomon :sleads is given in Appendix Tabie AL17.
Che mean composition ot the four popular cultivars is simiiar to that of the common
cultivars from U'iji and Western Samoa. the ten breeding lines have high moisture and
hence low siarch and energy contents. They also have a low Fe content and some have
a high ‘a content.

The coraposition of taro leaves given in Appendix Table A 18 includes cultivars
with edible leaves and some that are not caten. The results in this table show that there
is no difference in the nutrient conient between the edinle and noncedible leaves, which
“ ~ol surprising because the reason that the latter are not caten is that they are acrid
(see section 5.4). /nother point of interest is the considerable difference between the
values of 77, caleulated from the amount of protein, fat, starch and sugar present
using the Atwater factors and 2, calculated trorm the moisture content (sections 2.12
and 2.i3). in this case the value of £, is incorrect, although it is in rcasonable
agreement with S:andal (1983) and Parkinson (1984a) (sce Table 3.3), which are also
probably incorrcet. The value of E), is much tno high because the calculation on which
it is based is only valid for toods which contain small amounts of dictary fibre
( Jradbury i986; section 2.2.9). The high values obtained by Standal (1983) and
Qarkinson (1984a) were due to the fact that carbohydrate content was obtained by
difference and hence the 5% of dictary fibre was incorrectly included as available
carbohydratc.

¢ mincral content of taro cosms and lcaves is given in . ppendix Table A._9.
Taro corms contain only about one-thirtieth the amount of sodium as sweet potato,
and about 60% more potassium, and on average more zine, although the zine content
is variable as also obscrved by Wills ¢t al. (1983). Taro leaves contain much more Ca,
Na, S, Mn, Al and B, and much less Zn, than corms. The vitamin content of taro
corras is given in Appendix Table A.20. The only difference observed between coun-
tries is that the riboflavin content of Solomon islands taro is significantly less than for
taro from FIiji.

In Appendix Table A.21 the results of 11 amino acid analyses on taro samples
from Fiji are recorded and four analyses on samples from Western Samoa. Although
there arc considerabie variations between the results of different cultivars, lysine is the
first limiting amino acid with an average chemical score of 66 and threonine is the
second limiting amino acid with a mcan score of 94, significantly greater (P <0.01)
than the value of 66. The value of lysine agrecs with results (recalculated using the
FAO/WHO/UNU (1985) values) reported by Standal (1983) in which lysine was
limiting with a chemical scorc of 66, but not with those of Hussain et al. (1984) for
taro cormels from Bangladesh, for which tryptophan was limiting with a chemical
scorc of 29, and S-containing amino acids and lysine gave scores of 56 and 83
respectively. For taro leaves the results in Appendix Table A.22 show that leucine is
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limiting with a chemical score of §7, which 15, however, not significantly different from
the value of 62% for lysinc.

In Appendix Table A.23 results for organic acid anions including oxalate are
giver, There is only a small amount of soluble oxalate present in corms, which agrees
well with the average value of 36 obtained by Wills et al. (1983) who extracted 36
samples of taro corms with water. The calcium oxalate content of corras is also small
and the amount of free calcium present would be adequate for human nutrition. Taro
leaves contain three times more soluble oxalate and ten times more calcium oxalate
than corms. However, there is still a reasonable amount of free calcium remaining.
Theve were variable ariounts of organic acid anions present, and in some samples
succinate was not present. Taro suckers contained no appreciable amounts of malate,
citrate or succinate. The significance of these results with regard to the acridity of
aroids is discussed in scction 5.4.

3.2.2 Taro, X. sagittifolium

The amount of data on taro Xanthosoma is much less than that tfor taro Coloca-
sia. I'er example, our corm analyses lor starch, sugar and dietary fibre, for most of the
minerals, and for amino acids apnear to be the first reported. The results show that, in
general, taro Xanthosoma has a very similar composition to that of taro Colocusia.
The calcium content of our cultivars is lower than the results obtained by other
workers (Table 3.5). The difference could perhaps be explained if previou: workers had
analysed the mother corm (which 1s not eaten in the South Pacitic; section 1.:.3)
rather than the cormels which we analysed One might expect that the cormels would
conlain less Ca than the corms, as this was found with taro Colocasia (Table 3 4).
Some of the previously reported values for vitamin A, thiamin, riboflavin and vitamin
C werc obviously too high by one or two orders of magnitude. There was only a very
small amount of trypsin inhibitor present in the three cultivars studied. There are
appreciable differences between the results of Xanthosoma from Tonga and NG,
particularly for calcium and sugar, which arc normally subject to wide variations with
cnvironment, and to a lesser extent in dictary fibre, ash and iron. Results of Icaf
analyscs by other workers arc incomplete but show high values for protcin, fibre,
calcium oxalate and vitamins.

The analyscs or ninc corms of cach of three cultivars from Tonga arc given in
Appendix Table A.25. The results show tnat there are significant differences in
moisture and starch content between Maheleult and Futuna and in iron content
between Futuna and Tea. The amount of soluble oxalate and of calcium oxalate is
quite small. The amount of calcium available for utilisation in the body is virtually
zero (see scetion 5.3.2). The total oxalate content is much less than that found for three
different West Indian species ol Xanthosoma (de Escabi and Cedeno-Maldonado
1985). The amounts of malate, citrate and succinate respectively in Appendix Table
A.25 increase in that order. The amino acid analyses in Appendix Table A.27 show
that for cvery analysis lysine is the first limiting amino acid with an average chemical
score of 57. Leucine is the second limiting amino acid with a scorc of 81.

3.3 Giant Taro, A. macrorrhiza

The results of our work on 37 samples of 12 popular cultivars ‘rom Western
Samoa and Tonga arc compared with those of other workers in Table 5.6. Results that
were not formerly available are given for starch, dietary fibre, various minerals, amino
acids, trypsin and chymotrypsin inhibitors and organic acids (Table 3.7). ‘n gcneral,
our results show higher protein and vitamin C contents than previously observed, and
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Table 3.5 Taro (X, sagittifolivn) composition of cdible corms and leaves trom present work and

literature sources.

Table
A.23

27 sumples

Nunmiber of 3y
sawmples and (from
couniry Tongu)
Moisture %% 68.1
vnergy (K1/7100 g) 496
Protein % 1.44
Starch %o 25.7
Sugar % 0.57
Carbohydrate "o .
(diff.)
Dictary libre % [15
Crude fibre %
Fat % 0.12
Ash %y [.12
Total oxalate?
(mg/100 ) 00
Culctum oxalate
(mg/100 g) 23
Minerals (img/100 g)
Ca A
P 3
Mg 27
Ma 6.6
¥ 330
) 7.9
e 0.47
Cu 0.19
/n 0.52
vin 0.17
Al 0.53
0.09

Vitamins (mg/100 g)
Vitamin A
(ret. « 3-car./6) 0.005

Thiamin 0.024
Ribollavin 0.032
Nicotinic acid 0.80
Pot. Nic. acid

ITp/60 0.33
Vitamin ¢ 13.6

Limiting amino acids
und score

I'irst [Lysine 57
Second I.cucine 81
Trypsin inhibitor

(T1U/g) 0.3

Edible matter,
prop. of wt.
purchased —

Present work

Tuble
A.26

10 sumples
2 cv

(from
PNG)

06.0

545
[.66
29.4
0.27

0.82

0.10
0.96

Viean

Corms

Parkinson
(1984u)

lood Comp.

0.99

0.11
1.04

0.005
0.024
0.032

0.80

0.33
13.6

[ ys 57
[.eu 81

0.3

lable, Last
Asia, FAO
1972

21.0
incl, crude
fibre

ER!
62

448

tr
0.12
0.04
1.0

Stundal - Omwueme

(1982)

20

1.0

0
I.1
0.03
0.5

10

0.77-0.86

(1978)

Runge of

values

077

1.3 3.7

1726

0.6-1.9
0.2-0.4
0.6 1.3

0.33
0.06
0.2

96

Ldible
leaves
Chowdhury
and

Tussain
(1979)

2 samples

83.9

35

3.02
1.66
1.90

680

-~ -
[

AResults for other organic acids and free caleium given in Table A.25.
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the absence of 8-carotene (vitamin A) confirms previous results. We have observed the
presence of a large amount of an enzymec inhibitor which inhibits both trypsin and
chymotrypsin (section 5.2). Digestion of the protein of uncooked giant taro by animals
would be prevented by this inhibitor, but since it is inactivated (denatured) by pro-
longed cooking, it is not dcleterious for human nutrition.

A comparison between the mean compositions of the two scts of giant taro
samples obtained in successive years from Western Samoa and for the three cultivars
from Tonga, showed very few difterences (Table 3.7). The only significant ditference

Table 3.6. Giant taro (A. macrorrhiza) composition of corms and leaves from present work and
literature sources.

Corms Ldible leaves
Present work  South Pacific Sakai Parkinson
Table 3.7 Comm. (1983) (1983) (1984a,b)  (Sakai 1983)
37 sumples Source is
Number of Sfrom  Murai et al.
samples W. Samoa (1958) Various
and country and Tongua Hasuii Sources Bungladesh
Moisture % 70.3 81.3 63-87 84
Energy (k3/100 g) 449 290 290-600 255 :
Protein % 2.15 0.6 0.6-3.3 0.6 0.3 4.3
Starch %o 21.3 - - .-
Sugar % 0.96 . 0.5 . .
Carbohydrate % (ditf.) . 16.9 3-20 14.8 4-6
Dictary fibre % 1.85 . .
Crude fibre % - . -3 : | 2.7
Vat % 0.10 0.1 0.02-0.9 . 0.1 0.9
Ash % 0.92 e 0.8-1.4 : 0.8-1.4
Total oxalate (mg/100 g 38 . 150 . .
Minerals (mg/ 100 g)
Ca 38 152 46- 160 30 57-235
P 44 45 45-72 50 25-99
Mg 52 — -
Na 30 — . .
K 267 - . — —
S 11.9 - — .- A
ie 0.83 0.5 0.5-1.0 1.0 0.6-3.8
Cu 0.07 - . -
Zn 1.5t - - .
Mn 0.62 —— - -
Al 0.36 - .
B 0.10 -
Vitamins (mg/100 g)
Vitamin A (ret. + 3-car./6) 0 — tr 0 0.15-2.2
Thiamin 0.021 0.10 0.01-0.1 0.05 0.01 0.09
Riboflavin 0.018 0.02 0.01-0.03 — 0.01-0.34
Nicotinic acid 0.48 0.4 0.4 - —
Pot. Nic. acid - Trp/60 0.46 — — — —
Vitamin C 17.0 tr 0-7 5 5
Limiting amino acids and score
First Lysine 64 — - — -
Second His 91, Ileu 93 - - — —
Trypsin inhibitor (TTU/g) 269 -- - — —
Chymotrypsin inhibitor (CIU/g) 57 — -— - -
L.dible matter, prop.
of wt. purchased - — 0.82 — —-
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Table 3.7. Composition of giant taro (<. mucrorrhiza) corms from Western Samoa and Tonga.®

W. Samoa W, Samou Tonga
Table A.28 Table .29 Table A.30 Mean SD

6 v, 3y

Number of duplicate duplicate

sumples 6 cv corms corms
Moisture Yo a 70.6 70.4 6Y.9 70.3 0.4
Encrgy (kJ/100 g) 442 452 452 449 6
Protein % b 2.39 2.72 1.35 2.15 0.72
Starch % ¢ 20.5 21.4 225 20.5 1.0
SSugar % | 124 1.01 0.64 0.96 0.30
Dictary fibre % u 1.79 1.43 2.34 1.85 0.46
[at % C 0.13 0.08 0.09 0.10 0.03
Ash %y d 0.91 0.71 1.13 0.92 0.21
Calctum (ma/100 g) 28.1 26.34 60.3 38.2 19.1
Iron (mg/100 p) 0.88 ().83¢ 0.79 0.83 0.05

Vitamins (mg/ 100 g)
Vitamin A (ret 3-cur./6) .- 0 - - 0 —
Thiamin - 0.021 (0.010) - - 0.021 0.01
Riboflavin - 0.018 (0.008) - 0.018 0.008
Nicotinic acid 0.48 (0.26) - 0.48 0.26
Ascorbic acid (AN) 7.7(1.7) 7.8 (4.2) 7.7 2.5
Dehvdroascorbic acid (AN) - 9.3 (2.4) 9.2 (2.1) 9.3 1.9
fotal vitamin C (AA © DAA) - 17.0 (3.1) 17.0 (5.2) 17.0 3.4
Organic acid anions (mg/ 100 g)

Total oxalate 30 43 18 Il
Soluble oxalate - - 17 - 17 8
Calcium oxalate - - 17 - 37 28
I'ree calcium — 15 - - 15 10
Malate 370 320 - 45 15
Citrate 318 238 - 278 57
Succinaie 290 450 370 I3
Trypsin inhibitor (TIU/g) 339 198 - 269 100
Chymotrypsin inhibitor (CIU/g) 57 - — 57 22
Sumof (a+b+cidictfrg) 97.6 v7.8 98.0 - -

“Results tor other mincrals given in Table A.29.

was the higher calcium content of the giant taro from Tonga. The amounts of soluble
oxalate and calcium oxalate were both fairly small and similar to taro and sweet
potato, although a large gradient of calcium oxalate concentration across the corm is
obscrved for giant taro (sce section 5 3.2). The tree calcium content, which measurcs
calcium available for digestion, also appcars to be adequate. The malate, citrate and
succinate conteals were about ten times that of oxalate and were variable from one
sample to another

The dctaited results in Appendix Tables A.28 to A.30 allow four comparisons.
The first is to compare results obtained trom (wo different ycars of harvest (1984 «nd
1985, Appendix Tables A.28 and A 29) using tac same cultivars (Niukini, Toga, Scega
and i‘'ui) in bot seasons and also - some cases, comparing cultivars of ~*ilar age.
No significant d’fferences were found across ditferent years for Niukini, fFui: n¢ Toga
but Sega showed differences between moisture, dictary fibe and oxalate. Since the
corms under comparison werc grown at ¢ ifferent sites and this in atself is a cause of
variability, it may perhaps be concluded that the differences across years ot harvest
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were quite small. The second comparison that can be made from the results in
Appendix Table A.29 is between corms of sirailar age grown in a farmer’s field and
those grown in a research siaition With Hiukini no d-fferences were observed bui with
Toga the research station corms contained less — oisture a “u more dleiary {ibre, sugar
and iron than those of similar age frem the “armer’s field. & 1ce giant taro may be
harvested at any time up to an age of 4~ years (seciion '.1.4) a third comparison may
be based on the age of the corm. The only dati available are with Toga in Appendix
rable A.2C it was concluded that 10 significs 1t ¢ ‘fferences existed between 3-year and
1 2-year corms of Toga. This ter_c_ive conclusio . requires confirmation over a range
of culiivars (sce section 9.6). 1 ie *ourtn co  parison possible is between difterent
cultivars grown under the same conditions In Appendix iable A.30, results show that
the cultivar Tuv conta™«  ore moisture and less protein, starch, sugar and iron than
the other cultivars. The most popular cultivar Tea contains less dictary tibre and
~ohenga more sugar than the other cultivars. . hus, certain cuttivars of giant tare are
nutritionally superior cormparcd with otners,

The ar 10 acid analyses of four cultivars of giant taro from e ern Samoa are
given in Appe - ix Table /A0 31, The results show lysine to be the first limiting amino
acid with a chemical scorc of &4, similar to that ot taro Colocasia and Xanthosomua

3.4 Giant Swamp ": o, C. . . Onis

A comparison between the mean of our analyse; on 10 aitfferent comimon
cultivars from Kiribati and FFohnpei, grown in farmers® ficlds and pits, and the resulis
of other workers, is made in Table 3.8. Our resuits show a higher moisture content and
hence lower cnergy than those of other workers. Also our results for protein, calcium.
riboflavin and nicotinic acid arc at the low end of the values of other workers. " “he

Table 3.8. C'omposition of corms and leaves of giant swamp taro (C. chamissonis) from present
work and literature sources.

Corms Ldible
leaves
Present work
South
Tubles Pacific
Tuble .34, Comm. Sakai  Parkinson (Sakai
A.33 A.35 Mean (1983) (1983) (1984u) 1983)
17 10 Source
Number of analyses anulyses Murai
samples and Scev S5cev Philippines, ct al.
country Kiribati Pohnpei Micronesiu (1983) Philippines
Moisture % 79.4 71.9 75.4 - 60-70 — 89
Energy (k37100 ¢) 290 406 348 510 493-648 548 146
Protein % 0.57 0.45 0.51 0.8 0.5-1.9 0.9 3.2
Starch % 13.5 20.1 16.8 — — — —
Sugar % 1.06 1.00 1.03 - 0.5 — —
Carbohydrate % — — — 29.2 23-33 31.0 4
(diff.) incl. fib.
Dietary fibre % 2.36 3.19 2.78 — — — -
Crude fibre % — — — — 1.6 — 1.4
[Fat % 0.14 0.17 0.16 0.2 0.1-0.5 — 0.6
Ash % 0.74 0.57 0.67 — 0.9-1.9 — 1.6
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Tubnle 3.8. (Continued)

Table

A4.33

17

Number of analyses

samples and 5w

country Niribati
Mincrals  (mg/

100 ¢)

Ca 219

P 14

Mg 25

Na 100

K 53

S 4.0

ke 0.46

Cu 0.09

/n 1.02

Mn 0.22

Al 1.30

B 0.08

Vitamins (mg/100 g)
Vitamin A
(ret. + 3-car./6) 0.005

Thiamin 0.025
Riboflavin 0.019
Nicotinic acid 0.46
Pot. Nic. acid

Tep/60 0.08
Vitamin ¢ 15.7
Vitamin 1 §]

Organic acid anions
(mg/100 ¢
Total oxalale 300
(218)
Soluble oxalate -

Calcium oxalate —

Iree caleium

Mulate 170
(170)

Citrate S0
(60)

Succinate 450
(670)

Limiting amino acids
and score

[irst Iys 70,

Trp 70

Second Leu 87
Trypsin inhibitor

(TIU/g) 2.8

Edible matter,
prop. ol wi.
purchased —

Present work

Tubles
A.34,
A.35

10
analyses
5y
Pohnpei

0.06

Mean

33
0.61
0.1

2.3
0.69
1.36
0.09

0.005
0.025
0.019
0.46
0.07
15.7
0

299
45
399
10
138

86

Lys 70,
Trp 70
Leu 87

(53
o

Corms

South

Pacific

Comm.
(1983)

577

1.3

0.027
0.11
1.2

Sukai
(1983)

Philippines,
Micronesia

158-600
28-79

0.9-1.4

0-1.3
0.01-0.06
0.04-0.11

0.6-1.2

0.68

Parkinson
(1984u)

Sowrce
Murai
et al.
(1983)

334

0
0.05
0.07
0.88

Edible
leaves

(Sukai
1083)

Philippines
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iotal oxalate content 1s inach larger than for other root crops duc to the farge amoant
of calcit m cxalate, about tex tines that present in otlier root crops (see sect on 3 3.2).
The soluble oxalate content is fairly low and there " a ¢ all oun; of “ree calcium
present aithoug the results for this are variable (see Appeadix ‘table A._4). ~ aere it
o ¢ small a v at of tryprin inhibiior present, wnich is desiroyed on cooking
(section o 7 9).

he ~ajor difference between the resulis “rom Kiribati and #ohapet is the
“rwreased .noisiure content 4 the iliribati samples, which has resulted in decreased
cenergy ¢ d stare  content as compasced wiith those [r¢. » Pohnpei. Alsc, the ibati
corms nave increased czleitm and socium, and decreased -on. zinc and .. ccinaic
levels compared wiih 1 ohnpei corms.

Glant swamp taco may be planted and harvesied at ary time (sce seciion 1
nence a comparison of the composition of corms was »nossible over different ages. As
showr in Appendiz Table A.33, there was a genera’ increase of calcium wit age for
three cultivars, usually matched by an increase of cxa” ite which s discussed in section
5.5. A study ac oss twe different environments, the ma. land and the atoli of Pohnpe.
(Appendix T Jles A.34 and A35), showed many changes in nutrieat composition ot
corms of the samc cuitivar especially for oxalate, calcium and other minerals (sec
section 6.5).

The amino acid analyses given in Appendix Table A.36 show that lysine and
tryptophan are the first :imiting amino acids with a chemical score of 70. The result for
lysinc is similar to that obtained for the other ediblc aroids.

AN

3.5 Elephant Foot Yam, A. campanul:

This is an edible aroid of minor importance in the South Pacific, hence we have
less data than tor the other aroids. A comparison is given in Table 3 9 between our
results and those of other workers. The present work extends the range of analyscs
previously available. Our cultivar contained larger amounts of Ca, P, Mg and less I'e
than that of other workers. Elephant foot yam is generally high in moisture, total
calcium, calcium oxalaie and total oxalate, likc giant swamp taro, but contz =5 a much
larger amount of protein and K than giant swamp taro.

3.6 Yam, Dioscorea spp.
3.6.1 Yam, D. alata

The chemical composition of yam (D alata) from PNG, Solomon Islands and
Western Samoa obtained in the present study is given in Table 3.10, together with
carlier data from seven other sources. In general, our moisture content is at the high
end of thosc results previously reported, and hence our energy value ts at the low end.
Our values tor vitamin A and vitamin C are generally high and for calcium at the low
end compared with other workers. The protein content of D. alata from Solomon
Islands is high and the iron content of D. aluta from PNG is low. The latter may
perhaps be related to low iron content of soils in the East Sepik Province of PNG
(Quin, M. F., pers. comm.). The results of D. alata for the three differcnt countries
given in Appendix Tables A.37-A.39 are quite consistent. The most notable difference
is the high protein content of the Solomon Islands yams in Appendix Table A.38, with
one value of 4.19%. These results and thosc for crude protein of PNG D. alata were
checked by both the Kjeldahl and Dumas methods. In our experience this large protein
content has been exceeded only by giant taro (4.87% protein). Non-protein, non-
amino acid nitrogen in D. alata was estimated at about 10% by Splittstoesser (1976). It
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: 3 Composition of corms of elephant foot yam (A. campanulatus) from present work and
literature sources.

Chowdhury and Parkinson
Fresent work? Sakai (1983)  ussain (1979) (1984a)
Mean of
7 samples cv from One sample
Number of samples of one v Bangludesh and Sfrom From
and country Jrom PNG Philippines Bangludesh FAO (1972)
Moisture % 77.8 (6.3) 75 89.4 78.5
Lnergy (k17100 g) @2, 324 374 — 339
Ly 347 - — —
Protein %o 2.24 (0.41) 3.1 0.56 2.0
Starch % 16.6 (0.8) — 6.72 —
Sugar % 0.14 (0.07) — — —
Carbohydrate % (diff.) — 20 — 18.4
Dictary fibre % 145 (0.40) — — —
Crude fibre %o — 0.74 —
Lat Y 0.06 (0.01) 0.74 0.14 —
Ash %y 1.36 (0.24) 0.94 0.31 —
Minerals (mg/100 g)
Ca 127 (8) 53 26 38
p 67 (9) 37 32 38
Mg 47 (7) — 22 —
Na 4.1 (0.6) — 5.8 —
K 622 (81) — — 416
S 11.8 (4.4) — — —
Ie 0.51 (0.21) 1.0 1.17 2.4
Cu 0.18 (0.09) — — —
Zn 1.05 (0.11) —- — —
Mn 0.31 (0.12) — — —
Al 0.41 (0.20) — — —
B 0.17 (0.03) — — —
Organic acid anions (mg/100 g)
Total oxalatc 288 (134) — — —
Soluble oxalate 25 (6) — — —
Calcium oxalatce? 382 (186) — — —
Iree calcium® R () — — —
Malate S13 (68) — - - - -
Citrate 256 (R]) -
Succinate 339 (140)
Vitamins (mg/ 100 g)
Vitamin A (ret. 4 $3-car./6) 0.15 - 0
Thiamin - 0.05 . 0.06
Riboflavin - 0.07 . 0.02
Nicotinic acid — 0.7 - 1.7
Vitamin C — 1.5 - 6
Lidible matter, prop. of
wt. purchased 0.89 —

4Seven corms of one cultivar obtained from Port Moresby arca of PNG, October 1986.
bCalculated as shown in section 2.23.

is interesting that the cultivar A172 with the highest protein content also gave by far
the best yield, yet was not considercd to be among the best in Solomon Islands,
perhaps because of poor resistance to anthracnose diesease (Appendix Table A. 38).
There is also significantly more dietary fibre present in cultivars from Solomon Islands
than in those from PNG. The trypsin inhibitor content of D. alata is very small (see
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Table 3.10. Composition of vam (D. alata) tubers from PNG, Solomon Islands and Western Samoa (present work) and from literature sources.,

Present work

fable .37

Table A 38 lable 1.3y

Number of
samples und
country

Moisture %y

Energy (k17100 g)
Protein %

Starch %

Sugar %
Carbohydrate % (diff.)
Dictary fibre %

Crude fibre %

Iat %o

Ash %

Vinerals (mg/100 g)
Ca
l)
Mg
Na

Al

Vitamins (mg/100 g

Vitamin A (ret. = 3-car./6)

Thiamin

Riboflavin

Nicotinic acid

Pot. Nic. acid Trp/60
Ascorbic acid (AA)

Dehydroascorbic acid (LAR)
Toial vitamin C (A* ° JAA)

& o,

PNG

78.6

311
1.35
15.9
0.77

1.19
0.07
0.75

5.7
32
17.7
2.34
312
9.8
0.14
0.14
0.36
0.02
0.10
0.09

0.015%

0.031
0.024
0.355

0.28

8oy, 2,
Selomon 10 samples
[slands Western Samoa

75.5 77.7
381 348
3.05 2.04
17.5 16.7
1.39 0.94
2.36 2.10
0.10 0.06
0.88 0.79
8.3 10.7
—_ 44

— 16.2

— 4.3
— 324

— 14.4
0.51 1.15
— 0.16
— 0.41

— 0.03

— 1.18

— 0.08
0.063 -
0.036 —
0.408 —
0.60 —
10.0 —
17.6 —
27.6 —

Vcan

77.3

347
2,13
16.7
1.03

1.88

0.08
0.81

38
17.0
3.3
318
12.1
0.60
0.15
0.39
0.04
0.64
0.09

0.018
0.047
0.030
0.382
0.44
10.0
17.6

27.6

Course: Onwueme Purkinsan
(19x5:4) {1978) (1981,
Sourc,
[AO (1972)
65-73 70 71.8
- - 452
1.1-2.8 1.1-2.8 2.0
— o8 -

— 0.5 -
22-29 - 25.1
0.6-1.4 0.6-1.4 -~
0.03-0.27 0.1-0.8 —

0.7-2.0 0.7-2.1
— 22
- - 39
- - 294
— 1.0
— — 0
0.09 0.10
— 0.03 0.04
— — 0.07
78.2 5-8

(Huozfiohn
(1985

0.21
0.57
.93

4.4

11
108
224

0.88
0.055
0.24
0.64

Ofisila
ot al
Y

I simple
PNG

0.7
0.1
1.1

14

58
17.8
6.2
451
0.44
0.147
0.49
0.019

0.09
0.033
0.47

1

Lche and
freche
11951

-
/

wn

6
2.01
17.7

1.20

0.06

7.1

28
6.6
22

329

1.05



IL

Limiting amino acids
and scores

First

Second

Organic acid anions
(mg/100 g)

To1tal oxalate {Ox)

Malate

Citrate

Succinate

Mole ratio Ox/Ca

Trypsin inhibitor (TI1U/g)

Edible matter, prop. of
wt. purchased

Lys 71
Leu 91

15.0
123
127

1.45
0.56

Lys 71
Lecu 91

20.2
87
157

1.02

Ly 71
Leu 9]

17.6
105
142

1.24
0.56

aNo vitamin D present (Singh and Bradbury

1988).



Appendix Table A.37) compared with sweel potato and the aroids. The oxalate content
is small compared with other root crops and the mole ratio of oxalate to calcium is
variable as shown in Appendix Tables A.37 and A.38.

The amino acid analyses, given in detail for cight cultivars in Appendix Table
A.40, showed lysince to be the first limiting amino acid with an average chemical score
of 71, followed by leucine with a score ot 91. This result is in good agreement with the
results of three analyses reported by Francis ct al. (1975), which we have recalculated
using the new FAO/WHO/UNU (1985) scoring system. The recalculated results show
lysine to be the first limiting amino acid with a mean chemical score of 64 and leucine
second with a score of 86. However, the recalculated results of Splittstoesser ct al.
(1973a) indicated that the S-containing amino acids (cystine + methionine) were
limiting with a chemical score of 64 followed by lysine with 81. The bulk of evidence
supports the conclusion that lysine is the first limiting amino acid.

3.6.2 Yam, D. esculenta

The results we obtained on tubers from Solomon Islands and PNG arc compared
with those of other workers in Table 3.11. Inspection shows a number of gaps in the
data of carlier workers which have been filled by our work. In many cases, compari-
sons ca:: be made and these show few differences, except that our protein values are
high or at the high end of the range of carlier workers. Our values for nicotinic acid are
much lower than the only other value obtained by Intengan ct al (1954). The calcium
content of D. esculenta, like D. alata and other yams, is low and so is the total oxalate
content, comparcd with other root crops. Trypsin and chymotrypsin inhibitors were
not nresent in any ot the samples studied.

In Appendix Table A.4} mean rcsults from 3-4 tubers taken from two plants are
compared for cultivars NGP4, GUPS and GUP4. Significant differences are found
betwcen the calcium contents of the tubers of the two plants of the same cultivar for all
three cultivars, and NGP4 shows a difterence in sugar content between the two plants.
A similar study of the protein and amino acid content of swect potato tubers showed
quite substantial differences between tubers from different plants of the same cultivar
(Bradbury et al. 1985b).

The effect of environment on tuber composition was investigated using five D.
esculenta cultivars planted in two sites in Solomon Islands at Dodo Creek,
Guadalcanal, and Dala, Malaita. The results are given in Appendix Table A.42 and are
discussed in section 6.3. A second environment trial using local cultivars of D.
esculenta in three sites in PNG is reported in Appendix Table A.43. There were no
significant differences between mean values of nutrient content across the three sites.
There were, however, significant differcnces in the calcium content of cultivars Clame
and Mart. The variability of calcium content between different plants of the same
cultivar (see above) and across three different environments of the same cultivar shows
the sensitivity of this nutrient, probably towards differences in soil calcium levels (sec
section 6.3).

The iron content of all D. esculenta cultivars from East Sepik (Appendix Table
A.43) was low compared with the Solomon Islands results (Appendix Table A.41) and
those of other workers (Table 3.11). This is consistent with the low iron content of D.
alata from TZast Sepik compared with D. alata from Solomon Islands, and the
suggestion by Quin (pers. comm.) that the iron content of East Sepik soils may be low
(section 3.7.1).

The amino acid analyses in Appendix Table A.44 and the calculated amin¢ acid
scores show that lysine is the first limiting amino acid with an average chemical score
of 59 over four different cultivars. This agrees well with a chemical score for lysinc of
09 (Coursey 1983b) and 62 (Splittstoesser et al. 1973 a, b), after recalculation with the
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new FAO/WHO/UNU (1985) values. Our date .now a large gap between lysine (first
limiting) and three other amino acids. whereas the results of Coursey (1983 ) and
Splittstoesser et al. (1973a) place the S-containing amino acids as the second limiting
amino acids with scores of 84 and 64 respectively.

Analyses of Tive tubers o cach of cight cultivars from Solomon !slands reported
in table 13 ot At ' ./ANU Program (1986) showed thai there were highly significant
differences between ihe moisture, energy and protein conients of different cultivars.
“hus it should be pessible to select T esculenta cultivers for high protc » and high
energy.

.00 7l

“he cesults obtained for — wrmulacia from Veitern Samoa ¢ »d Vanuatu are
givenin L able 3 12 772 have bee v anable to find any other analyses o, ». qiominuloric
“ac results show no appreciable differences between the . ean values obtained from
the two countries.  owever, there arc significant difierence. between different cultiva
in moisiure, encrgy, pootein, siarch, sugar and dictary fibr2 as shown in Appene

Gables 45 and . This mdicac -« the possibility of selection of mminularia
cultwvare (Jor improved nutrient contsnt . 5 with clata and . esculenta species,

lysine way found to be the first limiting aming acid with a chemical score 0 64 (see
Appendix ke 47507 aere by still @ tack of information on the vitam!  present in
i nummularia

b4

he results for 7 bulbifera are summarized ‘notable 3 12, aac detailed results for
cach cultivar are ¢ 'ver in ' pperie o lable /448, _or narison of result; for Januwatu ’
bulbijere with the ¢ from /.frica show: that t*~  nuate samples have mucen more
moisture, and bence less energy, and starcii than the others, 2y cclable differences
are also observer ¢ eand v contents woich probably reflects diffecences in the
amounts of  hese minerals in the soils here is a lack of information ¢n the vitamin
cotent of L budbifera - ne very low che. ical score of 29 for the C-containing amino
cceidy obtained by Splittstoesser et 4l (19734 must be consaered doubtful, when
comparcc wiith amino acid analyses on  ther yam species vohic . geve chemical ¢ 2 ¢
0. 32-39.

£ compartson is made in able 3.15 bewween cur daie on three cultivers -~
Vanvaiu and ow resulis from the  hilipputes ane vitamin recults fre ~ awail rhe
vame ana v oed all bave a high moictu ¢+ onient  c¢ 2appendis: Table #£..48) and hence a
low energy and starch content like bulbifers, trifida and " alote " Che calcium
conient of the Vanuatw v pente vhylla senples in Appendi Table . 48 iy generally
hizher t' i tor other species. ™Mere s no amino acio ana.y:is infc mation on thiy
species.

- - N - . 4
« o

18Y

he pree n resuns and those of other v ¢ rs in iable 3.3 show ihat 3,
rotundata Y as lovw motiture content and hence @ high starch and energy coteat. “heee
arc some large daifferences between o erac a »alyer - particularly for , Ma and
which vray be due to errors of meae cement techniques as wel” as - “ferences in
compostiion of soils in different cou » ries. There are also differences yetween the first
I" 1iting amino acids recorded. Splittstoesser et al. (1973 a) "ound the S-containing
¢ mino acids limiting with a score of €9, but *ranc:s ot al. (.975) found lysine tc be
dmiting with a chemical score of £2.
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“omposition of yam {£2. esculentd) tubers from £

5 and Solomon Islands (present work) and from literature sources.
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0.045
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Lhiting wistiine oeid
vird scores
Dirse ITyv. 59 - [y, 59
Srganic eoid aition:,
Gage LOD 0)

rotal oxalate (C0 R 16.9 12.7 —
Clalate 102 - 64 I

Ui 94 147 123 -
Sueeinue 0 0 0

Jole ratio Ox/Ca (.55 1.24 (.89

Leypsin tnhibitor (LU ) 0 . E 0 -
Chivinotrypsin inhibitor

(1L /) 0 - . 0

[dible maer (prop.

o wi. purchased) - 0.50 - -

*eculeulated oo wer busis, Posulis jor

bo, A, Cuand o were ecorded as g/ 100 ¢ but we think they should have read me/ 100 ¢
Vitamin & aaalyses miade on fhve common cultivars teocved Seprember 1985,
Slinersl analyses for Dodo Creek und Dala were on two caliivars - P2 and Fanania from csch site and o significant difference was found in resulis for K.

For PTsadl caltivars were analysed for 2o and ¢ (Table A43) und tour cultivacs (vart (Saramandi), Glame and Kamart (CJumango) and Biartgn (Mikau))
wore analysed for other minerals.

Oreanic acids were analvsed for 4 v trom Solomon Islands and 5 v irom 110,



Table 3 12. Composition of yvam (D, mwmmidaria) tubcers from Western Samoa and Vanuatu and
vam (0. bulbifera) from Vanuatu (present work) and data from literature sources.

D. numnudaria D. bulbifera
Mean Eube and
luble 745 Tuble present Table Treche Coursey
and /.47 A.46 work A.48 (1984) (1983h)
2ev, Sy, 4oy,
Number of samples 10 samples 15 sanples 12 sumples 1 samples not
and country Western Samoa Vanuatu Vanuatun Caneroon known
Moisture Yo 71.4 70.6 71.9 81.7 71.2 63 67
Energy (kJ/7100 g) 443 443 443 258 461
Protein % 1.88 2.19 2.04 1.94 178 1.1-1.5
Starch % 23.0 23.4 23.2 1.7 21.0 -
Sugar % 0.13 0.30 0.22 0.20 - —
Carbohydrate % (dift)) -— — — - : 27 33
Dictary fibre Yo 1.33 2.34 1.84 1.42 1.01 -
Crude tibre Y - - - - 0.72
Fat % 0.04 0.07 0.06 0.03 0.07 0.04
Ash Yo 0.92 0.97 0.95 0.69 - 1.1-1.5
Minerals (mg/100 g)
Ca 7.8 5. 6.5 8.4 6.6
5 - - 40 40 27 37
Vo2 - - 20 20 19 7.1 -
1 a - 8.6 8.6 2.7 4.0
K -— 448 448 346 337
S 15 N 9.0 -
Ie 0.42 0.34 0.38 0.56 1.3
C'u — 0.34 0.34 0.21 0.42
/n - 0.50 0.50 0.31 0.51
Mn — 0.04 0.04 0.13 -
Al — 0.29 0.29 0.49 —
13 -~ 0.05 0.05 0.10 -—
Limiting amino acids
- score
Iirst [ys 64 — Lys 64 - - S-contg 361 —

Splittstoesser et al. (19730)

3.6.7 Yam, D. trifida

N

"..> data for i * trifida are probably less complete than that for any of the other
yam spccies given. 1ne samples analysed had a high moisture conte:t and hence were
low 1n starch and energy (Table 3.'3). The othes nutrients analysed were preseni at the
levels found for other yam species. The first limiting amino acid may be S-containing
(cystine + methionine), tryptophan or possibly lysine wita a chemical score of amout
58. No information is available on vitamins present in = (rifida.

3.7 Cassava, M. esc ‘'nta
1 e results of the present work on cassava tubers from Solomon Isiands, Fiji ana
NG, and that from literature sources on tubers and caves, arc given ia 12bic 3.14
Since the production of cassava worldwide exceeds that of any other tropical root
crop, it is surprising that tiic published data available to us are less complete than for
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T: +3 7 Compouition of yams (D. pentaphylla, D. rotindata and D, trifida) from Vanuatu
(present work) and data from literature sources.

D. penmtaphylla

Tuble
A48
present
work

REYY
Number of samples 9 samples
and country Vanuatu

Moisture %o 82.5
Eoergy (k17100 9) 266
Protein % 165
Starch % 13.9
Sugar % 0.12
Carbohydrate %

(dift.) -
Luictary fibre % 0.66
Crude fibre %
bt Y 0.03
Ash @ 0.76

Minerals (ing/100 g

Ca 13.4
P 26
Mg 23
iNa 5.1
K 374
S 3
l'e 0.44
Cu 0.25
/n 0.36
Mn 0.0
Al 0.02
B 0.17

Vitamins (mg/100 g)
Vitamin A (ret.

1 $-car./6)
Thiamin -
Riboflavin
Nicotinic acid
Vitamin ¢

Limiting amino acids
I score

First -

Second -

Peters
(1957)

Adriano

et ul.
(1932),
Philippines

0.0364
0.0.18"
0.33¢
tr.t

Table
A.48
present
work

1 ey,
3 samples
Vanuatu

>
s

S=-
[PV VI
ISR S e

0.63

0.09
0.73

S-contg.
60"

Lys 82¢
Tys 910

D. rotunduata

Ologhobo
(1985)

I sample
Nieeria

71.2

.30

0.34
0.11
0.98

Lybe and
Treche
(1984)

9 samples
Cameroon

66.6

538
2,34
26.8

0.87

0.06

Omvueme
(1978)

0.4-0.8
0.1
0.7 2.6

D. trifidu

1ahle
A.48

present  Coursey
work  (1983b)

1 cv,
3 samples

8.0 —
38 -
15 —

350 —
8.2 —
0.54 —
0.13 —
0.35 —
0.03
0.41 —
0.11 —

S-contg.  Trp 64¢
520

Tys 79D Lys 72¢

4 Results obtained from Miller et al. (1956).

b Results obtained trom Splittstoesser et al. (1973a).
¢ Results obtained tfrom Francis et al, (1975).
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sweet potato (Table 3.1) and taro (Table 3.3). The present work has filled gaps for
cassava tubers in analyses for starch, sugar, dietary Ibre, many ..inerals and organic
acids. On rresults show a protein content which is only onc - halt of that given hy other
workers. 1 ccause of the particularly low protein results for cultivars from -NC
(Appendix Table A 51), we repeated Kjeldahl aitrogen analyses on the 30 samples and
the results given are mean values  his low protein resuit is of particule” concern (¢
people whosce diet 1s devoid of a high protein source such «  animeal protein, beans or at
least edible green leaves o ur results for roa ¢ ad vitamin C are less than one-half of
those reported by other worker, 1t was shown that the yellow colour ™ yel ow-
pigmented ca . acutivars from . frica and South * erica we . duce 1o S-carotene, a
precursor of vitam o« A (Safv - antanka ci a-. 19€4).  he amount of g-caroicne in
yellow cassave iuhere vas a8 mues as 1 mg/100 ¢ on a dry weight basis, avout 09
times the amount picsws tin white tuber (a0 swelb ane Dorro IE3). The amounts
of soiuble oxalate und calei oxa’ate arc lov < pared with other root crop, and
there is a reasonable amount ¢f {ree ca eiem fo- uwtilisation in hvman nuteition. . he
ame nts o F malate, clirate and Lo ecinaie ¢ uhout equal and  nueh higher than otal
oxalate. The trypsi o LU TFtor conte tois acgligibic.

In comparir 17 ¢ analyses of cassava from Solo » o “slands, L and © 07 L given
in Aippendi o0 oL ST T 20 and 2T respectively, we found that the Lolomon
sle ds samplc, coniamec sigaificantly more . owsture and th refore less energy than
Lrose .rom ‘1. and . e o077 samples wivich are very 1igh-yiel 'ing (70-100 t/
Ba)are the doest, and al v ave s prodein than the cubivars vom C olomon  lands
and i) wir o™ gove lower yelds. erbape ce higher vields o - v cassava are due o
bulk o of larec amouwtts 0oV ato ge carbohydrate, which decree oo the protein conient

‘

Gt the tuber, comparced to cassava from Solomon “sland: and 7 iji

[

Che amino acid analytes given 1 . .p, endix able A4.52 show that the
seaaples have @ larger a o ount of non-esseniial amino acids such as aspuriic and
glitamic acid, 2lanine and  crine than (he Solamon slands samples, itferencss in
amino ac'd composiiion between the six different cultivars are also large and there v,
no essential ami o acid which is clearly the first limiting amine acid, such 2 occurs
with mest other roct crops. Heverthelen.. on the average, histidine is the First miting
¢ .ino acid with a che aical score of 80, teuctne iy second 875 and tryptophan third
{80, 1i should be nowed that the variability of the results 1 such ihai none of these

scores ane sigaificantly diftc ent (e moouc anodher cult ot other workers “reca en-
lated using the new : o J e o) values) give leuctne first bma g wiih a

chemical score of v~ (Chpenyong 1984) and S-containing amino acids as tirst I ating
with a chemical score of 2o Osplittstoesser et al. 19/3b). “he low value for S-¢o vteining
amino acia; of Splittstoesser et al © 273b) is probably o 1e to large tosie, of cyutine ¢a
hydrolysis, which could have been overcome vy a separaie aaalvaic for eyt ¢ Cections
2.5, Zascava contains proicin of good quality vith a chemical score ¢~ 1-8€
/malyses for total eyanide on individual tubers o7 cassev from Soloron Llands,
Ciprand L7 Logave a range of vab s from 0.7-9 mg/ 00 g fr 1 wecight and the
aver. ges in g, oopendix ables . .49 to /o010 fron these individual resulis re g fror 1.3
to .2 mg/100 g. "hese valuces are mn agre¢ 1 with those ¢f  ason (© ) for  °
cansava of 2-9 mg/100 g, but his method of determinaiion was not recorded, S
value of 3 tor cultivar Sokobale ~grees wein with our vaiue of 2 / mg/100 g to  the
same cultivar given in . ppendix Table £ 080 Taso (1959) aso froad about (o0
as much cyanide in the cassava oeel as in the flesh of the uber " Mie Leoth Twit'e
cassava cultivars are therefore clay. fied as sweet cassa a. - he bitter cultivar. which
oceur a ng with sweet cassava in / frice (—ookz et al. 1. /8), Louth . “ierica £ liranda
et al. 19815 and A «  'uiuba an ©oza 1982) have cyanide conteni: np to
100 mg/ 100 ¢ fresh we'ght

&80



Not only is cyanide a Iethal poison at a dosce rate of 0.5-3.5 mg HCN/kg body
weight, but ingestion of small amounts over a period of time may produce chronic
conditions discussed in section 5.1, Methods for the reduction of ¢yanide content of
cassava tubers by cooking are thercfore important, as is the possibility of vbtaining a
cultivar whosce tubers are “ree of cyanide (section §.1). Of the 20 South i*acitic
cultivars, and 80 tuvers stedied, .12 from PNG ge ve one tuber with 0.7 mg . " 1/
100 g and two other cvltivars 119 (P. 7)) and New  juinea (Fiji) gave tubers contain-
ing <! mg/169 g Lccause of these low values obtained in this preliminary survey, it
would be wseful to screen all the Sout™y acific cultivars for acyanogend . (section
S..

n Appendirt abler 49— 31, dhe total cyanide consists of free cyanide (present
24 "and cyanohydrin) and cyanmide which is bound in a glucc ¢ celled linamarin
(see section 51} Analyses made on tresh cassava tubers from o) (Appendix Table
.20y showed that about one-quarter to once-third of the total cyanide v, 1s frec and the
remainder wag bour  w' ereas cassava tissue that was stored at -2C for 5 moat’
before analysis geve caavera ¢lc af evanide of 0% over four cultivar. 20 samples).
Kesults in Appendix Tables © 4% and . 5 1e ¢a samples that had bec  + -ed at
=20 a - under these condiuons the bound cyanide (linamarin) was  oorly ail
converted to 2¢ eyanide. <Tawabata ¢t ai (1984) tound that during storage of cannava
tubere at ambicni temperatures, the lino  arin content first increa ed and then de-
creasec to zere belore the tuber decuyed ao and Hahn (07.04) fe. nd hat when 0.1 7
pheiphosic acid extract: coniainine free and bound cvanide were storea for i month at
47, there was an increase in free eyanide but no loss of tota! eyaide.

©observed with verstous otier 1oot crops fsee above), tacre are also signitcant
difti conens i composiiio t be o cen different culitvars of ¢ocava grown in the same
covironment. n cach o ppendix dables /2~ 4¢ ;.50 ¢ A /. 51 there are wgai 5 ot
ditferences 11 me” ure, starch, cenergy, proteir, cictary fibre and sugar between
different cultivi . and betveeen calcium, iron 1 eyanide in Appendiz o sl
“Chese signitic a Ciffocences between critioars @ necessary orecequisite Hroa
ceetion/oreed nyg ;eogram cuch as that ar the  nernaiional *nsc tute of Tropical
Agricu ture (¢ ~hetal 197¢ 0 ahn and 7 yoser 1985),

1 compaosition of cassave leaves from literature sot rees 1s given 1 “able 5 i4
and there Ba wide spread of values tor motiture, vite 1in " and particularly for iron,
he fron content of 2.8 mg/1C0 g is more likely to be correct than the valve of 300,
becan,,. 1 is about the fevel  resent in other leaves 7 he eyunide content of leaves s not
significe ntly different fre . tnat of the tubers and there are no significant ditere “ces
incy e conient wit™ 1 e of harvest from  to 4 mc whs 1 ‘ooke and La tuz
1982). theur of ed uc cassava leaves as a gree vegeiable is popular in . frica  "thn
1984) biut 1s not so © wportant i the o ouih Tacific.

u' . - - — - - -
noC - ~ -
- - . R -

The average results over all tubers and ¢ 5% - all root crops are given ‘o “able
312 and arc showrin g 2.7 and 3.2, ¢ 7 noted that energy and starch coateat are
linked < would be cxpected becavse 80-70% of (2 energy of the ro ot ¢reHy comes
from t e la ¢z anount of siarch presenit. Also as shown by "radbuy {'986), the
cnergy content is i -versely related to the mo sture content (able 3.15). <’lant swamyp
taro and el Shant foot yam have la-ge amounts of calcium, tatal oxi ate - d calcium
oxa:ate, and yvam has small amounts of calcium and total gralete. ™ he recults may be
co o ered zither with regard to the different nutrients or in terms of the different reot
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Table 3 15 Composition of iubers and corms of different root crops from present worl.

Aroids
Giant
Grunt Swamp Elephant
Taro laro luro taro foot yam
Sweet Coesen- Xosagiiti- A macro- Cochamis- AL campa-
potuiv fenta Jolium rriiicu Sokls niletus
Reference, Table 3.1 Tuble 3.3 Table 3.5 Libie 3.0 Tuble 3.8 Table 3.9
numper of samples 164 samples 71 samples 37 samples, 37 saples, 27 samples, T osamples
and countrics from & trom 3% from 2 from 2 from 2 one ov
countrics countries countries COUMe. COUNTIIes
Moisture 711 69.1 67.1 70.3 75.4 77.8
Encrgy (k17100 ¢) 434 480 321 449 348 336
Protein "o 1.43 1.12 1.55 2,15 0.51 2.24
Starch % 20.1 24.5 276 21.3 16.8 16.60
Sugar % 2.38 1.0} 0.42 .96 1.03 0.14
Dictary fibre % 1.64 1.46 0.99 1.83 278 1.45
lar wg 0.17 0.10 0.1 0,10 0.16 0.06
Ash %o 0.74 0.87 1.04 0.92 0.67 1.36
Mincrals (mg/100 ¢)
Ca 29 32 8.5 38 182 97
p 51 70 33 44 16 67
Mg 26 115 27 32 21 47
LA 52 l.s 6.6 30 72 4.1
K 260 448 530 267 67 622
5 13 8.5 7.9 12 33 12
e 0.49 0.43 0.40 0.82 .61 0.51
Cu 0.17 0.18 0.19 0.07 0.11 0.18
Zn 0.59 38 0.52 1.57 2.3 1.05
sIn 0.11 0.33 0.17 0.62 0.69 0.31
Al 0.82 0.38 0.53 0.36 1.36 0.41
B 0.10 0.09 0.09 0.10 0.09 0.17
Vitaminy (mg/ 100 g¢)
Vitamin A (rel.
5-car./6) 0.011 0.007 0.005 0 0.005 0,074
I'hiamin 0.086 0.032 0.024 0.021 0.025 0,06
Ribotlavin 0.031 0.025 0.032 0.018 0.019 0034
Micodnic acid 0.60 0.76 0.80 0.48 0.46 1.24
Poi. " ic. Acid
Trp/60 0.32 0.19 0.33 (146 0.07
Total vitamin C
(NA DAA) 24 13 14 17 16 3.84

Yum
D. D. D D. D. Cussonu
D. eseiy- nURIN- bulbi- penlu- rofui- D. M.
aluta lentu luriu feru phylla dutu trifulu esenlenta
lable luble Tuble Tabic lable Lable Tubte Table
310 il 3.2 312 13 303 313 AL
16 ¢\ 99 2512 swmples 9 samples 3 saiples 3oaamples 82 sanples
from 3 samples samples fom trom froam trom trom 3
countries trom 2 Trom 2 Vanuain Vanatu Vit Vinuatu cauntrics

countries countrics

77.3 74.2 71.9 sl 82.5 65.7 80.7 62.8
347 406 443 258 266 550 284 580
215 2.06 2.04 1.94 1.65 1.42 1.52 0.53
16.% 19.3 232 117 13.9 30.2 14.2 RN
1.03 0.55 0.22 0.20 02 0.32 0.23 0.82
188 145 1.84 1.42 0.66 0.03 1.02 148
0.08 0.06 0.06 0.03 0.03 0.09 0.04 0.17
0.81 0.82 0.95 0.69 0.76 0.73 0.70 0.84
3.2 7.5 0.3 8.4 13 1.6 b 20
38 39 40 27 26 24 38 46
17 26 20 19 23 17 13 30
13 3.1 8.6 2.7 6.1 4.7 2.9 7.2
318 303 448 346 374 3al 350 302
12 16 15 9.0 17 12 8.2 6.4
0.60 0.75 0.3% 0.56 0.44 0.60 0.34 .23
0.15 0.17 0.34 0.21 0,23 0.12 0,13 014
0.39 0.46 0.50 0.31 0.36 0.30 0.35 0.48
0.04 0.24 0.04 0,13 0.03 0.03 0.03 0.06
0.64 0.51 0.29 0.49 0.62 0.63 0.41 1.83
0.09 0.07 0.03 0.10 0.17 0.08 0.11 0.07
0.018 0.017 0.8a tri
0.047 0.045 - 0.036- - 0.05%
0.030 0.028 - - 0018 - 0.04
0.38 0.41 0.33% - 0.6
0.44 0.66 - 0.07
24 20 - s 6-12 - 15
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Limiting omino

acids . score
irst Lys 70 Ly 66 Lys 57 Lys 64 Lys 70 Lys 71 Lys 59 Lys 64 - S-contg.  S-conty. His 80
600 a2b
Ly 8¢ Trp a4
Second Leu 8O [hr 94 Leu 81 His 91 Teu 97 Feu 9l - — leu 85
fleu 93

Organic ucid anions
and calcium oxalute
(mg. 100 @)
Total oxalate (Ox) 59 63 42 42 31 288 18 13 - - 29
Soluble oxalate 38 13 44 17 43 25 .- - 17
Calcium oxalate 32 43 23 37 399 382 .- - - - - 17
Free calcium 20 10 0 13 10 3 - - - 17
Malate 148 107 211 320 106 513 108 83 - —- 322
Citrate 124 102 314 278 86 256 142 123 - - - — - 323
Succinate 472 168 506 370 295 33y 0 §] — -- - — - - 343
Trypsin inhibitor

(TiU/) 13 14 0.3 269 2.5 - 0.56 4] - - - - <01
Chymotrypsin inhibitor

(Cl1U/g) 0-1 0 0 57 0 — -- 0 — - - - - — -

4 fiterature values,
0 Splittstociser et al, (1973a).
¢ Francis er al. (1973).



onalate, which siay have adverse consequencees for human natrition. & part irom these
differences. this root crop is generally simtlar to taro Jolocasia.
lant (iro ais species has one of the highest protein contents ot” any root crop
(one sample fron Vestern Samoa recorded 4.87%- . 0 /407 Program 1986)
which is dee mainly to a large amount of trypsin/chymotrypsin inhibitor (scction
2230 mmer 1987). s encrgy content is similar to that of sweet potato and taro
olocasia. “ompared with oltter rool crops it is high in irypsin inhibitor, = a, ¢, “n,
», malate, citraie and succinate and low in ¥, u, ihiamin and ribotlavin and has no
detectable amount of vitamuin A (G-caroiene). " Che large amount of trypai/
chymotrypsin ithibditor would reduce the digestibility by animals of the protein of
uncooled giant taro, but the inhibitor 5 inactivated on prolonged cooking, henee the
high protein content 1s advantageous “or human nutrition.  owever, this weeds to be
balanced against the -ow levels of sc ac vitasuns, particularly vitamm . and the
acridicy of this root crop (sce section 5.43
Siant Swegnp doro Compared vith other roos crops, grant swamp taro has the
highest co tent of dctary fibres a2y 0, lotal oxalate and calet oxalate and i
high in ¢ and “.n, bu.  as the "hwest ar ount of protem (with cassava) ), K and 5 and
low winoun; of caergy, © ) vilamin /. aad most other vitantas. che high 2o and  a,
and low 7 cortents may reflect the fact that this root crop 1+ largely srowa on coral
atolly Tecause of its low prote » cnergy, vitatn and very high czicium oxalate
content, v e considesed nairitiona ly inferior to the oiher root crop: OMWCVET,
it wwould

,

‘

m combmation with fish and 1o provide vitaming) edibic green leove:,

rovide an acceptable diet i the aion s, where the eavironment is often casaitable for
tne grovith of other oot crops.

Slephant ot unr o Chis species hos the largest amount of orotein 7 and
aalate Mt any roct crop, and also frge amounts ot a caleiwm oxalate, g Tnu
{(bascd on teret o e asa) of vitami. - compared v ith other © ot crops. _ovesern it nas
a hogh mosture coment and coos s low i energy sarnd Uy o acrid T oesules
should be nterpreted cautiousty because only oae culiivar was anabysed.,

crn L dlote T R specten of vaan s Lo ey Coneeond ldargest amaouni of
oroi Coaond ooy ornis Cdic ey fibre ovie ain. andsitar 10 T and lov o Louats
ot 2 ; ", poec ¢oeid, cralae 2o d rvpsin o ibe ot cor gace ownhy
DU e Crops. che Y e conton ey dlso found vy Lo ochooo (TS neo
¢oadient is oy ble with a nigh value for tthers Yvom v ote 1oHemod @ 0 low v i
for tumers Lo 00 (2w 300) T his roest erap s coomable compan d wiih ot
ocause ¢ igh level of proein, viarming T Vo and Cetaey filore, ane sl
aoountsof o T ee T CairTablog, but we should also - ote the soeall smouoni.

oot o cc b ana soooeoaaer

Mo esegleniod TR oot crop contains Ta e amoutts of proiciic, o .

viiami .o, and vie min and s amounts of CLoota, oL 1ol e, onalae.
oalaie Costeen te maret ol o0 n L Creps. e L G iryp. noabit o g
HULTE Cta v overy sic dar ¢ grae but co oaaan s shie tly ore e rrey e o doox s v

&5 pron S, and me o e dicl_ury togre

T cgiinndesra) o cads crop o highin oooan diei g fibre 2Ty 7 O
anmd Tov, T a0 o pLe ) nceamared Wil CENer ront _ e L L L Crlers . KISt
CooRnlE Ere ot oo rd g, adr necave abl-onvie POr orgit c ac s
ice wundonally ilac wo . aleie but contains coreener- e, Tand Tuoand wee

eochaa o

T 7L bulbifera] n spocies hios tearly ihe highest sty 2 conteni

levels o v ror T e voand s lovest e toune of cterey ane warch owd o !

vand v osults are aot otlebhe o v o remie acids ood




amino acids. Flowever, the high moisture content and iow encrgy observed 1 our
samples from Vanuatu was not found in cultivars frory Africa (see Table 5.7 . Apert
‘rom thi, obvious difference. +° bulbifere appears to be nut-it‘onally similar to
alata

Yum (' pentaphylla)  This rcot coon Uas the highest moisture ¢onteat, which is
alco cc 7 rmea vy literature data 2 le 2,13 s high in S ana  u, ane low 1n eacrgy,
starch, < cgar dictary fibre, 7, vooflavin micotonic acid and vo in 7 Che
vitamin resu-ts are ‘rom literature sources. . s swatritionally differeat and ¥ fericr
comparcd with . @lota = el the other yains in having o o nsistently ghier moistue
content (lower energy), protein and CTa contents in “he o iddie of the range and low
v e for dietary fibre and L overal vitanmns,

g

tum ;. rowndaia) 5 soecics the driest of the yame (condirmed by dilera-
toeresults—lable 7 v acomarrott Y peraphylla whie' - he wettest. joscored
rotundate containg a large amount of energy, starch ana o o the “sme lest amouit off
Aictary “arand a of any ot erop. ond small amounts of 0 g Juand T on.

the proteta conteat i in the middle range. [atritionally it s a good oot crep with
high encrgy, acceptable nrotein snd 07 cor nts, but " lowestin azsd .n T ore datz
are r-quir:d o viio - ins aad org aic acic .
wm oL riid ) s root crop har o gh = asture conient and henee low ¢ cay,
ticalso low n steve™ "¢ 20 a, 0w, nan compared with ciher ro e croy -
¢ proiein content is - tic middle range . h e resul should be treated ¢ tove y
hecavse they were obtained oo Laly one cultvae and “here 75 a deacth of data in the
literatire.
uss: v h_ oricst root ¢r¢ o i ¢ osava, hence it e tie hig est ener and
starc reontet, 1t also has a nigh ¢ weni ¢ “dietary fibre 2, ' totlavin tiun,
nicotinic o 1d and citraic, and the  » st aoun Ht proteinand e e -a oow in 17,
vand viiamin Aocompaced with other o 21 and ¢ontaing no ifypsul inhiiitor,
he very o pre ¢tiocon nt of soutiv ae” Tecaliv ds signific ntly 2t oant

reported it 0 dteratoce - ble I olas A v Te e dated by wae Stightly highe
qu livobft eprot 7. ¢ sothan that from ot erreoterops | ¥y 22000
coom o orevan T ls of o m . Ul ns Laiaimeomth ot lth
v ot o cers, , vou o v lin ade dprebl noocew poaee

¢ ot mall te e luandonally, ¢ o 0 ri then s o0t oo o ot
Crops Cooepe perhaps @t ave S tero. Che waesing « opulan 0 a3l weees e he
coth ettic ooy @ o noty su ot rtiondal s apert Lty, bu o agricultural
codsidoration  such 5 cotive fr oo o fromooier wnd o nek and i ot b7y
fegive secente ble vid T, when erown under ¢ vels o conation:
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occurrence of gradients of concentrations of the constituent (sce scetion 5.5, Hammer
1987).

No systematic s‘udy has been made of gradients ol concentratic ~ of nutrients in
tropical root crops, but there have been a number of scattered coservations. This
literature data wil now be considered atong with our own work, under the heading of
the pariicuiar ro st crop.

Sweet Potaio ngitud al gradie.  of protein content with a signiticertly
big-er concentration (20-20%} at the stem (proximal) ¢ad were obscerved for two
cwitivars but not for 2 thard (urcell et al. 1976b) + adial gradients from the skinin o
ihe centre ¢f the tuber were not significant, except for a higher protein content in the
cuter layer, the hickaess of which is equal to 0.1 X the radius of the tuber. ™ ais wa
confirmed by dbury ct al. {1984a) who found (hat the protein content of the skin
was 50-90% higher than that of the remaining tuber. There was no evidence of
eradients in the ihird direction wround the circumterence (Purcell et al. 19760) "fhe
thiami~ content was about iwice as large 2-3 mm below tae skin as at the centee of tae
tuber, and there wis no logitadinal gradic:it = e riboflavin content wa: constant
tarcughout the tuber {1 adbury and Zingh 19856b)

ait o Eecavse of the large size of the corm ftypically + » Jong, 15-20 cm
diame ter; see cect:oa 1.1.4) me:s . nts of possible gradients o7 1otstur nratenn,
vitwm® 1y, calcium, iron, xalat: anc trypain inhibiior have pee deiermined. “wo
cultvars bad a  agitudinal gradient of moisture vitli ‘ow values at the steimn * yroxinial)
end icreasing towards the oot (disial) end  but one cultivar had & Lngitudinal
gadient of moisture in e opnc ite direction, 15 cultivar also shoveed a deciease in

meisture content fron the Guter layers inveao, to the pith at the centre Therc 1o
longitudinal grac :nt fc - protein and a small but not significant it .. .. of protein

content from the sk towards the centre. _aere was evidence ol a «ecrease i 1 or,
comwe w0 the tal to the proximal end «  the ¢ rin but ne longitudunal gradicn
of calciuim, it ach (¢ v Jogram 1984), thie' ~in or riboflavin, he ¢ ~-
centration of thiamin o rac oucy and Singh wo ) and oxalate (ection 3 5.2) way
higher near the sbia than at the centre, whereas Jhe severse was obuerved far trypsin
i ibitor (section 2.72.45.

Uom dve Dpecies)  Ologhobo (1983) fo. nd that for me'stuee tlere was an
imcrcase and for srowein ad ron (recalcu - ted on basis of fresh veigin there was a
decrease trem ihie proximal (head) to tue astal fGaily e~ o: e yam weber < 1 a fresh
weight basis, ine peel contained muces more fibre and ash, 2-2 times the amouni ol
protein, 4-5 thnes as cauch calciam wad twice as moech iron as the tuber.

RN ANZ he amount of cyanogenic gluco,” “es in cassava was up (¢ 2n times
grer erin the outer port (near 11¢ peely than at the ¢ tre of the tuber.  1ihe Tparity
in concentration v, more marked in the . s 1 .ic than the more toric ¢l vars (.

rayn 1971, ool 78} “The large racial gracieni of Iimamarin acrc © the cuber was
also tound witk linamarase ‘Yojima ct al. ). here wos slso a s aaller gradient of

concentration < ved in the longiiudinal direction

8¢



Chapter 4.
Effects of Cooking and Storage

Many foods including the root crops cannot be digested in their naturai state and
itence reguire cooking, which increases the palatability, digestibility, the keeping
qualiues and the satety of the foods. These clear advantages are achieved at somc cost,
however, since the nutritive value of the food may be reduced as a result of chemical
changes in the proteing, carbohydrates, fats and vitamins present, and in some cases,
notentially toxic substances may be produced. In this chapter we are concerned with
the changes that occur in the nutritive value of tood as a result of cooking, with
particular reference 1o the tropical root crops and te the methods of cooking that arc
normally uscd in the South Pacific region.

Another very nmportant matter is the storage oi food. This, like cooking, has been
practiced by people for many centuries. We will focus here only on the deterioration
that may occur duaring storage ol tropical root crops. and also on the loss of nutrients
during storage. We have little data of our own, and would suggest that there are
considerable gaps in knowledge in this tield.

4.1 Changes Produced by Cooking

Cooking cxpose~ the food to heat cither in a dry form (baking in an oven or in the
coals of ar open fire) or in & wet form such as occurs by botling, stcaming or frying in
oil o1 fat, We will n0t be concerned with frying in fat because this process 1s not
important in the South Pacific. Considerable work has been done on the chemical
changes produced by frying (Passmore and Eastwood 1986; Nawar 1985).

The changes produced by cooking may be conveniently divided into those
brought about by heat and those brought about by the effect of water or stcam on the
food. The heating process has the very desirable effects of at least partially sterilising
the food by killing bacteria and other potentially harmful microorganisms, and also of
increasing the availability of nutrients. For example, the cellulosic cell walls of plant
foods are not readily broken down in the gut of monogastric animals, such as humans,
but these cell walls are degraded by heat and the nutrients within are made available
(Bradbury et al. 1984b; Passmore and Eastwood 1986). Heating also solubilises starch
and makes it more available. Proteins are irrevercibly denatured by heating at 100°C
and this causes insoluble collagen, present in the connective tissue of animals, to be
denatured to gelatin, which is much more rcadily available because it may be attacked
by the proteolytic enzymes of the small intestine. Similarly, cnzyme inhibitors present
in animat! and plant foods, including many tropical root crops, are denaturec (inactiva-
ted) at 100°C and hence are no longer able t¢ inhibit the action of enzymes such as
trypsin, which is :nvolved in the digestion of protein in the small ir ___ine {scction
5.2.5). Therc are, however, a4 number of deleterious chemical reactions such as the
chemical degradation of vitem < that occur as a result of heating. Another ¢ npleis
the reduced availability of essential amino acids such as lysine, which is due to the
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- illard reaction between reducing sugars and the amino groups of proteins and
amino acids (Cheftel et al. 1985).

The specttic effeet of water or steam may include chemical change: produced oy
chemical reactions wi. water (called hycrolys ;5 reactions) as well s ity effect as a
solveni in cimply dissowving water-soluble nutric ats from the food. ™ e latier effect

includes solubilisaiion ¢f the water-soluble vitamins ‘vitarain € thiamin, ribotlavin
and nicotinic acid— radbury 2~ Singh 1586a o), as well as water-soluvle minerals

{ila,.” and possibly other ¢ ements present as water-soluble salt, or other compoeuncs
i the foo . Ither water-s¢ udle compounds such as amino ac’ds or sugars may also
ne ¢ _shlved in the cooking water. In developed countries, it is usual to discard the
cookin_ water, with consequent ioss of water-soluble nutrienis, but in sorme societies it
is cu e nary to use a small volume o7 waier and evanorsie nearly to dryacss such weat
the eonstituents would be abuvorbed by the cooked food, or ¢lse to use the cooring
water in a soup or stew

Some studics oo the effects of cooking (boiling and/or baking) on the ~utrients
prese L have been madce by others on sweel potato _unex and Sistrunk 1978), yam and
ta-o. !Infortunateiy in some caser analyses were made only on cooked rooi crops
*rancis et al. 1975; Morgan et al. 1979), so that no comparison was possible between
cooked ar uncooked materiai, although in one of these ceses, Purcell and Walter
{1972) " und a loss of lysine with canncd and flaked as compared with baked sweet
potato. Jooking of sweet potate causes formation of maltose by breakd ywn of starch
catalyszd by the enzyme amylase [ /alter et al. 1975 Paimer 1982 . "cha 785b, 1986
Truong ct al. 1986). . oiling of yara caused some removal of free am’ 10 acids present in
yarms (Splitistoesser 1976).  iling produced a significant reductic a in ihe amoun: ¢f
magnesium, osiosphorus and occasionally irox in West A ~can yams of different
species (Be | 1983). Clearly, free amino acids and these minerals (cor sine  as  lts)
were soluble n boiling water and hence were dizso ved out of the rost cro,.. 't was
found with rats that the availability o both carbohydrate and protein o7 taro _oloca-
sia cormels was ir:creased by cooking, as a result of the rupturing of cellulosic cell wal.s
and the resultant increased availability of sta-ch anc protein (Hussain et al. 1984). We
have studied the cffect ot cooking (boiling, stcaming arnd baking) on the autrients
prescnt in sweet potato, tarc, yam and cassava (Bradbury et al. 1988a). Methods used
for the removal of cyanidce in cassava and the inactivat on of trypsin inhibitor will be
considered in Chapter S.

4.2 Methods of Cook.ng Root Crops

4.2.1 Boiling, Steaming ¢ d Bakii - Sweet Potato,
Taro, Yam and Cassava

Five tubers or corms of the root crop, which had been weighed immedia‘ely after
harvest, were veighed again after arriva’ in Zanberra to determine their weight loss
during transport (sce section 2.1). The tuber oi corm was peeled and cut into four
approximately equal cubic pieces of 60 g. Each picee was weighed accurately and given
the following treatments (1) control sample, ro :ireatment; (2) the piece was placed
boiling watcr and boiled for 20 min; {3} steamed for 25 min; (4) baked (uncovered) in
an oven at 200°C for 30 min. The treatrents simulated the major methods of cooking
used in the South Pacific region, i.c. boiliag in watcr, cooking wrapped in leaves in an
carth oven over heated stoncs (a form of stcaming—Parkinson 1984b) and cooking in
thie coals of a fire (somewhat equivalent to dry heating in an oven). Experimen’s
showed that after the stated times of treatriient, the root crop samples ere well-
cooked and edible. After treatment, the hot samples were allowed to dry * ti e air to
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remove suctace water and then were weighed. ™ he control and cooked samples were
diced or mashed and then cither taken divectly for analysis or deep frozen at =20 "in
plastic bags for later analysic. The results were at first caleulated on the basis ol the
percent moisture present in the sample (‘as i5" basis), but in order to quantify change:
duc to cooking, the resuits fer cach tuber or corm were recalculated to the fresh
moisiurce content for that tuber or corm.

4.2.2 Boiling and ™ .:i * Methods Used tor
Viti ain Ani ses

Samples (<50 g) were added to boiling water and botled for 10, 20 and 30 min. In
one sct ol experiments the water was discarded, whereas in another the water was
retained and evaporated to dryness in the vrese:ace of the boiled sample. The sample
was then dried at 40 . for analysiz  Hr baking, samples (=50 g) were heated in an
oven at 200°C for 15, 30 and 45 min. rhese samples were thea dried in o over at
40 . After drying for 2-3 days at 40 °C (o constant weight, samples were ;+ und to a
fine powder for analysis. A control sample was given t:ic same processing treatmeit,
but without boiling or baking. Samples were edible and well-cooked after 20 min
boiling or 30 min baking (Bradbury and Singh 1986a, b).

4.3 Effects ol _ooking . Natrients in
Sv. ;e Potato, Taro, Yam and Cas va

i“ive tubers or corms of cach different root crop were cut into four picces and
cooked by boiling, stcaming and baking as described in scction 4.2.1, Analyses were
made for moisture, Kjeldahl nitrogen (% crude protein), ash, starch, dictary fibre,
individual sugars by HI - C and mincrals by 1€ 2 (sec Chapter 2). The mcan values for
the control samples (which were not subjected to cooking) tor cach root crop are given
in Tables 4.1-4.4 The tables also give the mean values of the differences, taken
individually for cach tuber or corm, between the boiled, steamed or baked value and
the control valte. Thus a positive difference tor a particular nutrient indicates that the
amount of that nutrient has increased on cooking and a negative difference shows a
decrcase as a result of cooking. All such differences were tested for statistical signifi-
cance and the resu'ts are shown in the tables.

As discussed in section 4 1, changes in nutrient composition on cooking are
related to the stability of the nutrient (o hcat, its solubility in boiling water and other
factors that (with one exception for sweet potato) do not vary much from one root
crop to another. Thus the differences in Tables 4.1-4.4 may be discussed on a nutrient-
by-nutrient basis.

The moisture conteni of all root crops ircreased on boiling by [-4% and in two
out of the four cascs stcaming increased moisture content by about 2% ry baking at
200 °C decreased the moisture contenlt in all cases by 7-9%. Such behaviour would be
aaticipated from tye nature of the treatmenis. In every case, the ash content was
reduced significantly by boiling which was consistent with the ioss of water-soluble
minerals, K, Na, P and S, presumably as potassium and sodium pnosphates aad
sulfates. The extent of the loss of potassium and sodium always greatly exceeded that
of phosphate and sulfate, which indicated the loss of other salts of potassium and
sodium, probably mainly chlorides. The chloride content was not measured. Sodium
was also lost in two cases after stcaming and boron in (wo cases after boiling  Apart
from these significant changes in mineral content on cooking. :herc were some other
statistically significant changes which occurred only once over the four root crops.
Because of their apparently random and occasionai occurrence, these latter changes
were considered to be duc to experimental errors.
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daote 41 Effect of cooking (boiling, steaniing and baking) on composition of sweet potato.!

Moisture % 68.4 (2.9)° 4.3 1.6% 7.30¢
Protein % 1.77 (0.24) -0.04 0.07 022
Ash Yo 0.76 (0.07) -0.12%% -0.07% 0.04
Starch (st) Y 21.3(1.8) -9 =025 11,90
Dictary fibre (LF) % .40 (0.20) 2,06 2,074+ 112+
Sugwrs
Fructose Yo 0.33 (0.12) -0.08" -0.04 -0.07+
Glucose Y 0.45 (0.11) -0.06 -0.04 -0.08
Sucrose % 2.03 (0.58) 0.11 0.19 0.40
Maltose (M) % 0.64 (1.02) 6.43%% 6,887 6.45+
L(st b Ob 4 M 23.3 -1.31 2.75 -4.33
Minerals (mg/100 g)
Ca 45 (6) 0.5 -6.7 -2.0
P 29 (3) 1.0 1.4 1.0%
Mg 36 (6) 2.8 -3.7% -0.6
Na 73 (16) -12.7 -10.4 -2.7
K 243 (19) -36% 47 37
S 13 (2) .1 1.1 0.8
l'e 0.70 (0.26) -0.02 0.03 -0.06
Cu 0.22 (0.06) 0.02 -0.03 -0.03
Zn 0.29 (0.07) -0.05%* 0.01 0.06
Mn 0.26 (0.14) 0.01 -0.03 -0.01
Al 0.24 (0.12) 0.18 -0.10 -0.03
B 0.14 (0.02) 0.00 -0.01 -0.01

Analysis
of control

Differences

Boiled-control Steamed-control

Buked-control

Sweet potato from Tonga, April 1986, advanced trial at Vaini Research Station. Results of five
tubers were averaged from cultivars 83003-12 (3 tubers), 83003-13 (1 tuber) and Hawaii (1 tuber).
Differences showing one asterisk indicates a significant change on cooking, P < 0.05; two aslerisks
indicates P <2 0.01.

The value of 68.4 and variance in parentheses for moisture was that on harvesting in Tonga; the
moisture content before cooking in Canberra was 63.4 (3.0)%.

¢ Total sugar (%): control, 3.45; boiled, 9.85; stcamed, 10.44; baked, 10.15.

Dictary fibre increased very substantially after cooking which was considered to
be due to the formation during cooking of some enzyme-resistant starch (Selvendran
and Dupont 1984; Englyst and Mactarlane 1986). Because of the large zmount of
starch present compared with dietary fibre, this apparcnt increase in dictary fibre after
cooking caused no significant change in starch. However, in the casc of sweet potato,
there was a highly significant reduction in starch content duc to the large amount of
brecakdown of starch to maltosc.

The 6.6% increase in maltose content of sweet potato on cooking clearly results
from the breakdown of starch to mallose catalysed by amylases (1kemiya and Deobald
1966). Quantitative agreement between the reduction in starch content and the increase
in dietary fibre + maltosc is not found in Table 4.1, because of the likely formation of
appreciable amounts of oligosaccharides (not determined in this study) by the break-
down of starch catalysed by amylase. This large incrcasc in maltose on cooking has
been observed previously (Walter et al. 1975; Palmer 1982; Picha 1985b, 1986; Truong
ct al. 1986; Tamate and Bradbury 1985; Martin and Roberts 1983; Kawabata et al.
1984). However, Martin (1985) has reported staple-type sweet potato cultivars, in
which the reducing sugar content (glucose + maltose) does not increase with cooking,
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presumabdly because of ¢

ow concentration of amylase. The other rooi ¢rops do not

show cvidence ot breakdewn of starch to maltose on cooking (Tables 4.2-4 4), which
may be duc to a low concentration of amylase or its absence in these cases. “he ~csin
the content of other sugars on ccoking are small compared with tie large 1acreasc i
naltose content ol sweet potatc.

“he small decreases in sucrose, glucose - ad fructose contents on cooking does not
agree with Kawabata et al. (1984) who tou « an increase in total sugar content on
bouling and roasiing of cassava. /A pors e exolanation of the small decreaser: is siigit
degradation of sucrose on heating, which has becn previously observed on extended
drying at 40°C (tamate and Bradbury 1985) ard o5 cooking of samples of sweet

potato (Truong ot al. 1€86)

4.4 Effe ts of Cool:

: Vitamin Cor. .1t of

S.. _ Potato, Taro and Gi.. Taro

The decrease in the content of water-soluble vitamins thiamin, riboflavin, nicoti-
aic acid and vitamin C due to baking and boiling (in which the water is discarded or
retained) is shown for sweet potato, taro and giant taro in Appendix Tables A.12, A.24

Table 4.2. Lffect of cooking (boiling, steaming and baking) on composition of taro Colocasia.*

Moisture %
Protein %

Iat %

Ash Y

Starch %
Dictary fibre %o

Sugars %
I'ructose %
Glucose %
Sucrose %
Maltosc %
Raffinose %

Minerals (mg/100 g)

Ca
l)
Mg
Na
K

S
te
Cu
Zn
Mn
Al
B

Analysis

Differences

of control  Boiled-control Steamed-control — Baked-control

65.5 (1.0)b
0.96 (0.15)
0.05 (0.03)
0.76 (0.09)

27.8 (1.2)
1.22 (0.14)

0.10 (0.06)
0.06 (0.02)
0.94 (0.16)
0.10 (0.03)
0.03 (0.01)

16 (3)

33 (5)

32 (4)

3.4 (0.3)
328 (36)
5.4(0.7)
0.79 (0.18)
0.20 (0.07)
0.47 (0.05)
0.14 (0.03)
0.31 (0.13)
0.09 (0.04)

447
0.01
0.00
-0.07*
3.2
0.82%*

-0.02
-0.01
-0.08
-0.02

0

1.0
[.1
-0.58
0.93
-41*
-0.12
-0.06
-0.02
0.02
0.02*
0.09
-0.02

2.0%
-0.06
0.03
0.01
2.9
0.79%*

-0.01
-0.01
-0.11
-0.01
-0.01

0.05

0.02*

0.11
-0.01

-7.5%
0.05
0.03
0.05
il
0.77%*

-0.02
-0.01
-0.13
-0.01

4 Five corms of cultivar Samoa from Fiji (July 1986) were cooked and

indicates P < 0.01.

results were averaged.
Ditferences marked with one asterisk mean a significant change on cooking, P < 0.05; two asterisks

b The value of 65.5 was that on harvesting in Fiji; the moisture content before cooking in Canberra

was 58.2 (1.7).
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> 4.5, L tfeet of cooking (boiling, stcaming

and baking) on composition of vam D. aleta.?

Moisture U 76.6 (1.2)" 1.2% 0.18 6,87
rotein % 1.78 (0.39) -0.04 -0.01 0.03
a0y 0.06 (0.05) ~0.01 0 -0.03

Ash % 0.75 (0.03) ~0.12%% 0.0! 0.01

Starch %o i8.6 (2.1) 0.58 0.31 -0.36

Dictary tibre %o 1.56 (0.44) 1.63 1.607 0.92

Sugars W

Fructose % 0.22 (0.09) -0.07 0.06 -0.08

Clucose % 0.16 (0.09) -0.04 0.03 -0.06

Sucrose % 0.51 (0.24) 0.14 0.07 0.09

Maltose Y 0.08 (0.03) 0.01 0.02 -0.02+

Raftinose % 0.04 (0.03) 0 0 0

Mincerals (mg/100 g)

Ca 6.0 (1.2) -0.26 -0.99 -0.47
p 319 (2) -3.3%# 0.84 -2.52
Me 15 (1) -0.80 0.22 114
Na S.8(2.5) -2.8% 1.7 -0.8
K 345 (20) 63+ -7 -23
S 14 (1.0) -1.7 0.24 -0.10
l¢ 0.65 (0.39) 0.10 -0.13 0.13
u 0.17 (0.03) -0.02 0 0.01
/n 0.32 (0.03) 0.01 -0.01 -0.03"
Mn 0.03 (0.01) -0.01 -0.01 0.01
Al 0.21 (0.11) 0 0.02 0.03
B 0.10 (0.01) -0.02% -0.01 -0.01

Analysis
of control

Differences

Roiled-control Steamed-control — Buked-control

Results are the average from cooking five tubers of cultivar Da 10, grown at University of South
Pacific, Alatua, Western Samoa (see Appendix Table A.39). Differences marked with one asterisk
mean a significant change on cooking, P < 0.035; two asterisks indicate a very significant change, P
< 0.01.

['he value of 76.6 was the moisture content after harvesting in Western Samoa; the moisture content
betore cooking in Canberra was 75.2 (1.6).

and A.32 respectively. Clearly in every case, the longer the time of cooking the more
vitamin was lost. Within the limits of experimental crror, the vitamin loss was found to
be independent of the type of root crop for the three root crops studied  Also the
percentage losses of thiamin, riboflavin and nicotinic acid were found to be abou! the
same. It one considers the losses when the root crops are well cooked 20 mia boiling
or 30 min baking), the results in Appendix Tables A.12, A.24 and A.32 may be
summarised quite stmply.

The losses of thiamin, riboflavin and nicotinic acid amounted to 40% on boiling
if water was discarded, 20% it water was retained and 25% on baking. The loss of total
vitamin C (ascorbic acid + dehydroascorbic acid) was about 65% on boiling if water
was discarded, 20% if water was relained and 50% on baking (Bradbury and Singh
1986a, b). The losses of ihiamin, riboflavin and nicotinic acid on cooking are import-
ant nutritionally because of the relatively small amount of these vitamins prese:nt
compared with the recommended daily allowances of thiamin (1.4 mg), ribotlavin
(1.6 mg) and nicotinic acid (19 mg). A calculation of the amount of fresh root crop
that would be needed to supply the recommended daily allowance of ribofiavin (which
is present in the least amount) showed that about 3-9 kg/day was requirca [ dradbury
and Singh 1986b).
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4.0 .2 ang Meth. _s and Juman . 1. _n

Jror the nutritional point of view, dry baking woun' : pnei r to be superi rto the
other metr ods ot cooking because the decrease of the m “tir - conient woule decrease
the bulkiness of the food, which is importanit tfor young chuldrer 5 ace bulkiness may
limit intake of energy and protein. . ased 01 the moisture content of the cooked root
crops v+ Tables 4 7 4.4 and the inverse relationship between moeisture and energy
(section 20075, it is calcu ated that the baked roct crop contains 30-40% maore energy
ner gram than the boiled or steamed root crop. Furthermore, w'th baking there is no
loss of minerals and less loss of vitamins than for boiling if water is discarded.

lowever, boiling in water thai is retainea cither in a soup or stew, or in the cooked
material by cevaporation, causes no loss of minerals and aboui the same Tosy of
vitamins as in dry baking. osses of minerals and vitamins during steaming (and in the
carth oven syatem used in the South Pacific) would approximate those found on
boiling with retention of water. Clearly, the largest losses in mincrals (up to one-fifth
of the potassium) and particular'y vitamins, occurs by boiling if water i Jiscarded.

aally, it should be noted that special methods of cooking may ve required to remove
cyentde from cassava (section 5 ' 2) and 1o get rid of the acridity oresent in soime
aroids (section 5.4)

Tuawle o Effect of cooking (boiling, steantine and baking) on composition of cassava.#

Differences
Anulysis  ~
of control  Boiled-control Steamed-control — Baked-control

Moisture % 60.0 (2.5)" 3.0 0.08 8.9
Protein % 0.43 (0.07) 0 -0.03 0.11
bat Vo 0.10 (0.06) 0.03* 0.06* 0.0!
Ash % 0.91 (0.04) ~-0.17¢ 0.02 0.09
Siarch "o 33.4(4.2) 0.15 1.2 -0.8
Dictary fibre % 1.51 (0.25) 0.49* 0.22 0.53
Sugars %
fructose Y 0.23 (0.08) -0.06 0.04 -0.07*
Glucose % 0.27 (0.10) -0.11* 0.04 -0.11
Sucrose %o 1.15 (0.22) -0.33+¢ -0.31" -(),39%*
wlaltosce %% 0.06 (0.03) -0.01 -0.02 ~-0.01
Minerals (mg/100 g
Ca I5(D -0.74 0.2 0.9
P 66 (7) -8.6% 1.8 3.6
Mg od (10) -7.5 2.9 17.8%
iy I (2) S 2.3 -1.63 -0.92
K 419 (21) -89# 135 21
S 5.6 (0.6) -0.77* -0.06 0.16
e 0.13 (0.04) -0.04 -0.03 0.03
Cu 0.06 (0.02) 0.01 0 0
/n 0.48 (0.05) 0.23* 0.16 0.09
Mn 0.14 (0.01) -0.01 -0.01 0.01
Al 0.31 (0.04) -0.06* -0.07* -0.04
B 0.06 (0.01) -0.01* 0 0

Results are mean values from five tubers of cassava, cultivar New Guinea obtained from I4iji in July
1986 (sce Appendix Table A.50 for details). Differences marked with onc asterisk represent a
significant change on cooking, P < 0.05; two asterisks indicate a very significant change P < 0.01.
This moisture content was thai obtained ai harvest in Fiji and no change occurred during transit to
Australia, because the cassava was packed in moist vermiculite to prevent deterioration.
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4.6 Storage of Root Crops

Whereas the changes in nutrient composition of the different root crops as a
result of cooking are similar (sec section 4.3 and 4.4), the changes that occur in the
fresh storage organs after harvesting vary considerably amongst different root crops.
This is becausc of a range of biological factors (including respiration, senescence,
attack by fungi and other microbiological agents) that are very different from one root
crop to another, as well as biochemical and chemical processes that attect the concen-
trations of nutrients in the different species. It is therefore necessary to consider each
root crop separately and to study the whole range of factors which affect storage.

The generally poorer storage qualitics of root crops, compared with cercals and
legumes, is a potential source of large postharvest losses. Although much work has
been done there are still large gaps in our knowledge. Our contribution in terms of
research has been small, however, and confined to changes in the vitamin C content of
sweet potatocs on storage. Nevertheless, it is hoped that a short review on the storage
of cach root crop may be of some value.

4.6.1 Storage of Sweet Potato

There arc two major types of sweet potato with different end uses and different
storage requirements. First, there are the white-fleshed, less-sweel varielies that are
used as staple foods in the South Pacific and cisewhere. These arc grown largely by
subsistence farmers in a tropical climate, and continuous planting and sequential
harvesting (scection 6.1.2) often allows a supply of freshly harvested roots throughouat
the year. In this situation long-term storage is not required. in other cases, during the
dry season, tubers need to be stored either in the ficld or in small siorage . ructures
(Data et al. 1987). Second, therc arc the yellow-fleshed, swecter varieties g »wn as
annual crops in more temperate climates such as i the USA and used as a dessert. e
latter may nced to be stored for more than 6 months until the next scason, to supply
food demands and also ‘seed’ for the next scason (Moyer 1982).

After harvest, surfacc wounds may be healed by rcactions within the tuber called
‘curing,” which are expedited by exposing it to about 30 °C at 85-90% relative humidity
(RH) for about 7 days (Hamann ct al. 1980; Uritani et al. 1984). This healing of
wounds reduces the onsct of discases which are a major source of postharvest losscs
{(Moyer 1982; Hammet!t et al. 1982a). Curing also reduces weight loss oi stored ‘ubers
due to biological processes such as respiration. (ranspiration and sprouting (Booth
1974; Winarno 1982). Storage is facilitated by temperatures of 10-15°C and 85-90Y%
RH, but temperaturcs lower than 8 °C may causc chilling injuries (Uritani et al. 1984;
Hong 1982). Optimal storage may be achicved in temperate climate winters such as in
Japan, but in tropical and subtropical regions the higher ambient iemperatures pro-
mote sprouting during storage, and hasten damage from fungal infection and insect
infestation (Uritani ct al. 1984). Tn Bangladesh, losses of 20-25% occur when tubers
are stored for 2-4 months in shallow piles on the carthen floors of farmers’ houses at
24-35°C and 70-90% RH (Jenkins 1982). in the Philippines sweet potato tubers have
been stored for up to 3 months in ventilated village storage structures in which the
relative humidity may be controlled at ambient temperatures (Data et al. 1987).

During storage for 4 months at 8~10°C and 80-85% xH therc was a decrease ‘1
moisture from 72 to 69%, a 13% decrease in starch, 26% dccrease in protein, 419%
decrease in vitamin C and a 12% increase in sugar (Sharfucdin and Voican 1984). /in
increase in sugar content and an improvement in flavour was brought abou: by curing
(Hamann ct al. 1980) and also by storage (El-Tamzini 1976). Tubers stored at 13°C Jor
up to 281 days showed some small changes in amino acid composition and in the non-
protein nitrogen fraction (Purcell and Walter 1980). lLoss of f-carotene occurred
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during storage of sweet potatoes at 10°C and 75% RH for 10 weeks (Charoenpong
1984). An 18% loss of B-carotene and 49% loss of vitamin C occurred over 4 months’
storage at 24 °C (Ranganath and Dubash 1981). We have observed losscs of 3, 16 and
17% of total vitamin C (ascorbic acid + dehydroascorbic acid) with sweet potato
samples stored for 28 days at 0, 15 and 25 °C, respectively (Bradbury and Singh 1986a).
Clearly, significant changes of composition occur on storage. It would be useful to
know the extent of these changes in a systematic study in which all nutrients were
monitored over an extended period of time for different storage temperatures.

4.6.2 Storage of Taro Colocasia and Xanthosoma

Less is known about the storage of these crops compared with sweet potato, yams
or cassava. Both taro Colocasia and Xanthosoma may be harvested as required after 6
months and field stored for many months, and in extreme circumstances up to 2-3
years (Onwueme 1978; Parkinson 1984b). In the South Pacific taro is stored in pits
lined with coconut fibre or plantain leaves, which arc covered with the same material
and then sealed with a layer of soil. Unpceled corms will remain edible for 2-3 months
and peeled ¢ormis for 1 montin (Parkinson 1984b). By contrast, studies in Trinidad
showed that Colocasia did not store satisfactorily for more ithan 2 weeks in tropicai
conditions irrespective of storage treatment, but Xanthosoma could be stored for 6
weeks (Passam 1982). Perhaps the traditional storage methods used in the South
Pacific are superior to those used by Passam (1982), who found that the respiratory
activity of the corms is high. Weight losses of more than 30% in 6 weeks due mainly to
loss o moisture may be prevented by packing in moist coir or by using polyethylene
bags. Losses also occur when corms sprout at high relative humidity and when rot
develops (Burton 1970; Passam 1982). Curing of Colocasia and Xanthosoma corms at
35°C and 95% RH for 5 days resulted in reduced weight loss and sprouting, but did
not reduce rotting in Colocasia (Passam 1982). Reduction of storage temperature
increases the time of safe storage. Thus at the optimum temperature of 7°C and 85%
RH, Colocasia did not deteriorate over 3.5 months (Passam 1982).

Because of the importance of taro Colocasia and Xanthosoma as world food
crops (sections 1.1.2 and 1.1.3), and the appreciable amount shipped in the South
Pacific region, further work is required on storage. Furthermore, we have been unable
to find any data on changes in nutrient content in taro Colocasia or Xanthosoma on
storage and point to the need for work in this field.

4.6.3 Storage of Giant Taro, A. macrorrhiza, and Giant Swamp
Taro, C. chamissonis

Both giant taro and giant swamp taro are perennials planted independently of
season and harvested from about 9 months to 4 years or more (sections 1.1.4 and
1.1.5), hence the corms are usually not stored (Sakai 1983). In the South Pacific,
however, giant taro may be stored in barns also used to store yams. Giant swamp taro
may be stored by submerging corms in water or covering them with wet sand. Storage
in lined pits covered with soil or stones, using the methods described above for taro,
allows storage of giant swamp taro for 2-3 months (Parkinson 1984b). It is our
experience that giant taro and giant swamp taro may be stored in air for about 1 month
at 15°C. The recommended storage temperature for giant taro is 5 °C (Sakai 1983). No
storage trials have been reported on giant swamp taro (Sakai 1983) and there do not
appear to have been any studies on changes in nutrients on storage of either crop.

4.6.4 Storage of Yams

Yams are a tropical annual crop and the tubers become dormant soon after
harvest. Their respiration rate is greatly decreased during dormancy, and in the
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absence of physical danage or patnological attack they mey be normally stored for
periods of 3-6 months until sprouting occurs ( wam and on 1977; lkediobi and
Uil 1985 woze 84), ronsct of sprouting  ~ay be reduced by < oring below 20
but uvher: expr ed to temperatures below 5 -7 may suffer chilling injury (*oon
'973). nasudy by ssamet al (10007 folloving the bres ge of dermancy spre, to
were ccited and y . oL dlata tubers veere intnd o case stered for 40 weeks at ¢ 7 Tt
temperatures woapned in paper or buriee T1 deyooir ¢ ust. he fresh veeight arovpec
by 60% buu v e vibility of the tubers w o nainta® cd.

““he oaysical camage Tiobers thai occurs ¢ g harvesiing and hiandling ~y be
reduced oy curing the tuters at oo " and high relative yamidity foosome e 1am
et al. 1970, “uring reduces the b 2lihood of pathological attack by wicroorganicms
vhich s the major scurce of loss during storage of yam [ leon 1278 7 v, e 1778)

sthar est deierioration of ty ber: may ' o be caused  n attacke oy pe.ts, orout’ g,
ros Ciratic 1 and transpiraiion or dehoc ration (los: of vawer trom ihe tuber).  es ura-
(C1 0 transy ralion can cause up to z5% le o oi odible maiterie! dur g ate age
t o ey 1985b), pul L e is celatively litile change “n the o t-itional + we of the

v terial ro. aining a'ter respiration losses 7 onzalez and  CoHazo de 7 oivera 15725,
Tke 1 ot and  ti{ D83 showed that the content . f varl . enz,. es a., ort.” > acid,
caro‘enoid: and ip ds increased duriag storuge ne  caked . t sprouting . _he ¢ ntent
of ¢ _ars also inerea :d near tine end ¢of the door a~t phase 7 _cursey 1 907b). “Clearly,
~o i sweet polate and oo o) a systematic study s needed of all nuirient changen ihai
GCCUr auring sterage < Foyams.

PRVURNERT: T SN
The swollenroo o cassava do not possers bud srimere’anand are - o capable of
aciing an gans of oropagaiion. “tey act - aply as carbohydcate stores tiiat - - be
used - the plaat, enabl il to suvive during periods o droughe (v assa »awd o
1577)  _nile yam fubers, they have »o endogenous perio © of dormancy.  ave
tubers are riore nerizhable than aay cf the «ther maj . root crops, temperate or
trop :al, ne o eric rate exiremely ra ic'l, ofier oeing detache  fro . the plant  <ick-
and _ours¢y 1 '), hede -roravo nair ait ambieni ter crawur- cually occurs
in 2-4 da_~
he primary deterioration is an endogenous pho <o ngieal process cal od vaseul: -
sireo sng which re u ts 'noa fiace Mue-black or brow  Aiscolors (on. "t is folloved by
sceondary deterior it on whicl, involves microbial rotti ¢ or somctimes scftening or
ferm¢ tati.nof twet . e icl. and _ourszy 1987 _lirose ¢ ST ) TR
D v iowogy a o docaer stry of tae or nry de. lorauon has been studied 1 some
“ean and invol - increasec activity of various enszymern, roduction of catechin and
coumsain ¢ ~ aents including scopoleting scopolin and  vidn and of otaer meata-
bolites Iritanict il 34y ickard 12385 CqTaietal  83). o xchanical damage (o the
ot d ing and atier har o, gds oo licant in caasing primary dete. drat’ L and in
"ol ing secondary detorioration. his 11a pe redl ted bv the procecs ¢of curing
‘ch inve ves exnoc e of t tubers oalcat 2y T a &%= 3%
~he care vari as meth ws by whicn fts o ossible io poGve the o rege oer-
e oo cecee » L enlreacy indicated foo wther ery s and for ce oo~ xctic v LG),
¢ ,oropriate proced re narticu’arty in sud Sstenr o agriculone is to leave thertin the
goonnd vatil neede .. runing all the broache; from the pl ats up te 2 20 o b
harvest ¢ w2y ¢ anges to occur in the tub oo..oiich improv torage ...ckard o J
Coursey 192 - digboh 1£83). Lenger neo1ods Cf storage up 0z months may e
abtained by reduc: 1g the exposure of roots to 1+ 2nd by reducing moisture loss by
pac’” 2 them in moist sawdust in boxes (3ooth et al. 1976; Siver 1979) and by uther
mcans such as storage in claimns or inter ayered between cassavu leaves or coating
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tubers with wax. Told storage at 3 ¢ 15 optimal. Samples stored in the deep treeze at
=207 Tappear stable for long periods, althorgh we have observed that over 6-8 ronths
storage bound cyanide (linamarin) is broken down and appears as free cyanide (section
3.

Booth ¢t al. (1976) have studied cha~ges that occur in the composition of cassava
rools on storage in moist sawdusi and i clamps, a traditional procedure where the
ireshly harvested tubers ace placed on a bed of straw on dry ground and covered with
straw and a layer of soil taken trom around the clamp. They obscerved a rapid
conversion ot starch to sugars such that the sugar content was two to three times its
original level after 2 weeks of storage. This was accompanied by soltening of the
central part of the tuber. Pillai ¢t al. (1970) observed an increasc in sugar and decreasc
in stasch on storage of tubers in soil. Kawabata ct al. (1984) tound an increasce in the
amounts of glucose and fructose and a decrcase 1n the amount of sucrose during
storage at avibient temperature. ’hysiological detertoration caused a reduction in the
g-carotene content of golden yellow cassava (“ilorta and Uritani 1984). 1 ore rescarch
work is needed on these and other changes in composition which affect human
nutrition of cassava tubcers during storage (Rickard and _oursey 1981).
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Chapter 5.
Antinutritional Factors
in Root Crops

There are a number of chemicals present in root crops that are cither potentially
toxic or which may reduce the bioavailability of other nutrients. Four problems will be
considered here. These are: (i) cyanide in cassava, (ii) trypsin and chymotrypsin
inhibitors, (iii) calcium oxalate and oxalates, and (iv) acridity of aroids. Other prob-
lems of this type exist as seen by rcference to the literature (National Academy of
Science 1973; Liencr and Kakade 1980), but the four issues to be considered here are of
particular importance in the context of the ACIAR/ANU Program on Nutrition of
Tropical Root Crops in the South Pacific.

5.1 Cyanide in Cassava

Cyanide occurs in cassava in two closely related cyanogenic glucosides linamarin
(I) and Totaustralin (Il) in relative amounts of about 93 and 7% respectively (Okigbo
1980; see also sections 1.1.8 and 3.7). These chemicals are produced in the plant from
valine and isoleucine respectively (Conn 1981).

CN CN
I |

H O — C —CH2-CHz  HO—C—CH3
CH3 CH3
OH H
H OH
I I I

The extracellular enzyme linamarase present in cassava gains access to the cyano-
genic glucosides I and 1T after physical disruption of the cell, whenee it catalyses their
hydrolysis to glucosc and the corresponding cyanohydrin (Montgomery 1980). The
cyanohydrin from linamarin (I11) breaks down rapidly to give HCN and acctone
(CH,COCH,) in alkaline solution at ambient temperature, but under slightly acid
conditions (pH 6) only 50% had broken down in 30 min (Cookc 1978).

The cyanide present in cassava may therefore be considered to be of two types: (1)
bound cyanide present as the cyanogenic glucosides (I and II), and (2) free cyanide
present as the cyanohydrin, as freec HCN which is a gas above 26°C and (under
alkaline conditions) as CN (Cooke and Coursey 1981). It is important to distinguish
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between bound and free cyanide present in cassava, because as iy shown below, 1t iy
much casier to remove free eyanide from cassava by cooking ad other methods of
proces:ing than bound cyanide. /s discussed in section 2.26, we actermined the total
cyanide (free + bound) by phosphoric acid extraction of cassava hydrolys's of the
cyanogenic glucoside with linamarase, rapid dissociat:on ot the cyanobydrin in alka-
line solution and colorimetric determination of cyanide. vree cyanide was determined
in a similar manner but without the use of linamarase.

Cvanide i1s widely distributed in nature and is a norma! cosstituent ot blood,
usually at low concentrations < 12 pmol/l (Solomonson 198 7). It has been suggesied
that at least 0 e of the cyanide present in the body comes from defence processes
continuously occurring in tissue:, (Stelmaszynska and  eliczynski 1981). .t is much
better known that cyanide of higher concentrations rapidly causcs death. " ac lethal
dosc range for humans of B ' taken by mouih s 0 5-3.5 mg/kg body weight, which
for 2 60-kg adult amounts to 30-210 mg ot I, + (Montegomery 1980; solomonson
1981). The lethal action of cyanide involves blocking the reduction of oxygen in the
respiratory pathway (I.chninger 1982).

How docs the body metabolise ingested cyamide? There are several possible
detoxification mechanisms (Montgomery 1980), onc of which involves reaction of
cyanide with a group of related compounds called sulfanes. This reaction is catalysed
by the enzyme rhodancse and produces thiocyanate (St N7) (Westiey 981) The
concentration of thiocyanate in the blood is about one thousand times that of cyanide,
and the former may be filtered out rather slowly by the kidneys (Westley 1981).  he
thiocyanate can, however, also rcact further with hydrogen peroxide, catalyscd oy
peroxidases, to give sulfate and re-form cyanide.

The suifur, which is used 21 the detoxification of cyanide (o produce thiocyanatc,
comes from the essential S-containing amino acids, methionine and cystine. :t has
been proposed that this could lead to depletion of these essential amino acids,
particuiarly in cases in which protein-energy malnutrition also occurs (Montgomery
1980, Delange 1983). However, it was found that in arcas of Zaire in which there was
considerable cassava consumption anc also protein-energy malnutrition, the serum
levels of methionine were no lower than in control regions such as Brusscels | 7is ¢t al.
1982). The absence of any elfect on serum levels *s probably due to the fact that the
safe daily intake of S-containing amino acids that we have calculatea for a 30-kg adult
(+ AL/V HO/UNU 1985) provides nearly thirty times as much sulfur as that needed to
maintain the maximum level of daily urinary cxeretion of 10.8 mg of Z: "N~ due (o
cassava consumption (Hennart ¢t al. 1982). Thus the a.nount of sultfur nceded to
detoxify ingestea cyanide from cassava is very small compared with the daily i~take of
sulfur-containing amino acids, and cannot therefore affect levels of protein-energy
malnutrition.

A defictency of jodine in the dict causes the development of goitre. lodine is
absorbed from food ard taken up by the thyroid gland with formation of the
horrmones tritodothyroxine and thycoxine. The accumulation of iodine in the thyroid
gland is inhibited by a group of “ionic inhibitors’ which includes SCN™ and perch-
lorate. For example, in a study with rats, perchlorate was found to be ten times more
cffective as an inhibitor than SCN™ (Goodman and Gilman 1985). The mechanism of
the action was observed on rats using radioactive tracers and indicaied thai in the
presence of SCN™ there was an accelerated discharge of iodine from the thyroid gland
(Ermans ct al. 1983). Excessive levels of SCN (SC ' averload) imay therefore lead ‘o
reduced iodine uptake, which in an iodine-deficient region may contribute to endemic
goitre and endemic cretinism (stunted growth with mental deficiency and deficient
hearing and spcech). Under normal conditions the ratio of 1/SCN (ug 1/mg SCN) in
the urine is >7 Endemic goitre devclops if this ratio falls below a critical
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value of about 3. It the matio tails below 2, endemic goitre is further complicatec by t1ae
ocer 1eace of eacemic cretinism and mental reterdation (Delange et @i, 1983). This has
ocere ed vosome parts of Daire duc to severe todine detic’ency, couplec with the
utilisation of poorly detoa fied cassava, - cgaact women and new-born babics are
especially at risk in a go’trogenic envirgnmeni.

f the ‘odine sapply is geeoter than about €6 p/day, goitre 1o not abnerma hy
nrevale. teven &b o prooooccota g 7 T aup Ly, bee use the /0l ratiois > 7.
“tinaccounts for tne absence of golure in many popular ¢ in which cassava consti-
waies a siaple foo 1. woaoor, the s assive introduct.c * of cassava beci ¢ of foac
shortage to population < p evious y adapted to 1od e gdeficiency without any abnorm
prevalerce of goiire re ots in che deve:opment of enderaic goitre in these popalations
(. Junge et o” 1985, ivaluation of the goitrogenic cavironaent in a give  area should
be Ha. ¢ on the 0w tarcous asse .ment of the degree of 1oaine deficiency ¢ ¢ the

..

overlead,
gernic goit-e ¢~ 6ereitnsm mey be prevenied by an inere ¢ in the iniaks of
todic  and, “t the /¢ o i o by decrcased intake of cyanide from cassava.
Increused intake of todide Ly use o 1odised sal ~as Ftele chance of succes: in regions
v heesalt imtake is small or variable, bur the alter wtives are sysiematic administ-ation
noinjection of 1o L o o1 which has ¢ve  effect’ve protection for 2-5 years, © rraans ¢t
. 2783) or iodied oil given by mout - which iy ¢ rei wer and gives proteciton for -2
yedrs £ ocuzel 9845, creased intake of cyanide from ca ava may cavse celie! of
“lemie goitee and cret’ un aad woudd preve © o other diseanses relates o cyanide
t ke includ i ronical ataxic ~europaihy, blindnese 0 ontgomery 19803, irop cal
caletty g pancreatids and pancreatic diabetes  wcevarghese & o) weducec cyanide
intake coulet be achieved by: (1) reduciag the cyan'de content of cassava Dy beeding;
(2) iraprovi ¢ deto.. freation processen uned ¢ ring the preparation of cu..ava-bosed
‘ood  and ’

RS

2 redacing the frecuene y and (- atity of const otion of such food., 2
will now consider the firsi two awe=s - ore « cuall.

z / o S
. the Internation:a 1o nsaiute of 1-onies [ /agricuure Ty in cbe a. Fligerie,
broeding for low evaniac hus beea 'n progre: - ince 1973, but a zero-cyan ¢ cas ava
he =t yed been locaied. cow cyi “de (5-.0 1g/100 g) culiivar: resi~ ar . o ¢ »ase
ana claty oy hisgh vield ag (15--0 i/ha) have beei s ever ped (e and - cyser 1985)
Wooava with evanide-free tubers was eportea om e esia before voold T oar ' but
o ibseqge mtly lost . and other cu'tivars Lom there contained ) S ouog/ (g (de

‘uijn 1983, Dodre cultivars were eportec vith levets of G2 and 05 1/ Gl g
oo douxetel 1980 ctthe oo atvo Intera ¢l ner 2l grealure onic L0 L7 S in

“al, _olom v, no mo-eye de cultive vere £ din he s germplasm bank ‘de
w1 'fooy hetheracc ~ o cilely evamide-tree caave  uoer will ever e obiained

agpen guastion, stace cya 2 o adered to give tne plant 4 biological adve atage

by aftering 4 <efl 1cc agar St nsecte & “ontgomery 280)
ro2e te be vow g ocrally agreed 1 breccing cassava foo low evooide and
‘eh,l lachw'Ibepossib e [oookecete’  T78, 0 cuijn 1703) . he 20 cenresentetive
culitve = *rom . olomon [_ands, Uiy ¢ - apui dew 3t 1ca that we have ¢ al, scd
(. ppod’x aables .49-¢ 1) - cowed genceraily low lever of cya ae (1.3~ .3 g/
100 g tota - ~de) and gove accept »ovic do (12-35 t/ha), confirming :hai high
voeld g cottivars ~ay heve iow cyanide. Sf the 80 tube  analvexd one ubes of ¢v
A2 from TTygeve 07 g/100 ¢ T two othier tube , of ev L7 LT D) and Tlew
Grvoea (Ui gave <1 ¢/109 g (section 3 7). These low results for cyan'l2 obtainec
from :thiz small survey in the South . acific and the reportedly .ov: valies from
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Indonesia, would give encouragement to the screening for acyanogenesis of the 150
accessions from the South Pacific (section 1.1.8) and the 600 accessions from Indonc-
sia (Soenarjo, R., pers. comm.). It should be noted that there is up to ten times more
linamarin near the skin than at the centre of the tuber (section 3.9), and that the
cyanide content of edible leaves is about the same as that of the tubcer (section 3.7).

5.1.2 Postharvest Processing (Including Cooking)
of Cassava to Reduce Cyanide

There are many traditiona! methods that have been used tor the preparation of
cassava products such as gari, fufu, fuku, chickwangue, ntuka, motcke in Central and
West Africa (Bourdoux ct ai. 1982; Oke 1983) and other products in other places
(Onwueme 1978). All these processes involve combinations of macceration, soaking,
boiling, drying and fermentatior of the tubers (Courscy 1973; Cooke and Coursey
1981; Cooke 1983). Variable results were reported by different workers for removal of
cyanide by these methods, which were undoubtedly due to differences between analyti-
cal methods, as well as the wide variations between trcatment methods ot different
workers (Cooke and Coursey 1981).

There are still great differences between results of ditferent workers on ihe
efficacy of air-drying of samples. Air-drying of cassava chips at 47-60 "C effectively
removed free cyanide, but retention of bound cyanide was about 70% after 20 hours
(Cooke and Courscy 1981), whereas sun-drying and oven-drying of chips removes
about 80% of free cyanide and 80-98% of bound cyanide (Gomez and Valdivicso
1985). Other studies have shown a rctention of about 30-60% of bound cyanide due to
sun-drying, and if the tuber was crushed before sun-drying, retention was further
reduced to less than 5% (Nambisan and Sundaresan 1985). Another report by Bour-
doux et al. (1982) claimed that sun-drying alone produced the food with the highest
cyanide content. Long soaking of cassava tubers in water (retting) caused some loss of
soluble proteins (Bourdoux et al. 1982) and starch, but followed by sun-drying,
removed up to 98.6% of the cyanide and was twenty times more cfficient in cyanide
removal than simple sun-drying (Ayernor 1985). Prolonged soaking in water of cassava
tubers followed by cooking was also found to be much superior to drying by Bourdoux
et al. (1982, 1983).

Most workers have found methods that utilise soaking in water to be superior to
drying methods. This is due to the fact that the frce cyanide (HCN and cyanohydrin),
and the bound cyanide (glucoside), are both water-soluble and hence may be leached
out. Furthermore, the endogenous linamarase catalyses the hydrolysis of the gluco-
side. Sun-drying and boiling or steaming remove free cyanide, but probably denature
linamarase and hence the bound cyanide is not broken down.

Fermentation of cassava, widely used to produce gari in West Africa, causes
breakdown of bound cyanide by microorganisms and linamarase and also production
of organic acids. The free cyanide (cyanohydrin), however, is quite stable in the acid
solution, hence the residual cyanide level may be appreciable unless the sample is well
washed (Cooke and Coursey 1981; Nartey 1981; Oke 1983; Ejiofor and Okafor 1984).
It should be noted that cross-sections of cassava tuber stored for 3 days at ambient
tempcrature showed a large increase in the total cyanide content, particularly of inner
tissue, hence wounded cassava roots are not recommended for human consumption
because of expected increased levels of cyanide (Kojima et al. 1983).

5.1.3 South Pacific Sitnation

The minimum and maximum levels of HCN recorded from a single tuber in our
survey of 20 cultivars from Papua New Guinea, Solomon Islands and Fiji was
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0.7-9 mg/ 100 g fresh tuber. There were no significant differences between the cyanide
content of cultivars from the three different countries. Taking the worst case (9 mg/
100 g), and assuming 50% removal of cyanide on cooking, we would be left with
4.5 mg/100 g. The Iethal dose for a 60-kg adult is 30-210 mg dCN (scction 5.1), and
would be reached by consumption of 0.66-4.7 kg of cooked cassava. "he amount at
the lower end of the range may reasonably be expected to be consumed in a single
meal. The average situation (about 3 mg/100 g) seduced by 50% on cooking leads to a
consumption level 07 three times that of the worst case, viz 2-14 kg of cooked
cassava., “he fact that the consumption of cassava from cultivars considered to be
dangerously poisonous (10-100 mg/100 g fresh weight) is rarely lethal (Cooke and
Coursey 1981), may be partly due to the small amount that is present as 1 7'M, some as
cyanohydrin (which is stable under acid conditions) and the remainder as linamarin,
which requires the presence of linamarase for rapid hydrolysis (ooke 1978 | ahrstedt
1981) Because of a shorttall of iodine in parts of the I ighlands of ~apua New
Juinea, there is some incidence of endemic goitre, but no appreciable consumption of
cassava; sweel potato is the staple food (Alpers, - ., and ide, K. pers. comm.).

L - (A B}
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“nzyme inhibitors are widely distributed in plant and anima’ tissues and there is a
very extensive literature including a number of reviews on the subject (. ’hitaker and
rreeney 1973; Ryan 1973; Richardson [977; Liener and #akade 1980; i.askowski and
Kato 1980; Ryan 1981). _istings by Whitaker and Teeney (1973) and Liener anc
Kakade (1980) show not only the breadth of the distrioution of inhibitors in animals
and plants, but 2lso the large number of enzy~c: for which inhibitors have been
found. There is a wide range of proteinase r~hioitoirs, of which trypsin inh Hito - is
most widcly studicd, and there are also amylase, invertase, peroxidase and catalase
inhibitors (" itaker and leeney 1973) Ior example, in potato, Solanum tuberosum,
proteinase inhibitors account for 15-23% of the soluble proteins of the tuber, and 13
different specics of inhibitors have bee observed which inhibit ihe serine proteinases
(trypsin, chymotrypsin, ctc.), cerboxypeptidase, papa'n, microbial protemases and
kallikreins (:.icner and ¥akade 1980)

LT - e

here arc three possible roles that have been proposed to explain the presence of
proteinasce inhivitors in plants, which are not accessarily mutually exclusive. They are:
(1) storage of protein; (2) regulation of proteinases; and (3) plant protection against
attack by invading organisms. Two important questions are the intracellular localis-
ation of the inhibitors within the plant, and the presence of inhibitors in the various
tissues at difierent stages of development of the plant. 1t is not casy to generalise on
either of these matters (Richardson 1977).

The possibility ihat inhibitors have a role as storage protcins may be supporied by
the fact that they make up about 6% of the protein in soybean, up to [0% of the
soluble protein in barley grains (Ryan 1973) and 15-25% in potato (Licner and Kakade
1980). However, these levels are not very high, particularly compared (o that of giant
taro (viz. 67%, section 5.2.5). The behaviour of a single chymotrypsin inhibitor was
followed through the life cycle of potato plants and it behaved as if il were a storage
protein (Ryan 1973).

With several plants it has been shown that inhibitors that are active against
endogenous proteinases within the plant disappear during germination. This suggests
that these inhibitors play a role in regulation of the action of proteinases within the
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plant. Although in certain cases this is an attractive hypothesis, there are several
arguments against it being generally applicable ( .icner and Kakade 1980).

The most likely postulate appears to be that inhibitors are alielochemicals, *.c.
chemicals present in the plant which arc a defence mecherism against the onslaught of
organic v (Waller 1987). In work summarised by 2van (1973), the digestive pro-
einases of several insects have been obtained and found to e inh’dited by proteinase

hibitors from plant sources. The presence in food (seed, leaves) ol proteinase
inhibitors, to the extent of 5-10% of the solup ¢ proteins, might be expected to have a
significant etfect or the feeding of plant-cating insccts. —‘urthermore, it hes been
found that a’ter an attack by inscets or mechanical wounding, many plant icaves
accurnulate proteinase inhibitors ai the site of damage and also in adjacent tissues
(Ryan 7973, 1981; Licner and =~ akade 1980). Proteinase iahibitor genes were 2lso
indvced by wounding and were transferred from potato to tobacco plants (Sanchez-
Serqano et al. 7987) 1t was postulated that a proteinase in:ibitor-" "uc e factor was
released trom demaged leaves and for tomato leaves this was shown to be a polysac-
charide ( ishop ct al. 1984).

w4 y - - . A e -

sinzyme inhibitors normally make a strong attachment at the active siic of the
cnzyme, thus preventing the approach of substrate to the active site and c¢ffectively
inactivating the enzyme. This rode o4 actio has been shown clearly by studies on the
proteinasc inhibitors of soybeay (Llyvcine max) which, broadly speaking, fall into two
groups as follows. (1) Kupitz inhibitor of molccular weight about 20 000, wh'ch
" hibits trypsin on a 1 1 basis (Kunitz 1947); and (2) Bowman-3irk inhibitor of

decular weight about 8000, which inhibits trypsin at one site and chymotrypsin at
another site on the same molecule (i.c. it #5 ‘double headec’).

The sequenee of amino acids along the protein chain hes been determined for
both tt * “unitz inhibitor ol 181 residues from soybean and the 3owman- ok inhib'-
tor of 71 residues. urthermore, the three-dimensiona: structure of the Kunitz
inhibitor-trypsin co  plex was determined from -ray crystallographic studies (3low
ctal. 1274; Ju incta.. 197 . Sweet et al. 1974). The site of Iateraction of the inhibitor
involves about .0 of tne 181 residucs, which make non-covalent bonds with the active
site region of tryps n and strongly bind the two molecuies together.  he recognition
site of the inhibitor 1s the residues /7 vg 63 ard Tleu 64. Arginine 63 forms a covalent
bond with the active site serine of trypeia, but this is, however, noi cssential for the
stability of the comniex.

beol L L o T

L any of the irypsin and chymotrypsin “ihibitors present in legumes, cercals and
some root crops fall into one o' the two groups ol inhibitors alrcady described for
soybean, but there are others which are ncithier “lusitz nor 1 »wma=-Bi-k inhibitors
(I.askowski and Kato 1980). I'or cxample, there are at least three inhibitors from sweet
potato which are probably of the Kunitz type. Hwo of these have molecular weights of
about 23 000, inhibit trypsin but not chymotrypsin and also show weak inhihition of
the enzynes plasmin and xailikrein (Sugiura et a’. 1973; Ogiso ct al. .974).

The proteinase inhibitors from the a oids have also been studied Suimathi and
Pattabiraman (1979) found a trypsin innioitor fro Colocasia esculenta var. anti-
guorum, which had a molecular weight of 40 000 and also weaxly inhibited chymo-
trypsir:. Subsequent work showed tha! the molecule was a dimer (Qgata and Makisomi
1984, 1985). Our studics on taro (Colocasia esculenta var. esculenta) (section 1.1.2)
have shown that it contains a trypsin inhibitor with a dimer molecular weight of
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43 600, which docs not inhibit chymotrypsin (Fiammer 1987). There is also a related
trypsin inhibitor present in giant taro (A. macrorrhiza) (Sumathi and Pattabiraman
1977), which is also active as the dimer of molecular weight 39 000 and which strongly
inhibits chymotrypsin (Hammer 1987). A complete sequence determination on this
trypsin—chymotrypsin inhibitor showed: (1) that the dimer consisted of two identical
molecules (monomers); (2) that the recognition site of the irhibilor involves phenyla-
lanine rather than an arginine residuc; and (3) that there was some similarity of the
sequence (sequence homology) with that of the Kunitz inhibitor from soybean (Argall
1987). A similar trypsin inhibitor of dimer molecular weight 43 600, which did not
inhibit chymotrypsin, was found in giant swamp taro (C. chamissonis) | rammer
1987). The first 10 amino acid residues trom the amino-terminal end of the protein
have similar sequences for the trypsin inhibitors from taro, giant taro, giant swamp
taro and the Kunitz inhibitor trom soybean (Hammer 1987).

~ 40 [

L . Coot ‘ e 0 .. 1 ursand C - ns

he amounts of trypsin and chymotrypsin inhibitors present in the various root
crops arc summarised in Table 3.13 and by Eradbury and Hammer (198R8). The amount
in gian: taro is very large and as a percentage of the total crude protein present (19-
60%) ercatly exceeds that from other plants such as potato Solanum (10%), barley
(7.5%) and legumes (6%). It is about twenty times the amount present in sweet potato
and taro Zolocasiu, which is five times as much as in giant swamp taro. There arc very
small amounts present in taro Xanthosoma and yam (D. alata), whercas Sumathi and
Sattabiraman (1975) reported its absence from the latter On the other hand, they
found a small amount of trypsin and chymotrypsin inhibitor in cassava, whereas we
found none in nine cultivars of cassava (Appendix Table A.49).

Since the same inhibitor molecule from giant taro inhibits both trypsin and
chymotrypsin, there 1s a high level of chymotrypsin inhibition by giant taro. This level
cquals or exceeds that found in other rich sources of chymotrypsin inhibitor such as
navy bean, Trench bean, winged bean and pecas (Hammer 1987). A small amount of
chymotrypsin inhibitor was present in sweet potato from Solomon Islands (Appencix
“able £ 7 -but nonc was present in cultivars trom the Southern Highlands of Papua
Hew Cuinca (Pradbury et al. 1985b). Chymotrypsin inhibitor was not present in taro

‘olocasia or Xunthosoma, giant swamp taro or in yam, D. esculenta.

The concentration of the trypsin/chymotrypsin inhibitor of the cigar-shaped
giant taro corm decreased approximately lincarly from the centre to a near zero value
just beneath the skin. There was no longitudinal gradient of concentration. 3y
comparison there was no radial gradient of concentration of trypsin inhibitors in taro
Tonlocasia or giant swamp taro, but a decrcase in inhibitor concentration towards the
bottom (distal) end of the corry (Hammer 1987; Bradbury and clammer 1988).

5. 08tal e oo 1L Lo
ioHe 1. ... oo g

The resuits of these studies are conveniently considered scparately for sweet
potato and for the aroids taro Colocusia, gizrt taro and giant swamp laro.

Sweet Fotato  The purificd inhibitors were found to be stable in buffer solution
at p. 8 at 70° and partially denatured at 90°C after 30 min heating (Sugiura ct al.
1973). .» more detailed study showed that the different trypsin inhibitors present had
different heat stabilities (Dickey and Collins 1984). Our experiments were designed to
simulate much more closely actual cooking procedures. Also, because of the large
variability of trypsin inhibitor content between di:ferent tubers (Bradbury ct al. 1984a,
1985b), the tubers were cut longitudinally into four quarters Gne segment was used as
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a control and the others were subjected to: (1) heating in an oven at a fixed temperature
(60, 70, 80, 90 or 100°C) for 2 hours; (2) baking at 150°C in an oven for 15, 30 or 50
min; and (3) hcating in boiling water for 15, 20 or 30 min. In experiments (1) and (2)
but not (3) the samples were wrapped tightly in aluminium foil. The weight of the
samples was ascertained before and after heating, and the trypsin inhibitor contents
determined by the diffusion assay method (section 2.24.1). A small thermistor
cmbedded in the sweet potato showed that in experiment (1) the centre of the specimen
achiceved the temperature of the oven in 100 min, and in experiments (2) and (3), the
temperatures at the centre of the specimens had reached about 85°C after 30 min
(ACIAR/ANU Program 1984; Bradbury et al. 1988b). In cxperiments (2) and (3) the
sweet potato specimens were cdible after 25 min and 15-20 min respectively.

The results of experiment (1) showed that for five different cultivars from Solo-
mon Islands the trypsin inhibitor was completely denatured at 100°C and 0-70% of
residual activity remainced at 90 °C, in reasonable agrcement with Sugiura ct al. (1973).
Baking at 150°C (cxperiment 2) caused a steady fall in activity with time for seven
cultivars from Solomon Islands and Papua New Guinca. After 30 min there was zero
activity in six cultivars and there remained about 5% activity in onc cultivar. This
showed that baking until the samples were cooked essentially inactivated the trypsin
inhibitor. Boiling of four sweet potato cultivars from Tonga and Solomon Islands
(experiment 3) showed that the trypsin inhibitor content was reduced to zero after
1S min.

Taro Colocasia, Giant Taro and Giant Swamp Taro  Two cultivars of taro Jol-
ocasia from Solomon Islands, three cultivars of giant taro from Western Samoa and
one cultivar of giant swamp taro from Fiji were heated in boiling water (see cxperiment
(3) above). The inhibitor activity increased with time of hcating for 5-10 min (in
contrast to the decline noted for sweet potato) and was similar to that obscrved by
Sumathi and Pattabiraman (1979) for Colocasiu esculenta var. antiquorum. With taro
and giant swamp (aro the inhibitor activity was, in some cases, initially almost zcro
and increased by a factor of 2-10 times, passed through a maximum and fell to zero in
20 min. With giant taro the¢ maximum activity was 700-1000 TIU/g and there was still
appreciable activity left after boiling for 20 min, but zero activity after 30 min
(Hammer 1987; Bradbury et al. 1988b). All samples were cooked after 20 min, by
which time there was no activity left in the taro and giant swamp taro, but there was
still some activity (20-400 T1U/g) remaining in the giant taro samples (Hammer 1987).

The results of an experiment in which uniform, thin slices of giant taro were
heated in an oven at a fixed temperature for 2 hours, are shown in Fig. 5.1. The reason
for the progressive drop 1n inhibitor activity on heating for 2 hours at temperatures of
40 and 50°Z is not clear. . he increase in activity shown in Fig. 5.1 on heating for 2
hours at 60-80°C is the hcat activation cffect noted above. It was not observed when
an aqucous solution of the inhibitor was heated using the same range of temperatures
and times used for the intact tissue of giant taro (Hammer 1987; Bradbury et al.
1988D). In this case, heating always led to a reduction in inhibitor concentration. This
showed that the process was not duce (o rearrangement of the structure of the protein
molecule, but involved the location of the inhibitor within the corm tissuc. tiammer
(1987) tfound that the giant taro tissuc changed from a crisp to a rubbery consistency
on heating, at about thc time that the inhibitor concentration was maximal. He
proposcd that this change of state of the tissuc may have been due to disintegration of
cell walls (such as occurred with the aleuronc cell walls ot rice grains on heating below
100 °C—Bradbury ct al. 1984b), which resulted in the large increcase in inhibitor
activity (Hammer 1987).

Above 80°C the activity shown in Table 5.1 decreased rapidly with increase of
temperature, duc to the onset of hecat denaturation of the giant taro trypsin inhibitor.
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1200 Fig. §.1 Graph of trypsin inhibitor activity C
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Its stability towards heat denaturation in dilute aqucous solution was found to be
greater using a sample of purified inhibitor, than with a crude cextract (Sumathi and
Pattabiraman 1977; Hammer 1987; Bradbury ct al. 1988b). It is probable that other
constituents of the crude extract may be involved in deactivation of the trypsin
inhibitor.

5.2.6 Implications for Nutrition of
Trypsin and Chymotrypsin Inhibitors

The presence of trypsin inhibitor in uncooked animal feed has long been known
to causc diminished growth in rats, chickens and other experimental animals. The
literaturc on this subject, which has been reviewed by [icner and Kakade (1980), s
difficult and contains many inconsistencics. With the tropical root crops, it is clear
that the very high concentration of trypsin and chymoltrypsin inhibitor present in
uncooked giant taro corms would be very deleterious to animal nutrition. Since 20-
60% ol the total protein of giant taro corms occurs as a molecule which inhibits the
two major protcinases (Lrypsin and chymotrypsin) of the small intestine, it is unlikely
that the animal would be able to break down much protein to amino acids. The levels
of trypsin inhibitor present in sweet potato, taro Colocasia and giant swamp taro
would also probably be sufficient (o slow the growth of pigs and other animals
(Bradbury et al. 1988b). It is not known whether the silage treatment of taro Iecaves and
other aroid residues, which removes acridity (scction 5.4) and makes the material
palatable for animals, also breaks down trypsir inhibitor.

We are more concerned with human nutrition. Boiling or baking for sufficient
time to make the tuber or corm soft cnough to cat has becn shown in section §.2.5 to
inactivate virtually all the trypsin inhibitor present in sweet potato, taro Colocasia and
glant swamp taro. With giant taro, however, an appreciablc amount of inhibitor was
still active and an additional 10 min boiling was required to inactivate all inhibitors.
We conclude that giant taro should be well cooked before cating, in order to inactivate
all inhibitors (Bradbury ct al. 1988b). Sakai (1983) indicates that prolonged cooking
has been widely practiced in the South Pacific region, and our study shows a very good
reason why this practice is a good one. It also assists in the removal of the acridity of
the corm, discussed in section 5.4,
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* Lalcium Oxalate a1 So v Oxalate

Oxzlates occur in nearly all forms of living matter. In plants they may be present
as the soluble salts, potassium, sodium or ammonium oxalate, as oxalic acid or as
insoluble calcium oxalate. Certain plant foods contain appreciable amounts of oxa-
latc: spinach, 0.3-1.2%; rhubarb, 0.2-1.3%: bect leaves, 0.3-0.9%; tca, 0.3-2.0%
and cocoa, 0.5-0.9%. Most vegetables and fruit commonly used in temperate climates
contain about one-tenth of these amounts (Fassctt 1973). In any particular plant the
leaves usually contain more oxalate than the petioic. The molar ratio ot oxalate/
calcium varies greatly from 2-7 (spinach, rhubarb), about | (potato Solanum) to less
than 1 (lettuce, cabbage, peas).

“rystals of calcium oxalate may occur in apparcntly normal cells of the plant or
they may bc located in idioblasts. These are membranc-enclosed chambers which
determine the shape of the crystals. The crystal form varies from plant (0 plant and
includes necdle-like raphides (Fig. 5.2 and 5.3) and mace-like druses (Fig. 5.4b) which
are aggregates of crystalline plates (Suncll and :lcaley 1979). Many raphides are H-
shaped in cross-section with grooves along most of their length (Fig. 5.3a) and they
also contain barbs (i7ig. 5 3b, 5.4a). They arc produced from membranc-limited
raphidosomes and it is postulated that a membranc calcium pump concentrates Ca®
that combines with oxalate, which is assumed to diffuse freely through thesc and other
membranes (Ledbetter and Porter 1970). Crystal form and distribution arc under
genctic control and play a specific ro:e in the physiology of the plant (Smith 1982).

There are several different patnways for the synthesis of oxatates in plants; the one
most investigated is the conversion of glycollate to glyoxylate and glyoxylate to
oxalate. The glycollate may be obtained from two or three difterent chemicals within
the plant (Smith 1982). The function of oxalates and calcium oxalate in plants has not
been clarificd. Mive possible functions are as tollows:

(1) It is an end product or excretory product i~ metabolism and tends to accumi-
late in the plant with increasing age. [ts concentration is higher in the leaves which are
lost at abscissior and its toxicity is removed by deposition as calcium oxalate crystals.
« owever, although oxalic acid is toxic (o animals, it is not known to be toxic in plants,
some of which accumulate it at high concentration, and in some cases it may actually
be metabolised (Smith 1982)).

(2) Crystals of calcium oxalate may represent stores for excess calcium that is
superfluous to metabolic requirements.,

(3) Deposits of calcium oxalate may represent storage reserves (Sunell and « caley
1979: Smith 1982). ‘There is evidence of use of caicium oxalate during germination of
seeds and from stems during bud break (Smith 1982), and that it 1s accumulateé and
resorbed during growth of taro corms (Sunell and 1ealey 1979).

(4) Sharp calcium oxalate crystals (raphides) may act as a toxic or mechanical
defence against grazing invertebrates or mammals.

(5) Becausc of the almost universa: occurrence of calcium oxalate in plants it must
have a role in metabolisya. It has been proposed that it regulates intracellular pH
balance (Raven and Smith 1976).

It is not proposed to discuss these possibilitics further, but to note that expla-
nations (1) and (3) appcar to be mutually exclusive.

.31 W al uoects of 1 "ake of
Oxal: ' and Calcium (-xalate

There have been several docurrented cases in which the consumption of rhubarb
leaves (cooked and uncooked) have proved fatal, and this has been ascribed to their
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Fig. 5.2 (a) (top) Scanning clectron micrograph of aligned calcium oxalate raphides from giant taro
(cv Viagaga, Fiji), length about 100 um, showing raphides that have a long tapering point at
one cnd and an abrupt point at the other end. (b) (botrom) Single raphide, length 170 um, of
giant taro from Solomon islands showing long tapering end, short abrupt end and a line
down centre of the raphide.
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Fig. 5.3 (a) (top) Part of a raphide (Fig. 5.2a) at higher magnification showing a groove which is
interrupted near the centre of the raphide (Nixon 1987). (b) (bottom) Thick and thin raphides
from taro Colocasia cv Tiko from Solomon Islands. In the thin raphide (a) the barbs are
oriented in such a way that they would promote the entry of this end of the raphide into the
tissue (Nixon 1987).
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Fig. 5.4 (a) (top) The abrupt end of a raphide from Fig. 5.2a, showing barbs which are oriented in
such a way as to impede the entry of this end of the raphide into the tissue (Nixon 1987). (b)
(bottom) Scanning electron micrograph of a druse of calcium oxalate from giant taro, cv
Viagaga, Fiji (Nixon 1987).
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content of oxalic acid. The ingestion of a large dose of oxalic acid cause: corcosive
gastroenteritis, shock, convu'sive symptoms, low plasma calcium, h'gh pli. a oxa-
lates and renal damage. . owever, the comparison of sympto s of rhubarb toxicity
with thozse caused by “ngestion of a fatal dose of oxalic acid (5 g or more), lcaves
doubts as to vhether the ioxicity of rhubarb leave: was not cue to some other source
such ar toxic ¢ ~thrcqyui-one glycosides (Fasseit (973).

" hooate effects of ingestion of fouds coniaining ox: .ates include (1) deposition
of cac’'u oxalate ¢ ystals in the idneys (o ror 1977) and the occurrence of stones
in the urinary tract . assmore and :astwood 1980), and (2) reduction n bioavailability
of calcium * wodgkinson 1977; Velsay 1985). "“th .cgard to the first problery, humans
excrete small erystals of calciurn oxa’ate i tine vrine. wiost of the urinary oxalaie is
thought to be derived frora ascormic acid aac glycine and only a relatively small
fraction derives trom d'ctary oxalate (lassett 1973; Fassmore and = astwood “986).
increases in urinary oxalate, calciur, ueic acid and cystine increase the risk of stones,
hence the ingestion of large 2 ount; of oxalate or calcium may crecerbate stone
formation (“assmorz and Zastwood 1986). _n respect of the second proniem, the
bioavailability of calcium has been reduced in experiments on rats and huraans fed a
moderately hig» fibre diet, in wnich additional oxalic acid was given as spinach and in
other vays ( odgk™ ior 1377; Xeclsay 1985).

The ingestio of insoluble calcium cxalate is a different situation again, and
studies have shown that calcium oxalate 1s only poor y utilised by humans when
co pared with more soluble oxalates (. todgkinson {977}. _ n the other hand cows,
sheep and »igs can utilise calcium oxalate, which ‘5 broken down by microorganisais
(Isrune enc Bredehorn 1201).

. v -1 ,

N ™ ."“ L a

Using the: - 1w s described in section 2.23 (- olloway ci ¢ 1938) it was possiblc
to determire the votal » ount of oxalaie which cqua! ed insoluble calcivm oralate plus
water-soluble ¢xatate. i»y determination of water-soluble oxaiaie the amount of cal-
cium oxalatc was obtained by difference. The free calcium, i.¢. calcium not combined
¢ in "uble ca’cium o alate, was obtained “re,.x the dif‘ere wce between the total
¢ oun: of calcium !sections 2.15 and 2.1%) and (e calcium combined as calcium
oxalate.

I7ata on the gradients of concentration of orz aie and calcium oxalate in corms of
giant taro and taro ~Juathosoma are given in able 5.1, There was a large decreasc in
concentration of total oxalate and caiciv » oxalate from the skin into the cenire of the
arge corm of giant taro, ard a much smeer gradient of total oxalaic for taro
Janthosome. Tt was “ound by light microscopy that a similar radia’ gradient o”
concentration of calciu - oxalate ranhides occurred in taro Jolocasia (Suneil and
ricaley 1979). /. high concentration of needle-shaped calcium oxalate raphides (sce

ig. 5 2) located necar the skin of the corm would aspear io offer a useful defence
against atta~ - by grazing eniraals. vhis tends to s+ ort the fourt» suggestion in
section 5.3 with regard 1o the function of oxalate.

7 he content of total oxalate, soluble oxalate, ca’ciun oxalate and ree calcium fo-
the varicus tubers and corms is given in Table 3.15 and for taro “olocasia leaves in
Appendix Table A.23. The amount of solub.e oxa.ate is quite small (17-45 mg/100 g)
for all root crops and, although larger for iaro leaves (127 mg/:00 g), is stil! of the
same magnitude as that which occurs widely in vegetables and fruits (Fassett 1973).
The mean value for water-soluble oxaiate of taro Colocasic corms of 32 mg/100 g
obtained by Wills et al (1983) agrees well with our value of 35.
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e 3.1, Gradients of oxalate content tor corms of giant taro and taro Xanthosoma.*

Giant laro, cv ui Tiro Xanthosoma
- total oxalate?
Sampling position Total  Soluble  Calcivmn -
across o radial section oxdalate  oxalate  oxulute ov ! cv 2
skin 310 NDv 451 - -
I ¢m below skin 135 10 182 139 86
2 cm below skin . . 112 74
centre of corm 58 N 84 106 64

M/ 100 g tresh weight.

M Erom PG (Table AL26). A decrease of concentration of oxalate was also noted from the
proximal to the distal end of the sten.

N not detected.

rhe caletu  oxalate content of giant swarap taro, clephant foot yam, taro Icaves
and the skin of giant taro arc all about 400 mg/100 g, which is 10-20 times that found
for the other root crops. It is interesting to speculate that, in view of the gradient of
concentration of raphides alrcady established for several aroids (sce above), the con-
centration of calcium oxalate in the skin of giant swamp taro and elephant foot yam
may be much greater than the average valuc of 400 mg/100 g. /s already mentione
such high levels of calcium oxalate would appear to act as a useful defence mechanisr
against attack by grazing animals.

The amount of free calcium, i.e. calcium not combined as calcium oxalate, shown
in Table 3.15 appears adequate for human nutrition for all root crops except taro
Xanthosomua, where it is zero, and tor yams, where it 1s small. The excellent bones and
tecth of the “ccific Islanders attest to adequate levels of calcium intake. The low
incidence o7 kidney stones amongst atoll dwellers  arkinson, 5., pers. comm ), where
¢iant swamp laro and taro leaves arc commonly eaten, is consistent with the result that
calcium oxalate is not digested to an appreciable degree (section 5.3.1).

1 Ac lua A

“he family Araccac includes the five genera of the edible aroids Colocasia,
Xanthosoma, Alocasia, Cyrtosperma and Amorphophallus. 7 he cdible aroids and
eight other genera of “he Araceac have been reported to be acrid, i.c. to cause a sharp
irritation and burning of the throat and mouth on ingestion of uncooxed rmaterial
(Sakai :979). ‘or example, il Dieffenbuchia (dumb canc) is chewed, salivation and
swelling of the tongue occurs which may interfere with swallowing and breathing for
periods up to 1 weck. The acrid compound(s) may cause temporary sterility and has
becen directly linked to death of chiidren and of many experimental and domestic
arximals (Fochtman ¢t al. 1969, _adeira ct al. 1975; Sakai 1979; Tang and Sakai 1983).

itferent degrees of acridity are found in the edible aroids, with some cultivars of
taro Colocasia and Xanthosoma showing only siight or no acridity. The acridity is
grcater if the root crop experiences adverse growing conditions such as drought or
poor soil. Cyrtosperma is more acrid, particvlarly its thick skin, and Alocasia and
Amorphophallus are cven more acrid. ‘vhe latter require removal of a thick layer of
skin a. - a long period of cooking to remove the acridity (Sakai 1979, 1983). Accept-
able bread may be produced from a mixture of wheat and taro flour, but may have an
astringent flavour due to residual irritant, not tully removed by baking (Crabtree and
Baldry 1982).

i
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The acridity of taro acted as a deterrent in feeding trials with mice and rats (Moy
et al. 1979; Tang and Sakai 1983) and this is consistent with the suggested physiologi-
cal role of acridity in the plant, which is as dcfence against attack by organisms
(section 5.3). The acridity of taro imposes limitations on the use of fresh taro corms
and leaves by animals, since acrid leaves will not be caten cven by sheep and goats.
According to Tang and Sakai (1983) about one-half of the total fresh weight of the
plant is not utilised, which represents a considerable loss in the use of this crop in the
tropics. A traditional method for removal of acridity involves anacrobic fermentation
in an underground pit for several weeks (Carpenter and Steinke 1983; Parkinson, S.,
pers. comm.). Other methods include prolonged baking, boiling or extraction with
ethanol (Moy et al. 1979). There is also the possibility of selection/breeding of non-
acrid cultivars, which would be cxpedited by the development of a simple ficld test for
acridity. Whilst it may bc possible to obtain a practical solution to the problem without
a full understanding ot the nature of acridity, it is much more likely that satistactory
solutions will be achieved only after the nature of acridity has been clarified. This
question will now be discussed.

5.4.1 The Nature of Acridity

Acridity of edible aroids was reported by Sir Joseph Banks in his journal in 1760
(Banks 1980). It has been studiced over the years since that time (Black 1918; Tang and
Sakai 1983) and two major types of explanation have been given about the causes of
acridity.

1. Acridity Due Simply to Culcium Oxulate Ruphides As alrcady discussed in
section 5.3, the calcium oxalate raphides that occur in the edible aroids are ncedle-like
crystals (Fig. 5 2) about 50-200 pm long and about 2-4 gm in diameter, often with one
cend with a long tapering point and the other with an abrupt point. Ditferences arc
obscrved in their size and shape between the different root crops (Sakai and Hanson
1974; Nixon 1987). The crystals have grooves along their length (Fig. 5.3a) and barbs
(Fig. 5.3b, S.4a), the latter oricnted In such a way as to promotc the entry of the lorg
tapering end and oppose the entry of the abrupt end of the raphide into the tissue.

The mechanism of raphide release from the idioblast cell of the disrupted plant
malerial involves swelling of polysaccharide material within the idioblast cell (which
contains a large array of raphides arranged like a sheath of arrows), with the breaking
of the cell walls and ejection of the raphides. Forcetul ejection may occur in some
species (Black 1918) and was suggested as the principal means of irritation, but this is
not now considered to be important, becausce the raphides of other species which give
irritation are not ejected with force (Sakai and Hanson 1974).

It has been proposed that the raphide would tend to penetrate the soft tissuc of
the mouth, or the soft skin of the forcarm, by mecans of its long tapering point (I‘ig.
5.2b). Entry of the abruptiy pointed cnd would be impcded by the barbs shown in Fig.
5.4a. Once embedded, the crystal would not be rcadily dislodged because of the
presence and orientation ot the barbs, which would tend to cause the crystal to move
further into the tissuc or skin. The lateral grooves would tend to prevent sealing of the
wound around the raphide (Sakai and Hanson 1974).

However, there is evidence that this is not, of itself, a sufficient mechanism to
explain acridity. First, some nonacrid plants were found to contain raphides with
grooves. Second, cooking or ethanol extraction was found to reduce or climinate
acridity, but had no effect on the raphides, barbs and grooves (Tang and Sakai 1983;
Nixon 1987). Third, the calcium oxalate content of edible (nonacrid) and noncedible
(acrid) taro leaves was the same (Appendix Table A.23). This may be explained in two
ways: (1) the nonacrid lcaves contain many finer raphides and many more druses (Fig.
5.4b) than the acrid leaves; or (2) the acridity cffect is not simply due (o raphides.
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We have carried out an experiment to test further this point. Raphides were
separarcd from giant taro and a suspension in petrolcum ether was found to be acrid
by a simple bioassay, using the soft skin ol the forearm (Saha and Hussain 1983). The
raphides were immersed in mcthanol at ambient temperaturce for scveral days, the
methanol was decanted off and the suspension containing raphides was found to be
nonacrid. The methanol solution that contained no raphides also gave a negative test
for acridity. The material present in the methanol solution was then deposited back
onto the nonacrid raphides, by cvaporation of the methanol at room temperature in
the presence of the nonacrid raphides. The raphides were found to have regained their
acridity (Nixon 1987). The only possible explanation of this result would appear to be
that there is a chemical compound present on the surface of active raphides which,
together with the raphides, gives the acrid reaction. This chemical is soluble in
mcthanol and can be redeposited on the surface of methanol-inactivated raphides,
after which they regain their acrid nature (Nixon 1987). We will now consider the
nature of the chemical irritant.

2. Acridity Due to Calcium Oxalate Ruphides Plus Chemical Irritant  There have
been a large number of suggestions with regard to the nature of the acrid material
including a proteinasce, alkaloid, glucoside, hormone or sapotoxin (Walter and Khanna
1972).

A proteinase has been observed in the juice expressed trom Dieffenbachia (Focht-
man ct al. 1969; Walter and Khanna 1972) and its activity in a biossay on the tonguces
of rats was shown to be decreased by (rypsin digestion of the juice. The toxicity of the
juice was attributed to a proteinase (Fochtman ct al. 1969). Using a similar type of
bioassay on the mouths of guinea pigs, however, other workers found that the active
matcrial did not contair nitrogen and henee could not have been a protein (Ladeira ct
al. 1975). A protcinasc was extracted from taro corms in an amount that was rclated to
the acridity of the cultivars, but the extract was not tested for acridity (de la Pena and
Pardales 1984) Our experiments op the methanol extract containing the chemical
irritant (sce above) have given a negative test for protein (Nixon 1987). In view of the
contlicting results of others and our ncgative results, we conclude that the chemical
irritant is almost ccrtainly not a protein.

Evidence in favour ot a glucoside was put forward by Suzuki ct al. (1975) who
isolated a compound from taro C. esculenta var. antiquorum, which was claimed to be
the diglucoside ol 3, 4-dihdroxybenzaldehyde.

Subscquently, Suzuki (1980) separated the same compound from Konnjaku pow-
der, which is produced from the aroid Amorphophallus rivieri (Sakai 1983). A further
study of C. esculenta var. antiquorum reported by Tang and Sakai (1983), using the
mcthods of Suzuki et al. (1975), led to the sceparation not of 3, 4-
dihydroxybenzaldchyde but of a related compound S-hydroxymethylfurtural. How-
cver, Saha and Hussain (1983) found the diglucoside ol 3, 4-dihydroxybenzaldchydce in
corms of taro Colocasia and in giant taro In all this work there was little evidence that
the compounds separated were in fact chemical irritants and the chemical evidence in
support of the identitics of the compounds proposed was not convincing. This,
together with the conflicting result of Tang and Sakai (1983) and various reports that
the acrid material was unstable in solution, leads to the conclusion that these com-
pounds arc probably not the chemical irritant.

Of the other compounds proposed in the list (sce above), alkaloids are probably
not present (Sakai and Hanson 1974). We arc currently working on (he elucidation of
the naturc of the chemical irritant.
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Ta 5.7, Summary of data related to the possible protective role of chemicals present in aroids.

Chewicals present, mean concentration and gradient
within the cormn

811

Aroid and
plant part

Diseases of
plant in the
South Pacific?

Trypsin inhibitor
(% of crude protein)

Calcium oxalute”
(mg/ 100 g)

Acridity

Taro Colocasia, corm
Taro Colocasia, lcafl
Taro Xanthosomia
corm

Giant taro
A. macrorrhiza

Giant swamp taro
C. chamissonis

Flephant foot yam
A. campanulatus

large numbers of
pests and diseases

large number of
pests and diseases

fess subject to pests
and diseases than
Colocasia

hardy plant, resist-
tant to pests and
discases

resistant to insects
and discases

resistant to pests
and diseases

2.3, no gradient

<0.1

19-604, lincar
gradient skin low,
centre high

0.8, no gradient

very low!

43, gradient skin
high, centre lows

400

[\

3, gradient skin

higher, cenire
lower

37, gradient skin
high, centre lows

399

[
oo}
(%)

cdible ev are

low, somc high
cdible ev are low,
non-cdible cv arc
high

as for Colocasia
corms

high acridity often
concentrated in and
near skin

sonte acridity may be
present in skin and
surface layers

edible cv are

usually low, but

wild forms high”

it See Chapter 1.

o oo

~

See Table 5.1

Sumathi and Pattabiraman (1975).

2 Sakai (1983), Sastrapradja ct al. (1984).

includes raphides and druses. Data from Tables 3.15, A.23 and 5.1.
Sunell and Healey (1979).
This trypsin inhibitor also strongly inhibits chymotrypsin.
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“'he possibility that the edible aroids produce chemicals (ailclochemicals) to
provide a defence againsi attack by microorganisms has been proposed for proteinase
inhibitors (scction 5.2.1), calcium oxaiate (section 5.3 and 5.3.2) and the acrid factor
(scction 5.4). In “able 5.2 a comparison is made between the pest ard discase
vesisiance of the pleat in the South Facific, with the levels of these allelochemicals
present in the plant,

Giant taro corms (stems) are unique amongst the aroids studied in being above
ground. s a result of this exposure they would be expected to have a higher ap-
parency, *.c. thcy are more susceptible to discovery by thetr enemics (Feeny 1976), then
il the corin was located uaderground. The fact that the corm is resistant to pesis
(inc.uding white anis) and d'scases ray be explaired by ts very high conteni of
crypsin/chymotrypsin “ihibitor, which is concentrated o0 the inicrice of the corm,
whenee it may serhaps be mobilised tor action at any site of attack by organisms
(-Twmmer 1987; Dracdbury and F o mer 1988). It also has a high leve! o7 acridity, often
concentrated near the skin and calcium oxalate concentrated just below the skin, Tiant
swamp taro is also resistant to pests and discases, but is located undergrovnc in
swampy conditions and hence ts hixely to be less apparent to pests and discases than
et: ~t taro. Thus, a lower ievel of a‘lclochemicals might be expected » giani swamp
tero, winch in fact is the case, since the concentrator is very muach less of a oy asin
inhibito: that does not inhibit chymotrypsin. Z.lso, we have tound the corms to be
much less acrid than giant taro, zlthough their concentration ot calcium oxalate is
rauch higher {Iabie 5.2). Zlephant foot yam is similar in “able 5.2 to gian: swarip taro
and hence necds no turther comment.

aro Zolocasia corms and teaves are subject o a large number of pesit and
discases. e corime are located undergroene ike giant swaran taro and are therefore
appropriately compared with it. " e commonly used cultivars of taro are less aceid
than giant swamp iaro, they contain only one-tenth the amouat of calcium onalate,
bu: they do have a iarge. amount of trypsin inhibitor. The gererally lowe:  vels of
defensive chiemicais of taro, as compared with giant swep taro, may accoun: for the
grcater susceontibility of taro to discase. Tnae leat of taro Colocasia hes a mgher
apnarency than ‘he underground cor and thus it s not surprising that ‘he leat is
usually more acr ' in some cases the -caf is acrid and the corm of the same cultivar is
con-acrid (see 7 ppendix Lable £.23). 7 ke calcium oxalate conient of the ea” is ten
times that of the corm, dut the former has no tryns’.. inhibitor

Taro ~Zunthosoma corms arc less subject to pesis and discases than taro Colocasie
corms, hut the wcason for this 's not obvious from Table 5.2, “hey »oth have about the
same levels of calcium oxalate and acridity, and Xanthosoma »as much less toypsin
inhibitor than Colocasia. 2erhaps the low level of pests and diseasces of Xunthosorniu is
more rclated to its relatively recent mtroductior into the region, with the possible
absence of pests and discases which are prevalent in othrer places. Jn the other T and,
“olocasia has been indigenous in the region for many hundreds of years and hence
pests aad Ciscases abound.



Chapter 6.
Effects of Environmental
Constraints on Yield
and Composition

There are a large number of environmental factors that affect the yield and
composition of tubers or corms of root crops, but the most important ones arc shown
in Fig. 6.1 (Hahn 1977). Thc yicld ol dry matter of the tuber root depends on the
photosynthetic activity of the lcaves (the sou:ce), the ability of the plant to translocate
assimilates from the leaves to the tubers (the sink), ara the capacity of the tubers to
capture the assimilates. The plant physiology of this system for sweet potato is
discussed by Hahn (1977) and Hahn and Hozyo (1980). [t is not intended to repeat this
in detail here, but to note the observed effects of soil moisture, solar radiation and
nutrients (N, P, K), and the length ot growing season on sweet potato yicld and the
composition of the tuber. Sweet potato is chosen as an example rather than any other
root crop because: (1) there appears to have been more studies with sweet potato; and
(2) most of our environmental work has been with sweet potato. The effect of any
environmental constraint such as soil moisture on yield and composition may be
different for other root crops.

Radiation Temperature

\—, Photosynthetic 4—/

Activity

Translocation

———————————————— Temperature
Fig. 6.1 The sweet potato plant is shown dia-
grammatically as a source, which represents
the photosynthetic activity of the leaves and
translocation of assimilates to a sink, which
Moisture represents the tubers. The most important en-
vironmental factors that affect dry matter
production arc¢ shown (after Hahn 1977).

Nutrients
(N, P. K....)
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Hligh moisture content (=600 mm rainfall + irrigation over 5 months) has been
snown to decrease yie d by decreasing both tuber weight and tuber numbers per plant
on alluvial clay 'oam soil (King 1983), as a sesult of decreased acration of the tuberous
roots which in tuen limits tuberous root initiation and development (rahin and {ozyo
1080; “ilson 1982). A significant negative correlation has been found between rainfall
and tuber production and a significant positive correlation between vine production
and re fal (Tollifer 1980). [lide ¢t al. (1984) also tound a ncgative correlation
octween rainfall and tuber yield. In essence, high soil moisture content gives good
shoot growth but poor tuberisation, primarily because of poor soil acration, (n the
other hand, although sweet potato is a drought-resistant crop, yield is decrcased by
lack of soil moisture (Tsuro undaied). “ields have therefore been increased by irriga-
tion, which increased soil moisture levels up to 25-50% of the water-holding capacity
of the sotl ((“suno undated, . ammett et al. 1982b).

Fhree studies in the JJ54 have shown that sweet potato tuber quality was reduced
by high soil moisturc. Constantia et al. (1974) and  ammett et al. (1982b) found that
suppiemental irrigation caused a decrcase in dry “auter and crude protein contents
and in the colour of the fresh and processed roots. Ton and  wernandez (0 978) studied
the cffect of high soil moisture levels on sweel ootato quality. They found increased
Insses from rotting of tubers at harvest ard increased shrinkage losses during storage
as well as other smaller etfects.

i . A - . B VAmRN -

n three studies it was ‘ound that there was an increased yield o sweet polato
tubers with increase of the harvest date (Geot: and Bouwkamp 1974; Furcell et al.
¥76a; /~shokan ct al. 1982). 1wo other studies in the owlands of g showed that a
maximum tuber vie'd was reached {Camicson 1908;  ourke 1985b). The yield maxi-
mum was found to occur carlier in wore depleted soil and meximum [lowering was
considered a uscful indicator of the point of maximum yicld (Jamicson 1968), but
other factors such as short day-iength also promote flowering (T.inton, ~. ners.
comin.)

_omparisons have beea made between single harvesting ol all tubers versus
progressive harvesting of the largest tubers (Rose 1979, Pourke 19854). The latter is
comrionly practiced in the highlands of "apua  cw “iuinea whereby maiire tubers
arc hand-dug leaving smalier tubers undisturbed. Vhe results of the ditterent studies
have been summarised by ~ ourke (19854) who concluded that the two techniques gave
similar bt lking raics in terms of total tuber yield. but that the progressive harvesting
gave a lower bulking rate for marxciable tubers and a higher bulking rate for small
tubers { <100 g) which arc normally fed to pigs.

cureedd et al. (1976a) observed a slight but signiticant decrcase in the dry atter
content from 27.3 1o 25 7% and in the crude protein content from 1.53 to 1.33% over
the period tfrom 102 to 105 days after planting. /Ashokan et al. (1982) tound a decrease
1 starch content from 90 to 120 days after slanting; reducing sugars ["rst increased
until 105 days after planting and then decreased. The concentrations of Ca, 1.1g, ¢,
~n and  in the tubers were fairly constant over time after planting and there were
reductions in i !, ¢ and possibly K, but the total amount of minerals accumulated by

.

the tubers increased markedly in a'l cases. The uptake per n:ant of 11, ¥, and Ig was
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similar to the amount supplied per plant, but lor P the uptake was about one-third of
that supplied by fertilizer application. The results emphasise the necessity of maintain-
ing adequate levews of readily leached nutrients such as N, K and Mg du:ing crop
development (Scott and Bouwkamp 1974).

13K v . ooon (N, , 1)

1t 1s clear from the forcgoing and i‘ig. 6.: that an adequate supply of M, F, K and
possibly other nutrients is required by the growing plart. The yield of sweet potato
wubers is increased by supply of these nutrients as fertilizer in soils of iarginal fertility,
but if (here is alrcady an abundance ol nitrogen, potassian: and phosphorus present in
the soil, increasing soil levels of these nutrients will not lead to an increase in yield
(Purcell et al. 1982; Ulicholaides et ai. '985). in gencral, addition of N and ¥
separately or as a combined tertilizer (N, P, K) has increased yields (¥imber 1975,
Furcell et al. 1982; Hahn 1977; Mascianica et al. 1985; Bourke 1985b). Nitrogen
increascs the leaf arca index and thence increases mean tuber weight and yield ( ourke
1985b). Potassium uptake carly in the crop cycle increases the number of tubers per
plant and the mean tuber dry weight and hence increases the yield (Hahn 1977; Bourke
1985b).

In general, an increase in the level of N fertilizer caused an inc¢rease in tuber
nitrogen content (Kimber 1975; Purcell et al. 1982; Shartuddin and Voican 1984)
Increased levels of potassium lead to reduction in the dry matter content of tubers
(Duncan ct al. 19538; I'ujisc and Tsuno 1969; Lourke 1985b), an incrcase in nitrogea
content in one case (Shartfuddin and Voican 1984) and no change i another (Purcell et
al. 1982).

6.2 - _ Environmental Studies on Y :ld an
Compo: ™~ " Sweet Pot:
72 " Leng of " ving Season (Time to Harvest)

“he results of a sweet potato trial of five cultivars planted on the islands of
Guadalcanal and Malaita in Solomon islands are given in Table 6.1. Fhe trials were
harvested at four different times from 90 to 165 days after planting. The first site
(Tenaru, Guada:canal) had about an optimal rainfall of 504 mm over 5 months and
the sccond site at Fote, Malaita, had 1155 mm over the same period. No irrigation or
tertilizer was used.

There was a highly significant increase in tuber yield over the 165 days of the trial
at Tenaru ir agreement with three studies elsewhere (section 6.1.2) and a vine yield that
iereasedi up to 115 days and then became steady. In contrast, the tuber yield at Fote
was the same as at Tenaru after 90 days, but thercafter the Fote crop failed to develop
further tubers or leaves until the last very wet period, when the top weight increased
greatly, probably because of the high rainfall. Wet conditions, particularly late in the
life of the crop as occurred at Fote, were shown by King (1985) and others (section
6.1.1) to lead to low tuber yields and a small number of tubers per plant.

The moisture content of the tubers harvested ¢t Tenaru reduced significantly from
90 to 165 days after planting to a value that corresponded with *he constant value for
the tubers from Fote. This contrasts with our irrigation results (section 6.2.2) and the
results of Constantin et a.. (1974), Ton and Hernandez (1978) and Hammett ¢t al.
(1982b) which showed that high soil moisture levels due to irrigation caused increased
moisture in the tubers. Purcell et al. (1976a) observed a significant, small incrcase of
moisture content from 72.7 to 74.3% with increased length of growing scason, which
is different from the decrease observed at Tenaru or the constant value obtaincc at
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Fote. Clearly, the situation is complex and requires a more detailed study with
inclusion of soil moisture measurcments.

The protein content of tubers at Tenaru increased signilicantly from 90 to 140
days and those at Fote increased very significantly over the same period and peaked at
140 days. Purcell et al. (1976a) reported a signiticant small decrcase from 1.53 to
1.33%, from 102 to 165 days after planting. As with moisture content, there are
contradictions between the behaviour observed in the three cascs. The signilicantly
higher protcin content of Fote tubers at each time of harvest as compared with Tenaru
tubers of the same cultivar is probably due to higher soil N at Fote (Table 6.1).

The calcium and iron levels at Tenaru and Fote were cssentially constant over
different times ol harvest; similar results were found by Scott and Bouwkamp (1974).
However, the iron content of sweet potato tubers from Fotc was significantly greater
than that from Tenaru, which may have been due to reduced iron uptake from the
Tenaru soil because of its higher pH as compared with ihe Fote soil (Table 6.1).

6.2.2 Irrigation Trial

The effects of irrigation on the moisture and protein contents of swect potato
tubers from a trial in Papua New Guinca arc shown in Table 6.2. There was a
significant increase in moisture content and decrease of protein content with the use of
50 mm irrigation/month in the first and the second harvests, and a further increase in
moisturc content (significant in onc casc) with increcasce in irrigation from 50 to
200 mm/month. This was in agrcement with earlicr work of Constantin et al. (1974)

‘Table 6.1. Swect potato from Solomon Islands, five cultivars, four harvest times, and two sites™.

920 115 140 165
Days after planting and duate: July 3 July 27 Aug. 21 Sept. 15
First Site, Tenaru, Guadalcanal®
‘Total tuber yield (t/ha) 6.4(1.9) 10.3(1.3) 15.0(2.0) 20.2(3.7)
Vine yicld (t/ha) 15.3(1.2) 19.0(2.8) 17.5(1.1) 18.9(2.6)
Moisture % 76.1(3.9) 75.3(4.1) 71.7(4.8) 70.8(4.0)
Protein % 0.64(0.20) 0.71(0.05) 0.94(0.10) 0.94(0.27)
Calcium (mg/100 g)© 23 I8 17 25(9)
Iron (mg/100 g)- 0.29 0.29 0.30 0.31(0.03)
Second Site, Fole, Malaita?
Total tuber yield (1/ha) 5.6(3.1) 7.2(2.6) 6.6(2.0) 5.3(2.0)
Vine yicld (t/ha) 9.8(2.6) 9.0(1.0) 7.2(3.5) 17.6(4.9)
Moisture % 70.6(3.1) 70.6(1.7) 69.5(2.0) 70.8(2.4)
Protein %o 0.93(0.25) 1.18(0.22) 1.73(0.25) 1.44(0.28)
Calcium (mg/100 g) 24 15 22 3T
Iron (mg/100g) 0.43 0.30 0.44 0.49(0.02)

“ This was a nonreplicated trial at the two sites. Cultivars numbercd 80, 108, 213, 268, and 275
were planted at cach site on 3 April 1985. Ten tubers of each cultivar were bulked together for
analyses at 90, |15 and 140 days after harvest but at 165 days after harvest, cach ol the 10 tubers
was analysed separately. Results given in the table are the mean and standard deviations (given in
parentheses) from the five cultivars, Trends within each of the cultivars were essentially the same
as that obtained from the mean values.

b Rainfall at Tenaru for A, M, J, J, A was 99, 99, 52, 120 and 134 mm, total over § months
504 mm. Soil was deep, freely to impertectly drained montmorillonitic clay derived from
calcareous alluvium, pH 6.4, N - 0.15%, K 0.85 meq/100 g.

¢ These calcium and iron results were obtained on only onc cultivar, number 0.

d Rainfall at T'ote for A, M, J, J. A was 166, 225, 190, 168 and 406 mm, total over § months
1155 mm. Soil was deep, frecly drained, strongly weathered clay derived from coralline limestone,
pHS52, N 0.27%, K 0.34 meq/100 g.
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Table 6.2. Sweet potato from Lowlands of Papua New Guinca, three levels of irrigation and two
times of harvest.?

First harvest (Oct 1985) Second harvest (Nov 1985)
Amount of irrigation : - _—
(mm/month) D Moisture % Protein % Moistwre % Protein
nil 68.9(2.1) 1.37(0.31) 70.9(2.4) 1.32(0.23)
50 73.4(1.3) 0.62(0.07) 74.9(4.7) 0.76(0.25)
200 77.4(2.0) 0.68(0.59) 75.6(1.3) 0.89(0.09)

4 The cultivar 11 grown on a clay loam site at Laloki Rescarch Station, near Port Moresby, with irrigation as
indicated after establishment of the crop. Results are the mean ol six analyses from six tubers at each level;
standard deviafions in parentheses.

and Hammect et al. (1982b) who found a decrease in dry matter and protein content
with supplemental irrigation (section 6.1.1).

6.2.3 Fertilizer and Gypsum Trial

The effects of the addition of N and K on the moisture and protein content of
sweet potato grown under very wet conditions in the Highlands of Papua New Guinea
arc shown in Table 6.3. The moisture content was generally reduced on addition of
increasing amounts of nitrogen fertilizer but was not affected by added potassium,
‘contrary to results of other workers (section 6.1.3). In the absence of added potassium,
there was a linear increasc in tuber protein content with increasing amounts of added
nitrogen, a result similar to that of other workers (section 6.1.3). However, the eftect
on protein content of added nitrogen was different when combined with potassium. In
this case there was a very large increase after the first addition of nitrogen followed by
decreases after subsequent additions. The reason for this behaviour is not clear.
Comparison between the percent protein of tubers grown at the two levels of K and
different N levels showed variable responses. Similar variability of results was obtained
by Purcell ct al. (1982) and Sharfuddin and Voican (1984) (section 6.1.3). The very
high rainfall of the site and its sandy naturc indicates that soil nutrients were readily
leached out and this would be consistent with the large responses observed to use of
fertilizer.

Table 6.3. Influence of N and K fertilizer on moisture and protein contents of sweet potato from
Papua New Guinca?

Potassium added Nitrogen added ) T
kg/ha kg/hu Moisture Protein

0 0 72.3(1.5) 0.84(0.12)
0 100 73.4(0.9) 1.08(0.12)
0 200 71.5(2.5) 1.32(0.28)
0 400 70.3(0.8) 1.96(0.27)
150 0 74.4(0.5) 0.87(0.18)
150 100 70.8(2.0) 1.67(0.28)
150 200 72.1(2.5) 1.37(0.24)
150 400 68.3(1.4) 1.19(0.07)

i Cultivar 1.31 was grown at Kiunga (Alice Trial 1, block 2), in sandy soil, rainfall 3000-7000 mm/year,
harvested October 1985, Results are the mean of five analyses on five tubers at each level; stardard deviations
in parentheses.
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Appendix Tables

The appendix contains detailed nutrient analyses for the vari-
ous root crops from cight countrics of the South Pacific on a
cultivar-by-cultivar basis. The cultivars include popular ones grown
in rescarch stations, gardens or purchased in the market and also
clite cultivars developed in rescarch stations. Relevant data on con-
ditions during growth arc given in the individual Tables.

The data base available in the tables has been averaged and
summarised Lo give the overall picture for cach root crop in
Chapter 3.

All the results recorded in the appendix and throughout the
book are given on the basis of the fresh weight of the sample.
Numbers given in parentheses in the tables refer to the standard
deviation which is obtained from analyses of multiple (usually 3-
10) tubers or corms of the same cultivar.
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0s.

I Sweer potato from Solomon Islands.

Yield Lnerey? Dierary Chvno-
(1/ha)  Nioisture (k7100 ) Protein Sturch Sugar Sibre lar A Trvpsiti irypsin
Susiple murketable iy . - % s “u “y i “h (uleiim Tron inhibitor  hibitor
designation tubers I, Iy, (i M ey e ) vy (110w (CLU 1y
u b ¢ 14 ¢ ¢ d
Sunta vz 14.8 74.0 362 414 0.81 17.7 2.42 1.66 0.19 (.63 30.8 0.90 12.2 - -
I'bree o onths 19.1 71.9 406 457 0.91 21.0 1.73 1.33 016 0.79 3.8 .41 20,3 -
Wesiern 0.8 68.3 433 Al 1.63 22,3 2.70 1.49 0.13 0.87 39.5 0.49 RN -
foni 14.6 73.0 60 430 0.69 19.2 1.13 1.43 0.11 0.76 21.3 0.79 0.0 - -
[1S 2498 10.0 70.2 403 479 1.03 20.6 2.05 0.63 0.08 0.75 17.7 0.42 24.3
LAWATO 22.8 a.7 418 4R87 0.87 25.4 2.83 .85 0.30 0.62 34.7 0.57 49.0
Western Provinee 18.¢ 66.1 451 350 1.92 19.9 4.5% [.31 0.21] (.88 40.8 0.66 - - -
[conto 11.6 743 328 407 0.52 14.9 3.71 2.06 0.18 0.71 240 0.438 - -
Vaka 12.7 71.1 429 463 0.75 6.3 S.64 2.84 0.43 0.92 3l.6 0.48 - - -
158a 9.4 67.4 523 527 1.8} 23.8 5.03 2.26 0.21 0.73 39,1 0.69
40 9.5 76.3 326 372 0.81 14.1 4.23 1.42 0.12 0.54 28.4 0.30
42 43.0 69.5 409 491 1.63 18.5 3.77 4.62 0.14 0.335 0.40 - -
108 24.0 77.5 307 352 2.50 2.4 .05 2.08 0.10 (.53 §7.0 0.37 25.0 1.27
107 9.1 72.5 336 439 2,13 14.6 411 4.7 0.16 0.94 68.4 0.42 24.0 0.96
139 15.1 63.3 517 599 1.75 24.0 4.56 389 0.14 0.72 41.2 0.24 - -
[ai 10.7 727 376 435 [.81 16.3 3.85 1.84 0.17 091 29.9 0.30 - -
131 40.0 5.3 219 390 1.88 12.4 4.17 3.93 0.22 0.80 - 0.29 27.0 0.74
37 11.1 2.9 KRR 432 1.81 12.5 5.59 3.92 0.14 0.87 0.46 - -
is 3.2 89.0 125 152 0.63 53 1.30 1.54 0.08 0.31 - 0.16 - -
S0 10.1 69.5 450 491 1.44 20.4 4.30 1.40 0.25 0.62 0.49
rHleany ™2 383 BEN 1.26 17.7 3.21 2.02 0.17 0.73 35.6 0.47 254 0.99
sD kN 87 o7 0.58 4.9 1.36 1.5 0.09 0.138 13.1 0.18 17.0 0.27

A first six cultivars are mean analyses from two sanples cach of 25 tubers bulked together; the remaining results are from a singte bulked sample of 3-5 tubers, Selections vrown in a
field at lenarw cropped previously witl sweet potato planted mid Aprile harvested end of October 1983 radntadl usually Tow i June Aurust. Weseern is a popular Tocal cultivar and TS
2498 a promising fntroduction from the International Institute of’ lropical Agriculture (IFLN), duerian For organic acid and caleium oxalate results see Jable AL

b (o 17b RE TG I lof, 1y, 17,32 ("o moistute) 1699, see sections 2,12 and 2013,

< Sum oot a b ¢ d v t o 97.9.



Ta' .2, Sweet potato from Solomon Islands.®

Sample
designation

vaka

airiare
Western Provinee
Reefs Jimi
Sinulu
Bugotu
Dingale
TIS 2498
22077000
Santa ‘ruz
Three  onths
MeanP

o

Energy
Moisture (kJ/100 @) Proiein
7z — %
’iu 5‘/‘
7 b
68.1 448 S5 2.46
69.8 419 186 1.82
66.1 491 550 2.14
70.4 449 474 2.34
67.3 433 526 2.93
68.6 496 507 1.31
71.1 4'9 463 2.31
67.6(1.5) 475 524 2.21(0.42)
73.6(0.9) 381 420 2.00(0.26)
7:.92.7) 402 449 1.76(0.24)
73.6(1.7) 377 420 2.14(0.21)
69.9 439 435 213
2.5 46 44 0.42

Dietary

Starch Sugar Sibre Tut Ash
) k2 %% Ty ) Calcium fron
(mg/100 g) (mg/100 g)

¢ v o & d
21.6 1.83 0.80 0.25 0.67 34.7 0.46
20.3 2.52 0.49 0.08 0.65 23.2 0.50
24.3 2.20 1.13 0.18 0.64 255 0.44
21.8 1.9% 1.22 0.09 0.72 12.5 0.40
23.0 2.60 2.33 0.13 0.63 47. 0.55
24.3 2.67 1.61 0.48 0.72 59.3 0.60
20.3 178 1.50 0.18 0.91 74.3 0.53
21.2 4.33 1.99 0.10 0.61 19.0 0.41
16.0 4.43 1.67 0.'0 0.67 36.8 0.39
17.3 4.45 1.52 0.17 0.61 50.3 0.40
17.1 2,93 1.50 0.08 0.83 49.6 0.45
20.6 2.90 1.43 0.17 0.70 39.4 0.47
3.0 1.07 0.51 0.12 0.09 18.8 0.07

@ Samples arcived 'sovember 1984, For the 1irst seven cultivars in the table, five tubers were bulked tosether for analysis; the last tour entries consisted of 10 tubers cach, which were analysed
separately for moisture and protein using both the Dumas and Fjeldahl methods, which acreed within experimental error. These 10 samples were bulked together for the remaining

analyses.
hSumota b -

v e
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Table A.3. Sweet potato from Tonga.®

Dietary

Moisture (kJ/100 g) Protein Starch Sugar Jfibre Fat Ash Trypsin

Sample Ty % % % ) D % Calcium Iron  inhibitor

designation E, E, (mg/100 g) (mg/100 g) (TIU/g)

a b e f z ¢ d

Melclakahau 77.3 311 356 0.76 15.6 1.74 1.28 0.14 0.99 44.2 0.45 3.6
(1.2) (0.18) 2.2) (0.47) (0.24) (0.03) (0.07) (18.2) (0.24)

Siale 73.5 356 42] 0.46 15.9 4.39 2.16 0.18 0.93 29.9 0.56 —
(3.3) (0.08) 4.9) (0.69) (0.67) (0.04) (0.14) (10.7) (0.12)

Tongamai 68.4 484 510 0.84 23.8 3.43 1.74 0.29 0.47 31.4 0.35 —
2.9) (0.36) 3.9) (0.45) (0.51) (0.06) (0.02) (3.3) (0.19)

Hawaii 68.9 445 501 1.20 22.2 2.52 1.57 0.16 0.65 52.3 0.40 —
(1.2) (0.10) 2.1 (0.47) (0.39) (0.01) (0.10) (4.6) 0.11)

Halasika 74.2 364 410 1.01 19.2 0.87 1.13 0.18 0.79 20.1 0.47 41.0
(0.5) (0.16) (1.7) (0.33) (0.56) (0.02) (0.05) (4.0) (0.15)

Mean® 72.6 391 440 0.85 19.4 2.59 1.58 0.19 0.76 35.6 0.45 22.3

SD 4.0 75 68 0.31 4.5 1.34 0.59 0.06 0.21 14.7 0.17 26.4

@ Each result is the mean of analyses on five separate tubers. Three cultivars Tongamai, Hawaii and Melefakahua were planted on 22 Scptember 1983, and harvested 6 April 1984 ar Vaini

Rescarch Farm, Tongatupu. Siale and Halasika, oblained from necarby farms, were about the same age.
bSumola +b+c¢+d+e +f
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Table A.4. Sweet potato selections from Laloki Research Station, PNG lowlands.*

Energy Dietary

Moisture (kJ/100 g) Protein Starch Sugar Sfibre Fut Ash
Sample % _— % % % % % % Calcium Iron
designation E, £y, (mg/ 100 g) (mg/100 g)

a b ¢ / g ¢ d
.29 70.4 446 475 2.23 21.8 2.19b 1.29 0.06 1.06 26.1 0.48
146 69.7 426 488 1.45 20.7 2.73b 1.66 0.14 0.67 24.0 0.64
118 74.4 361 406 1.80 17.6 1.72b 0.62 0.08 0.94 18.7 0.45
L16 75.0 369 396 1.20 17.6 2.89 1.29 0.10 0.76 35.0 0.36
L49 69.9 439 484 2.19 20.5 3.18 0.86 0.07 0.76 16.6 0.61
L9 71.3 440 460 1.28 22.1 2.41 1.39 0.14 0.78 24.0 0.42
LIS 69.3 450 495 1.84 22.4 2.17 1.54 0.06 0.86 35.1 0.49
L33 74.5 393 404 1.62 18.5 2.83 1.09 0.13 0.72 33.1 0.51
1.43 69.3 456 495 1.72 214 3.58 1.08 0.12 0.91 30.2 0.67
Mean® 71.5 420 456 1.70 20.3 2.63 1.20 0.10 0.83 27.0 0.51
SD 24 36 42 0.36 1.9 0.57 0.33 0.03 0.12 6.8 0.10

A Samples arrived November 1984, Six tubers of cach cultivar were bulked together and analysed.

b Detailed sugar analyses given in Tamate and Bradbury (1985).

CSumofa - b+ c s d+ e+ g
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Table A.5. Sweet potato from Kuk Rescarch Station, NG highlands.#

Energy Dictary

Moisture (k17100 2) Protein Starch Sugar Sfibre lut Ash Trypsin
Sample Y E—— % k7 Y G Y Y% Calcium Iron  inhibitor
designution E, E, fme/100 gy (mg 100 8) (TiL/g)

a b ¢ Y I ¢ o

Simbul sowar 76.0 380 378 1.17 18.4 2.53 1.32 0.21 0.78 7.5 0.32 1.11
Tomun 73.2 406 427 0.96 21.1 1.65 .51 0.14 0.72 17.1 0.38 1.70
Po 74.8 36! 399 1.12 18.3 1.59 1.31 0.13 0.71 10.7 0.37 0.54
Habare 75.1 324 394 0.90 16.2 1.67 0.85 0.16 0.79 8.6 0.30 0.55
Wanmun 74.6 383 402 1.54 17.3 1.96 1.86 0.16 0.88 26.3 0.40 1.17
Parabea 73.8 373 416 1.29 18.4 2.00 1.70 0.18 0.80 19.0 0.29 7.10
Kariap 71.0 405 463 1.39 19.7 1.89 1.87 0.28 0.79 9.3 0.31 0.77
Sapel 71.0 410 465 1.51 19.8 2.45 1.93 0.22 0.77 14.3 0.70 10.2
Soii 73.1 388 429 1.16 18.8 2.21 1.65 0.33 0.77 12.4 0.35 0.24
Mame 77.0 324 361 1.34 15.3 2.27 1.46 0.25 0.81 12.4 0.32 7.10
Bau 67.9 481 519 1.74 24.7 1.18 1.69 0.34 0.85 10.4 0.34 3.33
Paipa 6Y.5 427 491 1.38 219 1.52 1.40 0.14 0.74 9.7 0.32 1.92
Padua 69.0 463 500 1.43 23.6 1.99 1.40 0.20 0.85 8.2 0.54 10.00
NMean® 72.8 393 434 1.30 19.5 1.92 1.53 0.21 0.79 12.8 0.38 3.52
SD 2.9 47 50 0.24 2.8 0.39 0.30 0.07 0.03 5.3 0.12 3.71

4 Popular cultivars rom Upper Mendi and Tari disiricts of Soothern Highlands Provinee, PG, arrived December 1984 (Bradbury et al, 1984, 1985b). Samples were single halt tebers used
in a weevil experiment.
bSuymara © b ¢ od e f : 98],
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Table A.6. Sweet potato from Western Samoa.®

Yield 'Itr/l(’/';:_\‘

(1/haj Top (ks 2100 ) Dietary
Sample marketable vield Moisture S Protein Starch Sugar tibre fur i Culcitun Iron
designation tihers ((/huy % I, 1 iy K “hy % y Yo (g 100 g) Amp 100 g)
03 12.3 19.3 61.2 565 635 2.25 28.4 2.45 1.30 0.14 0.539 257 0.60
04 8.0 26.9 69.5 437 491 2.50 20.3 2.42 1.20 0.25 0.61 20.2 0.53
05 9.3 26.9 68.3 449 512 1.56 22.5 1.97 1.27 0.21 0.54 25.3 0.72
08 5.1 25.5 63.7 505 592 1.75 24.3 3.37 1.77 0.22 0.73 56.9 0.94
09 7.7 28.0 67.4 463 528 2.13 22.1 2.70 1.73 0.21 0.55 26.4 0.78
14 7.2 24.9 66.6 440 541 0.63 22.7 2.42 1.24 0.13 0.57 221 0.71
Mean 66.1 477 550 1.80 234 2.56 1.42 0.19 0.60 294 0.72
SD 3.1 51 54 0.67 3.0 0.46 0.28 0.05 0.07 137 0.14

@ Lach analysis was made on six tubers bulked together, one tuber from cach of six replicutes. Planted at Togitogiga 23 February, harvested about 23 June 1985, Popular local cultivars were
used.
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Table A.7. Sweet potato from 1iji?

Lacray Dictary
Moisture (k17100 ) Protein Starch Sugar Jibre lat Ash Trypsin
Sample Yield i - " iy % Yo 4y K Cualcium fron inhibitor
designation (t/ha) L, I, g/ 100 o) (g 100 g) (TIU/s)
I b ¢ ! i ¢ d
Vulatolu 15.4 71.2 342 401 0.71 17.9 1.35 1.72 0.11 0.74 21.3 0.38
(0.90) (0.10) (2.2) (0.08) (0.13) (0.01) (0.10) (8.3} (0.03)
Drividrivi 12.7 76.1 335 376 1.25 17.8 0.46 1.63 0.09 0.74 28.¢ 0.32
3.0) (0.66) (3.3) (0.13) (0.03) (0.01) (0.03) (2.5) (0.06)
KRSI 23.1 75.8 324 182 0.61 17.3 0.86 1.75 0.17 0.75 28.2 0.28
(1.6) (0.04) (1.8) (0.27) (0.14) (0.02) (0.09) (8.5) (0.09)
Honiara 34.7 76.2 313 375 0.88 16.7 0.38 1.56 0.22 0.73 I5.9 0.38
(1.7) (0.20) (1.3) (0.11) (0.37) (0.04) (0.02) (5.0) (0.02)
TiIB 2 29.6 75.1 312 394 0.86 16.4 0.89 1.64 0.10 0.70 16.1 0.38 1.6
(2.9) (0.09) (3.7) (0.20) (0.08) (0.01) (0.05) 0.2) (0.12) {0.6)
TIB 10 16.3 69.5 451 491 0.81 24.5 1.00 1.66 0.14 0.62 28.1 0.60 —
(4.4) (0.16) (4.4) (0.23) (0.30) (0.03) (0.06) 4.1) (0.11)
TIS 1499 14.9 72.3 399 442 0.92 2].1 0.91 1.84 0.24 0.80 25.2 0.47 1.2
(1.3) (0.23) (1.9) (0.18) (0.32) (0.04) (0.06) (6.0) (0.05) (0.5)
TIS 3017P 24.2 67.0 472 535 1.16 249 1.22 1.75 0.20 0.74 349 0.54 5.2
(1.0) (0.20) (1.0) (0.20) (0.23) (0.05) (0.07) 8.1 (0.12) (6.6)
TIS 3030 26.7 70.1 426 481 1.06 22.7 0.97 1.27 0.18 0.84 21.3 0.50 0.77
(1.6) (0.24) (1.30) (0.41) (0.18) (0.01) (0.05) (5.8) (0.09) (0.01)
Mean¥ 22.0 72.6 374 437 0.92 19.9 0.84 1.66 0.17 0.74 24.4 0.44 2.2
SD 7.6 3.4 63 59 0.21 3.6 0.31 0.21] 0.05 0.06 0.3 0.11 2.0

Three tubers bulked per replication, four replications analysed separately per cultivar. First four cultivars were popular locally, the remainder were imported from 1A, Niveria. Planted at

Koronivia Research Station 28 May, harvested 4 vovember 1985, Rainfall (mm) and mean temperature (°C) for cach month as follows: June 176.3, 23.4; Julv 2134, 23.1; Auzust 1584,
23.1: September 285.9. 23,15 October 345.8, 24,6, Vertilizer levels NoP:K 80:40:160 applicd in a bund 10 cm from plant, 30 days after planting, Soil, Rewa Scries (loam, silty clay loam. clay
loam), well drained; FAO:Eutric Fluvisol.
b Results for organic acids and calcium oxalate given in lable ALLL,

CSumofa v+ b s

¢+ da e

e 969,



LST

Table A.8. Mincral content (mg. 100 g fresh weight) of sweet potato from Solomon Islands and Jonga.®

Minerals

Cu i My Nu K S fe L n Nn Al B
Solomon Islands
(see Table A.1)
Santa Cruz 30.8 60.4 19.1 389 253 12.3 0.90 0.12 1.09 0.08 0.93 0.13
Three Months 31.8 65.6 18.6 38.2 324 10.1 0.41 0.18 0.58 0.07 0.40 0.11
Western 39.5 70.0 24,7 13.8 333 — 0.49 0.28 0.56 0.08 0.53 0.10
Toni 21.3 64.5 22.8 84 248 — 0.79 0.18 0.39 0.09 0.71 0.10
TIS 2498 17.7 50.0 21.2 41.8 322 11.2 0.42 015 1.03 0.09 0.28 0.08
Nawaro 34.7 53.6 21.4 70.5 166 12.9 0.57 0.14 0.63 0.19 1.07 0.11
Western Province 40.8 49.0 27.1 26.1 317 16.7 0.66 0.19 0.35 0.16 0.66 0.12
Teomo 24.6 50.3 18.4 42.8 247 10.0 0.48 0.12 0.34 0.08 0.47 0.09
Vaka 31.6 52.4 31.4 37.9 382 12.8 0.48 0.08 0.40 0.06 0.52 0.10
158a 39.1 63.8 28.3 78.4 179 18.8 0.69 0.18 0.47 0.10 0.49 0.07
40 28.4 52.2 24.5 53.2 237 11.4 0.30 0.19 1.89 0.05 0.44 0.10
108 57.0 48.0 27.7 34.0 129 15.0 0.37 0.18 0.34 0.12 0.67 0.08
107 56.7 68.4 21.2 34.4 335 17.0 0.42 0.23 0.40 0.17 0.84 0.13
139 41.2 41.0 27.5 48.6 224 11.3 0.24 0.15 0.27 0.06 1.14 0.09
Lai 29.9 59.6 21.2 329 364 12.5 0.30 0.22 0.64 0.08 0.37 0.11
Mean 35.0 56.6 23.7 45.0 271 13.2 0.50 0.17 0.63 0.10 0.64 0.10
SD 11.2 8.6 4.0 19.3 76 2.8 0.19 0.05 0.43 0.04 0.26 0.02
Tonga
(sec Table 4.1) 44.5 29.4 35.7 72.5 243 13.0 0.70 0.22 0.29 0.26 0.24 0.14

# Results for the first six Solomon Islands cultivars are the mean of analyses on two different tubers; for Tonga, results are the mean of tive values on three different cultivars (sce Table 4.1).



Table A.9. Vitamin contents of sweet potato {mg/ 100 g fresh weight).

Number of
cultivars

Solomon per
PNG Istands Tonga country
Vitamin A 0.014 0.008 3
(ret. + J-carotene/6) (0.006) (0.002)
Thiamin 0.083 0.073 0.099 ki
(0.030) (0.020) (0.018)
Ribotlavin 0.025 0.041 0.027 3
(0.002) (0.013) (0.006)
Nicotinic acid 0.77 0.66 0.38 3
(0.10) (0.12) (0.09)
Pot. nic. acid - 0.32 .
Trp/60 (0.08)
Ascorbic acid (AAN) - 14.3 10
(5.1
Dchydroascorbic acid (DAA) 9.2 10
(2.1)
Total vitamin ¢ 225 10
AA 1 DAA (6.0)

A Mean values of 310 cultivars wiven with standard deviations in parentheses; no vitamin Dy present (see Bradbury
and Singh 1986:,b; Singh and Brudbury 1988).
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Table A.10. Amino acid analyses (ing amino acid/

“i .ample) and amino acid scores for sweet potato from Selomon Islands and Tonga.

Solonon Istands cultivars (Tuble A. 1)

Amino acid TIS 2498 108
Alanine 305 327
Argininc 244 248
Aspartic acid 785 1304
Cystine (Cys) 226 141
Glutamic acid 334 462
Glycine 265 214
Histidine 78 147
[solcucine 242 211
Leucine 349 354
Lysine 350 185
Methionine (Met) 123 76
Phenylalanine (Phe) 274 282
Proline 223 235
Serine 242 233
Threonine 278 287
Tryptophan 92 59
iyrosine (Tyr) 132 131
Valine 290 304
Amino Acid Scores

Histidine 66 124
Cys 2 Met 224 139
Isoleucine 138 121
Leucine 85 86
Lysine 96 51
Phe 4 Tyr 103 105
Threonine 131 135
Tryptophan 153 Y8
Valine 132 139
Recovery of Nitrogen (%) 30 60

107
313
392
751

85
375
199
203
183
331
262
115
303
198
287
222

67
237
327

171
128
103

72
137
104
112
149

67

Tongan cultivars (Tuble A4.3)

Mean Mean
139 values Hawuaii Toagamai Halasika Melefukahua values
273 — 293 237 302 196 —
209 — 177 253 189 127 —
849 — 885 898 785 S84 —
221 — 69 70 58 55 —
415 — 454 476 680 429 —
197 — 276 211 301 234 —
96 — 84 — 91 69 —
159 — 198 227 241 154 —
309 — 256 345 358 266
210 — 227 227 224 175 —
120 — 57 89 122 74 —
242 — 191 426 264 129 —
223 - 217 262 175 152
273 — 296 253 363 227 -—
217 — 359 249 328 246
53 — — — — - —
120 121 145 127 197 —
300 — 337 275 300 256 —
81 111(47) 71 — 76 S8 68(9)
219 178(51) 81 102 115 83 95(16)
91 114(20) 113 130 138 88 117(22)
75 82(5) 62 84 87 64 74(13)
58 69(20) 63 63 62 48 59(7)
92 109(19) 79 145 99 83 102(30)
102 118(17) 169 117 154 115 139(27)
92 114(27) — — — - —
137 139%(7) 154 126 137 117 134(16)
60 67 62 60 66 4¥ 39
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Table A.11. Content of organic acid anions, calcium oxalate and calcium (mg/100 g fresh weight) present in sweet potato.

Cualcium Cualcium not
Total Soluble oxalate Total combined
Suample oxulate oxualute (CuOx)* calcium us CaOx? Malate Citrate Succinate
Fiji (Table A.7)
TIS 3017 40 23 25 38 30 136 58 139
(19) (11) (87) (28) (32)
Solomon Islands
(Table A.1)
TIS 2498 78 52 38 22 10 251 156 804
(26) (225) (133) (448)
Mean of 2 59 38 32 30 20 194 107 472
27 21 © an (14) (8D) (69) (470)
Solomon Islands
(Table A.1)
Santa Cruz 64 — — 31 — 137 171 —
(22) (56) (165)
Three Months 95 — — 32 — 82 150 —
(22) (212)
Western 147 — — 40 — 101 20 —
(40) (39) (28)
Toni 49 — — 21 — 67 — —
Nawaro 150 — — 35 — 136 85 —
u.S.
Picha (1985) — <2 — — — 250 210 70
(90) (80) (10)

4 Calcium oxalate

b Calcium not combined as calcium oxalate -

(1o1al oxalate- solublce oxalatc) 128/88.

total Ca - (40 CaOx/128). This is called free walcium,

¢ Mean of six U.S. cultivars. The low value for soluble oxalate was obtained after treatment ot sweet potato with 80% ethanol, which probably did not dissolve all the water-solublc oxalalc.



Table A.12. Etfect of cooking (boiling and baking) on water-soluble vitamins of sweet potato (mg/100 g fresh weight).?

Time of
treatment
(min)

Boiling
0
1on
10¢
200
20¢
30P
306

Baking
0
15

30
45

Thiamin Riboflavin
0.090 0.024
0.069 0.016
0.080 0.021
0.059 0.013
0.074 0.019
0.035 0.0t1
0.067 0.019
0.090 (0.024
0.072 0.019
0.069 0.019
0.064 0.016

Nicotinic

acid

0.46
0.37
0.41
0.32
0.39
0.27
0.36

0.46
0.37
0.36
0.34

Ascorbic
acid (AA)

13.0
9.0
54
2.9

Dehydroascorbic
acid (DAA)

Total
vitamin C
(AA + DAA)

e N

o

19.2
10.8
16.2
6.3
15.7
4.3
9.7

19.2
17.1
10.5

6.2

A Sweet potato from lenaru, Solomon Islands, ¢v hybrid 38.6. Planted 26 July 1984, harvested 7 Januwary 1985; no fertilizer used. Sweet
potiato was properly cooked after 20 min boiling or 30 min baking.

b Water discarded.

¢ Water retained.

Table A.13. Comparison of sweet potato cultivars from

different PNG environments.

Sample designation
Poor environment, Kaintiba
District, Gull Province
Buwang

Wanuma

Nagama

Ekuma

Miango

Kawape

Huyamango

Hamba

Kapu

Mapia

Mainua

Watuya

Mean

Popular cultivars from

Laloki Research Station®

.39, L136, 1.250, L.291, 1293, 1.303,
1.318, 1390, L.391, [.392, 437

Mean of 164 samples from five countries
(Table 3.1)

Energy
L,

Moisture % (kJ/100 ¢ Protein Y%
65.9(2.2) 554 0.80(0.05)
65.7(2.7) 557 0.75(0.11)
66.0(3.9) 352 0.52(0.21)
73.0(1.6) 430 0.47(0.10)
64.2(2.8) 583 0.99(0.22)
69.1(2.4) 498 0.49(0.07)
67.2(2.5) 531 0.58(0.04)
64.6(2.8) 576 0.73(0.10)
70.4(1.3) 475 0.54(0.11)
71.0(7.0) 465 0.47(0.19)
68.4(3.1) Sto 0.41(0.10)
68.5(1.7) 508 0.69(0.25)
67.8(2.7) 520(47) 0.62(0.17)
68.1(4.8) 515 1.51(0.36)
71.1(2.4) 438(39) 1.43(0.47)

A Results are the mean of five analyses from five separate tubers of cach cultivar; obtained April 1986,
b Cultivars obtained in October 1985. Results were mean of the L cultivars for cach of which five analyses were

made on different tubers.
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‘Table A.14. Composition of taro (C. esculeniu) corms and suckers from three successive plantings in Fiji.

Energy

; Dietury
Yield — Moisture (kJ7100 ) Protein Starch Sugar Jibre fat Ash Trypsin
Sample (1/hay % K % Y % " A Calcium tron inhibitor
designation marketable E, £y (me/100 gy (mz/100 g) (TiL /)
a 2] ¢ ! ¢ 1t
First Harvest,
July 1983+
Samoa green 14.0 65.6 486 559 2.06 24.5 1.81 2.17 0.14 0.78 22.8 0.99 82
Samoa hybrid 15.2 69.6 415 489 1.50 20.7 1.99 1.96 0.15 0.81 23.0 1.47 8.9
Samoa 11.5 62.3 533 613 1.19 28.3 1.88 1.35 0.05 0.76 18.2 0.52 16.5
Samoa oriori — 69.0 406 500 1.25 20.3 2.18 1.68 0.13 1.19 32.0 0.45 7.6
Dalo ni Toga — 75.6 324 385 1.69 15.3 1.96 1.72 0.10 1.26 24.9 0.48 31
Toakula 12.6 63.7 465 592 1.00 28.8 0.91 1.32 0.08 1.10 27.3 0.81 32
Tausala ni Samoa — 73.7 365 418 2.69 16.4 2,18 1.92 0.15 1.06 24.7 0.48 45
Tausala ni Mumu — 75.2 329 392 0.88 16.7 1.60 1.87 0.12 1.13 36.4 0.40 46
Vavai dina — 69.1 414 498 0.94 20.9 2.30 2.19 0.16 1.14 333 0.69 0.38
Hawaii — 39.1 600 672 0.69 32.5 1.82 1.28 0.16 0.83 47.3 0.64 0.535
Mean — 68.3 434 512 1.39 224 1.86 1.75 0.12 1.01 29.0 0.69 27
SD — 5.6 94 97 0.63 6.3 0.39 0.34 0.04 .19 8.5 0.33 26
Second Harvest,
February 1984+
Samoa green — 62.5 592 613 0.92 33.1 0.62 0.90 0.11 0.74 15.7 0.55 —
3.1 (0.10) (3.2) (0.42) (0.25) (0.01) (0.09) (1.4) (0.04)
Samoa — 61.6 541 628 0.90 29.7 0.98 1.20 0.12 0.76 17.7 0.44 -
(0.68) (0.08) (2.2) (0.11) (0.14) (0.02) (0.03) 0.7) (0.06)
Toakula — 64.5 517 578 1.04 27.5 1.73 1.52 0.13 0.67 23.6 0.83 —
4.1 (0.50) 4.9) (0.68) (0.65) (0.03) (0.01) (5.8) 0.23)
Tausala ni Samoa — 65.0 478 569 1.08 26.3 0.65 1.31 0.07 0.81 23.6 0.95 B
(2.7) (0.32) (1.0 (0.35) (0.26) (0.02) (0.08) (1.2) (0.07)
Vavai dina - 60.7 585 644 0.96 323 0.90 1.23 0.14 0.77 24.5 0.88 -
(2.7) (0.25) (2.2) (0.50) (0.12) (0.01) (0.03) (1.1) (0.04)
Mcan — 62.9 543 606 0.98 29.8 0.98 1.23 0.10 0.75 21.0 0.73 —
SD — 1.9 50 32 0.08 3.1 0.45 0.22 0.03 0.0s 4.0 0.22 —
Third harvest,
August 1984
Samoa green 22.2 64.5 581 578 0.90 32.6 0.57 1.30 0.07 0.76 18.8 0.72
Samoa hybrid 26.4 69.1 441 498 0.71 24 .4 0.73 .86 0.08 0.77 16.9 0.32
Samoa 19.3 67.5 453 526 0.71 24.8 0.95 1.30 0.08 0.88 22.8 0.33 -
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Toakula 14.7 59.1 588 672 1.33 32.0 1.02 1.60 0.12 0.90 28.8 0.64 —
Tausala ni Samoa 9.9 66.0 473 552 1.23 26.0 0.38 1.26 0.10 1.03 27.6 0.52 —
Mean — 65.2 507 565 0.98 28.0 0.73 1.26 0.09 0.87 23.0 0.51 —
SD — 38 76 67 0.29 4.3 0.26 0.26 0.02 0.11 5.2 0.18 —
Suckers from

third harvest

Samoa hybrid — 64.4 534 579 0.90 29.7 0.67 1.19 0.09 0.83 14.6 0.33 19.0
Samoa — 70.7 412 470 0.72 22.7 0.61 1.35 0.12 0.76 12.5 0.39 5.1
Mean — 67.6 473 525 0.81 26.2 0.64 1.27 0.11 0.80 13.6 0.36 12.1
SD — 4.5 86 77 0.13 5.0 0.04 0.11 0.02 0.05 1.4 0.04 9.8

a First crop planted August 1982, harvested July 1983; second (dry scason) crop planted February-June 1983, harvesied December 1983-Tcbruary 1984, irrigated June-July; third crop
planted 19 September 1983, harvested 3 August 1984; all grown at Koronivia Rescarch Station (elevation 10 m, rainfall and soil analvsis available), Fertilizer used in all crops as follows: P
25 kg/ha ar planting, K 100 kg/ha total given al planting and at 3 months, N 130 kg/ha total given as urea at 3, 10 and 15 weeks. Analyses of the first crop were on single corms, for the
second crop results are the mean of three corms analysed separately and for the third crop five corms or suckers of cach cultivar were bulked together.

b Chymotrypsin inhibitor contents of Samoa green, Samoa hybrid and Tausala ni Samoa were zcro.

CSumofa -+ b+ ¢ +d+ e - { + gtorfirst, second and third harvests are 96.8, 96.7 and 97.1 respectively.



Table A.15. Composition of taro Colocasia corms from Suva market.*

1

Sample designation Samou Toakula Mean”
Moisture % a 65.5 (1.0) 66.2 (2.9) 65.9 (0.49)
Energy kJ/100 g

E, 540 519 530 (15)

E, 561 (17) 549 (50) 555 (8)
Protein % b 0.97 (0.19) 1.39 (0.20) 1.21 (0.25)
Starch % 3 29.6 (3.4) 27.9 (3.2) 28.8 (1.2)
Sugar % ) 1.12 (0.20) 1.08 (0.26) 1.21 (0.18)
Dietary fibre % g 1.82 (0.41) 1.08 (0.08) 1.45 (0.52)
Fat % c 0.07 (0.04) 0.09 (0.02) 0.08 (0.02)
Ash % d 0.76 (0.09) 0.72 (0.03) 0.74 (0.03)
Calcium (mg/100 g) 15.7 (2.6) 15.0 (1.8) 15.4 (0.5)
[ron (mg/100 g) 0.79 (0.18) 0.81 (0.05) 0.80 (0.01)

a Five corms of each cultivar obtained from Suva market, July 1986. Results are the mean of analyses on cach corm.

bSumofa +b +c+d+e+f+g - 994,
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Table A.16. Composition of popular cultivars of taro Colocasia from Western Samoa.?

Sample designation Manua Pa’epa’e Niue Fa’ele’ele Meanb SD

Moisture % a 729 72.2 727 67.9 71.4 2.4
(5.8) (5.0) (1.5) (4.0)

Energy (kg/100 g)
s 435 430 390 461 429 30
% 432 444 435 519 458 41
Protein % b 1.01 1.15 0.82 0.56 0.89 0.26
(0.26) (0.51) (0.29) (0.07)

Starch % ¢ 23.8 23.8 21.8 26.0 23.9 1.7
(5.8) (5.0) (1.8) 3.7)

Sugar % f 0.66 0.29 0.21 0.44 0.40 0.20
(0.35) (0.24) (0.13) (0.03)

Dictary fibre % e 1.28 .28 1.25 [ 1.23 0.08
(0.22) (0.30) (0.09) (0.06)

Fat % ¢ 0.10 0.06 0.05 0.06 0.07 0.02
(0.03) (0.02) (0.03) (0.03)

Ash % d 0.57 0.72 0.84 0.85 0.75 0.13
(0.08) (0.17) (0.14) (0.13)

Calcium (mg/100 g) 18.6 334 18.0 33.2 25.8 8.7
5.0 (8.9) (3.6) (.

Iron (mg/100 g 0.29 0.38 0.41 0.44 0.38 0.06
(0.07) 0.11) (0.05) (0.06)

Trypsin Inhibitor (T1U/g) Zero 26.4 2.5 6.3 8.8 2.0

i Samples obtained April 1984, Cultivar Niue accounts for about 73% of total production and Manua and Pa’cpa’c are also very popular.
Five corms of cach of the first three cultivars were analysed and the results averaged, and two corms of the last cultivar.
bSumofa +b+c+d et f+ g 986
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Table A.17. Taro Colocasiu breeding lines from Solomon Islands.®

’E"(" hd Crude Dictary

Moisture (k7100 2) protein Starch Suguar Jibre Fut Ash Trvpsin
Sample Yield % Y % % % Y L Culciun Iron inhibitor
designation (17ha) E, Ly, (mg/100 g) (mg/100 2) (1L /)

a b ¢ A g I3 d

Akalomamale 6.1 66.8 443 538 1.55 23.1 1.29 1.55 0.09 0.72 29.7 0.26 6.8
Luma’abu 10.8 76.6 324 368 0.87 16.7 1.36 1.78 0.11 1.06 59.5 0.46 5.5
Mudi mudi NA 68.3 463 512 1.03 25.2 0.77 1.09 0.10 1.10 77.5 0.81 6.8
Sasagiha NA 75.2 331 392 0.66 17.8 0.83 1.34 0.11 1.09 16.2 0.64 3.8
Mean of 4 7.7 390 433 1.03 20.7 1.06 1.44 0.10 0.99 45.7 0.54 5.7
SD 4.9 78 85 0.38 4.4 0.31 0.29 0.01 0.18 27.9 0.24 1.4
PDI1 (20) 11.7 89.6 109 142 1.06 4.0 1.26 1.97 0.09 0.67 42.3 0.07 3.5
PDI (32) 13.1 82.5 189 265 1.71 8.4 0.87 2.55 0.09 1.37 109 0.22 nil
PDI11 (5) 11.7 64.5 560 578 2.13 29.6 0.89 1.98 0.17 1.01 20.0 0.21 3.0
PDI12 (11) 5.2 86.4 158 197 0.86 6.7 1.62 1.80 0.10 0.78 42.1 0.12 4.0
PD41 (1) 11.6 76.6 331 368 1.35 16.7 1.21 1.62 0.12 0.82 43.0 0.25 26.0
PD41 (4) 10.4 83.1 203 255 0.96 9.8 1.03 1.32 0.08 0.98 37.6 0.14 1.0
PD41 (8) 10.7 76.6 306 368 1.92 14.6 1.30 2.06 0.10 1.22 104 0.18 6.6
PD41 (17) 10.5 87.5 148 178 0.82 5.1 1.34 2.06 0.09 0.67 89.5 0.10 nil
PDS1 (9) 8.7 80.6 243 298 1.09 12.1 0.93 1.73 0.11 1.06 33.1 0.38 nil
PDS1 (27) 11.7 86.0 134 204 1.08 5.9 0.77 2.78 0.10 1.15 48.0 0.19 4.2
Mean of 14b 78.6 282 333 1.22 14.0 111 1.83 0.10 0.98 60.8 0.29 5.1
SD 8.0 150 138 0.45 8.7 0.27 0.46 0.02 0.22 33.1 0.22 6.5

@ Two corms of cach cultivar bulked. First four cultivars are common local cultivars, next 10 entries marked PD are first generation back-cross taros. They are resistant wo Phviophthora
colocasiae but the Solomon Islands taste panel described their taste as spongy and they are watery, confirmed by u high moisture content. Cultivars Mudi mudi, and Sasagiha planted 1
March 1984, others planted 11 February 1984, harvested 28 September 1984 at Tenaru, Guadaleanal. Fertiliser 30 ke/hu potassium chloride, 200 ke ha ammonium sulphate. Low rainfall

not available.

since June slowed the growth of all taro plants and causcd premature senescenee. NA
b e+ dr et~ -

b Sum of a



L91

Table A.18. Taro Colocasia cdible and non-edible green leaves from Ijie

Energy Dietary

Moisture (kJ/100 g} Protein Starch Sugar Jibre lut Ash
Sample % —_— ) L) ) Yo % " Culcium Iron
designation E, E, (me/100 g}  (mg/100 g)

a b ¢ S e c d
Dalo ni wai¢ 85.4 128 214 4.32 0.14 1.56 4.38 0.70 1.50 182 0.65
Toakulab 86.4 114 197 4.79 0.04 0.52 5.25 0.61 1.55 297 0.64
Tausala ni Mumu® 89.5 86 143 2.56 0.09 1.09 3.46 0.58 1.05 157 0.37
Vavai dina® 84.5 122 230 4.83 0.04 1.01 4.94 0.61 1.46 114 0.68
Hawaii® 833 146 216 5.03 0.04 1.81 6.07 0.81 1.52 175 0.68
Samoa hybrid¢ 86.4 89 197 3.86 0.04 0.33 5.29 0.45 1.52 157 0.64
Tausala ni Samoa¢ 82.5 115 265 4.79 0.04 0.66 6.21 0.60 2.11 246 0.79
Vutikotod 84.6 116 228 4.39 0.1} 1.29 4.86 0.50 1.83 204 0.61
Samoat 86.0 93 204 3.58 0.04 0.53 4.54 0.64 1.68 126 0.64
Samoa green® 85.8 95 208 3.84 0.06 0.40 5.31 0.58 1.59 159 0.52
Mean' 85.4 110 210 4.20 0.07 0.92 5.03 0.61 1.58 182 0.62
SD 1.9 19 31 0.76 0.04 0.51 0.81 0.13 0.27 5s 0.11

4 Third crop; for details see Table A 14. Six leaves of each cultivar bulked together. No trypsin inhibitor present in leaves from Tausala ni mumu. Tausala ni Samoa and Samoa.
b Edible leaves.

¢ Grown for its leaf.

d Generally not edible but sometimes caten.

¢ Non-edible leaf.

"Sumofa « b+c¢c:+d ¢ g 978,
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Table A.19. Content of minerals (mg/100 g fresh weight) of taro Colocasia corms and leaves from Fiji.

Ca P Mg Na K S Fe Cu Zn Mn Al B
Corms, First Harvest,
(Table A.16)
Samoa green 21.7 55.3 143 0.98 310 10.1 0.63 0.28 1.5 0.42 0.32 0.07
Samoa hybrid 25.3 44.1 132 3.1 354 7.7 0.58 0.23 1.5 0.42 0.39 0.09
Samoa 2]1.4 27.8 92.4 4.2 315 6.4 0.28 0.10 0.66 0.34 0.26 0.07
Samoa oriori 22.3 100.2 123 0.51 533 8.2 0.30 0.29 36 0.32 0.26 0.10
Dalo ni Toga 45.0 100.8 124 0.53 565 14.0 0.37 0.18 5.5 0.25 0.54 0.11
Toakula 27.7 95.2 69.8 2.8 465 7.3 0.85 0.14 3.6 0.51 0.35 0.08
Tausala ni Samoa 25.2 87.7 127 0.92 498 8.7 0.32 0.27 4.5 0.29 0.30 0.11
Tausala ni Mumu 30.2 71.4 125 0.52 506 7.1 0.15 0.24 7.2 0.26 0.34 0.07
Vavai dina 55.9 90.2 101 2.4 488 6.5 0.43 0.18 6.4 0.37 0.69 0.12
Mean 30.5 74.7 115 1.8 448 8.5 0.43 0.21 3.8 0.35 0.38 0.09
SD 12.0 26.7 23 1.4 96 2.4 0.22 0.07 2.3 0.09 0.14 0.02
Corms (Table 4.2) 15.7 33.4 31.7 3.4 328 5.4 0.79 0.20 0.47 0.14 0.31 0.09
Leaves? 182 61.3 90 7.9 487 23.9 0.62 0.15 0.66 4.5 1.83 0.36

(55) (7.8) (28) 2.9) (74) (2.9) (0.11) (0.05) (0.18) (1.6) (0.30) (0.03)

4 Mean and standard deviations of results from six cultivars from Table A.18.



Table A.20. Vitamin content

of taro Colocasia corms (mg/100 g fresh weight).2

Source of taro

Solomon Western

Fiji Islands Samoa Meun
Vitamin A (ret. + B-carotene/6)" 0.007 0.007 — 0.007

(0.002) (0.001)
Thiamin 0.035 0.037 0.025 0.032
(0.013) (0.022) (0.006) (0.006)
Riboflavin 0.034 0.017 0.025 0.025
(0.007) (0.006) (0.006) (0.009)
Nicotinic acid (Nic.acid) 0.92 0.68 0.67 0.76
(0.27) (0.37) (0.21) (0.14)
Pot. Nic. Acid - Trp/60P — 0.22 0.16 0.19
(0.05) (0.05) (0.04)
Ascorbic acid (AA) 6.9 — — —
Dchydroascorbic acid (DAA) 8.2 — — —
Total vitamin C : AA + DAA 15.1 — — —

(11-20)

2 Mean values of 3-4 cultivars given with standard deviation in parentheses (range given for vitamin C), no vitamin
D> present (see Bradbury and Singh 1986 a,b; Singh and Bradbury 1988).

b See section 2.17.
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Table A.21. Amino acid analyses (mg amino acid/g N sample) and amino acid scores for taro Colocasiu from Fiji and Western Samoa.

Sumoa Samoa Samou lausala Vavai Tausalu

Amino acid greend Samoat  Toakulud hybridb orinri® ni mumu® dina® ni Sanoat  Manuu  Pu'epa’e Niwe  lu'ele’ele Mean SD
Alanine 257 370 446 340 574 511 342 333 376 167 291 276 — —
Arginine 297 356 430 232 287 531 263 433 350 426 434 355 — —
Aspartic acid 559 692 750 553 733 1041 739 794 763 849 724 681 — —
Cystine (Cys) 126 175 161 70 234 251 74 87 186 210 156 376 — —
Glutamic acid 603 779 857 808 970 988 928 923 809 740 855 940 — —
Glycine 211 274 277 233 219 309 282 286 231 297 296 271 — —
Histidine 97 172 253 89 370 204 105 212 95 117 169 105 — —
Isoleucine 132 211 189 133 137 150 138 174 193 212 213 243 — —
Leucine 303 425 402 211 433 529 561 343 343 514 522 422 — —
Lysine 119 206 350 147 285 385 179 427 165 190 163 274 — —
Methionine (Met) 48 80 75 43 84 88 50 52 63 54 55 60 — —
Phenylalanine (Phe) 241 328 352 193 202 395 267 297 317 137 347 273 — —
Proline 169 252 220 217 314 275 181 262 207 241 190 204 — —
Serine 211 276 313 224 269 147 275 319 243 309 305 268 — —
Threonine 133 174 195 118 318 255 223 206 233 221 182 142 — —
Tryptophan — S0 97 — — 85 100 — — — 56 125 — —
Tyrosine (Tyr) 113 171 159 140 131 203 105 120 132 235 151 151 — —
Valine 199 265 271 196 256 247 195 251 265 289 3035 262 — —
Amino Acid Scores
Histidine 82 145 213 75 311 171 88 178 80 98 142 88 139 71
S containing

(Cys + Met) 112 163 151 72 204 217 79 89 160 169 135 279 153 61
Isoleucine 75 120 107 76 78 85 78 99 110 120 121 138 101 22
Leucine 73 103 97 51 105 128 136 82 83 124 126 102 101 24
Lysinc 33 57 96 40 79 106 49 120 43 52 45 75 66 2
Aromalic (Phe + Tyr) 90 127 130 85 87 152 94 106 114 145 126 108 114 23
Threonine 62 82 92 55 149 120 103 97 109 104 85 67 94 26
Tryptophan — 83 162 — — 142 167 — — — 93 208 143 47
Valine 91 121 124 89 117 113 89 115 121 132 139 120 114 16
s Recovery of N 52 68 77 54 76 83 66 81 64 74 72 68 67 16

& Mean of two results 1rom the lirst and sccond harvests, see lable AL 14,

b From first harvest.
¢ Trom second harvest.



Table A.22. Amino acid analyses (mg amino acid/g N sample) and amino acid scores for taro
Colocasia lcaves from Fiji (sce Table A.18).

Amino acid

Alanine

Arginine

Aspartic acid
Cystine (Cvs)
Glutamic acid
Glycine

Histidine

[soleucine

[.cucine

Lysine

Mcthionine (Met)
Phenylalanine (Phe)
Proline

Serine

Threonine
Tryptophan
Tyrosine (Tyr)
Valine

Amino Acid Scores
Histidine
S-containing (Cys | Mct)
Isolcucine

L.cucine

Lysine

Aromatic (Phe + Tyr)
Threonine
Tryptophan

Valine

U recovery of N

Vuvai dina

182
212
620
136
1933
219
126
123
244
254
60
334
148
129
180
83
107
219

106
126
70
59
70
112
85
138
100

62

Hawaii

173
122
654
146
1418
203
103
121
251
227
53
202
167
145
178

Sumoa

Meuan

SD

109
361
465
177
1094
60
76
160
206
193
36
348
109
115
146
97
147
193

64
137
91
50

126
68
162
88

48
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Table A.23. Content of organic acid anions, calcium oxalate and calcium (mg/100 g fresh weight) in 1aro Colocasia corms, suckers and leaves from Fiji (third

harvest).
Calcium Culcium not
Total Soluble oxalate Total combined

Sample oxalate oxalate (CaOx)* calcium as CaOx? Malate Citrate Succinate
Corms
Samoa hybrid 54 34 29 17 8 124 117 204
Samoa green 38 29 13 19 15 58 32 —
Samoa 78 39 37 23 5 131 102 —
Tausala ni Samoa 70 37 48 28 13 114 135 —
Toakulu 84 38 67 29 8 110 103 132
Mean of 5 63 35 43 23 10 107 102 168

a9y, (4) (22) (5) (4 (29) (31) (51)
Suckers
Samoa hybrid 61 — — 15 — 0 0 0
Samoa 59 — — 13 -— 0 0 0
Mean ol 2 60 — — 14 — 0 0 0

(n (1)

Leaves
Dalo ni wai* 368 — — 182 — 760 670 —
Hawaii¢ 374 72 439 175 38 700 98 239
Vavai dina4 350 132 317 114 15 619 107 317
Toakulu! 574 — — 297 480 160 —
Tausala ni mumuY 278 — — 157 — 600 110 —
Samoa hybrid® 483 177 445 157 18 451 188 193
Tausala ni Samoa* 532 — — ) 246 — 680 170 —
Vutikoto® 552 — — 204 — 960 110 —
Samoa green’ 324 — 159 — 390 120 —
Mean of leaves 426 127 400 182 24 627 193 249

(110) (53) (72) (33) (13) (175) (182) (63)

# Calcium oxalate

b Calcium not combined as calcium oxalate

< Grown for its leat.
d Edible leaves.

- soluble oxalate) 128/88.
total Ca - (40 CaOx/128)

¢ Generally not edible but sometimes eaten.

! Nonedible leaf.

Iree calcium.



Table A.24. Effect of cooking (boiling and baking) on vitamin content of taro Colocasia
(mg/100 g fresh weight).?

Time of

treatment (minules) Thiamin Riboflavin Nicotinic acid
Boiling
0 0.042 0.018 1.06
10b 0.030 0.015 0.66
10¢ 0.036 0.015 0.90
20 0.018 0.012 0.59
20¢ 0.030 0.015 0.85
30P 0.012 0.009 0.47
30~ 0.027 0.012 0.73
Baking
0 0.042 0.018 1.06
15 0.033 0.015 0.85
30 0.027 0.015 0.82
45 0.027 0.012 0.69

a Taro from Koronivia Research Station, Fiji, cultivar Samoa hybrid, yield 12.6 t/ha, second harvest; see Table A.14.
Taro samples were properly cooked after 20 min boiling or 30 min baking.

b Water discarded.

¢ Water retained.
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Table A.25. Taro (X. sagittifolium): three popular cultivars from Tonga.?

I'ntuna Maheleuli Tea
cv oy v Mean”

Moisture % a 72.6 (3.1) 65.4 (3.5) 66.3 (1.35) 68.1 (3.9)
Energy kJ/100 g

E, 399 516 514 476 (72)

E, 437 562 547 S15 (68)
Protein % b 1.37 (0.19) 1.30 (0.23) 1.65 (0.26) 1.44 (0.19)
Starch % ¢ 21.1 (3.6) 28.4 (3.49) 27.8 (1.7) 25.7 (4.3)
Sugar % f 0.73 (0.17) 0.48 (0.08) 0.51 (0.20) 0.57 (0.14)
Dietary fibre Y e 1.20 (0.24) 1.12 (0.21) 1.13 (0.24) 115 (0.04)
Fat % ¢ 0.11 (0.02) 0.13 (0.03) 0.12 (0.03) 0.12 (0.01)
Ash % d 1.20 (0.09) 1.10 (0.10) 1.06 (0.12) 1.12 (0.07)
Minerals (mg/ 100 g)

Ca 5.3(1.6) 7.1 (1.6) 5.2(1.2) 59 (1.1

P 44.1 (3.2) 52.0 (6.5) 62.3 (5.4) 52.8 (9.1)

Mg 23.8 (1.6) 27.5(4.1) 30.2 (1.4) 27.2(3.2)

Na 6.6 (0.6) 7.8 (0.2) 5.4(1.2) 6.6 (1.2)

K 548 (82) 546 (19) 504 (52) 533 (25)

S 6.6 (0.5) 8.3 (1.8) 8.9 (0.5) 7.9 (1.2)

Fe 0.43 (0.13) 0.39 (0.04) 0.58 (0.18) 0.47 (0.10)

Cu 0.19 (0.04) 0.19 (0.07) 0.19 (0.01) 0.19

/n 0.48 (0.10) 0.53 (0.08) 0.54 (0.04) 0.52 (0.03)

Mn 0.13 (0.04) 0.18 (0.03) 0.19 (0.09) 0.17 (0.03)

Al 0.48 (0.17) 0.75 (0.16) 0.37 (0.08) 0.53 (0.20)

B 0.09 (0.03) 0.08 (0.02) 0.10 (0.02) 0.09 (0.01)
Vitamins (mg/100 g)*
Vitamin A (ret. + 3-car/6) ) 0.00S (0.003)
Thiamin 0.028 0.029 0.014 0.024 (0.008)
Riboflavin 0.036 0.036 0.024 0.032 (0.006)
Nicotinic acid 0.61 0.71 1.08 0.80 (0.25)
Pot. Nic. acid  Trp/60 0.34 0.31 0.33 (0.02)
Ascorbic acid (AA) 2.8 5.0 7.2 5.0(2.2)
Dchydroascorbic acid (DAA) 6.6 12.8 6.5 8.6 (3.7)
Total vitamin C : AA + DAA 9.4 17.8 13.7 13.6 (4.2)
Total oxalate (mg/100 g 41 (10) 44 (3) 94 (36) 60 (30)
Soluble oxalate (mg/100 g) 35 (12) 28 (3) 69 (37) 44 (22)
Calcium oxalate (CaOx)d, mg/100 g 9 23 36 23 (14)
Calcium not combined as CaOx¢,

mg/ 100g 3 0 -6 -1.(3)
Malate (mg/100 g) 330 (53) 212 (18) 92 (70) 211 (119)
Citrate (mg/100 g) 318 (15) 355 (38) 270 (34) 314 (43)
Succinate (mg/100 g) 337 (121) 526 (74) 654 (300) 506 (159)
Trypsin inhibitor (TIU/g)" 0.6 nil 0.3 0.3 (0.3)

@ Unless stated otherwise, results are the average of analyses on nine separate edible cormels of cach cultivar; the
mother corms are not caten and were not analysed. Futuna is the most popular cultivar, Maheleuli sccond and Tea
the third most popular Xunthosoma cultivar grown in Tonga. Planted in same field at Vaini Research Station,

fongatapu, 13 September 1983 and harvested 30 November 1984,
DSumota + b rc+td+e+ 1+ g - Y82
¢ Mean of duplicate analyses on one corm of cach cultivar,
d Calcium oxalate  (total oxalate - soluble oxalate) 128/88.
¢ Calcium not combined as CaOx total Ca - (40 CaOx/128)
U There was no detectable amount of chymotrypsin inhibitor present.
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Table A.26. Taro (X. sagittifolin): two cultivars from PNG.?

Cv i Cv?2 Mean” SD
Moisture % a 67.1(3.2) 64.8 (4.4) 66.0 1.6
Encrgy kJ/100 g
E, 546 525 536 15
L, 533 573 553 28
Protein ¢ b 1.72 (0.57) 1.60 (0.52) 1.66 0.08
Starch % ¢ 299 (3.4) 28.8 (4.3) 29.4 0.8
Sugar % I 0.26 (0.07) 0.28 (0.09) 0.27 0.01
Dictary fibre % ) .85 (0.16) 0.79 (0.09) 0.82 0.04
Iat % ¢ 0.10 (0.04) 0.10 (0.02) 0.10 0.00
Ash Y% d 0.99 (0.18) 0.92 (0.25) 0.96 0.05
Ca (mg/100 g) 9.7 (0.7) 12.5 (3.2) 1.1 2.0
l'e (mg/100 g) 0.35 (0.08) 0.31 (0.06) 0.33 0.03

i Results are the mean of five analyses on tive separate cormels ol cach cultivar obtained from Finschhaten, PNG,
March 1987, The mother corm wis not analysed.
bBSumofa + b+ ¢ d e f g 992,

Table A.27. Amino acid analyses (mg amino acid/g N sample) and amino acid scores {or popular
taro (X. sagittifolivm) cultivars from Tonga.#

T'utuna TI'utuna Tea Tea

Amino acid 1 2 3 6 Mean SD
Alanine 337 395 353 207 — —
Arginine 483 440 334 233 — —
Aspartic acid 801 726 727 454 — —
Cystine 252 253 290 225 — e
Glutamic acid 939 745 721 483 — —
Glyeine 376 334 284 186 — —
Histidine 82 129 54 S8 — —
[soleucine 188 172 152 88 — —
[.eucine 484 343 327 181 — -
Lysine 292 193 202 138 — —
Methionine 45 66 39 20 — —
Phenylalanine 336 389 264 130 — —
Proline 230 203 184 136 — —
Serine 394 356 363 212 - —
Threonine 273 228 196 96 — —
Tryptophan — 93 — 71 — -
Tyrosine 113 235 93 66 — —
Valine 35t 329 288 177 — —
Amino Acid Scores

S containing (Cys + Met) 190 204 211 157 191 24
Isoleucine 107 98 87 57 86 25
Leucine 117 83 79 44 81 30
Lysine 80 53 56 38 57 17
Aromaltic (Phe + Tyr) 114 158 91 50 103 44
Threonine 128 107 92 45 93 35
Tryptophan — 155 — 118 137 26
Valine 160 150 132 81 131 35
% Recovery of N 88 74 61 40 66 20

a Duplicate danalyses were made on two ditferent corms of each cultivar.

175



9LI

Table A.28. Composition of giant taro (A. macrorrhiza) popular cultivars from Western Samoa.®

Energy Dictary
Moisture (kJ/100 g) Protein Sturch Sugar Jibre Fat
Sumple Y % L Yy % %
designation E, k,,
a b ¢ S WE ¢
Lau Penitala 75.9 219 380 2.64 8.0 1.99 2.10 0.15
Faitama 71.2 419 462 2.30 20.5 1.67 2.10 0.11
SegaP 59.8 622 660 2.56 33.0 0.82 1.72 0.09
Niukini® 72.8 406 434 1.96 21.2 0.44 1.36 0.15
(3.8) 0.4) (4.0) 0.19) (0.04)
Togab 72.6 389 437 1.61 20.0 1.11 1.66 0.11
(1.8) (0.23) (2.3) (0.7) 0.14) (0.03)
Fui 71.2 — 462 3.25 — 1.38 — 0.16
Mean* 70.6 411 473 2.39 20.5 1.24 1.79 0.13
SD 5.6 155 97 0.57 9.6 0.57 0.32 0.03

1.04
1.06
0.56
0.78

(0.03)
1.01

0.21)
1.00

0.9]
0.20

Chvmo-

Total lrypsin trypsin

Calcium Iron oxulate  inhibitor  inhibitor
tme 100 ) (mg d00 2) (mg/100 g) (TIU/g)  (ClU/g)
36.0 2.33 32 387 75
38.6 0.60 21 232 39
24.8 0.80 43 427 77
18.0 0.45 28 198 19
3) (0.02) — (36) (8)

23.3 0.46 28 145 31
(3.9 (0.04) (15) 37 (10)

—_ 0.62 — 643 78

28.1 0.88 30 339 57
8.8 0.72 8 185 22

4 All corms were obtained from farmers’ fields or from the market, January 1984. Niu Kini mean of results from two corms, Toga mcean of results from four corms, Results lor organic acid

anions other than oxalate given in Table 3.7.

b These corms were 6 months old from same farmer’s field at Sa’anapu.
¢cSumofa+b+c+dr+e+f+rg
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Table A.29. Composition of giant taro (A. macrorrhiza) cultivars from Western Samoa.®

Z, Energy $ < R \; E R R \3 B ; = i Ew = = <
3 histovw s LT 2 s (§ 8 53 0§83 3% §% $% .§ .§ %

Sample é _— 3 < ::', :-3 i = 3y = \, '1;) 3 : :; E. ; : N =z \? : 3 : 2

designation 3 E, £, 2 s 3 g 2 = £F 5§ &% €% 2§ ff £§8s: Z£§ 03

a b ¢ f e ¢ d

Toga b 64.5 546 S78 3.73 27.4 0.89 1.73 0.10 0.55 22.5 0.87 303 69 12 83 -3 132 190 -
(0.2) (0.57) (1.7)  (0.30)  (0.28) (0.09) (0.18) (67)

Toga 2¢ 75.3 388 390 2.14 20.0 0.64 1.10 0.06 0.58 20.0 0.4] 160 38 7 45 6 701 69 —
(5.7) (0.78) (4.6) (0.44) (0.09) (0.01) 5.7y (0.07) (X))

Toga 3d 66.3 497 547 3.30 24.6 1.27 1.61 0.06 0.57 257 0.74 202 36 - - - -- - -
(1.8) 0300 (2.2)  (0.05)  (0.23) 0.23) (2.5 (0.08)  (36) (19

Laufola 2b 74.4 348 406 1.30 18.2 0.81 1.90 0.09 0.68 30.6 0.72 kD) 43 31 17 25 285 295 150
(0.6) (0.14) (2.8)  (0.10)  (0.06) (0.06) (1.4) (0.1 (25) (9 4 (40) (36)

Niukini 1¢ 70.0 415 482 2.89 20.6 0.81 1.81 0.07 0.86 26.2 0.79 156 81 — — -- — - -
(1.7 (0.50) (6.5) (0.16) (0.05) (0.01) (2.8) (0.17) (e (73)

Niukini 2d 68.7 499 5058 379 24.6 0.86 1.22 0.06 0.82 22.3 0.87 327 29 19 15 18 48S 550 472
4.7) (.19 (4.4) (0.13) (0.42) (0.06) (3.8) (0.2%) (89)

Fui I¢ 71.4 400 458 3.21 19.2 0.90 1.44 0.07 0.99 3 0.8Y 274 32 17 22 24 163 247 454
(0.6) 033 (0.2) (0.9 (0.08) 017  2.1) 0.0)  (16) (6) 3 @ 82 (179

Sega I 72.2 390 444 291 18.6 1.26 115 0.08 0.67 21.8 0.98 251 16 10 9 19 168 127 405
(2.6) (0.27) (2.1)  (0.08) (0.07) (0.08) (0.7)  (0.03) (17 4 () (88) 5h (88)

Uli v 713 388 460 1.18 19.9 1.66 1.88 0.09 0.65 36.4 1.25 74 65 20 63 16 306 191 770

Mean! 70.4 430 474 2.72 214 1.01 1.43 0.08 0.7 26.3 0.83 198 EN 17 37 15 320 238 450

SD 38 70 61 0.97 34 0.32 0.36 0.02 0.15 5.4 0.23 100 21 8 28 10 207 156 221

a All cultivars obtained February 1985 from farmers’ ficlds unless stated otherwise, each result is mean from two corms, except Uli which is from a single corm. Results for minerals other
than Ca and Fe are averages over six cultivars as follows: P 44(18), Mg 52(23), Na 30(19), K 267(114), S 11.9(3.3). Cu 0.07(0.04), 7Zn 1.531(0.56), Mn 0.62(0.30), Al 0.36(0.16), B 0.10(0.02).
Cultivars Niu Kini and Toga are the most popular and together would account for about 75" of production.

b Harvested from same field of farmer a1 Tanumalala, 3 yeurs old.

¢ Harvested from same field of farmer in Sa’anapua. all 17 months old.

d Grown in same plot at Experiment Station, Alafua, harvested 14 months, 9 days after planting.

¢ Calculated as shown in section 2.6,

F'Sumofa +b+c¢vd+ec+ 1+ -978%



Table A.30. Composition ol giant taro (A. macrorrhiza) commonly grown cultivars from Tonga.*

Tuu Tea Fohenga

ov v v Mean” SD

Moisture % a 759 69.5 64.3 69.9 5.8
(2.6) (2.8) (3.1

Encergy (KJ/100 g)

L, 296 443 519 419 113

Ly 381 491 582 485 101

Protein % b 0.50 1.67 1.88 [.35 0.74
0.11) (0.28) (0.51)

Starch Y% ¢ 16.2 23.7 27.6 225 5.8
(0.8) 2.7 (2.6)

Sugar % f 0.45 0.58 0.88 0.64 0.22
(0.03) (0.14) (0.13)

Dictary fibre % g 2.31 1.99 2.73 2.34 0.37
0.18) 0.12) (0.39)

fat % ¢ 0.10 0.09 0.09 0.09 0.01
(0.02) (0.05) (0.03)

Ash % d 1.23 1.10 1.07 1.13 0.09
(0.18) (0.08) (0.09)

Calcium (mg/100 g) 38.7 78.0 64.3 60.3 20
(6.7) (24.3) (12.9)

fron (mg/100 g) 0.54 0.85 0.99 0.79 0.23
(0.03) (0.18) (0.08)

4 Results are the mean of analyses on three corms ol “Tea (most common cultivar in Tonga) and Fohenga, and two
corms of Tuu. Albsamples were 2 vears old, harvested at flowering (December 1984) from same farmer's field near
Vaini Rescarch Station, Tongatapu.

PSumola +b+crdice+ g 98.0.
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Table A.31. Amino acid analyses (mg amino acid/g N sample) and amino acid scores for giant
taro (A. macrorrhiza) from Western Saumoa.t

Lau Penitalu

Anino acid
Alanine

Arginine
Aspartic acid
Cystine (Cys)
Glutamic acid
Glycine

Histidine
Isoleucine
Lcucine

[.ysince
Mcthionine (Met)
Phenylalanine (Phe)
Proline

Serine

Threonine
Tryptophan
Tvrosine (Tyr)
Valine

Amino Acid Scores
Histidine

S-containing (Cys +
Met)

1soleucine

[ eucine

Lysine

Aromatic (Phe + Tyr)

Threonine

Trvptophan

Valine

% Recovery of N

Fuituma Segu Toga
cv v [aY [y Mean SD
228 265 260 249 —_ —
526 31s 311 337 — —
643 737 682 707 — —
168 98 227 207 — —
657 821 617 661 - —
323 380 320 339 — —
123 106 96 107 — —
149 138 181 180 — —
295 453 424 418 — —
235 217 264 215 - —
68 bR 83 70 — —
204 200 262 257 —- —
253 231 240 343 — -
263 306 290 253 — —
199 181 290 303 — —
—- 98 72 67 — =
155 150 180 192 —
265 279 297 278 — -
103 89 81 90 91 9
151 98 199 178 157 44
85 79 103 103 923 12
71 110 103 101 96 17
65 60 73 59 64 6
91 ]9 112 114 102 13
93 RS 136 142 114 29
— 163 120 112 132 27
121 127 136 127 128 6
70 65 66 66 67 2

& Samples obtained January 1984

1 other data given in Table AL2R.
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Table A.32. Effect of cooking (boiling and baking) on the vitamin content (mg/100 g) of giant taro (A. macrorrhiza).?

Time of Nicotinic Ascorbic Dehydroascorbic Total vitamin C
treatment (min) Thiamin Riboflavin acid acid (AA) acid (DAA) (AA + DAA)
Boiling
0 0.040 0.022 0.67 11.5 8.4 19.9
100 0.031 0.019 0.44 5.5 4.7 10.2
10¢ 0.033 0.019 0.55 8.0 9.4 17.4
20b 0.025 0.015 0.38 3.9 3.9 7.8
20¢ 0.033 0.019 0.46 6.4 7.9 14.3
300 0.015 0.012 0.36 22 2.3 4.5
30¢ 0.028 0.015 0.46 4.1 6.4 10.5
Baking
0 0.040 0.022 0.67 1.5 8.4 19.9
15 0.033 0.019 0.52 7.2 6.3 13.5
30 0.031 0.019 0.47 4.8 4.2 9.0
45 0.025 0.015 0.45 2.6 2.2 4.8

3 Giant taro corm from Western Samoa, February 1985, cultivar Niu Kini, age 14-17 months.
b Water discarded.
¢ Cooking water retained.
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Table A.33.

Giant swamp taro (C. chamissonis) from Kiribatj.®

Energy
Age kJ/100 g) Dietary Total Trypsin
Sample of Moisture Protein Starch Sugar Sibre Fat Ash “alcium Iron oxalate  inhibitor
designation corm % E, £y, % L2 % % % % (mg/l00g) (me/l00g) (mg/l002)  (TIU/gh
Ikaraoi 1-2 84.4 184 232 0.60 8.1 1.97 2.18 0.10 0.57 86 0.37 100 6.6
Kairoro (1.3) (0.22) (0.5) (0.39) (0.19) (0.01) (0.01) (36) (0.06) (6.9)
3-4 82.8 206 260 0.92 10.4 0.57 2.04 0.11 0.63 129 0.54 187 —
(0.5) (0.17) (0.4) (0.04) (0.45) (0.02) (0.07) (54) (0.06) (80)
Atimainiku 1 79.5 268 317 0.19 14.0 1.10 2.40 0.21 0.68 67 0.34 380 <0.2
2-2.5 81.9 209 276 0.57 11.2 0.34 2.38 0.11 0.58 185 0.16 330 —
3.6) 0.01) (2.8) (0.04) (0.49) (0.04) 0.11) 43) (0.04) (85)
Ikaraoi 1.5 79.2 250 323 0.63 12.9 0.97 2.35 0.13 0.55 162 0.48 140 0.41
fkauraura
2-2.5 72.4 369 441 0.49 19.9 0.96 2.94 0.17 1.20 577 0.47 725 —
(5.6) 0.11) (0.01) (0.09) (0.06) (0.02) (0.04) (46) (0.08)
Katutu 0.75 76.1 304 376 0.81 14.9 1.95 2.49 0.12 0.87 243 0.62 — 4.0
Uraura
2-2.5 81.4 — 284 0.39 —_ 0.44 —_ 0.14 0.80 246 0.24 — —
(0.07) (0.03) (0.01) (117) (0.02)
Katuta
Kairoro 0.75 77.7 283 349 0.31 15.1 0.76 2.39 0.21 0.93 383 0.96 450 <0.2
Ikaraoi
natutebubua 2 79.0 287 326 0.75 14.9 0.96 2.03 0.16 0.56 116 0.40 90
Mean (SD) — 79.4 262 318 0.50 13.5 1.06 2.36 0.14 0.74 219 0.46 300 2.5
3.5) (60) ©61) (0.23) (3.6) (0.56) 0.27) (0.04) (0.21) (156) (0.22) (218) (2.6)

@ January 1984 samples (labelled a in the Tabie) were small corms of size normally caten, from same pit from village of Rawannawi on island of Marakei; January 1985 samples (3abelled b in
the Table) were 2-3 different corms of the same cultivar; results were averaged. Cultivars Atimainiku, Katutu Uraura and Jkaraoi Ikauraura from same pit in Tearinibai, North Tarawa and
[karaoi Kairoro from pit in Bonriki, South Tarawa. Mcan mineral analyses for January 1984 samples are Ca 176(119), P 13.8(2.2), Mg 24.9(3.7), Na 100(24), K 53(13), S 4.0(1.2), Fe
0.53(0.23), Cu 0.09(0.07), Zn 1.02(0.41). Mn 0.22(0.09), Al 1.30(0.54). B 0.08(0.03). Mcan values for organic acid anions are given in Table 3.8.

b All samples labelled ‘a’ were tested and found to contain no chymotrypsin inhibitor.
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Table A.34. Giant swamp taro (C. chamissonis) of commonly grown cultivars from the high island and atoll of Pohnpei State, Federated States of Micronesia.®

Fnergy \E 3 E E‘ § E[ % o~ 3

(k17100 ) Dietary 33 xS B §_ RS ]
Sample Moisture  —————————  Protein Sturch Sugar Jibre lar Ash E s E & = 3 Yo j:‘ ‘5_,
designation " L, L, i o "y 7 LA i <3 = =2 S 3 =z

7] b ¢ S z ¢ 4

From Pohnpei
(high island)
Simiden 62.5 504 613 0.54 27.3 1.01 2.57 0.18 0.35 50 — — — — — —
Nein Alex 74.7 322 401 0.41 16.9 1.14 3.09 0.13 0.64 244 18 329 18 136 78 105
Nukuro 78.7 — 331 0.38 — 0.85 — 0.13 — 160 — — — — — —
Pohnengles 66.7 440 540 0.81 23.0 1.22 4.30 0.23 0.54 210 - — — — — —
Nein Bob 73.7 346 418 0.26 19.1 0.63 3.31 0.19 0.42 350 — — — — — —
From Ngatik
(atoll)
Simiden 72.5 360 439 0.34 19.7 0.87 2.97 0.13 0.57 190 — — — — — —
Nein Alex 73.0 367 430 0.30 19.6 1.29 3.07 0.21 0.58 397 90 447 32 — 179 83
Nukuro 82.2 252 270 0.21 13.9 0.60 1.74 0.09 0.39 316 27 420 -20 76 107 232
Pohnengles 74.5 325 404 0.94 16.2 1.74 3.52 0.16 0.76 340 e — — — — —
Nein Bob 66.9 449 536 0.31 25.0 0.61 4.16 0.21 0.87 710 — — — — -— —
Mean" 71.9 374 438 0.45 20.1 1.00 3.19 0.17 0.57 297 45 399 10 106 121 140
SD 5.8 80 102 0.24 4.6 0.36 0.78 0.05 0.17 179 39 62 27 42 52 |0

# Two corms of cach sample bulked together. Samples obtained May 1985,
bSumofa+ b+ c+d+ce+f -0 974
¢ Calculated as shown in section 2.23.



Table A.35. Mincral content (mg/100 g) ol giant swamp taro (C. chantissonis) from the high island and atoll of
Pohnpei, Tederated States ot Micronesia.®

Sumple designation Cu P My Nu K e Cu zn Mn

From Pohnpei (high island)

Simiden 34 11.7 16.4 26.9 88.9 1.34 0.11 3.22 2.58
Nein Alex 121 10.5 12.5 29.1 167 0.79 0.28 4.43 3.27
Nukuro 116 10.9 25.2 423 39.3 0.83 0.26 12.3 2.81
Pohnengles 93 12,3 14.3 30.4 136 2.14 0.13 2.80 1.27
Ncein Bob 93 9.5 17.9 3.2 9.3 0.84 0.12 4.3 0.93
Mean 91 11.0 17.3 32.0 102 1.19 0.18 5.41 2.17
SD 13 1.2 4.9 6.0 48 0.58 0.08 39 1.0
From Ngatik (atoll)

Simiden 89 27.9 14.8 68.3 82.3 0.48 0.06 0.37 0.05
Nein Alex 172 15.3 21.1 40.0 45.0 0.81 0.05 0.63 0.22
Nukuro ' 6.3 12.0 36.8 30.9 0.23 0.01 0.77 0.09
Pohnengles 166 41.8 26.3 77.3 83.0 0.67 0.18 4.56 0.09
Nein Bob 257 26.8 15.2 60.0 62.0 0.70 0.14 1.48 0.24
Mean 199 23.6 17.9 56.5 60.7 0.58 0.09 1.56 0.14
SD 63 13.5 5.8 17.6 23 0.23 0.07 1.7 0.09

O Samples obtained May 19852 see Table A.34. Al results obtained by inductively coupled plasma technique. Results for S, Aland B showed
no change between mainland and atoll and hence have been omitted; averages are given in Jable 3.8,
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Table A.36. Amino acid analyses (mg amino acid/g N sample) and scores lor

chamissonis) from Kiribati.®

giant swamp taro (C.

lkaraoi Katuta Tkaraoi
Natutebubua Uraura” Kuiroro
Amino acid oy Y cv
Alanine 287 320 458
Arginine 215 186 271
Aspartic acid 503 745 753
Cystine (Cys) — 123 139
Glutamic acid 614 707 1005
Glycine 276 261 324
Histidine 127 83 145
[soleucine 169 194 212
[.eucine 302 388 412
Lysine 164 178 397
Methionine (Met) 41 149 40
Phenylalanine (Phe) 199 184 220
Proline 134 218 22
Serine 177 242 307
Threonine 196 179 281
Tryptophan S5 49 21
Tyrosine (Tyr) 178 129 165
Valine 285 219 309
Amino Acid Scores
Histidine 107 94 122
S containing (Cvs + Met) — 138 1S
[soleucine 97 103 121
Leucine 73 87 100
Lysine 45 56 109
Aromatic (Phe + Tyr) 96 95 98
Threonine 92 91 132
Tryptophan 92 82 35
Valine 130 110 141
% Recovery of N 52 60 74

Mean SD
107 14
127 16
107 12

87 14
70 34
96 2
105 23
70 30
127 16
62 11

a4 Samples arrived January 1984; for other results see Table AL33.

b Mean value of results on two different hydrolysates.
¢ This tryptophan analysis obtained on ¢v Nein Alex from Pohnpei (high island), Table A.34.
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Table A.37. Yam (D. ulata) popular cultivars from East Sepik Province of Papua New Guinea.”

Yield Energy Dietary

(t/ha)  Moisture (kJ7100 2) Protein Starch Sugar Jibre lut Ash Total Mole Trypsin
Sumple Sresh % e — %o L0 % Y % % Calcium oxalate ratio  inhibitor
designution weight? £, Ky, (meA00 sy (me/100 g Ox/Cat (TIU/g)

q b ¢ S g c d

Takua Kupmi 28.9 (4.4) 80.8 277 294 1.00 14.5 0.66 0.79 0.06 0.68 4.5 19.2 1.94 —
Kpmora 28.9 (6.8) 78.9 312 327 1.31 15.8 1.24 0.94 0.06 0.96 3.7 24.2 2.97 0.7
Du Kupmi 49.8 76.2 392 374 1.56 20.9 0.55 1.33 0.07 0.74 5.6 — — 0.8
Takua Yaimbi 13.0 (1.9) 83.4 244 249 1.19 12.7 0.33 1.17 0.08 0.56 7.7 3.8 0.22 0.2
Tolai 43.3 (5.7) 83.8 248 242 1.06 13.1 0.25 0.95 0.07 0.68 5.9 219 1.69 0.4
Yavovi 26.7 (2.6) 75.2 378 392 2.00 18.5 1.59 1.95 0.09 0.90 6.8 6.1 0.41 0.7
Meand — 78.6 309 313 1.35 15.9 0.77 1.19 0.07 0.75 5.7 15.0 1.45 0.56
SD — 4.0 66 63 0.37 34 0.53 0.42 0.0] 0.15 1.5 9.4 1.14 0.25

a Samples harvested in August 1984, Mincral analyses with standard deviations in parentheses are Ca $.7(1.,5), P 32(7), Mg 17.7(3.5). Na 2.34(0.72), K 312(159), $ 9.8(2.3), 1'¢ 0.14(0.03), Cu
0.14(0.04), Zn 0.36(0.10), Mn 0.02(0.01), Al 0.10(0.04), B 0.09(0.03). Mecan results for organic acid anions given in Table 3.10.

b Standard error of mean given in parentheses.

¢ Mole ratio Ox/Ca - (oxalate conient) 40/(Ca content) 88.

dSumofa ' b+c+d+ce+f+g 986
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Table A.38. Yam (D. aluta) commonly grown cultivars from Solomon Islands.®

Yield Lnergy Diciary

(t/ha)  Accept- Moisture (k100 2) Proiein Starch Sugar Jibre Fat Ash Total Mole
Sumple total ance % —_— %y % % % K Yo Calcium Iron oxalute ratio
designation weight rating E, L, fing A0 21 (ma MM ) (me/ 100 2y Ox/Cu

« b 4 I o ¢ d

WSH 9ab 24.0 NT¢ 69.6 464 489 2.75 22.7 1.74 2.72 0.10 0.94 15.0 0.75 39.0 1.18
UL s 16.6 good 74.2 396 409 3.13 19.1 0.94 2.83 0.08 0.89 6.8 0.35 — —
K 10.2 good 79.2 322 322 2.38 15.3 I.19 1.75 0.06 0.77 7.1 0.54 — —
GU 144b 10.2 excellent 75.3 376 390 2.6G 17.6 1.73 3.33 0.12 0.82 8.0 0.36 ~— -—
GU 1470 13.6 NT 79.1 309 324 2.38 14.5 112 1.53 0.11 0.69 5.0 0.56 209 1.90
A 172 46.9 NT 80.3 320 303 4.19 13.4 1.03 2.13 0.11 (.88 5.6 0.63 — —
AL 14.8 excellent 72.7 415 435 3.56 19.2 1.53 2.37 0.10 0.87 9.0 0.53 6.5 0.33
Toki 3.3 excellent 73.9 400 4i4 3.38 18.3 1.80 2.22 0.09 1.16 10.1 0.39 14.5 0.63
Meand — — 75.5 375 86 3.05 17.5 1.39 2.36 0.10 0.88 8.3 0.51 20.2 1.02
SD — — 3.7 56 65 0.63 3.1 0.35 0.59 0.02 0.14 3.2 0.14 13.8 0.69

4 Three tubers of ocal cultivars of cach type bulked for analysis. Planted 9 November 1983, harvested 2 July 1984 at Tenaru Rescareh Station. Fertilizer, single dressing at emergenee: 100 kg
ha of ammonium sulphate and 150 kg/ha potash. Mean results far organic acid anions in Table 3.10.

b These yams are considered 1o be some of the best in Sotomon Islands, because of resistance 1o anthriacnose disvase.

CNT : not tested.

dSumota - b ¢ v d e F g 1008,



Table A.39. Yam (D. alata) most popular cultivars from Western Samoa.®

Da 10 Da 20
v v Mean” SD
Moisture % 4 76.6 (1.2) 78.7 (3.6) 77.7 1.5
Energy (k17100 g)
E, 386 303 345 64
5N 368 331 350 26
Protein % b 1.78 (0.39) 2.29 (0.40) 2.04 0.36
Starch % ¢ 18.6 (2.1) 14.7 (2.7) 16.7 3.0
Sugar % f 1.01 (0.27) 0.82 (0.39) 0.94 0.17
Dictary fibre % g 1.56 (0.44) 2.57 (0.96) 2.07 0.71
Fat %o ¢ 0.06 (0.05) 0.05 (0.01) 0.06 0.01
Ash % d 0.75 (0.03) 0.66 (0.09) 0.71 0.06
Calcium (mg/100 g) 6.0 (L.2) 15.4 (6.0) 10.7 6.7
Iron (mg/100 g) 0.65 (0.39) 1.64 (0.84) 1.1§ 0.70

+ Grown at University ol South Pacific School of Agriculture, Alatua, in same plot, 1 x 1w spacing, staked,
fertilised 11 November 1985 with 60 ml of 12-5-20 per plant, rainfall ~ 3000 mm/year, planted 20 October 1985,
harvested 10 July 1986; results are the mean rom analysis of five tubers of cach cultivar; fult mineral analyses in
“lable 3.10.

Sumota b ¢ dc N e 100.2.
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Table A.40. Amino acid analyses (mg amino acid/g N sample) and amino acid scores for yam (D. alata) from PNG and Solomon Islands.

PNG (Table A.37) Solomon Islands (Table A.38)
Takua Du

Amino acid Kupmi Kpmora Kupmi Tolai Al72 GUI47 V7 Toki Mean SD
Alanine 351 244 342 499 184 235 238 259 — —
Arginine 356 444 494 445 694 488 530 731 — —
Aspartic acid 830 985 969 1146 612 755 637 666 — —
Cystine (Cys) 155 130 98 11§ 62 109 91 66 — —
Glutamic acid 1104 1261 1156 1246 699 1075 1172 828 — —
Glycine 243 214 274 362 163 232 193 233 — —
Histidine 123 147 163 169 95 — 144 127 — —
Isoleucine 227 183 294 252 158 196 199 240 — —
Leucine 490 284 572 576 315 395 390 483 — —
Lysine 231 257 317 297 205 276 256 221 — —
Mecthionine (Met) 95 63 84 65 43 45 63 77 — —
Phenylalanine (Phe) 369 304 389 455 220 284 279 230 — —
Proline 276 239 294 261 164 227 191 239 — —
Serine 303 353 395 483 236 256 288 316 — —
Threonine 181 310 258 240 148 175 147 189 — —
Tryptophan 69 — 89 — 46 84 79 — — —
Tyrosine (Tyr) 294 199 207 164 105 101 108 125 — —
Valine 284 226 323 360 194 229 241 260 — —
Amino Acid Scores

Histidine 103 124 137 142 80 — 121 107 116 21
S-containing (Cys + Met) 160 124 117 115 67 99 99 92 109 27
Isoleucine 130 105 168 144 90 112 114 137 125 25
Leucine 119 69 138 139 . 76 67 62 54 91 35
Lysine 64 71 87 82 56 76 71 61 71 1
Aromatic (Phe + Tyr) 168 128 151 157 82 98 98 90 122 34
Threonine 85 146 121 113 69 82 69 89 97 27
Tryptophan 115 — 148 — 77 140 132 — 122 28
Valine 130 103 147 164 89 105 110 119 121 25

% Recovery of N 78 77 88 93 65 68 70 79 77 10
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Table A.41. Yam (D. esculenta): selections from Solomon Islands.?

Culi- Energy Dietary Chymo-

Yield nary/  Moisture (kJ/100 g) Protein Starch Sugar Sibre Fat Ash Trypsin Irypsin

Sample (t/ha) taste % —— Y% %% % Yy % 9%  Cualcium Iron  inhibitor  inhibitor

designation total rating E, Ey fmg/100 g) (mg/l00g)  (TIU/g)  (ClU/g)

a b e I 2 ¢ d

NGP4 58.7 very 76.5 354 369 2.18 18.1 0.51 0.85 0.04 0.87 3.0 1.85 0 —
good (4.4) (0.54) (3.2) (0.22) (0.10) (0.02) (0.08) (1.7) (1.9)

NGP4 — — 75.6 395 385 2.47 19.4 1.40 0.83 0.04 0.90 7.1 0.49 0 —
: (4.9) (0.08) (1.6) (0.26) (0.08) (0.01) (0.08) (1.9) (0.04)

RFPI 56.0 fair 72.9 407 432 2.22 20.8 0.94 0.95 0.02 0.9<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>