TI TLE PACE

POTENTI AL COF COOOYAM  CASSAVA, LOOUST
BEAN AND TAVAR ND AS CARBCHYDRATE AND

PROTEEN SORCES IN AN MAL FEED

BY

REG NA ALADI EGA (MRS)
(NEE: | JACH)

A DI SSERTATI ON SUBM TTED I N PARTI AL FULFI LLMENT OF THE REQUI REMENTS
FOR THE DEGREE OF:

DOCTCR OF PH LOSCPHY

DEPARTMENT OF BI OLOG CAL SCI ENCES
FACULTY COF SOBNE
AHVADU BELLO UN VERSI TY

ZARIA - N CERI A

July, 1986



11

DECLARATICN

I declare that thisg Thesis is my own work ond has
never been subtmitted elsewhere in any form forany degree,
A1l information cited from published or unpubliched data

hes been gratefully acknowledged in the text.

Bigned: ___ it !
HEGINA ALADT ECA (MRS,
(NEE: 1JACIT)

Dates _ |G — M — L




TSI 417 TOVAL

This thesis entitled: ‘'FOTTIAL OF COCOYIM, CASSAVA,
IOCTUST BEAN AND TAMARIND AS CANIC."YDRATE AND PROTEIN SOURCES
N ANIMAL FEED' by REGINA ALADI GA (MRS) (NEE: IJ4ACHI) meets
the regulations governing the avord of the degree of DOCTOR
OF PHILOSOPY of Ahmadu Bello University, and is approved for

its contribution to knowledge and literary presentation,

é";”(/\,/ {7/7/€7

Dr S. Mu'lhzu

Chairman, Supervisory Commitiee Dates

Dr M. M. Kapu Date:

Member, Supervisory Committee

4/; LT

ead of Depa nt Date:

Professor G. E. Osuide Date:
Dean, Postgraduate School



iv

ACKNOWLETCEMENTS

A}l praise and all thankegiving be to God, the Omnipotent
snd Omniscient, the fountazin and source of all knowledge, the

Alpha and Omegal Amenl Alleluial

T wish to sincerely acknowledge with gratiiude the
in&aluable advice, guidiance and criticism throughout the
course of this research and thesis preparation of Drs 8.

‘Mu'bAzu and M. M. Kapu, both of the Department of Bilological
Sciences, and Professor J. M, Olemu, formexrly of the National
Animal Producticn Research Institute, 2ll of Ahmadu Bello
University, Zaria. Their tremendous effort and supervision

have made this work a reality,

I am also greatly indebted to Drs, G, 4. Pitt and H. O.
James of the Department of Biochemigtry, University of Liverpool,
for kindly taking care of all my needs during the period of my

resgearch attachment in England.

T expreés'deep appreciation toc the technical staff of the
Departments of Bidlogical Sciences, Liochemistry, Sell Science,
Centre for Bducational Technology, National Animal Froduction
Research Institute and the School of Basic Studies, for providing
ne with the necessary technical asmistance énd sdvice. Since the
lack of gpace will not enable me name them all, T shall enumerate

only a few names such as; Messrs 8. A. Bello, J, Aksa; L. Lawal,



A, fAboh, C, Atayi, C. A. Umoru, J. Oche and My and Mrs E.
Achegbulu, For experimental design and statisgtical analysis,
I om grateful to Drs L. A. Shirley of ths Deparimcnt of
Mathematics KducationgsB. A. Qyejola of the Institute ferx
Agricultuyral Research and Mr S. Olorunju of the National
Animal Production Research Institute, all of Armuodu Bello

Univeraity, Zaria.

I am grateful to my parents who dared to zend me, a gizl,

to school and to my relations, especially, Juliens O, Ijachi,
Late WO II Enckela, Major and Mrs W. A, and Capt. L. E. Ugbo,
Mema Omneje and lLate Ogwa Ugbe, Mr B. Adeka, Lote Iteji and
Alugboju Ochoche, My Ochoche Otokolo, (che Ogo and Ene Adeka,

who helpsd me in their various capacities.

I alse thank my husbend, Ir L. A. Liga and Frofessor A. A,
Olatunde for giving me the initial push end encourzgement to
register for thig couwrse. 1 am greatly indebtcd to numerous
friends and relatives, some of which include: Drs A, Oladimeji,
C. 0. Ikediobi, Late Mrs (0. Adebisl, iiss T, Akeuova, Mrs F.
Polararmi, Mrs. 4. Shirley and my brother--In-Law, lir James Ega,
The latter cheerfully made himself available at the time the
. Tarily most needed him. I must also thank my chiildren Cyifioda,
| Cjonye, Ciwodu, Olije, IJjachi, Inalegwa and my hucband Dr L, A4,
Zgo, for their understanding, patience and endurance throughout

the course of this study.



vi

Acknowledgement is grztefully extended to the Catholic Missibn,
particularly, the Foly Rossry Sisters, and with pleasure, to Srs.
Catherina, Monica and Edith for giving me relevent Foundation

Bducation,

Similarly, I would like to thank Almedu Bello University,
Zaria for giving mo the opportunity snd sponsorship., I would
like to speecifically thank my depariment, the tcheeol eof Baaic
Studieg and the Principal, Dr M. 5. Abdulrabman for his
understanding, ready cocperation and sssigtance throughsut the
courpe of this study. I am also greteful tc D D, Adeghboye,
the Head of Department of Biological Zciences, Amadu Bello
University, Zaria and its other staff members who worked hard
to see me through this work. Gratitude is slgo due 4o Benue
St2te Scholarship Board for partially sponsoring thie course

during the period of my study fellowship.

.

Finally, I would like ® thank Mr Edwin 4, Cnuh for his

patient understanding and for never being tirved of typing and

retyning, . ° .

To you all I am humbly grateful,

Regina £ladi Egas (Mrs)
(Nee: Ijachi)



vii
TEDICATION

THIS THESIS IS LEDICATED IN EVERLASTING MEMORY CF
MY DEAR PARENTS, IJACHI AND OIJIGWO UGBOs AND WITH
4LL MY 1OVE TO MY CHILDREN, OYIFIOD., OJONYE, CIWODU,
OLIJE, IJACHI AND INAIEGWU AND WITH DEEP TIEDINGS TO

THE CATHOLIC MISSION, ESPECIALLY, THE HOLY ROSARY SISTERS,



viii

ABSTRACT

The proximate, mineral and amino acid conlents of two
corvohydrate and two protein foodstufis, obtained from Zawria
merkets of Kaduna State of Nigeria, were determined using
steandard methods of analysis. The foodstuffs analysed include;
the unpeeled, peeled and the peels of sweet cassava root tubers

(Manihot palmata Muell) and the corms of taro cocoysm (Colocasis

esculenta Schott-Holl), whole seeds, seed nuts (Kernels) and the
secd testa of the African locust bean (Parkia clappertoniana Keay)
and the tamarind (Temarindue indica Linn - Holl.) ‘hese foodstuffs
were then biclogically cvaluated by using weanling elbino rats in

feeding trial experiments,

Results of the chemical analysis revealed thet the treditional
way of peeling the cassava and cocoyam with the intention to remove an
appreciable amount of anti-mutritional factors znd poisonous or
toxic principles also reduced the high fibre content, The
preled portions of both cassava and cocoysm were highest in
organic motter, nitrogen - free - extract, tot.l carbohydrates
and calories followed by the unpeeled while the peele had the
lowvest values, Cocoyam contained more protein, ash and minerals
tiian cassava., Cassava hod higher amounts of crude lipid, the
amino acid arginine and calories than the cocoyem, Toth tubers

contained more arginine than Parkia and Tamerindus,
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Dehusking or Shelling the legume sgoeds and then cooking and
fermentzation tended to decrease the crude fibre but increase the
crude protein, some amino acids, mineral elements and energy of

the seedss Both Parkis and Temarindus seeds were relatively high

in crude protein, lipid and calories. Parkia tended to contain
more of thege mutrients including ash and amine scids than

Temarindus.

Regulta of the biolegical ewvaludtion experiements showed
that generally, the cassava and cocoysm -« based (iects gave poorer
weizht gaine, feed conversion ratio (FCR), protein efficiency
ratio (PER), biological value {BV) and not protein utilisation
(NFU) than the corm-based diets. Although rats on the cassava ~
based diets performed slightly better than these on the cocoyam -
bosed diets, the difference was not sgimificant. 4lso, performance
of rats on the easein diets were found to be superior to these on
Both Parkia and Tamarindus diets, irrespective of the type of
carbohydrate source used although, Parkia scemed Lo cause better

weight gains, FCR, PER, BV and NPU than Tamarindus,

Furthermore, methionine supplementrtion seem¢d to improve
protein intake, weight gains, FCR, PER, BV end NFU of the rats on
the experimental diets. This fact seemed to show that methionine
addition might have improved the essentisl amino acid balance of

both casein and seed proteins. Also casein-methionine supplemented

diets performed better than both Parkis snd Temarindus supplemented

e



diets, This tended te support the general belief that like most -
animAl proteins, casein has betiter amine acid proifile than
Porkis and Tamarindus as well as confirm that cosein is also
deficient in methionine. Furthemmore, the suprlemented Paykia
diets gave'better performance thoan the supplemented Tamarindus
diets, The explanation might be dus to the highur contents of

rrotein and essential amine acids in Porkia than in Tamarindus.

This study reveals that since both cossave and cocoyam were
found to be deficient in protein and egsentisl arino acids,
including methionine, and Parkia and Tamarindus, though high in
protein, were also deficient in some cssentiel amnino acide such
as methionine, the overall deflciency, coupled with other nutrient
factors such as, the pregence bf hydrocyanic acid in cassava,
oxalic acid and sapotoxine in cocoyam, tiight have been responaible
for the poor values obtoined for the measured Liclogical indices

of cxperimental animals,

Contributiaons to knowledéa accomplished by the findings of
this study were highlighted by both the chemicel and biclogical
evaluations of the nutritional values of Tamarindus seecds,
Inother important aspect was the simultoncous and comparative
evaluation of the mmino mcid compositions of casgavn, cocoyam,

Parkia and Tamarindus. Also, the Feeding trial experiments

indicated that methicnine supplementation of Parkia and Temarindus

proteins may be beneficial to animals on casvave and cocoyam diets.
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CHAPTER ONE

1. INTRODUCTION AND LITERATUR. TEVLSY

1.,1. Statement of the Research Problem

Today, many of the problems of nutrition are "eing studied with
amall animals such as the rat. However, studies vith the rat can
cnly scrve #s pilot experiments, by which much preliminary
infomation can be obtained more quickly at less cost than with
large animels. Such experiments with rats can determine what ideas
are of sufficient promise to justify the expense involved in giving
them a final test with large onimals (Maynard et. al,, 1979).
Higeria, like other countries, conduct research in almost all
fields of human endeavour and uses laboratory rats in vast numbers.
Nutrition is one of these arcas of rescarch, This is more so because
inadequate and unbalanced nutrition is one of the main obstacles to

livestock production and has been a problem in human nutrition,

Scientific and economical feeding recuires the provision of
s belanced ration, by which the animal is supplicd daily with the
correct amounts of the various feed conatituents necessary to
msintain bodily growth and vigour (Wood »nd Voodman, 1939). The
canpounding of a balonced ration or dict necessitates, therefore, a
knovlicdge of the composition of the various foodstuffs employed and

the principles on which the calculation is based (Georgi, 193L).

Among nutritional requirements, thc need for energy or fuel

ranke second to water (Pushpsmma, 1968), An animal's fuel consists



largely of carbohydrates and fats, Cereals, such as corn
(Maize), Sorghum (guinea corn), wheat, rice, millet, barley,
oalts and rye are amongst the highest yielding crops and are
second only to root crops in their energy yields. 1In addition
to calories, cereal grains also contain some protein, minerals
and vitamins, The current prohibitive prices of cercals and the
competition between man and animals emphasize the need to find

cheaper alternative energy sources,

Cassava is widely recognised as an acceptable and 2 cheap
alternetive energy source, Cassava enjoys some adveniages over
grains, These include hish dry matter and energy yield per
hectare, low production costs and relatively low susceptibility
to insect and pest attack (0bioha 1978). Other tubex»s and root
crops such as yams, potatoes and cocoyam are highly consumed by
humens. These tubers and root crops are even more economical
in terms of energy yield than ¢ereals., For instance, c2ssavg
provides 13 times more energy per hectare than maize or guinea
corn (Oyenuga, 1968). And yet they have not been bLiologically
evaluz ted nor nutritionally exploited as much as cerezls. It is
therefore pertinent to evaluate these foodastuffs and use them as

alternetive sources of carbohydrates and energy.

In addition to calories, the animal also requires protein
for proper nutrition. Protein malmwrition is most critical in

that pert of the world population subsisting mainly on cassava



and roet crons, but is algo widespread amony the cerople
consuring populations {Pushpamma, 1968). sccordinzly, snimal
feeds end human feods prepared from cereals hove always been
enrizhed with animal proteins such as wilk, eggs, mest, fish and
shell-fish, Plant proteins from legumes such =5 winged beams,
goyboans, cowpeas, chicken pess, groundruts, benisgeed, cashew nut
and coconut (Fetuge, 1974) which are protein rich hova been
recently employed, These are still expensive and incutficlent.

There iz thue the need o cvaluate other sources of protein,

Kepu {1980} determined the pretein and mineral vslues «f
sode and fruits of some Nigerian Savanna Trecs; Eke 1 1980)
reported on the nutrient stetus of fermented African Locust Peax
seeds; Cbode (1982) reported on the Chemical anelysis of Iarkia

cloppertonisna, Adansonia digitsta and Tamarindusg indica secds

obtained from Zaria markets while Okeoma (1984}, compared the

chemical composition of fermented African locust besn serds with

gynthetic ~  flavour enhancers. Okpala (1985, carried out
gtudics on scasonal changes of nutrient contenty of Parkia

¢lappertoniana. These workers reported varying protein values

(10.9-b3 purcent) for both Parkia clappertoniann snd Tomsrindus

éggicn seeds thus indicating their potentisl nutritive values.
Tt was considered necessary to evaluate these list two gedds

bilo; ically.

The present researgh was designed to detormine the replacement

value of staroh frem casesva root tub:rs and cocoyém comms for corn



starch. These starches werc evaluated together with fermented
African locust besn and the tamarind rmeeds in order to determine

the suitability of thes¢ plant protein sources a3 animal feeds.

1.2 Review of the Litesature

144,17, Corbohydrates as ensrgy sources

TeZelsla Cereal graing

The World's principal source of csrbchydrates is cereal grains
followed by roots and tubers and then grain legumes or pulses., It
hag been asserted that man and animals would find it hard to exist
without cereal graing (Coffman, 1956). Cer:al -rains contribute
more than any other single group of feed staples to bhoth calories
and protein in the humon diet. In its major document on World
and Agriculture Development Plans published in 1966, the Food
and Agricultural Organisation (FAQ) stated that cercals,
perticularly wheat, rice, maize, sorghﬁm, miilet and barley
provided more than 50 percent of calories znd protein for the
people of Africa, South of the Sshara, more than 60 percent of
calories and protein for the people of Asiaz and more than 65
percent calories and protein for the people of the Near East,

In Contral America, maize provided 4“7 percent of the daily intake
of colories and LS percent of the daily protein intake for the

adult population (PAG. 1970).



Selby (1977) reported that the major cereal-based products
us:d in the European food industry are derived from maize, wheat
and to » lesser extent, barley, HRice is increasing in importance
in the US& 2nd the Far East., Maize products have dominated the
processed commodity for many years and the crop produces starch,
0il rnd protein, the latter being used in animsl feeds.
Jeonomically, developed countries such as the USH produce more
cer=~le than developing countries like Nigeria. In zddition,
most of the cereals produceéd in developed countries is consumed by
animels while humans directly consume the cercals in developing
countries (PAG, 1970). Fer example, according to 1970 USA
gstimetes (Shroder and Heiman, 1970), out of the L billion bushels
of corn (maize) produced, 10 percent of this was processed
comnercially., The rest wes mostly used as animal fced, Even
25 = 35 percent of the commeXcially processed corn wng used as
aninel feed, And this amount accounted for 3 million tonsof feed
products, corn providing 50 percent of the ingredients of the
animal fecd industry. After processing for corn starch and corn
0oil, the remains usually go into animal feed production. For
instence, the gluten, which is high in protein is usecd in poultry
fecds and ruminant rations. The physical @nd chemicel alterations
of the fibrous partion ef corn mskes it more digestible, while
pclleting gluten feed significantly improves nitrosen utilismtiow

by rote and pigs.



The main contribution 3f cereals z2nd pula:s to the food
ccononmy of Nigeris cconsists in their nutritional value,
wzpeeisrlly their richness in protein. The protein content of
theww rrain erops varics from 22,7 percunt for cowpeas and 15,03
pereent for guinez corn to 12,51 percent for rice »nd 10,67
poreent for meize (Oyonuga, 1968), Guinea corn, vill-t, maize,
cowpens #nd rice account:d for 76.9 pereent cultivated land in
1570/71 vith guinea ecorn in the 1 sdins poxition (4bocle, 1979),
Y:t, the production is still too inadeyuste to m ot dumznds and
Nig-ris has to impert subst2ntial omounts of ceresls ond animal
protein (IDRC, 1975). Fer instance, in Northern Nisorie, 6l
percent of the total ealories src derivad from cereals, 17
percent from yasms and cassava, 9 percent from pulscs 2nd nuts
and L percent from fats and eils (FAO, 1965). Becsuse of this
unhcalthy dependency on cercals, there is an urgent ncaed to find
alternztive sources of energy and protein. oSwven =nimal feed
compowns ers in the Ewrepean Frononic Coormunity who still depend
heavily on cereals have begun to use eas-eve ¢nd tallow as

cheeper substitutes (Turret Press, 1976),

1,2.1.2, Tuber and root crops

The first serigus scientific aprroach to substiluting cereals
with tuber and root crops in compounding =nimnl fecds began as far
beek as the early ywsars of the Second Vorld “War when cossava was

used in commereinsl ple production (leite, 193¢)., Later, Oyenuga



et, al, (1955, 1957 and 1968) working in Ni-erin, produced
aatisfactory growth in pigs weing cacsave diets, Jeffers and
Mynes {1967), using rats, also found thet cassave snd other root
crops produced satisfactory growth and focsd eflicicncy at levels
un to 20 percent. Maust ct. al., (1962; successfully replaced
maize with 36 percent cnssava meal, Alsoc Cerpacio ete al. (1974)
uging sweet potatoes, cassava, yems and cocoymm in broiler
retions, found that potato and casgsave could prohably replace
yo'low maize. Similarly, Tewe et. al, (1976 and 1979) analysed
and determined the food preferences of the &fvicin giant rat
using some common treopiecal foedstuffs vhich included sweet
noletoes, yamg, cassave and cocoyan and {ound ibat they were the

mogt rlished by the rots, with sweet potstoes. topping the list.

In the Western World, the mogt widely cultivzted of the

tuber and root crops is the Irish potato (Solanum tuberosum).

Next comes a number of tuber=yielding plants moetly tropicel in
origin and cultivated in the tropical and pubtropical parts of
the world. For example, in India, the morc imporiant cultivated
tubers, next to potatoes, are tapioca (cassava), cweet potato,

tare cocoyam and various types of yams (lbraham, 1970),

It haz been estimated that the current preoduction of tropical
root c¢crops is of the order of 1,4 x108 tong/smnua. This represents
the staple food of around L x 108 people, Half of this is derived

from cessava, and about 12 percent from yams. Thesge cstimates



indichial v that yams already make o sizesble contribution to the
feeding of the tropical world, The main ares of production is
West Africa, but the Caribean, partz of JHoutheast Asia and the

Pacific are also major yam produccrs (Coursey et. al., 1970),

The main root crops of Higeria are yanp, céseava snd cocoyam,
dweet potate and Irish potnto are grown only in o few restricted
aress ond as the volume of production is limitcd, they arve
congidered as minor crops. loot cropg ccocupy o cignificant
position in Aéricultural prodaction generslly and in the country's
food economy in particular. The velue of root crops produced in
1957 was Sh.6 percent of all crops for domestic nge, and 41.6
percent of all ecrops. Total reot crop production was estﬁnéted
to be worth ¥39L.%1 million in that yesr. However, in tewms of
land use, the amount of land devoted to the cullivation of the
three leading root crops is not as significent, For in 1970/71,
the 1.8 millien hectares on which root crops were grown
represented only 10.1 percent of land devoted to the more important
food crops, and 8.8 percent of the major arsble crops. This
Implies that these root crops, eapecially yams =nd cassavs, have
high relative value per unit of land used in their cultivation

when ccﬁpared with other crops, especinlly the cercals,
[

Root crops are cultivated more in the esstern stotes than in
the western states. For instance, root crops fomm 85,9 perecent

of all crops consumed in the eastern perts while they foxm 78,6



percent of those consumed in the west., On the dwole, root
crops are the main source of carbohydrotes in the southern part:
of Nigeria (east and weat) while cereals are the leading food
crops in the northern parts. In the north, a vavieis of root
crops are grown only as supplements and these include yams,
cocoyams, cussava, Irish potatoes and sweet potetoes (Agboola,
1979), hence these crops are being under-utilised while there

is room to expand their production and encourage their utilization,

1424143+ Cassava (Manihot palmata Mue}l)

Cagsava is native to Brazil where its name iz mandioca,
manioc or Brazilian arrowroot., Cagsava or tapioca are English
names widely used for dried-root products of the cessava plant,

Manihot utilissima Pohl. or Manihot esculenta Craniz, the bitter

types of cassava., Manihot palmata aipi Muell is synonymous with

Manihot dulcis »nd Jatropha dulecis parodi, which are the sweet

types. The name cassava is synonymous with yuca, rumu, manioc and
manioca in Spanish speaking America and Central /imerica, In the
West Indies and the United States, it is known es cassada or
caseava (originally the Haiti name). It is known as cassava or
manioc in Madagascar and French speakins countrics, Mandioca in
Portuguese, ubi katella or kaspe in Tndonesia, tpioca in India,
topioca and upi kayu in Malanysia, cassava or cescade in English
spesking regions of Africa, Thailand 2nd Ceylon. Originally,

the name tapioca was derived from tipioca., Tupi is the Indian
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neme for the tuber meal and tipiocet fer pellets [Miller ete aley
1975): In Nigeria, it is widely known ng crssava, 'Bge! or
'Gbeguda' in Yoruba, 'Akpu' in Tbo and 'Toge! in ITausa {Oyenuga,

1968).

Te2.143.7, Biological Charzcieristics

Cossava belongs to the gemus lManihot of the neotural order
Buphorbiaceae. It was introduced from Dragil to Vest Africa by
the early Portuguesc explorers, It is novw an im»Qrtant dietary
staple ond = chesp edurce of calories for some 200~300 million

people in the tropical developing World, including Nigeria,

About forty varieties exist in the countries vhere it is
cultivated, and these varieties fall into two groups, bitter
casseva, with roots generslly thickened directly lrom the collar in
long stout tubers of about 20-50cm or up to C.9m, and sweet cassava,
with shorter roots, 10~tliem long, 2.5~%cm in diameter (plate 1)

The forms cultivated in West Afriea probsbly 211 belong to Manihot
¢sculenta, which is the so called bitter cessava, :nd the sweet

cagsave is sometimes classified as Manihot palmats var, Aipi,

though this is preperly South Brazilisn, As a rule, the people
recognise, according to the colouxr of the roots, the dark coloured
ap bitter., In the Northorn ports of Vest Africa, where the

people depend meinly on cereal graing, it is the sweet forms that

are found almost exclusively (Dalziel, 19L8).
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These two main species widely grown in Nigeria, ncmely the

bitter and sweet cassava, Manihot esculenta and lManihot palmata

respectively are also differentiated by the higher cyenic acid
content in the bitter than in the sweet varicties., Howcver, there
arce miny varieties of the two specics in cultivation throughout
the country. Eleven high yielding verietics of the Manihot

esculunte and five of the Manihot palmate hnve been listed for

gastern Nigeria alone (Agboola, 1979). High vields ond

food queolities are two impertant considerations in the selection
of vzrieties for cultivation. The high yiclding bitter variety
widely grown in eastern Nigeria which makas botter gori than the
sweet veriety, is 'Ohupon!, while 'Panya’,and 'Cfopiwa cre sweet
varietices liked for their yam-like qualities. In .estern Nigeria,
verieties such as 'Idileruwa', 'Gbokoghaals'! and 'Gbayckete' are

favoured by cassava farmers on account of their high yields,

The wide distributien of cassava shows its sbility to thrive
on most of the more impértant soil types found in Nigcria,
However, it performs best on light alluvial soils, Its preference
for well-drained soils makes its cultivation relatively
unimportant in swampy locations along the coast ond on the flood
plains of the larger rivers (Agboola, 1979). Cassava is 2 hardy
crop which does reasonably well on the poorer soils, It is also
a crop that does well even under adverse conditions. Agriculturally,
cassave is a good choice where 2nnua2l rainfall expectation is TSem

but it is often chosen waere wminfall is Yess snd too unreliable
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for maize, or where the ravages of birds, pests or diseases

preclude grain crops (Jennings, 1970).

The crop is usually lifted after 7-18 monthe (Irvine, 1969)
according to variety and depending on the need of the cultivator.
But long-season varieties may be left in the ground for considerable

poriods, even up to two years,

TeZ2e14342+ Production and Yields

Cassava yialds besween 4 nnd 12 tons or moxs per hectare. In
Africe, the average yield is obout 6,7 tons per hectere (Oyenuga,
1968), Brazil is the World's greatest cossava root producer. In
1967, there were 1,914,439 hectare of cassava plantations which
yielded 27,268,193 metric tons of rootsz, representing 32 percent
of the World's producticn as compared with 14 percent for
Indonesia, 10, percent for Nigeria and 8,% percent for Congo,

The total World production figure is about 83 millior tonas
(Jenninzg, 1970). The World's average yield is 0.l tons per
hectore while the average Braziliasn yield is about 1L tong per
hectare {Magoon, 1970). The maximum yield of casssva has boen
calculated per hectame per day at 250,060 calories {(Ugwu, 1375).

As such, cassava out=yields all competitive root snd grain crops and
banana, Furthemore, the yield potentisl of cassava has not been
completely exploited and one can assum: that yields have not

reached their limits, Thus, with the development of systems of
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agrievl ture comparable to those used with corn and potstoes, and
with irdustrial extraction and processing, castava h's the

potential of usurping the world's starch market (Franklin, 1970).

Tea2s1e3e3. Nutrient Composition

The cassava root tubers are a rich source of vrluable
carbohydrates (about 90 percent) but low in protein (2-5,61
percent) oil, ash and crude fibre, The peels of cassave are
richer in protein, ©il and ash than the pecled edible portion.
The casegava root is also poor in minerals such as caleium,
phosphorus and jron and in vitamins such 2e thiamine and
riboilavin but fair in niacin gontent, Its protein is deficient
in essential amino acids such as methionine, lyeine, trypophan,
phenylelanine and tyrosine but high in arginine (Oyenuge, 1968
and Franklin, 1970). New cassava varieties vith up to 7.00
percent protein in the root have been repovted by Beck (1971).
Protein content of the leaves range between 30-40 percent (Eggum,
1970} and even between 1L4=69 percent (Oyeruga, 1968). Cagsavs
leaf protein is also deficlent in methionine, morgina) in
tryptophban and is6leucine but rieh in lysine, The nuiritional
availabil{ty of the 2pino acids was found to be verisble and only

60 percent pf the total methionine was availoble (2-um, 1970).

e R [ W PO Cyandde Content of Creceaya apd Cossave Izoducts

Both the bitter and sweet cassava root tubers contain cyanide,
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Cyranide iz the most undaréirable congtituent of the cagsava plant.
Its content in fresh tubers varies between 100 to L4OG mgfkg with
the bitler verieties containing 200 to 400 mg/kp and the sweet ones
havin;: even less than 100 mg/kg. Also, the peels were found to
contain between 3=10 times more cyanide than the edible portion
(Dalziel, 1948; Oyenuza, 1968 and Tews, 1977;. The cvonide is
precent in form of aliphatie cyanogenetic glycosides, linamarin
and lotgustralin. Linamarin exists with the enzyme linase aleong
with some free prussic acid {hydrocyanic acid), During decomposition,
the enzyme linase hydrolyses linamarin, and D-glucoso, acetone and
more prussic acid are liberated. It is the free piruccic scid that
is poisonous (Oyenuga, 1968). This free prussic necid is also

amenable to direct assay (Tkediobi et. al., 1980},

During the processing ef cassava, such as cocking, the
prussic acid is rendered inert by heat, while the remeining free
prugsic acid is removed in the water, Thus boiling and fermentation
of the root destroy cassava root boxicity. Hecording to Watt and
Breyer-Erandwijk {1962), cassavs juice, referred ta =2s the toxie
latax, is squeezed out of the root tuber then sun-~dried to
dissipste Wraces of cyanogenetic glycosides. The sap is then
evaporated te a syrup thus rendering it harmless by heat. The
result forms en antiseptic, known as cassareep vhich iz used in

meat preservation,

The symptoms arising from eating improperly prepered cassava

root tubers are nauses, womiting, abdominal dicvtention, respiratory

i
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difiiculty and collapse. If large amounts of raw cos:ava are
conswad, it causes the same symptoms as rbove incluling burning
feeling all over the body and instanteneous death. I{ smaller
amounts are consumed, the person experienccs n short weriod of
gtimulsation with excitement and convulsions follow:d by depression
and desth. Over a long period of consumption, cassova foods cause
goitre, cretinism and tropical ataxic neuropsth with mental
retardation (Osuntokun, 1973). At postemortem, the characteristic

finding in cyanide poisoning is bright red venous blood,

When the peeled portion (pulp or edible poition) contains
lesg then 50 milligrams of acid per kilosram of the freshly grated
casseva, the cassava can be taken as harmless to the consumer.

But a concentration of between 50 and 80 mil’igrems may be slightly
poisonous, 80-100 milligrams is toxic while concentrations above
100 milligrams per kilogram of grated cassava ore fatal (Oyenuga,
1968). &4 prussic acid dose of 2,042 mg/ke body weisht for cattle
and 2,44 mg/kg body weight for sheep had been reported to be fatal,
These values correspard to 0.817mg HCN and 0,9 26mg HCN for cattle
and. sheep respectively, Obicha (1972) had reported thot some
sheep and goats had died within minutes of ingesting some Rigerian
cassave varieties. Peels of casiavm roots, p-rticulsrly of the
bitter verieties, are widely fed to domestic sheep and goats in
the cagsava - producing areas of southern Nigerias {Dyenuga, 1968).,
But during the preparation of gari, farins de mapndioca,vhich is

gimiler to gari, and tapioca, the cassave is usmally peeled first
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bYefore washing, soaking and grating, all of which help to reduce
the cyanice content to a considerable extent., Apart fram peeling,
washing , soaking or steeping, grating and pressing out the juice,
sun-Hrying, heating and cooking, long periods of stornge, silage
preparation and fermentation also help to remove the cyanide and

thus detoxify cassava and its products.

1.2.743.48. Uses of Cassava and Cassava Froducts

It seeme cassava will continue to be important 2s a source

of food for people because, with up to 35,000 kg per year,
cassava ¢bn and does alleviate caloric hunger (Frenlin, 1970),
In Frrzil, @ diverse number of foods and drinks are prepared from
cagsava starch, Cassava flour (Farina) mu-t be incorporated into
every loaf of bread and as supnlement of many foods, by lawe In
addition cassava flour is used in & variety of paste products

such 28 macaroni and spaghetti (Edgar, 1970).

Apart from serving directly as food items in many humen meals,

cagsvp is used for other purposes as listed below:

1. In the manufacture of cassava starch where the starchis used
for making many products such as fermented storch biscuits

(biscoite de polvilho) and cheese bread (pes de queijo).

2, Cepsava is used to meet local requir:ments for glucose and

stereh in Uganda. In some other countries dextrins and
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pregelatinised starch are made from cassava in small commercial
quantities. Cassava starch derivatives such as sagos and

tapioce are also important in Brazil.

Deer is manufactured from cassava root tubers, [ or example,

in Brozil ethyl alcohol production is famous,

Cascava is employed in the manufacture of many types of flour

knovn all over the World, for example, ferina nnd gari.

Cascava is used to make certain food products such os beijus

(&0lid product), tabaca (drink) and tucupi (sance) in Brazil,

Camgava leaves are used as a vegetable called kissmvu in East
Africa. "he leaves are used as vegetable in many parts of
the world in human foods and relished by livestock, In

Southern Chine, the silkworms are reared on cass2va leaves,
Czssava stem is wsed in the production of cellulose by-product.

Casravo is an important feed component of pig, poultry and
cettle rations i many paris of the word, Cassove is used
to either partly dr wholly replace maize or rice in the various

diets (Cbiocha, 1995).

vinok casseva Yased - diets are generanlly low in protein,

they requima supplegentation, with some amino acids, Currently,

most supplemenation §s done with ocilseed gakes, And provided the

ration is sdequately textured, preferably pelleted, up to 60
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percent dried cas:ava can be used in poultry ond swine diets
(Nestel et, al, 1975 and Nestel, 1977)., The pons bility of also
improving the mutritive valuc of cassave feeds by fermenting with
yezst,; fungi #nd bacteria has gained considerable ground

(Franklin, 1970),

142,14 Edible Aroids (Cocoyams)

Two species of cocoyams, namely, Colocasis csculenta Schott -

Holl., also cnlled ‘eddas' or 'eddoes' or 'dnsheer' (Trinidad ver,),

the taro cocoyam and Xanthosoma sagitiifolium Schott-Holl, the

tannis cocoyam, also known as 'taye or teyonne' in Cuyana and
tyvautia' in Antilles, are the most important aroids known, Both
toro and tannia cocoyams are common food staples in the South
Pacific Islends of the West Indies and, the Philippines. The
tarc cocoyam is also native to Tropical Asie ond Ilalaya as well
as to Eygpt and to Ghana in West Africa (Dalziel, 1948).
hecording to Oyenuga (1968) both taro and tannias were imported
into Nigeria from the West Indies, tennin being « later
introduction. In the Arab countries, tarc is populorly called
Kolkag, Tannia is gradually replacing Colocasia in Nigeria and

the Cameroons.

Te2elolie?, Biological Characteristics

Tarnia is distinquished from tarc by its sagittate leaves which
ore derk green in colour with free baszl lobes vhile taro has pale

green peltate leaves with joined basal lobes (plate II). Both plants



late IJIB = Celocasia esculenta corms 2nd

esrncls 3 sold in Zaria markets
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geow to a height of asbout 10«15em and possess very l:rye leaves.
They produce stem tubers cslled corms and cormels but those of
the tennia are larger and harder, Tannia can usually be pounded
into fufu unlike taro which does not make fufw, a comnen practice
in Ghana, Tamnia tubers do not possess the irritatine principle
'_caused by calcium oxalate crystals found in most vericties of
taro. Tannie gives higher yields than taro, snd succecds mostly
in regions where there is a prolonged rainy season vphile taro is

is found in drier areas (Dalziel, 1948).

TeZel.1e?2, Nutrient Composition

Tennia and taro apre a fair source of ocnergy and an excellent
gource of minersls and vitamins, 3Both contain simil-r nutrients,
Their corms contain'starch and are uged like yems, cassava and
potntoes except that they contain lower corbobydrate, fat and fibre
values but higher arotein values (up to 8 percent). They also
contain higher amounis of aéb, minerals and vitamins. Their low
energy and protein valuesare corrected by consumption of additional
foods and by the use af their leaves as a vegetable, since their
leaves are failrly rich in protein (about 20-25 percent). 'The
mineral composition of %amnia is slightly higher thon that of taro
thouch tero is superior In protein content. Taro has morg ealeiom
and phosphorus than tannta. The minerals in tannic are evenly
distributed throughou® lts tissues while they sre voncentrated in

the peels of the tarc socoyem, DBoth have low fibre content. The
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proteins have fair supplies of essential amino acids which are low
in histidine and lysine (Oyenuga, 1968). The peel are richer in
oile thon the inner tissues, 'The leaves have ; hicher nutrient
content than the corms which are consistently lover in oils,
protein, fibre and ash, Also taro leowves have more mutrients

than tommia leaves.

1.257.b4.3s Biologically Toxic Substances

Aroids are highly irritating dur io the presence of raphides
of celeium oxanlate, This is the coause of irritction to the mouth
wvien the leaf is chewed. The cultivated stem ccens when beiled or
roasted lose this ncridity. The corms olgo contain o goitrogenic
gubstance. & highly toxic acid sapotoxin has 2lco been isoloted
from the plent, Colocasia. The toxicity is so high that 0.img
injected into a rat produces instanteneous death (Jones, 1934).
The chief post mortem finding is marked congestion of the adrensl
bocdies, The sapotoxin haemolysis blood in vitro, producing
haemetoporphyrin, The toxic effects of Tolocasis scpotoxin and of
gimiler sapotoxins from other plants such as slocesia and Xanthosana,
are neutralised to some extent by the inclusion of cholesterol-
contrining foodstuffs in the diet. The administration of raw

adrenal glands has also pruved curative in Coloczsis poisoning.

Although, it contains sapotoxins the lecaf ls less toxic than

the tuber (Oberdoffer, 1939 and 1940). In addition to the seasonal
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variation in toxicity, considerable individuol hmon or snimal
variation in susceptibility to the tozin has been noted and the
congupticn of moderate amounts of Colotasis rarely produces really
ceute effects, Tt is alsce interesting to note that the consumption
of Colocasia has a relaticnship to the incidencc ol dental caries,
For when cereal grains, which has a potential alkslinity of 6 -
10m]l of W alkali daily, is faken the coerbondioxide ¢ombining power
of the blood plasma is low (50-60 vol pereent), the wrinary

acidity ie high (pﬁ 5=6) ond certain diseases including dental
caries show £ high incidence but if rocts snd tuohers are the

gource of carbohydrates in the diet, the polentinl alkalinity

ig 36-LEml N alkali daily and the ineidence of these diseases

including dental caries are reduced {Jonc 1934).

The presence of sapotoxing in aroids is also susociated with
the abnoxious effect of intensifying leprosy (watt and Breyer -
Arondwijk, 1962). Leprosy lesions in four HMacacus-rheus apes wers
produced by feeding them with raw Colocasis. The toxielty of
Lolocasia has a marked seascnal variation, being usually highest
ot the end of the dry geogon., A glomerulo-iunbul;r nephritis and
n nerked degeneration of the adrenals acce the esmpentials of the
toxie action. Curiously enough, the tuber has proved more toxic
in Yrinidad thon in West Africa. The rersons for these differences
cre not well defined, slthough soil and climstic differences have
been suggested (Clark, 1936). 1t has also been observed that
there is a prevalence of nephritis in populstions using Colocasina

a3 p foodastuff,



2k

Te2etediehy Uses of Cocoyam and Cocoyam Products

Mcst people using the corms for {vod prepare them like
potcto, yam or casgava by peeling them first, then slicing or
dicing them before beiling, baking or rousting, »nd eating them
elther with fish or meat. The leaves ond petioleg: are prepared
like gpinach in the Philippincs, West Indies, Indonesia, India
and Pekistsn and Thailand. After removing the nmrin riks from
the young leaves, the leaves are utilised g potehexrbs, The
lerves are also eaten after cooking them with sodu, The acridity
felt after chewing the leaves can be relieved with lime juice.

In Hewdil and Rapa lelands, taro is propared into poi

(Stendal, 1970). Poi (sterch) preparation invelves pressure
cocking the corms, washing, peeling, grinding snd passing the
paste through.a geries of strainers, the final onc having opening
of O,5mm in dismeter. The resultant pei has a prety texture and
is grey-brown in colour. In Hawalii, it is scld commercially in
plestic bags, Jars or cans. Pol is widely accepted in Hawaii and
elseyhere in the United States of America, Pol hes no gluten

or glutern—like substances, thus it has been recommended for
subgtitution in infant food, especially where the infonts are
allergic to celiac diseage caused by cereal feeding (Pena, 1970),
In additier, dietary carbohydrates, psrrticularly sucrose, enhances
the levels of gerum gluceride and cholcesterel in humans, Hence

the effect of poi corbohydrates on tissue lipids is of great
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scientific interest since the starch of arcids contsin predominantly
amylose of 90 glucose units and small amount of amylopectin of 22
glucose units (Standal, 1970). In East sfrica, cocoysin corms are
used a2 2 poultice for snake-bite while the leaf 2nd fruit are

used as a rubefacient. The cocoyam plant iz also used as
antizeptic, stimulant and rubefacient and for uspniication to
scorpion stings. In Brazil, the plant iz used as an ~nti-helminthic

(¥2tt and Breyer - Brandwijk, 1962).

1.2,2, The tuest for Protein-Rich Foodstuifs

The need to satisfy the nutritional recuirements of a
sirnificeant part of the world population, namzly, the developing
nations, can not be over emphasised. In moct cases; this
nutriticnal insufficiency is attrihuted to protein uncvailability.
3ince the lack of an economic source of animal protein is acute,
veretuble or plant protein is increasingly being resorted to
inspite of the faet that the best yuality proteins comz from animal

sources (Sikka et. al., 1979).

iccordiing to the USA Natienal Research Council definitions,
foodastuffs or feed-stuffs that in the dry state contain 20 percent
or more of protein are classified as protein supplements while
those that contain more than 18 pereent crude fibre cre classified
as forages and reughages. These that eontain less than 20 percent

of protein are classified as energy feeds or concentrates (Jurgens, 1978).
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A supplement is usually intended to be fed undiluted as an
addition to improve other feeds, separately available or further
diluted and mixed to produce a complete feed., On the other hand,
a concentrate is a feed uced together with another feed in order
to improve the nutritive balance of the totzl feed and is intended
to be further diluted and mixed to produce 2 complete feed. In
commerce today, the term 'concentrate' has been almost universally
used for commercially prepared supplements (Cramptor and Harris,
1968). In this thesis, the term concentrate is synonymous to

supplement.

There are two main sources from which protein supplements or
concenirates can be prepared, namely, animal and plant or

vegetable sources,

1.2,2,1, Protein Supplements of Animal Origin

Frotein supplements of animal erigin are derived from meat
packing or rendering plants, from surplus milk or milk by=-product
or from marine sources. These animal protein supplements include
tankage, meat scrap, bloocd meal, milk products, poultry by-product
meal, hydrolysed poultry feather meal, fish and shell fish meal,
fish solubles, animal wastes, urea and biuret. Proteins of animal
origin are usually employed to improve the total protein of basal
feeds, but in addition, contribute a mixture of amino acids

different from proteins of plant origin. Whereas, plant proteins
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cre usually seriously deficient in lysine, enimel and fish proteins
are relatively rich in this essential amino aci’ ithough they may be
short of sulphur amino zcids and tryptophan. Th: animal

sunplement may be included at S5 to 10 percent of ihe dict as a

replacement for plent protein (Jurgens, 1978).

Generally, proteins from animal sources heve o better quelity
than proteins from vegetable origin, Animsal proicins usually hove
a higher biclogical vrlue than plant proteins. Their biological
vielues cre closer to that of egg protein whichi ig considered to
bte the idezl protein in practical fecding (Block end Mitchell,

1946 =nd Fi0, 1970)s An ideal protein is one conioining all the
csuentisl amino acids in sufficient @smounts to meet requircmentis
vithout any excess. The egs protein is consicered to be equivelent
to thie ide2l protein. Furthermore, the BV of egn protein is close

to 100 percent (actually 98 percent) than ony other protein,

In animals, about 22 percent of the dr mat.exr is protein.
;iost plent sources contain less protein, for exemple, cereals
have between 13-18 percent and cassavs:, which iz ¢ major foodstuff
in certain areas, is 28 low as 1.3 percent in protcin content.
Among legumes and oilseeds, soybecan contains over 30 percent

vrotein, and among; other plant sourccs, only Chlorclla and Torula

yezst contain higher concentration of protein (50 - 80 percent),
Mirthermore, animal protcins are more savory and more palatable than

'ny other protein source, /Animal proteins also contain certain
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viteming, such as vitamin 312. and minernals which ere not present
in vemtable proteins. In addition, there ore less harmful
inyredients since the aminal acts as an efficient filter
reroving most of the toxic and interfering motericls froam its own

food, either by detoxification or climinztion,

but because snimal proteins are costly and are not produced
in gufficient amounts, it is of utmost importance Lo develop
equally high quality protein concentrates from nlont source

(Altschul, 1962),

1.2,2.2, Protein Supplements from Flanit Crigin

Since proteins from animal sources ore costl: ond not available
in sufficient amounts and the world's populstion: +here protein
deficicnecy is prevalcnt subsist almost cntirely on vegetable diets,
diets could be formulated from appropriate plant mixtures to meet

requirement for both man and livestock,

For exmple, corn protein is low in lysine while soybean
wrotein is high in lysine, So if the right amounts of soybean and
corn are mixed together, all the ¢sscntiel amino zc¢cids required by
either a pig or rat may be provided without further supplementation

(Maynard et. al., 1979). This sort of evperimentation has in fact
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been done successfuly in several plac:s for exsmple, soyogi mixture
produced by the Federnl Institute for Industrial ilesearch, Oshodi,
Laros, Nigeria. Soyogi is o food mixture consisting of corn and
soybesns, Tt meots the mutrient requiremcents of children,

another all wvegetable mixture of high protein yuolity is incaparina
produced by the Inatitute for Nutrition of Centrsi America and
Panmma (INCAP), 'Incaparina' consists of 29 percent whole ground
corn, 29 percent whole ground sorghum, 30 percent cotton seed flour,
2 percent Torula yeast, 1 percent calcium carbonote and L4500 I.U,
of vitanin A per 100 grammes. This product is sold for 3 cents

for & 75 gramme bag sufficient for 3 glansses, when reconstituted
with vater, with a protein content comparable to that of a similar
asount of milk. It is produced comm ercially 2t low cost and
recuires little or no readjustment in the eating Licbits of the

native families (Wislon et. al., 1975).

Such high protein foods, beverages and textured foods for
humens have been reported by Altschul, (1967 and 19570)., They
heve the advantages of (1) high protcin content therefore
edequately satisfying amino acid requircments for humans, (2)
being readily available, (3) cheep 2nd (L) accenieble to the

pecople,

Plont protein supplements or concentrates come from three

different sources, namely:t



1. Sced proteins, which arz obtained from sceds., The
oilsecds are the main protein suppliers. After oil extraction,
the resultant oilmeal or cake thot remeins is nommally rich

in protein, This meal or cake is usurlly fed to animals,

¢e Vegetable proteins are also prepered from foraze crops, also
rcferred to as fodder grasses, and from leaves of plants,
When leaves or leaf extracts are mrd2 into leaf meals and
leef protein concentrates respectively, they crc included

in animal feeds are required,

3. Micro-orgnnisms such as fungi (yeaet), olge. ond bacteria are
grown and cropped for inclusion in animal rations, These are
very high in protein (80 - 85 percent) llobinson, 19713

Worgan, 1976; Walterworth, 1977 and kdwerdson ¢t. al., 1981),

1 224 2.2-1 « Leaf Protein

The leaf is usuzlly highly hydrated nd consequently, ite
protein concentration is correspondingly low, Protein of fresh
leaves make up less than 5 percent of the total fresh weight as
compared to seed protein which may make up to 4O percent or more
of the seed weight (Bondi, 1958). The essential osmino acid
content of leaf proteins are comparable in amounts, with same
exceptions, to those of casein., Leaf protein preporations obtained
from different plant species do not show great difference in their

amino acid content, Relatively low cystine and methionine values
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were found in protein prepared from lesuminous forage crops
canpared with those reported for the other plsnt Families. The
amino acid compostion of the bulk protein of the leaves for any
onc species varies little with age of plents, with mamarial

trectment and with climatic conditions (Bondi, 1958),

Cn the other hand, the protein contcnt of grecen plants and
tlict of the leaves, in particular, is strongly influenced by
growth conditicns and the state of the plant, The protein
deccases greatly during growth and development. For example,
it was found thoat the Nigerisn guinea grass had & crude protein
content of 12,3 percent at four weeks old bhut by the tenth weck,
it hod decreased to B.6 percent (Ademosun, 1973). Similiarly,
the Italian rye grass contained 18,5 percent protein a2t two weeks

but 12,1 percent at six weeks (Bondi, 1958).

The lcaf is richer in protein thun the stem end the proportion
in leaf to stem changes with age. Othor factors such as season
of growth, time of day of cutting and veriations in so0il moisture
ond temperature influence the protein content of green plants,
An increcse in the protein content of forage crops, especially
at later stages of growth, may be observed from nitrogenous
menuring. For herbivorous animals, leaf proteins, normally
present in green forages, fom a considerable part of the animal
protein ration. Most forage crops belonz to two plent groups,
the y/rasses and the legumes, The legumes usually have a2 higher

protein content,
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The preparation of leaf protein concentrotes (L¥C) or leaf
meals involves drying of leaves in order to dehydrate them,
after that the pretein can then be extracted, It was also found
thet the digestibility ef leaf proteins for rats and chicks was
reduced to about half after drying (Thompson, 1958), Leaf proteins
are used zlmogtl entirely ac ingredients for mixed feeds, A few
attemptes have been made to feed them directly, #s in the supplementary
foeding of sheep and cattle which have becn on poor renge for an
extended period, The material is Qrdinarily pelleted for this
purpose 2nd has given surprisingly good increases in feed
utilisetion with 2nimals fecding on forages which ma2v have been
drv for several menths. The extra vitamins snd minerals improve
the adequacy of the diet and also provide 2 better medium for the
ruminal flora, thus further aiding in the digestion of fibre to

yield more energy.

About 60 percent of the total leaf meal production used in
mixed feeds goes into poultry feeds, 10 percent into cattle and
dairy feed, 10 to 15 percent into heg feed #nd the remainder into
rabbit, dog and other small animal feeds, A& specially processed
alfalfe leaf meal is included at a low level in 'Pablum', a widely

used infant cereal (Thompson, 1958).

1-2.2.2.2- See_g_ProtEinﬂ

The two sources of seed proteins are mainly grain cereals and

arain legumes.
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he grain cereals are all monocotyledonous se-ds, They
contain only comparatively small amount of protein, opproximately
10 - 15 percent. Nevertheless, cereal proieins =re very important
nutritionally because they form a great p-ort of the daily food of
men snd farm animels. Though cereal grains sre not usually
considered as protein food, they are often the chisl protein souree

in the diet,

Considerable fluctuations in protein content snd¢ composition
of greine may result from varietal differcnces and environmental
conditions (soil, rainfall and location). Vorious ports of the
cereal rrain kernels contain different amount of wrotein, For
exampl2, wheat germ contains 30,9 percent, bran 1€,7 percent, and
the endosperm 14.25 percent pre-ein, After removal of starch or
0il from the seeds, the residual meals of thcse seeds are usually
rich in protein and can be used as concentrates in feed mixtures.
But as a class, cereal proteins do not have as hizh Liological value
ag do the proteins of legumes, oilsecds and nuts or animal proteins,
This is becsuse easential amino acids, such 2z lysine and tryptophan,
are low and as such, limiting. Cereals ac supplisve of amino acids
for monogestric famm animals (pigs and poultiry) and hum-ns may be ‘
complemented by foodz which are more efficiint as sowces of the

liniting amino acide, Yysine and tryptophsn (Pondi, 1958,

The dicotyledonous leguminous seeds ar. much richer sources
of proteins than the cereal seeds, hence oil seeds are essentially

protein suppliers fer maj and animals., (ilsceds, which contain on
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average, 20 -« 30 percent crude protein, arc used prim-rily as a
food and only a small quantity is for industrial purposes. The
larger seeded legumes, such as dry beans, peas znd lentils, which
contain 22 to 25 percent protein, play some importsnt role in the

supply of proteins for man and animals.

Because of their large o0il content, oilseeds play a major
economically important role, Put if they sre lcoked «t instead
from the point of view of their protein content,; then processing
operations can produce new sources of concenirated protein for men
and hiz snimals, Already, large populations of monogastric animals
such 28 poultry and swine have been fed successfully on all
vegetable sources of protein., And oilseeds includins seed legumes,
furnish almost half as much protein as do the major ceresls, but
most of the protein from oilseeds now goes to feedin animals

other than man (Altschul, 1962),

Thv use of beans and peas of one kind or znother is almost
universal., Although, many of these beans 2nd peas can be eaten
green and immeture, such as peas and kidney besns which sre
ususlly eaten in the USA and Europe, they are not lexrge contributors
of proicin to the diet, Trey become importsnt for tleir protein
vhen the mature dried beans are caten. These can be made into
flomrs in meny countxies. "early sll kinds of diets sre prepared
from them in the home, They arc soaked in woter until they have

absorbed the maximum amount, . process that loosens the outer skin



35

80 thst it can be rubbed off easily if desired and cooking for

on hour or so m#kes them soft and floury. lost becans have a
distinotive f{lavour which gives a welcou: change from the flavour
of the cereal or starchy staple, They cen be spiced or salted,
Some contain fat as well as protein and in more then one way
therefore, they take the place of the animal protein poart of the
meal, Although, it is more usual for them to be ~crved as a
separate side disgh, they are somctimes cooked tozcther with the

strple, mest and fish,

Peos and beans are among the outstanding sources of vegetable
protein available to man, They supply a valuable complementary
food for the daily needs of man and damestic #nimals and play a
major role in the improvement of soils (Deschamps, 1958).

Beans vary considerably in disgestibility and therefcre in

the degree to which they are suitable for young chil&nn and
growing animals, It has been reported thot the winged bean has
en in vitro digestibility of 67.3 percent due to trypsin in-
hibitors (Ekpenyong et.al., 1979). Other bosns which have been
studicd in detail and found to be protein rich ns well as promote
growth include soybeans (Cravens et. al., 1958; Altschul et. al.,
1962, 1969 and 1970; Fetuga, 1974; Jurgens, 1978; Modic et. al.,
1981 and Offiong, 198L), the lima bean (\detor, 1983), cowpeas
(Joac et, al., 1979) and the broad beans (Criffiths, 1979 and
Al-Nouri et. al., 1980). 0ilseed meals viiich are well known high-

quality protein concentrates that have been successfully used in
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animsl experiments over the years incluwie cotton seed meal
(Altechul et. 21., 1962, 1969 and 1970; Massan, 1974; Sayed, 1979;
liorn, 1981; Gad et. al., 1981 and Pizg, 1581), lir seed meal
(Peterson, 1958 and Jurgens, 1978), sunflower meal (Clandinin,
1958), rape seed meal (Vic~ss et. al., 1976; King et. al., 1977

and Fenwick, 1982), mustard seed meal (Christain, 19%6),

saf flower meal (Kneeland, 1958), groundnut meal (Rosen, 19%8;
Nesbitt et. al., 1963; Lyso. 1966, Oyenuga, 1968 2nd Fetuga, 1974),
sesere meal (Dean, 1958; Caldwell,, 1958; Altschul, 1969 and Jaconda,
1975), coconut oil meal {Curiin, 1958 and O enugr, 1968), cocoa
by-products (Oyenuga, 1968 and Devendra, 1981, and palm kernel

mesl (Col®ingwood, 1958: and Fetuga, 1974).

Since most of the sbove mentioned protein rich seeds are
being heavily patronised by humans and they are not always
availeble for use, attention should be {urned to other lesser known
gources such as secds of tree legumes w ich are alsc protein rich
and contain good amounts of essential amino acida. In the
present research, the seeds of two tree legumes namcly, the

African locust bean (Parkia) and Tamarindus were investigated.

142424243+ Parkia Clappertoniana Keay (ifricen locust bean - English;

Dorowa-Hausa, Donwa-Zaria).

102.2.2. 3.1. Biolo”‘in cal Cha_.'u:'qcter.'_tatica

The African locust bean tree is fairly widely distributed all
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over the natural grassland of Northern Nireria, It is a spreading
tree of medium size, with compound leaves and nurerous leaflets.
It is often leafless when in flower (plate TIT) ond may be
defoliated by caterpillars., The abundant leaf-fall is a valuable
soil improver, rich in nitrogen and ash, "The fruites are represented
by bunches of pods, which hang in clusters, The inmature pods are
usunlly bright brown in colour while ithe moture pods arve dark
brown. Each pod varies between 15 - 25 em in len.th according to
soil fertility, contains a yellow dry powdery pulp, inside which
are embcdded a number of dark brown or black seeds (plate iv),

The yellow pulp is a soft substance and can be sepsrated fram the

seeds by sifting after drying (Dalziel, 1948 and Oyenuga, 1968).

¥ram feeding experiments Fetuga (1974 ) concluded that when
rats were fed diets with whole seeds and seed nuts, they did better
on the seed muts than on the whole seeds thoush, the seeds with or
without testa, cooked or uncooked did not support growth, showed
low NFU and BV values. Supplementation with methionine and
tryptophan greatly improved growth, HPU and BV values: Umoh
and Oke (1974) recorded growth in rats after feeding the

Chloroform extracted bean geeds,

TeZe24243e2¢ Nutrient Composition

The meal from the fuit is rich in assimileble corbohydrates,
The fruit contains little fat (0.6 percent) and proteinfS.O percent),

about 41,2 percent husk, 33.L percent powdery msterial and 25.4
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Plate IIIA = Parkia glappertoniana (African
locust bean) tree in the month
Though leafless,

of December,
it is in flower.

e

Plate IIIBR = Parkia inflorescence (flower
heads j .




Plate IVA = Pods of Parkisa

Plate IVB = Parkia seeds, after
opening the pods.
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pe.cent seeds, The seed has a high fibre content (18,3 percent)
an¢ is rich in phosphorus and calcium (Woot = Tsuen, 1968)., The
geed is rich in protein. Reported values vary betwecn 30 percent
protein for raw seeds to L0 percent in cooked and fermented seeds
ond seed nuts', 2-13 percent fat; L-9 percent crude fibre and
2-5,3 percent ash (Dalziel, 1948; Oyenuga, 1968: Fotuga, 19743
E‘a, 19803 Obodo, 1982 and Okeoma, 198). TDusson (1965), Fetuga
(1974, Bka (1980) and Okeoma (198L) reported deficiency in the
essential amino acid content of the protein. The reported low
values for sulphur amino acids such as methionine and cystine,
also for histidine and tryptophan but high values for lysin‘B.

‘The bark of the tree contains 12-14 percent tannin and a red brown

colouring matter {dye) absorbable by animal hides (Dalziel, 1948).

10242424 3s3s Uses of the African Locust Bean

Almost all the parts of the African locust been tree are
ugseful, The bark of the lewer part of the tree is often cut away
for medicinal use, An infusion of the bark is regarded as a tonic,
A concoction of the husks is taken cold as #n astringent for
diarrhoea, In some districts, the leaves sre collected for use as
mamure, Sometimes the husks are macerated in water, or boiled and
allowed to ferment, refuse from the blackamith's forge and pods
of Acacia arabica are commonly added, snd then used as a fish
poison, Also, the pods themselves may be thrown into the water as

fich bait (Dalziel, 1948). The leaves mixed with cereal flour makes
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a food called 'balam bantani in Hausa. A sruce, cal'led 'ashnyu'

b the Jukuns, said to be of Hausa origin, is commonly made from
the leaves, boiled, strained, mixed with wood--ash water and

left to stand for two days. The mixturc is then portially sun=
dried, pounded and made into balls. The r::d flowers are called
'tutu', 'bututu' or 'tuntu', in Hausa. They are sucked by children
for the sweet juice, 'badano' (Kano). DIechivee are usually placed
in the tree branches because of the juice., 'The pods form the

moct nutritive part of the plant. Its soft yellow meal is sold as
poudered biscuit and is a valuable food used with rice or other
cereals or with meat, or in soup, or mede up into cakee to keep for
sometime., The yellow mealy pulp is sweet to the teste and the
hiscuit fram it is called 'dorowa' (Hausa). A drink made from it
is called 'bololo' and one made from the pulp along with tamarind
water is known as 'dagwadago', 'dangwami' or 'dagsle', also 'gwagg!
and 'gagu' (Zaria). In Chana, water is usually added to the pulp,
to mske a paste. The mealy pulp is said to be unwholesome for
people when eaten before the early rains, causing symptoms of
nausea, vamiting and collapse. However, the whole fruit is said to
be o rood fodder for domestic stock (Dalziel, 1948}, Put fruit
portions fed tec pigs and poultry should not be too high in

fibre since these animals hawve limited ability in fibre

di‘estion, Usually the sceds are boiled for 2, hours to soften

the sced costs, pounded, washed several times to remove the broken
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shells. The kernels (nuts) are boiled to forr a paste and then
set agide for 2-3 days to femment. Verious names ave given in
Ilrusa to these fermented seeds. After fermentation, they are made
into cakes or balls called 'daudawa' or 'daddawa'. The resultant
rather strongly smelling blackish article is uscd as food and
seasoning, commonly as a bagis for soup #nd as it lweps well, it
igs an important item of Hausa itinerant irade, Loth for personal
uge and for sale, The odour is destroycd by frying or roasting,
and its place in culinery econamy is much the same as that of cheese
amongst Europeans, as a concentrated food, used also as a seasoner,
A llausa food called 'kwa'do’ consists often of 'devdawa' to which

the leaves of Crataeva Adansonii with szlt and condinents are added,

In Togo, the seeds are ground to a fine meal and mscerated in
vater to make a sort of gruel to be taken as a refreshing drink,
™e seeds are said to be capable of rendering foul stinking water

potable (Dalziel, 1948).

142¢2¢2e)ie Tamarindus indica Linn-Holl., (7he Indian tamerind -

English Tsamiya - Hausa).

TeZ4242.,441, Biological Characteristics

The tamarind grows spontancously throurhout the gevanna grass—
lands, rrowing particularly well in the neighbourhood of towns and
villages, but elsewhere, it is planted. Tt is probably originally

African and introduced long ago into Indi~, and not vice versa
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(Juke et. al,, 1981). This is because thc pulp (Africen variety)

is rarely so well developed and juicy as that of the Indian variety
shoving that in the latter country, the tree must hcove been improved
by sclection, It often forms a dense symmetrical crown with branches
all round to 75-100 cm from the ground. There is aboundant leaf-
fall ond ususlly almost no undergrowth bencath it, TIn damp weather,
the leaves are said to have a corrosiwe action on fabrics on which
they fall, Natives in India object to sleepin’ under a tamarind
tree, attributing to it harmful acid exhalations, It ic also
frequently seen growing on or beside ant hills, the ztiructure of

which is probably favourable to its root system (Delziel, 1948).

The tamatrind tree can live long, morc then 120 yeers, It is
a large evergreen tree, spreading and open,; to about 33m tall to
8m in circumference (plate v), The bark is brownish-grey and
looks shaggy. The leaves are 5-12 cm long, zbruptly pimnate with
20=l,0 pairs of leaflets which are narrow, oblong and rounded on
both ends, The leaflets are 1,3 - 2 cm long, The trec bear
flowers which have raeemes at the end of the branchlets. The
calyx are 1,3 cm long, There are L sepals which are ovate -
lanceolate, acute tip, 3 developed petals. The fruit is a brown
starchy curved pod, 5~8 em long and 2,5 cm wide, somewhat flattened,
congtricted at intervals with a thin brittle shell containing a
soft brownish pulp traversed by a few strong branched fibres
(vlates V and VI). The furit contains 1-2 seeds per pod, ovate to

oblong, truncated at both onds, gslessy and smooth 25 well as flattened.
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It starts flowering by April - May in the Northe m hemisphere and
t..e fruits ripe by October - November. The lar cut fruits have
the best flavour. The fruits taste sour sweet. For planting,
the secds are sosked for L-5 days and then planted 4 om deep in
nursery beds., By 9-10 months, the young plants heve grown to

be tween 60-70 em tall and can be trensplented during the rainy
seagson with manure. A mature tree can yield 80-9C kg of prepared

pulp (Duxe et. al., 1981

1e?e2elieZe Nutrient Composition

The leaves, inflorescence, fruits, pulp, whole sceds, seed
testa and seed nuts (Kernel) have all been analysed chemically
for nutrient content and found that the infloresccence, fruit and
leaves have varying protein content of bctween 1,6 percent in the
inflorescence to 5,0 percent in the dried fruits. The highest
protein content was recorded in the seea kernmels {to be between
15,4 = 22,7 percent (Duke et, al., 1981) while Cbode (1982)
obtaincd 37.91 percent protein in the seed mats, ‘the tamarind
have low ash and fibre content in the sced muts Lut high fibre
in the leaves, fruits, whole¢ seeds and secd testa, ifineral
contents include sodium, calcium, potassium, phusphorus and
Iron while vitamins such as carotene, thiamine, riboflavin,
niacin and ascorbic acid were reported te be prescnt in small
amounts (Duke et. al., 1981). No data secm to exist on the

amino s2cid content of the protein.
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1-202014.39 Uses of the Tamarird

The fruit is sold in markets in the for) of cakee or balls
of the pulp pressed together with the seeds, This may be used
without special preparation, or the pulp mey be boiled and
concentrated to a paste, which is then dried in the sun and made
into balls, The laxative properties of the fruit. - pulp are
recognised, and it is also used as a food seasoner in various
ways, boiled with cereal pap, it is drunk for constipation, It
ias slso preparv as a drink, to which onions are added. A
plensantly acid drink is made by a cold infusion of the pulp with
sugar or honey and water, left to mature for sevaral days. The
pulp itself is pleasant to suck to relieve thirst cn a journey,
Its acidity is due to tartaric acid, th: amount of which averages,
in water-free¢ material, about 9 percent with 7 perccnt bitartrate
of potash, and gernerally some malic acid but no ciiric acid. It
is reputed in India, from old times, as anti-scorbutic like lemon
juice, and is much used in chutneys, currics, picklcs, etec,

(Dalziel,19L8B).

In Senegal, a sweet meat called bengal in Jolof, is made from
the unripe fruit., As a laxative, it may be taken clong or mixed
with lime juice, honey, =to. It is belicved to be a preventive
of fovers and sun-stroke. The best form for internal use is the
boilerd and evaporated pulp which, when mixed with water, in which
it is partly soluble, is widely ueed a1l over the Sudan specifically

for fever. The flowers are made into a sort of s=zlad, called 'fate
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fate', along with 'daudawa; butter, salt snd chilliies. The

leaves are also put in soup, The bitter infusion of the pods is
uged to cook cereal foods and as & drink [or women after childbirth.
A concoction of the bark is used as an astringent in diarrhocea,

and ag an eye lotion. In Kast Sudan, the bavk is used ag a tonic
and febrifuge and the root to cure chest complaints. The kernel
(nuta) of the seeds contain an ¢il and are edible, though not
conrreonly eaten unless in scarcity. The herd shell (testa) must

be removed aftcr roasting or boiling and the kerncls (nuts) made
into & meal mixed with cereals. The oil is suvitable for use in

varnishes (Dalziel, 1948).

In lotin Ameriecan countrics, the tamarind is cultivated for
the pulp in the fruit which ig used to prepare a beverage and
to flovour confectioneries, curries and spuces and made into
preserves and syrups. Fresco de tamarindo is o favourite beverage
vhich is bottled commercially. It iz an ingfedient in sweet and
gour sAuces and in chutneys. The flowcrs, seedlings snd even
leav: & are used as vegetables in curries., The bark is chewed asg
2 masticstory. The seeda can be soaked, beiled o roasted, then
peeled before consumption as o starchy food-stufi, The pods are
usually added to pots to detoxify poisonous Digscores dishes and to
deotourige figh dishes, In India, the geeds sre used for food
and as carbohydrate for sizing cloth; paper and jutv products and
a wiretable gun used in food processing, The woed is hard and

duresble and is therefore goocd for making tocls, production of good
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grade of gun powder and charcoal., The pulp is also used as an
antiscorbutic, In Eritrea the pulp is also used to cure dysentry
and malsria; in Indonesis for hair ailments: in Madsgesca for worms
and stomach disorders; in Mauritius, as 3 liniment for rheumatism;
in Kenye for snake bitej in Sri Lanka, for jaundice, cye diseases
and ulcers; in Cambodia for conjunctivitis, and in Brazil as a
disphoretic, emollent or purgative medicine and for treatment of
haemorrhoids, The seeds are also used to treat dysentry end the
bark #s sn antiasthmatic, antiseptic, asperient, for apoplexy,

febrifuge, hangover and leprosy (Duke et, al., 1981),

1.2,2.5. Anti-nutritional Factors in Leguminous Secds

Just as some biologically toxic substances found in root
and tuber crops tend to limit their use and 2cceptability as
animal feeds (Oyenuga, 1968 and Cerning-Beroard et. al., 1976),
Leguninous Seeds naturally contain certain inherent or endogenous
toxic subtences which mey at lew levels of concentration adversely
affect feed intake and palatability and feed convarsion. At
higher concentrations these toxic antinutritional factors may even

result in the death of animals (Cookerell et. 2}., 1975).

For example, traces of oyanide can be demonstrated in all
Pragts epd it 18 round mainly in form of cyanogenetic glycosides,
Cyanogcnetie glycosides are compounds which liberate hydrocyanic

acid (HCN), one or more mo¥ecuoles of sugar and with one exeeption,
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an @ldehyde or ketone on treatment with dilute acid or the
aporopriate hydrolytic enzymes (Comn, 1969). Conn, (1969) also
reported that cyanogenetic glycosides are derived frorm closely
relatzd amino acids such as tyrosine which is effcctively
converted to dhurin (present in young stems of sorghum);
phenylslanine into prunasin, valine into lotaustralin,
Lotaustralin, Linamarin ond prusic (hydrocy:nic) ocid are
present in cassava. Various specics of lima beons (Phaseolus
lunatug) contain hydrocyenic acid (10=312 mg/100g) in various

concentrations. It is also present in lin se~d (Peterson, 1958),

lydrocyanic, oxalic and phytic acids have been reported to
be present in the African locust bean sceds in ancll non=toxic
smounis, The oxalic and phytic acids could act as s"nti-nutritional
factors by forming insoluble salts with minersls thereby
rreventing their effective utilisation (kka, 198C), Also,
hydrocysnic, phytic, malic, citric and tartaric acids have been .
reported in tamarind seeds (Duke et. al.,, 1981). The cultural
practice of fermenting both the African locust beon and tamarind
sceds is said to hove two advantages, imorovine the nutritional
qunlitiez ag well as reducinz the contents of those acids in the
sceds (Eka, 1980). Eka (1980) suggested biological evaluation
experiments to be performed using the African locust bean seeds since
not much research has been done in thie arca. Aport from prusic
acid in lima beans, legumes contain other anti-nuiritional factors

and toxins ruch as allegens in broad busns (Vicia feba) which cause
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favien characterised by haemolytic anaemia (Larkin, 19%3). Toxic

principles in Lathyrus, Lupinus and Cicer species were reported

to be poisonous to rats which showed pathological conditions

such as skeletal lesions, retardation of sexunl development and
various degreces of paralysis, The disessecs were voriously called
lathyrism, cicerism or odoratism accordint to the type of beans
fed (Dupuy snd lee, 1956 and Irvine, 1934). Aminonitrile
campounds present in these beans are snid to cause the above
symptoms plus cerebellar effects caused by bis (B - cyancethy) -
amine, Some beans also contain abnommally high levels of s2lenium
and manganese which may be toxic. In soy berns thore are
inhibviotory, toxic and stimulatory foctors. ©Soybean extract was
found to promote growth and reproduction in rats (Morkley et. al.,
195C) and in chickens (Offiong, 198L), after heating while an
antioxygenic factor was found to prowent fats and oils from
deterioration (Hildith and Paul, 1939). Aalso, an cllergenic
substence (Wilgus ¢t. al., 1941), and an antithyrotoxic active
gubstrnce (0'Dell et. al,, 1955) hawe boeon reported. A blood
coagulant and an anticoagulant were reportedly prezant but of
utmost improtance is the anti-trypsin factor which cen be
degtroyed by moderate heat. And when this trypsin inhibitor is
removed, the nutritive value of soybeen mcel is grestly improved
(Crevens and Sipos, 1958). Cultural normel practice of soaking
b:ong to remove the testa and throwing uwoy steening water

cffectively removes most of the unwanted toxic clements. Seed
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gormination snd fermentztion also removes toxic priuciples.

Also, some soybean proteins adverscly offect feed utilisatiﬁn.
Such proteing are easily destroy by heat while the nutritionally
valuoble proteins are more hest reristont. Such proteins contain
toxic amino acids such as canavalin, mimosine; and slbizzine,

Texic nrinciples in other feedstuffs inelude gossypol in cottonsced,
ainapine, tannins and phytates, glycosinclotws ond erucic acid in
rapcaseed And mustard zeeds, aflatoxin fron funmel contamination in
groudnuts, theobronine in cocon, scesamin pnd segomolin in sesame

1., 1965). Consunption of sesamin

gneds (benisesad) Chopral et.
and segswolin in large smounts couse colic, tremor, dysponea,
distention, cough and depression, In addition to toxicity, these
anti-nutritional factors make the feedstuffs urnpalstoble and
un~ceeptable to livestock. Therefore, their removel groatly

improves the nutritive value of the feeds,
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nhot.. faeces and urine to fall through 2nsily., The faeces and
apilled food were caught by another screen of suoller meshes which
woaeg plrced helow the screen supporting the reis. The smaller mesh
screen per ittec the urine to drain through onte @ (unnel-shaped
pen which directed it into a plastic container below, The food
trouch was placed inside the cage to en2ble the young animales easy
access to it, VWater was supplied in stondard water bottles located

outside the cages but with their tubes projecting into the cages.

2e1¢3. Animals:

Young growing weanling albino rats of the wister strain,
2123 days o0ld, were placed on the Pfizer (Prizer lills Limited,
Lagos) mice cube stock diet for a period of 7 deys so that at the
beginning of each experimental period, the rats were 28-30 days
of aje, These rats were obtained from the lationsl Institute of

Trepenosonaisis Research, Vom, near Jos, Plateou Siate of Nigeria,

The sexes of the rats were distinquished bty the use of external
chnracteristic sccording to Jackson (1912)., The mrle was
characterised by a larpe genital papills and » grerter distance
betveen the amus and the genital papilla vhile the femele has a
relatively smaller genital papills snd » shorter dictance

between the anus and the genital papills,
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Z2ele1s IFermentation of seeds of Parkia ond Tamarindus

The African locust bean and the Indian tamerind seeds were
fermented according to normal local proecesaing procedure, This
consisted of boiling and cooking the seeds for & hours until the
testa could be removed by ribbing between two fingere (Petuga,
1974, Simons, 1976 and Eka, 1980), The seaeds were then placed in
a morter and gently pounded with the pestle to separate the testa
from the seed nuts, The testa was strained from the seed nuts by
washing in tap water, The clean seed nuts were then placed in an
earthenware pot end cooked for another 30 minutes, after which they
wére stacked in plastic trays. The trays and contents were covered
and placed in a warm cupboard in the laboratory and left for 3
days to enable the seed nuts to ferment, The ferwented seed nuts
were sune-dried, then oven dried to constent weight, after which

they were ground into powder and stored in screw-capped bottles,

242424 Freparation of Starch fram Corn, Cnssave nnd Cocoyam

Peeled cassava root tubers and cocoysm corm- were gliced, washed
and ground into paste using n waring blend:w (I"ode) IIBLSO) with
stainlese steel blades. The corn was sosked for 2l hours and similarly
sround in the Mill., The paste of each foodstuff wes thoroughly mixed
with water in a large plastic bowl and then filtcred. The suspension

obtained was left to stand overnight, DBy the nexl wmorning, the



59

stearch had settled at the bottam of the container, The water was
then decanted and the starch was poured into 2 ncw jute bag. The
bage was tied at the mouth with # rope and placed on a bed of sticks.
l'lecvy stones were placed on top of the bax ns weishis in order to

facilitate the removal of cxcess water from the stareh, At the

end of 2l hewrs, the starch was removed from the jute bag,
. un=dried and stored in screw-capped plastic bottles, Before
} diet Breparation, the starch was autoclaved at 15 1b/sq in and
8 120 o¥ for 30 minutes, using a Baird and Tatlock Model 328 autoclave.

Moisture, dry matter, ash and orvanic matter detemminations
0. 211 samples of foodstuffs were done by the oven-dry and Muffle
Furnace methods, while crude linid (fot) content was done by the
Soxhlet method according to Osobornc et. al., (1978). Nitrogen
and crude protein were determmined according to the micro kjeldal
method reported by Bradatreet (1957), whilc crude fibre was done
* by the modified Weende method (/04C, 1970). The detailed

description of the detemminations are fournd in .ppendix 1,

2¢243.1s fmino icid Determination

Mino acid determination was done by first hydrolysing
each sample and then loading the preparcd Lydrolysate into
the Technicon TSM=1 Amino acid inalyser ot the National Animal

Production Research Institute (NAPRI) in Shika (AC2C, 1970).
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Zei'e3delels Ppen-flask Acid Hydrolysis of Samples

L400-500mg of oven dried ground and defatted sample was carefully
weighed into a 250ml round bottom flasl: and some anti-bumping granules
vere adaed, 170mls of 6N Hydrochloric acid wro ndded and the mixture
refluxed for 2 hours on a heating mantle, The 's"drolysate was
allowed to cool and made up to 250mls in = graduated flask at
room temperature, This solution was [iltered throurh Whatman
lloli0 filter paper. 25mls aliquot of the filtrate was then
evaporsted on a rotary evaporator, to dr:mess al 33‘°C. Two 2ml
cortions of deionised water were added, evaporated To dryness

eachh time and the residue was picked up in 2%mls bulfer pH2,

2e”2¢3e1,2, Estimation of Amino Acide

1,0ml of the final solution of the hydrolysate was loaded on
to the Technicon TSM=1 Amino acid analyser for the determination
of basic, neutrsl and acidic amino acide except Lrypophan which
wvere completely destroyed during the acid hydrolysis and cystine

which was partially destroyed.

Ze2e3a143s Chemical Score !C,S.[ or Protein Score ‘P.S:!

Chemical score was calculated accarding to Block and Mitchell

(1946) as follows: The content of eaci. of the escential amino acid
of a protein expressed as a percentage of a stand~id; the lowest
percentage being taken as the chemical score, The standard or reference

protein used in this case was egg protein (VEIO/¥:0, 1973). Thus:

Cote = mg of essential amino acid of testi protein
mg of essential amino acid in egg protein
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2e243s14lie Essential amino Acid Index (EaAl)

The essential amino acid index was calculated ns the geametric
meoy of the ratios of the essential amino sacide in & protein to
those of a standard or reference (uswlly ¢/ protein) (Oser, 1951).
he geometric mean of the ratios as caleuleted in (section 2,2,3,1.3).

above was taken as the EAAT,

2ee3e1.5. Essential to Nonekissentiol Amino Acid _;g._.ﬁ)

The essential to non-essential amino scid is the grammes of
essentis]l amino acids per gramme of non-casentiol omino acids in
the food protein, in terms of nitrogen. The calculation was done

cccording to Swendseid et. al., (1963).

2¢2¢3s1.6, Essential Amino Acid Per Gramre Total Hitrogen (EsT)

The essential amino acid per gramme of total liitrogen was
calculr ted sccording to FAO/WHO expert group on protein
requirement (1968) as follows: E:T = gramnes of essential

smino acids per gramme total nitrogen,

2¢2¢3e2. Determination of Mineral Elements

One hundred milligrammes of the previously eshod samples were
digested in a 100ml Volumetric flask containing 10als of 36%

hvdrochloric acid and then made up to mark with deionised water,
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Dlank and duplicate were prepared in » siuiler way., The solution

was then used to determine cach mineral elemen’ in the samples,

The standard Flame Emis-ion photomater w:s ured to determine
Sodium, Calcium, Potassium, and Magnesium while Iron, Zinc, cooper
and Menganese were determined with 2 Perkin-Elemer Model 290B
Atomic Absorption Spectrophotometer., Phosophorus wes determined
by using the Vanadomolybdate Colorimetric (Yellow, method and

tre Spectronic 20 (40AC, 1970).

24243¢3. Determination of Nitrogen-Free bxtroct (IFE)

The nitrogen-free extract was derived according to
Crampton and Harris (1968) as follovs:
WE = 100 -

(¢’ moisture +% crude protein 4 crude fat -§ crude ibre +)% Ash).

Ze2e3ekie Determination of Carbohsdrates

Total carbohydrates wac calculated by the difference method
as described by Schneider and Flat (1975) s follows:

Carbohydrates percent = (percent crude fibre + NFE),

2e2¢3¢5. Determination of Calorific Value

Conversion factors (Atwater factors) ss deccribed by AOAC

(1970) were used to derive calorific values as follows:



\#. Carbohydrates percent was multiplied by },0 Keals/100g
(b) Lipid (fat) percent was multiplicd bv 9,0 Ye21s/100g

(¢) Protein percent war multiplied by L.0 Keals, 100¢

:11 three (a,b,c,) werc then added top:ther to pive the

claorific value,

24?4346, Determination of Body Water of Experimental Rats

‘’he body water was determined as follows:
Jody water percent = weight of rat before oven-drying (W1) - weight
of rat after oven-drying (W2) divided by wei ht of rat before ovene

drying, multiplied by 100, i.e.
Wl - Y2 100

-——m-—‘

?e2e3¢7. Determination of Body MNitrozen of Rat Carcasses

After determmination of body water, each rat corcass

torether with its intestinal contents and the pieces of blood
staired nitrogen-free filter paper were dijested sccording to
Rippon (1959) with slight modifications (Fetuga 197k, Umoh and
Oke, 1974) in one=litre volumetric flask, 100mls concentrated
sulphuric was poured over the carcass and 21loverd to soak for 10
minutes, 100mls of distilled water was then cautioualy added fram
a burrette. The dissolution of the carcuoss st rted immediately
the water was added and therc was no nced to autoclave the digest.
The digest was then allowed to cool grodually vwitu occasional
swirling., Twenty four<hours later, 2"ml portions of the cooled
dark-red solution was taken in duplicate for carcess nitrogen

detemmination as described in Appendix 1,
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<e’etie BIOLOGICAL EVALUATION STUDIES

T™e biological evaluation studies consisted ol two separate

experiments =s shown by the experimentisl degi ns in Table 2.1, & 2.4,

Qereliels EZXPERIMENT 1

The objectives of this experiment were to bioliogically

eveluaie the protein quality of the se:ds of Parkis clappertoniana

and Tamerindus indica using casein as the reference protein ;md

to detemmine the performance of rats on cessave and cocoyam

stercheg in place of corn starch,

12 different diest were corpounded us indicated in Table 2,1,

using fermented Parkia clappertonians end Tamaritdus indica seeds.

Casein wes used as the standard protein vhile corn, cocoyam and
cepgava starches were the sources of energy. The protéin séurces
vere in-corporated at the 10 percent protein lewel at the expense
of the sterches. The 10 percent protein levels were calculated.

g shown in appendix 2,

-

The camposition of both the mineral snd vitanin premixes ere
tebulated on Table 2.2, The general out—lay of thr ezper:lﬂént

is shown in Table 2.3. 4

A total of T2 male weanling albinc rats vere useff, They were

weoned between 21-23 days old and weirhed, Then, tl';‘y were fed

RS

. e,

» - aaa
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Diet Cemposition for Exveriment 1 in g/kg

In;/redients

1

3,7 &1 L8 &12

Starch
Cesein

Fermented Parkia
seed muts

Fermented Tamerindus

sead nuts

Couimon in‘Iﬂdients2

Diet No. 1

1,5 & 9 2,6 & 10
650 S3L.2
= 115.8
350 350

432,61 138,23

217,239 -
350 350

1, Diets 1 to L4 have corn starch; 5§ to B cagssva sterch and
9 to 12, coecoyam starch,

2. Common ingredients consisted of the following (in zrammes),
sucrose, 1203 oil, 80; roughage, 50; non-protein vitamin
premix, 20 and non-protein mineral preéiix, B8O,
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Table 2,2, Composition of Non-protein  :inerasl
and Vitenin Premixes Ter Kilogromne diet
futrients fomposition
i.ineral premix ‘
Calcium 0.6
I hosphorus 0.
Sodium chloride 0.9
Manganese 25ppm
Copper Tppm
Cobalt Oulyppm
Iron 30ppm
Todine 1 3ppm
Magnegium 102ppm
Vitemin premix
Viterin # (retinol) 8000 1.u,
7itamin IIi3 (caleifercl) 1000 1.u.
Vitamin B (-tocophercl) acetate 60 1l.u.
Vitamin K (menadione) 10mg
Thiamine hydrochloride (B,) hng
fiboflevin (B,) 8mg
Pentothenic acid 12mg
MNicotinic acid (niacin) SOmg
Polic acid (folacin) 10mg
Pyridoxine hydrochloride (B6) bmg
Choline chloride 200mg
Cobslamin (E,,) 12mg

Supplicd by Labsure, RHM
Agriculture (Sough) Ltd. Poole, Dorset
i 15 1HL (Registered Office), fngland
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10.
11

12,

CLCN

COrA

OS5Th

Table 2,3, The Design for Experiment 1

Cs Ca Co

CSCN CACN 6 o
CSFa CAFA COP/
CSTA CATA COTA

67

Corn Starch diet only

Corn itarch + Casein diet

Corn Starch + Parkia diet

Corn Starch + Tamarindus diet
Casgava Starch diet only

Cassava Starch + Casein diet
Cassava Starch + Parkia diet
Cassava Starch + Tamarindus diet
Cocoyam Starch diet only

Cocoyam Starch 4+ Casein dict

Cocoyam Starch + Parkia diet

Cocoyam Starch + Taparindus diet.
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Ffizer mice cube stock diet for a period of one week until they
were 28-30 days of age., Each rat was then housed individually in
the modified plastic metabolic cages (plate VI1), section 2,1.2,
above) and fed the experimental diets for 10 days., 'The first 3
days was regarded as an acclimatization period during which no
recorde of food consumption or collection of facces were kept.

* small quantity of water was mixed with weighed amount of the
dict which was then made into a thick psste in order to minimise
cpillage and scattering by the animals., Both focd and water

vere supplied ad libitum,

Collection of faeces was made during the last 7 days of the
experiment., Faeces were separated from spilled food and perticles
of hair were also picked and discarded. The freces of each rat
vere pooled, weighed and oven dried to a constant weight., The
fzeces were cooled in a dessicator ground intc powder and stored
in screw - capped plastic bottles, ready for foecal nitrogen

determination,
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Daily weight changes and food consumption per rat were

also messured and recorded.

At the end of the experimental period, all the rats
were Xilled with chloroform and incisions made into the skull,
thorax and abdamen, The carcasses, including intestinal contents
end amall pieces of nitrogen-free filter paper used to mop up
spilled blood during dissection were dried in the oven to
constant weight. Body water and carcass nitrogen were detemmined

as described in Appendix 1. . .: ' . . Pive

The biological indices derived from measured parameters

according to NAS/NRC (1963) include:

&) Weight gain or loss by each rat: Weight gain/loss =
weight of rat after experiment - weight of rat

before experiment,

b) Feed conversion ratio (FCR):

FCR = Total feed intake
weight g‘ainfloas.

¢) Protein efficiency ratio (PER):

PER = Weight gain or loss
Protein intske

d) Apparent Digestibility (AD):

1
4D = Intake nitrogen - faecal nitrogen x —g-%

Intake nitrogen
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e¢) Biological value (BV):

BV = Retained nitrogen
absorbed nitrogen

f) Wet protein utilisation (NPU):

NPU = Retained nitrogen
nitrogen intake,

These detemnined biological indices for each rot, sre contained

in Apvendix 3,

20301}.2. EMRJCPENT 2

This experiment was designed to asscas the effect of

supplementing the proteins of the seeds of Parkia cleppertoniana

and Temarindus indica with L-methionine using corm, cassava and

cocoyam starches,

One hundred and twenty-six weanling male albino rats, similar
in age and sex as described in Experiment 1, were used, The
experimental procedure was alsc similar except that a total of 21
diets were used after supplementation with I-methionine (Table 2,L).
The lay out and dictary treatment in Experiment 2 are shown in

Tﬂh}.e 2 - 5.

The measured biological indices were subjected to the analysis
of varience and comparison of treatment mesns werc done by the
least significant differences (Campbell, 1981), ‘he determined

biological indices for each rat are given in Appendix U,
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Teble 2.,L: Diet Composition of Experiment 2 in g/k«

Diet Lom
In; redients 1,815 2,9&16 -3,10& 17 L,11 & 18 5,124 19 6,13 & 20 7,14 & 21
atarch Qmo mwrm_ ﬂWWua—.— rwmoha rmw-ml_ .quomw .mwm._.—w
Casein - 115.8 115.8 - = = x
Fermented Parkia
szed nuts - - - 217.39 21739 - -
Fermented Tamarindus - - - - - S1.77 511,77
gced nuts
Comron ingredients> 350 50 350 350 350 350 350

. -

« Diets 1 te 7 have c¢nrn sterch,

non-protein vitamin premix, 20 and non-protein mineral premix, 80,

8§ = 14 cegsave starch and 15 to 21, cocoyem stsrch.

2. Common ingredients consisted of the following (in grammes); sucrose, 120; oil, €0;

roughage, 50;
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Table 2,5. The Design for Experiment 2

Cs CA Co

CSCN CACN COCN
CSChM CACNM COCEM
CSPA CAPA COPA
CSPAM CAPAM COFAM
CSTA CATA COTA
CSTAM CATAM COTAM

——r -

-—

10,
1,
12,
13,
14,
15
16.
17.
18,
19.
20,
21,

Corn Starch diet only

Corn Starch + Casein diet

Corn Starch + Casein + Methionine diet
Corn Starch + Parkia diet

Corn Starch + Parkia + Methionine diet
Corn Starch + Tamarindus diet

Corn Starch + Tamarindus + Methionine diet
Cassava Starch diet only

Cassava Starch + Casein diet

Cassava Starch + Casein + Methionine diet
Cassava Starch + Parkia diet

Cassava Starch + Parkia + Methionine diet
Cassava Starch + Tamarindus diet

Cassava Starch + Tamarindus + Methionine diet
Cocoyam Stareh d4det only

Cocoyam Starch + Casein diet

Cocoyam Starch + Casein + Methionine diet
Cocoyam Starch + Parkia diet

Cocoyam Starch + Parkia + Methionine diet
Cocoyam Starch + Tamarindus diet

Cocoyam Starch + Tamarindus + Methionine diet.



CHAPTER THREE
3. EESULTS

3¢1. CHEMICAL ANALYSIS

Results of the gross chemical analysis sre precented in

Tablen 3.1 to 3.5.

Jels1s Cassava and Cocoyam

Table 3,1. refers to the proximate and mineral compositions

of cesseva root- tubers and cocoyam corms,

Poth cesrava and cocoyam contain high amounts of moisture,
organic matter, nitrogen - free - extract, total carbohydrates
and calories, The pe<led portions were highest in organic matter,
nitrogen - free - extract, total carbohydrates and calories,
followed by the unpeeled while the peels had the lowest values,
The moicsture and crude fibre contents for both tubers were highest
in their peels followed by the unpeeled and the pe:led portions,
respectively., Values for cessava were generally hi hexr than
corresponding values for cecoyam except for moisture content which

was higher in cocoyam.

Crude protein, lipid and ash contents were low for both
cassave and cocoyam. The peels contained hirshest amounts of ash
and minerals than either the unpeeled and peeled portions. The

results also showed that cocoyam contained more protein, ash and



Tc.l: _e1. Proximate and Mineral Campositions of Sweet Cassava root tubers end Co

coram Corms nm M _besis) 74

Whole Whole Peeled Peeled Cassava Cocoyam

Cassava Cocoyam Cassava Cocoyam Tezls Peels
Matzient Unpeeled Unpeeled (Tissue only) (Tissue only, only only Corn (TZB)
Moistuye Content 56.75 75.25 55.90 67.00 65.20 76.25 6.99
Dry lietter L3.25 2L4.75 Lh19Q 33.00 24.80 23.75 93.11
ish 269 L4425 2.30 3.43 5«75 5.69 1.68
Orzenic Matter 97.31 95.75 97.70 96.57 9L .25 k.3 94.16
Crule :rrotein 5e25 7.93 3.33 6.70 T.22 7.19 12,08
Ccude Iipid 0.73 0.55 0.53 0,36 1.40 0.69 3.15
Crude iibre 3.96 3.7T9 2.14 2.18 10,06 7.30 2.61
Hitroren—free-=Extract 87.37 83.L8 91.70 7.33 75.75 79.13 82.08
Carbohvérete by difference 91,33 87.27 93.8L 89.51 _ 85.63 86.L3 82.16
Calories (Cal/100g) 377.05  370.59  38L.L9 379.36 33,76 351,49  360.85
Hinerslg:
Sodiunm 0.05 0.06 0.07 .06 0.09 0.07 0,002
Potessium 0.43 0,95 0.88 0.68 1.50 1.20 0.26
Celcium 0.10 0.07 0,56 0.05 0.63 0.17 0.01
Mo e sium 0,09 0.13 0,09 0.12 0.13 0.20 0,09
Phosphorus 0.02 0.15 0.03 0.12 0.05 0.15 0.18
Zinc (ppm) 52,00 80,00 20,00 65.00 115,00 115,00 32,50
Iron (pom) 80.00 200,00 20,00 60,00 320.00 300,00 25.00

- S

Tn Tables 3.1, 3,2, 3.3 and 3.4, the Figures indicate average val for t
readlings smnm_. cmnm Zisce Inas ’ m:xm -y g ues for two samples since the two



75

minerals than the cassava which had higher amounts of crude

lipid and calories.,

On the other hand when the compositions of the tuber crops
vere compared with those of the corn, it was found that cornm
contained higher dry matter, crude lipid, crude protein and
phosphorus. Corn had lower amounts of moisture, crude fibhrw-

and mineral elements,.

3e142. Parkia and Temarindus seeds

Table 3.2. shows the proximate and mineral compositions of

the African locus bean (Parkia) tamarind (‘l‘anarindua) seeds.,

The results showed that both seeds were r=latively high in
crude protein, lipid and calories. Generally, the crude protein,
lipid and caloric contents of Parkis were higher than those of the
Tamarindus seeds. The fermented seed nuts tended to be higher than
the unfermented in their contents of orgenic matter, crude protein
sn¢ calories. In the Tamarindus, the sccd nuts had the highest crude
lipid content, The nitrogen-free - extract tended to be higher
in the fermented seed nuts than in the unfermented Tamarindus
seed nute, followed by the whole seeds and the seed testa.

In Parkia, the results indicated that tie nitrogen-free-
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Tavle 3.i. Proximate and Mineral Compositions of Parkia and Tamarindus seeds (in IM basis, Average values)

Tamar ind- Temerin-
Parkia  Tamorin- Parkia dus seed® Parkia  Parkis [Temerind- Parkia dus seed
Butrient Whaole dus seed nuts muts Lab. market dus seed testa
seeds whole (kerne?)  (kerneB) Fermented Fermeni- Fermented testa  (boiled)
seeds ed seed nuts  (soaked)
Moisture Content 7.3 10,98 12,50 25.65 6.25 12,50  34.80 16,75  36.80
Dry Mctter 92.65 89.02 87.50 .35 93475 87.50  65.20 83.25 63,20
Ash L.33 2.35 2.1 160 1.7h S.11 146 3.37 2.25
Organic Matter 95.67 97.65 97.89 98.38 98.26 9%.89 98.54 96.63 97.75
Crude Frotein 28,20 16,06 L5.36 19.20 146.00 33.44  19.54 9.3 10,20
Crude Lipid 15.76 3426 27.74 3.54 30.32 27.29 2,32 142 0.36
Crude Fibre 14,21 3.18 L.69 2.16 7.25 8.85 2.L47 36,40 2L. 7
Nitroren-free extract 37.50 75.15 20,10 73.48 14.69 25.31 The21 22.45 62.46
Carbohydrote by
diffcrence 51,71 76433 24,79 75.64 21.94 3L.16 76,68 58,85  87.17
Calories (Cal./100g) LOL.6 37L.38 511,58 ;02,58 515.64 L0 395.88 140,02 294,06
m.w.sﬁ.uw%t 0.01 0,00l 0.02 0.02 0.02 0,02 0,02 0.05 0.02
Potesaiwm 1.00 0,20 0.18 0.09 0,22 0450 0.12 0.56 0,06
Calcium 0.22 0.10 0.11 0.20 0.15 0.16 0.25 0,07 0,06
Magne sium 0.3 0.10 0.19 0.13 0.18 0.21 0,14 0.30 0,30
Phosphorus 0.26 0e21 0430 0.23 0.39 0.39 0.27 0,01 0,01
Zinc (pom) 80,00 87.50 95.65 39,95 105,00 70,00  L47.50 32,26 16,62

Iron (ppm) 75.00 75.00 100,07 101,55 200,00 575,00 150,00 55.65  97.55

——— . ——
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extrect was highest in the whole seeds followed by the testa,
the unfermented and fermented seed nuts, The market fermented
seed nuts had more nitrogen-free-extract than the laboratory
ferented seed nuts and its value was next to that of the vhole

serds.

The moisture, erude fibre and total carbohydrete contents
were highest in the seed testa, followed by the whole seeds, the
fermented seed nuts and the unfermented seed nuts, The crude
fibre content was highest in the seed testa, follow2d by the whole
seeds, the Fermented seed nuts and the unfermented seed nuts,
Corresponding velues for Parkia were higher than those of the

Tamerincus.

The aeh content of Parkia seeds was hicher than that of the
Tamarindus seeds. All parts of both seeds contained fair
amounts of minerals but the mineral content:s of Parkio were
generslly higher than these of the Tamarindus except for calcium
which ves higher in the Tamarindus whole secde than in Farkia
whole secrds. Also, iron contents of the Tamarindus seed nuts amd
tests were higher than in Parkia seed nuts and tests. Fermentation
menerally tended to increase minema, contents except in the case
of socium which remained the same snd magnesium which wes slightly

lower in the case of the laboratorv fermented FParkis seed nuts,

The Parkia seed nuts contained more mineresls, except,

potaasgium, calcium &nd magnesium, than the whole seeds, while the
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seed testa contained more sodium and potassium than the whole seeds
and ir addition, more magnesium than the sced nuts, The Tamarindus
seed nuts contained more minerals than the whole seeds, except, in
the cese of potassium and zine, while the seed testa had higher
amounts of sodium, magnesium and iron than the whole seceds, But

the secd testa was higher than the seed nuts in its contents of

only magnesium,

3¢143s Amino Acid Composition

The amino acid contents of the cassava and cocoyam are

present.d in Table 3.3 while those of Parkia and Tamarindus seeds

are shown in Table 3.L.

The results consistently showed that the cocoysm portions
had hisher amounts of amino acids than corresponding values for

cassava except possibly in arginine (Table 3.3).

For cassava, the peels tended to contain the highcst amounts
of virtuslly all the amino acids deterq}ned, fellowed by the

unpeeled and the peeled portions,

In the cocoyam, the unpeeled followed by the nceled and then
the peels contained the highest amounts of the lysine, arginine,
aspartic acid, threonine, serine, leucine, phenylalanine and valine,
Then, the unpeeled cocoyam, followed by the peels and the peeled

contained highest amounts of histidine, glutamic acid and glycine.



Teble

1% IM, Fat-Free-Basis, Average Values

« 3« Amino Acid Composition of Sweet Cassava Root Tubers and Cocoyam Corms

Whole whole Peeled Peeled Cassava Cocoyem
A2ino Cassava Cocoyam Cassava Cocoyam Peels Pacls
Aeid unpeeled unpeeled (Missue only (Tissue only) only only Corn (TZB)
Lysine 0,19 0.62 0. 14 0.5L4 0.35 0.49 0.L5
Histidine 0.10 0. 34 0.07 0.30 0,20 0631 0.59
Arginine 1.1 1.03 0.50 0.87 1.91 0.72 0.73
Mmmmuﬂ»o 0.23 1,40 0.16 1.2l 0.L6 1,23 1.61
Threonine 0,09 0.L49 0,06 0.46 0.16 (VA 0,76
Serine 0.12 0.62 0.08 0.59 0.22 057 0.97
e guanl X 1,12 0.6 0.99 0.97 1.0 ha12
Proline 0.09 0,36 0.05 0.35 0.16 0,36 1.86
Glycine 0.10 0.57 0,08 0.52 0.18 0.53 0.7k
Alanine 0.15 0.49 0.13 0.48 0425 Osl48 1.89
Crstine nd 0,21 nd 0,20 nd 0.23 0.27
Valine 0.11 0.53 0.08 0.52 0.20 0,50 1,12
Methionine 0,05 0.10 0,03 0,11 0.06 0,10 0.3k
Isoleucine 0,11 0, 38 0.06 0.39 0.18 0.35 1,00
Isucine 0.16 0.87 0.10 0,85 0.27 0,81 2.75
Tyrosine 0.10 0.46 0.06 0.43 0.19 0.43 0.90
Phenylalanire 0,10 0,52 0.06 0.L49 0.17 0,48 1.23

n: = not detectable.



The content of proline was the same in both thc unpecled and
perls of the cocoyam. Alanine was highest in the unpeeled cocoyam
while its contents in the pecled and peels were the same, The
cystire content of the peels was highest followed by the unpeeled
and then the peeled, Methionine was high.st in the pecled portion
whilc its contents were the same in both the unpeeled end the
pezls of cocoyam. The isoleucine content of the peeled portion

was higher than in the unpeeled, followsd by the peels,

when the amino acid contents of the corn werc compared with
those of the cassava and cocoyam, the results showed that those of
the caszava were lower in all cases except for arginine where all
the cassave portions had higher amounts than the corn. For cocoyam,
all the parts, contained more lysine and arginine except in the
peels where arginine content wae lawer than in corn. Ctherwise,
corn had higher amounts of all the remaining amino acide than cocoyam.
The amino acid contents of Parkia were generally higher than those of
the Tamarindus except for the whole seeds and seed tecta where

sorresponding glycine values for the Tamerind were higher (Tabla 3.)).

The seed nute - generally recorded highcst smounts of amino
acids then the whole se.ds 2nd seed testa., Fermentation seemed to
incrcese »11 the emine acid contents of Parkia secd nuts although,
valuzs {or cystine and methionine were =till lower than corresponding
valuca of the whole sezds, In the Temarind, fermentation tended

to inorease only lysine, histidine, alanine, cystine, methionipe,



Teble 3,L. Amino Acid Comp

———

ositio; of rarkia and Tamarindus Sceds

a1

M, Fat-Frec-Basis = Average velues)

Parkia

Tamarindus Forkia Tamarindus Parkia Parkia Tamerindus Parkiz Tamarindus

Amino whole whole seed nuts seed nuts fermented market fermented seed seed

Acid seeds seeds (kernels) (kernels) seed nuts fermented seed nuts8 testa testa Casein
Lysine 2.58 1.35 L0k 1.87 L4.07 3.15 1496 0.80 0.34 0.3k
Histidine 1.16 0.7 1493 0.72 1,95 1.40 0.74 0.42 0.93 2.64
Arginine 2.0 1.51 3.27 1.48 3.1 1.8 T4 0.66  0.53 3.33
Aspertic Acid 3.31 1.95 4.5 2.75 L.53 3.40 2.70 0.9 0,79 6.7
Threonine 1.26 0.60 1.88 0.82 1aTh 1,18 0.78 D42 .22 L.00
Serine 1.78 1.06 2,617 1.35 2.L46 1.40 1,32 0.58 0.55 5.25
Glutamic Acid S5.14 2.9 7.36 L1 T.l42 6.07 L.01 1,148 1.08 20,62
Proline 1.63 0.6l 2.27 0.93 2.14 1639 0.92 043 1,19 10,07
Glyeine 1.48 1.54 2.20 1.22 2,15 1.61 119 0.63 1,52 1.74
Al-nine 1.72 0.79 2,58 1.04 2.54 1.78 1.08 0.60 0.33 2,88
Cysiine 2.2L 0.39 1.05 0.42 0.87 0,63 Oulily 0,14 0.12 0.33
Veline 1.51 0.73 2.58 1.10 2.L5 1.90 1,09 0.50 0.20 6,21
Methionine 1.00 1.19 c.28 0.25 0.L43 0.34 0.2 0,10 0.05 2.60
Isolcucine 1.L5 0.84 2.27 1,18 2.25 1.72 1e2h 0.42 0.21 L.81
Leucine 2,52 1.35 3.76 1.85 3.7 2.81 1.9 0.70 0,34 8.66
Tvrosine 1,08 1,01 2. 1,17 1.89 1.7 To1h 0,38 0.8l 5.33
Phenylelanine 1,66 0.85 2.60 1.24 2,55 1.92 1.18 043  0.25 L.92

- ——-
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lawwmin: end isolcucine while majority of the aminc acids were

lover than in the unfirmented se:d nuts,

vhen the¢ amino acid contents of the seeds wer: compared with
thoge of casein, it was found that they were very uvch lewer than
thosc e¢f cascin except for cystine which wrz hirher in both seeds.

Howgveur, the reed testa had lowsr amounts of cystine than in oasein.

T cssontial to noneessential (E:l) and the essential to
totel nitrogun (E:T) ratios, the cesential amino acid index (EAAI)
and the chumical or protein score (C3/PS) values (Ta2ble 3.5), for
the Parkia, werc higher than those of the Tomarindus vxcept in
the ease of the fermented se d nute where the LAAT and CS 'PS were

lower in Perkia then in Tamarindus.

Cassava (Manihot e¢sculenta) haé = higher b:N than the egg,

which is the standard, and the cocoyam (Colocagio esqu]_.g_r_:tg).

How:wey, coecoysm had higher BAAT and CS/PS values than cassava

except {oy the pecled tissues where the C3/PS valucs were similary






