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ABSTRACT

The study weas conducted Lo determine the nutrient composition and in vitra digestibiling of selected seeds
ol mutant vavichies of Macune praviers. The two varictics of Velver beans ased i this study were
Sonmmerset and NIRS, Sumples of Velvet Beans were crown at Liempe farm of the Unlversity of Zambia
located i Choengw e District of usaka Provinee Agro-ceological repion 11 of Zambia, Rumen Tigoor was
abtadned fram two coats fron: Chibolva market o local poat slaughter market in Disaiia, Thus the focus of
the studs was 1o evaluaie the nutritive vatue of the two varietios and their muiants, These swere related
nutrient content ard inovitro digestibility of the beans 1n goot rumen liguar. Proximate analyvsis was also
carried out en the beans, There were signifieant differences between velvet bean varictios and treatmoeni
means for the following moistare (0.6 - 5.1196), ash (2.9 - -1.73%), phosphorus (1,02 2.0%) crude ful
(0.3 12.725%). and crude protemn (1.9 27.8%). Calcium anly showed significance in the mieraction
fotwveen treatment means, which segeests that all the wreated samples contain the similar anouns of

be 1.5%6 The frvivro Dirv Matter Digestibilits of

Calcium, The grand mean for the Calecium was found o

chet" boans was not staficantdy ditlerent for all the samples. However, there was a siensfizan
diflerence at pi0.05 between the control (sove bean 95.02% digestibilitn) and the mutant vancties of
velvet beans, The velvet beans digestibility results (81 - 93 %6y ware found 1o be comparable o those
found o sarghum seeds this svgecsts that velvet beans can be incorporated in vout dicts, al sonw
prrcentage inclasions with the vonts not experiencing any major probloms doe 1o ther high digestibalin,

Pieree, o can be conciadad thin the high viclding varientics of velvet beans can bhe used i place of

comventional protein sourees sueh as sova beans i dry seeson foed supplement fur poats.
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CHAPTER 1
1.8 INTRODUCTION

dhere has been an ncrease In mulnatrition in Zambia, mosty in under-Nive children due to the
lack ol sallicicnt protein in their dict. An increase in the prodaction of goals in Zambin can Lo
used tooanerease Jood security and protem in the dicts ol the average Zambian person tius
mitteatmg the problem of malnutrition. However, due to high cost ol animal feed most goats are
kept at o subsistence feve! nsing the extensive svstem of farming, Furthermore. goats have hitle
and I same cases no dry season feed supplementation when mest fodder crops are low in
nutrients. In tryving to mitigate these problems velvet bean seeds can be vsed i dry scason feed

supplements for poats,

Lepunies such as Velvel Beans contribute one of the richest and low cost sourees of profeins in
human and animal dict. However, theiv utihzation s limied by anti- nutritional factors that
mterivre with the digestibiting of nutiients \:mn'lim'\! i foods, These factors topcther with protein
(I"._".‘.ululili'\ are maportant when food value of dillerent crops is assessed (Janardhanan ¢ of

2003 A< result many smallseate favmers only grow velvet beans or improving soil fertthis

and the sced goes to waste dae to lach of aliernative uses.

Fhere have been maony eflorts to wy and address the problem ot the anti-nutritional factors preseot
movehvet beans, the most common method vsed to reduce heat-labife anti-nutitonal factors in
rany velvet beans aind other pulses is heat wentment (Gonzalo ef af. 2002), Other micthods imvolve
soak g the beuns and then botling {Stddhuraju e af., 1996 Del Carmen ef of. 1999 Ny prenda o7
i 20050 These methads ave been Tound to be spcecessful i reducing the presence of heat and
non hieat labiie anti-notrnents ineloding T-dopas wlhich s a non-heat fabite anti-nutrient

Hovever, itis ditfieult o make recommoendations as to whict: mcthod should be used 1o improve
the guatiy of velset beans, o particatar when cconomie considerations are tahen into aceoual {n
no case, catt e siple name of o particalar process be wken as a guarantee of the qaality of' the
end product. The exact paramceters and conditions applicd need to bo kiovwn and the end produoct
imvehed needs to beassessed chamically. Furthenmore. these methods are tedious, thng
consuining. regive a lot of Tabor and necd expensive equipment such oas ovens and loree
ndustrial stoves. As woresult their application i< mnpractical for smaltl-scale frmers wnd is an

viecessany addiional cost for conunerciad farmers,

I Es possible to breed velvet beans seeds with improved digestibility throwgli mutational breeding,
Crop Inpros emeni using classical indaced mntagenesis (s pow well standardized. A Large nimbae

ol o prowising varietios o different erops hnve successtuliy been developod world wide vane

Foth physieal and ehemical mutaecns, Voluminous Dlerature 0 now avatlable on busic ot
apphicd wspects of mutagenesis. Mutation wehnigue has been relined and holds promase of

feal breeding. Recont adhvances oo

coneratie aomesh o wider destrable variabiline than
rectmaloey combied with clessica! miotation breeding ofters new and oxciting opportamniics o
desveloprient of nesw varicties of velvet boams that nen have a better nutviont peotile wiils Tow
anti-medricnts, Althiough there s some formation as ailable on the nutrionad and anti-pateitinnal
proocriies of velver beans there has boen relmiveds few systematio colizctivus and o aluaiion of
diverse velvet beans gecessions i puricudar mutant vavietios of vehvet beans Chaardhanan of cr
20007, ’
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Heomeasuring feedstalt digestibility and incorporating this information in an appropriate ration-
batancing pachage, it s possivle to determine the digestibility of velvet beans. The determination
of feedstuit digestibiliy 1s not a simple task. Unlike many routine feedstult analyses, there 15 no
single. recommuended  procedure for digestibility analysis. Nutrient digestibility: may  bhe
determmned fo vive (o the animal). fo site (in place), or in viceo (in glass). The Titley and Terry i
vigre digestibiliny test has several advantages. Tests can be conducted with only a very smal
quantity (0.5 grams) of material. Both rates and extenis of digestion can be determined. The most
stiiking advantage for the Tilley and Terry system is its degree of preciston. Coeflicients of
variation i the range of one to two percent are readily attainable. Much of the precision in this
systein can be attributed to the use of finely ground test sampies. which reduces sampling ciror
(Sicilinno-Jones, 1997),

It is against this background that this study was done, with the objective of assessing whether the
creation of velvet bean mutagens improved the nutritive value of the beans and whethier 1t
crhanced the digestibility of the bean. The specific objectives were:

a Vo determine the nutricnt content of the velvet beans.

e Lo carnvoul i vigee digestibility trial in goat rumen liquor in order to compare the
digestibititv of the velvet bean mutagens against the parent bean and against soya beans

of known digestibility.

rJ
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CRIATTER2
2.0 LITERATURE REVIEYY

2.1 Origins and Distribution of Velvet Beans
Tie culturing of annual velvet beans originates from Southern Afvica and distributed throughout
the tropics und temperate regions of the world, (Kawonga, 2002; Viera and Carvalho, 1996).

2.2 Botanice! Characteristics

Velvet Beans (Mucuna pruriens) belongs to the genus Mucuna of the family Leguminosaca. This
genus encompasses both annuals and short-lived perennials specics. In literature, the taxonomy of
species in this genus is synonymous. However the main differences among culiivate species are
in the character of the pubescence on the pod. secd color and the number of days to harvest the
pods. The velvei beans can have non-stingy, oppressed hairs on the pods while other types
{commonly known as co-witch) have abundant long stingy hairs (Kawonga, 2002; Kumwenda
and Gitbert, 1998; Viera and Carvalho, 1996).

23 Climatic Requirements and Yield

This crop grows best in warm and wet chimatic conditions. The edaphic environment is less
restrictive as the crops can grow in a voriety of soils and ean tolerate poor soils types such as
sandy or laterite soits. However, it neither does well in water logged nor frost prone arcas. Undey
favorable conditions, the vines can grow up te 10-14m in length and producing 4-94a dry matter
of lierbage while depositing aboul 300kg of nitrogen per hectare (Kawonga, 2002; Kuwawenda
and Gilbert, 1998).

2.4 Mutaticn Breeding
ln order to come up with varicties of Velvet Beans, which have low anti-nutrient content, vet
have high biomass vield, productivity and nutrient content, mutation breeding can be employed.
Autation 18 the change in the gevetic material (i.e. IYNA)Y or the heritable change in the genetic
nuke up of the genetic material (Montelone, 2004} Mutational breeding is therefore a
conventional line of genetic science that deals with both heritable and phenotypic changes (traits)
imtended to bring sbout new and improved varieties among selected agricultural crops
(Lacaundula, 2003).

A variety of procedures may be used. Pollen may be motagenized and then used in poliination,
Dominant mutations will be expressed in the next generation, and furtlier generations of selfing
reven) recessives. Alternatively, seeds may be mutagenized. A cell in the enclosed embrye of 2
seed iy become mutant, and then it may become part of germinal tissue or somatic tissue, If the
wmutution s in somatic tissue, any dominant tutations will show up in thie plant derived from that
seed, but this geacration will be the end of the road {or such mutations (Griffiths ef of, 2000).

Atming at the aloresaid purposes, a project by the Ankara Nuelear Rescarch Center in Agriculiure
and Animal Sciences (ANRCAAS) in Turkey was started in 1982 on soybean mutation breeding.
‘This project compteted successfully and two mittant soybean variclics were registered in 1994
and named TAEK-AS and TAEK-C10. The new varicties exhibited higher secd and oil viclds per
unit area, higher first pod height and protein content than the control {Halitligil, 2608).

e
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Figure 4: Mutant varieties
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2.5 Nutricent Composition

The proximate analysis show that Velvet Beans is rich in protein, energy and minerals including
Powssium, Calcium end Phosphorus to adequately supplement human and livestock needs
(Siudhuraju ¢f af, 1996, Laurena ef «f, 1997).

2.5.1  Protein

Velvet beans may contain up 1o 28%6-31% crude protein. While the amino acid profile analysis of
the genns Mucuna provides most of the essential amino acids that is lysine, cystine, methione,
tevptophan and leusine (Laurena er «f, 1991; Siddhuraju, e/ «f, 1996). Even for the deficient
amino ecids 1t would stitll meet between 50% -97% of the FAO/WHO (1990) recommended
amino acid requirement. The high levels of significantly complementing cereal crops since
cercals are deficient with lysine (Kawonga, 2002).

257  FEnergy

The futty acid (FA) profile show that Velvet Beans are low in {at however, they contain a wide
range of FA's in proportion to mest conunon tropical pulses and Soya Bean (Glveine miax).
Distinctively, Velvet Beans is a rich source of oleic acid, the essential fatty acid (EFA). However,
it is inferior to Pigeon Pea (Cajunaus cajan) and Sova Bean with respect to either the amount or
the proportions of Bssential FFatty Acids present in the grain legumes (Kawonga, 2002).

253 Minerals

The composition of minerals present in Velvet Beans make it a rich source of all macro minerals
these include Sodium, Potassiun, Magoestum, Calcium and Phosphorus, 1o additicn there is
dleguate amount of Manganese, Tron, Copper and Zinc (Kawoenga, 2002).

2
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Table 1. Chemical, Fiber aad Mineral Composition of Mucuna pruriens Sceds
1 g kg DM
i

|Component.

‘Chemical Composilion
Moisture (g/kg FW)

(Crude Profein (Nx0.25) . 344
[Crude Fiber _ o | SL6

[Crude Tat 673
Asho o ALl

\Carhohydrates (by difference) 525.6
Energy content (klfkg DM) 16565.2:
Fiber
ADY 5%

NDE 213

_{_]_c'_r_lgircﬁi} Lilu:»u,z B 7
Cellulose 82

......

Pagiin 11.2
—_— -]

Mingral Composition

Sodium 1
Potassium - 153044
Calcium 28571
Magnesivm . Ao 8512
2

Copper B
Zinc 20.4]
Siddhuraju, (1996)

Table 2. Chemical composition of Mucuna prurieins Grains and Sceds
Chemical fraction Grain g/kg Husk g/keg
B R YA L. M
Ash 333 5850

Cradeprotein - 1 27hs 40
| Gross fal ] 25.1 11.0 '
C Newtral detergent 2355
diber | :
Adic detergent fiber | [ 88U 13098
dienin ) NI |77
Acid detergent 4.5 0.6
lasoluble N ] 7 7
| Coteium a6 teSs
l"_h_qu]mrus . - 2
Nitrogen free extract | 394.6 202
N1 Wot Determined
Filiti et al., (2003)




2.6 Anti-Nutritional Factors

Al oilsced planis have natural anti-nuiritional faciors. They are described as non-[ibrous
naturally occurrence substances exeriing rogative effects on the performance or health of animals
(Witlis, 2007),

2.6.1 L -Depa

[-dopa is & toxic non-protein amine acid that occurs in several higher plants, Consumption of
smproperly bailed seeds of Mucuna led to increase in body temperature and skin cruptions among
the traditionally consuming tribes, Kanikkars, in Kerala and this was atiributed to the presence of
high {evels of L-Dopa in the seed (Janardhanan, 2003). Other side effects reported for L —Dopa
include staie of confusion and vomiting and diarrhea (Afalobi or @l 1985). Unfortunately L-Dopa
is not heat labile. Heat releases the -Dopa from being held in the sced maltrix 1o a free from that
cludes quickly whon soaked in water (Nyirenda er al, 2003)

2,62 Phytic Acid

Muost cereai grains, pulses, nuts, and oil sceds contain Phytic acid. [t acts as a primary phosphorus
reservolr accounting for up to 83% of tota! phosphorus im grains and legumes. A great deal of
rescarch has focused on the unique structure ol Phyvtic acid that bind to minerals, proteins and
starch, o lower bicavailability ol minerals, 10 form complexes with proteins and starch, and
inhibit enzyvmatic digestion of both protein and starch (Licner, 1694),

2,62 Phenols and Tannins

Broadly detined, Tannins arc Polyphenolic substances are chemicals having a molecufar weight
areater than 500 (fiener. 1994). Phenols are known to decrease the digestibility ol proteins,
carhohvdrates, and minerals in addition they may lower the activity of digestive eazymes and
may capse dunge 1o the mueoss of the digestive tract (Licner, 1994). Tannins have negalive
effects in anima! nutrition because they cause the mowth andd the digestive tract o reduce the
viscosity of the digesta, This property may in turn negatively affecet the digestibitity of lipids and
lipase actuvity (Liener, 1094,

2.6.4  Hydrogen Cyanide
This acid is hbcrated throngh cnzymatic zclion on @ cyanceenic glycoside present in the plant
tissue, The ingestion ol @ particular cyanogen can cause acute 1o chronic eyanide poisnning.

2.6.5  Beherenic Acid

The Behetenic acid conlent of velvet beans ranges from 0.7-47% of wtal Tatty acid. This maeans
th=t vebver beans have a potential (o cause wbwsogenicity, which was reported in groundnuts
(Racitiy hypogea) where this acid is between one and three pereent only (Kawonge., 2002)

2.6.6  Lecting

These are haemagglutinning that agehutinate Red Bload Cells, They are also known i reduce
pratein digesiibility and climinate digestive conzvmes from the jntestinal membranes hence aftect
the efticicney ol digestion, The absorption of ather fion —-nitrogen containing nuleicnls may also
e dmipaired by Tectins Pound (o the inlesting! cont surface. Deleterious effects of the Leciins miay
therefore be a combination of toxicity and malnutrinon (Licner, 19943,




2.7 PROCESSING OF VELVET BEAN SEED
Heal treatment is the most common method of processing Velvel Bears. Heat is achieved by
various means, ¢.g., by roasting at 1200 °C for 30 u:in o grilling lor an hour after pre-soaking the
seed for 24hirs and thereafter dehulling. Another method involves autoclaving for 30mins and
then soaking the grits for 24hrs, then boiling for an hour then soaking for 24nrs (Siddhuraju et af.,
1996; Del Caimen ¢/ al., 1999; Nvirenda ¢t al., 2003).

Siddhuraive 7 al. (1996) found dry heat reatment to be effective in reducing L-Dopa in Velvet
Beans. They attributed the reduction in L-Dopa to the raceimization under roasting. However, heat
treatment through roasting or boiling has been found to be most effective in reducing other anti-
nutricats in Velvel Beans (Nyirenda e all, 20033 Teat treatment by thorough roasting and
cooking can successlully reduce HOEN levels by as much as 08%. Dry heat treatment reduced the
conlent of Phylic acid by 36% and auleclaving reduced phytate content 47% in Velvet Bean
{Siddhurau ¢t al., 1996). However, Beherenic acid 15 more stable 1o heat and soaking treatment.
Autoclaving at 139°C for one hour and soaking the seed for 20hr only removed 15 and 1.5%
respectively, of the acid in winged bean, Trypsin inhibitors (T1) are known to be heat labile as
heat disintegrates their structure, Sigaificant reductions of Trypsin Inhibitors, in Velvet Bean
seed, of up to 93% by roasting and 96% by avioclaving were reported by Siddburaju e al..
(1995).

Acsignificant reduction ol Temagglutinating activity due to Lecting was reported among all bleod
groups (ABO) when the sced were subjected to both dry heat treatment and autoclaving
{(Siddhuraju er al., 1996). Roasting can reduce the negative effects of protease and e2ipha-amylase
inhibitors on digestion by 96% and cooking velvet beans removes the negative etfects of these
anti-putritional factors complelely (Siddhuraju er af., 1996).

2.8 The Feeding Value of Velvet Beans

2.8.1  Pouitvy

In poultry rations, untreated Velvet Deans was found to replace Sova Beans wheat bran and
ritddlings up to 10% level in the diet without causing significant reduction in the fred intake, loss
in market weight of the birds and egg production (Del Carmen ef af, 1999). On the other hand
(Olaboro e af, 1999) were able to use double the amount when they used eutoclaved Lieans
combined with fishmeal (3077) was used in the diet. The inclusion of fishmeal at that level (30%)
could have masked the negative effect of velvet beans beyond the (10%) Limit ol (el Carmen ef
al. 14993,

In another study by (Ivayi and Taivo, Z003) the effect of diets incorporaling Mucung praricny
seed meal on the performance of Laving hens and broilers was studied. Tn the first one huadred
18-week ofd BWack Nera birds were randomly allocated on body weight basis to 4 experimental
diets with 40% ol Soya beans meal was replaced with awtoclaved raw velvet boan seed meal
(VVBSM)L The resulls of the study sug cost that 6% processed VVBSM in dicts of layvers had no
adverse eifects op egg guadinies. Tn broilers dicts containing 6-12% Roasted Velvel Bean Seed
Meal performed as well perlormed as those fed on sole Soya Bean Meal. Levels highor than 124
caused a reduced performance of the Brds because the anti-nutritional facters in Mucuna disrupt
the digestive fracl and organs.
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2.8.2  Pigs and Rabbits

In the USA, It was reported that velvet beans were unsatisfactory in swine nutrition as it led to as
it led to poor production. even vomiting and diarrhea wher, large amounts were fed (Viera ef o,
1996). The leaves of velvet beans, at 50% flowering, fed to rabbits did not causz any cbservable
toxicity symproms (Viera ef af, 1996).

2.8.3 Cattle

Velvet Beans inter-cropped with maize is either grazed in sitw after the harvest of maize or
ensiled together with maize to improve quality and yicld of the silage (Titteroton and Maasdorp,
1907). Velvet Beans was found more cconomical when the sorghum was inter-cropped wiih
velvet beans and 100kg N/ha was applied compared witl sole sorghum crop. The vines can be cut
inio hay. However, its product is relatively poor because of its dense and matted growth
charecteristics that make it difficult not only ts cut but also to care the vines resulting in a dark
oft-colored hay product (Kawonga, 2002).

2.8.4  Goats

A study 1o assess the dmpact of AMucuna bean (Mucuna Spp.) supplementation on milk
production of goats was carried oul (Mendoza, 2003). The objective of the trial was to determine
the tmpact of supplementation with Mucuma bean (Mucumng spp.) on milk production of goats
during a 28-day period. Mucuna bean inlake was 872 + 361 g DM «-1 ¢-]1 and that of Ramon
foliage was 1144 = 38 ¢ DM &1 &-1. Mucwna bean supplementation increased the total dry
matter inlake m a Imear fashion (Dail = 402 4 1.228X, R2 = 0.72).

In a study by Castillo-Caamal ef «f, (2003) the feeding of Mucuna beans to small riminants of
Maven farmers in the Yucatan peninsula, Mexico was assessed. Mucuna bean (MB) generally
mmproved animal performance in comparison 1o the control. Weight changes during the study
period lor growing lambs, kidding goats, double kids pre-suckling, and single kids pre-suekimg
were 63 (control) va. 95 (with MB), -1.40 vs. -0.85, 86 vs. 130, and 110 vs. 214 ¢ a-] d-i,
respeciively. For post-suckling kids and non-pregnant goats, no differences in live weight (LW)
were observed between control and MB treatiments, Farmers generally commented favorably on
the MB supplementation, saying that it was useful, helped during dry season, increased animal
weight and milk production, and animals consumed MB well Most farmers found no
disadvantages, but two farmers mentioned the same disadvantage: soaked MB tend to hecome
infested with grubs, and animals do not consume them.

285 Oihoer

The othier way of using velvet beans is to grind the pods and the resuhant meal was used as
protein supplement in shieep, horses, and mule diets replacing cotion sced cake (Kawonga, 2002).
2.5 i Vitro Digestibiiity Studies

Thwe technique first desceribed by Tilley and Terry, (1963) has been the most commonty used i
vitre method for predicting digestibility and as a sclection tol for improving the nutritional
quaiits of Torages. Several medifications of the ariginal procedure have boen used to maximize
the digestion process because in vitro sysiems that do not maximize digestion kinetics imay not
detect ditierences in substrate digestion (Grant and Mertens, 1992b). Maximizing in vitro
digestion depends on several faclors, including difution of the ruminal inocutum, type of buffer
used, particle size of the sample, type of mill used for grinding. and type of diet the donor animal
is fed.
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Ruminal inoculum is typically strained through several layers of cheesecloth and diluted (20:80)
in saline solution, ariificial saliva, or various bufters. Craig er o, (1984) suggested that strained
ruminal floid alons was not as effective as strained riminal fluid plus an inoculum of particulate-
associated bacteria for simulating ruminal fermentation of fiber from different feedstufts. Varel
and Kreikemeier, (1995) compared the in sine and the Tilley and Terry techniques using alfalfa or
brome grass as sabstrates, Differences in lag time, rate of digestion, and extent of digestion were
noted between the two techniques. Lag time was shorter, rate was faster, and extent of digestion
was greater with the i situ than with the in vitro techuique. Differences were attributed to a lower
microbial concentration with the in vitro technigue compared with microbial concentrations in the
rumen of the animal.

Attempis to increase the microbial concentration in vitro have not been successful because of a
rapid accumulation of end products and a subsequent decrease in pH. The decrease in pH might
be of major concern when using the in vitro technique to study fiber digestion becausc
cellulolytic bacteria are more sensitive to low pH than are amylolyvtic species (Therion ef al.,
1982). However, Terry ef ., (1969} demonstrated a minimal decicase in cellulose digestion with
an additon of 40%6 glucose when pH was maintained at 6.8. Grant and Merens (1992a)
developed an in vitro buffering system capabie of pH control betsveen 5.8 and 6.8 that has been
successfully used to study fiber digestion in vitro (Grant and Mertens, 1992¢). Starch digestion
also scems to be affected by ptlin vitro. Richards ef al.. (1993) tested different dilutions (1:1, 1:2,
1:3. and 1:4) of strained ruminal fluid and artificial saliva 1o study starch digesiion in vitro, Rate
and extent of starch digestion were similar for the 1:2, 1:3, and 1:4 incculum dilutions but were
higher thar with the 1:1 dilution. The lower rate and eaient of starch digestion with the 1:]
dilution could have resulted from a lower pld noted in vessels when rumingl fluid was less
dituted. The authors recommended that dilutions of 1.2 or 13 be used when studving starch
digestion of grains that arc rapidly fermented.

A study was undedtaken to evaluate thic in viiro gas production and digestibility of Mucuna bean
by (Sandoval ¢f @/, as cited by Mucuna News, 2002). The results indicated that Mucuna has
potential to replace conventionsl energy sources (e.g. maize and sorghum) in ruminant diets. In
addition 1o the beans, the husks can be without major problems because of their high digestibility
{97.94 =035 and 96.02 £ 1.31% for the beans and 78.96 -+ 1.69 and 78.853 1.753%% for the husks).
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Tuble 3.0 Chemical composidons, in vitro dry matter (JVDMD) and organic matter (IVOMD)
Dyigestibitity (70 and metabolizable energy content Maecura pruriens beans and husks

Componemi | Ugdn_T#gﬁgsk

Dry Matler ,_________9<_‘3-_3_9_I oI ‘“
Crude Proteis I 2034 4.5
Ash - B 3.44 5.78
[Ether Ixtract 2.41 16.82
Newotral Detergent Tibre I . L L - - X
Acid Detergent Fibre - k . ndy 3749
[Lignin o n d.[ 1 1_22]
B 7. ‘94+0 ﬁ'l o 7&;2{711[7({9‘
vomp 1 950241, 3]‘ 7890+ 1. 7‘1'
MIE(MJ, 1\"‘”\1’ S DS X B S B L

Sandoval-Castro et al., (2003)

Table 4. Rumen DM degradebility (%) ol the velvet bean grain and husk, evatuated in three
runicn cannuluted cows fed with o basal diet of Pennisetim purpurenin,

| Incubation time (h) _ | Grain Husk_ Standard Ercor_ |
3 61.5

6 s

P12 78R

EX EIER

L 34 100

L_é_té_;;f T

N | ND

ND: Not Determined
Ayala ctal, (2003)

Table 5 Parameters of the rumen DM degradability of the velvel bean grain and husk according
to the equation 1 = a + b (1-cxp-ct), and the cstimated effective degradability at a rumen outflow
vate of 547 (BDS%).

P Degradabinty Parameter () 0 Grain | Tlusk ] Sldnmud 3 m\r I'robubilily
poTTTITIT T T T o T T T 'ifl' o

L,,f,,‘,{;@ sz _ B % B (LX) R
| DI vash loss (SD) i 2BA(76)  pH30@ESy |
!ul!} xniuh!_ DM (Si)) CI338(76) [ 269(40) | I

NS Not a significant difference (P > (L.O3)
S Standard deviation




Feeding VMeat ('; oats

In order to raise goats at a low cost, the pv‘od acer must maximize the use of forage. Feeding of
goats cannot be d:.scus.se-d without mentioning the impact of the kidding cycle. Most goats are

seasonal breeders. beginning to cycle with the shorter and cocler davs of the year. They will
continue to evele (unless they are bred) every 21 days or so, until days lengthen in early suinmer.
The time of kidding determines the period of highest nutritional demand, as late pregnancy and
early lactation are eritical times for the doc and kid. By manipulating the breeding date, the
producer can see 1o it that peak needs hit when meore forages are available, rather than during
months when only harvested feed can be used
(Pinkerton and Pinkerton, 2000).

Underfecding  during  critical  times s not
profitable. Neither is feeding large amounts of
purchased feed. 'The manager must plan the
production cycle to avoid both these pilfalls. One
nceds to be awarc of the pattern of forage
availability in their area, and try to us¢ pasture or
browse as much as possible. In addition to pasture
or browse, it may be necessary at some times of
the year to supplement goats wilth extra profein
and/or energv. To do that edmenil; it 1s
important to understand the requirements of the
animal and 1o mect those needs in the most cost-
effective manner (Pinkerton and Pinkerton, 2000).

-

Finvee

T Beer oot

Table 6: Dictary Protein and Encrgy Requirements of Goats®

=( lassof Gout A\e hcd mt.:ke/dax kgt % Crade Protein % TDN

Grm\mu  doeling. ‘P‘) L&!ﬁ, 5.28 3.8 e

Growing male lgg[ 145.2 ke' l5.38 & B 7
emlmn g doc. 198 he* 10.12 _ {10 o 20

3 vt nl_d doe, 242 Ko™ 11 - 1'{”7* e

\‘ ature buck, 484 ka* . mes N i._..._.. v 35 B
Daivy doe. 330 10 o (65 i 0 T

*Approximations; based on dry matter in the feeds eaten
Cale uhmd on busis of the dry matter in the feeds eaten
aGrowving at the rate of 535 Kg/day

bG rmvmg al the rate of .7"6 Kgiday

cYearling female, last trimester of pregnancy and growing
dMilking 2 qt/day - cnoug[; for twins

eNot gaining weight, moderate activity

{Nubian, milking 1 gallon/day of 4.0% butterfat

Pinkerion and Pinkerion. (2000}
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Feeding Meat Goats

In order to raise goats at a low cost, the producer must maximize the use of forage. Feeding of
goats cannot be discussed without mentioning the impact of the kidding cycle. Most goats are
seasonal breeders, beginning to cycle with the shorter and cooler days of the year. They will
continue to cycle (unless they are bred) every 21 days or so, until days lengthen in early summer.
The time of kidding determines the period of highest nutritional demand, as late pregnancy and
early lactation are critical times for the doe and kid. By manipulating the breeding date, the
producer can see to it that peak needs hit when more forages are available, rather than during
months when only harvested feed can be used
(Pinkerton and Pinkerton, 2000).

Underfeeding during critical times 1is not
profitable. Neither is feeding large amounts of
purchased feed. The manager must plan the
production cycle to avoid both these pitfalls. One
needs to be aware of the pattern of forage
availability in their area, and try to use pasture or
browse as much as possible. In addition to pasture
or browse, it may be necessary at some times of
the year to supplement goats with extra protein
and/or energy. To do that efficiently, it is
important to understand the requirements of the
animal and to meet those needs in the most cost-
effective manner (Pinkerton and Pinkerton, 2000).

Figure 7: Boer goat

Table 6: Dietary Protein and Energy Requirements of Goats*

Class of Goat Ave. feed intake/day, kg  |% Crude Protein  |% TDN
Growing doeling, 99 kg® 5.28 3.8 56
Growing male kid, 145.2 kg" }6.38 9 57
Yearling doe, 198 kg° 10.12 10 56
3 yr. old doe, 242 kg* 11 11.7 69
Mature buck, 484 kg° 11.66 9 55
Dairy doe, 330 Ib' 16.5 11.6 71

*Approximations; based on dry matter in the feeds eaten
'Calculated on basis of the dry matter in the feeds eaten
aGrowing at the rate of .55 kg/day

bGrowing at the rate of .726 kg/day

cYearling female, last trimester of pregnancy and growing

dMilking 2 qt/day - enough for twins
eNot gaining weight, moderate activity
fNubian, milking 1 gallon/day of 4.0% butterfat

Pinkerton and Pinkerton, (2000)
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Pable 70 Practival Dictary Recommendations for Feeding Goats

ot Gons e s
(nm‘ ing hids, di\ docs. _1d__ lj_u o | B lU L =L
}‘1.!\)\\1 1w ki id dl\ dv. m Fbucks ’ W(J 60 |

| Lactuting woats . ) ' —(v? |

Yrorserton and Pickerton, (20000

During the warm-season grazing pertod, goats will very likely meet all their nutritional
requirements from whatever combimation of forages is aveilabler only a trace-mineralized salt and
possibly some phosphorus would be necded 1 additton (Pinkerton and Pinkerton. 2000)

Hewever, i late (adl and winter there is need 10 supplement. [Us impartant Lo note that goats are
notoriousty wastetul henee an addition of about 20 percent more feed 15 necessury to allow for
waste, Gouts are ¢hoosy. and will refisse Teed that 1s not palatable (Smith and Sherman. 19895

Finallv. when feeding goats 1i is very important 1o observe closely and adjust feeding practices
Lased o how the aninals are doine. A ration that looks adequate on paper may turmn oat o be
unatatable. or may necd o be inercased due to severe weather conditions. or may be overls
senvrots i the poats are Nndding plemty of biovese, A properly nourished antmal will Le healthier,
avd more able o ldle stress and bad weather, An over-fat animal will have o whole set of
probleins.and sl e a drain onthie budeet as wetl (Smith and Sherman. 1994).
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CHAFTER 3

3.0 MATERIALS AND METHODS

3.1 Materials

o Velvet Beans Seeds
e Rumen liguor from 2 goats

o Jaboratory Chemicals for cach procedure as specitied in the AQAC procedores AOAC
methods, (1998) and lor iz vitro diry maticr digestibility (IVDMD) according to Tilicy
and Terry, (1963),

¢  Laboratory equipment for cach procedure as specificd in the AOAC procedures AOAC
mcthods, (1998) and for i vitre dry matter digestibility (1VDMD) aceording to Tilley
and Terry, (1403).

3. Methods

‘The processing of the sample was conducted at the ficld statien of the School of Agricelture
Sciences, Untversity of Zambia, The two varieties of Velvel beans vsed in this study wore
Sommerset and NIRS varieties. Samples of Velvet Beans were grown at Liempe farm ol the
Universiiy of Zambia located in Choongwe District of Lusaka Province Agro-ecological reginn U
of the Zambian Agro-ceological classilication syster. Rumien Hguor was obtained fron two goats
{rom Chibolya market a tocal market in Lusaka,

[

321 Processing of the Velvet Beans

3.2.i.1 Dehulling
The samples were soaked in wiarm water untl] the seed coat could casily be removed.

3202 Drying
The samples were dricd on erucibles it a Memmert oven (Mode! 500, Memmerl Co. Schwabach.
Goimaany) a1 dried at 30°C for 12hrs.

3213 Heaf Troatmoent

The samples were roasted 1207°C Tor 30 minuvies in g Memmert oven (Maodel 300, Mommeri Co.
Schwabach, Gormany)

A2.0.4 Grit Moking

A Wiley Mill with a Smim sieve was used to procice 4mm griis.

222 Proximate Chomicsl Comyposition Analysis of Velvel Beans
The anitvsis followed the sandard AQAC methods, (19953




3.2.2.1 Moisture content
This was determined by drying Zg of the sample in a Memimerl oven (Model 300, Memmert Co.
Schwabhach, Germany) at 110°C Jor Zhoois (ADAC mcthods, 19983,

3.2.2.2 Ash

The determination of ash and mineral extraction was done by combusting
Nabortherm Mullle Purnace (Naberthenm Coo, West Germany) at 550
determine Calcium and Phospliorus.

of the sample in a

T
-
'C. The ash uscd to

2223 Coictum

Fhe minerals in the ash were extracted Ly boiling o~ in 10ml of 2N HCL The solution was then
filtercd ovt into a 100ml flask and made ap io the 100mi mark by washing the residue with hot
distitted water. Calcivm was then precipitated with Ammonium Oxalate and titrated 10 a faind
pink with 210 Polassium Permaaganate,

3.2.2.4 Phosphorus

Phosphorus-difuted sotutions were read by & colonimcier at 660nm wavelength, A standard curve
of the sample solutions was used 1o determine the concentration of the sumple solutions.

3.2.2.5 Crode Protein Analysis

This was carrivd out by digesting 2g of the sample in a Toss Tecator Digestion Svsteny, (Foss
Tecator Co. Hogenae, Sweden), at 420 °C for Thr and distilled in o Markham semi-micro
Ficldahl apparatus,

3.2.2.6 Etherextract

This was determined wsing 20 of sample placed in extraction thimbles in o Soxbiet (lask.

R Lot vitro Digestiility

In vitro diry matier digesiihitity (IVDMD) was estimated according to Filfey and Terry, (19633 A
0. 3g sample of velver bean seed meal and sova bean meal were incabated with 28ml MeDougall's
artiticial saliva and goat rumen liquor in a thermostatically controlled circulating water bath for
4 hours respectively. Bumen hiquor was obtained from two goats from a local market in Tusaka,
After incubution the samples were filtered and In vitro dry matler digestibility (IVDMD) was
determined.

R Statisticn! snalysis
Anatysis of variimee (ANOVA)Y was done wsing Gensta statisticy] programme with the
completely randomiized statistical design wita no ticamient blocking. Means were reporied as Jeast

setare mvans, Differeaces between speeilic mutan, varicties and between mutants and parent
.

plants lor chemd composition and IVDMD were lested for signilicance esing  Leasi

Sigatfcanse THITorenew 1l 5%



CHAVIER S
4.0, RESULTS

4.6 Proaintate Anulvsis

Thirteen (131 velvet bean mutants of Sumimersel and NIRS together with their parent plant were
analssod Tor the foflowing moisture. ash. phosphoras. calcium. crude protein and crusde fal
Fhore swwas varfaiion o the teatment means and velvet mutant variety for 2l paramceiors with only
an exception of calcium,

The mostvariation was found in crude protein (fieare 129 for NIRS profile was with NIRS15-3.7
rocording the highest value of erwde protein 27.79% accounting for o 14.03% increase trom the
NIRS Parent which was found to have 23.89%:. The lowest crude protein in the NIRS varioty was
e NIRS 68-6-3 which recorded 18.10% erude protein accounting for 31.33%6 less crude protem
than the NIRS varieny . All Sommerset mutant varietics recorded eride protein poreentages more
than the S8 Parent. 5% 16-9-9 recorded the hichest crude protein of 24.42% aceoimting Toy
A0 17 inerease trom the parent tae was Tound o have T4.01% crude protein, The Tovwest crude
proicin pereentaze was in SSA0-19-40R that recorded 17.84%¢ crude protein accounting for

FR. TG increasce.

Uhe hishest crude fat (figure 13) amongst the Sommaerset velvet beans varicties was recorded in
S8 A0-6- 14 that was found to have TOT94Y 0 crude Tat accounting tor a 35 55% inercase from the
parent that was found 1o have 6 978%¢ crude Tat, SS40-19-4798 recorded the Towest crude fat s of
.00 %0, which was 3.07% lower than the 55 pwrent. Among the NIRS vaietios NIRSE3-3-7
recorded the highest erude fat %0 of 122495 that was 39.40% higher than the NIRS parentwhicls
was found to e Zae% NIRSOS-6-4 recorded the lowest crude fat "o of 0 2000

B

was SR o than the NEHRS parem,

which

1 |

SRS S 37 hind thie highest moisture {Nzove 87 content ol L 7% that was 31576 higher tian the
parent bean that was found 10 have 325 Whoreas NIRS 32-0-271 18 was found 1o have the
fonvest mioiatere contont of 1831 95 that was Towver than the pavent bean, Among the Sonunerse
it varietios of velvet bean 88 3822323 recorded the highest valee for moisture of 3.1 1450 tha
was 2705 e liishor than the SS parent which was found 1o have 3.7 15%0 Whereas SS38-T3-3was
found to have the Towest moisture content of 2.3 14% that accounted that was 38.3% lower than
the 85 parent.

ANIRS mwrantvarietios had valoes of ash (fiaure 99 fess than the parent bean which was found

o have 7% ash NIRSO8-6-1 had the hichest ash pereentnze of 3.713%: accounting for 267
fower ashi than the WIRS parent. NIRS 32-6-27118 had the Towest ash percentage of 3 3%,
cocowting o 12.0% Jower ash dian the WIRS porent. Sommerset mutant sarictics secorded both
Piolior and fower ash percentages from the parent bean. which was foand o have 320550 ash, SN
0001w found 1o have the Bighost ash percentage o 1.75%0 acenunting Tor a 10870 merense
Fromn the SN parent. 8% 382323 had the Toswest asly percentase of 3550 that was 20270 ess thane

the NS parent.

Amono the NS varictios albthe mutants recorded valaes hizher phospliorus (hguee Ty than the
socent wih the exveeption o NIRS 52462251 wohich had the Jovesy phosphoiis o TG whinel
wits 1870 fo s than the parent bean whieh had E3%e The highest Pliosphorus e tor e NIRS

varictics was recorded in NIRS 1537 that was 2UFI8%0 aecounting foroa 4 072% Bighor
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highest pliosphorus of 1.7% that was 7.7% higher than the parent bean that had 1.56%
Sah 5 04

phesphorus and $822-4-4/38 recorded the Jowest Phosphorus % of 1.091% which was 42.71%
fens than the 85 parent.

Calcinm only showed significance n trhe interaction betwe

en {reatment means and varieties and
the grand mean for the Caleium values was founid to be 1.5%
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highest phosphorus of 1.7% that was 7.7% higher than the parent bean that had 1.56%
phosphorus and $S22-4-4/3B recorded the lowest Phosphorus % of 1.091% which was 42.71%
less than the SS parent.

Calcium only showed significance in the interaction between treatment means and varieties and
the grand mean for the Calcium values was found to be 1.5%.

Figure 20: The relationship between treatment means of velvet beans and Moisture %
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F ighre 22: The relationship between treatment means of velvet beans and Phosphorus %
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Figure 11: The relationship between treatment means of velvet beans and Crude Protein%
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4.7 In Vitro Dry Matter Digestibility

The in vitro Dry Matter Digestibility of velvet bean mutant varieties ranged from 84.27% -
93.03% digestibility. These values were comparable to that of soya bean, which was found to

have 95.02% digestibility.

Figure 26: in vitro dry matter digestibility of velvet beans %

in vitro Dry Matter Digestibility
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CHAPTER S

.0 PHNSCUSSTON

induced muation breeding of Velvet beass vesulted i significant changes muong the
mutant lnes i plant tvpes maturiiy, plast vigor. color of the flowers, apparent biomass.
sead sive and seed vicld, These trants provided the basis for the sereening process. The
caperiment imvolved the 13 mutant varictics of velvet beans of which four (<) were NIRS
varicty and nine (9) were of Sommerset variety, L-Dopa analyvsis was anfortunately not
determined doe o fack @ standard Tor [ -dopa, Thus the focus of the study shifted 1o only advance
the velvet bean varictios with mutants evaluated only for moerphaolozical tratts. vield components.
seod vield, nuteient content and in vitro digestibility in goat rumen tquor as indicated carlier.

s Observation Daring Processing

During the processes of dehueliimg it was found that there is ne standard feneth of time Tor the
soakine of the velvet bean sceds before defivtling can be saccessful, However. the Semmersel
varely proved casier to dehall than the WIRS variety of velvet beans. The seads of velvet beans

are guite hard therefore pounding using a mortar is very difticult.

Puring the process of heating it was noted that the Memmert oven (Model 2000 Menynert ©o
Sehvwvaback, Germany) tendad to deviowe Trom the sct temperature, Temparature was not eveniy

distributed as the seeds on tic top tray tended 1o roast taster.

Lre

.2 Nurtrient Content

he nutvient composinon resulis are presented it Appendix 1The proximate anals sis shoswes tha
velvet bean s cich in proten, energy ad minerals adequately supploment human amd livestocd
pecds ¢suddbaragu or /0 19962 Faurcna ¢f o/ 19913,

Accarding to the docunrented velvet beons contain 20003170 crude protem (haurene of of 199
Stddioraju er ol 19960 Piespiie the stenilicant diticrences fncrade protedies betvecn the matam
varivtios wnd the pareats none of the result< were stopiticants highoer thaen the docunmionied values

foradl the paramicters obaery e,

Acenrding o Siddlivraju er af. (1996) velvel beans are Llow in fal, This was Tound o be trae for
i matant varicties of the velvet beans analvzed for crude ot m this study.

Vehoot beans o sacd e bea rich source ol all macre minerals inclodimy Sodinm, Potassiuns,

Shagnesin, Cabernm and Phosphores (Ravwonca, 200200 Tlowever, the analyvsis only was done o
Cadcium and Phosphorus, Caleiam only showed stundicance iy the miteraction hotween wreaunet,
e id s arictiown swhich sugzeso that all the oested samples contanr the simdar wiount of

Calcimn, The oraed e o the Calerm was found to boe 1.53%,

Phe diftorences between oot and non-hae treared samples were due o toss of moiure aiter

Loaring, s is hocosw of the appavent dgiffereroes in the dve moatror content of the seed Henee

heat-treated <mmiples of the sume weisht wore lounsd w have aosianificantds higher nuiont coniont

o the non-iiewd treated samiplos,
Fhere swere stgnifcant dilferenees i the nutriest content of all the varietos witlh o escepiion of

Calowm. They were signiticant difterences betwoeen velvet bean variety and trestiment means fot

teo folion e mossture ashe ey and phosphoras,

oke!
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5.6 invitro ey Matter Digestibility

The i viro Do NMattor Dinestitiliny of velvet beans was tound 1o be the simifar for ol the
satples, There was a atfference between the control (soxva bean) and the mutant varictics of
vebhvet beans Lused o the least significont difference at 555 but this difiereace was not signilicani
whion the eatnivnt mcans were subjected o analysis of vartanee ANOVAL There wos abso no
pileracilon betwesn tresiment gneans snd ovedver bean vancnies, The i visro dry maner
dige<thifity of the mutant varieties ol velvet beans was found o be comparable to those aclieved
by sorghum secds £335-90%0) qecording w Muleba, (1992) The anti-nuiritonal teetors did not

shiiow any detrimenat eflfeet on tw dmovieo Lemientation, Thus velver beans can yeplace

conventional enerey sid protein searces such as maize, and sorghin and soya beans for poats,

o]
o
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CHAPTER 6
G0 CONCLUSTONS

The chomieal profiles o at the mutant varieties were sienificantly higher than the parent wiih
onhy e esception of catennn, Thus the rejection of the nul h\;mmm‘i—;‘ that there s 6o
stapglieant difivrenae between ﬂlc aulrienis content ol the mutant varictios of velvet heans and b

|arent boa,

Fhere was no sigoiitcant difterenee i the o vicra digestibility of mutant varietes of velvet hems
arnd the parent bean, The tle difference i the fnovitre digestibilin nt' sova beans and veheer
B, varictios goes ty show that velvet beans has the potential 1o replace sova Beans al some
porcentace inchuston in the dicts of goats. Heneoo it can be concluded that the high vielding
avictios ol vebver beans gain be osed in place of the parent variclios and sova beans modry season

.u:d steplenient o coats

B thes hoped that induced nitation hrcmi*’a‘g_f i ovelver beans could have also resudied i

dilferent leveds of anti-nutritional l'a;‘to"s soch s T-Dopa among mutants of the sane vaniety aad

between the varictes 1o addition, at i hoped that the evels of T -Dopa are different in thie
| ]

ditferent plant parts.

0.1 RECOMMENDATIONS

Mot analyzine T-Doepa i the earlior concrations menns that more samiples will Basv e to be carrid
tornard aad wath the mchision of this vear™s samples, more samples hove bean peneiated withou!
danalasis, s has oo ‘\!L the analyvsis ol this aspect of the stndy more expensive as more than teice
the enginal and inaosded nunsber of somples has nov 1o be anadyecd. Despite (hie Bivh numb
and conscguenty Bigte costoof analvsts, -Dopa anadvsis should sl be carricd oot Baen ii

ant e witht high plane biomass and seed vicld are selected ey cannot divectiy

PrOSHEING T
bu tsed for stock fead or luasan food ey contann Tugh fevels o8 T-Dopa especiaiiy i the seed
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ANALYSIS OF VAR

AYPENDIX 1

IANCE TABLES

Table 11: Analysis of variance for inoisture (H:O)

o1 Tpr |

Source of variahion Ldf(myvy) | s | s LoV
Variey L P4 | a17622 L 29844 | 2327 | <0.001%* |

Treatment o |1 *. 812815 842515 | 656.79 | <0.001%% |
Replication ! 0.0420 | 00420 | 033 10572ns
Varicty. Treatment RENS 18.1631 1.3972 10.89 | < 0.001%*

Error 128(H) 35918 1 0.1283

Total 572y 1450082

ns = pot significant P>0.05

= b;gmlmant <005

wx = Very signiticant P01

Dcgrees of freedom 28

Srandard Crror 0.3582

Cocfhicient of Variation %% N

Grand mean 33460

Table 12: Analysis ol vartuirce for Ash

AT A .
Source of variati s 5. | ms. v, | Fopr
14 12.90613 | 6.92187 5271 | < Q005

I reatment

i 29685

1.29685

74.15

Replimllon

(.03407

0.03407 1.95

Variety. Treatment

563815

041701 | 23.84

Ol?*r

< 00(1"“

I_lgul S ....,.____-_I_._gg___n_ - 9‘\@_‘ 22 0 01”’49
Total 39 2058242

us o sono sié]".ﬁiﬁc:m P03

* ~ Kjgnificant P05

H = Verv signiilcant P<.01

Degrees of frecdom 29

Standard Frror (1523

Coctlicient of Vartation %5 3.3

Grand mean 4,037

Febie 13 71_ Analvsis of varinanee for Caleivm

C Ul “variatio [

. f.

i
i

5.5,

| Sou

: Ji’s cz-n.s.nl

14
I

T
i
1
4
3T
\

1.08807
0.094 11

(MOD

[os T

L0 294 Q.007 ns_
0.05441 157 [ 0069us

0.03400

]

04

(1.164 ns

I\L p! ication ]
a\ ariety. Ireatment
J }_’,rrmﬁ
P Tol
Bs 0 cuolsig

= Sienifju
= Very slgnadican
Dearees of freedoin
Sumdard Error

Coefficient of Variation %o
Grand mean

S

(0.1626
166
1.527

(?ébm"‘

28

1006100 234




Table 14: Aralysis of variance for Phosphorus

T T S T T T
L Source of varimion Tdf | s.s. | B8, | v, Fpr.

(Nadety NS 073651 ___ 1069546 147.22 | <0001% |
Clremment 110029068 | 0.02468 €8 0.206 ns
o]

e e — ey

{ |

Replicaton |1 [0.04735 004735 327 | 00830y
Variety, Treament | 14 0.56553 004039 274 Jo0ii |

Error ‘___i..'_:;__..___.______ 129 042715 001473 |

Total 59T 10.80118 i ]

ns - not qwmh(.'ml
= Significant

=* = Very significant
Degrees of frecdom
Standard Frror

Coeflicient of Variaiion %
Grand miean

P=0.05
1<0.03
P<0.01
24
01214
7.9
1.530

Table 13: Analvsis of variance for crade protein (CF)

[ Souree of variation Tdfgay  Tss  ms v,
Variety ______ _{ 14 670519 | 47.880 25.50

<0
Treatment ] 0213 0213 010 | 0749us |
7

ﬁinMwT““fgiiiqiijif:I:) 234~ 10234 1041 107370 ]
| Varietv, Treatment BE 52839 4065 L300 | D.OGL ns {
Nariely, T 9861 ns |

Ereor Tas(y ysn060 2038 b

 tolel N 1 |
ns = not “]“H]llu’l’ﬂ =005
¥ = Gignifican Pl is

o = Very signilicant P<0.0]
Degrees of freedom 28
Standard Error 1.428
Coeflficient of Voriution %o 6.8
Grand mean 21.0%

Table 16: Analysis of variance for crude fat (CT)

| Source of variation d. g1 1 5.5, L _I__m.s. ] VI I?u—"— T
 NVariety 114 {

Treatment
r:nht_ atioin

i
1
|

R

1
212192 ] 6253 < 00014

|
(02050 |
l

| 0 UUG ns
}um‘. o ' |
s = 1."1““."‘;':.11|1::1! . o S
Stgnificant P03
b = Very significant 0.01
Dearees of feadom 20

Sundard Breror {.5625
Coetficient of Variction % 0.4
Grand moan 9.08




Tavle 17: Analvsis of variance for /n vifre Digestibility

[ Source of variation 1 ddL _' 55, rmAs. P b o

Variely 13 613.75 14384 (247 ] 0.019rs
CTreatmern 11 1s.ee 506 (029 (0.897ns
Replication 1 16.97 1697 1096 | 0.336ns
| Wariety. Treatment s 13422 12444 1S 0.223 iy

Error B [ 3 51417 17.73 !

Total | 60 1492.07 [

ns = not significant P=(.05 T o

* = Significant P=0.05

*E = Very significant P-20.01

Degrees of trecdom
tandard Error

Coefficient of Variation %%

Crand mean

29
4211
4.5

93.32

3]
jso]
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APPENDIX 3

TREATMENT MEAN DIFFERENCES BETWEEN PARENT AND MUTANTS

Table 18: Treatwent Mean I)lfi\th\,«qu between Parent and Mutants for moisture
Mutant | Mean | Difference % Difference
\IRSP?\ﬁ\' 3207 ;o 0 -

RS45-3-7 1682 11475 ] 31.50363093%%

' VIR 1 1.851 -1.356 -73.25769854 %
NIRSES-63 | 3.095 0.488 ] 13.20703654%
NIRS68-6-4 13889 0,682 17.5366d181%
SSPARENT 1 3.715 0 e
(881699 3568 0447 14119955157
| $818-6-14 12,538 |-1.477 -46.3750985% !
[§S22-4-43B° U514 11399 27.35627689

(§82332 15669 -0.0106 -1.253747615
$825-4-11 | 2424 [-1.29] -53.25907501**
$538-25-3 12344 N 1 -58. e}l__‘oj_g{gﬁ_}_gg)f_:
SS40-19-498 13434 {0381 -16.5386088 1 *
§S40-47 T 15002 (20323 -16.38471178%*
S840-6-14 - 73E77 0 T0A38 ] -10.00888362%

*Least significant differences of means (5% level)
=+ Jeast sigaificant differences of means {10% level)

Table 19: Treatment Mean Differences between Parent and Mutants for Ash

Mutant [ Mean I Difference | % Difference |
(NIRSPARENT tdewi  Jo 0
NIRS#5-3-7 36845 0897 [.27.06297503%%
 NIRSS2Z-6-2/11R [ 3.275 | -1.400 -42.93129771%
| NIRS68-63 1 3.534 -1.147 32456140355
| NIRS68-6-1 { IS 0966 ] -26.00269179¢
SSFAR F\n 3.951 0 ) 1o
5816-9-9 4.333 0.382 §.816062774*
S8185-6-14 4323 T Team 8.605135323*
ey 4.07: 0,122 3.019145803
2 3.9: oo 102028912
] : Tos7e 12762199167
5 0,685 | -20.16423358%%
0,004 T0.101342792
0S5y ERLT 706255 |
0799 1 16.82105263%F

b

#east significant differences of means (3% fevel)
*+ Least significant differences of means (10% leveld)

31

(11,0)




Table 20: Treatment Mean Differences between Pareat and Mutants for Calcium

_]-\71?;71_&1_ Mean Difterence [ %t Diffurence
NIRSPARENT | 1.743 0 L0 ]
NIRS45-3-7 155 -0.215 [-14.05228758%*
NIRS52-6-2/11B | 1.578 0167 | -10.58301648%*
' NIRS68-6-3 | 1.655 0.09 ) -5.438066465*
NIRS68-6-4 | 1.492 -0.253 -16.95710456%%

SSPARENT | 1.442 0 0

SS16-9-9 1525 0.683 5.442622951% |
SS18-6-14 ] 1.238 -0.204 -16.47819063**
§822-4-4/3R 11,56 .18 7.564102564% |
| §523-3-2 1 1.605 0.163 10.15576324%*
_‘353_5_.3_1_1* | LAz -0.019 -1.335207309
<§3§-25-3 | 1.603 0.253 14.92625369%%
| SS40-16-4/93  [1.282 0.16 -12.48049922##
S$40-4-3 (1528 10.086 5.628272251*
SS40-6-14 1 1.613 0.7 10.60136392

*Least significant difterences of means (5% level)
*+ Least significant dilferences of means (10% level)

Table 21: Treauncent Mean Differences between Parent and Mutants for Phosphorus

Mutant Mean i Difference 1% Difference |
NIRSPARENT | 1.519 o T ]
| NJRS43-3-7 12748 11229 44.72343503%%
NIRS32-6-2/11B | i.463 | -0.056 3.827731196
NIRSES-6-3  12.016 0.497 24.65277778**
NIRS68-6-4 1618 10099 6.118665019

| SSPARENT 1.557 0 o

§$1699 [ 1.195 -0.362 -30.26288703%*
SS18-6-14 1.207 -0.35 289975145+
§$22-4-4/31 1.091 -0.466 -42.71310724**
(8823-3-2 | 1.391 -0.166 -11.93386053%*
5525-4-1] 1269 10288 1-22.69503546%% |
§838-25-3 | 1.687 0.13 7.705986950% |
8540-19-498 11,659 0.102 6.148282098*% |
5540-4-3 s :9 392 -33.64806867%% .
$S40-6-14 L1356 -0.199 -14.6539028%*

*Least signiftcant differences of means (5% level)
== feast significant differeices of means (10%0 lovet)

L)
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Table 22 Treatment Mean Differences between Parent and Mutants for Crude Protein (CF)
{ Mutant Menn Difierence | % Difieronce
NIRSPARENT 2380 { 0 |
NIRS45-3-7 ESAE 30| 14.03382512%7
INIRSSZ-6-2/11B | 22.44 A8 -6.604104556% |
NIRS68-6-3 | 15.19 5.7 313 wf;t)w“
___}_{.5(,8.6--{ ] 19.95 394 | -19.71937343%*
SSPARENT 14.01 0 (} 00
5516-9-G 2442 0.81 A0, 17
S518-6-14 2171 7. 32.70%%
S523.4-4/313 18.31 37 20.20%*
§523.3-2 22.01 7.4 3?_62*"
] | 2448 0.84 40.25%
5 2364 .01 38.20%
CSSH-19-508 17,84 3.23 1§ 114 |
$840-4-3 15,88 407 22,624
[SSH0-6-14 1 IR25| 30| 19.95% ]

Laast sientficant differences of wgans (3% level)
*+ Leaat significant diticrences of means (1656 level)

Tabie 231 Treatmen® Mean Differences between Parent end Mutants for Crude Fat (CF)

N]umu’l_mm____M: o _:}l{.‘ﬁl_luw_m_ Difference | % Difference L
NERSI{A{{LW 7416 0 0
NIRS43-3-7 12.249 4833 1 30.45628215%
NIRSS2-6-2/31 | 8428 06121 7.623318386%
NIRSGS-63 | 8.298 0.882 | 10.62006725%
NIRS6S-G-1 7.24 | 0176 1 -2.430939227
SSPARENT 6.978 0 0]
8516-9-9 7.136 0.158 2214123561
SS18-6-14 8.517 1,539 | 13.05074287*x
$822:4-4/3R 13.373 6.393
Ss2232 g o0s 1.93
| 5825-1-]1 | jeos ! 4002 .
I_s_:;g_c\.:.s 3 A ears
337 3.07
13,008 603 | as. 3500883677 |
1o0et] 32101 31.54796939%% :
{ FLeast significant ditferences of mcans (550 levely
' *% L eas! siunificant differences of means (1055 level)

a2
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Table 24 Jr;almu*t Mean Differences between Soya beans and velvet beans for in vitio

o Mean 1 Diffzrence va Difference

Sova Beans 93723 ( ¢

M’i?s"af[m INT 25.84 939 ~10.9389562%

Ni 1\\ ;S-a i 8003 -6.2 -(1.9()394‘1-738*
NIRSS2.62/0113 | 86.81 L .9.42 5.69934330:4*

[ NIRS68-0-3 90.78 -4.45 190196078

| NIRS68-6-4 87.14 -8.09 -9.283910948% |
SSPARENT 86.32 891 -10.32205746%* |
$516-9.9 86.24 -8.59 -10.42439703%*
SS18-6-14 89.45 -5.78 64617104535
§822-4-4/3B 84.2 -10.96 S13.00581464%% |
$823-3-2 89.54 -5.69 -6.354701800% |
| §825-4-11 91,95 3.8 -3.567156063 ;
5838253 88.13 T  ls056280495%
$S40-19-4/0R 87.87 736 R376010015% |
$S40-4-3 90,35 488 -5.401217488% |
| 5590-6-14  [93.03 122 _1-236482855 |

*least significant differences of means (3% level)
** {east significant differences of means (10% level)

Table 23: Treatment Mean Differences between Parent and Mutams for in vitro Digestibility

| Mutant Meay Difference LIf/L Dyifterence
NIRSPARENT $5.841 0 B 0
NIRS45-3-7 §9.03 3.19 3.583061889
NIRS52-6-2/11B 86.81 0.97 1.11738279
NIRSE8-6-3 90.78 1,94 5441727253+
NIRS68-6-4 87.14 13 1491852192
SSPARENT 86.32 0 0
$516-9-9 86.24 -0.08 -0.092764378
$S18-6-14 §9.45 3.13 3499161543
$$22-4-4/38 84.27 205 1 .2.432656936
§9.5¢ R 3,596158142 |
91,95 563 6.122802877% |
8§8.13 1 181 | 2.033784182 1
87.87 155 ] 17639695 |
90.35 403 4460431635 |
2 LOR0A ey 7212727077 |

*Least significant differences of means (539 fovel)
=#* Least significant difterences of means {10% boveD)



