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ABSTRACT -
Conavalia ensiformis seed was anolysed for mos.
rure, @, 5008, for 3,309, profein 30,9718, crude filre
B04%, ash 3.50% ard amine acidy. The seed was
found fo contdin anti-muteittonal faciors, famains
0.52%, plyrate O.08%, aralere 043%, Aydregen
cynide 0.02% and sapanins 1.0 1% Taxicobrgic:!
evalisation of the raw and autechaved seed s
carried owl on albing male rars fed af J0% prafein
lIeved for thirry (30) days showed several bischemi-
cal gnd hisroporhological absormalities with the
raw Tour while such abmormalities wers abgem in
tive animals fid with the autoclaved seed Towr dier,
The transemindses (ASTILLT), lactare defrpdrage
paze and amplase {0 e lver, bidoey and Tregrd
fncreated rremendously in ravs fed with Hee rew
secd flour. The alkaline delydrogenase in the liver
of the rats on the gutoclived was the rame ai the
control. The red and white biood cell populations
of rats on row seed flowr decreased drazticaliy.
Wurririornal evaleqian of ohe fTowr by ror ossey
gave PER of 0.76 for the mutociaved ord (.74 PER
for e raw fTowr. The apparent prodein digesnihility
wirs Digh 7573 for the autocfved [Towr and 59. 14
fir the raw fTour bur the nei profein wrilizaiion was
low 5706 for autoclaved flour and 37.04 Jor the
riwe flour.

KEYWORDS: Cangualio ensiformiz digestibiliny,
gevine ransaminases, ari-ratritional faceers, Teizrae

patholegice! changes.

INTRODUCTION

Protein s an essential nuirienl reqoired bw hath
man and animals for healiby developmens, There &=
no question that protein malpuirition is prevalent ]
most developing countries.  Owver half the popils-
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tion dies before the age of fifteen and half ar more
of the infants die before the age of five (1); a direct
resull of malnutrition and wide spread infestions
diseases in the developing coustries (Z). The
morality of the children is the best indication of
{he seriousness of prolsin malpotrition in the

developing countries (%), Protein deficiencies can .

be either of total dictary protein or of ope ar mors
of ihe cssential aming acids. Pland proteind are
generally inferior 1o animal proteins in quality as
the former often do mot costain one or mare of the
exsential amino acids ar may conlain ami-ruiiticn-
8l factor such as tannins, phytates, elc. A mixture
of plant proteins, however, improves the gualily of
the plant protein. Animal profeivs are scarce and
expensive in the developing countries. The plant
profein may therefore be the selulion 1o the prob-
lem of protein malnatritien in the developing
countries particulary in Africa where sced-bearing
plants abaund.

T be ahle o improve the nitritional quslity of
plam proseins varous seeds and vegelables need fo
be blepded.  Bul litthe is known of the chemical
composition of indigenous seeds. To contribuie to
the search for good plant prodeins 1o biesd with
other prateins, this work was underiaken 1o deter-
mine the nutritional value of Canavalia ersilopmds
seeds, The plant grows well in all soils in Ghana
and bhears many posds whick costain A large aumber
of seets. Even thoagh the yield per hectare ks high,
and the seeds ane repored 10 be rich in protein {4),
the plant is used as » cover crop and a5 green
manure by farmers. Omly few people ventsre b
ude & Hitle in their diet since linbe or nothing is
known shout s sutritional value in Ghana. Vari-
ous fescarchers have however mepored on the
presence of L. Camvalia, irypsin inhibiters, the tnc
protein content, the soluble sugars and mincrals
content of Cayavalia ensifprmis froon Brawl (50
This will tey to fill that gap.

MATERLALS AND METHODS

Canavalia gusiloninis seeds wers collected from the
Ber  ovend of Horticulture, University of Scicnee

o m ——



and Techpology (UET), Kumasi. For pross comyso.
silion [ory seeds were sclected modmndy apd ™

weighed. Their seed coals were manually removed
frem Be cotyledon. Both the colyledon smd ihe
seed coal were collected separiely awd weighed,
The weights of Lhe colyledon amd the sced coat
were each expressed as o percentage of 1he wieight
of the whele sced,

ANALYSIS

S00g of Canavalia ensiformis seeds wene milled 1o
pass throuph a d0-mesh sieve. The sced Mour was
analyzed for moislure by oven method. Prolcin by
Ejeldabl meothod, fat by soxhlel continsous ex-
traction using petmmlewm eilher Bp 80°C, crude
fibre and ash by methods in ADAC (6). Tannin was
determined by Folin-Denis Collonmelnic method as
described by Joslyn et &l (7). Hydrogen cyanide
(HCN} and oxalate were detcrmined as describetd
by Oke (8). Saponin level was cstimaled folbowing
the method of Gestetner {9) awd phytate by the
method of Haug snd Hans-duechin (103 The
aming acid content was determined by e metlod
of Moore and Stein (11} afier oxidizing cysiein o
cysleic acul by lommic acid inethod.

Animul Assay

e kilogram al Canmvalin s fisrnns sevds Tour
was mixed with calceliied smousl ol water |-
200} il a pasie amd autoclaved o 110PC for ten
einulcs al 15 psi. The smnple was wscd to propare
diet 1. Onc kilogram of faw floar was also used 10
prepang dicd [11). A conlmsl dicl coslaining casem
was prepared. Each dict containing protein =0 1075
level was kept at 10°C and was fed 1o o group ol
sig male afhine ris of local simin abained from
the amimal house, Depannient of Bislogicnl Scicag-
es, UST, Kumasi. The animals weighing 45-45g
werne caged auwd fed for thiny days. Water nud ddict
were given ad libilum,  Animals were weighed
every edher day, but ihe dnitial sod final weighs
swvere psed for guality iishices amd oiher pasanicier
calculations. Feaces and urine were collected For
five days afier twenty-one days Toecding and ana-
Iyzed for crude protein and used for caloulating Net
Protein Lilization (MPU), Tree Digestibility (TD)
_E.I'HI H:il:llﬂji:t'll Value (BYS amd the Pricin E@G-
cicncy Ratio (FER),

Biochemical Analysis
The rats were killed afier thiy days feeding sl

the blood was collected for biochonicsl sfudics.
The red blood cells (RBCY and the while blood

cells (WBC) were counted wsing haematocril.
Bloed smear was prepaned, stained and examined.
The liver, kidney and heart were separately homog-
enized in Bml buffer per gram of tissue 1o give 10%
homogenaie. The homogenates wene centrifuged at
0°C a1 10° mpm for thirty minwtes and the supers
patant were used for detlermining the enryme
activities. The methed of Reitman and Frankel
{123 was used 1o eslimate aminotransferases (ASTS-
ALT) and lactate dehydrogenase (LDH). Incuba-
lion was dope al 37°C for 60, 30 and 15 minutes
respectively and absorbance was read at 510nm.
ALP was estimated by the iethods of Vardey et al
i13) and amylsse by the method of Henry and
Chlarmor (14). Incubation was done at 37°C and
abzurbance read a1 710mn and 700nm respectively.

Histoputhological Studies

The kidvey, liver, heart, pancreas and spleen were
scparately weighed and examined for histopatholog-
ical lessicns nnd slides of the organs were prepaned
and exarnined for abnormalities with the help of a
pathologest at Okemfo Anckye Teaching Hospital,

Kuinkcasi.
BlsUL TS

A pisie ad desen prion of Cannvalin visilarmis seed
and prseninkaly Compiosilion and the wsie sulsianee
in Canaviliv cosilormis secd Mour ane slkvwn in
Tuble . Fhe swod coul fonmed 13.44% auid jhe
colyledon Bho50 ol the whole weed,  The seed
Maswr contgimed Y 50FE (@l 30915 cnple [rrabcin.
LA ash, H4NE9 Libee, (35230 tannins, (U025
hydrogen cyamde | HOMN), 0,43% oxalate, (005
phiytate amd §) 5% saposios

TABLE 1@ THE GROSS CORPORITION,
PROXIMATE OMPOSITION AND SOME
ANTE NUTRIENTS IN CANAVALIA EM~E-
FUHEAN S SEES

Crums, vusiipuawnl 4 O Dey W Basis
Secd Coal 13.44
Caaty b H6.56

Proxinale Cn:llnEm.ihl i

Binslure Qa0
Fat 1.0
Provin My 10 25 RS
Filere: LALLE
Al 15

Carbobivdrate (g dellercaice ) 44,71
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Ani]-Mutrdenss

Tannips
Fhytates
Oxcalates

HCHN
Saponin

TABLE 2: AMIND

0.52
0.08
043

0.02
1-'1

ACID CONTENT OF

CANAYALIA ENSIFORMIS SEED MEAL

Arginine
Asparic Acid
Alanine
Histidine
Lysine
Threonine
Serine
Glulamic Acid
Proline
Glycine
WValine

Cysieine

Methioning
Izoleucine
Leucine
Phenylalanine
Tyrosine

TABLE 3.

EFFECT OF CANAYALLA ENSIFORMIS SEED ON CONSUMPTI

Ell6gN
Q.25
13.12
460
i
£ 3
3.58
4,65
11.04
2.58
3.50
3.45
(40—
g
1.1
A48
oI5
4,51
335

IN BODY AND ORGAN WEIGHTS

The amino scid spectnam showed low level of 5-
amine. acids (1.50g/16eNY and o good level of
Ivsine (5. 77 1 6gN) (Table Z). The mat assay of the
quality of the prodein showed ihat the suloclaved
protein was digestible (TD 75.73). The other
protein quality indices obtained for the autoclaved
flour were per 0.76, BV 47.65 and NPU 57.14 and
for the raw (our were BV 3700, FER G.14, NPU
39,04 and digestibility 59.14 (Table 3} The mean
weights of the animals and the organs are also
given in Table 3. Wiih the exceplion of f weight
of the hear, the weights of the ergans of ris on
raw meal diet TD were significantly lower than the
contra] bul pod very much bower than those on dicl
I containing auteclaved Nour. The results abtained
frows the animal assny showed that il s not gowd b
foed amimals with mw Canawalia,  Camavalia
predein slane in a diel provided poor resulis. Al
ihe animals on the control diet sed the autoclaved
flaar, diel T wem ponnal in appeamnce al eulopsy
but mis on dicl 11 looked emacialed. There were
inMlammation and degenerative changes in the
organs of rats on dict 11 especially, the liver showed
inMammation, sclerosis, degerative and [ally chang-
ps, while the spleen looked darker than that from
animals on the comrol diet and the kidney look
inflamed and hed no perirenal Gin. There was very
little body (At on the animals fed dier 1L Orgams of
mis on the control and diet L did oot show any
pathatogical changes.

Homaogenate of the lives, kidoey and hearn were
used for derermipation of enzyme aclivity instead
af blood becanse very littke Blood could be ob-

e W

ON QUALITY INDICES, GAIN l

wedich et = s i {
FARAMETER CONTROL DIET DIET 1| AUTO- DIET 1l (MEAL) I
(CASEIN} CLAVED MEAL
FER e 076" 0,.14%
™ 8171 e LR ED
l NPU 7218 57.06" 30.04° I
BY LU A 4765 3000
Gain in body weigh 538T 634" L83
Heart /100 weight .45 45" 0.4
Kidney g/100 weight 091" 0.55" .49
Liver g/100 wright 548 248 243
Pancreas gl I:::I weight 047 0.25* _ 0.2r
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tzined from rats on diet I The enzyme achivilics
in the homogenates of the organs of animals on diet
I, were comparable to those of animals on the
conlrol diei but the activities of those on diey 11
were higher (Table &)

The haematological studies revealed abnormalitics

in the cells of rats on diet [ but the cells of the mis
on dict | and the conirol were nonmal. The RBC

TABLE 4.

counts were 9,600,0000mm* for control, 8,320,000,~
mm" for diet T 'and 1, 2B0,0000%mm” for diet 11, The
blood smear showed that the eryihnocyles of mis on
dict 11 weere microcytic amd hypochromic,

HSCUSSTON

The 13.44% seed coat contributed immenscly to the
fikre coment of the diet when whole sced Mowr was
sdlded 1o the diet. The results of the analysis of the
Mour showied thal the seed contained a high level of

THE EFFECT OF CANAVALIA ENSIFORMIS MEAL AND ACTIVITIES OF ENZYMES IN

ORGANS AND BLOOD CELLS OF RATS

e
Enzyme/organ visntiul Diet 1 Piet ll_'n
Alanine Trunsuminase (ALT) (Casein) (Autoclaved) (Row Mheal)
Liver . 41000 4050 Sind )
Kidney = 6.0 AN 240.0
Hean 0.0 QL0 134.0

I Aspartute Transuminase (AST)

Liver 142.0 L0 422.0
Kidney 1420 147.0 264.0
Hean 260 0. 3120
Alkaline Phosphates (AS1%)

!' Liver 17500 175040 36250
Kidaey 954 L 147.0
Heant -

Lactate Dehydrogenase (LDH)
Liver 206.0 ek [ X1 AHa.0
Eidmey 452 b1 LB
Heart 87.0 QLS 160K

- Amylase
Liver 420 424 134.7
Kidney 9.8 EOLS 276
Heart 1590 148.0 I 50H5.00)
EBlood Cell Count !
RBC &, 00 4, 000%mm” 2 B0 mm”
WEBC 9.600,0000mm’ | 8.320.000/nm’ | 1,280,000/mwm*
Mol determined

- e — —— =
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crude protein, 30.91%. The prodein was low in
sulphur amino acids 1.50/16 gN. The 30.91%
crude protein was befow 3390% neported by Gohl
(15) but far above 26.90% reponed by Bressani et
al (16). The difference in the crude protein may be
due to location of growth and varety of seeds. The
lova lewel of sulphur-containing amino acids is a big
disadvaniage if the seed is used without blending
with another protein rich in sulpho-amino acids.
The Hbre content of B.94% was higher than the 4.9-
8.0% rcported by Daisy (17). The high [bre level
is advantageous as Canavalia ensiformis seed
flour contained a low amount of tannins and phyt-
ates and therefore could serve as a good source of
fibre in the dict. The HCN content of 0.02% was
higher than 0.01% reported by Daisy {17} The
level of HCM in the Mour is [ar below the lethal
dose of about 0.07% reporied by Honing et al (18)
but is on the uppermost limit of the safe limil range
of 0.01-0,02% suggested by Montgomery (15). The
lowr level of tanning in the Canavalia sced four will
savie consumers from tannin inloxication. The
saponin level of 1.11% was more than twice the
value 0.50% lound in the soyabean by Gestetier el
al (9). Canawvalia saponins could cause nausea and
vomiting but could be eliminated by soaking tle
seed prior to cooking,

Oxalate and phytate conients of the secd were
found 0 be 0.43% and 0.08% respechively and
were comparable fo levels usually found in many

begumes.
ANIMAL ASSAY

Protein digestibility of 75.73 for the autoclaved
seed Mour diet 1 fell within the mange of 7583
reporied for the legumes by Jalle (20) but the 39%
digestibility recorded for the raw flour fell oulside
the mange, bul nol unexpectod because olf 1'r.|-|:
precence of antitrypsin faclors usually present in
legumes. The antitrypsin was ool determined in
this work. The PER of 0.76 was lower than 1.21
reporLd by Bressani (16) but higher than 0.64
reporied by D"Mello et all (21).

The low PER of 0.14 and 0.76 for dict 1l and 1
respectively might be dee 10 the prescnce of conca-
navaling A and B (21) which impaired absorplions
and wilization of nulricnis from the gastro-intesti-
nal tract and the low sulphur amino acids levels
which were the limiting factor in the utilization of
the protcin, Oke (B) using a leaf profein and
cassava recorded a negative PER 0.73 and attribul-
ed the ncgative PER 1o (ke prescnce of C:.'?mgnp:i:
glycoside, D*Mello (21) indicated that toxic amino

acids appear 1o play 2 major role in determining
mutritional value of a2 number of Iropical legumes.
Liener (22} propased that the 1oxic aming acids act
antagonistically towards certain nutraticnally impor-
tant amina acids,” Canavaline, a siructural anatoguoe
of arginise may aot antagonistically to arginine and
therefore canavalia in the diel may requine arginine
and s-amino supplementations. But D'Mello et al
(21} reported that Jack bean diet wilh supplenenta-
tion of arginine alone did not improve growth of
chicks significantly. The BV 47.65 obtained for
dict 1 reflected on the natwre of the prodein. The
low PER, BV and NPU values obizined for diet 1T
may be due fo the presence of trypsin inhibitors,
saponins, tannins, leclins and canavaline (lecting
and canavaline were nol delenmined), since all
these refand digestion, absorplion and wtilization of
protein. This therefore might account for the high
faccal protein level (3.804%) which was observed.

Histopathological stadies of the liver of the mis fed
with diet I showed severe inffommation, fatly and
depenertive changes and sclersis.

The spleen looked darker in colour than sormal and
kidnoy looked inflamed and had no perirenal (&0
There was very littke body fal on the animalks fed on
diet 1I. The organs of the rats which were fed on
dict [ and the control diet looked normal in appear-
ance and did not show any pathological changes.
The autoclaved Canavalia flour {diet I} fed to mis
al 109 protein level caused senous abnormalities
i the way of growth retardation and in evaluation
of bload and organ bicchemical and histopathalogi-
cal parametlers. Examination of the liver and the
kidney of the rat on diel I revealed acute inflam-
mation. The liver appeared as il il was cooked.
Anderson (23) atiributed such a situation 1o the
presence of harmiul substances in the organ, the
increase of blood fow into the organ and the
resultant increase in heat production in the celis.
These changes result in inflammation. The fauty
changes of the liver might have resulted from
impaired lipoprotein synthesis due to the body's
inability to use the protein due bo the-presence of
amti-nuiritional factors thus causing accumulation of
neutral fai in the cytoplasm (25). Mandel (28)
reporied a similar result when rats were fed on
akashoni diet.

The haemalological studies revealed abnormalities
in the blood cells of rats on diet Il containing raw
Mlowr. The RBC count was extremely low, 1,280
00 mm” as against §,320,000/mm” for diet T and
9,660,000fmm” for control diet.  Raticliffe (25)
reported on REC count of 9,000,000/mm* for rats.
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The Jow BBC counl and the low blood volume of
rts on diet 11 may be duc to the presence of lecting
and saponins in the Canavalia flous. These sub-
atsnces can cause agplutination aml heemolysis of
BRC, The autoclaving of the flour possibly de-
stroyed the bectins and saponins and therelose their
effect was mot Tell in diet I, Again ihe WEC count
af 28000mm’ for diet TI mis was lower when
compared with 4,000/mm’ reporied for diet | and
6,000/mm® for the control diet. Raicliffe (25)
reported 6,000 to 18,000 mm’ for rats. Lesson et al
{26) reported that WBC migmie readily through
Blood vessel wabls znd develop into phagocytic
cells at aite of inflammation and injury. This may
geeount probably for the low WEC cou observed
im s on diet 1T which caused inflammation to all
e ongans.

Donald ef al (27) reporied that the respanse of liver
1o any form of biliary obstruction is 1o symhesize
more ALP-enzymes so that some of the pewly
formed enzymes can enter imo circalation 10 raise
the enzyme levels in the scrum. The high creyms
levels found in the organs of fmis fed with dier 11
may passibly be due to severl deponemine chang-
&5 which occurred in the organs. Mandel et al (28}
used evalustion of aminotransforasses and alkaline
phosphates activilios as an andication of tissues
damaged panicularly in the liver snd kidney.

CONCLUSIONS

The overmll assessment of the resulis have shown
that the raw canavalia seed fosr was highly 1oxic
bait awtoclaving of the Nowr improved s putriticnal
value as the autoclaving seemed to have destroyed
the antitryplic factor, bociing, saponring and hydro-
lyzed partially or completely the low levels of
tannins and phytates, When wsed as the main
source of protein, activities of ALT/ALP in the rats
showed that rais fed on diet 1 isdicated the absence
of any hepatotoxic agent but those on dact n
indicated the presence of hepaiotoxic agems in the
diei. The low PER (0.76) is an indication that the
prulcin meeds supplementation of s-amine scids and
arginine when used as the main source of protein i
s dicl, The increased levels of ALT and ALP
indicate histological changes in the liver amd the
kidisey.

From ihe resulis obtained Canavalis seed if well
cooked could be a good source of plant protein
especially when blended wilh profeing rich o s-
amino acids and arginine, The sating of uncocked
Canavalia seed should be avioided complelely as its
conswmplion could be detimental to the consumer.
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