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ABSTRACT

The energy values of limubeans [Phaseolus
ltnatus) as affected by different processing
treatments were determined. Average gains in
body weight were 17.38g for raw limabeans
48.07g for cooked, 3691g for autoclaved,
32.57g for soaked and 31.12g for germinated
beans. Feed conversion efficiency was signi-
ficantly improved by processing and the poore-
st efficiency was obtained in the raw lima-
beans. Digestible energy (DE) and metabol-
zable energy (ME) were highly positively corre-
lated with trypsin inhibitor, tannin and hydro-
gen cyanide (HCN) and the variability in ME
due to trypsin inhibitor was 0.29% (r = 0.13),
while tannin accounted for 40.81% (r = 0.64)
and "HCN accounted for 1.51% (r = 0.58). ME
as percentage of DE was the best indicator of
the efficiency of energy utilization and in all
raw and processed diets, high percentages of
digestible energy were metabolized. It was con-
cluded that the main problem with limabean
is that relating to its digestibility and that cook-
ing and autoclaving are the only processes that
can counteract the effects of the antinutri-
tional factors.

INTRODUCTION

Limabeans (Phaseolus lunatus) con-
tain between 22 and 25% of protein and
make a significant contribution to the
protein and energy requirements of
many Nigerians. They are grown mainly
in the tropical lowlands of Cross River
State, followed by the Abuja arca in
Niger State and Southern Benin province
in Bendel State as minor arcas of produc-
tion. The crop is produced in small
holdings of 2 to 4 hectarcs per farmer
with an average yield of 600 to 800kg

of dry sced per ha.

Their role as sources of protein is
however limited” by several factors
including low protein digestibility (Ale-
tor and Fetuga,1984), flatulence (Sancher.
¢t al; 1966) and the presence of nume-
rous antinutritional constituents (Olo-
ghobo, 1981). Although most of the
antinutritional factors can generally be
eliminated by adequate heat treatment,

‘germination  or soaking (Dean, 1958;

Standal, 1963), conditions do prevail
whereby complete destruction may not
be achieved. Soaking and germination
for example, have been observed to even
decrease the biological value of legumes
(Chattopadhyay  and Baneriee, 19537,
despite the fact that there 15 a shight
transitory decrease in trypsin inhibit of
activity.

- A study (Korte, 1973) has also shown
that in mixtures of ground beans and
cercals prepared under feld conditions
in  Africa, some of the antinutritional
factors are not completely destroyed,
and that such cooked producéts produce
various deleterious effects. '

It 1s important therefore to establish
thosc processing treatments which are
necessary to Inactivate the antinutri-
tional factors and enhance nutritive
value. In the present study, the results
of studies on the effect of four processes
— cooking, autoclaving, soaking and
germination — on antinutritional factors
and energy values of three limabean
varietics are reported.
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MATERIALS AND METHODS

Three varicties of limabeans were
obtained from the International Institu-
te of Tropical Agriculture, Ibadan,
Nigeria and processed as follows: the
raw whole beans were soaked in water
overnight and germinated in sterile
petri-dishes lined with wet cotton wool
for 72h, during which sprouts of up to
2 — 3 cm i length appeared. Another
batch of samples was soaked in distilled
water for 7Zh with continuous change
of water, after initial washing with
mercuric chloride and rinsing with
distilled water. At the end of 3 days,
soaked and germinated beans were
rinsed in water and freeze-dried.

Cooking of the limabeans was done in
pressure cookers at 15 psi for 15 minutes
the cooking time being taken from the
moment when pressure reached 15 psi.
The cooked samples were then freeze-
dried. The samples to be autoclaved
were first milled in the raw form and
then autoclaved at 1059C and 10400
kg/sq.m. pressure for 20 min. The
freeze-dried soaked, germinated and
cooked samples were ground in a labora-
tory mill and along with the milled

autoclaved samples, wecre stored at
40C.
Chemical Analysis

Chemical composition was determined
by standard methods (AOAC, 1970).
Irypsin inhibitor (TI) activity was
estimated by the method of Kunitz
(1964) and the end to end incubation
method of Nutell (1970) was employed
for the estimation of tannins.. For the
determination of phytic acid, a combi-
nation of the methods by Wheeler and
Ferrel (1971) and Makower (1970}
was used. A 4:6 Fe/P atomic ratio was
used to calculate phytic acid content.
The method of Wood (1965) was used in
the estimation of hydrogen cyanide.

Biological trials | :
Sixty four weanling male and female
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albino rats of the Wistar strain were used
to determine energv valuecs. The rats
were divided into sixteen groups of four
rats each, on the basis of weight, litter
origin and sex, such that the mean group
initial weights and sex ratios were

‘identical. Fach group received either the

raw or processcd forms of a varicty, the
sixteenth group being placed on the
reference diet. The composition of the
reference diet is known in table 1. The
test /diets were made up of the basal
composition in which the test ingredient
{raw or processed limabean) was incor-
porated at the expense of glucose
monohydrate, such that 30 parts of the
test material was incorporated into the
reference dict. Dry feed and water were
supplied ad Itbitum for a period of 14
days, at the end of which the rats were
weighed again.

Feces and urine were collected daily
in the last eight days of the experimen-
tal period and aliquot urine samples
were stored in bottles containing 10ml
50% (W/V) sulphuric acid. At the end
of the collection period, the bulked
fecal samples for each rat were mixed
and dried in a forced-air oven at 85°C
for 48h.

Energy Measurements

Fecal and urinary nitrogen were deter-
mined by the micro Kjedahl method
(AOAC, 1970). Their combustible
energy values were determined in a
Gallenkamp oxygen ballistic bomb calo-
rimeter with thermo-chemical grade
benzoic acid as a standard. From the
data obtained, the digestible and meta-
bolizable energy values of the diets
were calculated on dry matter basis
(Hill and Anderson, 1960) using digestible
and metabolizable energy values of
3.69 and 3.61 kcal/g for glucose
(Nelson et al.,1972).

Statistical Analysis

All data were subjected to factorial
analysis of variance using the IBM -
computer SPSSH (1976 version). Linear,
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TABLE

Composition (7}

[.

of vasal diet

Ingredients

Ghucoss monohydrate

PO NPT NP e 1L AR
Sovhoan nital \‘33‘_:(; pzotc:l-_}

A s =1 e
NuUtrisiong! gcasem

Fish mieal {7000 protein)
Browoers™ dried veast

Rice husk

Groundout oil

Dicalcium phosphate
Zing sulphate {anhydrous)

e

Manganese sulphate (anhy drous
Calcium carbonate

salt {(NaCl)

Vitamin mixture®

D.L. Methionine

L T 4
B n ao
—
=
S
S

b | SO SO R P 61- ;

0.02
0.80
0.50
1.00
0.02

*Vitamin mixture consisted of the following: Thiumine hydrochloride —0.06 mg;
Calcium panthothenate — 1.2g; Nicotinic acid - 4.2¢; Inositol — 4. Og; para-amino-
benzoic acid — 12.00g; Biotin — 0.04g, Folic acil — 0.04g: Cyanocobalamin —0. Olg;

and Choline chloride — 12.00g.

quadratic and step-wise regression analy-
ses were also carried out in order to
establish- prediction equations for the
‘rclationships between energy parameters
(dependent variable Y) and each indivi-
dval antinutritional factor (independent
variable X).

RESULTS

The performance characteristics and
~encrgy values of raw and processed
limabean varieties are presented in table
3. Therc were highly significant (P <0.001)
increased in weight gained by experi-
mental animals fed processed limabean
diets. There werc no significant varietal
differences although raw Acc. 64020
produced significantly Tower gains than

90

raw  Acc. 64924 and Acc. 64068 res-
pectively.

Cooked limabean gave the highest
(P<0.01) feed intake while feed conver-
sion efficiency as measured by feed
intake per unit weight gain, was poorest
(highest value) on the raw limabean
dicts. Therc was a good positive correla-
tion (table 5) between trypsin inhibitor
(TI) and weight gain (r = 0.17), feed
intake (r = 0.14) and feed conversion
efficiency (r = 0.13). TI accounted for
2.79% of the variability in weight gain
and 1.57% in feed conversion efficiency.

Digestible energy (DE) was highest
(P<0.01) in the cooked varieties (3.70
0.10 kcal/g) and lowest in the raw
varicties (2.56 + 10kcal/g). .Germination
did not significantly increase DE, espe-
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TABDLE 4

Stepwise reression of antinutritional faczors with perfonmance and energy pararmeleT:

100 x R? due to

JO0 x R due 100 x R? due t0 700 x R* due to

Coefficient of
Dependent Llerermination Trypsin inhibitors tor Phvtic acid Tannic acic Hydrogen cyanide
ljemab[i B ~ ___I 00 x R® {Coefficient of duterming.ion! (L fco)}
Total Feed Intake . 1453 475, :=014 2:20, Bl 294, r=0.14 0.40,r=0.03
Weight gain 345 2749, e=0.17 - - 0.66, r=0.04
Feed Conversion Efficiency 212 1.87,r=0.33 .13, 1=0.07 042, 1=0403 -
Nitrogen Intake 204 007, r=001 .84, 1=0.00 109, 1=0.10 0.04, r=0.002
Nitrogen Retention 0.14 0.04,r=0.15 004, r=0.21 .36, r = 0.05 0.05, 1=0.20
Nitrogen Balance 8.07 187 r=0.18 0.04. r =10.19 242 r=0.13 0.07,r=0.01
Digestible Fnergy 328 287, r=40.17 0.20,r = .09 - 0.20, r=0.03
Metabolizable Energy 46.19 0.29, 5= 013 40.81, 1= 064 394, y=002 115, ¢ =0.06
Metabolizable Energy 5.0t 0.79, 1= =012 - i07.1=-013 3.15,¢=-0.18

cially in Acc. 64020 which gave a low
value of 2.79 +0.06 kcal/g.

Simple quadratic regressions relating
anti-nutritional factors and DE were
significant (P< 0.05) for TI, tannin acid
and hydrogen cyanide (HCN) but not
significant for phytic acid.

Metabolizable energy (ME) values
ranged between 2.22 and 3.64 kcal/g,
being highest in cooked Acc. 64020 and
lowest in raw Acc 64924 and Acc
64068 respectively. Processing very signi-
ficantly (P<0.01) influenced ME and the
regression of ME (Y) against all anti-
nutritional factors gave high R? values
and highly significant relationships for
TI, tannin and hydrogen cyanide. The
patterns of response were essentially
curvilinear and are described by the
{ollowing equations:

Trypsin inhibitor:
Y = 208.63 — 3.10x + 0.52x?
(P< 0.01; R* = 0.89)

Tannin: Y = 28.83 — 0.16x + 1.01x?
(P <0.05; R* = 0.43)

[Iydrogen Cyanide:
Y = 203.07 — 0.05x + 0.80x?
{P< 0.01; R? = 0.70).

Stepwisc regression analysis combined

the cffects of thesc factors and showed
that the variability in ME due to tryp-
sin inhibitor intake was 0.29% (r = 0.13)
while tannin accounted for 40.18%
{(r = 0.64) and HCN accounted for 1.15%
(r=0.58).

Efficicncy of energy utilization was
estimated by fmding DE as percentage
of gross encrgy (GE}), ME as percentage
GFE and ME as percentage DE. Processing
very significantly (P< 0.01)  improved
DFE as % GE and there was a significant
(P< 0.05) variety x processing interac-
tion. Values obtained for ME as %
GE were highest in the cooked varieties
followed by the autoclaved while raw
limabeans gave the lowest values.

DISCUSSION

The inclusion of raw limabean in the
diets of productive animals has been
shown in many cases to reduce their
performance (Aletor and Fetuga, 1984) .
This has been claimed to be due to the
presence of various antinutritional
factors particularly the protease inhibi-
tors (Moseley & Griffiths, 1979). Studies
with these beans (Conn, 1969) have
further shown that, apart from the
known antinutritional factors, there is a
cyanogenic glucoside which on hydroly-
sis yields toxic hydrocyanic acid (HCN).
The cyanide ions inhibit several enzyme
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systems, depress growth through inter-
[erence with certain essential amino
acids and utilization of associated
nutrients. The present study was there-
fore designed to establish the processing
conditions which are necessary to inac-
uvate or eliminate the toxic antinutri-
tional constituents of limabeans.

The reduction in weight gain for rats
fed dicts containing raw Timabecans com-
pared with the processed limabean was
highly significant. This reduction was
partly due to a decrease in the intake of
total dry matter ol the raw limabeans.
Slgmilca.ntl\ improved weight gains were
not only obtamed by feeding the proces-
sed limabean diets, but considerably
much more processed feed was consu-
med. The significant positive correla-
tions between trypsin inhibitor and
weight gain, feed intake and feed effi-
cicncy would appar to explain that TI
in  the limabeans accounted for the
reduced weight gain and poor feed utili-
zation. Hcat treatmernit. applicd to the
limabeans during cooking and autoclav-
g improved their texture and palatabi-
lity, and also inactivated the heat-labile
antinutritional factors.

When feeds are consumed, the process
1s mecvitably accompanied by heat pro-
duction. The chemical make up of the
raw and processed limabcans including
the antinutritional contents were mani-
fested in the degree of digestion, aborp-
tion and utilization of limabcan nut-
rients, and gave a measure of the amount
of heat that accompanied these proces-
ses. The DE and ME contenis of the
raw limabeans compared favourably with
the values reported for cotton secd meal
(Nelson et aly 1972) but are low with
respect to DE and ME wvalues of soya-
bean (Hill and Anderson, 1960), cowpea
(Ologhobo, 1981), pigeon pea and
bambara groundnut(Oyenuga, 1968).
Trypsin inhibitor, tannin and hydrogen
cyanide were all positively correlated
with DE and ME and the significant

improvement on cooking and autoclav-
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ing, was a consequence of the effect of
these processes on the antinutritional.
factors. Metta and Mitchell (1954)
detcrmined the ME values of protein
supplements for rats, and for soyabean,

fish meal and cascin, they obtained
5.45 kcal/g, 3.89 kcal/g and 4.80 kcal/g
respectively. With the exception of case-
I, these values compare favourably
with those obtained for cooked and
autoclaved limabeans in this study.

Soaking and germination had very little
eflect on trypsin inhibitor and tannin
contents and the ME values of the soak-
ed and germinated limabeans for the rat
were very low.

ME as percentage of DE was the best
indicator of the efficicncy of energy
utilization since it excluded the amounts
of cnergy lost 'in digestion. Results
obtaimned show that equally high per-

centages of DI were metabolized in both
raw

and processed limabean wvarieties
while DE as percentage of gross energy
was only fairly high in the cooked and
autoclaved limabeans. Rats metabolized
an average of 79.45% of GE in the cook-
ed limzbeans compared “to 50.98%,
58.33% and 60.19% utilization- in the
raw, soaked and germmdtcd varieties
respectively. NRC (1972} reported that
in rats, 95% of the gross cnergy of an
average purified diet is digested and that
90% 1s metabolized. C()T“Z)dl”(,d with
these values, the raw, SO&}'\{ d and germi-
nated limabeans were verv poorly digest-
ed and metabolised. Even o the coocked
and autoclaved limabean:, the utiliza-
tion of dietary energy by rats was also
comparatively poor. It would thus
appear that the main problems with the
limabean are those relating to the diges-
tibility of its proteins associated
nutrients. The combined effects of the
antinutritional factors were paramount
in these effects and although cooking
and autoclaving attempted to reduce the
effects of the antinutritional factors,
energy values of their diets stull fell
short of mternational standards.

{5 § \1
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