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Abstract

To study some of the potential hazards of plant sceds, an experiment was conducted to study the effect of inclusion
of vaw jackbean, Canavalia ensiformis, and limabean, Phaseolus lunatus, (0, 250 and 500g/kg) in broiler chicken

diets (0 - 28 days), on the performance and the cytopathological changes produced i the internal organs of the
chicks. Relative pancreas weight increased significantly (P < 0.05) and histological alterations in the lungs showed
severe atelectasis, thickening of the alveolar septa and bronchiolar epithelial Iyperplasia. Slight hemorrhages were
observed in the intestinal walls of growing chicks fed 250g/kg and 500g/kg of jackbean and limabean respectively.
The livers showed marked congestion of the sinusoids and the centrolobular veins while the kidneys showed
distension of the capillary vessels with numerous thrombi. The results indicate structural alterations in tHe internal
organs of chicks fed plant seeds and these could be attributed to the presence of allelochenicals in the seeds and their

effects in broiler chickens.

Description of Problem

Continuing disquiet over the use of animal by-
products in livestock nutrition has provided
renewed impetus for the greater exploitation of
conventional and novel plant seeds both as food
and as industrial raw materials. Recent outbreaks
of diseases such as BSE in livestock, arguably
caused by feeding animal products to animals that
do not normally consume them, have cast doubts
regarding the suitability of feeding animal-derived
proteins to non-carnivorous species. Plants
therefore become the preferred sources of protein
for these species.

There have been a number of efforts in the past
decades to test the suitability of a number of plant-
derived proteins for pigs, poultry and aquaculture
species. Many of these have concentrated on
species such as soyabean, cotton seed meal,
sunflower seed meal, groundnut meal, sorghum

and millet which require environmental and soil
conditions and energy subsidies that restrict the
scope for increasing their production. In addition,
they are in great demand for human consumption
and industrial uses. With the prospects of
increasing direct human demand for nutrients
derived from these sources, they could not be
expected to contribute greatly towards satisfying
demands from new sources such as the poultry
feed industry. The importance of the development
of non-human-food grade feed resources whose
growth can cope with the projected and fast growth
of the sector has been stressed.

There is therefore, a need to examine other
plants that can grow on degraded soil and require
lower external energy subsidies. Alongside their
potential in the production of feed ingredients,
these species can help reclamation of degraded
areas. Several hardy plant species can assist in
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reclamation of eroded land by increasing the
organic matter content of the soil and acting as
carbon sinks and dust traps. Alley-cropping with
these plants would enable inter-cropping with
annuals such as vegetables a few years after initial
planting. These multipurpose plants and their
products, taking their availability and potential
for growth into account, could be considered as
protein sources in feeds after adequate treatment.
Plants that are capable of resisting adverse soil
and climatic conditions often contain a diverse
array of anti-nutritional allelochemicals which
induce toxic effects ranging from loss of hair and
wool to severe pathological disorders and even
death in animals. Significant advances have been
made inrecent years to establish the nature of these
compounds and to assess their effects in animal
and man. But as yet no precise figures relating to
safe levels of various toxic principles exist,
although removal or inactivation often results in a
better feed consumption.

The purpose of this paper, therefore, was to
investigate the utilisation of jackbean (Canavalia
ensiformis) and limabean (Phaseolus liunatus), two
under-utilised and little-researched plant species
capable of growing on degraded lands under
stressful environmental conditions and still
sustaining a reasonable production of nutrient-
rich products having potential as poultry feed
ingredients. The levels of various anti-nutrients in
them as well as their metabolic and cytotoxic effects
* inbroiler chicks fed these seed legumes were also
studied.

Materials and Methods

Samples

The raw jackbeans and limabeans used in this
study were obtained from local farm centres in
Nigeria. Before incorporation into experimental
diets, the legume seeds were cleaned to remove
foreign material, milled and chemically analysed
for their proximate composition (4) and
allelochemical contents.

Chemical analysis

Concentrations of trypsin inhibitor and
haemaggiutinin inhibitors in the legumes were
determined using, respectively, a modified kakade

method (23) and haemagglutinin assay (22). The
protein precipitable tannin (PPT) content was
determined by the method of Hagerman and Butle
(1988) using bovine serum albumin, fraction V
(Sigma chemical, lot 41H0520). Catechir
equivalents (CE), which determine simple
flavonoids as well as condensed tannins, was
determined by the vanillin-HCL procedure of 7y
as modified by (18) and (17). The colorimetric
technique of (24) as modified by (19) was used to
estimate phytic acid contents and oxalate was
assayed by the gravimetric method of Apata and
(5). All analyses were done in duplicate.

Diet formulation

Diets of equal energy and protein contents were
formulated by incorporating raw jackbean and
limabean seed meal at 250 and 500 g kg into
broiler diets based on yellow maize (Table 3). A
maize-soyabean meal diet served as control and
the legume diets were formulated by replacing
maize and soyabean in the control diet. All diets
were supplemented with 3g kg' synthetic DL-
methionine fo ensure that methionine and cystine
were not limiting for growth.

Chicks and management

One-day-old unsexed broiler chicks of the
Hubbard strain (N=200) were used in this
experiment. They were ranked by weight, wing-
banded and randomly divided into one of five
groups of 40 chicks each in a completely
randomized design. Each group was further sub-
divided into five replicates of eight birds each, and
each replicate was brooded in electrically heated
batteries with raised screen floors. Food and water
were supplied ad libitum, and uniform light was
provided 24 h daily. Food intake and chick body
weights were recorded on days0,7,14,21, and 28
of the feeding trial. Food consumption, weight gain,
efficiency of food utilization and mortality were
used as measures of chick performance.

Measurements

Atthe end of 4 weeks, 8 chickens per treatment (2
per replicate) were selected at random and starved
for about 18 h to empty their crops. They were
anaesthetized with diethyl ether and killed by
decapitation. The internal organs were dissected
out and the lengths of the intestinal sections
(duodenum, jejunum, ileum and ceca) were
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measured. The weights of livers, kidneys, hearts,
spleens, brains, lungs, adrenals and pancreases
were recorded. For histological analysis, tissue
samples of each organ were taken and immersed
in formaldehyde (1%), fixed in Bouin’s solution
and embedded in paraffin. Cross sections of each
organ were made at a thickness of 5p with a
microtome (Leitz Wetzlar), stained with
haematoxylin-eosin and examined by light
microscopy.

Statistical analysis

The data were analysed according to the General
Linear Models procedure for ANOVA (21) and
differences among treatment means were
determined using the Duncan’s multiple range test.

Results

The proximate compositions of raw milled
jackbean and limabean seeds are shown in Table
2. Both legumes showed similarities in their crude
protein, ash and metabolisable energy contents
while crude fibre and total carbohydrate were
different. The concentrations of allelochemicals in
the two legumes (Table 3) were quite high but there
were considerable differences in trypsin inhibitors,
hemagglutinin, phytic acid, canavanine and
cyanogenic glycoside contents. The concentration
of trypsin inhibitor in limabean was twice the level
injackbean, and while canavanine was present in
jackbean alone, cyanogenic glycoside was detected
in limabean but not in jackbean. The
concentrations of allelochemicals were generally
more in limabean than in jackbean seeds.

The performances of the chicks fed on the
control and legume diets are shown inTable 4. All
jackbean and limabean diets significantly (P< 0.05)
reduced weight gain compared with the control.
Growth inhibitions were more severe in the diets
containing 500 g/ kg jackbean and limabean. Feed
intake followed a similar trend to weight gain
except that birds on 250 g/ kg jackbean diet which
consumed slightly more feed than the birds on the
control diet (P> 0.05). Feed conversion efficiency
and efficiency of feed utilization were also
significantly (P<0.05) reduced and were poorest
for 500 g/ kg limabean diet. Chick mortality was
significantly (P< 0.05) increased by dietary

treatments with 500 g/ kg jack bean and lima bean
diets producing 28 and 33% mortalities
respectively.

Weights of organs as a percentage of body
weightare shown in Table 5. There were significant
(P< 0.05) differences in the weights of the liver,
pancreas, brain and small intestine among dietary
treatments. The liver decreased in size while the
kidney, pancreas, brain and small intestine
increased but the differences between the control
and 250 g/ kg jack bean diets were not significant
(P> 0.05) for the pancreas and small intestine.

The results of histopathological changes are
summarized in Table 6. Almost all liver samples
revealed a diffuse parenchymatous and/or
vacuolar degeneration of hepatocytes with a mild
to moderate hyperaemia. In the groups fed 500 g/
kg jackbean and limabean diets, cases of
coagulative necrosis and congestion of liver
sinusoids were apparent. The prevalent changes
in the kidneys of chicks fed 500 g kg jackbean
and limabean diets were congestion of the
glomeruli and slight hyperaemia. Mild cases of
proximal tubular epithelial degeneration
(necrosis) and medullary congestion were found
in chicks fed 250 g/kg limabean and 500 g/kg
jackbean and lima bean diets. In addition to the
relative increase in the weights of the pancreas in
chickens fed jackbean and limabean diets, there
were evidences of pancreatic acinar hypertrophy
in all birds apart from those on the control diet.

The structural alterations in the lungs ranged
from mild to severe thickening of the alveolar septa,
hyperaemia and hyperplasia of bronchiolar fymph
nodes. The most distinct cases were observed in
birds on 500 g/kg jackbean and limabean diets.
Histological changes observed in the spleen were
depletion of the lymphoid follicles and congestion
of the medullary sinusoids; these were more
pronounced in chicks fed

500 g/ kg limabean diet and mild in those fed
250 g/kg jack bean and lima bean diets and 500
g/kg limabean diet. The adrenals showed a
general congestion of the adrenal medulla and
glomerular tufts while the brains were marked with
congestion of cells in the cerebrum and cerebellum
of chicks fed 500 g/ kg jackbeariand limabean diets.
The most common intestina‘l‘ change was non-
separating enterities which was very distinct in
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Table 1. Proximate composition of jackbean and limabean seeds (g/kg DM)

Jackbean Limabean

Dry matter 915.0 905.0
Ash 36.0 380
Crude Protein (N x 6.25 g/kg) 278.5 2536
Crude Fibre : ‘ 482 227
Ether extract 310 18.5
Total Carbohydrate 0063 6672
Estimated metabolisable energy (MJ/kg) 112 10.5
Table 2. Allelochemical contents of jackbean and limabean seeds.

Jackbean Limabean
Trypsin inhibitor activity : :
(Tiuw/mg)' 416 872

~ Haemagglutinin activity

(Hu/mg protein)? 73.0 54.0
Protein precipitable tannin (g/kg) 35 5.7
Condensed tannin (g/kg)’ 20 34
Phytic acid (mg/100g) 650.0 872.0
Canavanine (mg/g) = = : 326 -
Cyanogenic glycoside
(mg HCN 100g) - 428
Oxallic acid (mg/g) 458 587

"Tiv/mg protein = Trypsin inhibitor units per mg protein
"Hu/mg protein = Haemagglutinin units per mg protein

‘Measured as Catechin equivalents

chicks on 500 g/ kg jackbean and limabean diets
and mild in those on 250 g/ kg diets. There was
also a mild case of epithelium desquamation in
the duodenum of birds fed 500 g/ kg limabean diet.

Discussion

The experiment reported here was designed to
investigate the effects of raw jackbean and
limabean diets on the growth performance and
histopathology of a variety of broiler chicken
organs. The upper limit of the dietary
concentrations of raw beans fed to the birds (500
g/kg) may seem extreme but this was done to
magity ihe effects of ailelochenucals and to reduce
interacting influences front maize and soyabean

meal. The results obtained confirm the findings of
(20, 2) and (15), that allelochemicals are toxic
natural constituents of legumes, which, when
ingested orally or injected into the animal bring
about histopathological alterations which usually
result in death.

The results obtained with respect to the
growth of chicks underscore the poor nutritive
value of raw legumes as animal feed and buttress
the contention of (12), namely, that the nutritive
value of raw legumes is lower than that predicted
from their protein content or amino acid
composition. Generally, feed intake, weight gain
and feed conversion efficiency of the control diet-
fed birds were significantly better than those of
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birds fed on 250 g/ kg or 500 g/ kg jackbean and
limabean diets, clearly demonstrating the
delrimental effects of these legumes in the
unprocessed state. In the absence of methionine
deficiency, the presence of allelochemicals (16)
and low protein digestibility (11) are the main
reasons explaining the growth depression of birds
fed raw legumes.

The toxic effects of allelochemicals in the
jackbean and limabean diets caused a significant
reduction in the relative weights of the liver and
an increase in the weights of kidney, pancreas,
brain and small intestine. These observations
corroborate previous findings (2, 14). The fact that
Jimabean diets, in which trysin inhibitor (TT)
activity was twice the content in jack bean, resulted
in the largest pancreatic size, implicates trypsin
inhibitor as the key factor responsible for this
physiological anomaly. Cyanide-containing
limabean diets induced significantly higher
kidney weights. The key enzyme in cyanide
detoxification (thodanase) is located mainly in the
kidney and whether the increased activity is
contributory to the increased weight of the kidney
is speculative.

The considerable disruption of internal
structural organs and the associated intracellular
changes consequent to feeding raw jackbean and
limabean, indicates considerable alterations in the
metabolic and secretory functions of these organs.
The changes in the pancreatic acinar cells of
jackbean and limabean-fed chicks are in keeping
with the report of (13), who showed decreased
pancreatic enzyme activities in pigs fed on diets
containing raw kidney beans. They suggested that
such decreases are the consequences of poor
protein digestibility and interference with systemic
protein utilization, resulting in insufficientamino
acids for protein synthesis. Additional evidence
in studies with rats kept on bean lectin diet (Aletor,
1987) indicated that, at least in part, the pancreatic
lesions are induced or exacerbated by lectin-
induced changes in intestinal function. Similar
alterations in the duodenum and pancreas have
been reported in other studies with broilers fed
with different levels of faba beans and peas (20,
25).

The degeneration of hepatocytes in the liver,
depletion of the lymphoid follicles of spleen, and

thickening of the alveolar septae in the lungs
observed in 500 g/ kg jackbean and limabean-fed
chicks, were less marked in birds fed 250 g/kg
jackbean and limabean diets. The absence of severe
histopathological lesions in these birds may be
attributed to the lower concentrations of
allelochemicals in the legume diets fed at the 250
g/kg level. (15) have reported on the suitability of
aqueous heated limabean at 250 g/ kg as a dietary
ingredient for poultry without any
histopathological disorder in the organs of
experimental animals. (8) also reported that broilers
can tolerate up to 280 g/kg of jackbean in their
diets provided that canavanine and other
antinutritional factors are removed and the bean
autoclaved. However, when higher concentrations
of legumes were used, some researchers reported
adverse effects on chick growth (26). The inclusion
of 500g kg jack bean and lima bean in the present
study caused 28 and 33% mortalities respectively,
while most of the surviving chickens were weak,
lethargic and anorexic and tended to wander
about aimlessly.

The study demonstrated that the nutritional
potentials of raw jackbean and limabean as feed
ingredients for poultry are limited by the presence
of several allelochemicals. To improve the
nutritional value of the beans and make them
acceptable to poultry, it is important that these
allelochemicalsare reduced, inactivated or
eliminated. Significant advances have been made
in the development of processing techniques
which have effectively reduced the toxic
allelochemicals in legumes to safe levels and
enhanced their protein quality. (9) provided
experimental evidence for improvement in
nutritional value of some legumes, based on

_alteration of protease inhibitors and lectins by

reagents, which disrupt the tertiary structure of
the proteins. Extrusion, dry roasting, atmospheric
steaming (toasting), pressurized steaming
(pressure cooking; autoclaving) have been studied
as ways to improve the utilization of beans by
industrial and experimental heating processing.
However, despite the effectiveness of these
processes, residual allelochemicals remain in
processed beans, especially the heat-stable toxic
factors, which induce toxic effects in the animal
after a long period of feed consumption. It is
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Table 3. Composition of experimental diet (g/kg)

Ingredients Contro] Jackbean Limabean
©) 250(g/kg) 500(g/kg) 250(g/kg) 500(g/ke)

Maize 526.0 534.7 3322 5412 3312
Soyabean meal (44% protein)246.0 - - - -
Raw Jackbean - 250.0 500.0 - -
Raw Limabean - - - 250.0 500.0
Fish meal S50 67.5 41.6 65.0 450
Brewer’s grain S50 64.0 424 60.0 400
Calcium Carbonate 65.0 65.0 65.0 65.0 65.0
Dicalcium phosphate 75 75 75 .75 75
Salt 25 25 25 25 2.5
Vitamin premix , 50 50 50 50 5.0

: Traceelements . .=~ - 0.8 08 . .. 0.8 - 08 0.8

¢ Methionine 30 30 0 30 30 30 :
‘" Determined chemical composition (g/kg) e
Dry matter ' 9437 9231.6 71 946.5 9355
Crude protein 2299 2336 2375 2380 2309
Crude fibre 42.1 520 41.7 496 412
Ether extract : 40.1 325 388 337 36.5
" Ash 756 70.8 88.1 804 79.6

Total carbohydrate - 6124 611.1 593.9 5983 611.8
Metabolizable energy (MJ/ kg) 12.0 1.8 12.1 119 11.8

Table 4. Effect of raw jackbean and limabean diets on performance of broiler chickens at 28 days of age.

Parameters ’ Control Jackbean Limabean SEM
Diet 250 500 250 500
(g/kg) (gkg)  (gke) (gkg)

Weight gain (kg/chick) 0.85° 0.52° 0.30° 048° 0.20 022
Feed intake (kg/chick) 1.04° 1.08" 0.83" 1.03° 0.71° 027
Feed conversion efficiency

(kg feed intake/ kg weight gain) 1.22¢ 2.05¢ 276" 2,15 3.55° 071
Efficiency of feed utilization

(kg weight gain/ kg feed intake) 0.82¢ 048" 0.36¢ 046° 0.28 0.16
Mortality (%) 2¢ 16° 28¢ 20 33® 551

¢ Mean within a column with different superscripts are significantly different (p<0.05)
SEM = Standard error of mean
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Table 5. Organ weights as influenced by dietary raw legumes (% body weight)

Organs Control Jackbean Limabean SEM
Diet 250 500 250 500
(g/kg) (g/kg) (g/ke) (gkg)
Liver 4200 3.36° 2.89" 345" 3.00° 0.72
Kidney 1.00° 1.95° 2.32® 2.06° 2.65° 0.64
Pancreas 023 033" 043¢ 0.40° 048 0.13
Heart 038 040 047 039 044 0.10
Spleen 0.12 0.11 009 007 0.06 004
Brain 0.98¢ 2.00* 2.65° 1.06¢ 1.77¢ 035
Lungs 069 068 0.70 0.70 072 008
Adrenal 004 004 004 005 0.06 001
Small intestine 2.30° 3.00® 377 3.40° 3.95 043
Colorectum 046 0.50 0.70 065 0.85 030
Combined caeca 1.60 170 225 1.95 227 044

e Mean differently superscripted are significantly different from one another (p<0.05)

SEM = Standard error of the Mean difference

important therefore, that attention is paid to the
inclusion rate of feedstuffs of plantorigin in poultry
feeds in order to avoid possible cumulative effects
of residual toxic substances. In addition, careful
control of processing variables is essential to
prevent functional as well as nutritional damage
to proteins resulting from excess application of
heat. Improved utilization of plant proteins can be
maximized through an understanding of their
physical and chemical components, and
implementation of diverse processing strategies.
This will also facilitate development of feed
products of high nutritional quality that can be
effectively used by pouliry and other farm animals
for food.
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Table 6. Histopathological lesions of organs in chicks fed with raw jackbean and limabean dicts.

Organs Control Jackbean Limabean
Diet! 250 500 250 500
(g/ke) (gke)  (gke)  (g/kg)
Liver; Congestion of sinusoids - 4+ ++ ++ ++
Coagulative necrosis - ++ ++ ++ A+
Degeneration of hepatocytes - % =+ Y ++
Kidney:
Congestion of glomeruli - ++ ++ ++ 4

Distension of capillary
vessels with numerous

thrombi - - s v ++
Hyperimia - - % - bz
Pancreas:  Acinar hypertrophy - ++ ++ ++ ++
Spleen: Congestion of medullary - Vs ++ + -
sinusoids
Depletion of lymphoid - iz % % ++
follicles
Atrophy - - - . e
Lungs: Congestion of alveolar walls - ++ + ++ ++
Oedema - M ++ - H
Thickening of alveolar septa - - ++ M ++
Adrenals:  Congestion of adrenal - - ++ - ++
medulla and glomerular tufts
Heart: Congestion - - - - -
Brain: Congestion of cerebrum and - - M - ++
cerebellum cells
Gizzard Hyaline degeneration - - ++ - +4-
Intestine:  Epithelium desquamation - - M - -
Enteritis - - A+ - -
++ = Present and distinct
Va = present but less marked than usual
M = minimal or doubtful
- = no lesion

'No lesion was evident in the birds fed soyabean control diet.
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