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Background. Grass pea, Lathyrus sativus is a widely available grain legume that
contains a variety of anti-nutritional factors (ANFs). The aim of the present study was to
determine the effects of feeding rohu, Labeo rohita, fingerlings with diets containing
raw or extruded grass pea seed meal on growth, feed utilization efficiency, and carcass
composition.
Material and methods. Extrusion of finely ground grass pea seeds was performed in a
twin-screw extruder at 130oC and 400 rpm. Six isonitrogenous (35% crude protein
approximately) and isocaloric (16 547.7 J · g-1) diets were formulated incorporating raw
and extruded grass pea seed meal at 20, 30, and 40% levels by weight into a fish meal
based control diet. The diets were fed to rohu fingerlings in triplicate treatments at the
rate of 3% of body weight for 60 days and fish performance in terms of growth, apparent
protein digestibility (APD), and carcass composition was studied.
Results. Extrusion of grass pea seed meal was effective in significantly reducing the
ANFs, such as tannins (77%), trypsin inhibitor (below detection limit), and b-ODAP
(46.09%). Phytic acid and nutrient components were not affected by extrusion. In terms
of growth response, FCR and PER, 40% extruded grass pea meal incorporated diet
resulted in significantly (P < 0.05) the best performance of rohu fingerlings. The APD
values obtained for extruded seed meal incorporated diets were significantly higher in
comparison to those for non-extruded ones. The carcass protein and lipid contents
increased over the initial value in all dietary treatments with no significant differences
in fish fed diets containing extruded grass pea seed meal.
Conclusion. Extrusion is an effective treatment to reduce/eliminate the ANFs in
legumes. Improved growth, feed utilization efficiencies, and APD in rohu fingerlings
indicate that extrusion processing is also effective in improving the nutritional
characteristics of grass pea.
Key words: extrusion, grass pea, anti-nutritional factors, diets, growth, feed utilization,
Labeo rohita fingerlings.
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INTRODUCTION
Grass pea (Lathyrus sativus) is one of the important legumes of nutritional interest
in countries like Bangladesh, India and Ethiopia (Yigzaw et al. 2001). It is rich in
protein, about 20 to 32% (Castell et al. 1994) and used for human and animal
consumption. However, it contains a large number of anti-nutritional substances,
which limit its free nutritional utilization in monogastric animals (Hanbury et al.
2000) and humans (Troszyƒska et al. 1993, Grela et al. 2001). The most frequently
occurring anti-nutritional substances in grass pea are protease and amylase inhibitors,
lectins, tannins, saponines, alkaloids, phytates, and lathyrogens (Sarma and
Padmanaban 1969, Lambein et al. 1993). Although there is report on its use in broiler
diets (Tadelle et al. 2003), no information is available demonstrating the potential use
of grass pea in compound diets for fish.
The degree of processing of plant ingredients is known to be important in reducing
the level and activity of several anti-nutritional factors as well as improving
availability of nutrients to fish (Tacon 1997, Gouveia and Davies 2000). Attempts to
increase the utilization of legumes have employed a wide range of processing
techniques including extrusion cooking (Alonso et al. 2000, Gouveia and Davies
2000, Marzo et al. 2002, Venou et al. 2003). Extrusion cooking is now widely used to
improve the nutritive value of legumes, primarily as a mean of reducing the level of
heat-labile, non-nutritive compounds. However, little information is available on the
effect of this processing method on the nutritive value of plant ingredients in
compound diets for fish. An extruded pea seed meal and co-extruded product of
rapeseed and peas (colzapro) were evaluated for rainbow trout and tilapia by Gomes
et al. (1993, 1995) and Fontaínhas-Fernandes et al. (1997), respectively, with good
results. The present investigation was designed to evaluate the effects of feeding rohu,
Labeo rohita (Hamilton, 1822) fingerlings with diets containing raw or extruded grass
pea meals on growth, feed utilization efficiency and carcass composition.
MATERIALS AND METHODS
Extrusion of Lathyrus seed meal
Extrusion of finely ground grass pea seeds was performed in a Twin-Screw
Extruder (Basic Technology India). The extruder was operated at 400 rpm and the
temperature was set at 130oC. Moisture content of the sample was increased to 12%
by adding water.
Experimental diets
Two sets of approximately isonitrogenous (35% crude protein) and isocaloric
(16 547.7 J · g-1) experimental diets were formulated using either raw (diets D1 to D3)
or extruded (diets D4 to D6) grass pea seed meal at 20, 30, or 40% levels by weight.
A diet containing fish meal as the main protein source was used as the control diet
(RD). To each of the formulated diet, 1% chromic oxide was added as an external
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digestibility marker. All the diets were prepared in pelleted form using 0.5%
carboxymethylcellulose as a binder (Tables 1, 2). The pellets were sun dried for a few
days and crumbled prior to feeding.
Experimental Design
The feeding trial was conducted in flow-through 90-l circular fibreglass tanks.
Rohu, Labeo rohita fingerlings were obtained from a local fish seed dealer and
acclimated to the laboratory conditions for 15 days and fed with a 1 : 1 mixture of rice
bran and mustard oil cake prior to commencement of the experiment. Rohu fingerlings
(mean weight 2.04 ± 0.21 g) were randomly distributed at the rate of 15 fish per tank
with three replications for each treatment. Each experimental tank was supplied with
non-chlorinated water from a deep tube well with continuous aeration. All the fish
were fed once a day at a fixed feeding rate of 3% body weight per day for 60 days.
The quantity of feed given was readjusted every 15th day after weighing the fish. To
determine the feed consumption, any leftover feed was collected 6 h after each
feeding and weighed after oven drying. The faecal samples were collected everyday
in the morning by siphoning 17 h after removal of the uneaten feed following the
“immediate pipetting” method outlined by Spyridakis et al. (1989), from three
replicates of each dietary treatment. The faeces naturally released by the fish could be
easily detected and were immediately removed from the water with a glass cannula.
At the termination of the 60-day experiment the fish from each replicate were weighed
and analysed for carcass composition.
The water quality parameters from each tank were monitored each week
throughout the experimental period. The ranges of water quality parameters were:
temperature, 29–32°C; pH 7–7.8; dissolved oxygen, 4.6–5.4 mg · l-1; and alkalinity,
155–165 mg · l-1.
Chemical analyses and data collection
Proximate composition of feed ingredients, experimental diets, faecal samples, and
fish carcass were analysed following standard methods (Anonymous 1990) as follows:
moisture was determined by oven drying at 105°C for 24 h; crude protein (Nitrogen ◊
6.25) by micro Kjeldahl digestion, and distillation after acid digestion using a Kjeltec
1026 Distilling Unit together with a Tecator Digestion System (Tecator, Sweden);
lipid was determined by extracting the residue with 40–60°C petroleum ether for 7–8
h in a Soxhlet apparatus; crude fibre was determined as loss on ignition of dried lipidfree residues after digestion with 1.25% H2SO4 and 1.25% NaOH using Fibertec
System 2021, (Foss Tecator, Sweden); and ash was determined by combustion at
550°C in a muffle furnace to constant weight. Nitrogen-free extract (NFE) was
computed by taking the sum of values for crude protein, crude lipid, crude fibre, and
moisture and subtracting this from 100 (Maynard et al. 1979). Five fish from each
aquarium were sampled at the termination of the feeding experiment, and the whole
body was analysed for moisture, crude protein, crude lipid, and ash following the
aforementioned methods. Chromic oxide in the diets and faecal samples was

1vitamin

ND, not detectable; * TIU·g sample-1;
and mineral mixture (Vitaminetes Forte, Roche Products, India);
2 No. of samples for each determination = 3;
3 nitrogen free extract.

Table 1
Ingredient composition (% dry weight) and proximate composition (on % dry matter basis) of experimental diets
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estimated following the method of Bolin et al. (1952). Tannin content in both raw and
extruded grass pea seed meal was determined using Folin-Denis reagent (Schanderi
1970). Phytic acid content was determined according to Wheeler and Ferrell (1971).
Table 2
Proximate composition of feed ingredients [% dry matter]

NFE, nitrogen-free extract.

The content of neurotoxin, b-ODAP (beta-oxalyl-diamino-propionic acid) in grass
pea seed meal was determined by spectrophotometric method of analysis developed
by Rao (1978). Trypsin inhibitor in the Lathyrus seeds was quantified following the
method of Kakade et al. (1974). The water quality parameters were monitored weekly
(Anonymous 1985). Apparent protein digestibility (APD, %), specific growth rate
(SGR, % per day), feed conversion ratio (FCR), protein efficiency ratio (PER), and
apparent net protein utilization (ANPU, %) were calculated using standard methods
(Steffens 1989).
Statistical analysis
Statistical analysis of data was performed by analysis of variance (ANOVA) using
Statistica software followed by Duncan’s multiple range test (Duncan 1955).
RESULTS
The proximate compositions of feed ingredients and experimental diets are
presented in Tables 1 and 2, respectively. The raw grass pea seed meal contained 1.3%
of tannin. The level of tannin in the ingredient could be reduced to 0.25% by extrusion
cooking. Extrusion of grass pea seed meal did not affect the phytic acid content
significantly (1.07 percentage point reduction). The trypsin inhibitor in the raw seed

210

Ramachandran and Ray

meal was estimated as 31.25 TIU · g sample-1 protein whereas in the extruded seed
meal the amount of trypsin inhibitor was below detection limit. Extrusion of grass pea
seed meal also resulted in the reduction of b-ODAP contents by 46.09 percentage
points (Table 3).
Table 3
Effect of extrusion on anti-nutritional factors in Lathyrus seeds

*

Trypsin inhibitor unit per g sample

The growth performance and feed utilization efficiencies of rohu fingerlings in
terms of % weight gain, specific growth rate (SGR), feed conversion ratio (FCR),
protein efficiency ratio (PER), apparent net protein utilization (ANPU), and apparent
protein digestibility (APD) are presented in Table 4. The performance of fish was
affected significantly by both type and inclusion level of grass pea seed meal. The
average final weight of the fish increased from the initial value in all dietary
treatments. Rohu fingerlings fed diet D6 containing 40% extruded seed meal had the
highest weight gain which was significantly higher (P < 0.05) than those fed other
experimental diets. The highest attainment in fish body weight, average % live weight
gain and SGR were recorded in the group of fish reared on D6 (40% extruded seed
meal incorporation). PER was highest in fish fed diet D6. FCR was best for fish fed
diet D6 and worst for diet D3. Apparent protein digestibility (APD) value for all the
diets was high, ranging from 75.25% to 86.80%. However, APD values obtained with
extruded seed meal were significantly higher as compared to those with raw seed meal
incorporated diets (P < 0.05).
The data regarding proximate carcass composition of experimental fish before and
after the experiment are depicted in Table 5. The deposition of protein and lipid in the
carcass of experimental fish increased over the initial value in all dietary treatments.
Although highest accumulation of carcass protein was recorded in the group of fish
reared on diet D5 and D6, the values were not significantly different (P > 0.05).
Highest lipid accumulation occurred in fish fed diet D5.

* g per 100 g BW of fish per day;
1 figures in the same row with the same superscripts are not significantly different (P < 0.05);
2 statistical analyses were not possible as determinations were performed on pooled samples.

Growth performance, feed utilization efficiency and apparent protein digestibility
of Labeo rohita

Table 4
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Table 5
Proximate carcass composition [% wet weight] of the experimental fish at the start
and end of the 60-day feeding experiment; data are mean values ± s (n = 3)

Figures in the same column with the same superscripts are not significantly different (P < 0.05).

DISCUSSION
In the present study, the extruded grass pea, Lathyrus sativus seed meal proved to be
a supplementary ingredient in formulated diets for rohu, Labeo rohita fingerlings. It is
evident from this study that extruded grass pea seed meal could be incorporated up to
40% level in formulated diets for rohu fingerlings without affecting fish growth. Fish
performance on diets containing similar levels of raw (non-extruded) grass pea was
inferior to those reared on extruded ones. Davies (1998) reviewed the strategy of partial
replacement of fish meal with alternative protein sources in practical diets for salmonid
and marine finfish. This author emphasized that complex dietary and nutrient
interactions resulting from anti-nutritional factors (ANFs), dietary fibre, and low
availability of carbohydrate (as starch), collectively reduced the scope and potential for
utilizing a wide range of raw materials or by-products of plant ingredients for different
fish species. Adequate processing of plant ingredients, such as heat treatment, solvent
extraction, flaking, or grinding are very beneficial techniques for improving the
nutritional value of such ingredients in several fish species including carps (Tacon
1997). Evidence exists that the Indian major carp, Labeo rohita is particularly sensitive
to quality and ANF content of plant materials (Mukhopadhyay and Ray 1996, 1999a, b).
Nutritionally, grass pea is protein-rich (Yigzaw et al. 2001), but the presence of
variety of ANFs hinders its free utilization (Grela et al. 2001). The most frequently
occurring ANFs in legumes are protease and amylase inhibitors, lectins, tannins,
saponines, alkaloids, non-starch polysaccharides, vicine and convicine, phytates, and
lathyrogens (Lambein et al. 1993, Riepe et al. 1995). Dietary tannins interfere with
protein and dry matter digestibility by inhibiting protease and also forming
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indigestible complexes with dietary protein (Krogdahl 1989). There are reports of
tannin toxicity in chickens (Vohra et al. 1966) and growth retardation and inhibition
of digestive enzymes in fish (Hossain and Jauncey 1989, Mukhopadhyay and Ray
1996, 1999a, b, Bairagi et al. 2002, 2004, Maitra and Ray, 2003). Phytic acid acts as
a chelator, forming protein and mineral-phytic acid complexes, the net result being
reduced protein and mineral bioavailability (Spinelli et al. 1983, Hossain and Jauncey
1993). The grain of grass pea contains a neurotoxin, b-ODAP (beta-oxalyl-diaminopropionic acid), which causes paralysis of the lower/hind limbs in human and animals
and general weakness in skeletal muscles (Grela et al. 2001). There is however, no
report on the toxicity of b-ODAP in fish.
Extrusion processing did not affect the protein, carbohydrates (NFE), fibre and ash
contents in grass pea meals. On the contrary, Marzo et al. (2002) reported significant
reduction in the lipid content in extruded kidney beans. Extrusion processing greatly
reduced the levels of ANFs, like tannin (77-percentage-point reduction), trypsin
inhibitor (below detection limit) and b-ODAP (46.09-percentage-point) in grass pea
meals. Phytic acid, however, remained unaffected due to extrusion. High extrusion
temperatures can affect the molecular structure of condensed tannins and
polyphenols. This chemical modification may alter tannins’ solubility or chemical
reactivity (Barroga et al. 1985). In the present study, extrusion cooking was also
effective in lowering trypsin inhibitory activity below detection limit. Marzo et al.
(2002) also demonstrated that trypsin inhibitory activity in kidney beans could be
reduced by extrusion processing. Many ANFs such as protease inhibitors are heat
labile and are thus denatured in this manner (Krogdahl et al. 1994). While studying
the effects of different methods of treatment on b-ODAP content in grass pea, Tadelle
et al. (2003) demonstrated that cooking at 90°C for 20 minutes was effective in 63.64percentage-point reduction of its level. During extrusion processing in our study, the
temperature was set at 130°C, which resulted in 46.09-percentage-point reduction of
b-ODAP. Olney et al. (1976) observed that young mice showed symptoms of
lathyrism and had 0.11 µmol · g-1 ODAP, while adult mice exposed to similar grass
pea showed trace or no ODAP and no symptom of lathyrism. During the present
investigation, there was no visible sign of lathyrism in any of the fish fed raw grass
pea incorporated diets. This could be due to feeding the period, which was not long
enough for these effects to appear. Tekle Haimanot et al. (1993) indicated that
lathyrism appears after a long period of feeding on grass pea. The growth
performance and feed utilization efficiencies in rohu fingerlings fed extruded grass
pea meal incorporated diets were significantly better than those fed diets containing
raw grass pea meal at similar level of incorporation. Fish fed diet containing 40%
extruded grass pea recorded better weight gain, SGR, and PER than the group of
reared on a control diet containing fish meal as the protein source. The growth and
feed utilization data obtained in the present study indicate that extrusion of grass pea
seed meal improved the nutritive value of the ingredient. The maximum level of grass
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pea seed meal (40%) amounted to only a partial substitution of fish meal protein.
Gouveia and Davies (2000) observed slight improvement in overall performance of
European seabass, Dicentrarchus labrax fed diets containing extruded pea seed meal
although these were not significant. Venou et al. (2003) however, observed improved
growth and feed and nutrient efficiencies in gilthead seabream, Sparus aurata fed
diets containing extruded corn and wheat as carbohydrate sources at high inclusion
levels (40%). As stated earlier, one of the major factors involved in assessing nutritive
value of plant ingredients for fish is the presence of several ANFs and high fibre
content. In the present study, extrusion processing resulted in significant reduction of
ANFs, like tannin, trypsin inhibitor, and b-ODAP in the grass pea seed meal. Since
all the diets were isonitrogenous and the nutrient contents remained unaffected due to
extrusion processing, the reduced growth of rohu fingerlings fed raw grass pea seed
meal incorporated diets appeared to be due to the presence of ANFs. Extrusion
technology leading to the production of expanded diets results in the partial or
complete gelatinisation of the starch matrix in carbohydrate rich ingredients. This
enables better availability of the starch to enzymatic attack within the gastrointestinal
tract by amylase (Pongmaneerat and Watanabe 1993). In practical terms, higher
digestibility coefficients are observed for such ingredients (Jeong et al. 1991, Pfeffer
et al. 1991, Bergot 1993). The results of the present digestibility trial indicated high
apparent digestibility of protein for dietary treatments containing extruded grass pea
seed meal in comparison to those with raw (non-extruded) ones. Gouveia and Davies
(2000), however, did not find any appreciable difference in digestibility coefficients
for protein, lipid and carbohydrates by the inclusion of extruded dehulled pea seed
meal in diets for juvenile European sea bass. Since the collection of faecal matter was
done by pipetting, the risk of overestimation of digestibility values can not be ruled
out. However, crumbling of the faeces can be minimized by adding an indigestible
binder to the diets, which also binds the faeces (De la Noüe and Choubert 1986). In
the present study, carboxymethylcellulose (CMC) was added to the experimental diets
as a binder, which also helped in binding the faeces, leading to minimum leaching.
The growth rate of rohu fingerlings recorded in the present investigation was low
in comparison to its growth in natural and farm conditions. The similar trend of
growth has also been reported with other nutritional studies conducted on Indian
major carps including rohu (Ravi and Devaraj 1991, Bairagi et al. 2002, 2004,
Benkappa and Varghese 2003). A possible explanation could be that Indian major
carps are sensitive to environmental conditions and do not attain maximum growth in
a confined environment compared with other hardy species such as tilapia and
common carp (Benkappa and Varghese 2003).
The proximate carcass composition data revealed no significant differences with
regard to protein and lipid in fish fed diets containing extruded grass pea seed meal at
different levels of incorporation, although their amount increased over the initial
values irrespective of treatment of the test ingredient. Digestibility coefficient of
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protein reflected with respect to the carcass protein accretion of rohu fingerlings at the
end of the experiment in accordance with the results of Gauveia and Davies (2000) in
sea bass fed extruded pea seed meal incorporated diets.
CONCLUSION
The reduction in most of the ANFs in extruded grass pea seed meal indicates that
extrusion cooking is an effective treatment to reduce the toxicity of raw legumes.
Extrusion processing improved the nutritional characteristics of grass pea seed meal
which is evident from improved growth and protein digestibility in rohu fingerlings fed
extruded grass pea seed meal incorporated diets. Although the extruded grass pea meal
was effective for rohu fingerlings, it is expected that this product will have obvious
benefits and more stable nutritional value for productive diets for grow-out stages.
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