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Abstract

Grass pea (Lathyrus sativus L.) is an important pulse crop adapted to marginal environments, but the

presence of the neurotoxic non-protein amino acid β-N-oxalyl-L-α,β-diaminopropionic acid (β-ODAP)

limits its wider utilization as food. Processing methods can play an important role in reducing β-ODAP

concentration and improving the safety of grass pea for consumption. The present investigation was

conducted during Rabi 2024–25 at the Research Farm of the Agricultural Botany Section, College of

Agriculture, Nagpur, to evaluate the effect of different processing methods on β-ODAP content in

Lathyrus mutants. Twenty-four mutant lines along with NLK-73 as parent and Ratan as check were

evaluated for β-ODAP content under unprocessed and four processing treatments, namely., boiling,

soaking, roasting and sun-drying. β-ODAP content was estimated using the method suggested by Briggs

et al. (1983). Considerable variation was observed among mutant lines and processing treatments.

Under unprocessed conditions, β-ODAP content ranged from 0.146 to 0.247 per cent. NLM-1 recorded

the lowest β-ODAP content (0.146%), followed by NLM-7 (0.147%), NLM-13 (0.148%) and NLM-5

(0.151%). Among processing treatments, boiling resulted in the greatest reduction, with values ranging

from 0.118 to 0.207 per cent, followed by soaking (0.122–0.222%), roasting (0.136–0.232%) and sun-

drying (0.144–0.246%). NLM-1 consistently recorded low β-ODAP content under all processing treat-

ments and showed the lowest value after boiling (0.118%). The overall effectiveness of the processing

methods in reducing β-ODAP followed the order boiling > soaking > roasting > sun-drying. The

findings indicate that selection of low-ODAP mutant genotypes combined with appropriate processing,

particularly boiling, can contribute to improving the nutritional safety and utilization of Lathyrus.

Keywords: Lathyrus sativus, grass pea, Β-ODAP, mutants, boiling, soaking, roasting, sun-drying

Introduction

Grass pea (Lathyrus sativus L.), commonly known as lathyrus or khesari, is an important pulse crop culti-

vated particularly under marginal and stress-prone environments. The crop possesses considerable adaptabil-

ity to drought and other adverse environmental conditions and therefore serves as an important food and fod-

der resource in areas where other pulse crops may perform poorly. Its seeds are nutritionally valuable and

contain substantial amounts of protein and carbohydrates.

Despite its agronomic importance, the presence of β-N-oxalyl-L-α,β-diaminopropionic acid (β-ODAP), also

known as BOAA, is a major limitation to the wider utilization of grass pea as a food crop. β-ODAP is a neu-

rotoxic non-protein amino acid associated with neurolathyrism when grass pea is consumed excessively over

prolonged periods. Traditional grass pea types may contain relatively high concentrations of β-ODAP, and

therefore development of low-ODAP genotypes has become an important objective of grass pea improve-

ment programmes.

Genetic variability for β-ODAP content provides an opportunity for developing safer grass pea cultivars.

Mutation breeding is particularly useful for generating novel genetic variability and identifying mutant lines

possessing desirable traits, including reduced β-ODAP content. The thesis material used in the present study

consisted of 24 mutant lines along with the parent NLK-73 and check Ratan, and considerable variability for

β-ODAP was observed among the genotypes.

In addition to genetic improvement, appropriate food-processing techniques can contribute to reducing β-

ODAP concentration in grass pea seeds. Traditional methods such as soaking, boiling, roasting and drying

are commonly used during preparation of pulses. Previous studies have reported that processing can reduce

β-ODAP concentration, with the extent of reduction depending on the processing technique. Soaking facili-

tates leaching of water-soluble compounds, whereas boiling combines heat treatment and leaching and may
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therefore result in greater reduction. Roasting involves dry heat and

generally produces comparatively lower reduction, while drying

mainly removes moisture and may have limited effect on β-ODAP.

Akalu et al. (1998) 
[1]

 reported substantial reductions in β-ODAP fol-

lowing roasting and frying treatments. Girma et al. (2011) 
[2]

 also re-

ported that combinations of soaking, heating, roasting and autoclav-

ing could considerably reduce β-ODAP concentration. More recent

studies have further emphasized the importance of processing and

pretreatment techniques for reducing β-ODAP and other antinutri-

tional factors in grass pea.

Although genetic improvement for low β-ODAP is important, infor-

mation on the response of individual mutant genotypes to commonly

used processing methods is also useful for developing safer food

products. Therefore, the present investigation was undertaken to eval-

uate the effect of different processing methods on β-ODAP content in

Lathyrus mutants and to identify mutant lines maintaining low β-

ODAP concentration following processing.

Materials and Methods

The experiment was conducted during Rabi 2024–25 at the Research

Farm of the Agricultural Botany Section, College of Agriculture,

Nagpur. The experimental material comprised 24 mutant lines of

Lathyrus sativus L., along with NLK-73 as parent and Ratan as the

check variety. The objective was to evaluate variation in β-ODAP

content among mutant lines and to determine the effect of different

processing methods on its concentration.

Four processing treatments were used along with an unprocessed con-

trol, viz., unprocessed, soaking, boiling, roasting and sun-drying. For

the soaking treatment, seeds were soaked in water for 8 hours. For

boiling, 100 grains of each genotype were cooked in water at 100 °C

for 30 minutes on a hot plate. For roasting, 100 grains of each geno-

type were roasted in a metal frying pan until the seeds became brown.

For sun-drying, water-soaked seeds were removed and dried under

sunlight for approximately 7–8 hours per day for 2–3 days until the

moisture content reached approximately 8–10 per cent on dry basis.

For estimation of β-ODAP, the seeds were oven-dried and ground into

a fine powder. A 0.5 g sample was extracted with 10  ml of 60%

ethanol for 45 minutes followed by centrifugation at 3000 rpm for 15

minutes. Two millilitres of the supernatant were hydrolysed using

4 ml of 3N KOH for 30 minutes. An aliquot of the hydrolysed extract

was reacted with OPT reagent and incubated until colour develop-

ment. Absorbance was recorded at 425 nm using a Systronics spec-

trophotometer. β-ODAP content was estimated following Briggs et al.

(1983) 
[3]

.

The β-ODAP content was expressed as percentage. The observations

obtained under different processing treatments were compared to de-

termine the magnitude of reduction in β-ODAP content among mutant

lines.

Results and Discussion

The results demonstrated considerable variation in β-ODAP content

among the Lathyrus mutant lines and also showed clear differences in

the response of the genotypes to different processing methods. The

variation observed among the mutant lines indicates the presence of

genetic variability for β-ODAP content, which provides opportunities

for identifying low-ODAP genotypes. The thesis also recorded high

genetic variability for ODAP content and high heritability coupled

with high genetic advance, suggesting the usefulness of selection for

improvement of this quality trait.

Under unprocessed conditions, β-ODAP content ranged from 0.146 to

0.247 per cent. The lowest β-ODAP concentration was recorded in

NLM-1 (0.146%), followed by NLM-7 (0.147%), NLM-13 (0.148%)

and NLM-5 (0.151%). NLM-18 also recorded comparatively low β-

ODAP content (0.162%). In contrast, the parent NLK-73 recorded

0.247 per cent, while the check Ratan recorded 0.212 per cent. These

results demonstrate substantial differences among the mutant geno-

types for β-ODAP concentration.

Figure 1. Unprocessed ODAP content (%)

The observed genetic variation is important because the development

of low-ODAP genotypes represents one of the major approaches for

improving the food safety of grass pea. Similar genetic variability in

β-ODAP has been reported among grass pea accessions. Mekonen et

al. (2024) 
[4]

, for example, reported considerable variation in β-

ODAP content among grass pea accessions and emphasized the possi-

bility of selecting low-ODAP genotypes.

Boiling resulted in the greatest reduction in β-ODAP content among

all processing treatments. Following boiling, β-ODAP values ranged

from 0.118 to 0.207 per cent. NLM-1 recorded the lowest value

(0.118%), followed by NLM-7 and NLM-13 (0.120% each), NLM-5

(0.123%) and NLM-21 (0.128%). The check Ratan recorded 0.176

per cent after boiling, while NLK-73 recorded 0.207 per cent. Thus,

boiling substantially reduced β-ODAP concentration across the mu-

tant lines.

The greater reduction following boiling may be attributed to the com-

bined effect of heat and water-mediated leaching of the water-soluble

β-ODAP from the seeds into the cooking medium. The result is in

agreement with earlier reports indicating that cooking treatments can

substantially decrease β-ODAP concentration in grass pea. Barpete et

al. (2021) 
[5]

 also reported an effect of cooking methods on β-ODAP

concentration in grass pea grains.

Figure 2. Boiling ODAP content (%)

Soaking resulted in the second-highest reduction in β-ODAP content.

The β-ODAP concentration after soaking ranged from 0.122 to 0.222

per cent. NLM-1 recorded the lowest value (0.122%), followed by

NLM-13 (0.129%), NLM-7 (0.129%) and NLM-5 (0.131%). Ratan

recorded 0.192 per cent after soaking, whereas NLK-73 recorded

0.222 per cent. The reduction following soaking may be associated

with diffusion and leaching of water-soluble β-ODAP into the soaking

water. The magnitude of reduction was lower than that obtained with

boiling, indicating that heat treatment in combination with water en-

hanced β-ODAP removal.
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Figure 3. Soaking ODAP content (%)

Roasting resulted in a comparatively lower reduction in β-ODAP con-

tent. Values after roasting ranged from 0.136 to 0.232 per cent. NLM-

7 recorded the lowest β-ODAP content (0.136%), followed by NLM-

1 (0.137%), NLM-13 (0.139%), NLM-5 (0.144%) and NLM-18

(0.152%). Ratan recorded 0.203 per cent, while NLK-73 recorded

0.232 per cent. The lower reduction observed under roasting may be

related to the absence of a water medium for leaching. Akalu et al.

(1998) 
[1]

 reported reductions in β-ODAP following roasting and

other thermal treatments, while Girma et al. (2011) 
[2]

 also demon-

strated that processing combinations involving heating could reduce

β-ODAP levels.

Figure 4. Soaking ODAP content (%)

Sun-drying showed the least reduction in β-ODAP concentration.

Values after sun-drying ranged from 0.144 to 0.246 per cent. NLM-1

recorded the lowest value (0.144%), followed by NLM-7 (0.1469%),

NLM-13 (0.147%), NLM-5 (0.150%) and NLM-18 (0.161%). The

check Ratan recorded 0.211 per cent and NLK-73 recorded 0.246 per

cent. The values under sun-drying were generally close to those of

unprocessed seeds, indicating that drying alone had limited influence

on β-ODAP concentration. This may be because the treatment primar-

ily removes moisture without providing sufficient opportunity for

leaching of the water-soluble toxin.

Figure 5. Sundrying ODAP content (%)

The mean β-ODAP concentration across the experimental material

was 0.196 per cent under unprocessed conditions, which decreased to

0.160 per cent after boiling, 0.170 per cent after soaking, 0.180 per

cent after roasting and 0.195 per cent after sun-drying. Thus, the over-

all effectiveness of the processing treatments in reducing β-ODAP

followed the order boiling > soaking > roasting > sun-drying. The

results clearly demonstrate that processing method strongly influences

the final β-ODAP concentration of grass pea seeds.

An important observation was the consistency of low β-ODAP perfor-

mance in some mutant lines across processing treatments. NLM-1

showed the lowest β-ODAP content under unprocessed conditions

(0.146%) and retained the lowest value after boiling (0.118%), soak-

ing (0.122%), roasting (0.137%) and sun-drying (0.144%). Similarly,

NLM-7, NLM-13 and NLM-5 consistently maintained comparatively

low β-ODAP concentrations across the processing treatments. This

indicates that genetic background and processing method both con-

tribute to the final β-ODAP concentration.

The combination of naturally low β-ODAP genotypes with effective

processing methods is therefore particularly relevant for improving

the food quality of Lathyrus. Selection of mutant lines possessing in-

herently low β-ODAP concentration can reduce the initial toxin level,

while appropriate household processing can further reduce the re-

maining β-ODAP. The present findings therefore support the use of

low-ODAP mutants such as NLM-1, NLM-7, NLM-13 and NLM-5 as

useful genetic resources for future Lathyrus improvement

programmes.

Table 1. ODAP content in unprocessed and processed lathyrus mutant lines

Mutant Lines Unprocessed ODAP con-

tent (%)

Processed ODAP content (%)

Boiling Soaking Roasting Sundrying

NLM-1 0.146 0.118 0.122 0.137 0.144

NLM-2 0.186 0.141 0.164 0.175 0.184

NLM-3 0.232 0.193 0.213 0.223 0.231

NLM-4 0.213 0.178 0.199 0.209 0.211

NLM-5 0.151 0.123 0.131 0.144 0.150

NLM-6 0.221 0.184 0.196 0.209 0.221

NLM-7 0.147 0.120 0.129 0.136 0.146

NLM-8 0.240 0.205 0.218 0.229 0.239

NLM-9 0.187 0.143 0.162 0.176 0.185

NLM-10 0.204 0.162 0.185 0.193 0.202

(continued on next page)
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Mutant Lines Unprocessed ODAP con-

tent (%)

Processed ODAP content (%)

Boiling Soaking Roasting Sundrying

NLM-11 0.215 0.179 0.193 0.209 0.213

NLM-12 0.208 0.169 0.184 0.197 0.207

NLM-13 0.148 0.120 0.129 0.139 0.147

NLM-14 0.224 0.187 0.194 0.207 0.222

NLM-15 0.170 0.130 0.146 0.156 0.169

NLM-16 0.203 0.161 0.182 0.194 0.202

NLM-17 0.172 0.132 0.147 0.159 0.171

NLM-18 0.162 0.126 0.143 0.152 0.161

NLM-19 0.211 0.173 0.189 0.197 0.211

NLM-20 0.208 0.165 0.183 0.196 0.208

NLM-21 0.164 0.128 0.141 0.157 0.163

NLM-22 0.216 0.181 0.193 0.199 0.215

NLM-23 0.168 0.129 0.142 0.173 0.167

NLM-24 0.239 0.202 0.217 0.23 0.238

NLK-73 (P) 0.247 0.207 0.222 0.232 0.246

Ratan (C) 0.212 0.176 0.192 0.203 0.211

mean 0.196 0.16 0.17 0.18 0.195

SEm ± 0.003 0.005 0.005 0.0007 0.001

CV (%) 3.10 4.96 4.64 0.65 1.49

Conclusion

The present investigation demonstrated considerable variation in β-

ODAP content among Lathyrus mutant lines and confirmed that pro-

cessing methods substantially influence the final β-ODAP concentra-

tion of seeds. Among the processing treatments evaluated, boiling re-

sulted in the greatest reduction in β-ODAP content, followed by soak-

ing, roasting and sun-drying. The mean β-ODAP content decreased

from 0.196 per cent in unprocessed seeds to 0.160 per cent after boil-

ing, 0.170 per cent after soaking, 0.180 per cent after roasting and

0.195 per cent after sun-drying.

Among the mutant lines, NLM-1, NLM-7, NLM-13 and NLM-5

recorded consistently low β-ODAP content and maintained their com-

paratively low values after processing. NLM-1 recorded the lowest β-

ODAP content under unprocessed conditions (0.146%) and after boil-

ing (0.118%). The results indicate that the use of genetically low-

ODAP mutants together with effective processing practices, particu-

larly boiling, can contribute to reducing β-ODAP concentration and

improving the food safety of Lathyrus. These low-ODAP mutants

may also serve as useful genetic resources in breeding programmes

aimed at developing nutritionally safer grass pea cultivars.
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